R&S FSL WLAN TX Measurements (Option K91 / K91n)
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Signal Processing of the IEEE 802.11b application

Abbreviations

& timing offset
Af frequency offset
Ag phase offset
ARG{. ) } calculation of the angle of a complex value
EVM error vector magnitude
gl estimate of the gain factor in the I-branch
gQ estimate of the gain factor in the Q-branch
AgQ accurate estimate of the crosstalk factor of the Q-branch in the I-branch
h ) estimated baseband filter of the transmitter
N
}Az v) estimated baseband filter of the receiver
0, estimate of the |Q-offset in the I-branch
5Q estimate of the IQ-offset in the I-branch
r(v) measurement signal
S(v) estimate of the reference signal
5§ (v) estimate of the power normalized and undisturbed reference signal

REAL{. . } calculation of the real part of a complex value

IMAG{. . } calculation of the imaginary part of a complex value
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This description gives a rough overview of the signal processing concept of the IEEE 802.11b
application.

A block diagram of the measurement application is shown in Fig. 2-88. The baseband signal of an IEEE
802.11b wireless LAN system transmitter is sampled with a sampling rate of 44 MHz.
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Fig. 2-88  Signal processing of the IEEE 802.11b application

The first task of the measurement application is to detect the position of the bursts within the
measurement signal (V). The detection algorithm is able to find the positions of the beginning of
short and long bursts and can distinguish between them. The algorithm also detects the initial state of

the scrambler. This is required if IEEE 802.11 signals should be analyzed, because this standard does
not specify the initial state of the scrambler.

With the knowledge of the start position of the burst, the header of the burst can be demodulated. The
bits transmitted in the header provide information about the length of the burst and the modulation type
used in the PSDU.

After the start position and the burst length is fully known, better estimates of timing offset, timing drift,
frequency offset and phase offset can be calculated using the entire data of the burst.

At this point of the signal processing a demodulation can be performed without decision error. After
demodulation the normalized and undisturbed reference signal s(v) is available.

If the frequency offset is not constant and varies with time, the frequency- and phase offset in several
partitions of the burst must be estimated and corrected. Additionally, timing offset, timing drift and gain
factor can be estimated and corrected in several partitions of the burst. These corrections can be
separately switched off in the demodulation settings menu.

Knowing the normalized power and undisturbed reference signal, the transmitter baseband filter is
estimated by minimizing the cost function
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of a maximum-likelihood-based estimator, where 7(v) is the over sampled measurement signal, s, (v)
the over sampled power normalized and undisturbed reference signal, N the observation length, L
the filter length, Af, A¢7, 0, 5Q and A (v) the variation parameters of the frequency-, the phase,

the 1Q-offset and the coefficients of the transmitter filter. The frequency-, the phase- and the 1Q-offset
are estimated jointly with the coefficients of the transmitter filter to increase the estimation quality.

Once the transmitter filter is known, all other unknown signal parameters are estimated with a
maximume-likelihood-based estimation, which minimizes the cost function

N-1

)

v=0
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where g, resp. g, are the variation parameters of the gain used in the I- resp. the Q-branch, Ag,, is

the crosstalk factor of the Q-branch into the I-branch and s,(v) resp. So (v) are the filtered reference

signal of the I- resp. the Q-branch. The unknown signal parameters are estimated in a joint estimation
process to increase the accuracy of the estimates.

The accurate estimates of the frequency offset, the IQ-imbalance, the quadratur-mismatch and the
normalized 1Q-offset are displayed by the measurement software. The |Q-imbalance

S LA
1Q — Imbalance = 1Y — €0
81

is the quotient of the estimates of the gain factor of the Q-branch, the crosstalk factor and the gain
factor of the I-branch, the quadrature-mismatch

(19)

Quadrature — Mismatch = ARG{§Q +jx A§Q} (20)

is a measure for the crosstalk of the Q-branch into the I-branch. The normalized IQ-offset

A2 A2
A\|O; +0
1Q —Offset = L ©

1 . s 2
5'[g’2+gé] (21)

is defined as the magnitude of the 1Q-offset normalized by the magnitude of the reference signal.

At this point of the signal processing all unknown signal parameters such as timing-, frequency-, phase-
, 1Q-offset and 1Q-imbalance have been evaluated and the measurement signal can be corrected
accordingly.

Using the corrected measurement signal 7(v) and the estimated reference signal §(v) the modulation
quality parameters can be calculated. The mean error vector magnitude (EVM)

J2|r(v>—§(v)|2
EVM =

v=0

N—

1
> o)’
v=0 (22)

is the quotient of the root-mean-square values of the error signal power and the reference signal power,
whereas the instant error vector magnitude

1300.2519.12 2.135 E-12



WLAN TX Measurements (Option K91/ K91n) R&S FSL

EVM (v) = —|V(NV)1 —50)
> o)
v=0 (23)

is the momentary error signal magnitude normalized by the root mean square value of the reference
signal power.

In [2] a different algorithm is proposed to calculate the error vector magnitude. In a first step the 1Q-
offset in the I-branch

A 1 &
6, =— > REAL{r(v)}
N3 (24)
and the 1Q-offset of the Q-branch
1 N-1
6, =— > IMAG{r(v)|
NS (25)
are estimated separately, where r(v) is the measurement signal which has been corrected with the

estimates of the timing-, frequency- and phase offset, but not with the estimates of the 1Q-imbalance
and 1Q-offset. With these values the IQ-imbalance of the |-branch

N-1
g, =— Y |[REAL{rc) -6, |
v=0

N (26)
and the |Q-imbalance of the Q-branch
n 1 n
gp = NZ‘IMAG{V(V) - OQ}‘
v=0 (27)

are estimated in a non-linear estimation in a second step. Finally, the mean error vector magnitude

Verr(v)
| N-1 b 1 N-1
ngﬂREAL{r(v)}—aA— 2] +2§MIMAG{;*(v)}—6Q|—§Q]2 (28)
Pl e

can be calculated with a non data aided calculation. The instant error vector magnitude

Verr(v)

) ‘/% [REAL{r0)}- /] - 2/ F + % MIMAG{V(V)} ~do|- éQ}Z (29)
(st

is the error signal magnitude normalized by the root mean square value of the estimate of the
measurement signal power. The advantage of this method is that no estimate of the reference signal is
needed, but the 1Q-offset and |Q-imbalance values are not estimated in a joint estimation procedure.
Therefore, each estimation parameter is disturbing the estimation of the other parameter and the
accuracy of the estimates is lower than the accuracy of the estimations achieved by equation (17). If the
EVM value is dominated by Gaussian noise this method yields similar results as equation (18).
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802.11b RF carrier suppression

Definition

The RF carrier suppression, measured at the channel center frequency, shall be at least 15 dB below
the peak SIN(x)/x power spectrum. The RF carrier suppression shall be measured while transmitting a
repetitive 01 data sequence with the scrambler disabled using DQPSK modulation. A 100 kHz
resolution bandwidth shall be used to perform this measurement.

Measurement with the R&S FSL

The RF carrier suppression as defined in the standard is a determination of peak ratios. The
unscrambled 01 data sequence provides a spectrum with distinct peaks enveloped by the transmit filter
spectrum. An IQ offset leads to an additional peak at the center frequency.

The following measurement sequence can be used in normal spectrum mode:
1. Use power trigger or external trigger

1. Use gated sweep with gate delay at payload start and gate length = payload length
(Delay-Comp ON and RBW = 50 MHz for gate settings)

Set RBW = 100 kHz
Set Sweep Time = 100 ms
Set Span = 20 MHz
Set Detector = RMS

Set Marker 1 to center frequency

N o g b~ w0 DN

Use Marker 2 as Delta Marker and set it to max. peak

Fig. 2-89 is a screenshot of this measurement. The delta marker shows directly the RF carrier
suppression in dB (white circled value).
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Canter 1 GHz

Fig. 2-89 RF carrier suppression measurement

Comparison to 1Q offset measurement in K91 / K91n list mode

The 1Q offset measurement in K91/ K91n returns the actual carrier feed through normalized to the
mean power at the symbol timings. This measurement doesn't need a special test signal and is
independent of the transmit filter shape.

The RF carrier suppression measured according to the standard is inversely proportional to the 1Q
offset measured in K91 / K91n list mode. The difference (in dB) between the two values depends on the
transmit filter shape and should be determined with one reference measurement.

The following table lists exemplary the difference for three transmit filter shapes (iO.S dB):

Transmit filter —IQ-Offset [dB] — RF-Carrier-Suppression [dB]

rectangular 11 dB
Root raised cosine, ¢ =0.22 10dB
Gaussian, ¢ =0.3 9dB
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IQ Impairments

1Q Offset

An 1Q-Offset indicates a carrier offset with fixed amplitude. This results in a constant shift of the 1Q
axes. The offset is normalized by the mean symbol power and displayed in dB.
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An ideal 1/Q modulator amplifies the | and Q signal path by exactly the same degree. The imbalance
corresponds to the difference in amplification of the | and Q channel and therefore to the difference in
amplitude of the signal components. In the vector diagram, the length of the | vector changes relative to
the length of the Q vector.

The entry is displayed in dB and %, where 1 dB offset is roughly 12 % according to the following:
Imbalance [dB] = 20log ( | Gaing | / | Gain, |)

Positive values mean that the Q vector is amplified more than the | vector by the corresponding
percentage:
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R&S FSL

Negative values mean that the | vector is amplified more than the Q vector by the corresponding

percentage:
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Quadrature Error

An ideal 1/Q modulator sets the phase angle to exactly 90 degrees. With a quadrature error, the phase
angle between the | and Q vector deviates from the ideal 90 degrees, the amplitudes of both
components are of the same size. In the vector diagram, the quadrature error causes the coordinate

system to shift.

A positive quadrature error means a phase angle greater than 90 degrees:
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A negative quadrature error means a phase angle less than 90 degrees:
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WiIMAX, WiBro Measurements (Options K92/K93)

This section describes measurement examples for the WiIMAX I|IEEE 802.16 OFDM, OFDMA
Measurements option (R&S FSL-K93) and gives details to signal processing. For further information on
measurement examples refer also to the Quick Start Guide, chapter 5 "Basic Measurement Examples".

The WIMAX IEEE 802.16 OFDM, OFDMA Measurements option (R&S FSL-K92/K93) includes the
functionality of the WiIMAX 802.16 OFDM Measurements option (R&S FSL-K92). Accordingly both
options are described together in this section, differentiated by the corresponding standards:

=  WIMAX 802.16 OFDM Measurements (R&S FSL-K92/K93)
— |IEEE 802.16-2004/Cor 1-2005 OFDM physical layer mode

The corresponding remote control mode is OFDM. In chapter 2, "Instrument Functions", the
short forms IEEE 802.16-2004 OFDM is used to reference this standard.

=  WIiMAX IEEE 802.16 OFDM, OFDMA Measurements option (R&S FSL-K93)
— |EEE 802.16-2004/Cor 1-2005, IEEE 802.16e-2005 OFDMA physical layer mode

The corresponding remote control mode is OFDMA. In chapter 2, "Instrument Functions", the
short form IEEE 802.16e-2005 OFDMA is used to reference this standard.

— |EEE 802.16-2004/Cor 1-2005, IEEE 802.16e-2005 based WiBro

The corresponding remote control mode is WiBro. In chapter 2, "Instrument Functions”, the
short form IEEE 802.16e-2005 WiBro is used to reference this standard.

The options are available from firmware version 1.40 (R&S FSL-K92) and 1.50 (R&S FSL-K93).

Basic Measurement Example

This section provides step-by-step instructions for working through an ordinary measurement. The
following steps are described:

1. Setting up the measurement
2. Performing the level detection

3. Performing the main measurement

Test setup
In this example, a DUT using IEEE 802.16-2004 is be used.

» Connect the DUT to the R&S FSL using the RF input of the R&S FSL. The DUT generates a signal
modulated using 16QAM 2/3.

Setting up the measurement

1. Activate the WIMAX mode (for details refer to chapter "Instrument Functions", section "Measurement
Mode Selection - MODE Key").

2. Press the Settings General/Demod softkey once to select and open the General Settings dialog
box.
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General Settings

Signal Characteristics lnput Settings Advanced

Standard IEEE 802.16 - 2004 Auto Level time
Freguency 3 GHz Ref. Level
Channel Mo . Attenuation

Frequency Band|ETSI3.410-4.200 GHz Q Settings

Channel BW 1.75 MHz Swap 10 [

Sampling Rate |2 MHz Resull Seffings

_ su

e-Tule A RSS!, CINR v
Level Settings List Results Unitdg |

Signal Level Auto Levlv -30 dBm

Ext At [0 dB

|
Data Capture Settings
Capture Time 15 ms
Burst Count

Anahze Bursts
Sweep Tirme Autolw [2s |

Sweeap Count 1

Trigger Settings

Trigger Mode

Trigger Offset
Power Level Auta Lvl

Advanced Settings [V

In the Frequency field, enter the desired frequency to measure.

If a frequency is entered, which maps to a specific channel, the Channel No field updates.

In the Frequency Band field, select the signal to be analyzed. The target band is either one of
the bands given as example in the IEEE 802.16-2004 standard? or an unspecified band.

In the Channel BW or Sampling Rate field depending on the characteristics of the signal to be
analyzed, select a value. The second parameter is derived from the first according to the

standard4.

In the G = Tg/Tb field, select a useful time ratio according to the characteristics of the signal to
be analyzed.

Under Level Settings, deactivate the Auto Lev option. In this example, the level detection
measurement is executed manually (for details see Performing the level detection).

Press the Settings General/Demod softkey twice to select and open the Demod Settings dialog
box.

Demod Settings

Burst To Analyze
Burst Type OF DM hd
Link Mod DL

Use FCH Cuontent
Wod. Detection All
Demodulatar G42AMIA
Subchannelization [«]Index |16
UL Phys. Modifier |0
Equal Burst Length
Min Data Symbals |1
Max Data Symbols |2425
Channel Estimation |Freamble

Tracking
Phase

Timing
Level

(<]

3 B.3.2 Wireless MAN-OFDM/OFDMA PHY symbol and performance parameters.

4 8.3.2.2 Derived Parameter definitions
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— In the Link Mode field, select the link mode of the bursts to be analyzed.

— In the Demodulator field, select the used modulation scheme.

Performing the level detection
1. Connect the DUT to the RF input of the R&S FSL.

RF Input
(front panel)

DUT

2. Start the level detection measurement by pressing the SWEEP hardkey and then the Auto Level
softkey.

During the level detection measurement the status message Running is displayed in the status bar
at the bottom of the screen.

After successful level detection, the status message Measurement Complete is displayed, the
signal level field for the selected input displays the detected signal level and the Magnitude Capture
Buffer (screen A) displays the zero span trace obtained during the measurement sequence.

An automatic level detection can be performed in two ways:

@ Once by pressing the Auto Level softkey in the sweep menu.
At the start of each measurement sweep by activating the Auto Lev option in the
General Settings dialog box under Level Settings.

Performing the main measurement

1. Select single sweep measurements by pressing the SWEEP hardkey and then the Run softkey to
select Single.

2. Start the measurement by pressing the RUN hardkey.
During the measurement, the status message Running is displayed.

Measurement results are updated once the measurement has completed. The results are displayed
in graphical form. The display can be toggled to a tabular list of measurement points by pressing
the Display Graph/List softkey (in the WiMAX/WiBro menu or trace menu).

Signal Processing of the IEEE 802.16-2004 OFDM
Measurement Application

Abbreviation Description

N ppr =256 FFT length

a;, symbol from the alphabet at symbol-index / of sub carrier &
EVM, error vector magnitude of sub carrier &

EVM error vector magnitude of current packet

g signal gain

Af frequency deviation between Tx and Rx

1300.2519.12 2.143 E-12



WIMAX, WiBro Measurements (Options K92/K93) R&S FSL

/ symbol index [ =[1,nof Symbols]

nof _symbols number of symbols of payload

H, channel transfer function of sub carrier &

k channel index k =[-128,127]

K. o modulation dependent normalization factor

& relative clock error of reference oscillator

Tk received symbol at symbol-index / of sub carrier k&

Pilots = {-88, -63, -38, -13, 13, 38, 63, 88}

This description gives a rough view of the IEEE 802.16-2004 OFDM measurement application signal
processing. Details are disregarded in order to get a concept overview.

A diagram of the interesting blocks is shown in Fig. 2-90. First the RF signal is down-converted to the IF
frequency f,, = 20.4 MHz. The resulting IF signal r,.(z) is shown on the left-hand side of the figure.

After bandpass filtering, the signal is sampled by an Analog to Digital Converter (ADC) at a sampling
rate of f,=81.6 MHz. This digital sequence is resampled to the new sampling frequency of

f., =80 MHz which is a multiple of the Nyquist rate (20 MHz). The subsequent digital down-converter

shifts the IF signal to the complex base band. In the next step the base band signal is filtered by a FIR
filter. To get an idea, the rough transfer function is plotted in the figure. This filter fulfils two tasks: first it
suppresses the IF image frequency, secondly it attenuates the aliasing frequency bands caused by the
subsequent down-sampling. After filtering, the sequence is sampled down by the factor of 4. Thus the
sampling rate of the down-sampled sequence r(i) is the Nyquist rate of f,, =20 MHz. Up to this point

the digital part is implemented in an ASIC.

4(/>—>{ : | | ADC | — é FIR R —
J!; =816 MHZ‘ - f3= System Shmpling Rate
THerl(f) 2

—
0 /

"
payload frequency FFT | user defined | 71k

A — — o s N o
window compensation N=256 compensation
=256
P &
estimation -
of :l Afres, dy,;
pilot | @y guin,ﬁcqucnuv,limc:l B

sequence

measurement

of

parameters

channel
estimation

full estimate Qe
compensation data symbols

timing
packet search: pilots + data

e
L 1.coarse timing |——= data
A (SP)
2.fine timing H,

SP

Fig. 2-90  Signal processing of the IEEE 802.16 OFDM measurement application

In the lower part of the figure the subsequent digital signal processing is shown. In the first block the
packet search is performed. This block detects the Short Preamble (SP) and recovers the timing. The
coarse timing is detected first. This search is implemented in the time domain. The algorithm is based
on cyclic repetition within the SP after N = N, /2 =128 samples. Note this cyclic repetition occurs also

in the Long Preamble (LP). Numerous treatises exist on this subject, e.g. [1]-[3]. Furthermore a coarse
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estimate Af 5 of the Rx-Tx frequency offset Af is derived from the metric in [6]. This can easily be

understood because the phase of »(i)-7 (i+ N) is determined by the mod 2r frequency offset. As the
frequency deviation Af can exceed several bins (distance between neighbor sub-carriers) the SP is

further used to solve this n2x [offset over several bins] ambiguities.

After the coarse timing calculation the time estimate is improved by the fine timing calculation. This is
achieved by first estimating the coarse frequency response H'S"), with k =[-100,100] denoting the

channel index of the occupied sub-carriers. First the FFT of the SP is calculated. After the FFT
calculation the known symbol information of the SP sub-carriers is removed by dividing by the symbols.
The result is a coarse estimate Flk of the channel transfer function. In the next step the complex
channel impulse response is computed by an IFFT. Next the energy of the windowed impulse response

(the window size is equal to the guard period) is calculated for every trial time. Afterwards the trail time
of the maximum energy is detected. This trial time is used to adjust the timing.

Now the position of the SP is known and the starting point of the useful part of the first payload symbol
can be derived. In the next block this calculated time instant is used to position the payload window.
Only the payload part is windowed. This is sufficient because the payload is the only subject of the
subsequent measurements.

In the next block the windowed sequence is compensated by the coarse frequency estimate Af

coarse *
This is necessary because otherwise inter channel interference (ICl) would occur in the frequency
domain.

The transition to the frequency domain is achieved by an FFT of length 256. The FFT is performed
symbol-wise for every of the nof symbols symbols of the payload. The calculated FFTs are described

by r,, with
the symbol index [ =[1, nof _symbols ] and
the channel index k£ =[-28,127].

In case of an additive white Gaussian noise (AWGN) channel the FFT is described by [4], [5]

j(phase/( commom)+phase/('l}(mmg) )

e = Kood Wy -8 H,-e +ny,

(30)
with
the modulation-dependent normalization factor X,
the alphabet symbol ¢, at symbol-index / of sub-carrier k
the gain g, at the symbol / in relation to the reference gain g =1 at the Short Preamble (SP)
the channel frequency response H, atthe Short Preamble (SP)

(common)

the common phase drift phase), of all sub-carriers at symbol / (see below)
the phase phase;™ of sub-carrier k at symbol / caused by the timing drift (see below)
the independent Gaussian distributed noise samples #,,

The common phase drift in equation (29) is given by

(common) __ . . .
phase', = 27-N,/N -Af,,,T-1 + dy, (31)

5 In this paper the hat generally describes an estimate. Example: X is the estimate of x.
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with

N; =N, + N, being the number of Nyquist samples of the symbol period

N =N, =256 being the number of Nyquist samples of the useful part of the symbol
Af,,.. being the (not yet compensated) frequency deviation

dy, being the phase jitter at the symbol /

In general, the coarse frequency estimate Afwm (see Fig. 2-90) is not error-free. Therefore the
remaining frequency error Af,

. represents the not yet compensated frequency deviation in 7, .
Consequently the overall frequency deviation of the device under test (DUT) is calculated by
Af = Afwm +Af,,, - Remark: The only motivation for dividing the common phase drift in equation (11)

into two parts is to be able to calculate the overall frequency deviation of the DUT.

The reason for the phase jitter dy, in equation (11) may be different. The nonlinear part of the phase

jitter may be caused by the phase noise of the DUT oscillator. Another reason for nonlinear phase jitter
may be the increase of the DUT amplifier temperature at the beginning of the burst. Please note that

besides the nonlinear part the phase jitter dy, also contains a constant part. This constant part is
caused by the not yet compensated frequency deviation Af, .. To understand this, please keep in mind

that the measurement of the phase starts at the first symbol /=1 of the payload. In contrast the channel
frequency response H, in equation (29) represents the channel at the Short Preamble of the preamble.

Consequently the not yet compensated frequency deviation Af,, produces a phase drift between the

Short Preamble and the first symbol of the payload. Therefore this phase drift appears as a constant
value ("DC value") in dy, .

Referring to the IEEE 802.16-2004 measurement standard Chapter 8.3.10.1.2 "Transmitter
constellation error and test method" [6], the common phase drift phase' ™™ must be estimated and
compensated from the pilots. Therefore the "symbol wise phase tracking" (Tracking Phase) is activated
as the default setting of the R&S FSL-K92/K93.

Furthermore the timing drift in equation (29) is given by

(timing) __ . £ L.
phase);™™ = 2x-N [N -&-k-1 (32)

with & being the relative clock deviation of the reference oscillator. Normally a symbol-wise timing jitter

is negligible and thus not modeled in equation (32). There may be situations where the timing drift has
to be taken into account. This is illustrated by an example: In accordance to [6] the allowed clock
deviation of the DUT is up to & = +8 ppm. Furthermore the maximal length of a frame

nof _symbols = 2420 symbols® is assumed. From equations (29) and (32), it results that the phase drift
of the highest sub-carrier £ =100 in the last symbol [ =nof symbols is to-do degrees. Even in the noise-

free case, this would lead to symbol errors. The example shows that it is actually necessary to estimate
and compensate the clock deviation, which is accomplished in the next block.

Referring to the IEEE 802.16-2004 measurement standard [6], the timing drift phase;™ is not part of

the requirements. Therefore the "time tracking" (Tracking Time) is not activated as the default setting of
the R&S FSL-K92/K93.

The time tracking option should rather be seen as a powerful analyzing option.

In addition the tracking of the gain g, in equation (29) is supported for each symbol in relation to the
reference gain g =1 at the time instant of the Short Preamble (SP). At this time the coarse channel

6 Assuming the maximal System Sampling Rate Fs = 32MHz.
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transfer function I:I,(CSP) is calculated. This makes sense since the sequence ', is compensated by the

coarse channel transfer function I—AI,ESP) before estimating the symbols. Consequently a potential change

of the gain at the symbol / (caused, for example, by the increase of the DUT amplifier temperature)
may lead to symbol errors especially for a large symbol alphabet M of the MQAM transmission. In this
case the estimation and the subsequent compensation of the gain are useful.

Referring to the IEEE 802.16-2004 measurement standard [6], the compensation of the gain g, is not
part of the requirements. Therefore the "gain tracking" (Tracking Gain) is not activated as the default
setting of the R&S FSL-K92/K93.

The unknown deviations of gain, frequency and time are calculated by an optimum maximum likelihood
procedure, which works well even at low signal to noise ratios with the Cramer Rao Bound being
reached. After estimation of these parameters, the received signal is fully compensated for the decision
of the ideal reference signal a,, and compensated according to the user settings to get the

measurement signal 7', . Then the measurement signal is equalized by the inverse channel transfer

function. According to the chosen setting, either the preamble estimation of the channel transfer
function or a data aided estimation using the ideal reference signal is used. According to the IEEE

802.16-2004 measurement standard [6], the coarse channel estimation H*” (from the short
preamble) has to be used for equalization. Therefore the default setting of the R&S FSL-K92/K93 is
equalization from the coarse channel estimate derived from the short preamble.

In the last block the measurement variables are calculated. The most important variable is the error
vector magnitude

nof _Symbols

EVM, = \/m ; |r”1,k = Kooa |2 (33)

of the sub-carrier & of the current packet. Furthermore the packet error vector magnitude

100
_ | 2
EVM = |55 E EVM;
k=-100
(k= 0) (34)

is derived by averaging the squared EVM, versus k . Finally the average error vector magnitude

nof _packets

EVM = \/+ Y. EVM?(counter)

nof _packets

counter =1 (35)

is calculated by averaging the packet EVM of all nof packets detected packets. This parameter is
equivalent to the so-called "RMS average of all errors Error,,," of the IEEE 802.16-2004 measurement
commandment (see [6], Chapter 8.3.10.1.2).

Analysis Steps
Preamble related result Remark
Rough frequency estimation In case of subchannelization, a rough frequency estimation is obtained by

exploiting the cyclic prefix of the OFDM symbols.

Preamble power

Preamble EVM Uses payload channel estimation for equalization.

Frequency error vs. preamble

Phase error vs. preamble

Channel estimation Used for equalizing
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Payload related result

Remark

Fine frequency estimation

Estimation on pilots used for phase correction if 'Phase Tracking' is
selected. Phase tracking needs at least one pilot.

In case of subchannelization, the value shown in the result summary table
is estimated on pilots and data.

Clock offset estimation

Estimation on pilots used for timing correction if 'Timing Tracking' is
selected. Timing tracking needs at least two pilots.

In case of subchannelization, the value shown in the result summary table
is estimated on pilots and data.

1Q Offset

Power at spectral line 0 normalized to the total transmitted power.

Gain Imbalance

Estimation not available in case of subchannelization.

Quadrature Error

Estimation not available in case of subchannelization.

Payload channel estimation

Combined with the preamble channel estimation.

Burst related result

Remark

EVM All carriers
EVM Data carriers

According to standard normalized to the average power of all 200 used
carriers.

EVM Pilot carriers

Burst Power

Crest Factor

Subchannelization

Subchannelization can be used in uplink bursts to allocate only a subset of the available OFDM sub
carriers. The measurement software can distinguish between downlink bursts, uplink bursts without
subchannelization and uplink bursts with a selectable subchannel index. Thus it is possible to analyze
the complete WirelessMAN traffic with one capture buffer shot.

Synchronization

The synchronization of uplink bursts using subchannelization is performed after the synchronization on
standard downlink and uplink preambles:

1. Synchronization of downlink and uplink bursts without subchannelization.

2. Pre-analysis of the bursts without subchannelization to determine their length.
3. Extraction of TX power areas without already detected bursts.

4. Synchronization of uplink bursts with the selected subchannel index.

In the following sections, the influence of subchannelization on results is discussed.

Channel Results

The standard requires an interpolation of order 0 for the channel estimation on unallocated sub carriers,
i.e. the estimated channel coefficient of the nearest allocated sub carrier shall be used for those sub
carriers not part of the allocated subchannels.

For the derived channel results like group delay or flatness difference, the unallocated carriers are not
taken into account.
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Frequency and Clock Offset

The measurement software allows selectable compensation of phase, timing and gain errors based on
pilot estimations. However, in case of subchannelization the number of pilots is decreased. Bursts with
odd subchannel indices do not provide pilots at all. The following table lists the restrictions on the
tracking ability for subchannelization:

Tracking Subchannel Index
16 (8 Pilots) 2,6, 10, 14, 18, 22, 26, 30 1,3,5,7,9, 11,13, 15,17, 19,
8, 24 (4 Pilots) (1 Pilot) 21, 23, 25, 27, 29, 31 (No
4,12, 20, 28 (2 Pilots) Pilot)

Phase Available Available Available, but uses rough
frequency offset estimation
from the synchronization step
only

Timing Available Not available Not available

Gain Available Available Not available

While the tracking functionality has to use pilot based estimates, the actual results for frequency and
clock offset in the result summary can be data aided. In case of subchannelization the final estimation
of frequency and clock offset is done using the already decided data sequence, which gives stable
results even without pilots.

EVM

The error vector magnitude of a single constellation point is defined by

| b -a ol
k=Nyeq/2

o 2 latef

used k=—Nyeq/2
k#0

EVM(LK) =

1300.2519.12 2.149 E-12



WIMAX, WiBro Measurements (Options K92/K93) R&S FSL

where r(l,k) is the received constellation point and a(/, k) is the transmitted constellation point at the
" symbol and carrier number % .

In case of subchannelization, it is required by the standard to include the unallocated carriers k,,,,;,. by
assuming a(l, k )=0 in the denominator of the EVM calculation.

unalloc

Thus the EVM All Carriers result for one burst in the result summary equals

1< |

Z,ZN > |rd k) —all k)

=1 “Vused k=—Nysea/2
k#0
k=Nyseq /2

1& 1 2
= I,k
L 1; Nused k_li\z“‘oed/za( )‘

EVM_All Carr =

where L is the number of symbols in the burst.
This definition is according to the relative constellation error defined in the IEEE 802.16-2004 standard.

Using the equations above, the error power is normalized by the average transmitted power in all 200
carriers. Please notify, that by this definition the same absolute error power leads to different EVM
results depending on the number of allocated carriers in case of subchannelization.

IQ Impairments

IQ imbalance in an OFDM transmitter or receiver leads to an interference of the symbols 4, , with the
symbols a,, . In case of subchannelization, the used sub carriers are always situated in such a way, that
a;_ =0,if a;; #0. There is no impact of IQ imbalance on the actually allocated carriers of a

subchannelization transmission. The effect can only be seen on the unallocated carriers and yields a
pattern around the origin of the constellation diagram.

R&S F5L-K92 WIMAX IEEE §02.16 - 2004 Settings

General
Demod

Marker[1] @ -0.0768 1 6.4270 EYM vs

SEmhnI

Errar

Frequenc

Phase

Constell vs

Carrier

Carrier
Selection
All

Fig. 2-92  Constellation vs Symbol

The unsymmetrical allocation of the sub carriers prevents a measurement of gain imbalance and
quadrature error in case of subchannelization. The influence of the occupied carriers a,, on the

unoccupied carriers a, _, could be measured, but there is no possibility to distinguish them from an
unknown channel coefficient.
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RSSI

See [6] section "8.3.9.2 RSSI mean and standard deviation". The Received Signal Strength Indication
[RSSI] is basically the preamble power. The result summary provides the RSSI statistics according to
the standard. A possible method to compute RSSI[k] at the antenna connector is given in [6] equation
(87). RSSI[K] is the RSSI measurement based on the k-th signal/preamble.

The RSSI statistics of the result summary is calculated as follows:

1. RSSI row:
Statistic {min, mean, max} of the R[k]=RSSI[k].
The mean value is fizgq 45, [K] according to [6] formula (89).

2. RSSI Standard Deviation row:
Grssrap according to [6] formula (91).

CINR

See [6] section "8.3.9.3 CINR mean and standard deviation". The result summary provides the Carrier
Interference Noise Ratio [CINR] statistics according to the standard. One possible method to estimate
the CINR of a single message is to compute the ratio of the sum of signal power and the sum of
residual error for each data sample, using equation [6] (92).

N-1

z |s[k, n]|2

CINR[k] = "=
D |rlk,n]—slk,n)
n=0

|2

with
rik,n] received/measured sample n within message k
s[k,n] corresponding  detected/reference sample (with channel state weighting)

corresponding to received symbol n

The CINR statistics of the result summary is calculated as follows:

1. CINR row:
Statistic {min, mean, max} of the CINR[K].
The mean value is /iy 45 [K] according to [6] formula (94).

2. CINR Standard Deviation row
Genrap according to [6] formula (96).
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R&S FSL

Signal Processing of the IEEE802.16-2005 OFDMA/WiBro
Measurement Application
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Description

data symbol (actual, decided)

residual carrier frequency offset

carrier frequency offset between transmitter and receiver (actual, coarse estimate)
relative sampling frequency offset

gain

channel transfer function (actual, estimate)

time index

timing estimate (coarse, fine)

subcarrier index (general, pilot, data, subchannel »)
OFDM symbol index

length of FFT

number of samples in cyclic prefix (guard interval)
number of Nyquist samples

number of subcarriers

subchannel index, subframe index

noise sample

common phase error

I/Q imbalance (actual, estimate)

received sample in the time domain

received sample (uncompensated, fully compensated, partially compensated,
equalized) in the frequency domain

useful symbol time
guard time

symbol time

Description

additive white Gaussian noise

bit error rate

carrier frequency offset

carrier to interference and noise ratio
channel impulse response

cyclic prefix (guard interval)

common phase error

channel transfer function
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DL downlink

EVM error vector magnitude

FFT fast Fourier transformation

IF intermediate frequency

ISI intersymbol interference

OFDM orthogonal frequency division multiplexing
OFDMA orthogonal frequency division multiple access
PAPR peak to average power ratio

RSSI received signal strength indicator

SFO sampling frequency offset

UL uplink

Introduction
The following description provides a brief overview of the digital signal processing used in the IEEE
802.16 OFDMA measurement application.

From the received IF signal as the point of origin to the actual analysis results like EVM or CINR, the
digital signal processing can be divided into four major groups:

Data capturing

Synchronization

Channel estimation / equalization ; OFDMA measurement application
Analysis

The description of the IEEE802.16-2005 OFDMA/WiBro measurement signal processing is structured
accordingly.
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Signal Processing Block Diagram

1/Q-data window - window  |—»| frequency FFT N subcar_ner |
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Fig. 2-93  Signal processing of the IEEE 802.16 OFDMA measurement application

The block diagram in Fig. 2-93 shows the OFDMA measurement application from the capture buffer
containing the I/Q data to the actual analysis block. Outcome of the fully compensated reference path
(green) are the estimates g,, of the transmitted data symbols «,,. Depending on the user defined
compensation, the received samples 7", of the measurement path (orange) still contain the transmitted
signal impairments of interest. The analysis block reveals these impairments by comparing the
reference and the measurement path. Prior to the analysis, diverse synchronization and channel
estimation tasks have to be accomplished.

Synchronization

The first of the synchronization tasks is to detect areas of sufficient power within the captured 1/Q data
stream. The subframe detection block determines the beginning and end of each subframe and
coarsely estimates both timing and carrier frequency offset. The fine timing block prior to the FFT allows
a timing improvement using a level-based search for the beginning and end of the coarsely estimated
channel impulse response. In the DL the coarse estimate of the CIR can be directly obtained from the
preamble. Other than that the UL consists only of payload information with scattered pilots in the
subcarrier-symbol plane, thus several OFDM symbols have to be observed to get a reliable estimate of
the CIR. Since the OFDM symbols need to be phase synchronized prior to the channel estimation, the
blue blocks in Fig. 2-93 have to be carried out twice. In the first iteration the timing estimate i is
used to position the window of the FFT. Having found the pilot-based estimate of the CIR, the fine
timing estimate 7, is used in the second iteration.

After the time to frequency transformation by an FFT of length N..,, the tracking estimation block is
used to estimate the following:

relative sampling frequency offset ¢

residual carrier frequency offset Af,
common phase error @,

gain g,
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Corresponding to [3] and [4], the uncompensated samples 7, can be expressed as

rI,k = gl .al,k .Hl,k ﬂ . ejZ”'N</NFFT'¢'k'1 . ejZ”'Ns/NFFT'Afres'T'Z +n1,k (36)
CPE SFO res. CFO
with
e data symbol «,, on subcarrier k& at OFDM symbol /
e channel transfer function H,,
e number of Nyquist samples N_ within the symbol time T,
e useful symbol time 7 =T, -T,

e independent and Gaussian distributed noise sample #, ,

Within one OFDM symbol both the CPE and the residual CFO respectively cause the same phase
rotation for each subcarrier, while the rotation due to the SFO linearly depends on the subcarrier index.
A linear phase increase in symbol direction can be observed for the residual CFO as well as the SFO.

The results of the tracking estimation block are used to compensate the samples r,. While a full
compensation is performed in the reference path, the signal impairments that are of interest to the user
are left uncompensated in the measurement path.

Channel Estimation / Equalization

According to Fig. 2-93, there are two coarse and one fine channel estimation blocks. Which of the two
coarse estimation blocks is used depends on the link direction. For DL subframes the coarse channel
estimation is based on the preamble and directly follows the coarse frequency compensation block. The
pilot-based estimation for UL subframes is tapped behind the full compensation block of the reference
path. Both of the coarse estimation blocks use available training symbols to determine initial estimates
I—AIM of the channel transfer function at fixed positions in the subcarrier-symbol plane. Based on these
nodes, the missing CTF values are obtained by interpolation in both time and frequency direction. The
coarse estimation results are used for the above mentioned fine timing and to equalize the samples 7/,
of the reference path prior to symbol decision. Based on the decided data symbols, a fine channel
estimation is performed and then used to equalize the partially compensated samples of the
measurement path.

Analysis

The analysis block of the OFDMA measurement application allows to calculate a variety of
measurement variables.

EVM

The most important variable is the error vector magnitude (EVM).

" ~
Tk =g

EVM,, = (37)

a
on subcarrier k£ at OFDM symbol /. The subsequent average values can be derived from (37).
1. EVM of subchannel n» at OFDM symbol /:

/ 1
EVMI,subchannel n= N_z EVMlz,kch” (38)
s¢ Kenn

2. EVM of all pilot subcarriers:

1
EVMpilots = \/N_z Z EVMlz,kp (39)
sc |k

3. EVM of all data subcarriers:
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EVM,,, = \/ ZZ EVM;}, (40)

4. EVM of all used subcarriers:

EVM,, = \/Nl Z{Z EVM}, +ZEVM,k (41)

sc ! k,

The number of subcarriers respectively taken into account is denoted by N .

CINR

The carrier to interference and noise ratio is determined for each subframe r. The computation is
based on the partially compensated samples 7, , the decided symbols 4,,, and the channel estimates
H, (DL: preamble and fine; UL: fine).

22y -H, |2

E
ZZM —a,-H

Further CINR statistics are defined in the standards [5], [6].
CINR(0) n=0
(1 - aavg) : /&ClNR (n - 1) + aavg. CINR(”) n> 0

CINR(n) = (42)

Ao (n) = {
/’lgi)l{ (n) =10-log fcpg (1) dB
(43)

CINR? (0) n=0

X (1) =
e (1) (1- am) Xene (m—1)+ Ay’ C[NRZ(n) n>0

O-gi)l{ (n)=5-log ('xClNR (n)— /&CINR (n))dB

RSSI

The received signal strength indicator is determined for each subframe n. The computation is based on
the time domain samples r(i) extracted by the subframe detection block.

RSSI(n) ~|r(@) |’ (44)
Further RSSI statistics are defined in the standard [5], [6].
. RSSI(0) n=0
Hgssi (1) = N
(1 - aavg) ' /uRSSI (n - 1) + aavg' RSS[(”) n> 0
/[ll(zdsBs)l () =10-1og flyss (n) dB
(4%)
RSSI*(0) n=0
(-a,,) Frss (=D +a,, RSSI*(n) n>0

Al(zdsBs)l (n)=5- log(xRSSl (n)— ;uRSSI (n))dB

)’eIz{SSI (n)= {
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1/Q Imbalance

The 1/Q imbalance estimation block allows to evaluate the

modulator gain balance =|1+ AQ | (46)

and the

quadrature mismatch = arg {1+ AQ} (47)

respectively based on the block's estimate AQ.

Other Measurement Variables

Without going into detail, the OFDMA measurement application additionally provides the following

results:
e Burst power
e Constellation diagram
e Group delay
e 1/Q offset
e PAPR
¢ Pilot BER
e Spectral flatness
Literature
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R&S FSL Selecting the Frequency and Span - FREQ Key

=Center

Sets the step size to the value of the center frequency and removes the coupling of the step size
to span or resolution bandwidth. This function is especially useful during measurements of the
signal harmonic content because by entering the center frequency each stroke of the arrow key
selects the center frequency of another harmonic.

=Marker

Sets the step size to the value of the current marker and removes the coupling of the step size
to span or resolution bandwidth. This function is especially useful during measurements of the
signal harmonic content at the marker position because by entering the center frequency each
stroke of the arrow key selects the center frequency of another harmonic.

Manual

Opens an edit dialog box to enter a fixed step size for the center frequency.

= Remote: FREQ:CENT:STEP 120MHz

Frequency Offset

Opens an edit dialog box to enter a frequency offset that shifts the displayed frequency range by
the specified offset. The allowed values range from -100 GHz to 100 GHz. The default setting is
0 Hz.

= Remote: FREQ:OFFS 10 MHz

Signal Track (span > 0)

Opens a submenu to modify the parameters for signal tracking: search bandwidth, threshold
value and trace.

The search bandwidth and the threshold value are shown in the diagram by two vertical lines
and one horizontal line, which are labeled as TRK. After each sweep the center frequency is set
to the maximum signal found within the searched bandwidth. If no maximum signal above the
set threshold value is found in the searched bandwidth, the track mechanism stops.

= Remote: CALC:MARK:FUNC:STR OFF

Track On/Off (span > 0)

Switches the signal tracking on or off.

= Remote: CALC:MARK:FUNC:STR OFF

Track BW (span > 0)

Opens an edit dialog box to set the search bandwidth for signal tracking. The frequency range is
calculated as a function of the center frequency.

= Remote: CALC:MARK:FUNC:STR:BAND 1MHZ
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Setting the Frequency Span - SPAN Key

The SPAN key is used to set the frequency span to be analyzed.

To open the span menu
» Press the SPAN key.

The span menu is displayed. For span > 0 an edit dialog box to enter the frequency is displayed.
For zero span, an edit dialog box to enter the sweep time is displayed.

Menu and softkey description
"Softkeys of the span menu" on page 4.11

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Task

— To specify the span (alternatives)

To specify the span (alternatives)
1. To set the span, use the Span Manual, Full Span, Zero Span and Last Span softkeys.
2. To define a frequency range, use the Start and Stop softkeys.

3. For zero span, press the Sweeptime Manual softkey and enter a sweep time.

Softkeys of the span menu

The following table shows all softkeys available in the span menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Command

Span Manual

Sweeptime Manual

Start

Stop

Full Span

Zero Span

Last Span
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Span Manual

Opens an edit dialog box to enter the frequency span. The center frequency is kept constant.
The following range is allowed:

span =0:0Hz
span >0: spanmi; < fspan < frax

fmax @and spany,, are specified in the data sheet. To help analyze signals located at the end of the
frequency range, for R&S FSL models with an upper frequency limit of 6 GHz or less, the .«
value is extended by 0.05 GHz for direct entry via the key pad. The preset and full span values
remain unchanged.

= Remote: FREQ: SPAN 2GHz

Start

Opens an edit dialog box to enter the start frequency. For details see Start softkey in the
frequency menu.

= Remote: FREQ:STAR 20MHz

Stop

Opens an edit dialog box to enter the stop frequency. For details see Stop softkey in the
frequency menu.

= Remote: FREQ:STOP 2000MHz

Full Span

Sets the span to the full frequency range of the R&S FSL specified in the data sheet. This
setting is useful for overview measurements.

= Remote: FREQ:SPAN: FULL

Zero Span

Sets the span to 0 Hz (zero span). The x-axis becomes the time axis with the grid lines
corresponding to 1/10 of the current sweep time (SWT).

= Remote: FREQ:SPAN 0OHz

Last Span

Sets the span to the previous value. With this function e.g. a fast change between overview
measurement and detailed measurement is possible.
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Setting the Level Display and Configuring the RF Input -
AMPT Key

The AMPT key is used to set the reference level, the level range and unit, the scaling and the RF
attenuation.

To open the amplitude menu
> Press the AMPT key.

The amplitude menu is displayed. The Reference Level dialog box is displayed.

Menu and softkey description
"Softkeys of the amplitude menu" on page 4.13

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Task
— To specify the amplitude

To specify the amplitude

1. Set the reference level, offset and position, using the Ref Level, Ref Level Offset and Ref Level
Position softkeys.

Select the level range and the unit for the level axis, using the Range Log and Unit softkeys.
Set the scaling, using the Range Linear and/or Grid Abs / Rel softkeys.
Set the attenuation, using the RF Atten Manual or RF Atten Auto softkeys.

Softkeys of the amplitude menu

The following table shows all softkeys available in the amplitude menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Ref Level

Range Log

Range Linear ¥ Range Linear %

Range Lin. Unit

Preamp On/Off

RF Atten Manual

RF Atten Auto

More ¥

Ref Level Offset

Ref Level Position
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Menu / Command Command

Grid Abs / Rel

Unit

Input 50 Q/75Q

Ref Level

Opens an edit dialog box to enter the reference level in the currently active unit (dBm, dBuV,
etc).

The reference level value is the maximum value the AD converter can handle without distortion
of the measured value. Signal levels above this value will not be measured correctly, which is
indicated by the IFOVL status display.

= Remote: DISP:TRAC:Y:RLEV -60dBm

Range Log

Selects logarithmic scaling for the level display range and opens the Range Log dialog box to
select a value for the level range.

= Remote: DISP: TRAC:Y:SPAC LOG
= Remote: DISP:TRAC:Y 120DB

Range Linear

Selects linear scaling for the level display range and opens a submenu to select the type of
linear scaling.

Range Linear %

Selects linear scaling in % for the level display range, i.e. the horizontal grid lines are labelled in
%. The grid is divided in decadic steps.

Markers are displayed in the selected unit (Unit softkey). Delta markers are displayed in %
referenced to the voltage value at the position of marker 1. This is the default setting for linear
scaling.

This softkey is available from firmware version 1.80.

= Remote: DISP: TRAC:Y:SPAC LIN

Range Lin. Unit

Selects linear scaling in dB for the level display range, i.e. the horizontal lines are labelled in dB.

Markers are displayed in the selected unit (Unit softkey). Delta markers are displayed in dB
referenced to the power value at the position of marker 1.

This softkey is available from firmware version 1.80.

= Remote: DISP: TRAC:Y:SPAC LDB
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Preamp On/Off (option RF Preamplifier, B22)

Switches the preamplifier on or off.
The preamplifier has only an effect below 6 GHz.

= Remote: INP:GAIN:STAT ON

RF Atten Manual

Opens an edit dialog box to enter the attenuation, irrespective of the reference level.

The attenuation can be set in 5 dB steps. The range is specified in the data sheet. If the defined
reference level cannot be set for the set RF attenuation, the reference level will be adjusted
accordingly.

The RF attenuation defines the level at the input mixer according to the formula:
levelyer = levely,,, - RF attenuation

The maximum mixer level allowed is -10 dBm. Mixer levels above this value may lead to
incorrect measurement results, which are indicated by the OVLD status display.

= Remote: INP:ATT 30 DB

RF Atten Auto

Sets the RF attenuation automatically as a function of the selected reference level. This ensures
that the optimum RF attenuation is always used. It is the default setting.

= Remote: INP:ATT:AUTO ON

Ref Level Offset

Opens an edit dialog box to enter the arithmetic level offset. This offset is added to the
measured level irrespective of the selected unit. The scaling of the y-axis is changed
accordingly. The setting range is £200 dB in 0.1 dB steps.

= Remote: DISP:WIND:TRAC:Y:RLEV:0FFS -10dB

Ref Level Position

Opens an edit dialog box to enter the reference level position, i.e. the position of the maximum
AD converter value on the level axis. The setting range is from -200 to +200%, 0%
corresponding to the lower and 100% to the upper limit of the diagram.

= Remote: DISP:WIND:TRAC:Y:RPOS 100PCT
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Grid Abs / Rel (not available with Range Linear)

Switches between absolute and relative scaling of the level axis.

Absolute scaling The labeling of the level lines refers to the absolute value of the
reference level. Absolute scaling is the default setting.
Relative scaling The upper line of the grid is always at 0 dB. The scaling is in dB

whereas the reference level is always in the set unit (for details on unit
settings see Unit softkey).

= Remote: DISP:WIND: TRAC:Y:MODE ABS

Unit

Opens the Unit dialog box to select the unit for the level axis. The default setting is dBm. If a
transducer is switched on, the softkey is not available.

In general, the spectrum analyzer measures the signal voltage at the RF input. The level display
is calibrated in RMS values of an unmodulated sinewave signal. In the default state, the level is
displayed at a power of 1 mW (= dBm). Via the known input impedance (50 Q or 75 Q),
conversion to other units is possible. The units dBm, dBmV, dBuV, V and W are directly
convertible.

= Remote: CALC:UNIT:POW DBM

Input 50 Q /75 Q

Uses 50 Q or 75 Q as reference impedance for the measured levels. Default setting is 50 Q .
Changes the reference impedance for the measured levels

The setting 75 Q should be selected, if the 50 Q input impedance is transformed to a higher
impedance using a 75 Q adapter of the RAZ type (= 25 Q in series to the input impedance of the
instrument). The correction value in this case is 1.76 dB = 10 log ( 75 Q /50 Q).

All levels specified in this Operating Manual refer to the default setting of the instrument (50 Q).
= Remote: INP: IMP 500HM
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e FFT filters

The available bandwidths are specified in the data sheet.

The FFT algorithm offers considerably higher measurement speeds with all the other settings

remaining the same. The reason is that for analog filters the sweep time required for a particular
span is proportional to (span/RBWZ). When using the FFT algorithm, however, the sweep time is
proportional to (span/RBW).

FFT filters are particularly suitable for stationary signals (sinusoidal signals or signals that are
continuously modulated in time). For burst signals (TDMA) or pulsed signals, normal filters are
preferable. When the tracking generator is used as signal source for the DUT, filtering with the FFT
algorithm is not useful. The FFT option is thus not available if the tracking generator is switched on.

If the FFT filters are activated, the sweep time display (SWT) is replaced by the acquisition time
(AQT) display. The sweep time is defined by the selected bandwidth and span, and cannot be

changed. The video bandwidth is not defined and therefore cannot be set.

The sample detector and the peak detector are available. If the Detector Auto Select softkey in the
trace menu is activated, the peak detector is selected.

e channel filters

details see "List of available RRC and channel filters"

e RRC filters

details see "List of available RRC and channel filters"

List of available RRC and channel filters

For power measurement a number of especially steep-edged channel filters are available (see the

following table).

For filters of type RRC (Root Raised Cosine), the filter bandwidth indicated describes the sampling rate

of the filter. For all other filters (CFILter) the filter bandwidth is the 3 dB bandwidth.

Table 4-3: Filter types

Filter Bandwidth Filter Type Application
100 Hz CFlLter

200 Hz CFlLter A0

300 Hz CFlLter

500 Hz CFlLter

1 kHz CFlLter

1.5 kHz CFlLter

2 kHz CFlLter

24 kHz CFlLter SSB

2.7 kHz CFlLter

3 kHz CFlLter

34 kHz CFlLter

4 kHz CFlLter DAB, Satelite
4.5 kHz CFlLter

5 kHz CFlLter

6 kHz CFlLter

8.5 kHz CFILter ETS300 113 (12.5 kHz channels)
9 kHz CFlLter AM radio
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Filter Bandwidth Filter Type Application

10 kHz CFlLter

12,5 kHz CFlLter CDMAone

14 kHz CFlLter ETS300 113 (20 kHz channels)
15 kHz CFlLter

16 kHz CFILter ETS300 113 (25 kHz channels)
18 kHz, a =0.35 RRC TETRA

20 kHz CFlLter

21 kHz CFlLter PDC

24.3 kHz, a =0.35 RRC IS 136 (NADC)

25 KHz CFlLter

30 KHz CFlILter CDPD, CDMAone

50 KHz CFlLter

100 kHz CFlLter

150 kHz CFlLter FM radio

192 kHz CFlLter PHS

200 kHz CFlLter

300 kHz CFlLter

500 kHz CFILter J.83 (8-VSB DVB, USA)
1.0 MHz CFlLter CDMAone

1.2288 MHz CFlLter CDMAone

1,28 MHz RRC

1.5 MHz CFlLter DAB

2.0 MHz CFlLter

3.0 MHz CFlLter

3.75 MHz CFlLter

3.84 MHz, « =0.22* RRC W-CDMA 3GPP

4.096 MHz, « =0.22* RRC W-CDMA NTT DOCoMo
5.0 MHz CFlLter

20 MHz MHz CFlLter

The 20 MHz channel filter is unavailable in sweep mode.
@ The 3.84 and 4.096 MHz filters (marked with an asterisk in the table) require an IF

filter model index > 3.
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Softkeys of the bandwidth menu

The following table shows all softkeys available in the bandwidth menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

Command

Res BW Manual

Res BW Auto

Video BW Manual

Video BW Auto

Sweeptime Manual

Sweeptime Auto

Filter Type

Res BW Manual

Opens an edit dialog box to enter a value for the resolution bandwidth. The available resolution
bandwidths are specified in the data sheet. For details on the correlation between resolution
bandwidth and filter type refer to "To choose the appropriate filter type" on page 4.17.

Numeric input is always rounded to the nearest possible bandwidth. For rotary knob or
UP/DNARROW key inputs, the bandwidth is adjusted in steps either upwards or downwards.

The manual input mode of the resolution bandwidth is indicated by a green asterisk (*) at the
RBW display.

= Remote: BAND:AUTO OFF
= Remote: BAND 1MHz

Res BW Auto (span > 0)

Couples the resolution bandwidth to the selected span. If the span is changed, the resolution
bandwidth is automatically adjusted.

This setting is recommended, if a favorable setting of the resolution bandwidth in relation to the
selected span is desired.

= Remote: BAND:AUTO ON

Video BW Manual (not available for FFT filter)

Opens an edit dialog box to enter the video bandwidth. The available video bandwidths are
specified in the data sheet.

Numeric input is always rounded to the nearest possible bandwidth. For rotary knob or
UP/DNARROW key inputs, the bandwidth is adjusted in steps either upwards or downwards.

The manual input mode of the video bandwidth is indicated by a green asterisk (*) at the VBW
display.

= Remote: BAND:VID:AUTO OFF
= Remote: BAND:VID 10 kHz
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Video BW Auto (not available for FFT filter)

Couples the video bandwidth to the resolution bandwidth. If the resolution bandwidth is changed,
the video bandwidth is automatically adjusted.

This setting is recommended, if a minimum sweep time is required for a selected resolution
bandwidth. Narrow video bandwidths require longer sweep times due to the longer settling time.
Wide bandwidths reduce the signal/noise ratio.

= Remote: BAND:VID:AUTO ON

Sweeptime Manual (not available for FFT filter)

Opens an edit dialog box to enter the sweep time.

Sweep time Option TV Trigger, B6
(available from version 1.10)

absolute max. sweep time value: 16000 s 100 ps (zero span)

absolute min. sweep time value: 1 ps (zero span) 25 ps (zero span)

2.5 ms (span > 0) -

Allowed values depend on the ratio of span to RBW and RBW to VBW. For details refer to the
data sheet.

Numeric input is always rounded to the nearest possible sweep time. For rotary knob or
UPARROW/DNARROW key inputs, the sweep time is adjusted in steps either downwards or
upwards.

The manual input mode of the sweep time is indicated by a green asterisk (*) at the SWT
display. If the selected sweep time is too short for the selected bandwidth and span, level
measurement errors will occur due to a too short settling time for the resolution or video filters. In
this case, the R&S FSL displays the error message UNCAL and marks the indicated sweep time
with a red asterisk (*).

= Remote: SWE: TIME:AUTO OFF
= Remote: SWE:TIME 10s

Sweeptime Auto (not available for FFT filter and zero span)

Couples the sweep time to the span, video bandwidth (VBW) and resolution bandwidth (RBW). If
the span, resolution bandwidth or video bandwidth are changed, the sweep time is automatically
adjusted.

The R&S FSL always selects the shortest sweep time that is possible without falsifying the
signal. The maximum level error is < 0.1 dB, compared to using a longer sweep time.

= Remote: SWE: TIME : AUTO ON

Filter Type

Opens the Filter Type dialog box to select the filter type.

For detailed information on filters see "To choose the appropriate filter type" on page 4.17 and
"List of available RRC and channel filters" on page 4.18.

= Remote: BAND: TYPE NORM
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Continuous Sweep

Sets the continuous sweep mode: the sweep takes place continuously according to the trigger
settings. This is the default setting. The trace averaging is determined by the sweep count value
(see Sweep Count softkey).

If the Spectrogram Measurement option (K14) is activated, this softkey provides additional
functionality. For details refer to Continuous Sweep Start/Stop softkey in the sweep menu of
this option.

= Remote: INIT:CONT ON

Single Sweep

Sets the single sweep mode: after triggering, starts the number of sweeps that are defined by
using the Sweep Count softkey. The measurement stops after the defined number of sweeps
has been performed.

= Remote: INIT:CONT OFF

Continue Single Sweep

Repeats the number of sweeps set by using the Sweep Count softkey, without deleting the
trace of the last measurement.

This is particularly of interest when using the trace configurations Average or Max Hold to take
previously recorded measurements into account for averaging / maximum search. For details on
trace configuration refer to "Setting Traces - TRACE Key" on page 4.35.

= Remote: INIT:CONM

Sweeptime Manual

Opens an edit dialog box to enter the sweep time. For details see Sweeptime Manual softkey in
the bandwidth menu.

= Remote: SWE:TIME 10s

Sweeptime Auto

Sets the automatic sweep time mode. For details see Sweeptime Auto softkey in the bandwidth
menu.

= Remote: SWE: TIME : AUTO ON
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Sweep Count

Opens an edit dialog box to enter the number of sweeps to be performed in the single sweep
mode. Values from 0 to 32767 are allowed. If the values 0 or 1 are set, one sweep is performed.
The sweep count is applied to all the traces in a diagram.

The sweep count set in the sweep menu is the same as that in the trace menu (for further details
see Sweep Count softkey). If the trace configurations Average, Max Hold or Min Hold are set,
the sweep count value also determines the number of averaging or maximum search
procedures (for details on trace configuration see "Setting Traces - TRACE Key" on page 4.35.

Example:
TRACE key - Trace Mode softkey - Mode Max Hold softkey
SWEEP key - Sweep Count softkey - Average Sweep Count dialog box: enter 10
Single Sweep softkey: R&S FSL performs the Max Hold function over 10 sweeps.

= Remote: SWE:COUN 64

Sweep Points

Opens an edit dialog box to enter the number of measured values to be collected during one
sweep.

—  Entry via rotary knob:

In the range from 101 to 1001, the sweep points are increased or decreased in steps of 100
points.

In the range from 1001 to 32001, the sweep points are increased or decreased in steps of 1000
points.

— Entry via keypad:
All values in the defined range can be set.

The default value is 501 sweep points. If a value = 501 is set, the auto peak detector is turned
off automatically.

= Remote: SWE:POIN 501
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Triggering the Sweep - TRIG Key

The TRIG key is used to set trigger mode, trigger threshold, trigger delay, trigger polarity and for gated
sweep the gate configuration.

To open the trigger menu
» Press the TRIG key.

The trigger menu is displayed.

Menu and softkey description
"Softkeys of the trigger menu" on page 4.29

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

"Trigger mode overview" on page 4.27

Tasks
— To specify the trigger settings
— To use gated sweep operation (option Gated Sweep, B8)

— Totrigger on TV signals (zero span and option TV Trigger, B6)

To specify the trigger settings

1. Press the Trg / Gate Source softkey to select the trigger mode (for details see "Trigger mode
overview" on page 4.27).

2. Press the Trg / Gate Level softkey to set the trigger level.
3. Press the Trigger Offset softkey to set the trigger offset.
4. For details on gated sweep operation, see "To use gated sweep operation (option Gated Sweep,

B8)" on page 4.25.

5. For details on TV signal triggering, see "To trigger on TV signals (zero span and option TV Trigger,
B6)".

To use gated sweep operation (option Gated Sweep, B8)

By using a gate in sweep mode and stopping the measurement while the gate signal is inactive, the
spectrum for pulsed RF carriers can be displayed without the superposition of frequency components
generated during switching. Similarly, the spectrum can also be examined for an inactive carrier. The
sweep can be controlled by an external gate or by the internal power trigger.

Gated sweep operation is also possible for span = 0. This enables - e.g. in burst signals - level
variations of individual slots to be displayed versus time.

1. Press the Gate Settings submenu softkey to define the settings of the gate mode.

At the center frequency a transition to zero span is made and the time parameters gate delay and
gate length are displayed as vertical lines to adjust them easily.
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When quitting the Gate Settings submenu, the original span is retrieved so the desired
measurement can be performed with the accurately set gate.

2. To set the parameters gate delay and gate length highly accurate, press the Sweep Time softkey to
alter the x-axis in a way that the signal range concerned (e.g. one full burst) is displayed.

3. Press the Gate Delay softkey to set the sampling time in a way that the desired portion of the signal
is shown.

Press the Gate Mode LvI/Edge softkey to set the gate mode.

If the Edge gate mode has been selected, press the Gate Length softkey to set the sampling
duration in a way that the desired portion of the signal is shown.

Press the Trg / Gate Polarity Pos/Neg softkey to set the polarity of the trigger source.
Press the Gated Trigger softkey to activate the gated sweep mode.

To indicate that a gate is used for the sweep, the enhancement label GAT is displayed on the
screen. This label appears to the right of the window for which the gate is configured.

_
_
_
_
_
_
_
-
L

;

|
CF 802.0 MHz SPAN 3.6 MHz

Fig. 4-1: TDMA signal with GATE OFF
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Fig. 4-2: Pulsed signal with GATE ON
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Fig. 4-3: Timing diagram for GATE, GATE DELAY and GATE LENGTH

To trigger on TV signals (zero span and option TV Trigger, B6)

1. Press the TV Trig Settings submenu softkey to switch the TV trigger on and define the settings for
triggering on TV signal.

N

To configure the TV trigger, press the Vert Sync, Vert Sync Odd Field, Vert Sync Even Field or
Hor Sync softkey.

3. Press the Video Pol Pos/Neg softkey to set the polarity of the video signal.
4. Press the Lines 625/525 softkey to set the line system to be used.
Option TV Trigger, B6, is available from firmware version 1.10.

Trigger mode overview

The R&S FSL offers the following trigger modes:
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Free Run

The start of a sweep is not triggered. Once a measurement is completed, another is started
immediately.

External

Triggering via a TTL signal at the input connector EXT TRIG / GATE IN on the rear panel.
Video

Triggering by the displayed voltage.

A horizontal trigger line is shown in the diagram. It is used to set the trigger threshold from 0% to
100% of the diagram height.

IF Power
Triggering of the measurement via signals which are outside the measurement channel.

For this purpose, the R&S FSL uses a level detector at the second intermediate frequency. Its
threshold can be set in a range between -50 dBm and -10 dBm at the input mixer. The resulting
trigger level at the RF input is calculated via the following formula:

Mixerlevel,,;, + RFAtt - PreampGain < Input Signal < Mixerlevel,., + RFAtt - PreampGain

The bandwidth at the intermediate frequency is 20 MHz. The R&S FSL is triggered as soon as the
trigger threshold is exceeded within a 10 MHz range around the selected frequency (= start
frequency in the frequency sweep).

Thus, the measurement of spurious emissions, e.g. for pulsed carriers, is possible even if the
carrier lies outside the selected frequency span.

TV (option TV Trigger, B6, available from firmware version 1.10)

Triggering of the measurement on TV signals. In this trigger mode, only the Auto Peak and the
Sample detectors are available (for details refer to "Detector overview" on page 4.38).

In order to display different sections of a TV video signal, the R&S FSL derives several trigger
signals from the video signals. This allows triggering as well on the frame repetition as on each line
of the TV video signal.

The filter bandwidth is constant: 4.0 MHz for standards with 525 lines or 5.0 MHz for standards with
625 lines. The position of the filter is determined by the firmware in order to place the 3 dB filter
bandwidth on the center frequency, as shown in the diagramm below. For the center frequency, the
value of the vision carrier frequency should be set.

[Hl

A BW
14
0.5
e
f
fV fc fa
fv = vision carrier frequency fa = aural carrier frequency
fc = chrominance sub-carrier frequency BW = -3dB filter bandwidth

Fig. 4-4: 3 dB Filter bandwidth (option TV Trigger, B6, available from firmware version 1.10)

Time Trigger (available from firmware version 1.60)

Triggering of the measurement by a time intervall, set via the Repetition Intervall softkey.
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Softkeys of the trigger menu

The following table shows all softkeys available in the trigger menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command

Command

Trg / Gate Source

Trg / Gate Level

Trg / Gate Polarity Pos/Neg

Trigger Offset / Repetition Intervall

Gated Trigger

Gate Settings ¥

Gate Mode LvI/Edge

Gate Delay

Gate Length

Trg / Gate Source

Trg / Gate Level

Trg / Gate Polarity Pos/Neg

Sweep Time
More #
IF Power Retrigger Holdoff
IF Power Retrigger Hysteresis
TV Trig Settings Vert Sync

Vert Sync Odd Field

Vert Sync Even Field

Hor Sync

Video Pol Pos/Neg

Lines 625/525

TV Free Run On/Off

Trg /| Gate Source

Opens the Trigger / Gate Source dialog box to select the trigger / gate mode. For detailed
information on trigger modes see "Trigger mode overview" on page 4.27.

The gate-related settings are only available with option Gated Sweep, R&S FSL-B8. As gate
modes, all modes apart from the TV Trigger mode (option TV Trigger, B6, available from
firmware version 1.10) are available. For details see also "To use gated sweep operation (option
Gated Sweep, B8)" on page 4.25.

The default setting is Free Run. If a trigger mode other than Free Run has been set, the
enhancement label TRG is displayed.

= Remote: TRIG: SOUR IMM
Extern, TV Trigger, Time Trigger)

VID | IFP

= Remote: SWE: EGAT: SOUR EXT (Extern)

EXT | TV | TIME (Free Run, Video, IF Power,
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Trg | Gate Level

Opens an edit dialog box to enter the trigger / gate level. The gate-related settings are only
available with option Gated Sweep, R&S FSL-B8. For details see also "Trigger mode overview"
on page 4.27 and "To use gated sweep operation (option Gated Sweep, B8)" on page 4.25.

In the Time Trigger mode, this softkey is not available.

= Remote: TRIG:LEV:VID 50PCT
= Remote: TRIG:LEV:IFP -30DBM

Trg | Gate Polarity Pos/Neg

Sets the polarity of the trigger / gate source. The gate-related settings are only available with
option Gated Sweep, R&S FSL-B8.

The sweep starts after a positive or negative edge of the trigger signal. The default setting is
Pos. The setting applies to all modes with the exception of the Free Run mode.

level triggering  In the setting Pos the sweep is stopped by the logic ‘0" signal and
restarted by the logical "1” signal after the gate delay time has elapsed.

edge triggering  The sweep is continued on a ‘0" to "1” transition for the gate length
duration after the gate delay time has elapsed.

In the Time Trigger mode, this softkey is not available.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.25.
= Remote: TRIG:SLOP POS
= Remote: SWE:EGAT: POL POS

Trigger Offset

Opens an edit dialog box to enter the time offset between the trigger signal and the start of the
sweep. The time may be entered in multiples of 125 ns in the range -100 s to 100 s (default O s).

offset > 0: start of the sweep is delayed
offset < 0: sweep starts earlier (pre-trigger)

only possible for span = 0 and gated trigger switched off
not possible if RMS or average detector activated

maximum allowed range and the maximum resolution limited by the sweep time:

rangeax = - 499/500 x sweep time
resolution,,., = sweep time/500

For the option TV Trigger, B6 (available from firmware version 1.10), the allowed
@ offset ranges from -50 ps to +50 ys. If the trigger source is changed to TV trigger and

the set trigger offset is out of range, the trigger offset is adopted to the closest value
allowed.
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In the External or IF Power trigger mode, a common input signal is used for both trigger and
gate. Therefore changes to the gate delay will affect the trigger delay (trigger offset) as well.

In the Time Trigger mode, this softkey is not available.

= Remote: TRIG:HOLD 10US

Repetition Intervall (Time Trigger mode)

Opens an edit dialog box to enter the time intervall after which the sweep is started. The
possible values range from 100 ms to 5000 s.

This softkey is available from firmware version 1.60.

= Remote: TRIG: TIME:RINT 50

Gated Trigger (option Gated Sweep, B8)

Switches the sweep mode with gate on or off .
This softkey requires the following trigger mode:

span >0 External or IF Power

span =0 External or IF Power or Video

If a different mode is active, the IF Power trigger mode is automatically selected.

If the gate is switched on, a gate signal applied to the rear panel connector EXT
TRIGGER/GATE or the internal IF power detector controls the sweep of the analyzer.

In the Time Trigger mode, this softkey is not available.
For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.25.

= Remote: SWE:EGAT ON
= Remote: SWE:EGAT:SOUR IFP | EXT

Gate Settings (option Gated Sweep, B8)

Opens a submenu to make all the settings required for gated sweep operation.
In the Time Trigger mode, this softkey is not available.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.25.

Gate Mode Lvl/Edge (option Gated Sweep, B8)

Sets the gate mode. As settings level-triggered or edge-triggered gate mode can be selected.
For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.25.

= Remote: SWE:EGAT: TYPE EDGE
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Gate Delay (option Gated Sweep, B8)

Opens an edit dialog box to enter the gate delay time between the gate signal and the
continuation of the sweep. Values between 125 ns and 100 s are allowed. The delay position on
the time axis in relation to the sweep is indicated by a line labeled GD.

This is useful for e.g. taking into account a delay between the gate signal and the stabilization of
an RF carrier.

As a common input signal is used for both trigger and gate when selecting the External or IF
Power trigger mode, changes to the gate delay will affect the trigger delay (trigger offset) as
well.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.25.

= Remote: SWE:EGAT:HOLD 1US

Gate Length (Gate Mode Edge)

Opens an edit dialog box to enter the gate length. Values between 125 ns and 100 s are
allowed. The gate length in relation to the sweep is indicated by a line labeled GL.

The length of the gate signal defines if the sweep is to be interrupted. Only in the edge-triggered
mode the gate length can be set, while in the level-triggered the gate length depends on the
length of the gate signal.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.25.

= Remote: SWE:EGAT:LENG 100US

Sweep Time (option Gated Sweep, B8)

Opens an edit dialog box to change the sweep time in order to obtain a higher resolution for
positioning gate delay and gate length. When quitting the Gate Settings submenu, the original
sweep time is retrieved.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.25.

IF Power Retrigger Holdoff

Opens an edit dialog box to define the value for the IF power trigger holdoff. This softkey is only
available if the IF power trigger is selected as the trigger source. The holdoff value in s is the
time which must pass since another IF power trigger event may happen. The range of the value
is between 150 ns and 10 s in the step width of 10 ns.

This softkey is available from firmware version 1.30.

= Remote: TRIG: IFP:HOLD 200 ns

1300.2519.12 4.32 E-12



R&S FSL Triggering the Sweep - TRIG Key

IF Power Retrigger Hysteresis

Opens an edit dialog box to define the value for the IF power trigger hysteresis. This softkey is
only available if the IF power trigger is selected as the trigger source. The hysteresis in dB is the
value the input signal must decay below the IF power trigger level in order to allow an IF power
trigger starting the measurement. The range of the value is between 3 dB and 50 dB in the step
width of 1 dB.

This softkey is available from firmware version 1.30.

= Remote: TRIG: IFP:HYST 10DB

TV Trig Settings (zero span and option TV Trigger, B6)

Switches the TV trigger on and opens a submenu to configure the TV signal parameters.
Option TV Trigger, B6, is available from firmware version 1.10.

= Remote: TRIG:SOUR TV

Vert Sync (zero span and option TV Trigger, B6)

Sets the trigger on the vertical sync signal. The R&S FSL triggers on the frame repetition signal
without distinction between the two fields.

Option TV Trigger, B6, is available from firmware version 1.10.

= Remote: TRIG:VID:FIEL:SEL ALL

Vert Sync Odd Field (zero span and option TV Trigger, B6)

Sets the trigger on the vertical sync signal of the first field.
Option TV Trigger, B6, is available from firmware version 1.10.

= Remote: TRIG:VID:FIEL:SEL ODD

Vert Sync Even Field (zero span and option TV Trigger, B6)

Sets the trigger on the vertical sync signal of the second field.
Option TV Trigger, B6, is available from firmware version 1.10.

= Remote: TRIG:VID:FIEL:SEL EVEN

Hor Sync (zero span and option TV Trigger, B6)

Sets the trigger on the horizontal sync signal and opens an edit dialog box to enter the
corresponding line. Depending on the selected line system (for details see Lines 625/525
softkey), values from 1 to 525 or 1 to 625 are allowed. If the range is exceeded, the maximum
possible line number will be set.

The default setting is 17, which is used to trigger according to CCIR 473-4 on test line 17.
Option TV Trigger, B6, is available from firmware version 1.10.

= Remote: TRIG:VID:LINE:NUM 17
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Video Pol Pos/Neg (zero span and option TV Trigger, B6)

Sets the polarity of the video signal. Default setting is Neg.

Positive video polarity is to be selected e.g. for standard L signals, negative video polarity for
signals according to the standards B/G/I/M (color standard PAL or NTSC).

Option TV Trigger, B6, is available from firmware version 1.10.

= Remote: TRIG:VID:SSIG:POL NEG

Lines 625/525 (zero span and option TV Trigger, B6)

Sets the line system to be used. Default setting is 625 lines.
Option TV Trigger, B6, is available from firmware version 1.10.

= Remote: TRIG:VID:FORM: LPFR 625

TV Free Run On/Off (zero span and option TV Trigger, B6)

Activates or deactivates the free run trigger mode for option TV Trigger, B6. For details on
trigger modes refer to "Trigger mode overview" on page 4.27. In this mode, only the trace modes
Clear Write and View are available (see also "Trace mode overview" on page 4.36).

This softkey is available from firmware version 1.30.

= Remote: TRIG:VID:CONT ON
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Setting Traces - TRACE Key

The TRACE key is used to configure the data acquisition for measurement and the analysis of the
measurement data.

The R&S FSL is capable of displaying up to six different traces at a time in a diagram. A trace consists
of a maximum of 501 measurement points on the horizontal axis (frequency or time). If more measured
values than measurement points are available, several measured values are combined in one
measurement point.

The trace functions are subdivided as follows:

e Display mode of trace (Clear Write, View and Blank). For details on trace modes see "Trace mode
overview" on page 4.36.

e Evaluation of the trace as a whole (Average, Max Hold and Min Hold). For details on trace modes
see "Trace mode overview" on page 4.36. For details on averaging see "Description of the
averaging method" on page 4.37.

e Evaluation of individual measurement points of a trace. For details on detectors see "Detector
overview" on page 4.38.

To open the trace menu
» Press the TRACE key.

The trace menu is displayed. The Trace Configuration dialog box is displayed.

Menu and softkey description
"Softkeys of the trace menu" on page 4.39

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Trace mode overview" on page 4.36

— "Detector overview" on page 4.38

— "Description of the averaging method" on page 4.37

— "ASCII file export format" on page 4.46

Task

— To specify the trace settings

To specify the trace settings
1. Press the Trace 1 2 3 4 5 6 softkey to select the trace.

2. Press the Trace Mode softkey to select the trace mode for the selected trace (for details see "Trace
mode overview" on page 4.36).

3. Press the Detector Auto Select softkey for automatic detector selection or press the Detector
Manual Select softkey to select a detector (for details see "Detector overview" on page 4.38).

4. To change the sweep count setting, which also determines trace averaging, press the Sweep
Count softkey.
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To deactivate the reset of the traces in Min Hold and Max Hold mode after some specific
parameter changes, press the Hold/Cont softkey.

To copy a trace into another trace memory, press the Copy Trace softkey.

Upon copying, the contents of the selected memory are overwritten and the new contents are
displayed in the View mode.

To export the active trace in ASCII format:
— Press the More softkey.

— If necessary, press the Decim Sep softkey to change the decimal separator with floating-point
numerals.

— Press the ASCII File Export softkey to enter the ASCII file export name.

The active trace is saved in ASCII format on the flash disk or a USB device.

Trace mode overview

The traces can individually be activated for a measurement or frozen after completion of a
measurement. Traces that are not activated are hidden. Each time the trace mode is changed, the
selected trace memory is cleared.

The R&S FSL offers 6 different trace modes:

Clear Write

Overwrite mode: the trace is overwritten by each sweep. All available detectors can be selected.
This is the default setting.

Max Hold

The maximum value is determined over several sweeps and displayed. The R&S FSL saves the
sweep result in the trace memory only if the new value is greater than the previous one. The
detector is automatically set to Positive Peak.

This mode is especially useful with modulated or pulsed signals. The signal spectrum is filled up
upon each sweep until all signal components are detected in a kind of envelope.

This mode is not available for statistics measurements or if the TV trigger is active and the TV Free
Run On/Off softkey is set to ON (option TV Trigger, B6).

Min Hold

The minimum value is determined from several measurements and displayed. The R&S FSL saves
for each sweep the smallest of the previously stored/currently measured values in the trace
memory. The detector is automatically set to Negative Peak.

This mode is useful e.g. for making an unmodulated carrier in a composite signal visible. Noise,
interference signals or modulated signals are suppressed whereas a CW signal is recognized by its
constant level.

This mode is not available for statistics measurements or if the TV trigger is active and the TV Free
Run On/Off softkey is set to ON (option TV Trigger, B6).

Average

The average is formed over several sweeps. All available detectors can be selected. If the detector
is automatically selected, the sample detector is used. For details see also "Description of the
averaging method" on page 4.37.

This mode is not available for statistics measurements or if the TV trigger is active and the TV Free
Run On/Off softkey is set to ON (option TV Trigger, B6).

View

The current contents of the trace memory is frozen and displayed.
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Menu / Command Command

ASCII File Export

Decim Sep

Trace Math

Trace Math Position

Average Mode LOG

LIN

POWER

Trace123456

Selects the active trace (1, 2, 3, 4, 5, 6). The default setting is trace 1 in the overwrite mode (see
Clear Write mode), the other traces are switched off (see Blank mode).

= Remote: (selected via numeric suffix of : TRACe<1...6>)

Trace Mode

Opens a submenu to select the trace mode. For details see "Trace mode overview" on page
4.36.

Clear Write

Selects the Clear Write mode. For details see "Trace mode overview" on page 4.36.
This softkey is available from firmware version 1.80.

= Remote: DISP: TRAC:MODE WRIT

Max Hold

Selects the Max Hold mode. For details see "Trace mode overview" on page 4.36.
This softkey is available from firmware version 1.80.

= Remote: DISP: TRAC:MODE MAXH

Min Hold

Selects the Min Hold mode. For details see "Trace mode overview" on page 4.36.
This softkey is available from firmware version 1.80.

= Remote: DISP: TRAC:MODE MINH

Average

Selects the Average mode. For details see "Trace mode overview" on page 4.36.
This softkey is available from firmware version 1.80.

= Remote: DISP: TRAC:MODE AVER
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View

Selects the View mode. For details see "Trace mode overview" on page 4.36.
This softkey is available from firmware version 1.80.

= Remote: DISP: TRAC:MODE VIEW

Blank

Selects the Blank mode. For details see "Trace mode overview" on page 4.36.
This softkey is available from firmware version 1.80.

= Remote: DISP: TRAC OFF

Detector Auto Select

Selects the optimum detector for the selected trace and filter mode. This is the default setting.
For details see also "Detector overview" on page 4.38.

Trace mode Detector (band-pass filter)  Detector (FFT filter)

Clear/Write Auto Peak Max Peak
Average Sample Sample

Max Hold Max Peak Max Peak
Min Hold Min Peak Max Peak

= Remote: DET:AUTO ON

Detector Manual Select

Opens a submenu to select the detector. For details see "Detector overview" on page 4.38.

Detector Auto Peak

Selects the Auto Peak detector. For details see "Detector overview" on page 4.38.
This softkey is available from firmware version 1.80.

= Remote: DET APE

Detector Positive Peak

Selects the Positive Peak detector. For details see "Detector overview" on page 4.38.
This softkey is available from firmware version 1.80.

= Remote: DET POS
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Detector Negative Peak

Selects the Negative Peak detector. For details see "Detector overview" on page 4.38.
This softkey is available from firmware version 1.80.

= Remote: DET NEG

Detector Sample

Selects the Sample detector. For details see "Detector overview" on page 4.38.
This softkey is available from firmware version 1.80.

= Remote: DET SAMP

Detector RMS

Selects the RMS detector. For details see "Detector overview" on page 4.38.
This softkey is available from firmware version 1.80.

= Remote: DET RMS

Detector Average

Selects the Average detector. For details see "Detector overview" on page 4.38.
This softkey is available from firmware version 1.80.

= Remote: DET AVER

Detector Quasi Peak

Selects the Quasi Peak detector. For details see "Detector overview" on page 4.38.
This softkey is available from firmware version 1.80.

= Remote: DET QPE

Sweep Count

Opens an edit dialog box to enter the number of sweeps used for averaging. Values from 0 to
32767 are allowed. The default setting is 0. The sweep count is applied to all the traces in a
diagram. The sweep count set in the trace menu is the same as that in the sweep menu (for
further details see Sweep Count softkey).

In the continuous sweep mode, the sweep count value determines the trace averaging:

— sweep count = 0: continuous averaging

— sweep count = 1: no averaging

— sweep count > 1: averaging over the selected number of sweeps; in the continuous sweep
mode averaging is performed until the set number of sweeps is attained and is then continued
as continuous averaging (see also "Description of the averaging method" on page 4.37).

= Remote: SWE : COUN 64
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Hold/Cont

Switches on or off the reset of the traces in Min Hold, Max Hold and Average mode after some
specific parameter changes have been made. The default setting is off.

Normally, the measurement is started anew after parameter changes, before the measurement
results are evaluated (e.g. using a marker). In all cases that require a new measurement after
parameter changes, the trace is reset automatically to avoid false results (e.g. with span
changes). For applications that require no reset after parameter changes, the automatic reset
can be switched off.

= Remote: DISP: TRAC:MODE : HCON ON

Copy Trace

Opens an edit dialog box to enter the number of the trace memory, in which the currently
selected trace shall be copied.

= Remote: TRAC:COPY TRACE1, TRACE2

ASCII File Export

Opens the ASCII File Export Name dialog box and saves the active trace in ASCII format to the
specified file and directory.

The file consists of the header containing important scaling parameters and a data section
containing the trace data. For details on an ASCII file see "ASCII file export format" on page
4.46.

This format can be processed by spreadsheet calculation programs, e.g. MS Excel. It is
necessary to define ';' as a separator for the data import. Different language versions of
evaluation programs may require a different handling of the decimal point. It is therefore possible
to select between separators '.' (decimal point) and ',' (comma) using the Decim Sep softkey.

= Remote: FORM ASC
= Remote: MMEM: STOR: TRAC 1, 'TRACE.DAT'

Decim Sep

Selects the decimal separator with floating-point numerals for the ASCII file export to support
evaluation programs (e.g. MS Excel) in different languages. The values "' (decimal point) and ',
(comma) can be set. For details see also ASCII File Export softkey.

= Remote: FORM: DEXP:DSEP POIN

Trace Math

Opens the Trace Mathematics dialog box to define which trace is subtracted from trace 1. The
result is displayed in trace 1 and refers to the zero point defined with the Trace Math Position
softkey. The following substractions can be performed:

T1->T1-T2 Substracts trace 2 from trace 1.
T1->T1-T3 Substracts trace 3 from trace 1
T1->T1-T4 Substracts trace 4 from trace 1
T1->T1-T5 Substracts trace 5 from trace 1
T1->T1-T6 Substracts trace 6 from trace 1
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If the Trace Math Off option is activated, the function is switched off (default setting).
This softkey is available from firmware version 1.30.

= Remote: CALC1:MATH (TRACE1 - TRACE2)
= Remote: CALC:MATH: STAT ON

Trace Math Position

Opens an edit dialog box to define the zero point in % of the diagram height. The range of
values extends from -100% to +200%.

This softkey is available from firmware version 1.30.

= Remote: CALC:MATH: POS 50PCT

Average Mode

Opens a submenu to select the averaging method for the average trace mode. The submenu
contains the following softkeys.

This softkey is available from firmware version 1.90.

Command

LOG

LIN

POWER

Logarithmic averaging is preferred to display signals with a low signal to noise ratio. While
positive peak values are decreased in logarithmic averaging due to the characteristics involved,
it is also true that negative peaks are increased relative to the average value.If the distorted
amplitude distribution is averaged, a value is obtained that is smaller than the actual average
value. The difference is -2.5 dB.

Amplitude X .
Amplitude distribution

(without averaging)

I 4

— 2548

Amplitude distribution
(after averaging)

Probabilty distrib ution

This low average value is usually corrected in noise power measurements by a 2.5 dB factor.
Therefore the R&S FSL offers the selection of linear averaging. The trace data is converted to
linear values prior to averaging, then averaged and reconverted to logarithmic values. After
these conversions the data is displayed on the screen. The average value is always correctly
displayed irrespective of the signal characteristic.

In case of stationary sinusoidal signals all averaging methods have the same results.
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LOG

Activates logarithmic averaging.

This averaging method only takes effect if the grid is set to a logarithmic scale (see Range Log
softkey). In this case the values are averaged in dBm. Otherwise (i.e. with linear scaling) the
behaviour is the same as with linear averaging (see LIN softkey). For further information on
logarithmic scaling refer to the Average Mode softkey.

This softkey is available from firmware version 1.90.

= Remote: CALC:MATH:MODE LOG

LIN

Activates linear voltage or power averaging, depending on the selected unit.

Linear averaging means that the power level values are converted into linear units prior to
averaging. After the averaging, the data is converted back into its original unit.

The averaging is done in two ways (depending on the set unit - see Unit softkey):

— The unit is set to either W or dBm: the data is converted into W prior to averaging, i.e.
averaging is done in W.

— The unit is set to either V, A, dBmV, dBuV, dBuA or dBpW: the data is converted into V prior to
averaging, i.e. averaging is done in V.

This softkey is available from firmware version 1.90.

= Remote: CALC:MATH:MODE LIN

POWER

Activates linear power averaging.

The power level values are converted into unit Watt prior to averaging. After the averaging, the
data is converted back into its original unit.

Unlike the LIN softkey, the averaging is always done in W.
This softkey is available from firmware version 1.90.

= Remote: CALC:MATH:MODE POW
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ASCII file export format

The data of the file header consist of three columns, each separated by a semicolon: parameter name;
numeric value; basic unit. The data section starts with the keyword "Trace <n>" (<n> = number of
stored trace), followed by the measured data in one or several columns (depending on measurement)
which are also separated by a semicolon.

File contents: header

Description

Type;FSL;

Instrument model

Version;5.00;

Firmware version

Date;01.0ct 2006;

Date of data set storage

Mode;ANALYZER,;

Instrument mode

Center Freq;55000;Hz

Center frequency

Freq Offset;0;Hz

Frequency offset

Span;90000;Hz

Frequency range (0 Hz in zero span and statistics measurements)

x-Axis;LIN;

Scaling of x-axis linear (LIN) or logarithmic (LOG)

Start;10000;Hz
Stop;100000;Hz

Start/stop of the display range.

Unit: Hz for span > 0, s for span = 0, dBm/dB for statistics measurements

Ref Level;-30;dBm

Reference level

Level Offset;0;dB

Level offset

Ref Position;75;%

Position of reference level referred to diagram limits (0% = lower edge)

y-Axis;LOG;

Scaling of y-axis linear (LIN) or logarithmic (LOG)

Level Range;100;dB

Display range in y direction. Unit: dB with x-axis LOG, % with x-axis LIN

Rf Att;20;dB

Input attenuation

RBW;100000;Hz

Resolution bandwidth

VBW;30000;Hz

Video bandwidth

SWT;0.005;s

Sweep time

Trace Mode;AVERAGE;

Display mode of trace: CLR/WRITE,AVERAGE,MAXHOLD,MINHOLD

Detector;AUTOPEAK;

Detector set: AUTOPEAK,MAXPEAK,MINPEAK,AVERAGE,RMS,SAMPLE,QUASIPEAK

Sweep Count;20;

Number of sweeps set

File contents:
data section of the file

Description

Trace 1:;; Selected trace

x-Unit;Hz; Unit of x values: Hz with span > 0; s with span = 0; dBm/dB with statistics measurements

y-Unit;dBm; Unit of y values: dB*/V/A/W depending on the selected unit with y-axis LOG or % with y-
axis LIN

Values; 501; Number of measurement points

10000;-10.3;-15.7
10180;-11.5;-16.9
10360;-12.0;-17.4

Measured values: <x value>, <y1>, <y2>; <y2> being available only with detector
AUTOPEAK and containing in this case the smallest of the two measured values for a
measurement point.
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Using Markers and Delta Markers - MKR Key

The markers are used for marking points on traces, reading out measurement results and for quickly
selecting a display section. The R&S FSL provides four markers per trace.

Marker Active marker Temporary marker
M1 M3 T1
v
D2

Delta marker
Fig. 4-5: Marker types

All markers can be used either as markers or delta markers. The marker that can be moved by the user
is defined in the following as the active marker. Temporary markers are used in addition to the markers
and delta markers to evaluate the measurement results. They disappear when the associated function
is deactivated.

The measurement results of the active marker (also called marker values) are displayed in the marker
field. The marker field is located at the upper right corner of the display and shows the following:

e marker type (M1 in the example)
e trace in square brackets ([1] in the example)
e level (-33.09 dBm in the example)

e marker location (3 GHz in the example)

M1[1] -33.09 dBm
3.000000000 GHz

Fig. 4-6: Marker values

The MKR key is used to select and position the absolute and relative measurement markers (markers
and delta markers). In addition, the functions for frequency counter, fixed reference point for relative
measurement markers and enlargement of the measurement area are assigned to this key.

Also the following measurements can be carried out:

¢ Noise density (Noise Meas On/Off softkey; see also "Measurement of noise density" on page 4.51)

e Frequency measurement (Sig Count On/Off softkey; see also "Frequency measurement with the
frequency counter" on page 4.50)

e Filter or signal bandwidth (n dB down softkey)
e AF demodulation (Marker Demod softkey; see also "AF demodulation" on page 4.50)

For further information on markers see also "Changing Settings via Markers - MKR-> Key" on page
4.60.

To open the marker menu
> Press the MKR key.

The marker menu is displayed. If no marker is active, marker 1 is activated and a peak search on
the trace is carried out. Otherwise, the edit dialog box for the last activated marker is opened and
the current frequency / time value is displayed.

1300.2519.12 4.48 E-12



R&S FSL Using Markers and Delta Markers - MKR Key

Menu and softkey description
"Softkeys of the marker menu" on page 4.52

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"AF demodulation" on page 4.50
"Frequency measurement with the frequency counter" on page 4.50

"Measurement of noise density" on page 4.51

Tasks
— To define the basic marker settings
— To set a fixed reference point (phase noise measurement)

— To set the demodulation mode and duration

To define the basic marker settings
1. Press the MKR key to open the marker menu.

Marker 1 is activated and positioned on the maximum value of the trace as normal marker. If
several traces are being displayed, the marker is set to the maximum value (peak) of the trace
which has the lowest number (1 to 3) and is not frozen (View mode). In case a marker is already
located there, it will be set to the frequency of the next lowest level (next peak).

2. To change to another trace, press the Marker to Trace softkey and enter the number of the trace
on which the marker is to be placed.

The marker changes to selected trace, but remains on the previous frequency or time. If a trace is
turned off, the corresponding markers and marker functions are also deactivated.

3. To switch on a delta marker, press the Marker 2 softkey.

Marker 2 is switched on as a delta marker. The frequency and level of marker 2 are displayed in
relation to marker 1 in the marker field.

4. To change the marker type of marker 2, press the IMarker Norm/Delta softkey.

Marker 2 becomes a normal marker. The frequency and level of marker 2 are displayed as absolute
values in the marker field.

5. To switch off marker 2, press the Marker 2 softkey again.

Marker 2 is deactivated. Marker 1 becomes the active marker for entry. The frequency and level of
marker 1 are displayed in the marker field.

To set a fixed reference point (phase noise measurement)
1. Press the Phase Noise/Ref Fixed softkey.

The submenu with the Phase Noise On/Off softkey switched on is displayed. The level and
frequency or time values of marker 1 immediately become the reference point.

To set the maximum of the selected trace as reference point, press the Peak Search softkey.
3. To define the values for the reference point, proceed as follows:

— Press the Ref Point Level softkey and enter a reference level value.
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— If span > 0, press the Ref Point Frequency softkey and enter a frequency reference value.

— If span = 0, press the Ref Point Time softkey and enter a reference time value.

To set the demodulation mode and duration
1. Press the Marker Demod softkey.
The submenu with the Mkr Demod On/Off softkey switched on is displayed.
2. To change the demodulation mode, press the AM or FM softkey.
For details see "AF demodulation" on page 4.50.
To modify the demodulation time for span > 0, press the Mkr Stop Time softkey.
To change to continuous demodulation for span > 0, press the Cont Demod softkey.

To tune the volume for acoustic monitoring, press the Volume softkey.

AF demodulation

The R&S FSL provides demodulators for AM and FM signals. With these demodulators, a displayed
signal can be identified acoustically by using headphones.

A CAUTION

Risk of hearing damage
Using headphones can result in hearing damage.

Check the volume setting carefully before putting on the headphones in order to protect
your hearing.

For span > 0, the demodulation is not continuous. The frequency at which the demodulation takes place
is set by the active marker. If the level of the selected frequency is above the threshold line, the sweep
stops for the selected time (stop time) and the RF signal is demodulated. For span = 0, the
demodulation is continuously active irrespective of the stop time set.

Frequency measurement with the frequency counter

In order to accurately determine the frequency of a signal, the R&S FSL is equipped with a frequency
counter which measures the frequency of the RF signal at the intermediate frequency. Using the
measured IF, the R&S FSL calculates the frequency of the RF input signal by applying the known
frequency conversion factors.

The frequency measurement uncertainty depends only upon the accuracy of the frequency reference
used (external or internal reference). Although the R&S FSL always operates synchronously
irrespective of the set span, the frequency counter delivers a more exact result than a measurement
performed with a marker. This is due to the following:

e The marker measures only the position of the point on the trace and infers from this value the signal
frequency. The trace, however, contains only a limited number of points. Depending upon the
selected span, each point may contain many measurement values, which therefore limits the
frequency resolution.

e The resolution, with which the frequency can be measured with a marker, is dependant on the
selected resolution bandwidth which in return affects the necessary measurement time. For this
reason, the bandwidth is normally made as wide as possible and the sweep time as short as
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possible. This results in a loss of frequency resolution.For the measurement with the frequency
counter, the sweep is stopped at the reference marker, the frequency is counted with the desired
resolution and then the sweep is allowed to continue.

Measurement of noise density

During noise measurement, the noise power density is measured at the position of the marker. For
span = 0, all points of the trace are used to determine the noise power density. For span > 0, two points
to the right and left of the marker are used for the measurement to obtain a stable result.

The noise power density is indicated in the marker field. With logarithmic amplitude units (dBm, dBmV,
dBmuV, dBuA), the noise power density is output in dBm/Hz, i.e. as level in 1 Hz bandwidth with
reference to 1 mW. With linear amplitude units (V, A, W), the noise voltage density is evaluated in
MV/Hz, the noise current density in uA/Hz or the noise power density in yW/Hz.

In the default setting, the R&S FSL uses the sample detector for the noise function.

With the sample detector, the trace can additionally be set to Average to stabilize the measured values.
With RMS detector used, trace averaging must not be used since in this case it produces too low noise
levels which cannot be corrected. Instead, the sweep time can be increased to obtain stable
measurement results.

The following settings have to be made to ensure that the power density measurement yields correct
values:

o Detector: Sample or RMS

e Video bandwidth:
< 0.1 resolution bandwidth with sample detector
> 3 x resolution bandwidth with RMS detector

e Trace averaging:

With the sample detector, the trace can additionally be set to average to stabilize the measured
values. With RMS detector used, trace averaging must not be used since in this case it produces
too low noise levels which cannot be corrected. Instead, the sweep time can be increased to obtain
stable measurement results.

The R&S FSL uses the following correction factors to evaluate the noise density from the marker level:

e Since the noise power is indicated with reference to 1 Hz bandwidth, the bandwidth correction value
is deducted from the marker level. It is 10 x Ig (1 HzZ/BWNoise), where BWNoise is the noise or
power bandwidth of the set resolution filter (RBW).

e RMS detector: With the exception of bandwidth correction, no further corrections are required since
this detector already indicates the power with every point of the trace.

e Sample detector: As a result of video filter averaging and trace averaging, 1.05 dB is added to the
marker level. This is the difference between the average value and the RMS value of white noise.
With a logarithmic level axis, 1.45 dB is added additionally. Logarithmic averaging is thus fully taken
into account which yields a value that is 1.45 dB lower than that of linear averaging.

e To allow a more stable noise display the adjacent (symmetric to the measurement frequency) points
of the trace are averaged.

e For span > 0, the measured values are averaged versus time (after a sweep).
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The R&S FSL noise figure can be calculated from the measured power density level.
It is calculated by deducting the set RF attenuation (RF Att) from the displayed noise
level and adding 174 to the result.

Softkeys of the marker menu

The following table shows all softkeys available in the marker menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

If the Spectrogram Measurement option (K14) is activated, the edit dialog box for markers and delta
markers is extended. For details refer to "Markers and marker values" on page 4.182.

Menu / Command Submenu / Command Command

Marker 1

Marker 2

Marker Norm/Delta

Noise Meas On/Off

Phase Noise/Ref Fixed % Phase Noise On/Off

Ref Point Level

Ref Point Frequency/
Ref Point Time

Peak Search

Phase Noise 1234 A

Reference Fixed ¥ Reference Fixed On/Off

Ref Point Level

Ref Point Frequency/
Ref Point Time

Peak Search

Sig Count On/Off

More ¥

Marker 3

Marker 4

Marker to Trace

Marker Demod # Mkr Demod On/Off
AM
FM
Mkr Stop Time
Cont Demod
Volume

n dB down

All Marker Off
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Mkr Stop Time

Opens an edit dialog box to enter the demodulation stop time for span > 0. For more details see
also "AF demodulation" on page 4.50.

= Remote: CALC:MARK1 : FUNC:DEM: HOLD 3s

Cont Demod (span > 0)

Switches the continuous demodulation on or off. If the sweep time is long enough, the set
frequency range can be monitored acoustically. For more details see also "AF demodulation" on
page 4.50.

= Remote: CALC:MARK1 : FUNC: DEM: CONT ON

Volume

Opens an edit dialog box to regulate the volume for acoustic monitoring. For more details see
also "AF demodulation" on page 4.50.

= Remote: SYST:SPE:VOL 0.5

n dB down

Opens an edit dialog box to enter a value to define the level spacing of the two temporary
markers to the right and left of marker 1 (default setting: 3 dB). Activates the temporary markers
T1 and T2. The values of the temporary markers (T1, T2) and the entered value (ndB) are
displayed in the marker field.

If a positive value is entered, the markers T1 and T2 are placed below the active reference
marker. If a negative value (e.g. for notch filter measurements) is entered, the markers T1 and
T2 are placed above the active reference marker. Marker T1 is placed to the left and marker T2
to the right of the reference marker.

In the marker field, the following results are displayed:

Span setting Parameter name Description

span >0 Bw frequency spacing of the two temporary markers
Q factor quality of the displayed bandwidth value (Bw)

span =0 PwWid pulse width between the two temporary markers

If it is not possible to form the frequency spacing for the n dB value (e.g. because of noise
display), dashes instead of a measured value are displayed.

Remote: CALC :MARK1 : FUNC:NDBD:STAT ON
Remote: CALC :MARK1 : FUNC:NDBD 3dB

Remote: CALC :MARK1 : FUNC:NDBD:RES?

Remote: CALC :MARK: FUNC :NDBD: QFAC?

Remote: CALC:MARK1 : FUNC:NDBD:FREQ? (span > 0)
Remote: CALC:MARK1 : FUNC:NDBD: TIME? (span = 0)

I e e |
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Changing Settings via Markers - MKR-> Key

The MKR-> key is used for search functions of measurement markers, assignment of the marker
frequency as center frequency, restriction of the search area and characterization of maxima and
minima. For details on markers in general, see "Using Markers and Delta Markers - MKR Key" on page
4.48.

To open the marker-> menu
» Press the MKR-> key.

The marker-> menu is displayed. If no marker is active, marker 1 will be activated and a peak
search on the trace carried out. Otherwise, the edit dialog box for the last activated marker is
opened and the current frequency / time value is displayed.

Menu and softkey description
"Softkeys of the marker-> menu" on page 4.64

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Effect of different peak excursion settings (example)" on page 4.62

Tasks

— To search for a maximum

— To search for a minimum

— To specify the search limits

— To specify the search range

— To examine a signal at the center in detail

— To specify the suitable peak excursion

To search for a maximum
1. To search the highest maximum, press the Peak softkey.
2. To define the search mode for the next maximum, use the Next Peak Mode < abs > softkey.

3. To start the search, press Next Peak the softkey.

To search for a minimum
1. To search the minimum, press the Min softkey.
2. To define the search mode for the next maximum, use the Next Min Mode < abs > softkey.

3. To start the search, press the Next Min softkey.
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specify the search limits

To define the lower limit, press the Left Limit softkey.
To define the upper limit, press the Right Limit softkey.
To define the threshold, press the Threshold softkey.

To switch the search limits off, press the Search Lim Off softkey.

specify the search range

Press the Exclude LO softkey to include the frequency 0 Hz in the marker search functions.

examine a signal at the center in detail

Press the PRESET key to set the R&S FSL to the default setting.
Press the MKR-> key to open the marker-> menu.

Marker 1 is activated and set to the largest signal of the trace.
Press the Center =Mkr Freq softkey to set to the marker frequency.

The span is adapted in such a way that the minimum frequency (= 0 Hz) or the maximum frequency
is not exceeded.

Press the Ref Lvl =Mkr Lvl softkey to set the reference level to the measured marker level.
Press the SPAN key.
The edit dialog box to enter a frequency span is displayed.

Reduce the span, e.g. using the rotary knob.

To specify the suitable peak excursion

1.

If the next peak mode abs of softkey Next Peak Mode < abs >/ Next Min Mode < abs > is used,
the default value is sufficient, since, in this mode, the next lower maximum or next higher minimum
will always be detected.

If the next peak mode < or > of softkey Next Peak Mode < abs >/ Next Min Mode < abs > is used,
the 6 dB level change set as a default value may be attained already by the inherent noise of the
instrument. To avoid identifying noise peaks as maxima or minima, enter a peak excursion value
that is higher than the difference between the highest and the lowest value measured for the
displayed inherent noise.
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Peak

Sets the active marker/delta marker to the highest maximum of the trace.

If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Peak softkey in the marker-> menu of this option.

= Remote: CALC :MARK : MAX
= Remote: CALC:DELT :MAX

Next Peak

Sets the active marker/delta marker to the next maximum of the selected trace according to the
mode selected using the Next Peak Mode < abs > softkey.

If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Next Peak softkey in the marker-> menu of this option.

Next Peak Mode < abs >

Selects the mode of the Next Peak softkey. Three settings are available:

< Sets the active marker/delta marker to the next maximum left to the marker of the
selected trace.

abs Sets the active marker/delta marker to the next lower maximum of the selected
trace.

> Sets the active marker/delta marker to the next maximum right to the marker of the
selected trace.

If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Next Peak X Search < abs > and Next Peak Y Search
up/abs/dn softkeys in the marker-> menu of this option.

Remote: CALC:MARK:MAX:LEFT (>)
Remote: CALC:DELT : MAX: LEFT (<)
Remote: CALC :MARK:MAX :RIGH (>)
Remote: CALC:DELT : MAX :RIGH (>)
Remote: CALC:MARK : MAX : NEXT (abs)

1111

Remote: CALC:DELT : MAX : NEXT (abs)

Center =Mkr Freq (span > 0)

Sets the center frequency to the current marker or delta marker frequency. A signal can thus be
set to as center frequency, for example to examine it in detail with a smaller span.

Remote: CALC:MARK: FUNC : CENT

Ref Lvl =Mkr Lvl

Sets the reference level to the current marker level.

= Remote: CALC:MARK:FUNC:REF
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Min

Sets the active marker/delta marker to the minimum of the selected trace.

If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Min softkey in the marker-> menu of this option.

= Remote: CALC:MARK:MIN
= Remote: CALC:DELT:MIN

Next Min

Sets the active marker/delta marker to the next minimum of the selected trace according to the
mode selected using the Next Min Mode < abs > softkey.

If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Next Min softkey in the marker-> menu of this option.

= Remote: CALC:MARK:MIN:NEXT
= Remote: CALC:DELT :MIN:NEXT

Next Min Mode < abs >

Selects the mode of the Next Min softkey. Three settings are available:
< Sets the active marker/delta marker to the next minimum left to the marker of the
selected trace.

abs  Sets the active marker/delta marker to the next higher minimum of the selected
trace.

> Sets the active marker/delta marker to the next minimum right to the marker of the
selected trace.

If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Next Min X Search < abs > and Next Min Y Search up/abs/dn
softkeys in the marker-> menu of this option.

= Remote: CALC:MARK:MAX:LEFT
= Remote: CALC:DELT:MAX:LEFT

Search Limits

Opens a submenu to set the limits for maximum or minimum search in the x and y direction.

= Remote: CALC:MARK:X:SLIM ON

Left Limit

Opens an edit dialog box to enter a value for the lower limit (left vertical line: S1 for span > 0; T1
for zero span). The search is performed between the lines of the left and right limit (see also
Right Limit softkey).

= Remote: CALC:MARK:X:SLIM:LEFT 1MHZ
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Right Limit

Opens an edit dialog box to enter a value for the upper limit (left vertical line: S2 for span > 0; T2
for zero span). The search is performed between the lines of the left and right limit (see also Left
Limit softkey). If no value is set, the upper limit corresponds to the stop frequency.

= Remote: CALC:MARK:X:SLIM:RIGH 10MHZ

Threshold

Opens an edit dialog box to define the threshold line. The threshold line represents the lower
level limit for a Peak search and the upper level limit for a Min search.

Opens an edit dialog box to define the threshold line. The threshold line represents the lower
limit of the peak search level range.

= Remote: CALC: THR -20dBm
= Remote: CALC: THR ON

Search Lim Off

Deactivates all limits of the search range.

= Remote: CALC:MARK:X:SLIM OFF
= Remote: CALC: THR:STAT OFF

Peak Excursion

Opens - for level measurements - an edit dialog box to enter the minimum level value by which a
signal must rise or fall so that it will be identified as a maximum or a minimum by the search
functions. Entries from 0 dB to 80 dB are allowed; the resolution is 0.1 dB. The default setting for
the peak excursion is 6 dB.

For details see also "To specify the suitable peak excursion" on page 4.61 and "Effect of
different peak excursion settings (example)" on page 4.62.

= Remote: CALC:MARK:PEXC 10dB

Exclude LO

Switches the frequency range limit for the marker search functions on or off.

activated minimum frequency > 6 x resolution bandwidth (RBW)

Because of the interference by the first local oscillator to the first
intermediate frequency at the input mixer, the LO is represented as a
signal at 0 Hz. To avoid the marker jumping to the LO at 0 Hz with the
peak function when setting the display range, this frequency is
excluded.

deactivated no restriction to the search range. The frequency 0 Hz is included in
the marker search functions.

= Remote: CALC:MARK:LOEX ON
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To measure the occupied bandwidth

1. Press the OBW softkey to activate the measurement of the occupied bandwidth (for details see also
"Measurement of occupied bandwidth" on page 4.72).

The corresponding submenu is displayed.
Press the % Power Bandwidth softkey to enter the percentage of power.

To change the channel bandwidth for the transmission channel, press the Channel Bandwidth
softkey.

4. To optimize the settings for the selected channel configuration, press the Adjust Settings softkey
(for details see also "Settings of CP / ACP test parameters" on page 4.73).

5. To adjust the reference level to the measured total power after the first sweep, press the Adjust
Ref Level softkey.

To measure signal statistics

e To activate and configure the measurement of the amplitude probability distribution (APD), press
the APD softkey (for details refer to chapter "Advanced Measurement Examples", "Amplitude
Distribution Measurement"). The corresponding submenu is displayed.

e To activate and configure the measurement of the complementary cumulative distribution (CCDF),
press the CCDF softkey (for details refer to hapter "Advanced Measurement Examples", "Amplitude
Distribution Measurement").

The corresponding submenu is displayed.

To measure the carrier-to-noise ratio

1. Press the CIN, C/No softkey to configure the carrier-to-noise ratio measurement.
The corresponding submenu is displayed.
To activate the measurements without reference to the bandwidth, press the C/N softkey.
To activate the measurements with reference to the bandwidth, press the C/No softkey.

To change the channel bandwidth for the transmission channel, press the Channel Bandwidth
softkey.

5. To optimize the settings for the selected channel configuration, press the Adjust Settings softkey
(for details see also "Settings of CP / ACP test parameters" on page 4.73).

Power measurement in zero span

With the aid of the power measurement function, the R&S FSL determines the power of the signal in
zero span by summing up the power at the individual measurement points and dividing the result by the
number of measurement points. In this way it is possible to measure for example the power of TDMA
signals during transmission or during the muting phase. Both the mean power and the RMS power can
be measured by means of the individual power values.

The result is displayed in the marker field. The measured values are updated after each sweep or
averaged over a user-defined number of sweeps in order to determine e.g. the mean power over
several bursts. For determination of the peak value the maximum value from several sweeps is
displayed.

If both the on and off phase of a burst signal are displayed, the measurement range can be limited to
the transmission or to the muting phase with the aid of vertical lines. The ratio between signal and noise
power of a TDMA signal for instance can be measured by using a measurement as a reference value
and after that varying the measurement range.

Upon switching on power measurement the sample detector is activated.
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Parameter

Standard

TD-SCDMA FWD

TD-SCDMA forward

TD-SCDMA REV

TD-SCDMA reverse

TETRA TETRA
W-CDMA 3GPP FWD W-CDMA 3.84 MHz forward
W-CDMA 3GPP REV W-CDMA 3.84 MHz reverse
WIBRO WIBRO
WiMAX WiMAX

WLAN 802.11A

WLAN 802.11A

WLAN 802.11B

WLAN 802.11B

For the R&S FSL, the channel spacing is defined as the distance between the center
frequency of the adjacent channel and the center frequency of the transmission
channel. The definition of the adjacent-channel spacing in standards 1S95B/C,
IS97 B/ C, 1S98 B/ C and CDMA2000 DS / MC1 / MC3 is different. These standards
define the adjacent-channel spacing from the center of the transmission channel to
the closest border of the adjacent channel. This definition is also used for the
R&S FSL if the standard settings marked with a dagger are selected.

Settings of CP / ACP test parameters

e Frequency span

The frequency span must at least cover the channels to be measured plus a measurement margin
of approx. 10%.

If the frequency span is large in comparison to the channel bandwidth (or the
adjacent-channel bandwidths) being examined, only a few points on the trace are
available per channel. This reduces the accuracy of the waveform calculation for the
channel filter used, which has a negative effect on the measurement accuracy. It is
therefore strongly recommended that the formulas mentioned be taken into
consideration when selecting the frequency span.

For channel power measurements the Adjust Settings softkey sets the frequency span as follows:

(No. of transmission channels - 1) x transmission channel spacing + 2 x transmission channel
bandwidth + measurement margin

For adjacent-channel power measurements, the Adjust Settings softkey sets the frequency span
as a function of the number of transmission channels, the transmission channel spacing, the
adjacent-channel spacing, and the bandwidth of one of adjacent-channels ADJ, ALT1 or ALT2,
whichever is furthest away from the transmission channels:
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e Trace averaging

The Adjust Settings softkey switches off this function. Averaging, which is often performed to
stabilize the measurement results, leads to a too low level indication and should therefore be
avoided. The reduction in the displayed power depends on the number of averages and the signal
characteristics in the channel to be measured.

e Reference level

The Adjust Settings softkey does not influence the reference level. It can be separately adjusted
using the Adjust Settings softkey.

Ranges and range settings

In the Spectrum Emission Mask and Spurious Emissions measurements, a range defines a segment,
for which you can define the following parameters separately: start and stop frequency, RBW, VBW,
sweep time, sweep points, reference level, attenuator settings, and limit values. Via the sweep list, you
define the ranges and their settings (for details on settings refer to the Sweep List softkey).

The following rules apply to ranges:

e The minimum span of a range is 20 Hz.

e The individual ranges must not overlap (but need not directly follow one another).

¢ The maximum number of ranges is 20.

e Spectrum Emission Mask measurement only: A minimum of three ranges is mandatory.

e Spectrum Emission Mask measurement only: The reference range cannot be deleted (it is marked
in blue color).

Provided XML files for the Spectrum Emission Mask measurement

You can change the settings manually or via XML files. The XML files offer a quick way to change the
configuration. A set of ready-made XML files for different standards is already provided. For details see
Table 4-4. You can also create and use your own XML files (for details see "Format description of
Spectrum Emission Mask XML files" on page 4.76). All XML files are stored under C:\r_s\instr\sem_std.
Use the Edit Power Classes softkey for quick access to the available XML files.

Table 4-4: Provided XML files

Path XML file name Displayed standard characteristics*
C:\r_s\instr\sem_std\cdma2000\DL default0.xml CDMA2000 BCO default DL
default1.xml CDMA2000 BC1 default DL
C:\r_s\instr\sem_std\cdma2000\UL default0.xml CDMA2000 BCO default UL
default1.xml CDMA2000 BC1 default UL
C:\r_s\instr\sem_std\WCDMA\3GPP\DL PowerClass_31_39.xml W-CDMA 3GPP (31,39)dBm DL
PowerClass_39_43.xml W-CDMA 3GPP (39,43)dBm DL
PowerClass_43_INF.xml W-CDMA 3GPP (43,INF)dBm DL

PowerClass_negINF_31.xml W-CDMA 3GPP (-INF,31)dBm DL

C:\r_s\instr\sem_std\WIBRO\DL PowerClass_29 40.xml WiBro TTA (29,40)dBm DL

PowerClass_40_INF.xml WiBro TTA (40,INF)dBm DL

PowerClass_negINF_29.xml WiBro TTA (-INF,29)dBm DL

C:\r_s\instr'sem_std\WIBRO\UL PowerClass_23_INF.xml WiBro TTA (23,INF)dBm UL
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Path

XML file name

Displayed standard characteristics*

PowerClass_negINF_23.xml

WiBro TTA (23,INF)dBm UL

C:\R_S\instr\sem_std\WIMAX\DL\ETSI\...MHz
(1.75 MHz, 2.00 MHz, 3.5 MHz, 7.00 MHz,
14.00 MHz, 28 MHz)

System_Type_E.xml

WIMAX DL ETSI-System Type E

System_Type_F.xml

WIMAX ETSI-System Type F DL

System_Type_G.xml

WIMAX ETSI-System Type G DL

C:\R_Sl\instr\sem_std\WIMAX\DL\IEEE

10MHz.xml

WIMAX 10MHz DL

20MHz.xml

WIMAX 20MHz DL

C:\R_Sl\instr\sem_std\WWIMAX\UL\ETSI...MHz
(1.75 MHz, 2.00 MHz, 3.5 MHz, 7.00 MHz,
14.00 MHz, 28 MHz)

System_Type_E.xml

WIMAX System Type E UL

System_Type_F.xml

WIMAX System Type F UL

System_Type_G.xml

WIMAX System Type G UL

C:\R_S\instr'sem_std\WIMAX\UL\IEEE 10MHz.xml WIMAX 10MHz UL
20MHz.xml WIMAX 20MHz UL
C:\R_S\instr\sem_std\WLAN\802_11_TURBO ETSI.xml IEEE 802.11
IEEE.xml IEEE 802.11
C:\R_Slinstrisem_std\WLAN\802_11a ETSI.xml IEEE 802.11a)
IEEE.xml IEEE 802.11a
C:\R_S\instr\sem_std\WLAN\802_11b IEEE.xml IEEE 802.11b
C:\R_S\instr'sem_std\WLAN\802_11j_10MHz ETSI.xml IEEE. 802.11]
IEEE.xml IEEE 802.11j
C:\R_S\instr\sem_std\WLAN\802_11j_20MHz ETSI.xml IEEE 802.11j
IEEE.xml IEEE 802.11j

*Used abbreviations:
BC: band class

UL: uplink

DL: downlink

TTA: Telecommunications Technology Association

For the WiBro standards, the 1 MHz channel filter is used for every occurrence of a
1 MHz filter. Within the R&S FSL-K92/93, the 1 MHz filter are Gaussian filters.

Format description of Spectrum Emission Mask XML files

The files for importing range settings are in XML format and therefore obey the rules of the XML
standard. Below, the child nodes, attributes, and structure defined for the data import is described. Build
your own XML files according to these conventions because the R&S FSL can only interpret XML files
of a known structure. For example files look in the C:\r_s\instr\sem_std directory.
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ASCII file export format (Spectrum Emission Mask)

The first part of the file lists information about the spectrum analyzer and the general setup. For a
detailed description refer to "ASCII file export format" on page 4.46.

File contents

Description

RefType; CPOWER,;
TxBandwidth;9540000;Hz
Filter State; ON;
Alpha;0.22;

reference range setup, for details see
Edit Reference Range softkey

PeaksPerRange;1;

Values;4;

evaluation list information

-10.576210021972656;-45.762840270996094;PASS;

1;-9270000;-4770000;100000;2991405000;-100.17695617675781;
-35.990325927734375;-1.490325927734375;PASS

3;4770000;9270000;100000;3005445000;-100.17695617675781;
-35.990325927734375;-1.490325927734375;PASS,;

4;9270000;22500000;1000000;3018225000;-74.762840270996094;
-10.576210021972656;-45.762840270996094;PASS;

0;-22500000;-9270000;1000000;2986455000;-74.762840270996094;

information about each peak:

<range number>;

<start frequency>;

<stop frequency>;

<resolution bandwidth of range>;
<frequency of peak>;

<absolute power in dBm of peak>;
<relative power in dBc of peak
(related to the channel power)>;
<distance to the limit line in dB
(positive value means above the limit)>;
<limit fail (pass = 0, fail =1)>;

Softkeys of the power measurement menu

The following table shows all softkeys available in the power measurement menu. It is possible that
your instrument configuration does not provide all softkeys. If a softkey is only available with a special
option, model or (measurement) mode, this information is delivered in the corresponding softkey

description.

Menu / Command Submenu / Command

Submenu / Command

Command

All Functions Off

TOI & Marker 1

Marker 2

Marker 3

Marker 4

Search Signals

AM Mod Depth ¥ same contents as TOI

menu

Time Domain Power ¥ Peak

RMS

Mean

Std Dev

Limits On/Off

Left Limit

Right Limit

CIN, C/No ¥ C/N
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Menu / Command Submenu / Command Submenu / Command Command

Save Evaluation List ¥ ASCII File Export

Decim Sep

Meas Start/Stop

More ¥

All Functions Off

Harmonic Distortion ¥ Harmonic On/Off

No. of Harmonics

Harmonic Sweep Time

Harmonic RBW Auto

Adjust Settings

Full Size Diagram

All Functions Off

Switches off all power measurement functions.

= Remote: CALC:MARK: FUNC:<function> OFF

TOI

Opens a submenu and activates the measurement of the 3rd order intercept point.

A two-tone signal with equal carrier levels is expected at the R&S FSL input. Marker 1 and
marker 2 (both normal markers) are set to the maximum of the two signals. Marker 3 and marker
4 (also both normal markers) are placed on the intermodulation products. When the function is
enabled, the frequency entry is activated for the delta markers. They can be set manually.

The R&S FSL calculates the third order intercept point from the level spacing between normal
markers and delta markers and displays it in the marker field.

= Remote: CALC:MARK:FUNC:TOI ON
= Remote: CALC:MARK:FUNC:TOI:RES?

Search Signals

Activates all markers.

= Remote: CALC:MARK:FUNC:TOI:RES?
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AM Mod Depth

Opens a submenu and activates the measurement of the AM modulation depth. An AM-
modulated carrier is required on the screen for ensuring correct operation.

The level value of marker 1 is taken as the carrier level. When this function is activated, marker
2 and marker 3 are automatically set symmetrically to the carrier on the adjacent peak values of
the trace as delta markers and marker 2 is activated for the entry.

When the position of marker 2 (delta) is changed, marker 3 (delta) is moved symmetrically with
respect to the reference marker (marker 1).

If the edit dialog box is opened for marker 3, the latter can be moved for fine adjustment
irrespective of marker 2.

The R&S FSL calculates the power at the marker positions from the measured levels. The AM
modulation depth is calculated from the ratio between the power values at the reference marker
and at the delta markers. If the powers of the two AM side bands are unequal, the mean value of
the two power values is used for AM modulation depth calculation.

= Remote: CALC:MARK: FUNC : MDEP ON
= Remote: CALC:MARK: FUNC : MDEP:RES?

Time Domain Power (zero span)

Activates the power measurement in zero span and opens a submenu to configure the power
measurement. For more details see also "Power measurement in zero span" on page 4.71.

= Remote: CALC:MARK: FUNC: SUMM: STAT ON

Peak (zero span)

Activates the calculation of the peak value from the points of the displayed trace or a segment
thereof. For more details see also "Power measurement in zero span" on page 4.71.

= Remote: CALC:MARK: FUNC: SUMM: PPE ON
= Remote: CALC:MARK: FUNC: SUMM: PPE : RES?

RMS (zero span)

Activates the calculation of the RMS value from the points of the displayed trace or a segment
thereof. For more details see also "Power measurement in zero span" on page 4.71.

= Remote: CALC :MARK:FUNC: SUMM:RMS ON
= Remote: CALC :MARK:FUNC: SUMM:RMS :RES?

Mean (zero span)

Activates the calculation of the mean value from the points of the displayed trace or a segment
thereof. The linear mean value of the equivalent voltages is calculated.

This can be used for instance to measure the mean power during a GSM burst.
For more details see also "Power measurement in zero span" on page 4.71.

= Remote: CALC:MARK:FUNC: SUMM: MEAN ON
= Remote: CALC:MARK:FUNC: SUMM: MEAN:RES?
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Std Dev (zero span)

Activates the calculation of the standard deviation of measurement points from the mean value
and displays them as measured value. The measurement of the mean power is automatically

switched on at the same time. For more details see also "Power measurement in zero span” on
page 4.71.

= Remote: CALC:MARK:FUNC:SUMM: SDEV ON
= Remote: CALC:MARK:FUNC:SUMM: SDEV:RES?

Limits On/Off (zero span)

Switches the limitation of the evaluation range on or off. Default setting is off.

If switched off, the evaluation range is not limited. If switched on, the evaluation range is defined
by the left and right limit. If only one limit is set, it corresponds to the left limit and the right limit is
defined by the stop frequency. If the second limit is also set, it defines the right limit.

For more details see also "Power measurement in zero span" on page 4.71.

= Remote: CALC:MARK:X:SLIM OFF

Left Limit (zero span)

Opens an edit dialog box to enter a value for line 1. For more details see also "Power
measurement in zero span" on page 4.71.

= Remote: CALC:MARK:X:SLIM:LEFT <value>

Right Limit (zero span)

Opens an edit dialog box to enter a value for line 2. For more details see also "Power
measurement in zero span" on page 4.71.

= Remote: CALC:MARK:X:SLIM:RIGH <value>

C/N, C/No (span > 0)

Opens a submenu to configure the carrier/noise ratio measurement. Measurements without
(C/N) and measurements with reference to the bandwidth (C/No) are possible.

C/N (span > 0)

Switches the measurement of the carrier/noise ratio on or off. If no marker is active, marker 1 is
activated.

The measurement is performed on the trace where marker 1 is located. To shift marker 1 and
measure another trace, use the Marker to Trace softkey in the marker menu. To determine the

maximum value of the current trace, use the Phase Noise/Ref Fixed softkey in the marker
menu.

= Remote: CALC:MARK:FUNC:POW:SEL CN
= Remote: CALC:MARK:FUNC:POW:RES? CN
= Remote: CALC:MARK:FUNC:POW OFF
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C/No (span > 0)

Switches the measurement of the carrier/noise ratio with reference to a 1 Hz bandwidth on or
off. If no marker is active, marker 1 is activated.

The measurement is performed on the trace where marker 1 is located. To shift marker 1 and
measure another trace, use the Marker to Trace softkey in the marker menu. To determine the
maximum value of the current trace, use the Phase Noise/Ref Fixed softkey in the marker
menu.

= Remote: CALC:MARK:FUNC:POW:SEL CNO

= Remote: CALC:MARK:FUNC:POW:RES? CNO
= Remote: CALC:MARK:FUNC:POW OFF

Channel Bandwidth (span > 0)

Opens an edit dialog box to enter the measurement channel bandwidth. The default setting is 14
kHz.

= Remote: POW:ACH:BWID 30kHz

Adjust Settings (span > 0)

Enables the RMS detector (see also "Detector overview" on page 4.38) and adjusts the span to
the selected channel bandwidth according to:

4 x channel bandwidth + measurement margin
The adjustment is performed once; if necessary, the setting can be changed later on.

= Remote: POW:ACH:PRES CN | CNO

CP, ACP, MC-ACP

Activates the active channel or adjacent-channel power measurement either for a single carrier
signal or for several carrier signals, depending on the current measurement configuration, and
opens a submenu to configure the channel power measurement. With default settings the
measurement is performed by integrating the powers at the display points within the specified
channels (IBW method).

If multi-carrier ACP measurement is activated, the number of measured values is increased to
ensure that adjacent-channel powers are measured with adequate accuracy.

= Remote: CALC :MARK:FUNC: POW: SEL CPOW|ACP |MCAC
= Remote: CALC:MARK:FUNC:POW:RES? CPOW|ACP|MCAC
= Remote: CALC:MARK:FUNC: POW OFF

CP / ACP Standard

Opens an edit dialog box to select the settings according to predefined standards. For details on
the available standards see "Predefined CP / ACP standards" on page 4.72. By default no
standard is set.

The selection of the standard influences the following parameters:

— channel spacing and adjacent-channel spacing
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channel bandwidth, adjacent-channel bandwidth, and type of filtering
resolution bandwidth

video bandwidth

detector

# of adjacent channels

trace averaging (switched off)

= Remote: CALC:MARK:FUNC:POW: PRES <standard>

CP / ACP Config

Opens a submenu to configure the channel power and adjacent channel power measurement
independently of the predefined standards (for details see also "To set the channel
configuration" on page 4.70 and "Settings of CP / ACP test parameters" on page 4.73).

# of TX Chan (MC-ACP)

Opens an edit dialog box to enter the number of carrier signals to be taken into account in
channel and adjacent-channel power measurements. Values from 1 to 12 are allowed.

= Remote: POW:ACH: TXCH:COUN 4

# of Adj Chan

Opens an edit dialog box to enter the number of adjacent channels to be considered in the
adjacent-channel power measurement. Values from 0 to 12 are allowed.

The following measurements are performed depending on the number of the channels:

0
1

12

Only the channel powers are measured.

The channel powers and the power of the upper and lower adjacent channel are
measured.

The channel powers, the power of the upper and lower adjacent channel, and of the
next higher and lower channel (alternate channel 1) are measured.

The channel power, the power of the upper and lower adjacent channel, the power of
the next higher and lower channel (alternate channel 1), and of the next but one
higher and lower adjacent channel (alternate channel 2) are measured.

The channel power, the power of the upper and lower adjacent channel, and the
power of the all higher and lower channels (alternate channel 1 to 11) are measured.

= Remote: POW:ACH:ACP 1

Channel Settings

Opens a submenu to define the channel settings.
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Channel Bandwidth

Opens the TX/ACP Channel Bandwidth dialog box to enter the channel bandwidths for the
transmission channels and the adjacent channels. The entry TX is only available for the multi-
carrier ACP measurement.

The transmission-channel bandwidth is normally defined by the transmission standard. The
correct bandwidth is set automatically for the selected standard (see CP / ACP Standard
softkey).

Measurements in zero span (see Fast ACP On/Off softkey) are performed in the zero span
mode. The channel limits are indicated by vertical lines. For measurements requiring channel
bandwidths deviating from those defined in the selected standard the IBW method is to be used.

With the IBW method (see Fast ACP On/Off softkey), the channel bandwidth limits are marked
by two vertical lines right and left of the channel center frequency. It can in this way be visually
checked whether the entire power of the signal under test is within the selected channel
bandwidth.

If measuring according to the IBW method (Fast ACP Off), the bandwidths of the different
adjacent channels are to be entered numerically. Since all adjacent channels often have the
same bandwidth, the other channels Alt1 and Alt2 are set to the bandwidth of the adjacent
channel on entering the adjacent-channel bandwidth (ADJ). Thus only one value needs to be
entered in case of equal adjacent channel bandwidths. The same holds true for the Alt2
channels (alternate channels 2) if the bandwidth of the Alt1 channel (alternate channel 1) is
entered.

For details on available channel filters see "List of available RRC and channel filters" on page
4.18.

= Remote: POW:ACH:BWID 30kHz
= Remote: POW:ACH:BWID:ACH 30kHz
= Remote: POW:ACH:BWID:ALT2 30kHz

Channel Spacing

Opens the TX/ACP Channel Spacing dialog box to enter the channel spacings for the TX
channels and for the adjacent channels.

The entry TX is only available for the multi-carrier ACP measurement.

— TXchannels (left column)

TX1-2  spacing between the first and the second carrier

TX2-3 spacing between the second and the third carrier

The spacings between all adjacent TX channels can be defined separately. In order to allow a
convenient setup for the system with equal TX channel spacing, the value of TX spacing 1-2 is
copied in all the spacing below after entry, the TX spacing 2-3 is copied in all the spacing below
after entry and so forth. For different spacings, a setup from top to bottom is necessary.

If the spacings are not equal, the channel distribution according to the center frequency is as
follows:
Odd number of TX channels The middle TX channel is centered to center frequency.

Even number of TX channels  The two TX channels in the middle are used to calculate
the frequency between those two channels. This
frequency is aligned to the center frequency.
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— Adjacent channels (right column)

Since all the adjacent channels often have the same distance to each other, the modification of
of the adjacent-channel spacing (ADJ) causes a change in all higher adjacent-channel spacings
(Alt1, Alt2, ...): they are all multiplied by the same factor (new spacing value / old spacing
value). Thus only one value needs to be entered in case of equal channel spacing. A
modification of a higher adjacent-channel spacing (Alt1, Alt2, ...) causes a change by the same
factor in all higher adjacent-channel spacings, while the lower adjacent-channel spacings
remain unchanged.

Example:

In the default setting, the adjacent channels have the following spacing: 20 kHz (ADJ), 40
kHz (Alt1), 60 kHz (Alt2), 80 kHz (Alt3), 100 kHz (Alt4), ...

If the spacing of the first adjacent channel (ADJ) is set to 40 kHz, the spacing of all other
adjacent channels is multiplied by factor 2 to result in 80 kHz (Alt1), 120 kHz (Alt2), 160 kHz
(AIt3), ...

If, starting from the default setting, the spacing of the 5th adjacent channel (Alt4) is set to 150
kHz, the spacing of all higher adjacent channels is multiplied by factor 1.5 to result in 180 kHz
(AIt5), 210 kHz (Alt6), 240 kHz (Alt7), ...

If a ACP or MC-ACP measurement is started, all settings according to the standard including
the channel bandwidths and channel spacings are set and can be adjusted afterwards.

= Remote: POW:ACH: SPAC:CHAN 25kHz
= Remote: POW:ACH:SPAC 33kHz
= Remote: POW:ACH:SPAC:ALT1 100kHz

Chan Pwr/Hz

If deactivated, the channel power is displayed in dBm. If activated, the channel power density is
displayed instead. Thus, the absolute unit of the channel power is switched from dBm to
dBm/Hz. The channel power density in dBm/Hz corresponds to the power inside a bandwidth of
1 Hz and is calculated as follows:

channel power density = channel power - log,o(channel bandwidth)

By means of this function it is possible e.g. to measure the signal/noise power density or use the
additional functions ACP Abs/Rel and ACP Ref Settings to obtain the signal to noise ratio.

This softkey is available from firmware version 1.50.

= Remote: CALC:MARK:FUNC:POW:RES:PHZ ON

ACP Ref Settings (MC-ACP)

Opens an edit dialog box to select the transmission channel to which the adjacent-channel
relative power values should be referenced.

TX Channel 1 -12 Selection of one of channels 1 to 12.

Min Power TX Channel The transmission channel with the lowest power is used as a
reference channel.

Max Power TX Channel The transmission channel with the highest power is used as a
reference channel.

Lowest & Highest The outer left-hand transmission channel is the reference

Channel channel for the lower adjacent channels, the outer right-hand

transmission channel that for the upper adjacent channels.
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Fast ACP On/Off

Switches between the IBW method (Fast ACP Off) and the zero span method (Fast ACP On).

When switched on, the R&S FSL sets the center frequency consecutively to the different
channel center frequencies and measures the power with the selected measurement time (=
sweep time/number of channels). The RBW filters suitable for the selected standard and
frequency offset are automatically used (e.g. root raised cos with IS 136). For details on
available channel filters see "List of available RRC and channel filters" on page 4.18.

The RMS detector is used for obtaining correct power measurement results. Therefore this
requires no software correction factors.

Measured values are output as a list. The powers of the transmission channels are output in
dBm, the powers of the adjacent channels in dBm.

The sweep time is selected depending on the desired reproducibility of results. Reproducibility
increases with sweep time since power measurement is then performed over a longer time
period. As a general approach, it can be assumed that approx. 500 non-correlated measured
values are required for a reproducibility of 0.5 dB (99% of the measurements are within 0.5 dB of
the true measured value). This holds true for white noise. The measured values are considered
as non-correlated if their time interval corresponds to the reciprocal of the measured bandwidth.

With IS 136 the measurement bandwidth is approx. 25 kHz, i.e. measured values at an interval
of 40 s are considered as non-correlated. A measurement time of 40 ms is thus required per
channel for 1000 measured values. This is the default sweep time which the R&S FSL sets in
coupled mode. Approx. 5000 measured values are required for a reproducibility of 0.1 dB (99%),
i.e. the measurement time is to be increased to 200 ms.

= Remote: POW:HSP ON

ACP Abs/Rel

Switches between absolute and relative power measurement in the adjacent channels.

Abs The absolute power in the adjacent channels is displayed in the unit of the y-axis,
e.g. in dBm, dBpV.
Rel The level of the adjacent channels is displayed relative to the level of the

transmission channel in dBc.

= Remote: POW:ACH:MODE REL

Adjust Ref Level

Adjusts the reference level to the measured channel power. This ensures that the settings of the
RF attenuation and the reference level are optimally adjusted to the signal level without
overloading the R&S FSL or limiting the dynamic range by a too small S/N ratio. For details on
manual settings see "Settings of CP / ACP test parameters" on page 4.73.

The reference level is not influenced by the selection of a standard. To achieve an optimum
dynamic range, the reference level has to be set in a way that places the signal maximum close
to the reference level without forcing an overload message. Since the measurement bandwidth
for channel power measurements is significantly lower than the signal bandwidth, the signal path
may be overloaded although the trace is still significantly below the reference level.

= Remote: POW:ACH: PRES:RLEV
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OBW (span > 0)

Activates measurement of the occupied bandwidth according to the current configuration and
opens a submenu to configure the measurement. The occupied bandwidth is displayed in the
marker display field and marked on the trace by temporary markers. For details see also
"Measurement of occupied bandwidth" on page 4.72.

The measurement is performed on the trace with marker 1. In order to evaluate another trace,
marker 1 must be placed on another trace (see Marker to Trace softkey in the marker menu).
= Remote: CALC:MARK: FUNC: POW: SEL OBW
= Remote: CALC:MARK: FUNC: POW:RES? OBW
= Remote: CALC:MARK: FUNC: POW OFF

% Power Bandwidth (span > 0)

Opens an edit dialog box to enter the percentage of total power in the displayed frequency range
which defines the occupied bandwidth. Values from 10% to 99.9% are allowed.

= Remote: POW:BWID 95PCT

Channel Bandwidth (span > 0)

Opens an edit dialog box to enter the channel bandwidth for the transmission channel. The
specified channel bandwidth is used for optimization of the test parameters (for details see
"Settings of CP / ACP test parameters" on page 4.73). The default setting is 14 kHz.

For measurements in line with a specific transmission standard, the bandwidth specified by the
standard for the transmission channel must be entered.

= Remote: POW:ACH:BWID 30kHz

Adjust Ref Level (span > 0)

Adjusts the reference level to the measured total power of the signal. The softkey is activated
after the first sweep with active measurement of the occupied bandwidth has been completed
and the total power of the signal is thus known.

Adjusting the reference level ensures that the signal path will not be overloaded and the
dynamic range not limited by too low a reference level. Since the measurement bandwidth for
channel power measurements is significantly lower than the signal bandwidth, the signal path
may be overloaded although the trace is distinctly below the reference level. If the measured
channel power is equal to the reference level, the signal path cannot be overloaded.

= Remote: POW:ACH: PRES :RLEV

APD

Activates the function to measure the amplitude probability density (APD) and opens a
submenu.

= Remote: CALC:STAT:APD ON
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Percent Marker

Opens an edit dialog box to enter a probability value and to position marker 1. Thus, the power
which is exceeded with a given probability can be determined very easily. If marker 1 is
deactivated, it will be switched on automatically.

= Remote: CALC:MARK:Y:PERC 0...100%

Res BW

Opens an edit dialog box to set the resolution bandwidth directly. The function of this softkey is
identical to the Res BW Manual softkey in the bandwidth menu.

For correct measurement of the signal statistics the resolution bandwidth has to be wider than
the signal bandwidth in order to measure the actual peaks of the signal amplitude correctly. In
order not to influence the peak amplitudes the video bandwidth is automatically set to 10 MHz.
The sample detector is used for detecting the video voltage.

= Remote: BAND 3 MHz

# of Samples

Opens an edit dialog box to set the number of power measurements that are taken into account
for the statistics.

Apart from the number of measurements the overall measurement time depends also on the set
resolution bandwidth as the resolution bandwidth directly influences the sampling rate.

= Remote: CALC: STAT:NSAM <value>

Scaling

Opens a submenu to change the scaling parameters of x- and y-axis.

x-Axis Ref Level

Opens an edit dialog box to enter the reference level in the currently active unit (dBm, dBuV,
etc). The function of this softkey is identical to the Ref Level softkey in the amplitude menu.

For the APD function this value is mapped to the right diagram border. For the CCDF function
there is no direct representation of this value on the diagram as the x-axis is scaled relatively to
the measured mean power.

= Remote: CALC: STAT:SCAL:X:RLEV <value>

x-Axis Range

Opens the Range Log dialog box to select a value for the level range to be covered by the
statistics measurement selected. The function is identical to the Range Log softkey in amplitude
menu.

= Remote: CALC: STAT:SCAL:X:RANG <value>
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Spectrum Emission Mask

Opens a submenu to configure the Spectrum Emission Mask measurement.

The Spectrum Emission Mask (SEM) measurement defines a measurement that monitors
compliance with a spectral mask. The SEM measurement of the base unit allows a flexible
definition of all parameters in the SEM measurement.

ref -20.0 dBm

I
-60 dB I'||'|
-20 dBm

This softkey is available from firmware version 1.80.

= Remote: SWE:MODE ESP

Sweep List

Opens a submenu to edit the sweep list and displays the Sweep List dialog box. After a preset,
the sweep list contains a set of default ranges and parameters. For each range, you can change
the parameters listed below. To insert or delete ranges, use the Insert before Range, Insert
after Range, Delete Range softkeys. The measurement results are not updated during editing
but on closing the dialog box (Close Sweep List softkey).

If you edit the sweep list, always follow the rules described in "Ranges and range
settings" on page 4.75.

Parameter Restriction

Range Start

Range Stop

Filter Type
RBW
VBW

Sweep Time Mode
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Parameter Restriction

Sweep Time

Detector Spurious Emissions measurement only

Ref. Level
RF Att. Mode

RF Attenuator

Preamp

Sweep Points Spurious Emissions measurement only

Stop after Sweep Spurious Emissions measurement only

Transd. Factor

Limit Check 1 to 4
Abs Limit Start
Abs Limit Stop

Rel Limit Start Spectrum Emission Mask measurement only

Rel Limit Stop Spectrum Emission Mask measurement only

— Spectrum Emission Mask measurement:

The changes of the sweep list are only kept until you load another parameter set (via a preset
or by loading an XML file). If you want to have a parameter set permanently available, create an
XML file for this configuration (for details refer to "Format description of Spectrum Emission
Mask XML files" on page 4.76).

If you load one of the provided XML files (Load Standard softkey), the sweep list contains
ranges and parameters according to the selected standard. For further details refer also to
"Provided XML files for the Spectrum Emission Mask measurement" on page 4.75.

This softkey is available from firmware version 1.80.

Range Start/Range Stop (Sweep List dialog box)

1111

Sets the start frequency/stop frequency of the selected range. Follow the rules described in
"Ranges and range settings" on page 4.75.

In order to change the start/stop frequency of the first/last range, select the appropriate span
with the SPAN key. If you set a span that is smaller than the overall span of the ranges, the
measurement includes only the ranges that lie within the defined span and have a minimum
span of 20 Hz. The first and last range are adapted to the given span as long as the minimum
span of 20 Hz is not violated.

—  Spectrum Emission Mask measurement:

Frequency values for each range have to be defined relative to the center frequency. The
reference range has to be centered on the center frequency. The minimum span of the
reference range is given by the current TX Bandwidth. For details refer to the Edit Reference
Range softkey description.

Remote: ESP:RANG1: STAR 100000000 (Spectrum Emission Mask)
Remote: ESP:RANG3:STOP 10000000 (Spectrum Emission Mask)
Remote: LIST:RANG1:STAR 100000000 (Spurious Emissions)
Remote: LIST:RANG3:STOP 10000000 (Spurious Emissions)
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Filter Type (Sweep List dialog box)

Sets the filter type for this range. For details on filters see also "To choose the appropriate filter
type" on page 4.17.

= Remote: ESP:RANG1:FILT:TYPE RRC (Spectrum Emission Mask)
= Remote: LIST:RANGL:FILT:TYPE RRC (Spurious Emissions)

RBW (Sweep List dialog box)

Sets the RBW value for this range.

= Remote: ESP:RANG2 :BAND:RES 5000 (Spectrum Emission Mask)
= Remote: LIST:RANG2:BAND:RES 5000 (Spurious Emissions)

VBW (Sweep List dialog box)

Sets the VBW value for this range.

= Remote: ESP:RANG1:BAND:VID 5000000 (Spectrum Emission Mask)
= Remote: LIST:RANG1:BAND:VID 5000000 (Spurious Emissions)

Sweep Time Mode (Sweep List dialog box)

Activates or deactivates the auto mode for the sweep time.

= Remote: ESP:RANG3: SWE: TIME : AUTO OFF (Spectrum Emission Mask)
= Remote: LIST:RANG3:SWE: TIME:AUTO OFF (Spurious Emissions)

Sweep Time (Sweep List dialog box)

Sets the sweep time value for the range.

= Remote: ESP:RANG1:SWE: TIME 1 (Spectrum Emission Mask)
= Remote: LIST:RANG1:SWE:TIME 1 (Spurious Emissions)

Detector (Sweep List dialog box, Spurious Emissions)

Sets the detector for the range. For details refer to "Detector overview" on page 4.38.

= Remote: LIST:RANGe3:DET SAMP

Ref. Level (Sweep List dialog box)

Sets the reference level for the range.

= Remote: ESP:RANG2:RLEV 0 (Spectrum Emission Mask)
= Remote: LIST:RANG2:RLEV 0 (Spurious Emissions)
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RF Att. Mode (Sweep List dialog box)

Activates or deactivates the auto mode for RF attenuation.

= Remote: ESP:RANG2: INP:ATT:AUTO OFF (Spectrum Emission Mask)
= Remote: LIST:RANG2:INP:ATT:AUTO OFF (Spurious Emissions)

RF Attenuator (Sweep List dialog box)

Sets the attenuation value for that range.

= Remote: ESP:RANG3: INP:ATT 10 (Spectrum Emission Mask)
= Remote: LIST:RANG3:INP:ATT 10 (Spurious Emissions)

Preamp (Sweep List dialog box)

Switches the preamplifier on or off.

= Remote: ESP:RANG3: INP:GAIN:STATe ON (Spectrum Emission Mask)
= Remote: LIST:RANG3:INP:GAIN:STATe ON (Spurious Emissions)

Sweep Points (Sweep List dialog box, Spurious Emissions)

Sets the number of sweep points per range. For details on possible values refer to the Sweep
Points softkey of the sweep menu.

= Remote: LIST:RANG3:POIN 601

Stop after Sweep (Sweep List dialog box, Spurious Emissions)

Configures the sweep behavior.

On The R&S FSL stops after one range is swept and continues only if you confirm (a message
box is displayed).

Off The R&S FSL sweeps all ranges in one go.

= Remote: LIST:RANG1 :BRE ON

Transd. Factor (Sweep List dialog box)

Sets a transducer for the specified range. You can only choose a transducer that fulfills the
following conditions:

— The transducer overlaps or equals the span of the range.
— The x-axis is linear.
— The unitis dB.

= Remote: ESP:RANG1:TRAN 'test' (Spectrum Emission Mask)
= Remote: LIST:RANG1: TRAN 'test' (Spurious Emissions)
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Limit Check 1 to 4 (Sweep List dialog box)

Sets the type of limit check for all ranges. Possible states are:

Absolute Checks only the absolute limits defined.

Relative Checks only the relative limits. Relative limits are defined as relative
to the measured power in the reference range.

Abs and Combines the absolute and relative limit. The limit check fails when

Rel both limits are violated.

Abs or Rel Combines the absolute and relative limit. The limit check fails when

one of the limits is violated.

The limit state affects the availability of all limit settings (Abs Limit Start, Abs Limit Stop, Rel
Limit Start, Rel Limit Stop).

Dependent on the number of active power classes (see Edit Power Classes dialog box), the
number of limits that can be set varies. Up to four limits are possible. The sweep list is extended
accordingly.

= Remote: ESP:RANG3:LIM: STAT AND (Spectrum Emission Mask)

= Remote: LIST:RANG3:LIM:STAT ON (Spurious Emissions)

= Remote: CALC:LIM3:FAIL?

Abs Limit Start (Sweep List dialog box)

Sets an absolute limit value at the start frequency of the range [dBm].

This parameter is only available if the limit check is set accordingly (see Limit Check 1 to 4
parameter).

Dependent on the number of active power classes (see Edit Power Classes dialog box), the
number of limits that can be set varies. Up to four limits are possible. The sweep list is extended
accordingly.

= Remote: ESP:RANG1:LIM:ABS:STAR 10 (Spectrum Emission Mask)

= Remote: LIST:RANG1:LIM:STAR 10 (Spurious Emissions)

Abs Limit Stop (Sweep List dialog box)

Sets an absolute limit value at the stop frequency of the range [dBm].

This parameter is only available if the limit check is set accordingly (see Limit Check 1 to 4
parameter).

Dependent on the number of active power classes (see Edit Power Classes dialog box), the
number of limits that can be set varies. Up to four limits are possible. The sweep list is extended
accordingly.

= Remote: ESP:RANG1:LIM:ABS:STOP 20 (Spectrum Emission Mask)

= Remote: LIST:RANG1:LIM:STOP 20 (Spurious Emissions)
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Save Evaluation List

Opens the ASCII File Export Name dialog box to save the result in ASCII format to a specified
file and directory. For further details refer also to the ASCII File Export softkey.

This softkey is available from firmware version 1.80.

= Remote: MMEM: STOR:LIST 'test'

ASCII File Export

An example of an output file is given in "ASCII file export format (Spectrum Emission Mask)" on
page 4.82. For further details refer also to the ASCII File Export softkey in the trace menu of the
base unit.

This softkey is available from firmware version 1.80.

= Remote: MMEM: STOR:LIST 'test'

Decim Sep

For details refer to the Decim Sep softkey in the trace menu of the base unit.

This softkey is available from firmware version 1.80.

Edit Power Classes

Opens a dialog box to modify the power class settings.

x]
Used Power Classes: I All j
Power Class Piin <=p< PMax

Power Class 1 I—INF |—63.5 dBm Sweep Listl
Power Class 2 |—63.5 dBm -40.0 dBm Sweep Listl
Power Class 3 |—4|:|_|:| dBm |+1NF Sweep Listl

Add Remove

The dialog box contains the following elements:
— Used Power Classes

Choose the power classes to be used from this dropdown menu. It is only possible to select either
one of the defined power classes or all of the defined power classes together.

Only power classes for which limits are defined are available for selection.
— PMin / PMax

Defines the level limits for each power class. The range always starts at -200 dBm (-INF) and
always stops at 200 dBm (+INF). These fields cannot be modified. If more than one Power Class is
defined, the value of PMin must equal the value of PMax of the last Power Class and vice versa.
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— Sweep List
Opens the sweep list dialog box. For details see the Sweep List dialog box.
— Add/ Remove

Activates or deactivates power classes to be defined. Up to four power classes can be defined.
The number of active power classes affect the availability of the items of the Used Power
Classes dropdown menu.

This softkey is available from firmware version 1.90.

Remote: CALC:LIM:ESP:PCL ON

Remote: CALC:LIM:ESP:PCL MIN <numeric value>
Remote: CALC:LIM:ESP: PCL:MAX <numeric value>
Remote: CALC:LIM:ESP: PCL:COUN <numeric value>
Remote: CALC:LIM:ESP:PCL:LIM ABS

111 11

Load Standard

Opens a dialog box to select an XML file which includes the desired standard specification. For
details on the provided XML files refer to "Provided XML files for the Spectrum Emission Mask
measurement" on page 4.75.

This softkey is available from firmware version 1.80.

= Remote: ESP: PRES 'WCDMA\3GPP\DL\PowerClass 31 39.xml'

Save As Standard

Opens the Save As Standard dialog box, in which the currently used SEM settings and
parameters can be saved and exported into an *.xml file. Enter the name of the file in the file
name field. For details on the structure and contents of the XML file refer to "Format description
of Spectrum Emission Mask XML files" on page 4.76.

This softkey is available from firmware version 1.90.

= Remote: SENS:ESP:STOR "<file name>"

Restore Standard Files

Copies the XML files from the C:\R_S\instr\sem_backup folder to the C:\R_S\instr\sem_std
folder. Files of the same name are overwritten.

This softkey is available from firmware version 1.80.

= Remote: ESP:PRES:REST

Meas Start/Stop

Aborts/restarts the current measurement and displays the status:

Start The measurement is currently running.

Stop The measurement has been stopped, or, in single sweep mode, the end of the sweep
has been reached.
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Using Limit Lines and Display Lines - LINES Key

The LINES key is used to configure limit and display lines.

To open the lines menu
» Press the LINES key.

The lines menu and the Select Limit Line dialog box are displayed. For details on the Select Limit
Line dialog box refer to "To select a limit line" on page 4.112.

Menu and softkey description
"Softkeys of the lines menu" on page 4.116

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"Display Lines" on page 4.115
"Limit Lines" on page 4.115

Task

— To work with display lines

— To select a limit line

— To create a new limit line

— To edit an existing limit line

— To create a new limit line based upon an existing limit line

— To activate/deactivate a limit line

To work with display lines

Initial situation: The line is switched on (softkey with highlighted background) or off (softkey without
highlighted background), for example the Display Line 1.

1. Press the Display Lines softkey.
2. Press the Display Line 1 softkey for the first time.

An edit dialog box is opened to enter the position of the display line (by rotary knob, step keys or
numerical entry). If the line was switched off, it is switched on. If it was switched on, it remains
switched on.

3. If another softkey is pressed, the edit dialog box for the Display Line 1 softkey is closed, but the
line remains switched on (softkey with highlighted background).

4. Press the Display Line 1 softkey for the second time.
The edit dialog box for the display line will be opened again.
5. Press the Display Line 1 softkey again.
The line is switched off (softkey without highlighted background).
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To select a limit line

1.

To display the Select Limit Line dialog box, press the LINES key or go to the main limit line menu.

select Limit Line E|
Unit |Traces| Shuwl Cnmpatihlelil
dBm - - yes
1
1
;II
S = = = = = = = = = =1
View Filter:| Show Directory I Hide Directory |
" Show compatible * Show all
Comment: Test
Offset: %:(0.00 Hz v:|0.00 dB

All limit lines, saved in the default directory, and all subdirectories are displayed. For each limit line,
the following information is given:

Unit unit of the y-axis
Traces selected traces to check
Show limit line displayed in the measurement diagram or hidden

Compatible  compatibility of the limit line to the current measurement settings

2. Todisplay only the limit lines that are compatible, activate the Show compatible option. For details

on compatibility refer to "Limit Lines" on page 4.115.

3. To navigate into a subdirectory, use the Show Directory and Hide Directory buttons.

To create a new limit line

1.

Press the New softkey to define a new limit line.

The Edit Limit Line dialog box is displayed. For more details on limit lines refer also to "Limit Lines"
on page 4.115.

2. Press the Edit Name softkey and enter a name, if you want to save the limit line in the main

directory. To save the limit line in an existing subdirectory, enter the relative path. A new
subdirectory can only be created using the FILE key (for details refer to section "Instrument
Functions - Basic Settings", "Saving and Recalling Settings Files - FILE Key".

3. To change the span setting, set the focus in the X-Axis field and change the unit via the rotary

knob: Hz for span > 0 Hz or s for zero span.

4. To change between absolute and relative scale mode for the x-axis, set the focus on the abs or rel

option next to the X-Axis field and press the CHECKMARK key. Relative scaling is always suitable,
if masks for bursts are to be defined in zero span, or if masks for modulated signals are required for
span > 0 Hz.
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e The data points are allocated in order of ascending frequency/time. Gaps are not allowed. If gaps
are desired, two separate limit lines must be defined and then both enabled.

e The entered frequencies/times need not necessarily be selectable in R&S FSL. A limit line may also
exceed the specified frequency or time range. The minimum frequency for a data point is -200 GHz,
the maximum frequency is 200 GHz. For the time range representation, negative times may also be
entered. The allowed range is -1000 s to +1000 s.

Softkeys of the lines menu

The following table shows all softkeys available in the lines menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Select Traces to check

Deselect All

New ¥ Edit Name

Edit Comment

Edit Margin

Value

Insert Value Above

Delete Value

Save Limit Line

Edit same contents as
New Limit Line menu

Copyto ¥ same contents as
New Limit Line menu

Delete

Display Lines # Display Line 1

Display Line 2

Frequency Line 1

Frequency Line 2

Time Line 1

Time Line 2

Select Traces to check

Opens the Select Traces to Check dialog box to activate the selected limit line for a trace. One
limit line can be activated for several traces simultaneously. For details see also "To
activate/deactivate a limit line" on page 4.114 .

This softkey is available from firmware version 1.10.

= Remote: CALC:LIM2:TRAC 3
= Remote: CALC:LIM:STAT ON

1300.2519.12 4116 E-12



R&S FSL Using Limit Lines and Display Lines - LINES Key

Deselect All

Deactivates the selected limit line for all assigned traces. For details see also "To
activate/deactivate a limit line" on page 4.114 .

This softkey is available from firmware version 1.10.

= Remote: CALC:LIM: STAT OFF

New

Opens the Edit Limit Line dialog box and a submenu to define a new limit line. For details see
also "Limit Lines" on page 4.115 and "To select a limit line" on page 4.112.

This softkey is available from firmware version 1.10.

Edit Name

Sets the focus on the Name field to enter or change the limit line name. A maximum of 8
characters is permitted for each name. All names must be compatible with the Windows XP
conventions for file names. The limit line data are stored under this name. The instrument stores
all limit lines with LIM as extension.

This softkey is available from firmware version 1.10.

= Remote: CALC:LIM3:NAME "GSM1

Edit Comment

Sets the focus on the Comment field to enter or change a comment for the limit line. The text
must not exceed 40 characters.

This softkey is available from firmware version 1.10.

= Remote: CALC:LIM5:COMM 'Upper limit for spectrum'

Edit Margin

Sets the focus on the Margin field to enter or change a margin for the limit line. The default
setting is 0 dB (i.e. no margin).

This softkey is available from firmware version 1.10.

Value

Opens an edit dialog box to change an existing x or y value, depending on the selected column.
The softkey is only available if an existing value is selected.

The desired data points are entered in ascending order (two repeated frequencies/time values
are permitted).

This softkey is available from firmware version 1.10.

= Remote: CALC:LIM3:CONT:DATA 1MHz, 3MHz, 30MHz
= Remote: CALC:LIM3:UPP:DATA -10,0,0
= Remote: CALC:LIM3:LOW:DATA -30,-40,-40
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Bluetooth mode (Bluetooth Measurements option, K8)

The Bluetooth mode requires an instrument equipped with the corresponding optional software. This
mode provides measurements to test the conformity of signal sources to the Bluetooth RF Test
Specifications. For details refer to "Bluetooth Measurements (Option K8)" on page 4.149.

Cable TV Analyzer mode (Cable TV Measurements option, K20)

The Cable TV Analyzer mode requires an instrument equipped with the corresponding optional
software. This mode provides ready-made measurements for analog and digital TV signals where most
of the parameters are set automatically. For details refer to "Cable TV Measurements (Option K20)" on
page 4.192.

Noise mode (Noise Figure Measurements option, K30)

The Noise mode requires an instrument equipped with the corresponding optional software. This mode
provides accurate and flexible noise measurement functions. For details refer to "Noise Figure
Measurements Option (K30)" on page 4.235.

3G FDD BTS mode (3GPP Base Station Measurements option, K72)

The 3G FDD BTS mode requires an instrument equipped with the corresponding optional software.
This mode provides test measurements for WCDMA downlink signals (base station signals) according
to the test specification. For details refer to "3GPP Base Station Measurements (Option K72)" on page
4.258.

CDMA2000 BTS Analyzer mode (CDMA2000 Base Station Measurements option,
K82)

The CDMA2000 BTS Analyzer mode requires an instrument equipped with the corresponding optional
software. This mode provides test measurements on forward link signals (base station) according to the
3GPP2 Standard (Third Generation Partnership Project 2). For details refer to "CDMA2000 BTS
Analyzer (Option K82)" on page 4.282.

1xEV-DO BTS Analyzer mode (1xEV-DO Base Station Measurements option, K84)

The 1xEV-DO BTS Analyzer mode requires an instrument equipped with the corresponding optional
software. This mode provides test measurements on forward link signals (base station) according to the
3GPP2 Standard (Third Generation Partnership Project 2). For details refer to "1xEV-DO BTS Analyzer
(Option K84)" on page 4.340.

WLAN mode (WLAN TX Measurements option, K91/K91n)

The WLAN mode requires an instrument equipped with the corresponding optional software. This mode
provides Wireless LAN TX measurement functions according to IEEE 802.11 a, b, g, j and n standards.
For details refer to "WLAN TX Measurements (Option K91 / K91n)" on page 4.391.

WiMAX mode (WiMAX IEEE 802.16 OFDM, OFDMA Measurements option, K92/K93)

The WIMAX mode requires an instrument equipped with the WiMAX IEEE 802.16 OFDM, OFDMA
Measurements option (R&S FSL-K93). This mode provides WiMAX and WiBro measurement functions
according to |IEEE standards 802.16-2004 OFDM and 802.16e-2005 OFDMA/WiBro. It includes the
WIMAX 802.16 OFDM Measurements option (R&S FSL-K92). For details refer to "WiMAX, WiBro
Measurements (Options K92/K93)" on page 4.423.
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Measurement Mode Menus - MENU Key

The MENU key provides a quick access to the menu of the current measurement mode. For details on
measurement modes refer to "Measurement Mode Selection - MODE Key" on page 4.120.

To access the main menu of an active measurement mode
» Press the MENU key.
The menu of the current measurement mode is displayed.

If the tracking generator, the power meter, and the spectrogram are available in the current
measurement mode, softkeys for these functions are also provided In the Spectrum Analyzer
mode with active acoustic monitoring, the softkey Marker Demod Volume to control the volume
control for acoustic monitoring is displayed.

Menu and softkey description
"Optional softkeys of the menu menu" on page 4.122

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Optional softkeys of the menu menu

Apart from the softkeys of the current measurement mode, the following optional softkeys are available
in the menu menu. It is possible that the basic unit does not provide all these softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command

Tracking Generator

Power Meter

Spectrogram

Marker Demod Volume

Tracking Generator (models 13, 16 and 28)

Displays the menu of the Tracking Generator measurement mode. For details refer to
"Tracking Generator (Models 13, 16 and 28)" on page 4.125.

Power Meter (Power Sensor Support option, K9)

Displays the menu of the Power Meter measurement mode. For details refer to "Power Meter
(Option K9)" on page 4.176.

Spectrogram (Spectrogram Measurement option, K14)

Displays the menu of the Spectrogram Measurement option. For details refer to "Spectrogram
Measurement (Option K14)" on page 4.181.
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Models and Options

This section describes models and firmware options that are not included in the basic unit configuration.
If hardware options are controlled via the firmware, the provided softkeys are described in the
corresponding menu section. The information, with which special option or model these softkeys are
supplied, is delivered in the corresponding softkey description.

A list of all available hardware and firmware options is provided on CD-ROM. To check the options your
instrument provides, refer to the Quick Start Guide, chapter 2 "Preparing for Use". For details on
models and firmware options refer to the following sections:

e "Tracking Generator (Models 13, 16 and 28)" on page 4.125

¢ "Analog Demodulation (Option K7)" on page 4.131

e "Bluetooth Measurements (Option K8)" on page 4.149

e "Power Meter (Option K9)" on page 4.176

e "Spectrogram Measurement (Option K14)" on page 4.181

e "Cable TV Measurements (Option K20)" on page 4.192

¢ "Noise Figure Measurements Option (K30)" on page 4.235

e "3GPP Base Station Measurements (Option K72)" on page 4.258
e "CDMA2000 BTS Analyzer (Option K82)" on page 4.282

e "1XEV-DO BTS Analyzer (Option K84)" on page 4.340

e "WLAN TX Measurements (Option K91 / K91n)" on page 4.391

e "WIMAX, WiBro Measurements (Options K92/K93)" on page 4.423
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Tracking Generator (Models 13, 16 and 28)

During operation the tracking generator emits a signal exactly at the input frequency of the R&S FSL.

The tracking generator can be used in all measurement modes. Acquisition of test setup calibration
values (see Source Cal softkey) and normalization using these correction values (see Normalize
softkey) is only possible in the tracking generator measurement mode. For details on measurement
modes refer to "Measurement Mode Selection - MODE Key" on page 4.120.

FFT filters (for details see "To choose the appropriate filter type" on page 4.17) are not available if the
tracking generator is active.

For measurements with running tracking generator it is recommended to set the start frequency to 3 x
resolution bandwidth in order to meet the data sheet accuracy.

The RF characteristics of some DUTs are especially sensitive concerning the input
@ VSWR. In such cases insertion of 10-20 dB attenuation between the DUT and the

tracking generator output is recommended.

To open the tracking generator menu
1. Press the MENU key.
2. Press the Tracking Generator softkey.

The tracking generator menu is displayed.

Menu and softkey description
"Softkeys of the tracking generator menu" on page 4.127

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"Transmission measurement" on page 4.126
"Reflection measurement" on page 4.126

"Calibration mechanism" on page 4.126

Tasks

— To calibrate for transmission and reflection measurement

To calibrate for transmission and reflection measurement

Prerequisite: The instrument is in tracking generator measurement mode (for details refer to
"Measurement Mode Selection - MODE Key" on page 4.120).

1. Press the Source Power softkey to enter the generator output level.

If the tracking generator is off, it is switched on.
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To enter a constant level offset for the tracking generator, press the Power Offset softkey.
Press the Source Cal softkey to open the submenu for calibration.
To record a reference trace for transmission measurement, press the Cal Trans softkey.

The recording of the reference trace and the completion of the calibration sweep are indicated
by message boxes.

5. Torecord a reference trace for reflection measurement, press the Cal Refl Short or Cal Refl Open
softkey.

The recording of the reference trace and the completion of the calibration sweep are indicated
by message boxes.

Press the Normalize softkey to switch on the normalization.
Press the Ref Value Position softkey to display the reference line.

Press the Ref Value softkey to enter a value to shift the reference line.

© © N o

Press the Recall softkey to restore the settings used for source calibration.

Transmission measurement

This measurement will yield the transmission characteristics of a two-port network. The built-in tracking
generator serves as a signal source. It is connected to the input connector of the DUT. The input of the
R&S FSL is fed from the output of the DUT. A calibration can be carried out to compensate for the
effects of the test setup (e.g. frequency response of connecting cables).

GEN OUTPUT —— DUT —— RFINPUT

Fig. 4-8: Test setup for transmission measurement

Reflection measurement

Scalar reflection measurements can be carried out by means of a reflection-coefficient measurement
bridge.

GENOUTPUT ————— Bridge ——— RFINPUT

DUT

Fig. 4-9: Test setup for reflection measurement

Calibration mechanism

Calibration means a calculation of the difference between the currently measured power and a
reference curve, independent of the selected type of measurement (transmission/reflection). The
hardware settings used for measuring the reference curve are included in the reference dataset.

Even with normalization switched on, the device settings can be changed in a wide area without
stopping the normalization. This reduces the necessity to carry out a new normalization to a minimum.
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For this purpose the reference dataset (trace with 501 measured values) is stored internally as a table
of 501 points (frequency/level).

Differences in level settings between the reference curve and the current device settings are taken into
account automatically. If the span is reduced, a linear interpolation of the intermediate values is applied.
If the span increases, the values at the left or right border of the reference dataset are extrapolated to
the current start or stop frequency, i.e. the reference dataset is extended by constant values.

An enhancement label is used to mark the different levels of measurement accuracy. This
enhancement label is displayed at the right diagram border if normalization is switched on and a
deviation from the reference setting occurs. Three accuracy levels are defined:

Table 4-8: Measurement accuracy levels

Accuracy Enhancement label Reason/Limitation
high NOR no difference between reference setting and measurement
medium APX (approximation) change of the following settings:

coupling (RBW, VBW, SWT)

reference level, RF attenuation

start or stop frequency

output level of tracking generator

detector (max. peak, min. peak, sample, etc.)
change of frequency:

max. 501 points within the set sweep limits (corresponds to a doubling of the span)

- Aborted normalization more than 500 extrapolated points within the current sweep limits (in case of span
doubling)

value the R&S FSL operates without overrange reserve, i.e. the R&S FSL is in danger
of being overloaded if a signal is applied whose amplitude is higher than the reference
line. In this case, either the message OVLD for overload or IFOVL for exceeded
display range (clipping of the trace at the upper diagram border = overrange) is
displayed in the status line.

At a reference level of -10 dBm and at a tracking generator output level of the same

Overloading can be avoided as follows:

e Reducing the output level of the tracking generator (Source Power softkey in the tracking
generator menu)

e Increasing the reference level (Ref Level softkey in the amplitude menu)

Softkeys of the tracking generator menu

The following table shows all softkeys available in the tracking generator menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

For the description of the other main softkeys refer to "Optional softkeys of the menu menu" on page
4.122.
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Menu / Command Command
Source On/Off
Source Power
Power Offset
Source Cal ¥ Cal Trans

Cal Refl Short

Cal Refl Open
Normalize

Ref Value Position
Ref Value

Recall

Source On/Off

Switches the tracking generator on or off. Default setting is off.

If the tracking generator is switched off, the corresponding hardware settings and the
normalization are discarded. To switch off the tracking generator but keep the hardware settings
and the normalization, enter -400 dBm into the edit dialog box displayed by pressing the Source
Power softkey.

= Remote: OUTP:STAT ON

Source Power

Opens an edit dialog box to enter a tracking generator output power. The default output power is
-20 dBm for the R&S FSL3/6 and -30 dBm for the R&S FSL18. For the R&S FSL3/6, the
minimum output level depends on which frontend is built in the instrument. You can check the
type of frontend in your R&S FSL via the Hardware Info dialog in the Setup menu.

Frontend Variant Min. Tracking Generator Output Level

1300.3009.03 -20 dBm
1300.3609.04 -20 dBm
1300.3609.06 -50 dBm

For the R&S FSL18, the minimum output level is always -30 dBm.
The range is also specified in the data sheet.

Additionally, the value -400 dBm is available to switch off the tracking generator but keep the
hardware settings.

If the tracking generator is off, it is automatically switched on if an output power value is entered.
For details on switching on or off refer to the Source On/Off softkey.

= Remote: SOUR: POW -20dBm
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Power Offset

Opens an edit dialog box to enter a constant level offset for the tracking generator. Values from -
200 dB to +200 dB in 1 dB steps are allowed. The default setting is 0 dB. Offsets are indicated
by the enhancement label LVL.

With this offset for example attenuators or amplifiers at the output connector of the tracking
generator can be taken into account for the displayed output power values on screen or during
data entry. Positive offsets apply to an amplifier and negative offsets to an attenuator
subsequent to the tracking generator.

= Remote: SOUR: POW:0OFFS -10dB

Source Cal

Opens a submenu to configure calibration for transmission and reflection measurement. For
details on the test setups see "Transmission measurement" on page 4.126 and "Reflection
measurement" on page 4.126.

Cal Trans

Starts a sweep that records a reference trace. This trace is used to calculate the difference for
the normalized values.

= Remote: CORR:METH TRAN

Cal Refl Short

Starts a sweep as reference trace for short-circuit calibration.

If both calibrations (open circuit, short circuit) are carried out, the calibration curve is calculated
by averaging the two measurements and stored in the memory. The order of the two calibration
measurements is free.

= Remote: CORR:METH REFL

Cal Refl Open

Starts a sweep as reference trace the open-circuit calibration.

If both calibrations (open circuit, short circuit) are carried out, the calibration curve is calculated
by averaging the two measurements and stored in the memory. The order of the two calibration
measurements is free.

= Remote: CORR:COLL OPEN

Normalize

Switches the normalization on or off. The softkey is only available if the memory contains a
reference trace. For details on normalization see "Calibration mechanism" on page 4.126.

= Remote: CORR ON
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Ref Value Position

Switches the reference line on or off. The reference line marks the reference position at which
the normalization result (calculated difference with a reference trace) is displayed. For details on
the reference line see "Calibration mechanism" on page 4.126.

= Remote: DISP:WIND:TRAC:Y:RPOS 10PCT

Ref Value

Opens an edit dialog box to enter a position value that shifts the reference line vertically. By
default the reference line corresponds to a difference of 0 dB between the currently measured
trace and the reference trace.

If, e.g. after a source calibration, a 10 dB attenuation is inserted into the signal path between
DUT and R&S FSL input, the measurement trace will be moved by 10 dB down. Entering a
reference value of -10 dB will shift the reference line also by 10 dB down and place the
measurement trace on the reference line. The deviation from the nominal power level can be
displayed with higher resolution (e.g. 1 dB/div). The power is still displayed in absolute values.

= Remote: DISP:WIND:TRAC:Y:RVAL -10dB

Recall

Restores the settings that were used during source calibration. This can be useful if device
settings were changed after calibration (e.g. center frequency, frequency deviation, reference
level, etc).

= Remote: CORR:REC
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Analog Demodulation (Option K7)

The digital signal processing in the R&S FSL, used in the analyzer mode for digital IF filters, is also
ideally suited for demodulating AM, FM, or PM signals. The firmware option R&S FSL-K7 provides the
necessary measurement functions.

The R&S FSL is equipped with a demodulator that is capable of performing AM, FM, and PM
demodulation at a time. Additionally maximum, minimum and average or current values can be
obtained parallelly over a selected number of measurements.

By sampling (digitization) already at the IF and digital down-conversion to the baseband (1/Q), the
demodulator achieves maximum accuracy and temperature stability. There is no evidence of typical
errors of an analog down-conversion and demodulation like AM to FM conversion and vice versa,
deviation error, frequency response or frequency drift at DC coupling.

This option is available from firmware version 1.10.

To open the analog demodulation menu

» If the Analog Demodulation mode is not the active measurement mode, press the MODE key and
activate the Analog Demodaulation option.

» If the Analog Demodulation mode is already active, press the MENU key.

The analog demodulation menu is displayed. If the tracking generator (models 13, 16 and 28) or the
power meter (option Power Sensor Support, K9) is available, softkeys for these functions are also
provided.

Menu and softkey description

— "Softkeys of the analog demodulation menu" on page 4.134

— "Softkeys of the frequency menu (Analog Demodulation mode)" on page 4.141
— "Softkeys of the span menu (Analog Demodulation mode)" on page 4.142

— "Softkeys of the amplitude menu (Analog Demodulation mode)" on page 4.143
— "Softkeys of the bandwidth menu (Analog Demodulation mode)" on page 4.145
— "Softkeys of the sweep menu (Analog Demodulation mode)" on page 4.146

— "Softkeys of the trigger menu (Analog Demodulation mode)" on page 4.147

Apart from the power measurement menu that is not available in the Analog Demodulation mode, all
other menus are provided as described for the base unit. For details refer to the corresponding menu
descriptions.

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Circuit description - block diagrams" on page 4.132
— "Demodulation bandwidth" on page 4.133

— "AF trigger" on page 4.133

— "Stability of measurement results" on page 4.133

— "Sample rate, measurement time and trigger offset" on page 4.133
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Circuit description - block diagrams

The software demodulator runs on the main processor of the analyzer. The demodulation process is
shown in Fig. 4-10: Block diagram of software demodulator. All calculations are performed
simultaneously with the same 1/Q data set. Magnitude (= amplitude) and phase of the complex 1/Q pairs
are determined. The frequency result is obtained from the differential phase.

For details on the analyzer signal processing refer to chapter "Remote Control - Commands", section
"TRACe:1Q Subsystem".
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Fig. 4-10: Block diagram of software demodulator

The AM DC, FM DC and PM DC raw data of the demodulators is fed into the Trace Arithmetic block
that combines consecutive data sets. Possible trace modes are: Clear Write, Max Hold, Min Hold and
Average (for details refer to section "Trace mode overview" on page 4.36). The output data of the Trace
Arithmetic block can be read via remote control.

The collected measured values are evaluated by the selected detector (for details refer to chapter
"Instrument Functions", section "Detector overview". The result is displayed on the screen and can be
read out via remote control.

In addition, important parameters are calculated:

e A counter determines the modulation frequency for AM, FM, and PM.
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e average power = carrier power (RF power)
e average frequency = carrier frequency offset (FM)
e The modulation depth or the frequency or phase deviation is displayed.

e AC coupling is possible with FM and PM display. The deviations are determined from the trace
data. +Peak, -Peak, 72 Peak-Peak and RMS are displayed.

Demodulation bandwidth

The demodulation bandwidth is not the 3 dB bandwidth but the useful bandwidth which is distortion-free
with regard to phase and amplitude.

Therefore the following formulas apply:

e AM: demodulation bandwidth > 2 x modulation frequency

e FM: demodulation bandwidth > 2 x (frequency deviation + modulation frequency)

e PM: demodulation bandwidth > 2 x modulation frequency x (1 + phase deviation)

demodulation bandwidth must be selected larger by the carrier offset, in addition to
the requirement described above. This also applies if FM or PM AC coupling has been
selected.

If the center frequency of the analyzer is not set exactly to the signal frequency, the

In general, the demodulation bandwidth should be as narrow as possible to improve the S/N ratio. The
residual FM caused by noise floor and phase noise increases dramatically with the bandwidth,
especially with FM.

AF trigger

The analog demodulation option allows triggering to the demodulated signal. The display is stable if a
minimum of five modulation periods are within the recording time.

Triggering is always DC-coupled. Therefore triggering is possible directly to the point where a specific
carrier level, phase or frequency is exceeded or not attained.

Stability of measurement results

Despite amplitude and frequency modulation, the display of carrier power and carrier frequency offset is
stable.

This is achieved by a digital filter which sufficiently suppresses the modulation, provided, however, that
the measurement time is > 3 x 1/ modulation frequency, i.e. that at least three periods of the AF signal
are recorded.

The mean carrier power for calculating the AM is also calculated with a digital filter that returns stable
results after a measurement time of > 3 x 1 / modulation frequency, i.e. at least three cycles of the AF
signal must be recorded before a stable AM can be shown.

Sample rate, measurement time and trigger offset

Depending on the sample rate, the maximum demodulation bandwidths listed in the table can be
obtained during the measurement. The permissible value range of the measurement time and trigger
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offset depends on the selected demodulation bandwidth. If the AF filter or the AF trigger are not active,
the measurement time enlarges by 20%.

Demod. Sample rate Measurement time Trigger offset
bandwidth
Min. Max. with Max. with Min. Max.

AF filter or | AF filter and

AF trigger | AF trigger

active deactive
18 MHz 32 MHz 31.25ns 12.5ms 15 ms -12.5ms 507.9 ms
10 MHz 32 MHz 31.25ns 12.5ms 15 ms -12.5ms 507.9 ms
8 MHz 16 MHz 62.5ns 25ms 30 ms -25ms 1.015s
5 MHz 8 MHz 125 ns 50 ms 60 ms -50 ms 2.031s
3 MHz 4 MHz 250 ns 100 ms 120 ms -100 ms 4.063 s
1.6 MHz 2 MHz 500 ns 200 ms 240 ms -200 ms 8.126 s
800 kHz 1 MHz 1ups 400 ms 480 ms -400 ms 16.25 s
400 kHz 500 kHz 2 us 800 ms 960 ms -800 ms 3250s
200 kHz 250 kHz 4 us 16s 1.92s -16s 65.00 s
100 kHz 125 kHz 8 us 3.2s 3.84s -3.2s 130.0s
50 kHz 62.5 kHz 16 ps 6.4s 7.68s -6.4s 260.0s
25 kHz 31.25 kHz 32 us 128s 15.36 s -12.8s 520.0s
12.5 kHz 15.625 kHz 64 s 256s 30.72s -256s 1040 s
6.4 kHz 7,8125 kHz 128 us 512s 61.44 s -51.2s 2080 s
3.2 kHz 3,90625 kHz 256 pus 102.4 s 122.88 s -102.4 s 4160 s
1.6 kHz 1,953125 kHz 512 us 204.8 s 24576 s -204.8 s 8321s
800 Hz 976,5625 Hz 1.024 ms 409.6 s 491.52's -409.6 s 16643 s
400 Hz 488,28125 Hz 2.048 ms 819.2s 983.04 s -819.2s 33287 s
200 Hz 244,140625 Hz 4.096 ms 1638.4 s 1966.08 s -1638.4 s 66574 s
100 Hz 122,0703125 Hz 8.192 ms 3276.8 s 3932.16 s -3276.8 s 133148 s

Softkeys of the analog demodulation menu

The following table shows all softkeys available in the analog demodulation menu. It is possible that
your instrument configuration does not provide all softkeys. If a softkey is only available with a special
option, model or (measurement) mode, this information is delivered in the corresponding softkey
description.

Menu / Command Submenu / Command Command
Modulation AM/FM/PM
Result Display AF Time Domain

AF Spectrum

RF Time Domain

RF Spectrum

Select Trace
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Menu / Command Submenu / Command Command
Diagram Full Size
Demod BW
Meas Time
AF Range ¥ Dev per Division/dB per Division
Reference Position
Reference Value
Deviation Lin/Log
Demod Settings # AF Coupling AC/DC
AF Filter ¥ Low Pass AF Filter
High Pass AF Filter
Deemphasis
Zero Phase Reference Point
Phase Wrap On/Off
Phase Unit Rad/Deg
More ¥
Zoom

Modulation AM/FM/PM

Selects the display of demodulated AM, FM, or PM signal. In single sweep mode, the data is
determined from the current I/Q data set, i.e. a change to AM/FM/PM does not trigger a new
measurement.

If FM is selected, the average value of the demodulated signal is mapped depending on the AF
Coupling AC/DC softkey setting.

= Remote: CALC:FEED 'XTIM:FM'

Result Display

Opens a submenu to select the measurement result to be displayed. The RF or AF signal in the
zero span or the RF or AF frequency spectrum determined via FFT can be selected for display.

In order to display the measurement results, the screen is divided in two halves. In the upper
half, the measurement results are displayed as a trace. In the lower half the results of additional
evaluation functions are shown.

All displays are determined from the I/Q data set recorded for the measurement. In single sweep
mode, the single data set recorded can be evaluated in all displays simply by switching the
result display.

AF Time Domain

Selects the AF display in zero span, calculated from the AM, FM, or PM signal.

= Remote: CALC:FEED 'XTIM:FM'
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AF Spectrum

Selects the display of the AF spectrum. The AF spectrum can be calculated from the AM, FM, or
PM signal in zero span.

= Remote: CALC:FEED 'XTIM:FM:AFSP'

RF Time Domain

Selects the display of the RF signal in zero span. In contrast to normal analyzer operation, the
level values are determined from the recorded I/Q data set as root-mean-square values.

The softkey is not available if the RF spectrum display is selected.

= Remote: CALC:FEED 'XTIM:RFP'

RF Spectrum

Selects the display of the RF signal in span > 0. In contrast to normal spectrum analyzer
operation, the measured values are determined using FFT from the recorded I/Q data set.

= Remote: CALC:FEED 'XTIM:SPECTRUM'

Select Trace

Opens an edit dialog box to enter the number of the trace for which the data is to be displayed in
the lower half of the screen. Only activated traces can be selected.

Diagram Full Size

Switches the diagram to full screen size.

= Remote: DISP:SIZE LARG

Demod BW

Opens an edit dialog box to enter the demodulation bandwidth of the analog demodulation. The
demodulation bandwidth determines the sampling rate for recording the signal to be analyzed.
For details on the relation between demodulation bandwidth and sampling rate refer to "Sample
rate, measurement time and trigger offset" on page 4.133.

= Remote: BAND:DEM 1MHz

Meas Time

Opens an editor for entering the measurement time of the analog demodulation. For details on
the measurement time values refer to "Sample rate, measurement time and trigger offset" on
page 4.133.

= Remote: ADEM:MTIM 62.5US
= Remote: SWE:TIME 10s
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AF Range

Opens a submenu for determining the diagram scaling for AF displays.

The range for RF displays is set via the amplitude menu. For details refer to "Setting the Level
Display and Configuring the RF Input - AMPT Key" on page 4.13.

Dev per Division

Opens an edit dialog box to set the modulation depth or the phase or frequency deviation per
division:

AM display: 0.0001% to 1000%

FM display: 1 Hz/div to 1 MHz/div

PM display: 0.0001 rad/div to 1000 rad/div

The softkey is not available if logarithmic display is set (Deviation Lin/Log softkey).

= Remote: DISP:WIND:TRAC:Y:PDIV 50kHz

dB per Division

Opens an edit dialog box to set the modulation depth or the FM or PM deviation to be displayed
in the range 0.1 dB/div to 20 dB/div.

The softkey is not available if linear display is set (Deviation Lin/Log softkey).

= Remote: DISP: TRAC:Y:PDIV 5DB

Reference Position

Determines the position of the reference line for the modulation depth or the phase or frequency
deviation on the y-axis of the diagram. By default, this line is set to 0.

The position is entered as a percentage of the diagram height with 100 % corresponding to the
upper diagram border. The default setting is 50 % (diagram center) for the display of the AM,
FM, or PM signal, and 100% (upper diagram border) for the AF spectrum display of the AM, FM,
or PM signal.

= Remote: DISP: TRAC:Y:RPOS 50PCT

Reference Value

Determines the modulation depth or the frequency or phase deviation at the reference line of the
y-axis. The reference value is set separately for each display of the AM, FM, and PM signal and
the AF spectrum of the AM, FM, and PM signal.

— AM/FM/PM signal display

The trace display takes individual frequency/phase offsets into account (in contrast, the AF
Coupling AC/DC softkey permits automatic correction by the average frequency/phase offset
of the signal, and can therefore not be activated simultaneously).

Possible values: 0 and £ 10000% (AM), 0 and = 10 MHz (FM), 0 and = 10000 rad (PM).
—  AF spectrum display of the AM/FM/PM signal

In the default setting, the reference value defines the modulation depth or the FM/PM deviation
at the upper diagram border.
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Possible values: 0 and 10000% (AM), 0 and 10 MHz (FM), 0 and 10000 rad (PM).

= Remote: DISP: TRAC:Y:RVAL 0HZ

Deviation Lin/Log

Switches between logarithmic and linear display of the modulation depth or the frequency or
phase deviation.

= Remote: DISP: TRAC:Y:SPAC LOG

Demod Settings

Opens a submenu for the demodulation settings.

AF Coupling AC/DC

Controls the automatic correction of the frequency offset and phase offset of the input signal:
— FM signal display

If DC is selected, the absolute frequency is displayed, i.e. an input signal with an offset relative
to the center frequency is not displayed symmetrically with respect to the zero line.

If AC is selected, the frequency offset is automatically corrected, i.e. the trace is always
symmetric with respect to the zero line.

— PM signal display

If DC is selected, the phase runs according to the existing frequency offset. In addition, the DC
signal contains a phase offset of +r.

If AC is selected, the frequency offset and phase offset are automatically corrected, i.e. the
trace is always symmetric with respect to the zero line.

The softkey is not available with the AF spectrum display of the FM or PM signal.

= Remote: ADEM:AF:COUP DC

AF Filter

Opens a submenu to select the appropriate filters. The bandwidth of the demodulated signal can
be reduced by high pass or low pass filters and also a de-emphasis can be switched on. The
selected filters are used for AM, FM and PM demodulation in common. Individual settings are
not possible.

Low Pass AF Filter

Opens the Low Pass AF Filter dialog box to select the filter type. Relative and absolute low
pass filter are available.

— Relative low pass filters:

The filters (3 dB) can be selected in % of the demodulation bandwidth. The filters are designed
as 5th-order Butterworth filter (30 dB/octave) and active for all demodulation bandwidths.

— Absolute low pass filters:
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The filter are indicated by the 3 dB cutoff frequency. The 3 kHz and 15 kHz filters are designed
as 5th-order Butterworth filter (30 dB/octave). The 150 kHz filter is designed as 8th-order
Butterworth filter (48 dB/octave).

The absolute low pass filters are active in the following demodulation bandwidth range:
3 kHz: 6.4 kHz < demodulation bandwidth < 4 MHz

15 kHz: 50 kHz < demodulation bandwidth < 16 MHz
150 kHz: 400 kHz < demodulation bandwidth < 16 MHz

= Remote: FILT:LPAS ON
= Remote: FILT:LPAS:FREQ 150kHz
= Remote: FILT:LPAS:FREQ 25PCT

High Pass AF Filter

Opens the High Pass AF Filter dialog box to switch on a high pass filter with the given limit to

separate the DC component. The filters are indicated by the 3 dB cutoff frequency. The filters
are designed as 2nd-order Butterworth filter (12 dB/octave).

The high pass filters are active in the following demodulation bandwidth range:

50 Hz: 200 Hz < demodulation bandwidth < 4 MHz

A

300 Hz: 800 Hz < demodulation bandwidth < 16 MHz

= Remote: FILT:HPAS ON
= Remote: FILT:HPAS:FREQ 300Hz

Deemphasis

Opens the Deemphasis dialog box to switch on a deemphasis with the given time constant.

The deemphasis is active in the following demodulation bandwidth range:

25 pus: 25 kHz < demodulation bandwidth < 18 MHz
50 ps: 6.4 kHz < demodulation bandwidth < 18 MHz
75 ys: 6.4 kHz < demodulation bandwidth < 18 MHz
750 us: 800 Hz < demodulation bandwidth < 4 MHz

The following table shows the required demodulation bandwidth for an error less than 0.5 dB up
to a maximum AF frequency.

deemphasis 25 us 50 us 75 us 750 us
max. AF frequency 25 kHz 12 kHz 8 kHz 800 Hz
required demodulation bandwidth > 200 kHz > 100 kHz | > 50 kHz > 6.4 kHz

For higher AF frequencies the demodulation bandwidth must be increased.
= Remote: FILT:DEMP ON
= Remote: FILT:DEMP: TCON 750us
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Zero Phase Reference Point

Defines the position at which the phase of the PM-demodulated signal is set to 0 rad. The entry
is made with respect to time. In the default setting, the first measured value is set to 0 rad.

This softkey is only available in the PM display with DC coupling.

= Remote: ADEM: PM:RPO 500us

Phase Wrap On/Off

Activates/deactivates the phase wrap.

On  The phase will be displayed in the range +180° (/7 ). For example, if the phase
exceeds +180°, 360° is subtracted from the phase value, with the display thus
showing >-180°.

Off The phase will not be wrapped.
This softkey in available in the PM signal displays.

= Remote: CALC: FORM PHAS

Phase Unit Rad/Deg

Sets the phase unit to rad or deg for displaying PM signals.

= Remote: UNIT:ANGL RAD

Zoom

Activates or deactivates the zoom function. The zoom function is not available if the number of
measurement points falls below 501.

activated: A 1-to-1 allocation is selected, i.e. each measurement point corresponds to a
measured value. The start of the zoom window can be determined in the
associated field by entering the time.

deactivated: If more measured values than measurement points are available, several
measured values are combined in one measurement point according to the
method of the selected trace detector. For details on detectors refer to
"Detector overview" on page 4.38.

= Remote: ADEM: ZOOM ON
= Remote: ADEM: ZOOM: STARt 30US
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Softkeys of the frequency menu (Analog Demodulation mode)

The following table shows all softkeys available in the frequency menu in Analog Demodulation mode
(FREQ key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command Command

Center

CF Stepsize % 0.1*Span/0.1*Demod BW
0.5*Span/0.5*Demod BW
x*Span/x*Demod BW
=Center
Manual

AF Center

AF Start

AF Stop

Center

For details refer to the Center softkey in the frequency menu of the base unit.

CF Stepsize

For details refer to the CF Stepsize softkey in the frequency menu of the base unit.

0.1*Span (RF Spectrum)

For details refer to the 0.1*Span softkey in the frequency menu of the base unit.

0.1*Demod BW (AF/RF Time Domain, AF Spectrum)

For details see 0.1*RBW softkey in the frequency menu of the base unit.

0.5*Span (RF Spectrum)

For details refer to the 0.5*Span softkey in the frequency menu of the base unit.

0.5*Demod BW (AF/RF Time Domain, AF Spectrum)

For details see 0.5*RBW softkey in the frequency menu of the base unit.

x*Span (RF Spectrum)

For details refer to the x*Span softkey in the frequency menu of the base unit.
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x*Demod BW (AF/RF Time Domain, AF Spectrum)

For details see x*RBW softkey in the frequency menu of the base unit.

=Center

For details refer to the =Center softkey in the frequency menu of the base unit.

Manual

For details refer to the Manual softkey in the frequency menu of the base unit.

AF Center (AF Spectrum)

Opens an edit box to enter the center frequency within the AF spectrum.

= Remote: ADEM:AF:CENT 1MHZ

AF Start

Opens an edit box to define the start frequency within the AF spectrum.

= Remote: ADEM:AF:STAR 0HZ

AF Stop

Opens an edit box to define the stop frequency within the AF spectrum.
The maximum AF stop frequency corresponds to half the demodulation bandwidth.

= Remote: ADEM:AF:STOP 2MHZ

Softkeys of the span menu (Analog Demodulation mode)

The following table shows all softkeys available in the span menu in Analog Demodulation mode
(SPAN key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Span Manual/AF Span Manual

Demod Bandwidth

Full Span/AF Full Span

Span Manual (RF Spectrum)

If the RF spectrum display is active, values between the sampling rate/200 and the
demodulation bandwidth/2 are allowed.

For further details refer to the Span Manual softkey in the span menu of the base unit.

= Remote: ADEM: SPEC: SPAN:ZOOM 5 MHz
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AF Span Manual (AF Spectrum)

Opens an edit dialog box to enter the frequency range for the AF spectrum display. Values
between the sampling rate/1000 and the demodulation bandwidth/2 are allowed.

= Remote: ADEM:AF:SPAN 2.5 MHz

Demod Bandwidth

For details see Demod BW softkey in the analog demodulation menu.

Full Span (RF Spectrum)

If the RF spectrum display is active, the full frequency range corresponds to the demodulation
bandwidth.

For further details refer to the Full Span softkey in the span menu of the base unit.

= Remote: ADEM: SPEC: SPAN: ZOOM MAX

AF Full Span (AF Spectrum)

Sets the span to the maximum frequency range for the AF spectrum display. The maximum
frequency range corresponds to the demodulation bandwidth.

= Remote: ADEM:AF: SPAN: FULL

Softkeys of the amplitude menu (Analog Demodulation mode)

The following table shows all softkeys available in the amplitude menu in Analog Demodulation mode
(AMPT key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command Command

Ref Level

Range Log/Range Linear

AF Range ¥ Dev per Division/dB per Division

Reference Position

Reference Value

Deviation Lin/Log

Preamp On/Off

RF Atten Manual

RF Atten Auto

More ¥

Ref Level Offset

Ref Level Position

Grid Abs / Rel
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Menu / Command Command

Unit

Input 50 Q/75Q

Ref Level

For details refer to the Ref Level softkey in the amplitude menu of the base unit.

Range Log (RF result display)

This softkey is only available for the RF result display. For the RF result display, the AF Range
softkey is used.

For details refer to the Range Log softkey in the amplitude menu of the base unit.

Range Linear (RF result display)

This softkey is only available for the RF result display. For the RF result display, the AF Range
softkey is used.

For details refer to the Range Linear softkey in the amplitude menu of the base unit.

AF Range (AF result display)

For details refer to the AF Range softkey in the analog demodulation menu.

Dev per Division

For details refer to the Dev per Division softkey in the analog demodulation menu.

dB per Division

For details refer to the dB per Division softkey in the analog demodulation menu.

Reference Position

For details refer to the Reference Position softkey in the analog demodulation menu.

Reference Value

For details refer to the Reference Value softkey in the analog demodulation menu.

Deviation Lin/Log

For details refer to the Deviation Lin/Log softkey in the analog demodulation menu.
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Preamp On/Off (option RF Preamplifier, B22)

For details refer to the Preamp On/Off softkey in the amplitude menu of the base unit.

RF Atten Manual

For details refer to the RF Atten Manual softkey in the amplitude menu of the base unit.

RF Atten Auto

For details refer to the RF Atten Auto softkey in the amplitude menu of the base unit.

Ref Level Offset

For details refer to the Ref Level Offset softkey in the amplitude menu of the base unit.

Ref Level Position

For details refer to the Ref Level Position softkey in the amplitude menu of the base unit.

Grid Abs / Rel (not available with Range Linear)

For details refer to the Grid Abs / Rel softkey in the amplitude menu of the base unit.

Unit (PM AF result display)

For details refer to the Unit softkey in the amplitude menu of the base unit.

Input 50 Q /75 Q

For details refer to the Input 50 Q / 75 Q softkey in the amplitude menu of the base unit.

Softkeys of the bandwidth menu (Analog Demodulation mode)

The following table shows all softkeys available in the bandwidth menu in Analog Demodulation mode
(BW key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Res BW

Demod BW

Meas Time
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Res BW (span > 0)

Opens an edit dialog box to enter a value for the resolution bandwidth. The range is specified in
the data sheet.

= Remote: ADEM:SPEC:BAND 10 kHz

Demod BW

For details refer to the Demod BW softkey in the in the analog demodulation menu.

Meas Time

For details refer to the Meas Time softkey in the in the analog demodulation menu.

Softkeys of the sweep menu (Analog Demodulation mode)

The following table shows all softkeys available in the sweep menu in Analog Demodulation mode
(SWEEP key). It is possible that your instrument configuration does not provide all softkeys. If a softkey
is only available with a special option, model or (measurement) mode, this information is delivered in
the corresponding softkey description.

Command

Continuous Sweep

Single Sweep

Continue Sgl Sweep

Meas Time

Sweep Count

Continuous Sweep

For details refer to the Continuous Sweep softkey in the in the sweep menu of the base unit.

Single Sweep

For details refer to the Single Sweep softkey in the in the sweep menu of the base unit.

Continue Sgl Sweep

For details refer to the Continue Single Sweep softkey in the in the sweep menu of the base
unit.

Meas Time

For details refer to the Meas Time softkey in the in the analog demodulation menu.
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Bluetooth Measurements (Option K8)

This option provides measurements to test the conformity of signal sources to the Bluetooth RF Test
Specification (Bluetooth SIG). For background information on Bluetooth measurements refer to chapter
"Advanced Measurement Examples".

This option is available from firmware version 1.30.

To open the Bluetooth menu

» If the Bluetooth mode is not the active measurement mode, press the MODE key and activate the
Bluetooth option.

» If the Bluetooth mode is already active, press the MENU key.

The Bluetooth menu is displayed. .

Menu and softkey description

— "Softkeys of the Bluetooth menu" on page 4.157

— "Softkeys of the frequency menu (Bluetooth mode)" on page 4.162

— "Softkeys of the amplitude menu (Bluetooth mode)" on page 4.163

— "Softkeys of the bandwidth menu (Bluetooth mode)" on page 4.165

— "Softkeys of the sweep menu (Bluetooth mode)" on page 4.167

— "Softkeys of the trigger menu (Bluetooth mode)" on page 4.171

— "Softkeys of the measurement menu (Bluetooth mode)" on page 4.171

The span menu is not available in the Bluetooth mode. All other menus are provided as described for
the base unit. For details refer to the corresponding menu descriptions.

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"Position of a Bluetooth burst" on page 4.151

"Labels used in the measurement displays" on page 4.151

Tasks
— To adapt the settings to the characteristics of the DUT

Measurements overview

The Bluetooth Measurements option provides the following measurement types:
— "Output Power" on page 4.152

— "Adjacent Channel Power" on page 4.152

— "Modulation Characteristics" on page 4.153

— "Initial Carrier Frequency Tolerance" on page 4.154

— "Carrier Frequency Drift" on page 4.154

— "Relative Transmit Power (EDR)" on page 4.155
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— Press LAP softkey and enter the lower address part of the Bluetooth device address of the
DUT. The sync word used for the sync search will be calculated.

7. Select a measurement.
— Press the MEAS key and select the desired measurement in the softkey menu.

— Configure measurement time, measurement control and the number of measurement cycles by
pressing the corresponding softkeys. For further information refer to section "Softkeys of the
measurement menu (Bluetooth mode)" on page 4.171.

Further information

This section provides background information on measurements and displayed information.

Position of a Bluetooth burst
The RF Test Specification allows different methods to determine the position of a Bluetooth burst:
e The burst is defined by the p0 bit and the automatically determined packet length (Find Sync On).

e The burst is defined by the two 3dB points (Find Sync Off and Find Burst On). The search of the
3dB points is defined in the RF Test Specification as the alternative method compared with the p0
bit method.

) Burst length
N with FIND SYNC OFF

4 Burst length ]
(=packet length)
with FIND SYNC ON L

3dB

Fig. 4-11 Definition of a Bluetooth burst

Labels used in the measurement displays
e Enhancement label TDF

Offset values, set with the Antenna Gain softkey that are larger or smaller than 0 dB will activate the
enhancement label TDF at the right diagram border.
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Continuous

Sweep

Sweeptime

Manual

Sweeptime
Auto

Tx Channel 4.62 dBm | Number of E

ons u]
. Ad] Lower -22.14 dBm | Ad) Upper -22.26 dBm
Altl Lower 48.87 dBm | Alt1 Upper -48.37 dBm

No. of

ACP Chan

Channel
List Start

Fig. 4-13 TX Spectrum ACP measurement

The following limits are given by the RF Test Specification:

o Prx(f) < -20 dBm for [M-N| =

e Py (f) < -40 dBm for [M-N| > 3

with M = Transmit channel of the equipment under test, N = adjacent channel to be measured

A violation of these limits will be marked by red color and an asterisk (*).

Modulation Characteristics measurement

The measurement of the modulation characteristics (Modulation Char softkey) determines the
maximum frequency deviation of all 8 bit sequences of the payload.

Additionally the average value of the maximum frequency deviation of a packet will be calculated. For
this purpose the equipment under test is configured in a way that packets with bit pattern "11110000"
and "10101010" are transmitted alternately. According to the RF Test Specification this sequence has
to be repeated 10 times.

T

R

"
WWWM

Meas Time
Manual

(per bit) Meas Time

G
_ Auto
Afl (DDDDllll) 168.11 kHz 153.11 kHz 159. 7EI kHz

AfL (00 1111) 159.70 kHz| 15970 kHz| |
Af2 (D1010101) 144.40 kHz| 144.40kHz| |

Af2 J afl 0.904 0.904

Fig. 4-14 Modulation Characteristics measurement
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In-band Spurious Emissions (EDR) measurement

The measurement of the In-band Spurious Emissions (Spurious Emissions softkey) is an enhanced
data rate measurement (EDR). It verifies whether the level of unwanted signals within the used
frequency band lies below the required level. The analyzer records the signal only in those parts of the
signal in which the device transmits DPSK-modulated data.

The signal must meet the following conditions:
o Prx(f) < -20 dBm for [M-N| =
o Prx(f) < -40 dBm for |[M-N| 2
with M = transmit channel of the equipment under test, N = adjacent channel to be measured

e The adjacent channel power between 1 MHz and 1.5 MHz from the carrier (Adj500kHz Low/Upp)
shall be at least 26 dB below the maximum power of the carrier (TX Channel (Ref)).

Continous

Sweep

Adjust
Gate

EDR Spurious Emissions Status: PASSED
lE=x Channel (Ref) 1.65 dBm No. of

ACP Chan

Channel
List Start

Fig. 4-18 In-band Spurious Emissions (EDR) measurement

Carrier Frequency Stability and Modulation Accuracy (EDR) measurement

The measurement of the Carrier Frequency Stability and Modulation Accuracy (Carr Freq Stability
softkey) is an enhanced data rate measurement (EDR). It verifies that the modulation accuracy and the
frequency stability are working within the required limits. According to the RF Test Specification, the
software records 200 blocks, each with a length of 50 us for the evaluation. The number of blocks to be
recorded can be changed by the softkey Block Count.
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Packet Bytes SCO

Opens an edit dialog box to set the number of payload bytes that are transmitted in a packet.
For SCO packets, the payload length must be adjusted because those packets have no payload
header.

= Remote: CONF:BTO:PBSC 50

Power Class (Output Power)

Opens an edit dialog box to set one the Bluetooth power classes (1 to 3). The selection of the
power class determines the limits. The default setting is power class 1 (100 mW).

= Remote: CONF:BTO:PCL 3

Antenna Gain

Opens an edit dialog box to enter a level offset in order to take the gain of an antenna into
account for displaying power values. The default setting is 0 dB (see also Labels used in the
measurement displays).

= Remote: CORR:EGA:INP 10DB

Find Sync

Opens a submenu to set the signal processing functions of the analyzer in order to determine
the position of the first preamble bit pO by correlation with the sync word. For this purpose a
sufficient record length of the FM demodulated signal is necessary.

For further information refer to "Position of a Bluetooth burst" on page 4.151.

Find Sync On/Off

Activates or deactivates the search of the sync word. The default setting is activated.

The results of the modulation measurements Modulation Characteristics, Initial Carrier
Frequency Tolerance, Carrier Frequency Drift can only be calculated if the softkey is activated.
The measurement of the Output Power can be performed with either this softkey or the Find
Burst On/Off softkey activated. If both softkeys are activated, the search area for the sync word
will be limited to the area of the detected burst. If the Find Burst On/Off softkey is not activated
or no burst is identified, the total record length (search length) is investigated.

For further information refer to "Position of a Bluetooth burst" on page 4.151.

= Remote: DDEM: SEAR: SYNC ON
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LAP

Opens an edit dialog box to enter the lower 24 bit (Lower Address Part, LAP)of the Bluetooth
Device Address (BD_ADDR) of the equipment under test (EUT).

The LAP is used to calculate the 64-bit sync word. The sync word in return is used to determine
the start of a packet by correlation and to determine the position of the first preamble bit p0
using the method described in the RF Test Specification.

The values for the lower address part range from 000000h to FFFFFFh. The default setting is
0000000h.

= Remote: DDEM: SEAR:SYNC:LAP #HA3F45B

Sync Offset

Opens an edit dialog box to define the number of bits to be displayed in front of the of the first
preamble bit p0. If the sync word is identified, but the selected measurement time cannot be
displayed due to the selected sync offset, the message SYNC OFFSET INVALID is displayed.

The value range depends on the search length and the upper limit of symbols (400001 points /
symbol). The default setting for the sync offset is 0.

This softkey is only available if the Find Sync On/Off softkey is activated.

Search Length

A
\ 4

_gAccess
"\ Code 7|
Sync
Word

Header | Payload |

Sync Offset > 0 | Meas Time (User) |
Sync Offset =0 Meas Time (User) |
Sync Offset <0 Meas Time (User) |

= Remote: DDEM: SEAR: SYNC:OFFS 10

Find Burst On/Off (Output Power)

Activates the burst search if the Find Sync On/Off softkey is deactivated. Beside the
synchronization on the sync word, the Output Power measurement can perform a burst search
to evaluate the signal according to the standard.

If the Find Sync On/Off softkey is not activated and no burst is identified, the message BURST
NOT FOUND is displayed, and the corresponding bit in the STATus:QUEStionable:SYNC
register is set during remote operation.

For further information refer to "Position of a Bluetooth burst" on page 4.151.

= Remote: DDEM: SEAR: PULS OFF
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Burst Offset

Opens an edit dialog box to define the time to be displayed before the identified burst. The
values range from -10 ms to + 10 ms, with negative values moving the burst to the left, positive
values to the right. The default setting for the burst offset is 0.

If the burst is identified, but the selected measurement time cannot be displayed due to the
selected burst offset, the message BURST OFFSET INVALID is displayed.

This softkey is only available if the Find Sync On/Off softkey is deactivated and the Find Burst
On/Off softkey is activated.

Search Length

»i
<

A 4

Burst
»i
.

na

Access
Code

| Header | Payload

A

Trigger (optional)

Burst Offset > 0 Meas Time (User) |
Burst Offset = 0 Meas Time (User) |
Burst Offset < 0 Meas Time (User) |

= Remote: DDEM: SEAR: PULS:OFFS 1MS

Search Len Auto

Activates or deactivates the automatic selection of the search length for the search of the sync
word or the burst, depending on the selected packet type. The automatic search length is
determined as follows:

Trigger free run:
search length = 3 * packet length + | sync offset or burst offset |
All other trigger modes:
search length = 1 * packet length + 1 Slot + | sync offset or burst offset |

If the selected measurement time is higher than the packet length, the following difference is
added to the search length:

measurement time - packet length
In the default setting, the automatic calculation of the search length is activated.

= Remote: DDEM: SEAR: TIME : AUTO OFF
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Modulation Char

Opens a submenu to configure the Modulation Char measurement. For further details refer to
"Modulation Characteristics measurement" on page 4.153.

Remote: CONF:BTO:MEAS MCH

Remote: CALC:BTO:MCH:DF1:AVER? MIN
Remote: CALC:BTO:MCH:DF1:MAX? MIN
Remote: CALC:BTO:MCH:DF2: PERC?
Remote: CALC:BTO:MCH:RAT? MIN

11111

Init Carr Freq Tol

Opens a submenu to configure the Init Carr Freq Tol measurement. For further details refer to
"Initial Carrier Frequency Tolerance measurement" on page 4.154.

= Remote: CONF:BTO:MEAS IFCT
= Remote: CALC:BTO:ICFT? AVER

Carr Freq Drift

Opens a submenu to configure the Carr Freq Drift measurement. For further details refer to
"Carrier Frequency Drift measurement" on page 4.154.

= Remote: CONF:BTO:MEAS CFDR
= Remote: CALC:BTO:CFDR?
= Remote: CALC:BTO:CFDR:RATE?

EDR

Opens a submenu with all available enhanced data rate measurements.

Rel TX Power

Opens a submenu to configure the Rel TX Power measurement. For further details refer to
"Relative Transmit Power (EDR) measurement" on page 4.155.

Remote: CONF:BTO:MEAS RTP
Remote: CALC:BTO:RTP? MIN
Remote: CALC:BTO:RTP:GFSK? MIN
Remote: CALC:BTO:RTP:RAT? MIN

11 11

Spurious Emissions

Opens a submenu to configure the Spurious Emissions measurement. For further details refer to
"In-band Spurious Emissions (EDR) measurement" on page 4.156.

Remote: CONF:BTO:MEAS IBS
Remote: CALC:BTO:IBS?
Remote: CALC:BTO:IBS:EXC?

1111

Remote: CALC:BTO:IBS:HADJ? LOW
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Power Meter (Option K9)

For precise power measurement a power sensor is connected to the instrument via the front panel
(USB connector) or the rear panel (power sensor, option R&S FSL-B5). The Power Sensor Support
firmware option provides the power measurement functions for this test setup (see Fig. 4-21: Power
sensor support - standard test setup). Both manual operation and remote control are supported. The
functions of this firmware option are described in this section. For details on the connectors and
compatible power sensors refer to the Quick Start Guide, chapter 1, "Front and Rear Panel".

Signal Power ®
——— —
source sensor RSl

Fig. 4-21: Power sensor support - standard test setup

To open the power meter menu
1. Press the MENU key.
2. Press the Power Meter softkey.

The power meter menu is displayed.

Menu and softkey description
"Softkeys of the power meter menu" on page 4.177

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Tasks
— To zero the power meter

— To use the power meter

To zero the power meter
1. Press the Zero softkey.

A dialog box is displayed that prompts you to disconnect all signals from the input of the power
Sensor.

2. Disconnect all signals from the input of the power sensor and press ENTER to continue.
3.  Wait until zeroing is complete.

A corresponding message is displayed.

To use the power meter
1. Press the Frequency Coupling softkey to select the coupling option.

2. If you have selected the Manual coupling option, press the Frequency Manual softkey to enter the
frequency of the signal which power you want to measure.

3. Press the Unit/Scale softkey to set the unit for the power result display.
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4. If you have selected dB or % as units (relative display), define a reference value:

— To set the currently measured power as a reference value, press the Meas->Ref softkey.

— To enter a reference value, press the Reference Value softkey.

5. Press the Meas Time/Average softkey to select the measurement time. For recommendations refer
to the Meas Time/Average softkey description.

Softkeys of the power meter menu

The following table shows all softkeys available in the power meter menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

For the description of the other main softkeys refer to "Optional softkeys of the menu menu" on page

4.122.

Command

Power Meter On/Off

Frequency Manual

Frequency Coupling

Unit/Scale

Zero

Meas Time/Average

More ¥

Meas->Ref

Reference Value

Use Ref Lev Offset

Number of Readings

Ext Power Trigger

Trigger Level

Power Meter On/Off

Switches the power measurement on or off.

= Remote: PMET ON

Frequency Manual

Opens an edit dialog box to enter the frequency of the signal to be measured. The power sensor
has a memory with frequency-dependent correction factors. This allows extreme accuracy for
signals of a known frequency.

= Remote: PMET:FREQ 1GHZ
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Frequency Coupling

Opens the Frequency Coupling dialog box to select the coupling option. The frequency can be
coupled automatically to the center frequency of the instrument or to the frequency of marker 1,
or manually to a set frequency (see Frequency Manual softkey).

= Remote: PMET: FREQ:LINK CENT

Unit/Scale

Opens the Unit/Scale dialog box to select the unit with which the measured power is to be
displayed.

If dB or % is selected, the display is relative to a reference value that is defined with either the
Meas->Ref softkey or the Reference Value softkey.

= Remote: UNIT:PMET: POW DBM
= Remote: UNIT:PMET:POW:RAT DB

Zero

Starts zeroing of the power sensor. For details on the zeroing process refer to "To zero the
power meter" on page 4.176.

= Remote: CAL:PMET: ZERO:AUTO ONCE; *WAT

Meas Time/Average

Opens the Meas Time dialog box to select the measurement time or to switch to manual
averaging mode. In general, results are more precise with longer measurement times. The
following settings are recommended for different signal types to obtain stable and precise

results:

Short Stationary signals with high power (> -40dBm), because they require only a
short measurement time and short measurement time provides the highest
repetition rates.

Normal Signals with lower power or of modulated signals

Long Signals at the lower end of the measurement range (<-50 dBm) or
signals with lower power to minimize the influence of noise.

Manual Switches to manual averaging mode. The average count is set with the

Number of Readings softkey.

This parameter is available from firmware version 1.70.

= Remote: PMET:MTIM SHOR
= Remote: PMET:MTIM:AVER ON

Meas->Ref

Sets the currently measured power as a reference value for the relative display. The reference
value can also be set manually via the Reference Value softkey.

= Remote: CALC: PMET:REL:AUTO ONCE
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Reference Value

Opens an edit dialog box to enter a reference value for relative measurements in the unit dBm.

= Remote: CALC: PMET:REL -30DBM

Use Ref Lev Offset

If activated, takes the reference level offset set for the analyzer (Ref Level Offset softkey) into
account for the measured power. If deactivated, takes no offset into account.

This softkey is available from firmware version 1.50.

= Remote: PMET:ROFF OFF

Number of Readings

Opens an edit dialog box to enter the number of readings (averagings) to be performed after a
single sweep has been started. This softkey is only available if manual averaging is selected
(Meas Time/Average softkey).

The values for the average count range from 0 to 256 in binary steps (1, 2, 4, 8,...). For average
count = 0 or 1, one reading is performed. The averaging and sweep count of the trace menu are
independent from this setting.

Results become more stable with extended average, particularly if signals with low power are
measured. This setting can be used to minimize the influence of noise in the power meter
measurement.

This softkey is available from firmware version 1.70.

= Remote: PMET:MTIM:AVER:COUN 8

Ext Power Trigger

Activates the creation of a trigger signal in the power sensor. When pressing the softkey, the
following softkeys of the power meter menu become unavailable: Unit/Scale, Reference Value,
Use Ref Lev Offset and Number of Readings.

Pressing the softkey causes the transmission of the following remote commands to the power
sensor:

*RST
SENS:AVER:STAT OFF
TRIG:MAST:STAT ON
TRIG:SOUR INT
TRIG:SLOP POS
TRIG:DTIM 100e-6
INIT:CONT ON

This softkey is only available in conjunction with a NRP-Z81 power sensor.
This softkey is available from firmware version 1.90.

= Remote: SENS:PMET: TRIG ON
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Trigger Level

Opens an edit dialog box to enter the trigger level.
This softkey is only available in conjunction with a NRP-Z81 power sensor.
This softkey is available from firmware version 1.90.

= Remote: SENS:PMET: TRIG:LEV -10 dBm
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Spectrogram Measurement (Option K14)

The Spectrogram Measurement option provides a graphical view of frequency and amplitude changes
over a time interval. For display details refer to "Spectrogram view" on page 4.181.

Not all measurement types can be displayed in the Spectrogram view. If the Spectrogram Measurement
option is active and a measurement cannot be displayed in form of a spectrogram, the softkey of the
corresponding measurement is disabled.

If the Spectrogram view is active, all parameter settings set in the Spectrum Analyzer mode are kept,
and vice versa.

This option is available from firmware version 1.60.

To open the spectrogram menu
1. Press the MENU key.
2. Press the Spectrogram softkey.

The spectrogram menu is displayed.

Menu and softkey description

— "Softkeys of the spectrogram menu" on page 4.183

— "Softkeys of the sweep menu (Spectrogram view)" on page 4.185

— "Softkeys of the marker menu (Spectrogram view)" on page 4.186
— "Softkeys of the marker-> menu (Spectrogram view)" on page 4.187

All other menus are provided as described for the base unit. For details refer to the corresponding menu
descriptions.

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"Spectrogram view" on page 4.181
"Markers and marker values" on page 4.182

"Maximum number of frames" on page 4.183

Spectrogram view

The Spectrogram view is divided into two panes: the spectrum analyzer result display (upper pane) and
the spectrogram result display (lower pane).

e spectrum analyzer result display

As in Spectrum Analyzer mode, all traces are displayed and available. For trace 1, the View and
Blank trace modes are not available.

During the measurement, always the current trace is displayed.
If no measurement is running, the trace to be displayed is selected via:

— the Select Frame softkey

— the edit dialog box for markers and delta markers (MKR key, Marker 1/2/3/4 softkeys or MKR->
key, Select 1 2 3 4 A softkey)

1300.2519.12 4.181 E-12












R&S FSL

Spectrogram Measurement (Option K14)

Softkeys of the sweep menu (Spectrogram view)

The following table shows all softkeys available in the sweep menu of the Spectrogram Measurement
option (SWEEP key). It is possible that your instrument configuration does not provide all softkeys. If a
softkey is only available with a special option, model or (measurement) mode, this information is

delivered in the corresponding softkey description.

Command

Continuous Sweep Start/Stop

Single Sweep

Select Frame

Sweeptime Manual

Sweeptime Auto

Sweep Count

More ¥

Sweep Points

Continue Frame On/Off

Frame Count

Spectrogram Clear

Continuous Sweep Start/Stop

= Stops or continues the measurement in continuous sweep mode. The trace averaging is
determined by the sweep count value (for details refer to the Sweep Count softkey in the trace
menu of the base unit).
Continuous Sweep Start The measurement is stopped. Press the softkey to continue the
measurement.
Continuous Sweep Stop  The measurement is running. Press the softkey to stop the
measurement.
= Remote: INIT:CONT ON
Single Sweep

For details refer to the Single Sweep softkey in the sweep menu of the base unit.

Select Frame

Opens an edit dialog box to select the frame if no measurement is running. If the active marker
value is altered, the value of the selected frame is updated accordingly.

During a measurement, the value is fixed to 0 and this softkey is not available.

= Remote: CALC:SPEC:FRAM: SEL -10

Sweeptime Manual

For details refer to the Sweeptime Manual softkey in the sweep menu of the base unit.
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Sweeptime Auto

For details refer to the Sweeptime Auto softkey in the sweep menu of the base unit.

Sweep Count

For details refer to the Sweep Count softkey in the sweep menu of the base unit.

Sweep Points

For details refer to the Sweep Points softkey in the sweep menu of the base unit.

Continue Frame On/Off

Determines whether the results of the last measurement are deleted before starting a new
measurement.

On Repeats the single sweep measurement without deleting the spectrogram results of
the last measurement. One of the following trace modes is to be used: Max Hold, Min
Hold, Average.

Off Deletes the last measurement results before performing a single sweep
measurement.

This softkey takes effect in single sweep mode only.

= Remote: CALC:SPEC:CONT ON

Frame Count

Opens an edit dialog box to enter the number of frames to be recorded in a single sweep
measurement, whereas the Sweep Count entry determines how many sweeps are combined
according to the selected trace mode (Max Hold or Min Hold) in one trace (frame). The
maximum number of frames is determined according to "Maximum number of frames" on page
4.183.

This softkey takes effect in single sweep mode only.

= Remote: CALC:SPEC:FRAM:COUN 200

Spectrogram Clear

Deletes the spectrogram result display and the history buffer.

= Remote: CALC:SPEC:CLE

Softkeys of the marker menu (Spectrogram view)

Additional to the functionality of the base unit (for details refer to "Softkeys of the marker menu" on page
4.52), the edit dialog box for markers and delta markers is extended. For details refer to "Markers and
marker values" on page 4.182.

1300.2519.12 4.186 E-12






Spectrogram Measurement (Option K14) R&S FSL

Peak

Sets the active marker/delta marker to the highest maximum according to the selected search
type (Marker Search Type softkey).

= Remote: CALC:MARK:MAX (in x direction)

= Remote: CALC:DELT : MAX (in X direction)

= Remote: CALC:MARK: SPEC:Y :MAX (y direction)

= Remote: CALC:DELT4 : SPEC:Y :MAX (y direction)
= Remote: CALC:MARK2 : SPEC: XY :MAX (xy direction)
= Remote: CALC:DELT2:SPEC: XY :MAX (xy direction)
Next Peak

Sets the active marker/delta marker to the next maximum according to the mode selected using
the Search Mode softkey. For the XY Search (Marker Search Type softkey), this softkey is not
available.

= Remote: for search in x direction see Next Peak X Search < abs > softkey

= Remote: for search in y direction see Next Peak Y Search up/abs/dn softkey

Search Mode

Displays a submenu to define the search mode for the Next Peak and Next Min softkeys.

Next Peak X Search < abs >

Selects the mode of the Next Peak softkey, if the X Search is selected (Marker Search Type
softkey). Three settings are available:

< Sets the active marker/delta marker to the next maximum left to the marker of the
selected frame.

abs Sets the active marker/delta marker to the next lower maximum of the selected
frame.

> Sets the active marker/delta marker to the next maximum right to the marker of the
selected frame.

Remote: CALC:MARK2 : MAX : LEFT (<)
Remote: CALC:DELT : MAX : LEFT (<)
Remote: CALC :MARK:MAX :RIGH (>)
Remote: CALC:DELT : MAX :RIGH (>)
Remote: CALC :MARK?2 : MAX : NEXT (abs)

11111

Remote: CALC:DELT2 : MAX : NEXT (abs)

Next Peak Y Search up/abs/dn

Selects the mode of the Next Peak softkey, if the Y Search is selected (Marker Search Type
softkey). Three settings are available:

up Sets the active marker/delta marker to the next maximum above the current marker
position (constant x-axis value).
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Next Min

Sets the active marker/delta marker to the next minimum according to the mode selected using
the Search Mode softkey. For the XY Search (Marker Search Type softkey), this softkey is not
available.

= Remote: for search in x direction see Next Min X Search < abs > softkey

= Remote: for search in y direction see Next Min Y Search up/abs/dn softkey

Search Limits

For details refer to the Search Limits softkey in the marker-> menu of the base unit.

Left Limit

For details refer to the Left Limit softkey in the marker-> menu of the base unit.

Right Limit

For details refer to the Right Limit softkey in the marker-> menu of the base unit.

Threshold

For details refer to the Threshold softkey in the marker-> menu of the base unit.

Search Lim Off

For details refer to the Search Lim Off softkey in the marker-> menu of the base unit.

Peak Excursion

For details refer to the Peak Excursion softkey in the marker-> menu of the base unit.

Exclude LO

For details refer to the Exclude LO softkey in the marker-> menu of the base unit.
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Cable TV Measurements (Option K20)

The Cable TV Measurements option provides ready-made measurements for analog and digital TV
signals where most of the parameters are set automatically. Thus the measurements can be carried out
fast and with a minimum of effort.

Averaging can be applied to the measurement results. If the results are presented in a table, only the
values in the table are averaged, not the trace itself. For details refer to "Setting Traces - TRACE Key"
on page 4.35. Measurement specific settings as signal levels, limits etc. are saved using the save /
recall function described in section "Instrument Functions - Basic Settings", "Instrument Setup and
Interface Configuration - SETUP Key".

This option is available from firmware version 1.30.

To open the Cable TV Analyzer menu

» If the Cable TV Analyzer mode is not the active measurement mode, press the MODE key and
activate the Cable TV Analyzer option.

» If the Cable TV Analyzer mode is already active, press the MENU key.
The Cable TV Analyzer menu is displayed. .

Menu and softkey description
"Softkeys of the Cable TV Analyzer menu" on page 4.211
— "Softkeys of the frequency menu (Cable TV Analyzer mode)" on page 4.214
— "Softkeys of the amplitude menu (Cable TV Analyzer mode)" on page 4.216
— "Softkeys of the trace menu (Cable TV Analyzer mode)" on page 4.217
— "Softkeys of the measurement menu (Cable TV Analyzer mode)" on page 4.218

The bandwidth, span, trigger and lines menus are not available in the Cable TV Analyzer mode. All
other menus are provided as described for the base unit. For details refer to the corresponding menu
descriptions.

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Information in the status bar" on page 4.198

— "Channel tables" on page 4.198

— "Modulation standards" on page 4.199

— "Signal level" on page 4.199

— "Attenuation adjustment" on page 4.199

— "Labels used in the measurement displays" on page 4.200

— "Short list of cable TV terms and abbreviations" on page 4.200
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TV standard, sound system, group delay, color system, bar line, quiet line, sideband position. The
entries that can be selected may depend on the setting of the previous parameter.

For every parameter a default value is set. Change this setting if necessary.

Modulation Standard Options k|
Nome L —— i
Signal Type I Analog TV j
TV Standard |B/G |
Sound System IFM 5.5 / FM 5.742 |
Group Delay I General j
Color System I PAL j
Bar Line Field Line Type

[1 =||1s | cCIR17 |
Quiet Line Field Line
Sideband Position I Mormal j

6. For the Digital TV signal type, define the following parameters:

TV standard, constellation, symbol rate, roll-off, sideband position. The entries that can be selected
may depend on the setting of the previous parameter.

Modulation Standard Options #
Name e A— i
Signal Type IDigitaI TV j
TY Standard [ @am 183/A (DVB-C Europe) |
Constellation |64QAM |
Symbol Rate |6.9 MSymb/s
Roll-Off [0.150 |
Sideband Position |Autu j

7. Press the previous key twice to go back to the Channel Table dialog box.
8. Press the Save Changes softkey to save the changes.

The new modulation standard can be used for any channel.
9. To discard the changes, press the Discard Changes softkey.

To edit a modulation standard
1. In the Channel Setup - Edit / New / Copy submenu, press the Modulation Options softkey.

In the Modulation Standards dialog box, all modulation standards defined for this channel table
are displayed.

2. In the Modulation Standards dialog box, set the focus on the modulation standard you want to
edit.

3. Press the Edit softkey.
The Modulation Standard Options dialog box is displayed.

4. For further instructions see "To create a new modulation standard" on page 4.195.
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Modulation standards

A modulation standard is a set of parameters defining the modulation properties of a TV signal (as used
in a TV channel). The signal type is the characteristic parameter of this set. Modulation standards are
defined for every channel table individually. As a maximum, 40 modulation standards can be created
per channel table. If, in a channel table, the modulation standard of a channel is set to < unused >, no
modulation standard is defined for this channel and therefore no measurements can be performed for
this channel.

If no channel table < none > is activated, a default modulation standard can be edited and changed via
the Analog TV Settings or Digital TV Settings softkey, but these changes are not saved permanently.
Pressing the PRESET key restores the default settings.

Signal level

The signal level represents the expected RMS (digital TV) or peak (analog TV) channel power. This
power is only valid for one single channel, which is the current measurement channel. The signal level
is not identical to the level of the signal fed into the R&S FSL's RF input. This signal may consist of
many TV channels and hence have a much higher total power than the current channel to be
investigated.

In most measurements the signal level determines the upper horizontal display line. The signal level
value is related to the reference level by a constant offset. The reference level value is the maximum
value the AD converter can handle without distortion of the measured value. The signal level can either
be entered via the Signal Lvl key or by using the auto scale function (e.g. Auto Range softkey in the
Tilt measurement).

Attenuation adjustment

To get valid measurement results it is very important to set the R&S FSL's hardware, i.e. the attenuator
and the preamplifier, in a reasonable way. This can either be done manually or by relying on the Adjust
Attenuation softkey. Apart from the hardware setting, the displayed grid depends on the signal level of
the signal present in the current measurement channel.

RF Overload
Detector

IF Overload
Detector

RF Input
O——» Attenuator

Preamplifier IF Stages... ADC

Fig. 4-23 R&S FSL hardware overview (only relevant parts for attenuation adjustment)

Fig. 4-23 shows the R&S FSL's hardware. It only comprises blocks that effect the level settings
described in this section. The signal from the device under test, e.g. a single cable TV transmitter or a
test point of a cable TV network with many channels, is plugged into the R&S FSL's RF input. The level
of the signal is reduced by the electronic attenuator or increased by the preamplifier (option B22
required). Then the signal is fed into the first mixer.

The level of this signal is typically referred to as mixer level. The mixer level is a very crucial parameter.
If the mixer level is too high the mixer will be overloaded. As a result, non-linear effects are produced,
e.g. intermodulation products, and the intermodulation products (e.g. CTB or CSO) of the device under
test can not be distinguished from those of the R&S FSL's mixer. To reveal this, the R&S FSL's
hardware has two overload detectors. The RF overload detector reports a mixer overload and the IF
overload detector indicates an overload of the analog to digital converter (ADC). The combination of the
results of both detectors control the overload message OVL displayed on the R&S FSL's screen.
Increasing the attenuation reduces the signal to noise ratio but also reduces the mixer's non-linear
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Video Scope - analog TV

This measurement determines the luminance signal as a function of the time. The following parameters
can be set:

Parameter

channel number

field

line

The basic procedure is the following:
1. Press the MEAS key.

2. Press the Analog TV softkey.

3. Press the Video Scope softkey.

4. For the TV standard M in combination with another color system than PAL, press the Field 1/2
softkey to select field 1 or 2.

5. Press the Line softkey to enter the line number.

6. To change the sweep time, press the Sweeptime Manual softkey and enter a value.

7. To define a trigger offset, press the Trigger Offset softkey and enter a value.

8. To adjust the input attenuator, press the Adjust Attenuation softkey.

9. Press the RUN key.

The y-axis of the diagram is scaled in Volt for all TV standards except M. If the
selected TV standard is M, the y-axis of the diagram is scaled in IRE.

For a more detailed description of this measurement type refer to chapter "Advanced Measurement
Examples".

Vision Modulation - analog TV

This measurement determines the residual picture carrier and the modulation depth. The following
parameters can be set:

Parameter

channel number

limits

The basic procedure is the following:

1. Press the MEAS key.

2. Press the Analog TV softkey.

3. Press the Vision Modulation softkey.

4. To change the limits, press the Edit Table softkey.
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5. To adjust the input attenuator, press the Adjust Attenuation softkey.
6. Press the RUN key.

For a more detailed description of this measurement type refer to chapter "Advanced Measurement
Examples".

Hum - analog TV

This measurement determines the hum values. The hum is a not-wanted amplitude modulation with a
modulating frequency below 1 KHz and typically equal to the power line frequency or its harmonics. The
following parameters can be set:

Parameter

channel number

limits

The basic procedure is the following:

Press the MEAS key.

Press the Analog TV softkey.

Press the Hum softkey.

To adjust the range of the y-axis, press the Auto Range softkey.

To change the limits, press the Edit Table softkey.

U S

To adjust the input attenuator, press the Adjust Attenuation softkey.
7. Press the RUN key.

For a more detailed description of this measurement type refer to chapter "Advanced Measurement
Examples".

Spectrum - digital TV

This measurement gives an overview of the active measurement channel. The spectrum is displayed as
a full screen trace. The following parameters can be set:

Parameter

channel number

The basic procedure is the following:
Press the MEAS key.
Press the Digital TV softkey.

Press the Spectrum softkey.

Ao Db =

To adjust the input attenuator, press the Adjust Attenuation softkey.
5. Press the RUN key.

For a more detailed description of this measurement type refer to chapter "Advanced Measurement
Examples".
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Overview - digital TV

This measurement determines the modulation accuracy of digitally modulated single carrier cable TV
signals. The measurement results are displayed in a table;: MER (rms) for the root mean square of the
modulation error rate, MER (peak) for the peak of the modulation error rate, EVM (rms) for the root
mean square of the error vector magnitude, EVM (peak) for the peak of the error vector magnitude,
Carrier Frequency Offset, and Symbol Rate Offset. Less important result parameters are displayed
in the result table of the Modulation Errors (Modulation Analysis) - digital TV measurement. The
following parameters can be set:

Parameter

channel number

limits

The basic procedure is the following:
1. Press the MEAS key.

2. Press the Digital TV softkey.

3. Press the Overview softkey.
4

To magnify one parameter, press the Zoom softkey and activate the parameter. To go back to the
default setting, activate None.

5. To change the limits, press the Edit Table softkey.
6. To adjust the input attenuator, press the Adjust Attenuation softkey.
7. Press the RUN key.

For a more detailed description of this measurement type refer to chapter "Advanced Measurement
Examples".

Constellation Diagram (Modulation Analysis) - digital TV
This measurement displays the constellation diagram. The following parameters can be set:

Parameter

channel number

The basic procedure is the following:

1. Press the MEAS key.

Press the Digital TV softkey.

Press the Modulation Analysis softkey.

Press the Const Diagram softkey.

o M 0D

To zoom into one quadrant, press the Zoom softkey and activate the parameter. To go back to the
general view, activate None.

6. To display the constellation diagram unchanged, while the 1/Q samples are collected in the
background, press the Freeze softkey. To switch back to the continual update the display, press the
Freeze softkey again.

7. To adjust the input attenuator, press the Adjust Attenuation softkey.
8. Press the RUN key.

For a more detailed description of this measurement type refer to chapter "Advanced Measurement
Examples".
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Modulation Errors (Modulation Analysis) - digital TV

This measurement determines the modulation accuracy. The measurement results are displayed in a
table: Amplitude Imbalance (amplification difference of | and Q signal caused by a non-ideal 1Q
modulator in the transmitter), Quadrature Error (phase offset relative to the ideal phase difference
between the | and Q signal), Carrier Suppression, and Phase Jitter (root mean square of phase
error). The more important result parameters are displayed in the result table of the Overview - digital
TV measurement. The following parameters can be set:

Parameter

channel number

limits

The basic procedure is the following:

1. Press the MEAS key.

Press the Digital TV softkey.

Press the Modulation Analysis softkey.

Press the Modulation Errors softkey.

o r w0

To magnify one parameter, press the Zoom softkey and activate the parameter. To go back to the
default setting, activate None.

6. To change the limits, press the Edit Table softkey.
7. To adjust the input attenuator, press the Adjust Attenuation softkey.
8. Press the RUN key.

For a more detailed description of this measurement type refer to chapter "Advanced Measurement
Examples".

Echo Pattern (Channel Analysis) - digital TV

This measurement determines the magnitude of the channel impulse response with respect to the
corresponding time delay. The following parameters can be set:

Parameter

channel number

unit

velocity factor

The basic procedure is the following:

1. Press the MEAS key.

Press the Digital TV softkey.

Press the Channel Analysis softkey.

Press the Echo Pattern softkey.

o & 0D

To change the unit from ps to km or miles:

— Press the Velocity Factor softkey to define the velocity of propagation for the unit conversion.
— Press the Unit softkey to select the unit.

To zoom onto the echo pattern, press the Zoom softkey.

To adjust the input attenuator, press the Adjust Attenuation softkey.
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Edit

Opens the Modulation Standard Options dialog box for the modulation standard in focus.
Alternatively to this softkey, the rotary knob or the ENTER key can be pressed.

For details refer to "Modulation standards" on page 4.199 and "To create a new modulation
standard" on page 4.195.

Remote: DDEM: SBAN NORM

Remote: DDEM: SRAT 1000000
Remote: DDEM: FILT:ALPH R018
Remote: TV:MST:NAME 'TEST'
Remote: TV:MST:STYP DTV

Remote: TV:MST:FILT:GDEL FLAT
Remote: SET: TV:STAN DK

Remote: SET: TV:STAN:AUD FM65MONO

A A T T e O !

Remote: SET: TV:STAN:COL SEC

Save Changes

Saves all changes in channels and modulation standards, if the channel table passes the
compliance check. For further details refer to "To edit a channel table" on page 4.194.

Discard Changes

After confirmation, discards all changes in channels and modulation standards made for the
current channel table. Reloads and displays the original channel table.

Copy

Copies the channel table in focus and opens the Channel Table dialog box with the according
submenu to edit the channel table. If you enter a name that is already in use you are prompted
to enter another one.

For further details refer to "To create a channel table" on page 4.195.

Delete

Deletes the channel table in focus. If the channel table in focus is also the active channel table,
no channel table < none > will be activated.

Edit

Opens the Channel Table dialog box for the channel table in focus and displays a submenu for
editing this channel table. For details refer to "To edit a channel table" on page 4.194.

Restore Default Tables

Restores the default set of channel tables and the channel table examples.
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Adjust Attenuation

Adjusts the input attenuator. For details on the adjustment procedure refer to "Attenuation
adjustment” on page 4.199.

= Remote: POW:ACH: PRES:RLEV

Softkeys of the frequency menu (Cable TV Analyzer mode)

The following table shows all softkeys available in the frequency menu in Cable TV Analyzer mode
(FREQ key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command Command
RF

Channel

RF Stepsize ¥ Manual

Channel Width

Frequency Abs/Rel

RF

Opens an edit dialog box to enter the RF frequency. The interpretation of the RF frequency
depends on the signal type (analog TV or digital TV) to measure:

Signal type RF

< unused > center frequency
analog TV vision carrier frequency
digital TV center frequency

If the modulation standard or the active measurement channel is changed, the RF is
automatically adapted.

If no channel table < none > is activated, the interpretation of the RF frequency depends on the
active measurement.

= Remote: FREQ:RF 10MHZ
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Channel

Displays the active channel table to select a particular measurement channel. The active
channel is highlighted.

All channels can be selected, except those with modulation standard < unused >. Incompatible
channels are marked accordingly; for example an analog TV channel inside a digital TV
measurement. If an incompatible channel is selected, the current measurement is aborted, and
the spectrum measurement will become the active measurement. If no channel table < none >
is activated, this softkey is not available.

If you perform a measurement over all possible channels, use the Channel No softkey of the
measurement menu to change from one channel to the next channel of the channel table
quickly.

= Remote: FREQ:CHAN 3

RF Stepsize

Opens a submenu to set the RF step size. If no channel table < none > is activated, this softkey
is not available.

= Remote: FREQ:CENT:STEP 120MHz

Manual

For details refer to the Manual softkey in the frequency menu of the base unit.

Channel Width

Takes the channel width of the current measurement channel as RF step size once.

If no channel table < none > is activated, this softkey is not available.

Frequency Abs/Rel

Sets the labeling of the frequency axis.

If absolute labeling is selected, the absolute frequencies are displayed, and all markers are
absolute.

If relative labeling is selected, the reference is set to 0 Hz. The reference depends on the signal
type:

Signal type Reference

< unused > center frequency
analog TV vision carrier frequency
digital TV center frequency

This softkey is not available in the Tilt measurement.

= Remote: SWE: SPAC ABS
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Softkeys of the amplitude menu (Cable TV Analyzer mode)

The following table shows all softkeys available in the amplitude menu in Cable TV Analyzer mode
(AMPT key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Signal Lvl

Range Log

Range Linear

Preamp On/Off

Signal Lvl Position

RF Atten Manual

More ¥

Signal Lvl Offset

Signal Lvl Position

Grid Abs/Rel

Unit

Input 50 Q /75 Q

Signal Lvl

Opens an edit dialog box to enter the expected RMS (digital TV) or peak (analog TV) input
power of the signal. This parameter is channel-specific and is set, in a cable network with
multiple channels, only for the signal of interest. However, mostly channels with the same signal
type have the same signal level.

= Remote: DISP:TRAC:Y:RLEV -60dBm

Range Log

For details refer to the Range Log softkey in the amplitude menu of the base unit.

Range Linear

For details refer to the Range Linear softkey in the amplitude menu of the base unit.

Preamp On/Off

For details refer to the Preamp On/Off softkey in the amplitude menu of the base unit.

Signal Lvl Position

For details refer to the Ref Level Position softkey in the amplitude menu of the base unit.
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Channel No

Opens an edit dialog box to select the measurement channel. Select the previous or next
channel via the rotary knob or the arrow keys, or enter the channel number.

Only compatible channels can be selected, entries of incompatible channel are skipped.
Incompatible channels are channels of a different signal type or channels with the modulation
standard < unused >.

If you want to select a particular channel, use the Channel softkey in the frequency menu. If
channel table < none > is selected, use the RF softkey in the frequency menu for frequency
input.

= Remote: FREQ:CHAN 3

Shoulder Atten On/Off

Activates or deactivates the shoulder measurement in accordance to ETSI TR 101290 standard.
If activated, the results (upper and lower shoulder attenuation) are displayed as a list below the
spectrum.

This softkey is available from firmware version 1.50.

= Remote: CALC:DTV:RES? SAL
= Remote: CALC:DTV:RES? SAUP
= Remote: CONF:DTV:MEAS:SATT OFF

Carriers

Opens a submenu to measure the carriers powers.
For further information refer to "Carriers - analog TV" on page 4.201.

= Remote: CONF:ATV:MEAS CARR
= Remote: CONF:ATV:RES:CARR? ALL

Edit Table

Activates the edit mode to change the limits within the result table. To edit a field, press the
ENTER key. For all available parameters, the limit fields contain default values. If a field is
empty, the corresponding limit can not be set for the measurement.

For the following measurements, the unit for the upper and lower limits differs. The unit is set in
the last table column. Only the limits carrying the set unit are displayed in the table. To display
the other limts, change the unit first.

Measurement Parameter Unit lower limits Unit upper limit
Hum dB %
Overview, Modulation Errors MER (rms) dB %

MER (peak) dB %

EVM (rms) dB %

EVM (peak) dB %
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Analog TV Settings

Opens the Analog TV Settings dialog box to modify the modulation standard parameters. The
displayed parameters are derived from the modulation standard referenced in the active channel
table. If no channel table < none > is activated, the default modulation standard is used (for
details see also "Modulation standards" on page 4.199).

Analog TY Settings |
TY Standard B/G hd
Sound System [FM 5.5 / FM 5.742 |
Group Delay IGeneraI j
Color System IPAL j
Bar Line Field Line Type

[1 x||1s | ccIR17 |
Quiet Line Field Line
Sideband Position INl:lrmaI j

For the modulation standard, the changes made via this softkey are only kept as long as a
measurement channel with the same modulation standard is selected. If a measurement
channel with a different modulation standard is selected, or the PRESET key is pressed, the
changes are lost.

If no channel table < none > is activated, the changes of the default modulation standard are
kept as long as the PRESET key is not pressed.

Remote: SET: TV:STAN DK (TV Standard)

Remote: SET: TV:STAN:AUD FM65MONO (Sound System)

Remote: TV:MST:FILT:GDEL FLAT (Group Delay)

Remote: SET: TV:STAN:COL SEC (Color System)

Remote: TRIG:VID:BLIN 16, TRIG:VID:BFI 2, TRIG:VID:BLIN:TYPE CCIR17 (Bar Line)
Remote: TRIG:VID:QLIN 20, TRIG:VID:QFI 2 (Quiet Line)

Remote: DDEM: SBAN NORM (Sideband Position)

1111

Video Scope

Opens a submenu to measure the luminance signal. For this measurement, the TRACE key is
not available.

For further information refer to "Video Scope - analog TV" on page 4.205.

= Remote: CONF:ATV:MEAS VSC
= Remote: TRAC? TRACE1l

Line

Opens an edit dialog box to set the line number of the TV picture. The numbering conventions
depend on the following conditions:

TV standard Color system Field number Line numbering
= M - - 1,2,...,625
=M PAL - 1,2, ...,525
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=M NTSC 1 1,2,...,263
=M NTSC 2 1,2, ..., 262

= Remote: TRIG:VID:LINE 17

Field 1/2

Selects the active field. Field 1 is the default state. This softkey is only available for the TV
standard M in combination with another color system than PAL.

For details on numbering conventions of TV picture lines refer to the Line softkey.

= Remote: TRIG:VID:FIEL 2

Sweeptime Manual

Opens an edit dialog box to enter the total sweep time. Possible values are 25, 50 and 100 ps.
The set value is indicated on the softkey.

= Remote: SWE: TIME 10s

Trigger Offset

Opens an edit dialog box to enter a value for the trigger offset. The set value is indicated on the
softkey.

= Remote: TRIG:HOLD 500us

Vision Modulation

Opens a submenu to measure the residual picture carrier and the modulation depth.
For further information refer to "Vision Modulation - analog TV" on page 4.205.

= Remote: CONF:ATV:MEAS VMOD
= Remote: CALC:ATV:RES:VMOD? ALL

Hum

Opens a submenu to measure the hum.
For further information refer to "Hum - analog TV" on page 4.206.

= Remote: CONF:ATV:MEAS HUM
= Remote: CALC:ATV:RES:HUM?

Auto Range

Automatically adjusts the x- and y-axis once. Alternatively the range of the y-axis can be
changed via the Range Log softkey or the Range Linear softkey in the amplitude menu.

= Remote: DISP: TRAC:Y:AUTO ON
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Digital TV

Opens a submenu with all available digital TV measurements. Every measurement type
provides its own submenu to set the parameters. Additionally the Digital TV Settings softkey
gives access to the modulation standard information.

This softkey is only available if the active channel table has at least one channel with a digital TV
modulation standard, or if no channel table < none > is activated.

If an analog TV channel is in use when pressing this softkey, automatically the first digital
channel of the active channel table is selected.

For further details refer also to section "Measurements" on page 4.193.

Spectrum

Opens a submenu to measure a digital TV spectrum.
For further information refer to "Spectrum - digital TV" on page 4.206.

= Remote: CONF:DTV:MEAS DSP
= Remote: TRAC? TRACE1l

Overview

Opens a submenu to measure the modulation accuracy.
For further information refer to "Overview - digital TV" on page 4.207.

= Remote: CONF:DTV:MEAS OVER
= Remote: CALC:DTV:RES? ALL

Zoom

Opens the Select Result Parameter dialog box to set the zoom:

None The whole result table is displayed (default setting).
[parameter] The selected parameter is displayed separately in the upper pane.

= Remote: DISP:Z00M:OVER MERP
= Remote: DISP:Z00M:MERR MERP

Modulation Analysis

Opens a submenu to select one of the following modulation measurements:
— Const Diagram

— Modulation Errors
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Const Diagram

Opens a submenu to display the constellation diagram. For further information refer to
"Constellation Diagram (Modulation Analysis) - digital TV" on page 4.207.

= Remote: CONF:DTV:MEAS CONS
= Remote: TRAC? TRACE1l

Zoom

Opens the Select Constellation Zoom Mode dialog box to set the zoom:

< none > The whole constellation diagram is displayed (default setting).

Quadrant 1/2/3/4  The selected quadrant is displayed. A pictogram shows the
quadrant position.

= Remote: DISP: Z0O0OM:QUAD 1

Freeze

Sets the display mode. If activated, the constellation diagram is displayed unchanged, while the
I/Q samples are collected in the background. If deactivated, the constellation diagram is
displayed on basis of the current I/Q samples and, in continuous sweep mode, is updated with
every measurement.

If a new zoom mode (see Zoom softkey) is selected, this softkey is automatically set to off.

= Remote: DISP: TRAC1:MODE: FRE ON

Modulation Errors

Opens a submenu to measure the modulation accuracy.

For further information refer to "Modulation Errors (Modulation Analysis) - digital TV" on page
4.208.

= Remote: CONF:DTV:MEAS MERR
= Remote: CALC:DTV:RES? ALL

Channel Analysis

Opens a submenu to select a measurement for checking the transmission performance of a
channel:

— Echo Pattern

Echo Pattern

Opens a submenu to measure the magnitude of channel impulse response with respect to the
corresponding time delay.

For further information refer to "Echo Pattern (Channel Analysis) - digital TV" on page 4.208.

= Remote: CONF:DTV:MEAS EPAT
= Remote: TRAC? TRACE1
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Unit

Opens the Unit dialog box to select the unit: s, m.

= Remote: CALC:DTV:UNIT:POW:EPAT M

Zoom

Opens an edit dialog box to zoom onto the echo pattern measurement, around 0 ys. The zoom
factor can vary from 1 to 20.

= Remote: DISP: ZOOM:EPAT 2
= Remote: DISP: ZOOM:EPAT:STAT ON

Velocity Factor

Opens an edit dialog box to enter the velocity of propagation of the signal in the transmission
channel (e.g. cable), relative to speed of light.

The velocity factor is used to convert the impulse response results from seconds into meter,
when changing the unit via the Unit softkey.

= Remote: CORR:RVEL 2

Digital TV Settings

Opens the Digital TV Settings dialog box to modify the modulation standard and equalizer
parameters. For details on the modulation standard parameters, refer also to "Modulation
standards" on page 4.199 and "To create a new modulation standard" on page 4.195.

Digital T¥ Settings |
—Modulation Standard

TV Standard QAM 183 /A (DYB-C Europe '”

Constellation [64Qam |

Symbol Rate |6.9 MSymb/s

Roll-Off [0.150 |

Sideband Position |Autu j
—Equalizer

¥ Activate

[” Freeze Equalizer

| Reset I

Under Equalizer, the following equalizer parameters can be modified:

— Activating or deactivating the equalizer: If the Activate option is activated, the equalizer is
switched on and filters the signal.

— Activating or deactivating the Freeze Equalizer option: If activated the equalizer coefficients
remain unchanged. If deactivated the equalizer taps are changed with every measurement.

— Pressing the Reset button sets all equalizer parameters to their default values.
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Noise Figure Measurements Option (K30)

The Noise Figure Measurements option provides noise figure measurements. Using this option, the
noise figure of a Device Under Test, e.g. low-noise FET amplifier circuits, with noise figures of less than
1 dB can be measured. This option is available from firmware version 1.50.

To open the noise figure measurements menu

» If the Noise mode is not the active measurement mode, press the MODE key and activate the
Noise option.

» If the Noise mode is already active, press the MENU key or the MEAS key.

The noise figure measurements menu is displayed. .

Menu and softkey description

— "Softkeys of the noise figure measurements menu (Noise mode)" on page 4.239
— "Softkeys of the sweep menu (Noise mode)" on page 4.252

— "Softkeys of the trace menu (Noise mode)" on page 4.253

— "Softkeys of the marker menu (Noise mode)" on page 4.254

— "Softkeys of the marker-> menu (Noise mode)" on page 4.255

— "Softkeys of the lines menu (Noise mode)" on page 4.255

The span and trigger menus are not available in the Noise mode. All other menus are provided as
described for the base unit. For details refer to the corresponding menu descriptions.

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Measurement modes of the noise figure measurement" on page 4.236
— "Calibration" on page 4.236

— "Measurement forms" on page 4.237

— "Measurement settings" on page 4.237

— "Result displays" on page 4.237

— "Status bar information" on page 4.239

Tasks
— To edit tables

— To work with limit lines

To edit tables

1. Select the table header using the rotary knob or arrow keys and press rotary knob or the ENTER
key to enter into the edit mode.

2. Focus the field you want to edit using the arrow keys or the rotary knob.

3. Enter the values (for details refer to the Quick Start Guide, chapter 4, "Basic Operations").
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To insert a new row above the currently selected row, press the Insert softkey.
To delete the currently selected row, press the Delete softkey.

Only available for the Frequency Table:
To update the table according to the Frequency Settings, press the Build Thbl softkey.

7. Press the Exit softkey to leave the edit mode.

To work with limit lines
1. Press the LINES key.

The Limit Lines dialog box is displayed. It contains information on name, limit, status, and a
comment.

2. To activate limit lines, select the limit line you want to activate and press the Enable/Disable
softkey.

To define a new limit line, press the New softkey and enter the limit line characteristics.
To modify a limit line, select the limit line you want to edit and press the Edit softkey.
To save a limit line, press the Exit softkey.

If data are missing or if some data are invalid, an error message is displayed.

6. To delete a limit line, select the limit line you want to edit and press the Delete softkey.

Further information

This section provides background information on measurements and displayed information.

Measurement modes of the noise figure measurement

Noise measurements are performed on many different types of device under test (DUT). The type of
DUT to be measured determines the test setup and also how the frequency list is to be generated. To
support these different types of DUT, two different noise figure measurement types are available:

e Direct measurement

e Frequency-converting measurement
— Fixed LO, IF =RF + LO
— Fixed LO, IF = abs(RF - LO)

The setup for the different measurement types is described with the Schematic softkey. The
measurement mode is set in the Frequency Settings dialog box, Mode field.

Calibration

The calibration measures the noise introduced to a signal by the spectrum analyzer itself to
compensate it in measurements on a device under test. This compensation is called 2nd stage
correction, because the spectrum analyzer is the second stage of the test setup, the DUT being the first
stage.

If the second stage correction is activated (Measurement Settings dialog box, 2nd Stage Correction
option), a separate calibration measurement is performed before the main measurement (for details on
the measurement setup refer to chapter "Advanced Measurement Examples"). The data measured in
the calibration measurement are used for compensation in the main measurement.

It is strongly recommended to perform calibration before running measurements (Cal softkey). It is
possible to run measurements in an uncalibrated status, but the measurement results will not be
corrected for any noise introduced by the spectrum analyzer itself.
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R&S FSL-K30 Hoise & Gain

Freq
Settings

Display

GraEh
Frequency List Results
pisplay
B

Settings

ENR

Settings

Loss

Settings

Meas

Settings

Schematic

Measuremant Complete

Fig. 4-27 Tabular result display (example)

fixed frequency results

Under Current Value, the measurement results for the fixed frequency are displayed and
continuously updated. The Frequency List Results do not change - these are the results of the
last frequency list measurement.

Status bar information

The status bar displays the following information:

parameter values

If a parameter in a settings dialog box is selected, the minimum and maximum values for the
selected parameter are displayed.

If a Boolean or an enumarated parameter in a dialog box is selected, the minimum and maximum
values are displayed as N/A for not applicable.

measurement status

During the measurement, the current measurement status along with detailed information about the
progress is displayed.

error messages (with red background)

warning messages (with yellow background)

Softkeys of the noise figure measurements menu (Noise mode)

The following table shows all softkeys available in the noise figure measurements menu. It is possible
that your instrument configuration does not provide all softkeys. If a softkey is only available with a
special option, model or (measurement) mode, this information is delivered in the corresponding softkey
description.

Command

Freq Settings

Display List/Graph

Display Settings
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Command

ENR Settings

Loss Settings

Meas Settings

Schematic

Table edit mode

Build Tbl

Exit

Insert

Delete

Freq Settings

Opens the Frequency Settings dialog box. Alternatively, this dialog box is opened by pressing
the FREQ key (with focus on the Start Freq field).

Frequency Settings Frequency Table
RF LO IF
Start Freq |550 MHz 550,000 MHz [0.000Hz  |550.000 MHz
Stop Freg (560 MHz 552 000 MHz |0.000 Hz 552,000 MHz
Step Freq |2 MHz 554,000 MHz [0.000Hz  |554.000 MHz
Fixed LO, F=RF+LO  w 556,000 MHZ [0.000Hz  |556.000 MHz
Fixed LO |0 Hz 556,000 MHz [0.000Hz  |558.000 MHz
Image Rej |999.99 dE 560000 MHz |0.000 Hz 560,000 MHZ

The Frequency Settings dialog box contains the following elements:

Frequency Settings Start Freq

Stop Freq

Step Freq
Mode
Fixed LO

Image Rej

Frequency Table

Under Frequency Settings, the frequency settings and the measurement mode are set.

Under Frequency Table, the individual measurement steps are listed that will be performed
exactly in the order of the table. They are generated from the start frequency, the stop
frequency, and the step size on basis of the selected mode. If the start frequency is smaller than
the stop frequency, the RF values are generated into a list of ascending frequencies. If the start
frequency is larger, the list is descending. Not more than 100 measurement steps are possible.
If the gap between start and stop frequency is too large, increase the step frequency.

Depending on the measurement type, the Frequency Table contains the following columns:

Measurement type Column Description
Direct measurement RF receive frequency, generated from the Start Freq, the Stop
Frequency-converting measurement Freq, and the Step Freq field entries
Frequency-converting measurement LO constant LO frequency, defined via the Fixed LO field
IF IF frequency, calculated according to the Mode field

1300.2519.12 4.240 E-12















Noise Figure Measurements Option (K30) R&S FSL

Room Temperature

Specifies the current room temperature as an absolute value in Kelvin. This value is used in the
calculation of the noise results.

= Remote: CORR: TEMP

291.50

Loss Settings

Opens the LOSS dialog box to take additional losses due to cables or attenuators into account
that are not considered in the calibration.

Loss Input Settings

Selection Selection Table -

Loss Output Settings

Loss Input Constant Loss Qutput Constant
Loss Input Table Loss Output Table
RF Logs Input RF Logs Qutput
550 MHz 0dB 550 MHz 1dB
560 MHz 2dB 560 MHz 2dB

Under Loss Input Settings, the additional loss between the noise source and the DUT is
defined. Under Loss Output Settings, the additional loss between the DUT and the analyzer is

defined.

Under Loss Input Table or Loss Output Table, the list can contain up to 100 RF/ENR pairs.
The order of the RF values in the list is not important. To modify this table, proceed as described
in "To edit tables" on page 4.235. Loss tables can be saved and recalled at any time via the FILE

key (for details refer to

the section "Saving and Recalling Settings Files - FILE Key"). Additionally

to the data saved by the basic unit, all loss input & output data entered in the Loss Settings

dialog box are saved.

The Loss Settings dialog box contains the following elements:

Loss Input Settings

Selection

Loss Input Constant

Loss Input Table

Loss Output Settings

Selection

Loss Output Constant

Loss Output Table

= Remote: CORR:LOSS:
= Remote: CORR:LOSS:

INP:TABL 1MHz,10,2MHz, 12 (Loss Input Table)
OUTP:TABL 1MHz,10,2MHz, 12 (Loss Output Table)

Selection

Defines the used Loss

values.

Constant The values specified in the Loss Input Constant/Loss Output Constant fields
are used for all frequencies. The entries of the Loss Input/Output Table are

ignored.

Table The entries of the Loss Input/Output Table provide the basis for the Loss
values. Between these values the R&S FSL uses interpolated values.

= Remote: CORR:LOSS:
= Remote: CORR:LOSS:

INP:MODE SPOT
OUTP:MODE SPOT
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Loss Input Constant/Loss Output Constant

Specifies the constant loss value that is used across the entire frequency range. This parameter
is only editable if, in the Selection list, Constant is selected.

= Remote: CORR:LOSS:INP:SPOT 10
= Remote: CORR:LOSS:0UTP:SPOT 10

Meas Settings

Opens the Measurement Settings dialog box to modify all settings related to the overall
measurement.

Alternatively, the Measurement Settings dialog box is opened as follows:
— AMPT key, with focus on the RF Attenuation field
— BW key, with focus on the RBW field

Measurement Settings

Calibration

2nd Stage Correction |—
Analyzer Settings

REWY 1 MHz

Sweep Time 100 ms

Settling Tirme 50 ms

Average 1

RF Attenuation 0dB

Automatic Ref Level |«

Ref Level

Range 30 dB

Preamplifier

Under Calibration, the second stage correction can be activated or deactivated. For details
refer also to "Calibration" on page 4.236.

Under Analyzer Settings, the general settings for the spectrum analyzer concerning the level,
attenuation and bandwidth of the signal to be measured are defined.

The Measurement Settings dialog box contains the following elements:

Calibration 2nd Stage Correction

Analyzer Settings RBW

Sweep Time

Settling Time

Average

RF Attenuation

Automatic Ref Level

Ref Level

Range

Preamplifier
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2nd Stage Correction

Activates or deactivates the second stage correction.

On  The calibration data recorded via the Cal softkey are used to correct the measurement
results. The calibration data are stored independent of the state of the option.

Off  No correction is applied to the measurement results.

For details refer also to "Calibration" on page 4.236.

= Remote: CORR ON

RBW

Specifies the resolution bandwidth for the measurement.

A large value improves the averaging of the display considerably, reduces the influence of
external sources of interference, and permits the fastest measurement time possible.

A low value should only be used across a very small frequency range. For measurements at low
frequencies, the RBW must be reduced to prevent the LO frequency of the analyzer from
invalidating the measurement. At receive frequencies of 100 kHz, the RBW must not exceed 10
kHz.

= Remote: BAND 1MHz

Sweep Time

Specifies the time one complete measurement sweep takes. Two sweeps are performed for
each measurement step (once with noise source on, once with noise source off).

For narrow bandwidths, the sweep time should be increased in order to give accurate
measurement results.

= Remote: SWE:TIME 10s

Settling Time

Specifies the time the DUT takes to settle after a noise source has been turned on or off.

Most noise sources generate an interfering DC component in addition to the noise spectrum. If
the noise source is switched on or off, low-frequency DUTs may require this settling time for
coupling capacitors to be charged or discharged.

= Remote: SYST:CONF:DUT:STIM 1000MS

Average

Specifies the number of measurement sweeps over which the average is taken to produce the
displayed measurement results.

The higher the number of sweeps, the more accurate the measurement results, but the
measurement time is significantly longer.

An average value of 1 means that each displayed result is produced from one measurement
sweep. This is sufficient for most cases.

= Remote: SWE:COUN 10
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RF Attenuation

Specifies the attenuation that is applied to the received RF signal.

To obtain a low noise figure for the analyzer and hence more accurate noise measurements,
0 dB should be set. For high DUT power levels or critical matching, a higher setting is also
possible. A setting of 10 dB will give a much better VSWR (voltage standing wave ratio) of the
analyzer, but will result in a worse noise figure of the analyzer.

= Remote: INP:ATT 30 DB

Automatic Ref Level

Activates or deactivates the automatic reference level setting.

Off  Specify a reference level manually (see Ref Level softkey).

On  The reference level is measured automatically. The total measurement time increases.

The automatic reference level measurement is performed as follows:
— 2nd stage correction activated:

At the beginning of the calibration measurement, several measurements are performed at the
first frequency test point and the reference level is calculated from these results taking into
account the maximum gain of the DUT (see Range softkey).

— 2nd stage correction deactivated:

At the beginning of the main measurement, several measurements are performed at the first
frequency test point and the reference level is calculated from these results. The range setting
is not significant.

= Remote: DISP: TRAC:Y:RLEV:AUTO ON

Ref Level

Specifies the reference level. It is only possible to enter a reference level manually, if the
automatic reference level is deactivated (see Automatic Ref Level softkey).

The reference level should be about 5 to 15 dB above the noise display that occurs with the
DUT connected and the noise source activated.

Even for DUTs with a high-ripple frequency response it can be useful to enter the reference level
manually, because an automatic reference level setting may not always result in optimal
settings.

= Remote: DISP:TRAC:Y:RLEV 0

Range

Specifies the maximum gain expected from the DUT.

If the 2nd Stage Correction is activated, this value is used to calculate the automatic reference
level to ensure that the expected power of the measured signal will be within the optimum
operating range of the spectrum analyzer (see Automatic Ref Level softkey).

To ensure accurate measurement results, the range should not exceed the actual gain of the
DUT by more than a margin of 10 dB.

= Remote: SYST:CONF:DUT:GAIN 10
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Preamplifier

Activates or deactivates the preamplifier of the R&S FSL.

= Remote: INP:GAIN:STAT ON

Schematic

Displays the schematic diagram of the test setup for the selected measurement type and the
specified frequency ranges. If the frequency ranges are changed, the schematic diagram is
updated accordingly.

Direct measurement

The direct measurement mode is designed for DUTs without frequency-conversion, e.g.
amplifiers.

The schematic display for the direct measurement mode is shown in Fig. 4-28. The upper part
of the figure shows the setup for calibration. The lower part of the figure shows the test setup
for the measurement.

Calibration

Spectrum Analyzer

RF Min/Max
Measurement
RF Min/Max RF Min/Max

Fig. 4-28 Schematic diagram for direct measurements
Frequency-converting measurement

The frequency-converting measurement mode is designed for frequency-converting DUTs that
have a fixed Local Oscillator (LO) frequency, for example, satellite converters with a fixed LO
frequency. .

The schematic display for the frequency-converting measurement mode is shown in Fig. 4-29.
The upper part of the figure shows the setup for calibration. The lower part of the figure shows
the test setup for the measurement.
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Calibration

Spectrum Analyzer

IF Min/Max

Measurement

- Converting

RF Min/Max IF Min/Max

Spectrum Analyzer

Image Frequency Min/Max

Local
Oscillator

LO Min/Max

Fig. 4-29 Schematic diagram for frequency converting measurements

Build Tbl

Updates the table according to the Frequency Settings (Freq Settings softkey).

Exit

Exits the edit mode of a table.

Insert

Inserts a row above the currently selected row and sets the focus on the first field of the new

row.

This softkey is only available if the Frequency Table contains less than 100 measurement

steps.

Delete

Deletes the currently selected row. This action requires no confirmation.

1300.2519.12 4.251

E-12



Noise Figure Measurements Option (K30) R&S FSL

Softkeys of the sweep menu (Noise mode)

The following table shows all softkeys available in the sweep menu in Noise mode (SWEEP key). It is
possible that your instrument configuration does not provide all softkeys. If a softkey is only available
with a special option, model or (measurement) mode, this information is delivered in the corresponding
softkey description.

Command

Sweep Single/Cont

Cal

Fix Freq

Sweep Single/Cont

Selects the sweep mode.

Single single sweep mode

Cont continuous sweep mode

If a measurement is started while another measurement is in progress, the first measurement
will be aborted and the new measurement started immediately.

For further details refer to "Measurement forms" on page 4.237.

= Remote: CONF:LIST:CONT
= Remote: CONF:LIST:SING

Cal

Performs a calibration. The calibration status of the noise figure measurement is displayed in the
title bar. For further details refer to "Calibration" on page 4.236.

This softkey is only available, if the 2nd Stage Correction option in the Measurement Settings
dialog box is activated.

= Remote: CONF : CORR

Fix Freq

Starts a fixed frequency measurement for the frequency that is currently selected in the
Frequency List Results. For further details refer to "Measurement forms" on page 4.237 and
"Result displays" on page 4.237.

This softkey is only available after a frequency list measurement has been completed and the
measurement results are displayed in list form (Display List/Graph softkey).

= Remote: CONF:SING
= Remote: FREQ 10MHz
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New

Displays the Limit Line dialog box in edit mode with all fields necessary to define a new limit
line. For further details see "To work with limit lines" on page 4.236.

In the edit mode, the Limit Line dialog box contains the following elements:

Name

Limit

Comment

Frequency

Limit

Name

Specifies the name of the limit line to uniquely identify every limit line. Any combination of
alphanumeric characters is allowed. If the entered name already exists, an error message is
displayed with the request to alter the name.

= Remote: CALC:LIMI1:NAME FM1

Limit

Specifies the result type (noise or gain) and the limit type (upper or lower) for the limit line.

= Remote: CALC:LIM2:TRAC NFIG

Comment

Specifies a description for the limit line. Any combination of alphanumeric characters is allowed.

= Remote: CALC:LIM5:COMM 'Upper limit for spectrum'

Frequency

Specifies the receive frequencies.

= Remote: CALC:LIM2:CONT 1MHz,30MHz, 100MHz, 300MHz, 1GHz

Limit

Specifies the limits for the receive frequencies.

= Remote: CALC:LIM2:LOW -30,-40,-10,-40,-30 (lower limit line)
= Remote: cCALC:LIM2:UPP -10,0,0,-10, -5 (upper limit line)

Exit

Exits the edit mode of a table.
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Insert

Inserts a row above the currently selected row and sets the focus on the first field of the new
row.

Delete

Deletes the currently selected row. This action requires no confirmation.

Edit

Displays the Limit Line dialog box in edit mode with all data of the selected limit line. For further
details refer to the New softkey.

Enable/Disable

Enables or disables the selected limit line. Limit checking is only performed for activated limit
lines. Only one limit line of each type can be active at a given time.

= Remote: CALC:LIM:STAT ON
= Remote: CALC:LIM4:LOW: STAT ON
= Remote: CALC:LIM4:UPP:STAT ON

Delete

Deletes the selected limit line.

= Remote: CALC:LIM1:DEL
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The code domain power measurements are performed as specified by the 3GPP standards. A
signal section of approx. 20 ms is recorded for analysis and then searched through to find the start
of a 3GPP FDD frame. If a frame start is found in the signal, the code domain power analysis is
performed for a complete frame starting from slot 0. The different result displays are calculated from
the recorded IQ data set. Therefore it is not necessary to start a new measurement in order to
change the result display. Common settings for these measurements are performed via the settings
menu (MENU key). For details refer to "Softkeys of the settings menu (3G FDD BTS mode)" on
page 4.262.

The measurement settings are listed below the title bar:

CF 3.0 GHz Result Summary
Channel 0.256

Att 0O dB CPICH Slot ]
Ref -20.0 dBm Chan Slot 0
Parameter in example Description
CF 3.0 GHz center frequency
Result Summary Code Domain Result Summary result display
Att 0 dB attenuation
Ref -20.0 dBm reference level
Channel 0.256 channel number and spreading code
CPICH Slot 0 common pilot channel slot number
Chan Slot 0 channel slot number

e RF measurements
— Signal Channel Power (see Power softkey)
— Adjacent-Channel Power (see ACP softkey)
— Spectrum Emission Mask (see Spectrum Emission Mask softkey)

All these measurements are accessed via the MEAS key (measurement menu). Some parameters are
set automatically according to the 3GPP standard. A list of these parameters is given with each
measurement type. A set of parameters is passed on from the 3GPP Base Station Measurements
option to the base unit and vice versa in order to provide a quick swap (see the following table).

Transferred parameters

center frequency

reference level

attenuation

reference level offset

center frequency step size

trigger source

trigger offset

For a detailed description refer also to chapter "Advanced Measurement Examples".
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Short list of abbreviations

Term or abbreviation Description

BTS base transmission station

CPICH common pilot channel

DPCH dedicated physical channel, data channel

FDD frequency division duplexing

PCCPCH primary common control physical channel

PICH paging indication channel.

SCH synchronization channel, divided into P-SCH (primary synchronization channel) and

S-SCH (secondary synchronization channel)

Channels of the Code Domain Channel Table and their usage

The channel assignment table contains the following (data) channels:

CPICH

The common pilot channel is used to synchronize the signal in the case of CPICH synchronization.
It is expected at code class 8 and code number 0.

PSCH

The primary synchronization channel is used to synchronize the signal in the case of SCH
synchronization. It is a non-orthogonal channel. Only the power of this channel is determined.

SSCH

The secondary synchronization channel is a non-orthogonal channel. Only the power of this
channel is determined.

PCCPCH

The primary common control physical channel is used to synchronize the signal in the case of SCH
synchronization. It is expected at code class 8 and code number 1.

SCCPCH

The secondary common control physical channel is a QPSK-modulated channel without any pilot
symbols. In the 3GPP test models, this channel can be found in code class 8 and code number 3.
However, the code class and code number need not to be fixed and can vary. For this reason, the
following rules are used to indicate SCCPCH.

HSDPA/HSUPA On/Off softkey set to Off

— Only one QPSK-modulated channel without pilot symbols is detected and displayed as the
SCCPCH. Any further QPSK-modulated channels without pilot symbols are not detected as
active channels.

— If the signal contains more than one channel without pilot symbols, the channel that is received
in the highest code class and with the lowest code number is displayed as the SCCPCH. It is
expected that only one channel of this type is included in the received signal. According to this
assumption, this channel is probably the SCCPCH.

HSDPA/HSUPA On/Off softkey set to On

— All QPSK-modulated channels without pilot symbols are detected. If one of these channels is
received at code class 8 and code number 3, it is displayed as the SCCPCH. QPSK-modulated
channels without pilot symbols and a code class higher than or equal to 7 are marked with the
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channel type CHAN. QPSK-modulated channels without pilot symbols and a code class lower
than 7 are marked with channel type HSPDSCH.

e PICH
The paging indication channel is expected at code class 8 and code number 16.
e DPCH

The dedicated physical channel is a data channel that contains pilot symbols. The displayed
channel type is DPCH. The status is inactive (channel is not active), active (channel is active and
all pilot symbols are correct), or pilotf (channel is active but it contains incorrect pilot symbols).

e HS-PDSCH (HSDPA)

The high speed physical downlink shared channel does not contain any pilot symbols. Itis a
channel type that is expected in code classes equal to or higher than 7: HSPDSCH(QPSK)_
(QPSK-modulated slot of an HS-PDSCH channel), HSPDSCH(16QAM)_ (16QAM-modulated slot of
an HS-PDSCH channel), HSPDSCH(NONE) _ (slot without power of an HS-PDSCH channel). The
modulation type of these channels can be varied depending on the selected slot. The status is
inactive (channel is not active) or active (channel is active and all pilot symbols are correct).

e HS-SSCH (HSDPA)

The high speed shared control channel does not contain any pilot symbols. It is a channel type that
is expected in code classes equal to or higher than 7. The modulation type should always be
QPSK. The channel does not contain any pilot symbols. The status is inactive (channel is not
active) or active (channel is active and all pilot symbols are correct).

e CHAN

Any arbitrary channel that does not carry a valid pilot symbol sequence is displayed as an arbitrary
channel. It is not possible to decide which channel type is transmitted. The only prerequisite is that
the channel carries symbols of a sufficient signal to noise ratio.

— Chan Type: CHAN (QPSK-modulated channel without any pilot symbols)
— Status: inactive if the channel is not active; active if the channel is active
e E-HICH

Enhanced HARQ hybrid acknowledgement indicator channel
Carries hybrid ARQ ACK/NACK

e E-RGCH

Enhanced relative grant channel
Carries relative grant allocation for a UE

e E-AGCH

Enhanced absolute grant channel
Carries absolute grant allocation for a UE

Marker values

Additional to the marker values of the base unit, displayed in the marker field (for details see "Using
Markers and Delta Markers - MKR Key" on page 4.48), the symbol rate of the channel (for unassigned
codes 7.5 ksps, see example) is given.

M1[1] -2.35dB
222.512 SR 7.5 Ksps
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Softkeys of the settings menu (3G FDD BTS mode)

The following table shows all softkeys available in the main menu of the 3GPP Base Station
Measurements option (MENU key). It is possible that your instrument configuration does not provide all
softkeys. If a softkey is only available with a special option, model or (measurement) mode, this
information is delivered in the corresponding softkey description.

Menu / Command Command

Select Channel

Select CPICH Slot

Code Power Abs/Rel

Power Ref TOT/CPICH

Scrambling Code ¥ Scrambling Code

Scrambling Code Autosearch

Show List

Format Hex/Dec

Adjust Ref Level

More ¥

Invert Q On/Off

Normalize On/Off

Antenna Diversity On/Off

Antenna Number 1/2

Inactive Channel Threshold

HSDPA/HSUPA On/Off

Sync Type CPICH/SCH

Select Channel

Opens an edit dialog box to enter the channel number and spreading factor, separated by a
decimal point. The chosen channel is marked red in the Code Domain Power Diagram and this
channel is used for channel-based evaluations in the Code Domain Result Summary.

Example:
entry 5.128

Channel 5 is marked at spreading factor 128 (30 ksps), if the channel is active; otherwise code
20 at spreading factor 512 is selected.

= Remote: CDP:CODE 30
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Select CPICH Slot

Opens an edit dialog box to enter the slot number. The chosen slot is evaluated in the Code
Domain Power Diagram and is used for slot-based evaluations in the Code Domain Result
Summary.

The slot number is defined on the basis of the CPICH (i.e. calculated in steps of 2560 chips
starting from the beginning of the frame). The desired slot of the selected channel is converted
according to its timing offset.

Example:

Slot 0 of the CPICH is set. The selected channel has a timing offset of 2816 chips, i.e. slot 0 of
the channel is delayed by 2816 chips with respect to the frame start. Slot 0 of the CPICH
therefore corresponds to slot 14 of the last frame of the channel.

= Remote: CDP:SLOT 3

Code Power Abs/Rel (Code Domain Power Diagram)

Sets the scaling of the result display.

Abs absolute power in dB

Rel power relative to the reference chosen via the Power Ref TOT/CPICH softkey in
dBm (default setting)

= Remote: CALC:FEED 'XPOW:CDP'

Power Ref TOT/CPICH (Code Domain Power Diagram)

Sets the power reference for the relative power displays (see also Code Power Abs/Rel
softkey):
TOT total power
CPICH power of the common pilot channel (default setting)
In contrast to the variable total power, the power of the CPICH is the same
in all slots so that it can form the constant reference for the display.

= Remote: CDP: PREF TOT

Scrambling Code

Opens the scrambling code menu.
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Scrambling Code

Opens an edit dialog box to enter the scrambling code. The scrambling codes are used to
distinguish between different base stations. Each base station has its own scrambling code. The
scrambling code range in hexadecimal format is [Ox0 ... Ox5FFF]

The scrambling codes are divided into 512 sets, each consisting of a primary scrambling code
and 15 secondary scrambling codes.

The range of the primary scrambling codes is described by n=167i

with k=0, i€[0 ... 511] =[0 ... 1FF].

The range of the secondary scrambling codes is described by j=16%i+k,

withke[1...15]=[1 ... F].

Example:
To enter the primary scrambling code number '1', the digits '10' need to be entered. (i= 1, k = 0).
The entered scrambling code has to coincide with that of the signal. Otherwise, a code domain
power measurement of the signal is not possible.

= Remote: CDP:LCOD #H2

Scrambling Code Autosearch

Searches automatically the scrambling code that leads to the highest signal power and stores it
as new scrambling code for further measurements. All scrambling codes of the recorded signal
are taken into account. As a prerequisite, the center frequency and level settings have to be
correct.

The scrambling code search automatically determines the primary scrambling code number. The
secondary scrambling code number is expected to be 0. Other scrambling codes can not be
detected. Therefore, the range for detection is 0x0000 - Ox1FFQh, where the last digit is always
0.

= Remote: CDP:LCOD: SEAR

Show List

Displays a result list of the automatic search sequence containing the highest power values
calculated and the corresponding scrambling codes. The power shown is a coarse value for the
CPICH power.

This softkey is only available after a scrambling code auto search has been performed (see
Scrambling Code Autosearch softkey).

= Remote: CDP:LCOD:SEAR:LIST?

Format Hex/Dec

Selects the display format of the scrambling codes:

Hex hexadecimal

Dec decimal

The default setting is hexadecimal.

= Remote: CDP:LCOD #H2
= Remote: CDP:LCOD:DVAL 3
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Adjust Ref Level

Adjusts the reference level to the measured channel power. This ensures that the settings of the
RF attenuation and the reference level are optimally adjusted to the signal level without
overloading the R&S FSL or limiting the dynamic range by an S/N ratio that is too small.

= Remote: CDP:LEV:ADJ

Invert Q On/Off

Switches the Q inversion on or off:

ON The sign of the Q-component of the signal is inverted.
OFF The sign of the Q-component of the signal remains unchanged (default setting).

= Remote: CDP:QINV ON

Normalize On/Off

Activates and deactivates the elimination of the 1/Q offset.

= Remote: CDP:NORM ON

Antenna Diversity On/Off

Activates or deactivates the antenna diversity mode for the code domain power analysis. The
default setting of this softkey is OFF. The diversity antennas are selected via the Antenna
Number 1/2 softkey.

= Remote: CDP:ANT 1

Antenna Number 1/2

Switches between antenna set 1 or 2. The default setting of this softkey is 1. This softkey is only
available if the Antenna Diversity On/Off softkey is activated.

= Remote: CDP:ANT 1

Inactive Channel Threshold

Opens an edit dialog box to set the minimum power theshold for a single channel (channel
power compared to total signal power). Only channels with a signal power above this value are
recognized as active channels. Channels with a signal power below this value are considered to
be not active (irrespective of whether they contain pilot symbols or not).

The default value is -60 dB.
= Remote: CDP: ICTR -10dB
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HSDPA/HSUPA On/Off

Activates or deactivates the HSUPA/DPA channel detection and the display of the HSUPA/DPA
channels in the channel table.

ON The high speed channels can be detected (default settings).
The modulation type (QPSK /16QAM) is detected.

OFF The high speed channel can not be detected.
Pilot symbols are detected.

= Remote: CDP:HSDP OFF

Sync Type CPICH/SCH

Defines the synchronization. The default setting of this softkey is CPICH.

CPICH A synchronization to the CPICH control channel is performed. As a prerequisite,
the CPICH control channel must be present in the signal.

SCH A synchronization without assuming the presence of a CPICH channel is
performed.

While this setting can also be used with other channel configurations, but the
probability of synchronization failure increases with the number of data channels.

= Remote: CDP:STYP SCH

Softkeys of the frequency menu (3G FDD BTS mode)

The following table shows all softkeys available in the frequency menu in 3G FDD BTS mode. It is
possible that your instrument configuration does not provide all softkeys. If a softkey is only available
with a special option, model or (measurement) mode, this information is delivered in the corresponding
softkey description.

Command

Center

Stepsize Manual

Frequency Offset

Center

For details refer to the Center softkey in the frequency menu of the base unit.

Stepsize Manual

For details refer to the Manual softkey in the frequency menu of the base unit.

Frequency Offset

For details refer to the Frequency Offset softkey in the frequency menu of the base unit.

1300.2519.12 4.266 E-12



3GPP Base Station Measurements (Option K72)

Code Dom Channel Table

Selects the Code Domain Channel Table result display. This channel assignment table can
contain up to 512 entries, corresponding to the 512 codes that can be assigned within the class
of spreading factor 512. For detailed description of the channels refer to "Channels of the Code
Domain Channel Table and their usage" on page 4.260.

Auto
Level&Code

Code Dom

Channel
Table

Code Dom
Power
Diagram

Code Dom
Result p
Summary

Spectrum
Emission p
Mask

Syhc 0K

In the upper part of the Code Domain Channel Table, all channels that have to be present in the
signal to be analyzed are listed. In the lower part of the table, all data channels contained in the
signal are listed. A data channel is any channel that does not have a predefined channel number
and symbol rate.

The channels are listed in descending order according to symbol rates and, within a symbol rate,
in ascending order according to the channel numbers. Therefore, the unassigned codes are
always to be found at the end of the table.

The following parameters of these channels are determined by the code domain power
measurement:

— Chan Type
type of channel (active channels only)

If the modulation type of a channel can vary (HS-PDSCH), the value of the measured

R&S FSL

modulation type is appended to the channel type. Data channels without a type fully recognized

are characterized as CHAN.
— SymRate [ksps]

symbol rate at which the channel is transmitted (7.5 ksps to 960 ksps).
— Chan

number of the channel spreading code (0 to [spreading factor-1]).
— Status

Unassigned codes are considered to be inactive. A data channel is considered to be active if

the required pilot symbols (see 3GPP specification, exception: PICH) are to be found at the end

of each slot. In addition, the channel should have minimum power (see Inactive Channel
Threshold softkey).

—  PilotL [Bits]

number of pilot bits of the channel
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— PwrAbs [dBm]/ PwrRel [dB]

indication of the absolute and relative channel power (referenced to the CPICH or the total
power of the signal)

— T Offs [Chips]

timing offset = offset between the start of the first slot of the channel and the start of the
analyzed 3GPP FDD frame

= Remote: CALC:FEED 'XTIM:CDP:ERR:CTAB'
= Remote: TRAC? CTAB

Code Dom Power Diagram

Selects the Code Domain Power Diagram result display. Common settings for code domain power
measurements are performed via the settings menu (MENU key). For details refer to "Softkeys of
the settings menu (3G FDD BTS mode)" on page 4.262.

This result display shows the power of all occupied code channels in a bar graph. The x-axis is
scaled for the highest code class or the highest spreading factor (512). Code channels with a lower
spreading factor occupy correspondingly more channels of the highest code class. The power of a
code channel is always measured according to its symbol rate. Unused code channels are
assumed to belong to the highest code class and displayed accordingly. The displayed power of an
unused code channel therefore corresponds to the power of a channel with the spreading factor
512 at the respective code position.

The measured power always refers to one slot. The time reference for the start of a slot is the
CIPCH slot. If the signal contains channels with timing offsets, the start of a slot of the channel may
be different from the CPICH slot start. This leads to the power of the bar graphs normally being
averaged over two adjacent slots in such cases. The power shown in the bar graphs thus does not
necessarily correspond to the slot power of the channel the bar graph belongs to.

Select
Channel

-8.03 dB

LS Select

Power Ref

TOT

Adjust
Ref Level

Sync OK

Detected channels are displayed in yellow color.

The codes where no channel could be detected (non-active channels) are displayed in blue
color. These channel should be checked for their pilot symbols.

The channel that is adjusted via the Select Channel softkey is marked red. If it is an assigned
channel, the entire channel is marked red. If it is an unassigned code, only the entered code is
marked.

If the HSDPA/HSUPA On/Off softkey is activated, the detection of channels does not depend on
pilot sequences. An active channel merely has to exceed the minimum power (see Inactive
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Channel Threshold softkey). Therefore channels of the type HS-PDSCH are recognized as
active (see also Code Dom Channel Table softkey).

= Remote: CALC:FEED 'XPOW:CDP'
= Remote: TRAC? TRACE1l

Code Dom Result Summary

Opens a submenu to display the Result Summary.

Result Summary Normal

Selects the mormal Code Domain Result Summary result display.

This result display shows the most important measurement results in one table with big letters.
Via the Result Summary Extended softkey you can switch to the extended Code Dom Result
Summary result display.

Total Power

total signal power (average power of total evaluated 3GPP FDD frame).
Carrier Frequency Error

frequency error relative to the center frequency of the R&S FSL

The absolute frequency error is the sum of the R&S FSL and DUT frequency error. The
specified value is averaged via one slot; the frequency offset of the selected slot applies (via
Select CPICH Slot softkey). The maximum frequency error that can be compensated is
specified in the table below as a function of the sync mode. Transmitter and receiver should be
synchronized as far as possible (see chapter 2).

Sync Type Antenna diversity Max. Freq. Offset
CPICH X 5.0 kHz
SCH OFF 1.6 kHz
SCH ANT 1 330 Hz
SCH ANT 2 330 Hz

Composite EVM
difference between the test signal and the ideal reference signal
Peak Code Domain Error

projection of the difference between the test signal and the ideal reference signal onto the
selected spreading factor

No of Active Channels

number of active channels detected in the signal (Both the detected data channels and the
control channels are considered active channels.)

= Remote: CALC:FEED 'XTIM:CDP:ERR:SUMM'
= Remote: CALC:MARK:FUNC:WCDP:RES? CDP
= Remote: TRAC? TRACE1l
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Result Summary Extended

Extends the number of results shown in the normal Code Dom Result Summary result display
(Result Summary Normal softkey) by the results listed below.

This result display consists of two panes. The Global Results (upper pane) contains the results
for the total signal. The Channel Results (lower pane) lists the measurement results of the
selected channel (marked red in the Code Domain Power Diagram).

Chip Rate Error
chip rate error in ppm

As a result of a high chip rate error, symbol errors arise and the code domain power
measurement is possibly not synchronized to the 3GPP FDD signal. The result is valid even if
synchronization of the R&S FSL and signal failed.

Trigger to Frame

time difference between the beginning of the recorded signal section to the start of the analyzed
3GPP FDD frame

In the case of triggered data collection, this difference is identical with the time difference of
frame trigger (+ trigger offset) - frame start. If synchronization of the R&S FSL and W-CDMA
signal fails, the Trigger to Frame value is not significant.

1Q Offset

DC offset of signals in %

IQ Imbalance

I/Q imbalance of signal in %
CPICH Siot No

number of the CPICH slot at which the measurement is performed (selected via the Select
CPICH Slot softkey).

CPICH Power

power of the common pilot channel

Symbol Rate

symbol rate at which the channel is transmitted

RHO

quality parameter for every slot

Channel Code

number of the spreading code of the selected channel
Timing Offset

offset between the start of the first slot in the channel and the start of the analyzed 3GPP FDD
frame

No of Pilot Bits
number of pilot bits of the selected channel
Channel Slot No

channel slot number, obtained by combining the value of the Select CPICH Slot softkey and
the channel's timing offset

Channel Power Rel / Abs

channel power, relative (see Power Ref TOT/CPICH softkey) and absolute.
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— Symbol EVM

Peak (%Pk) or average (%rms) of the results of the error vector magnitude
— Modulation Type

modulation type of an HSDPA channel (QPSK or 16QAM modulation)

= Remote: CDP:RSUM EXT

Power

Activates the measurement of the 3GPP FDD signal channel power and opens a submenu. This
measurement is identical to the ACP measurement (see ACP softkey), the default settings are in
accordance with the 3GPP specifications:

Parameter Default setting

CP / ACP Standard W-CDMA 3GPP FWD

# of Adj Chan 0 (all adjacent channels deactivated)

The R&S FSL measures the unweighted RF signal power in a bandwidth of
Jew =SMHz>2(1+0a)-3.84MHz | a=0.22

The power is measured in zero span using a digital channel filter of 5 MHz in bandwidth.
According to the 3GPP standard, the measurement bandwidth (5 MHz) is slightly larger than the
minimum required bandwidth of 4.7 MHz.

CP / ACP
Config

dBm
-30 dem

-40 dBrm
Fast ACP

-50 dB |'||'| m off

-60 dBm

CF 2.1175 GH=z
Tx Channel Standard W CDMA 3GPP FWD

Ref Level
= Remote: CONF:WCDP:MEAS POW
= Remote: CALC:MARK:FUNC:POW:RES? CPOW
= Remote: TRAC? TRACE1l

Adjust

CP / ACP Config

For further details refer to the CP / ACP Config softkey in the power measurement menu of the
base unit.
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To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System" in the Quick Start Guide.

Further information

— "Predefined Channel Tables" on page 4.289

— "Relationship between channel type and modulation type" on page 4.291
— "Short list of terms and abbreviations" on page 4.291

— "Hadamard and BitReverse Code Tables" on page 4.337

Tasks
"To edit a channel table" on page 4.283
"To create a channel table" on page 4.284

"To copy a channel table" on page 4.284

Measurements and result display

The CDMA2000 BTS Analyzer option provides the following test measurement types and result
displays. All measurements and result displays are accessed via the MEAS key (measurement
menu)."Code Domain Analysis" on page 4.284

— "Signal Channel Power" on page 4.286

— "Adjacent Channel Power" on page 4.286
— "Spectrum Emission Mask" on page 4.287
— "Occupied Bandwidth" on page 4.287

— "Complementary Cumulative Distribution Function" on page 4.288

To edit a channel table

1. Enter the Channel Table Settings menu and the corresponding dialog box is displayed.
Select the channel table to be edited by marking the check box.

3. Press the Edit softkey and the Edit Channel Table dialog box is displayed.

Each row in the table represents one channel. Channels are displayed as entered and not sorted
automatically. To sort the channels use the Sort softkey (for details on how sorting is done see the
Sort softkey).

4. Enter a name and a description of the channel table in the Name and Description field.
Add and delete channels by using the corresponding softkeys.
To edit an existing channel put the focus on the parameter to be changed.

— Choose a channel type from the dropdown menu (opens with the ENTER key) in the Channel
Type column. No channel types other than the ones found in the list can be chosen.

— Assign a channel number in the Walsh Ch.SF column. Note that some channel types have
predefined values and can not be edited.

— Choose a radio configuration in the Radio Configuration column.
— Activate or deactivate a channel in State column.

— The columns Symbol Rate/ ksps, Power/ dB and Domain Conflict can not be edited. The
values are calculated automatically.
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For further details also refer to the Edit channel table dialog box.

To create a channel table

Enter the Channel Table Settings menu and the corresponding dialog box is displayed.

Press the New softkey and a new channel table by the name 'ChannelTable' will be added. The
new channel table contains no channels by default.

For further details refer to the New softkey as well as "To edit a channel table" on page 4.283.

To copy a channel table

1.

Enter the Channel Table Settings menu and the corresponding dialog box is displayed.
Select the channel table to be copied by marking the check box.

Press the Copy softkey and the channel table in focus is copied. The copy is named
'Copy of <SourceChannelTableName>. Except the name, all elements of the channel table in focus
are copied.

For further details refer to the Copy softkey as well as "To edit a channel table" on page
4.283.Measurements and result display

Measurements and result display

The CDMA2000 BTS Analyzer option provides the following test measurement types and result
displays. All measurements and result displays are accessed via the MEAS key (measurement
menu)."Code Domain Analysis" on page 4.284

"Signal Channel Power" on page 4.286
"Adjacent Channel Power" on page 4.286
"Spectrum Emission Mask" on page 4.287
"Occupied Bandwidth" on page 4.287

"Complementary Cumulative Distribution Function" on page 4.288

Code Domain Analysis

The Code Domain Analyzer performs measurements in the code domain. The following
measurement types and corresponding result displays are available:

Softkey Definition

Code Domain Power Code Domain Power result display in relative or absolute scaling

Channel Table

Channel occupancy table

Power vs PCG

Power of the selected channel versus all PCGs

Result Summary

Results in tabular form

Code Domain Error

Code Domain Error Power result display

Composite EVM

Averaged error between the test signal and the ideal reference signal

Peak Code Domain Error

Projection of the maximum error between the test signal and the reference signal

Channel Constell

Channel Constellation result display

EVM vs Symbol

Error Vector Magnitude result display

Composite Constell

Composite Constellation result display

Power vs Symbol

Power of the selected channel and of the selected PCG versus all symbols

Channel Bitstream

Display of decided bits
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In order to provide a quick swap from the base unit to the CDMA2000 BTS Analyzer option, some
parameters are passed on.

Transferred parameter

Reference Level

Ref Level Offset

RBW

VBW

# of Adjacent Channels

Sweep Time

Span

Fast ACP Mode

For details on the softkeys of the Adjacent Channel Power measurement refer to the Adjacent
Channel Power softkey in the measurement menu.

Spectrum Emission Mask (see Spectrum Emission Mask softkey)
measurement:Spectrum Emission Mask (K82)Spectrum Emission Mask (K82)The Spectrum
Emission Mask measurement shows the quality of the measured signal by comparing the power
values in the frequency range near the carrier against a spectral mask that is defined by the 3GPP2
specifications. The limits depend on the selected bandclass. In this way, the performance of the
DUT can be tested and the emissions and their distance to the limit be identified.

Note that the 3GPP2 standard does not distinguish between spurious and spectral emissions.

Beneath the measurement screen a table showing the peak list. In the peak list the values for the
worst spectral emissions are displayed including their frequency and power.

The default settings of the Spectrum Emission Mask measurement are listed in the table below.

Setting Default value
Frequency Span 8 MHz
Sweep Time 100 ms
Detector RMS

In order to provide a quick swap from the base unit to the CDMA2000 BTS Analyzer option, some
parameters are passed on.

Transferred Parameter

Reference Level

Ref Level Offset

Center Frequency

Frequency Offset

Trigger settings

For details on the softkeys of the Spectrum Emission Mask measurement refer to the Spectrum
Emission Mask softkey in the measurement menu.

Occupied Bandwidth
The Occupied Bandwidth measurement determines the bandwidth in which the signal power can be
found. By default the bandwidth is displayed in which 99% of the signal is found. The percentage of
the signal power included in the measurement can be modified.
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For details on the softkeys of the CCDF measurement see CCDF in the measurement menu.

In a transition from the base unit to the CDMA2000 BTS Analyzer option, external trigger sources are
preserved, all other trigger sources are switched to the Free Run trigger mode. Additional trigger
settings are preserved.

For a detailed description refer also to chapter "Advanced Measurement Examples".

Predefined Channel Tables

Predefined channel tables offer access to a quick configuration for the channel search. The CDMA2000
BTS Analyzer option provides the following set of channel tables compliant with the CDMA2000
specification:

e RECENT

This channel table always appears first in the list. It contains the channels that were automatically
created during the last measurement with Auto Search channels activated (for details refer to
Channel Table Settings).

e MPC_RC1 (Base Station Main Path 6 Channels Radio Configuration 1)
Channel table with F-PICH/F-SYNC/F-PCH and 6 data channels (see Table 4-10).

e MPC_RC4 (Base Station Main Path 6 Channels Radio Configuration 4)
Channel table with F-PICH/F-SYNC/F-PCH and 6 data channels (see Table 4-11).

e TDC_RC4 (Base Station Transmit Diversity Path 6 Channels Radio Configuration 4)
Channel table with F-PICH/F-SYNC/F-PCH and 6 data channels (see Table 4-12).

In addition to the compliant channel tables, the following channel tables are defined:
e BPC_RC4 (Base Station Both Paths 6 Channels Radio Configuration 4)
Channel table with F-PICH/F-TDPICH/F-SYNC/F-PCH and 6 data channels (see Table 4-13).

— The standard does not specify a channel number for the data channels. If you wish to use
channels other than those in the predefined channel tables, you may copy the original tables
and adapt the channels in the copy. For details refer to the step-by-step instructions "To edit a
channel table", "To create a channel table" and "To copy a channel table".

Table 4-10: Base station channel table for main branch in radio configuration 1

Channel type Number of Radio Code channel
channels configuration (Walsh Code.SF)
F-PICH 1 - 0.64
F-SYNC 1 - 32.64
F-PCH 1 - 1.64
CHAN 6 1 9.64
1 10.64
1 11.64
1 15.64
1 17.64
1 25.64
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Relationship between channel type and modulation type

Channel type Channel Modulation
F-PICH Pilot channel BPSK
F-SYNC Synchronisation channel BPSK
F-PCH Paging channel BPSK
F-TDPICH Transmit diversity pilot channel BPSK
F-APICH Auxiliary pilot channel BPSK
F-ATDPICH Auxiliary transmit diversity channel BPSK
F-BCH Broadcast channel QPSK
F-CPCCH Common power control channel QPSK
F-CACH Common assignment channel QPSK
F-CCCH Common control channel QPSK
F-PDCCH Packet data control channel QPSK
F-PDCH Packet data channel QPSK, 8PSK or 16QAM
CHAN Data channel radio configuration 1-2 BPSK
CHAN Data channel radio configuration 3-5 QPSK

Short list of terms and abbreviations

For a more comprehensive glossary refer to the CDMA2000 standard.

Term or abbreviation Description

APICH auxiliary pilot channel

ATDPCH auxiliary transmit diversity pilot channel

BCH broadcast channel.

CACH common assignment channel

CCCH common control channel

CDEP code domain error power

CDP code domain power

Composite EVM In accordance with the 3GPP2 specifications, determines the square root of the squared

error between the real and the imaginary parts of the test signal and an ideally generated
reference signal (EVM referred to the total signal) in a composite EVM measurement.

CPCCH common power control channel

Crest factor ratio of peak to average value of the signal

Inactive Channel Threshold Minimum power that a single channel must have compared with the total signal to be
recognized as an active channel.

MCA1 multi-carrier1 (one carrier system 1X).

MC2 multi-carrier3 (three carrier system 3X).

OTD orthogonal transmit diversity, two antennas used

PCG power control group: name in CDMA2000 system for 1536 chips or 1.25 ms interval;

transmitter power is constant during a power control group

PCH paging channel
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IQ Capture Settings

Opens the 1Q Capture Settings dialog box.
x|

Capture Length

Swap IQ

Trigger Source * Free Run
" External

Trigger Polarity  © Positive
" Negative

Trigger Offset 0.0 s

Close

In the 1Q Capture Settings dialog box, the following parameters can be modified:

Capture Length
Swap 1Q

Trigger Source

Trigger Polarity

Trigger Offset

Capture Length (IQ Capture Settings dialog box)

Sets the number of PCGs you want to analyze. The input value is always in multiples of the
PCGs. The maximum capture length value is 64. The default value is 3.

= Remote: CDP:IQL 12

Swap 1Q (IQ Capture Settings dialog box)

Activates the inversion of the sign of the Q-component of the signal. The default setting is OFF.

= Remote: CDP:QINV ON

Trigger Source (1Q Capture Settings dialog box)

Selects one of the trigger modes: Free Run or External. Other trigger modes are not available.
The default setting is Free Run. If External trigger mode has been set, the enhancement label
TRG is displayed. For details on the trigger modes refer to Trigger mode overview on page 4.27.

= Remote: TRIG: SOUR EXT
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Trigger Polarity (IQ Capture Settings dialog box)

Sets the polarity of the trigger source.

Depending on the required polarity of the edge, the trigger polarity can be set to either positive
or negative. The default setting is Pos. The setting only has an effect if the trigger source is
external.

= Remote: TRIG:SLOP POS
= Remote: SWE : EGAT : POL POS

Trigger Offset (IQ Capture Settings dialog box)

For details refer to the Trigger Offset softkey in the trigger menu of the base unit.

Demod Settings

Opens the Demodulation Settings dialog box:

=
Base Spreading Factor I~ 64
i~ 128
Antenna Diversity ~ Off

" Antenna 1
" Antenna 2

Multi Carrier | |

Time / Phase Estimation I
(Inter-Channel)

PN Offset ID
{Only for external trigger)

In the Demodulation Settings dialog box, the following parameters can be modified:

Base SF

Antenna Diversity

Multi Carrier

Time/Phase Estimation

PN Offset

Base SF (Demod Settings dialog box)

Sets the base spreading factor to either 64 or 128. If you set the base spreading factor to 64 for
channels with a base spreading factor of 128 (code class 7), an alias power is displayed in the
Code Domain Power and Code Domain Error Power diagrams.

= Remote: CDP:SFAC 64
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Inactive Channel Threshold (Channel Table Settings dialog box)

Defines the minimum power which a single channel must have compared to the total signal in
order to be regarded as an active channel. Channels below the specified threshold are regarded
as "inactive". The parameter is only available in the Auto Search mode of the Channel Table
Settings dialog box.

The default value is -60 dB. With this value all channels with signals such as the CDMA2000 test
models are located by the Code Domain Power analysis. Decrease the Inactive Channel
Threshold value, if not all channels contained in the signal are detected.

= Remote: CDP:ICTR -100 dB ... 0 dB

Channel Table Name (Channel Table Settings dialog box)

In this field a list of the available channel tables is shown. To activate a predefined channel
table, select the corresponding check box by using the cursor keys and pressing the ENTER
key. The selected channel table is then used as the basis for future measurements (until you
choose another or activare Auto Search).

An active channel table must completely describe the supplied signal, also in regard to the
transmit diversity (see Antenna Diversity).

Using the softkeys, customized channel tables can be defined or existing channel tables can be
modified. For details refer to the step-by-step instructions To edit a channel table on page 4.283,
To copy a channel table on page 4.284 and To create a channel table on page 4.284.

= Remote: CONF:CDP:CTAB:CAT?

New

Creates a new channel table name that can be seen in the dialog box from then on. The name
will be automatically set to 'ChannelTable'. By default, the resulting channel table is completely
empty (i.e. it contains no channel at all). Also see the section on how To create a channel table
on page 4.284.

= Remote: CONF:CDP:CTAB: NAME "NEW TAB"

Copy

Copies the selected table. All elements of the selected channel table are copied, except the
name which is set to 'Copy of <SourceChannelTableName>'. Also see the section on how To
copy a channel table on page 4.284.

= Remote: CONF:CDP:CTAB:COPY "CTAB2"

Delete

Deletes the selected channel table. The currently active channel table cannot be deleted.

= Remote: CONF:CDP:CTAB:DEL "CTAB2"
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Edit

Opens the Edit Channel Table dialog box and the corresponding softkey menu.

Edit Channel Table |
Name IBPC_RC4

Description IButh Paths, 6 Channels, RC4

. -onn

Channel Walsh |Sym Rate RC Power|State| Domain _I:

Type Ch.SF |fksps fdB Conflict !

F-PICH 0.64 19.2 - 0.00 :

F-SYNC 32.64 19.2 - 0.00 E

F-PCH 1.64 19.2 - 0.00 i

F-TDPICH 16.128 9.6 - 0.00 i

CHAN 0.128 9.6 3-5 0.00 I

CHAN 10.128 9.6 3-5 0.00 i

CHAN 11.128 9.6 3-5 0.00 :

CHAN 15.128 9.6 3-5 0.00 i

CHAN 17.128 9.6 3-5 0.00 :

CHAN 25.128 9.6 3-5 0.00 i

i

1

1

1

1

1

1

LII

1

———————————————————————————————————————————————————————————————— o

Save I Cancel |

The dialog box contains the following items (grey fields can not be modified):

Item Description

Name Enter the name of the selected channel table, which will be
saved under <name>.xml. Note that the old channel table
file is not deleted. The name is case sensitive and may not
contain spaces. It must be a valid MS Windows file name.

Description Enter further information about the channel table.
Channel Type Select one of the channel types from the dropdown menu
Walsh Ch.SF Enter the Channel Number (Ch) and Spreading Factor (SF).

For some channel types the possible values are limited or
preset (e.g. F-PICH, F-TDPICH and F-PDCH).

Symbol Rate/ksps Display of the symbol rate

RC The Radio Configuration (RC) can be customized for only
two channel types. For the F-PDCH the values can be
10(QPSK), 10(8PSK) and 10(16QAM). For CHAN channels
the Radio Configuration can either be 1-2 or 3-5.

Power/dB Contains the measured relative code domain power. The
unit is dB. The fields are filled with values after pressing the
Meas softkey.

State Indicates whether a channel is active or inactive

DomainConflict A red bullet is shown if there's a conflict of any sort between
two or more channels (e.g. two conflicting channel codes)

Changes are never saved automatically. For that reason every time a change is made, the text
"(unsaved changes)' appears in the title bar.

The corresponding softkey menu contains the following items:
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Bit-Reverse order Bundles the channels with concentrated codes, i.e. all codes
of a channel are next to one another. In this way you can see
the total power of a concentrated channel.

Example (for base spreading factor of 64):

0.64, 32.64, 16.64, 48.64, 8.64, 40.64, ..., 15.64, 47.64,
31.64, 63.64

For details refer to Hadamard and BitReverse Code Tables on page 4.337.

= Remote: CDP:0ORD HAD

Code Power (Result Settings dialog box)

Selects the y-axis scaling for the Code Domain Power result display.
Absolute scaling dBm
Relative scaling dB

Set the reference via the Power Reference.

= Remote: CALC:FEED "XPOW:CDP[:ABS]"
= Remote: CALC:FEED "XPOW:CDP:RAT"

Power Reference (Result Settings dialog box)

Determines the reference power for the relative power measurements.

Pilot Channel By default, the reference power is the power of the pilot channel.
Which pilot channel is used as reference depends on the Antenna
Diversity.

Total Power The power is measured over one PCG. The reference power is

the total power of the signal for the corresponding PCG.

By default, the power of the channels is referred to the power of the pilot channel (code number
0). The power of the pilot channel is identical over all PCGs and hence can be used as a
constant reference for the result display. In contrast, the total power can vary from PCG to PCG
due to the possibility of a power level change in the different code channels.

In the Power vs PCG result display, with enabled power control and reference to the total power
of the signal, the power control of the selected channel is not necessarily reflected.

Example (theoretical):
There is just one data channel in the signal and its power is controlled.

The power is referred to the total power of the signal (which consists only of the contribution
from this one data channel).

In the Power vs. PCG diagram, a straight line is displayed instead of the expected power
staircase.

For relative result displays, the reference value Total Power is therefore only meaningful if the
signal does not contain power control. For signals with enabled power control, use the Pilot
Channel setting, since the pilot channel is not subject to power control under any
circumstances.

= Remote: CDP: PREF TOT
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Normalize (Result Settings dialog box)

If activated, this parameter eliminates the DC offset from the signal. By default, the parameter is
deactivated.

= Remote: CDP:NORM ON

Screen Focus A/B

Sets the focus on the selected screen. Changes apply only to the focused screen. There are no
restrictions to the display of measurement results, i.e. you can display every result display in
either or both screens.

= Remote: DISP:SEL

Screen Size Full/Split

Displays the result display in full screen size, or splits the screen to display two result displays.

To change settings in split screen display, set the focus on the designated result display via the
Screen Focus A/B softkey.

= Remote: DISP:FORM SING

Select Meas

Opens a submenu to select one of the measurements and result displays of the Code Domain
Analyzer:

— Code Domain Power on page 4.307
— Channel Table on page 4.309

— Power vs PCG on page 4.310

— Result Summary on page 4.310

— Code Domain Error on page 4.313
— Composite EVM on page 4.314

— Peak Code Domain Error on page 4.315
— Channel Constell on page 4.315

— EVM vs Symbol on page 4.316

— Composite Constell on page 4.316
— Power vs Symbol on page 4.317

— Channel Bitstream on page 4.318

For details on screen layout and default settings refer to the measurement description of the
Code Domain Analysis on page 4.284.

Code Domain Power

Starts the Code Domain Power (CDP) result display. By default, the scaling is relative.

This result display determines the power of all channels and plots it in a diagram. The x-axis
represents the channel (code) number, which corresponds to the base spreading factor. Each
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bar in the diagram represents one code. The order of the codes depends on the Code Order.
The y-axis is a logarithmic level axis that shows the power of each channel.

The measurement evaluates the total signal over a single PCG. It supports both Hadamard and
BitReverse code sorting order. Selects the Code Domain Power (CDP) result display with
relative scaling.

ode Domain

Start Code O 4 Code/f Stop Code 63

Fig. 4-31: CDP measurement (result displayed in Bit Reverse code order for the same signal)

Active and inactive data channels are defined via the Inactive Channel Threshold. The power
values of the active and unassigned channels are shown in different colors. In addition, codes
with alias power can occur. These codes obtain power components originating either from a
spreading factor higher than the base spreading factor or from the own and/or another antenna
as a result of transmit diversity.

The following colors are defined:

— Red: selected channel (Channel (Code) Number)

— Yellow: active channel

— Cyan: inactive channel

— Light blue: alias power of higher spreading factor

— Magenta: alias power as a result of transmit diversity

the Base SF.

It is not recommended to select more detailed result displays (such as Channel
Constell) for unassigned codes, since the results are not valid.

If codes with alias power are displayed, set the highest base spreading factor using

= Remote: CALC1:FEED "XPOW:CDP:RAT" (relative code power)
= Remote: CALC1:FEED "XPOW:CDP" (absolute code power)
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Channel Table

Starts the Channel Table result display.

This result display shows all channels of the signal. The sorting of the channels is according to
channel type, i.e. special channels like F-PICH, F-SYNC etc. first, then data channels (CHAN)
and last inactive channels (always shown as '---'). Within a group, channels are sorted according
to the spreading factor and then according to code number, also in ascending order. Within the
code number, first active, then inactive channels are listed. The selected channel is marked in
red. Active and inactive data channels are defined via the Inactive Channel Threshold.

The Channel Table result display may contain up to 128 entries, corresponding to the highest
base spreading factor of 128.

The measurement evaluates the total signal over a single PCG.

[4] Channel Tahle

I
Channel | Walsh |Symb.Rate| RC |State| Power | Power | T Offs | P Offs
e s e el el Wl
pick | osd 193 —f on 1701 oo oo -

Fig. 4-32: Channel Table result display
For the Code Domain Power measurement, the following parameters are determined for the
channels:
— Channel Type
Shows type of channel (---' for inactive channels)
— Walsh Chan.SF
Channel number including the spreading factor (in the form <Channel>.<SF>).
— Symb Rate/ksps
Symbol rate with which the channel is transmitted (9.6 ksps to 307.2 ksps).
- RC
Radio configuration.
— State
Status display. Unassigned codes are identified as inactive channels.
—  Pwr dBm/Pwr dB

Specification of the absolute (dBm) and relative (dB) (referred to the F-PICH or the total power
of signal) power of the channel

— T Offs/ns and Ph Offs/mrad

Timing/phase offset between this channel and the pilot channel (enabled via the Demod
Settings softkey, Time/Phase Estimation).

If enabled, the maximum value of the timing/phase offset is displayed together with the
associated channel in the last two lines. Since the timing/phase offset values of each active
channel can be either negative or positive, the absolute values are compared and the maximum
is displayed with the original sign.

= Remote: CALC1:FEED "XTIM:CDP:ERR:CTAB"
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Power vs PCG

Selects the Power versus Power Control Group (PCG) result display.

In this result display, the power of the selected channel is averaged for each measured PCG
and referred to the pilot power of the PCG. Therefore the unit of the y-axis is dB (relative to the
Pilot Channel). For measurements in which Antenna Diversity is inactive (OFF) or set to
'‘Antenna 1', the F-PICH channel is used as reference, while the F-TDPICH channel is used for
measurements in which Antenna Diversity is set to 'Antenna 2.

For signals with enabled power control, use the default reference power setting. For
details refer to Power Reference.

The measurement evaluates one code channel over the entire period of observation. The
selected PCG is displayed red.

You can set the number of PCGs by means of the Capture Length.

For a power-regulated signal, to correctly detect the start of a power control group, the
external trigger must be used.

Fig. 4-33: Power vs PCG for an occupied channel with power control

= Remote: CALC2:FEED "XTIM:CDP:PVSL"

Result Summary

The Result Summary shows the data of various measurements in numerical form.

Note the effects of the Trace Mode softkey differ from other measurements. The Min Hold and
Max Hold values are already given in the Min and Max columns of the Result Summary table.
When in Average trace mode, the Current column is renamed to Average and the
corresponding values are displayed. The current values are displayed in the Current column,
when the View trace mode is activated.
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The result display is divided as follows:

Global Results
PCG

Channel

Current Jnit

Fig. 4-34: Result summary

= Remote: CALC2:FEED "XTIM:CDP:ERR:SUMM"
= Remote: CALC:MARK: FUNC:CDP:RES?

Global Results

Under Global Results, the measurement results that concern the total signal (that is, all
channels) for the entire period of observation (that is, all PCGs) are displayed:

Carrier Frequency Error

Specifies the frequency error referred to the set center frequency of the R&S FSL. The absolute
frequency error is the sum of the frequency error of the R&S FSL and that of the device under
test. Frequency differences between the transmitter and receiver of more than 1.0 kHz impair
synchronization of the Code Domain Power measurement. If at all possible, the transmitter and
the receiver should be synchronized (refer to chapter "Advanced Measurement Examples").
The frequency error is available in the units both Hz and ppm referred to the carrier frequency.

The value of the Carrier Frequency Error in ppm is only displayed in full screen mode.
Chip Rate Error

Specifies the chip rate error (1.2288 Mcps) in ppm. A large chip rate error results in symbol
errors and, consequently, possibly in the Code Domain Power measurement not being able to
perform synchronization. This measurement result is also valid if the R&S FSL could not
synchronize to the CDMA2000 signal.

Trigger to Frame

Reflects the time offset from the beginning of the recorded signal section to the start of the first
PCG. In case of triggered data recording, this corresponds to the timing offset:

frame trigger (+ trigger offset) - start of first PCG
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If it was not possible to synchronize the R&S FSL to the CDMA2000 signal, this measurement
result is meaningless. If the Free Run trigger mode is selected, dashes are displayed.

The Trigger to Frame value is only displayed in full screen mode.
Active Channels

Specifies the number of active channels found in the signal. Detected data channels as well as
special channels are regarded as active. With transmit diversity, the result applies to the
selected antenna (refer to Antenna Diversity). No value is displayed in both the Min and Max
columns.

PCG

Under PCG, the measurement results that concern the total signal (that is, all channels) for the
selected power control group (Capture Length) are displayed:

Total Power
Shows the total power of the signal.
Pilot Power

Shows the power of the pilot channel. If antenna 2 is selected, the power of the F-TDPICH is
displayed, in all other cases that of the F-PICH (for details refer to Antenna Diversity).

The value for the Pilot Power is only displayed in full screen mode.
RHO

Shows the quality parameter RHO. According to the CDMA2000 standard, RHO is the
normalized, correlated power between the measured and the ideally generated reference
signal. When RHO is measured, the CDMA2000 standard requires that only the pilot channel
be supplied.

Composite EVM

The composite EVM is the difference between the test signal and the ideal reference signal
(refer to the Composite EVM softkey).

1Q Imbalance / Offset
Shows the IQ imbalance and the DC offset of the signal in %.

The values for 1Q Imbalance and IQ Offset are only displayed in full screen mode.

Channel

Under Channel, the measurement results of the selected channel and the selected PCG are
displayed:

Power

Shows the channel power of the selected channel and PCG. The result depends on the
selected Code Power and the Power Reference) and absolute channel power.

EVM

Shows the peak or mean value of the EVM measurement result (refer to the EVM vs Symbol
softkey).

The value of the EVM is only displayed in full screen mode.
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Modulation

Displays the modulation type of the channel and PCG: BPSK, QPSK, 8PSK, or 16QAM. No
values are displayed in the Min and Max columns.

Timing Offset

Shows the timing offset between the selected channel and the pilot channel (enabled via the
Demod Settings softkey, Time/Phase Estimation).

The Timing Offset is only displayed in full screen mode.
Phase Offset

Shows the phase offset between the selected channel and the pilot channel (enabled via the
Demod Settings softkey, Time/Phase Estimation).

The Phase Offset is only displayed in full screen mode.

Select Ch/PCG

This softkey allows to select a specific PCG (Power Control Group) and/ or channel for the
measurement. The key has three different states. Pressing the softkey once, opens a standard
dialog box in which the channel number can be entered. Pressing it for the second time, a
specific PCG can be entered. On the third hit, the softkey becomes unselected.

For details on the effects of the Select Ch/PCG softkey, refer to Channel (Code) Number and
Power Control Group

The following result displays take results for a PCG into account:

Code Domain Power on page 4.307
Code Domain Error on page 4.314
Channel Table on page 4.309
Power vs Symbol on page 4.318
Composite Constell on page 4.317
Result Summary on page 4.310
Channel Bitstream on page 4.318
Channel Constell on page 4.316
EVM vs Symbol on page 4.316

The following result displays take results for a channel into account:

Power vs PCG on page 4.310
Power vs Symbol on page 4.318
Result Summary on page 4.310
Channel Bitstream on page 4.318
Channel Constell on page 4.316
EVM vs Symbol on page 4.316

= Remote: CDP:SLOT 0 ... (IQ CAPTURE LENGTH-1) (PCG selection)
= Remote: CDP:CODE 0... (BASE SF-1) (Channel and Code selection)
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Code Domain Error

Starts the Code Domain Error Power result display.

This result display shows the difference in power of the test signal and an ideally generated
reference signal and plots in a diagram. The unit is dB. The x-axis represents the channel (code)
number, which corresponds to the base spreading factor. The y-axis is a logarithmic level axis
that shows the error power of each channel. Since it is an error power, active and inactive
channels can be rated jointly at a glance.

The measurement evaluates the total signal over a single PCG. It supports both Hadamard and
BitReverse code sorting order.

-4 C
43 -- I ---

FIRTI T LU R IR T

Start Code O 4 Code/ Stop Code 63

Fig. 4-35: Code Domain Error Power (results shown in Hadamard code order)

Start Code O Stop Code 63

Fig. 4-36: Code Domain Error Power (results for the same signal shown in Bit Reverse code order)

Active and inactive data channels are defined via the Inactive Channel Threshold. The power
values of the active and inactive channels take on different colors. In addition, codes with alias
power can occur. These codes obtain power components originating either from a spreading
factor higher than the base spreading factor or from the own and/or another antenna as a result
of transmit diversity.

The following colors are defined:

— Red: selected channel (Channel (Code) Number)
— Yellow: active channel

— Cyan: inactive

— Light blue: alias power of higher spreading factor

— Magenta: alias power as a result of transmit diversity

the Base SF.

It is not recommended to select more detailed result displays (such as Channel
Constell) for unassigned codes, since the results are not valid.

If codes with alias power are displayed, set the highest base spreading factor using

= Remote: CALC1:FEED "XPOW:CDEP"
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Composite EVM

Starts the Composite EVM result display.

This result display is for measuring the modulation accuracy. It determines the error vector
magnitude (EVM) over the total signal. The EVM is the root of the ratio of the mean error power
(root mean square) to the power of an ideally generated reference signal. Thus, the EVM is
shown in %. The diagram consists of a composite EVM for each PCG.

The measurement evaluates the total signal over the entire period of observation. The selected
PCG is displayed red. You can set the number of PCGs in the Capture Length field

Only the channels detected as being active are used to generate the ideal reference signal. If a
channel is not detected as being active, e.g. on account of low power, the difference between
the test signal and the reference signal and the composite EVM is therefore very large.
Distortions also occur if unassigned codes are wrongly given the status of "active channel". To
obtain reliable measurement results, select an adequate channel threshold via the Inactive
Channel Threshold field.

0

Fig. 4-37: Composite EVM display for the case of all the channels contained in the signal being
detected as active.

= Remote: CALC1:FEED "XTIM:CDP:MACC"

Peak Code Domain Error

Starts the Peak Code Domain Error result display.

The Peak Code Domain Error is defined as the maximum value for the Code Domain Error for
all codes. That means that in this result display the Code Domain Error Power is projected onto
the code domain at a specific base spreading factor. In the diagram, each bar of the x-axis
represents one PCG. The y-axis represents the error power.

You can select the base spreading factor in the Base SF field and the number of evaluated
PCGs in the Capture Length field.

The measurement evaluates the total signal over the entire period of observation. The currently
selected PCG is displayed red.

Only the channels detected as being active are used to generate the ideal reference signal. If a
channel is not detected as being active, e.g. on account of low power, the difference between
the test signal and the reference signal is very large. The result display therefore shows a peak
code domain error that is too high. Distortions also occur if unassigned codes are wrongly given
the status of "active channel". To obtain reliable measurement results, select an adequate
channel threshold via the Inactive Channel Threshold field.
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Fig. 4-38: Peak code domain error for the case of all the channels contained in the signal being
detected as active

= Remote: CALC:FEED "XTIM:CDP:ERR:PCD"

Channel Constell

Starts the Channel Constellation result display.
This result display shows the channel constellation of the modulated signal at symbol level.

The measurement evaluates a single channel over a single PCG. You can select a specific
channel and PCG with the Select Ch/PCG softkey.

Supported modulation schemes are BPSK, QPSK, 8PSK and 16QAM. In CDMA2000 the
modulation scheme depends on the channel type. Inactive channels can be measured, but the
result is meaningless since these channels do not contain data.

The BPSK constellation points are displayed on the x-axis, while the constellation points of
QPSK and 16QAM are located on neither axis.

[4] Channel Constellation

-2.0 2.0

Fig. 4-39: Channel constellation diagram

= Remote: CALC:FEED "XTIM:CDP:SYMB:CONS"

EVM vs Symbol

Starts the Symbol Error Vector Magnitude result display.

This result display shows the EVM on symbol level. The x-axis represents the symbols and the
y-axis shows the EVM in %.

The measurement evaluates a single channel over a single PCG.

You can select a specific channel and PCG with the Select Ch/PCG softkey. The number of
symbols is in the range from 6 to 384 and can be calculated like this:

Number of symbols = Number of chips in one PCG / ChannelSF / K
with
Number of chips in one PCG = 1536
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Channel SF =4, 8, 16, 32, 64 or 128
K =1 for Antenna Diversity = OFF
K = 2 for Antenna Diversity # OFF

This calculation thus takes into account the results of a channel for a power control group. The
result is given in %. Inactive channels can be measured, but the result is meaningless since

these channels do not contain data. To set the channel and the PCG, use the Select Ch/PCG
softkey.

M nnmmHﬂnﬂ""ﬁiﬂﬂﬁﬂﬂfﬂﬂﬂ-'
Mﬂh. Ty d%%m%ﬁ%
A | LA NN R

0 32 Sym/ 383

Fig. 4-40: Error vector magnitude on symbol level

= Remote: CALC2:FEED "XTIM:CDP:SYMB:EVM"

Composite Constell

Starts the Composite Constellation result display.

This result display shows the constellation of the modulated signal at chip level. For each of the
1536 chips, a constellation point is displayed in the diagram.

The measurement evaluates the total signal over a single PCG.

[4] Composite Constellation

-2.0

Fig. 4-41: Composite constellation diagram

= Remote: CALC:FEED "XTIM:CDP:COMP:CONS"
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Power vs Symbol

Starts the Power vs Symbol result display.
This result display calculates the absolute power in dBm for every symbol number.

The measurement evaluates a single channel over a single PCG. You can select a specific
channel and PCG with the Select Ch/PCG softkey.

3 Sym/

Fig. 4-42: Power of a channel on symbol level

= Remote: CALC:FEED "XTIM:CDP:PVSY"

Channel Bitstream

Starts the Channel Bitstream result display.

The result display provides information on the demodulated bits for the selected channel and the
selected PCGs. This calculation thus takes into account the results of a channel for a specific
PCG. All bits that are part of inactive channels are marked as being invalid by means of dashes.
For 16QAM modulation '----' is displayed, for 8PSK modulation '---', for QPSK '--" and for BPSK '-
'. To set the channel and the PCG, use the Select Ch/PCG softkey.

A certain symbol can be selected by using the MKR key. By enetering a number, the marker will
jump to the selected symbol. If there are more symbols than the screen is capable of displaying,
the marker can also be used to scroll inside the list.

Depending on the spreading factor (symbol rate) of the channel, a minimum of 12 and a
maximum of 384 symbols can be contained in a power control group. In case of an active
transmit diversity (Antenna Diversity) the values redeuce to the half. Depending on the
modulation type, a symbol consists of the following bits:

— BPSK: 1 bit (only the I-component is assigned)

— QPSK: 2 bits (I-component followed by the Q-component)
— 8PSK: 3 bits

— 16QAM: 4 bits

In accordance with the radio configuration and the channel type, there are BPSK and QPSK
modulated channels in the CDMA2000 system. For details refer to Relationship between
channel type and modulation type on page 4.291.
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The order is shown in the following figure:
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Fig. 4-43: Phasor diagram for QPSK,

BPSK, 8PSK and 16QAM including bit values
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Fig. 4-44: Demodulated bits of a channel for one PCG

= Remote: CALC:FEED "XTIM:CDP:BSTR"
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Adjust Ref Level

Adjusts the reference level to the measured channel power. This ensures that the settings of the
RF attenuation and reference level are optimally adjusted to the signal level without overloading
the R&S FSL or limiting the dynamic range by a too small S/N ratio.

Current measurements are aborted when pressing the softkey and resumed after the automatic
level detection is finished.

For further details refer also to the Adjust Ref Level softkey in the measurement menu of the
base unit.

= Remote: CDP:LEV:ADJ

Softkeys of the frequency menu (CDMA2000 BTS Analyzer mode)

The following table shows all softkeys available in the frequency menu in CDMA2000 BTS Analyzer
mode. It is possible that your instrument configuration does not provide all softkeys. If a softkey is only
available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Center

Start

Stop

CF-Stepsize ¥

Center

For details refer to the Center softkey in the frequency menu of the base unit.

Start

Opens an edit dialog box to define the start frequency. For further details refer to the Start
softkey in the frequency menu of the base unit.

Note that the softkey is unavailable for Code Domain and CCDF measurements.

= Remote: FREQ:STAR 800 MHz

Stop

Opens an edit dialog box to define the stop frequency. For further details refer to the Stop
softkey in the frequency menu of the base unit.

Note that the softkey is unavailable for Code Domain and CCDF measurements.

= Remote: FREQ:STOP 1.500 MHz

CF-Stepsize

For details including the submenu refer to the CF Stepsize softkey in the frequency menu of the
base unit.
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Softkeys of the span menu (CDMA2000 BTS Analyzer mode)

The following table shows all softkeys available in the span menu in CDMA2000 BTS Analyzer mode.
It is possible that your instrument configuration does not provide all softkeys. If a softkey is only
available with a special option, model or measurement mode, this information is delivered in the
corresponding softkey description.

Note that the span menu is not available for code domain measurements and the signal power
measurement.

Command

Span Manual

Sweeptime Manual

Start

Stop

Full Span

Last Span

Span Manual

For details refer to the Span Manual softkey in the span menu of the base unit.

Sweeptime Manual

For details refer to the Sweeptime Manual softkey in the bandwidth menu of the base unit.

Start

For details refer to the Start softkey in the span menu of the base unit.

Stop

For details refer to the Stop softkey in the span menu of the base unit.

Full Span

For details refer to the Full Span softkey in the span menu of the base unit.

Last Span

For details refer to the Last Span softkey in the span menu of the base unit.
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Softkeys of the measurement menu (CDMA2000 BTS Analyzer mode)

The following table shows all softkeys available in the measurement menu in CDMA2000 BTS
Analyzer mode. It is possible that your instrument configuration does not provide all softkeys. If a
softkey is only available with a special option, model or (measurement) mode, this information is
delivered in the corresponding softkey description.

Menu / Command

Submenu / Command

Code Domain Analyzer ¥

Power

Adjacent Channel Power %

ACP Config ¥

Sweep Time

Fast ACP On/Off

ACP Abs/Rel

Adjust Ref Level

Spectrum Emission Mask #

Edit Sweep List

List Evaluation

Edit Reference Range

Edit Power Classes

Bandclass

Load Standard

Save As Standard

Meas Start/Stop

Restore FSL K82 Files

Occupied Bandwidth ¥

% Power Bandwidth

Adjust Ref Level

Adjust Settings

CCDF ¥

Percent Marker

Res BW

# of Samples

Scaling

Adjust Settings

Code Domain Analyzer

AActivates the Code Domain Analyzer and opens the Code Domain Analyzer menu. Select the
desired result display via this menu. For details refer to Softkeys of the Code Domain Analyzer
menu (CDMA2000 BTS Analyzer mode) on page 4.292.

For details on the measurements in the code domain, initial configuration and screen layout refer

to the description of the Code Domain Analysis on page 4.284.

= Remote: CONF:CDP:MEAS CDP
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Power

Activates the Signal Channel Power measurement, in which the power of a single channel is
determined.

For details on screen layout and default values see the description of the Signal Channel Power
on page 4.286.

= Remote: CONF:CDP:MEAS POW
= Remote: CALC:MARK: FUNC: POW:RES? CPOW (result query)

Adjacent Channel Power

Activates the Adjacent Channel Power measurement.

In this measurement the power of the carrier and its adjacent and alternate channels is determined.
For details on screen layout and default values see the description of the Adjacent Channel Power
on page 4.286.

Also opens the Adjacent Channel Power submenu containing the following softkeys:

Bandclass

ACP Config

Sweep Time
Fast ACP On/Off
ACP Abs/Rel
Adjust Ref Level

= Remote: CONF:CDP:MEAS ACLR
= Remote: CALC:MARK: FUNC: POW:RES? ACP (result query)

Bandclass (Adjacent Channel Power submenu)

softkey:Band Class (K82)"Opens a dialog box to select the bandclass. The following
bandclasses are available:

Band Class 0 800 MHz Cellular Band

Band Class 1 1.9 GHz PCS Band

Band Class 2 TACS Band

Band Class 3 JTACS Band

Band Class 4 Korean PCS Band

Band Class 5 450 MHz NMT Band

Band Class 6 2 GHz IMT-2000 Band

Band Class 7 700 MHz Band
Band Class 8 1800 MHz Band
Band Class 9 900 MHz Band

Band Class 10 Secondary 800 MHz

Band Class 11 400 MHz European PAMR Band

Band Class 12 800 MHz PAMR Band

Band Class 13 2.5 GHz IMT-2000 Extension Band
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Save As Standard

Opens the Save As Standard dialog box, in which the currently used SEM settings and
parameters can be saved and exported into an *.xml file. Enter the name of the file in the file
name field.

It is also possible to save the settings under one of the default bandclass file names (see
Bandclass softkey). When overwriting one of the default files, the customized settings will be
linked to the corresponding bandclass while the default settings are lost.

To restore the default bandclass settings press the Restore FSL K82 Files softkey.

= Remote: ESP:STOR "<file name>"

Meas Start/Stop

For details on the Meas Start/Stop softkey refer to the Meas Start/Stop softkey in the Spectrum
Emission Mask submenu of the base unit.

Restore FSL K82 Files

"softkey:Restore FSL K82 Files (K82)"Restores all default files of the K82 option into the
C:\R_S\INSTR\sem_std\cdma2000\dI directory. If changes have been applied to the files, these
will be lost.

= Remote: ESP:PRES:REST

Occupied Bandwidth

Activates measurement of the bandwidth assigned to the signal.

For details on screen layout and default values see the description of the Occupied Bandwidth
on page 4.287.

Also opens the Occupied Bandwidth submenu containing the following softkeys:

% Power Bandwidth

Channel Bandwidth

Adjust Ref Level

Adjust Settings

= Remote: CONF:CDP:MEAS OBAN
= Remote: CALC:MARK: FUNC:POW:RES? OBAN (result query)

% Power Bandwidth

For details refer to the % Power Bandwidth softkey in the OBW submenu of the base unit.

Channel Bandwidth

For details refer to the Channel Bandwidth softkey in the ACP Config submenu of the base
unit.
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Adjust Ref Level

For details refer to the Adjust Ref Level softkey in the Code Domain Analyzer menu.

Adjust Settings

Automatically optimizes all instrument settings for the selected channel configuration (channel
bandwidth, channel spacing) within a specific frequency range (channel bandwidth). The
adjustment is carried out only once. If necessary, the instrument settings can be changed later.

= Remote: POW:ACH: PRES OBW

CCDF

Starts the measurement of the Complementary Cumulative Distribution Function and the Crest
factor.

For details on screen layout and default values see the description of the Complementary
Cumulative Distribution Function on page 4.288.

Also opens the CCDF submenu containing the following softkeys:

Percent Marker

Res BW

# of Samples

Scaling

More ¥

Adjust Settings

= Remote: CONF:CDP:MEAS CCDF

Percent Marker

For details refer to the Percent Marker softkey in the CCDF submenu of the base unit.

Res BW

For details refer to the Res BW softkey in the CCDF submenu of the base unit.

# of Samples

For details refer to the # of Samples softkey in the CCDF submenu of the base unit.

Scaling

For details refer to the Scaling softkey and the corresponding submenu in the CCDF submenu
of the base unit.
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Adjust Settings

Automatically optimizes all instrument settings for the selected channel configuration (channel
bandwidth, channel spacing) within a specific frequency range (channel bandwidth). The
adjustment is carried out only once. If necessary, the instrument settings can be changed later.

= Remote: CALC:STAT:SCAL:AUTO ONCE
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Hadamard and BitReverse Code Tables

The following tables show the code sequences with Hadamard and BitReverse orders for the Code
Domain Power and Code Domain Error Power result displays.

As an example, the corresponding cells for channel 8.32 (channel number 8 for spreading factor 32) are
marked to show where the different codes of this channel are located.

Table 4-14: Code table for base spreading factor 64
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Measurements and result display

The 1xEV-DO BTS Analyzer option provides the following test measurement types and result displays.
All measurements and result displays are accessed via the MEAS key (measurement menu).

"Code Domain Analysis" on page 4.341

— "Signal Channel Power" on page 4.342

— "Adjacent Channel Power" on page 4.343

— "Spectrum Emission Mask" on page 4.343
— "Occupied Bandwidth" on page 4.344

— "Complementary Cumulative Distribution Function (CCDF)" on page 4.345

— "Power vs Time" on page 4.345

Code Domain Analysis

The Code Domain Analyzer performs measurements in the code domain. The following
measurement types and corresponding result displays are available:

Softkey

Definition

Code Domain Power

Code Domain Power result display

General Results

General results in tabular form

Channel Results

Results for a specific channel in tabular form

Power vs Chip

Power of the selected channel versus all chips

Power vs Symbol

Power of the selected channel and of the selected slot versus all symbols

Composite EVM

Averaged error between the test signal and the ideal reference signal

Channel Table

Channel occupancy table

Bitstream

Display of decided bits

Peak Code Domain Error

Projection of the maximum error between the test signal and the reference signal

Code Domain Error

Code Domain Error Power result display

Symbol Constellation

Symbol constellation result display

EVM vs Symbol

Error Vector Magnitude result display

Composite Constellation

Composite constellation result display

In the Code Domain Analyzer, the results are displayed in either one screen or in two screens (see
Screen Size Split/Full softkey). Any result can be displayed in either screen. On top of the
measurement screens the following settings and measurement results (so called result displays)
are displayed (with the respective default settings):

Frequency: 3.000 Ghz

Ref. Level: -20.00 dBm Ref. Lvl Offset: 0.0 dB

Code Power: REL

Count: 0 RF Attenuation: 0 dB

Slot: 0 of 3

Code: 0.32 Channel Type: PILOT

In the default setting after the preset, the analyzer is in Spectrum Analyzer mode (for details see

"Initializing the Configuration - PRESET Key" on page 4.2). The settings of the Code Domain

Analyzer are not active until the 1xEV-DO BTS Analyzer mode is activate (see "To open the 1xEV-
DO BTS Analyzer" on page 4.340)
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Parameter Setting
Digital standard 1xEV-DO, Revision 0
Sweep Continuous
Channel table Auto Search
Trigger source Free Run
Trigger offset O0s

PN offset 0 chips
Inactive channel threshold -40 dB
Channel type PILOT
Code number 0

Slot 0

Capture length 3 slots

In order to provide a quick swap from the base unit to the 1XEV-DO BTS Analyzer option, some
parameters are passed on.

Transferred
parameter

Reference level

Ref Level Offset

Attenuation

Center Frequency

Frequency offset

Signal Channel Power
The Power measurement analyses the RF signal power of a single channel with 1.2288 MHz
bandwidth over a single trace. The displayed results are based on the root mean square.

The configuration is according to the 1xEV-DO requirements.

Beneath the measurement screen the bandwidth and the associated channel power are displayed.
The other screen elements match that of the screen of the Spectrum Analyzer mode.

The default settings are in accordance with the 3GPP2 specifications.

Setting Default value
Frequency Span 2 MHz

ACP Standard 1xEV-DO0 MC1
Number of adjacent channels 0

Adjacent Channel Power On

In order to provide a quick swap from the base unit to the 1XEV-DOO BTS Analyzer option, some
parameters are passed on.

Transferred parameter

Reference Level

Ref Level Offset

RBW
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Transferred Parameter

Center Frequency

Frequency Offset

Trigger settings

For details on the softkeys of the Power vs Time measurement see Power vs Time in the
measurement menu.

Channel Type Characteristics

The following table shows the relationship between symbol rate, spreading factor, number of symbols,
number of bits, number of chips and the channel type.

Channel Spreading Symbol Modulation Type Chips per Slot Symbols Bits per Slot and Code
Type Factor Rate per Slot and
Code Mapping | or Q Mapping
Complex
PILOT 32 38.4 ksps BPSK-1 or BPSK-Q | 96*2=192 6 6 12
MAC Rev.0 64 19.2 ksps BPSK-l or BPSK-Q | 64*4=256 4 4 8
Rev.A 128 9.6 ksps 2 2 4

PREAMBL Preamble length

E Rev.0 32 38.4 ksps BPSK-I or BPSK-Q 64: 2 2 4
128: 4 4 8
256: 8 8 16
512: 16 16 32
1024: 32 32 64

Rev.A 64 19.2 ksps BPSK-I or BPSK-Q 64: 1 1 2

128: 2 2 4
256: 4 4 8
512: 8 8 16
1024: 16 16 32

DATA 16 76.8 ksps QPSK, 8-PSK, 400*4 Mapping always Complex

16QAM -PreambleChips Modulation Type
=DataNettoChips
QPSK 8-PSK 16QAM

1600-0 = 1600 100 200 300 400
1600-64 = 1536 96 192 288 384
1600-128 = 1472 92 184 276 368
1600-256 = 1344 84 168 252 336
1600-512 = 1088 68 136 204 272
1600-1024=576 36 72 104 144

Predefined Channel Tables

Predefined channel tables offer access to a quick configuration for the channel search. The 1xEV-DO
BTS Analyzer option provides the following set of channel tables compliant with the 1xEV-DO
specification:

DPQPSK:

Channel table with channel types PILOT/MAC/PREAMBLE/DATA with modulation type QPSK in
channel type DATA and the following listed active codes in channel types.

DO8PSK:

Channel table with channel types PILOT/MAC/PREAMBLE/DATA with modulation type 8-PSK in
channel type DATA and the following listed active codes in channel types.
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e DO16QAM:

Channel table with channel types PILOT/MAC/PREAMBLE/DATA with modulation type 16-QAM in
channel type DATA and the following listed active codes in channel types.

e DO_IDLE:

Channel table with channel types PILOT/MAC - known as IDLE slot, since it does not contain any
active channels in the DATA channel type.

Tabelle 4-17: Base station channel table DOQPSK with QPSK modulation in DATA area

Channel Type Number of Code Channel (Walsh Modulation /
Channels Code.SF) Mapping
Pilot 1 0.32 BPSK-|
Mac 5 2.64 (RA) BPSK-|
3.64 BPSK-|
4.64 BPSK-|
34.64 BPSK-Q
35.64 BPSK-Q
Preamble (64 chips long) 1 3.32 BPSK-I
Data 16 0.16 QPSK
1.16 QPSK
2.16 QPSK
13.16 QPsK
14.16 QPSK
15.16 QPSK

Tabelle 4-18: Base station channel table DO8PSK with 8-PSK modulation in DATA area

Channel Type

Number of Channels

Code Channel (Walsh

Modulation /

Code.SF) Mapping
Pilot 1 0.32 BPSK-I
Mac 5 2.64 (RA) BPSK-I
3.64 BPSK-I
4.64 BPSK-I
34.64 BPSK-Q
35.64 BPSK-Q
Preamble (64 chips long) 1 3.32 BPSK-I
Data 16 0.16 8-PSK
1.16 8-PSK
2.16 8-PSK
13.16 8-PSK
14.16 8-PSK
15.16 8-PSK

Tabelle 4-19: Base station channel table DO16QAM with 16QAM modulation in DAT.

A area

Channel Type

Number of Channels

Code Channel (Walsh

Modulation /

Code.SF) Mapping
Pilot 1 0.32 BPSK-|
Mac 5 2.64 (RA) BPSK-|
3.64 BPSK-I
4.64 BPSK-|
34.64 BPSK-Q
35.64 BPSK-Q
Preamble (64 chips long) 1 3.32 BPSK-I
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Channel Type

Number of Channels

Code Channel (Walsh

Modulation /

Code.SF) Mapping
Data 16 0.16 16-QAM
1.16 16-QAM
2.16 16-QAM
13.16 16-QAM
14.16 16-QAM
15.16 16-QAM

Tabelle 4-20: Base station test model DO_IDLE for idle slot configuration

Channel Type

Number of Channels

Code Channel (Walsh

Modulation /

Code.SF) Mapping
Pilot 1 0.32 BPSK-I
Mac 5 2.64 (RA) BPSK-I

Softkeys of the Code Domain Analyzer Menu (1xEV-DO BTS Analyzer mode)

The following table shows all softkeys available in the main menu of the 1xEV-DO BTS Analyzer option
(MENU key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command Menu / Command Command
Settings Settings Overview
Frontend Settings
1Q Capture Settings
Demod Settings
Channel Table Settings New Add Channel
Delete Channel
Meas
Sort
Save
Cancel
Reload
Copy Same as New
Delete
Edit Same as New
Restore Default Tables
Result Settings
Screen Focus A/B
Screen Size Split/Full
Select Meas
Chan Type
Select Code/Slot
Adjust Ref Level
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Settings

Opens a submenu to configure the Code Domain Analyzer result displays with the following

S

oftkeys:

— Frontend Settings

— 1Q Capture Settings

— Demod Settings

— Channel Table Settings

— Result Settings

Settings Overview

This softkey opens the Settings Overview dialog box that visualizes the data flow of the Code
Domain Analyzer and summarizes all of the current settings. In addition, the current settings can

b

Code Domain Analyzer Settings Overview |

e changed via the Settings Overview dialog box.

Center Freq. 3.0 GHz

Ref Level -20.0 dBEm Capture Length 3 Slots
Ref Lvl Offset 0.0 dB Swap I off

RF Attenuation 0.0 dB Trigger Source Free Run
Preamplifier off Trigger Offset 0.0 =

Frontend » IQ Capture

C?aaglr‘leel [II. Demodulation II. Result [

Search Mode Auto Search Rewision o Code [ Slot 0jo
Inact.Threshold -40.0 dB Multi Carrier off Chan Type PILOT
Time fPhase Est Off Mapping 1
PN Offset 1] Mapping Auto On
Code Dom OY¥. Off
CDP A¥G off
Code Power Rel
Normalize off
Default Close

To change the settings, either use the rotary knob or the cursor keys to change the focus to any

[0}

ther block or press one of the following softkeys:
Frontend Settings
1Q Capture Settings
Demod Settings
Channel Table Settings
Result Settings

When using the rotary knob or the cursor keys, press the ENTER key to open the corresponding

d

ialog box. The Settings Overview dialog box always remains open while settings are modified.
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Frontend Settings

Opens the Frontend Settings dialog box and corresponding softkey submenu.

|
Center Frequency 3.0 GH=z i
1

Reference Level |—2III.III dBm
Ref. Level Offset II].I] dB

RF Attenuation ¥ Auto
ID.U dBb
Preamplifier I

Close

In the Frontend Settings dialog box, the following parameters can be modified:

Center

Ref Level

Ref Level Offset

RF Atten Manual

RF Atten Auto

Preamp On Off

Center

For details refer to the Center softkey in the frequency menu of the base unit.

Ref Level

For details refer to the Ref Level softkey in the amplitude menu of the base unit.

Ref Level Offset

For details refer to the Ref Level Offset softkey in the amplitude menu of the base unit.

RF Atten Manual

For details refer to the RF Atten Manual softkey in the amplitude menu of the base unit.

RF Atten Auto

For details refer to the RF Atten Auto softkey in the amplitude menu of the base unit.

Preamp On Off

For details refer to the Preamp On/Off softkey in the amplitude menu of the base unit.
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IQ Capture Settings

Opens the 1Q Capture Settings dialog box and corresponding softkey submenu.
E|

Capture Length

Swap IQ

* Free Run

Trigger Source

" External
Trigger Polarity J pDSiti‘fE

" Negative
Trigger Offset 0.0 s

Close

In the 1Q Capture Settings dialog box, the following parameters can be modified:

Capture Length

Swap 1Q On Off

Trigger Source

Trigger Polarity

Trigger Offset

Capture Length

Enter the number of slots to be analyzed in the range from 2 to 12. The capture length is always
a multiple of the slot. The default setting is 3 slots.

= Remote: CDP:IQL 12

Swap 1Q On Off

To invert the sign of the Q-component of the signal activate the Swap IQ check box. The default
setting is OFF.

= Remote: CDP:QINV ON

Trigger Source

Availbale trigger modes are Free Run and External. For more details on trigger modes refer to
"Trigger mode overview" on page 4.27. The default setting is Free Run.

= Remote: TRIG: SOUR EXT

Trigger Polarity

Set the polarity of the trigger source. The sweep starts either after a positive or negative edge of
the trigger signal. The default setting is Positive.

Trigger Polarity available only for an External trigger source.

= Remote: TRIG:SLOP POS
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Trigger Offset

For details refer to the Trigger Offset softkey in the trigger menu of the base unit.

Demod Settings

Opens the Demod Settings dialog box and corresponding softkey submenu.

=

Revision 0

A
Multi Carrier  0n

= Off
Time f Phase Estimation " On
{Inter-Channel) = Off
PN Offset ID—
{Only for external trigger)}

In the Demod dialog box, the following parameters can be modified:

Revision 0 A

Multi Carrier On Off

Time Phase Estimation On Off

PN Offset

Revision 0 A

Specifies the characteristics of the signal you want to analyze. Select whether to analyze a
signal of Revision 0 or Revision A. For details on the characteristics of the revisions of the 1xEV-
DO standard refer to Channel Type Characteristics.

In revision A the number of active users increases. That means that the spreading factor
(number of orthogonal codes) doubles for channel types MAC and PREAMBLE.

The amount of returned trace data in the MAC and PREAMBLE channels is different for
Revision 0 and A, depending on the channel type and selected evaluation (see table above).
The R&S FSL detects all the channels on a per slot basis. Therefore the R&S FSL recognizes
changes in the channel configuration and modulation over the recorded slots.

In revision A the following modulation types are added within some of the MAC channels:
— ON/OFF keying ACK on the | branch (OOKA-I),

— ONJ/OFF keying ACK on the Q branch (OOKA-Q),

— ON/OFF keying NACK on the | branch (OOKN-I) and the

— ON/OFF keying NACK on the Q branch (OOKN-Q)
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If the 2 bits within an ON/OFF keying modulation are identical, the modulation is not possible to
be recognized as an ON/OFF keying modulation. If both bits are containing ‘1’ information (ON)
the modulation is identical to a BPSK and will be recognized as BPSK. If both bits are containing
‘0’ information (OFF) there is no power within that code and slot and therefore no modulation is
detected. Is the evaluation set to MAPPING COMPLEX the separate | and Q branch detection
within the result summary is not any longer selected and the modulation type will be a 2BPSK
with the coding number 5 via remote.

= Remote: CONF:CDP:REV 0

Multi Carrier On Off

Activates or deactivates the Multi Carrier mode. The mode improves the processing of multi
carrier signals. It allows the measurement on one carrier out of a multi carrier signal. This is
done by activating a low pass filter and by using a special algorithm for signal detection on multi
carrier signals.

Note that the low pass filter affects the measured signal quality (e.g. EVM and RHO) compared
to a measurement without a filter. The algorithm used for signal detection slightly increases the
calculation time.

The frequency response of the low pass filter is shown below.

Frequency response of low pass filter (Multi Carrier = On)
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= Remote: CONF:CDP:MCAR ON

Time Phase Estimation On Off

Actives or deactivates the timing and phase offset calculation of the channels as to the pilot
channel. If deactivated or more than 50 active channels are in the signal, the calculation does
not take place and dashes instead of values are displayed as results.

= Remote: CDP: TPM ON
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PN Offset

Set the PN (Pseudo Noise) offset. The PN offset is used to distinguish the individual base
stations in a 1XEV-DO network.

The PN offset determines the offset in the circulating PN sequence in multiples of 64 chips with
reference to the event second clock trigger.

Although the parameter is always available, it only has a function in External trigger mode.

= Remote: CDP: PNOF 512

Channel Table Settings

Opens the Demod Settings dialog box and corresponding softkey submenu. The dialog box
also displays the available predefined channel tables.

Predefined channel tables are a way to customize measurements. The RECENT channel table
contains the last configuration used before switching from Auto Search to Predefined. The
DO16QAM, DO8PSK, DO_IDLE and DOQPSK channel tables are included in the option per
default and are configured according to the standard. For details on the predefined channel
tables refer to Predefined Channel Tables on page 4.289. In addition, you can create new
channel tables to be used in measurements. For details refer to the New softkey.

Channel Table Settings |

' Auto Search
" Predefined

Inactive Channel Threshold I—4l].l:l de

Channel Table

Channel Tables

[ERDO16QAM
O pospPsK
O po_IDLE
O poqPsk

Description :
1=EY-DO standard table

Close

In the Demod dialog box, the following parameters can be modified:

Channel Table

Inactive Channel Threshold

Available Channel Tables

The softkey menu contains the following softkeys:

New

Copy

Delete

Edit

Restore Default Tables

1300.2519.12 4.354 E-12



R&S FSL 1XEV-DO BTS Analyzer (Option K84)

Channel Table

Define whether to use a predefined channel table or an automatically generated channel table in
the measurements.

Auto Search Searches the whole code domain (all permissible symbol rates and
channel numbers) for active channels.

The automatic search provides an overview of the channels contained in
the signal. If channels are not detected as being active, change the
threshold (see Inactive Channel Threshold) or select the Predefined
channel search type.

Predefined Performs the Code Domain Analyzer measurement on the basis of the
active predefined channel table (see Channel Table Name). All
channels of a channel table are assumed to be active. For details see
Predefined Channel Tables on page 4.289.

= Remote: CONF:CDP:CTAB[:STAT] ON
= Remote: CONF:CDP:CTAB:SEL "DOQPSK"

Inactive Channel Threshold

Defines the minimum power which a single channel must have compared to the total signal in
order to be regarded as an active channel Channels below the specified threshold are regarded
as "inactive". The parameter is only available in the Auto Search mode of the Channel Table
Settings dialog box. .

The default value is -40 dB. With this value all channels with signals such as the 1xEV-DO test
models are located by the Code Domain Power analysis. Decrease the Inactive Channel
Threshold value, if not all channels contained in the signal are detected.

= Remote: CDP: ICTR -40

Available Channel Tables

This field shows the available channel tables. To activate a predefined channel table, select the
corresponding check box by using the cursor keys and pressing the ENTER key. The selected
channel table provides a basis for future measurements (until another is chosen or Auto Search
is activated).

Using the softkeys, customized channel tables can be defined or existing channel tables can be
modified.

New

Creates a new channel table name that can be seen in the dialog box from then on. The name
will be automatically set to 'ChannelTable'. By default, the resulting channel table is completely
empty (i.e. it contains no channel at all).

The submenu contains the following items:

Add Channel

Delete Channel

Meas

Sort
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Save

Cancel

Reload

= Remote: CONF:CDP:CTAB: NAME "NEW_TAB"

Add Channel

Inserts a new channel below the one selected. The default values for a new channel are:

ChannelType MAC

Walsh Ch.SF 2.64

SymbolRate 19.2 ksps (automatically calculated)
Modulation BPSK-I

Power 0 dB (automatically calculated)
State Off

DomainConflict No (automatically calculated)

To change the channel type use the dropdown menu that opens when selecting / highlighting
the Channel Type field that should be changed and pressing the ENTER key. The radio
configuration settings are changed in the same way.

To change the channel number type another channel number in the form
'‘ChannelNumber.SpreadingFactor' or simply the code number (see Select Code Slot for
details) in the respective field and confirm the change with the ENTER key.

To activate or deactivate a channel, simply select the field and confirm with the ENTER key.
The R&S FSL automatically checks for conflicts between two active channels.

= Remote: CONF:CDP:CTAB:DATA "0..13, 2..7, 0..127, 0..30, 0, O, O | 1"

Delete Channel

Deletes the selected channel without further notice.

Meas

Initiates a measurement in Automatic Channel Search mode. The measurement results are
applied to the active channel table. The active channel table is overwritten without further notice.

The softkey is only available if the Auto Search mode is selected in the Channel Table
Settings dialog box.

Sort

Sorts the table according to the following rules.

First off, active channels are separated from inactive channels. Within these categories sorting is
then done first by the channel type and next by the spreading factor in ascending order. Last,
the sorting is done by the code number, also in ascending order.
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Save

Saves the table under its specified name in the xml-format. If you edit a channel table and want
to keep the original channel table, change the name of the edited channel table before saving it.

Cancel

Closes the Edit dialog box and returns to the Channel Table Settings dialog box. Changes
applied to the channel table are lost.

Reload

Reloads the original content of the copied channel table.

Copy

Copies the selected table. All elements of the selected channel table are copied, except the
name which is set to 'Copy of <SourceChannelTableName>"'.

The submenu is the same as that of the New softkey.

= Remote: CONF:CDP:CTAB:COPY "CTAB2"

Delete

Deletes the selected channel table. The currently active channel table cannot be deleted.

= Remote: CONF:CDP:CTAB:DEL "CTAB2"
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Edit

Opens the Edit Channel Table dialog box and the corresponding softkey menu.

£
Name IDOlﬁQAM
Description leEV—DO standard table
. &l
e CNSF | fhaps - |Modulation | GEET | state | PO |
PILOT 0.32 384 BPSK-I 0.00 i
2.64 19.2 BP5SK-I 0.00 i
M AC 3.64 19.2 BP5SK-I 0.00 :
M AC 4.64 19.2 BP5SK-I 0.00 E
M AC 34.64 19.2 BPSK-Q 0.00 :
MAC 35.64 19.2 BPSK-Q 0.00 i
PREG 4 3.32 38.4 BPSK-I 0.00 :
DATA 0.16 76.8 16QAM 0.00 _i
DATA 1.16 76.8 16QAM 0.00 :
DATA 2.16 76.8 16QAM 0.00 i
DATA 3.16 76.8 16QAM 0.00 i
DATA 4.16 76.8 16QAM 0.00 i
DATA 5.16 76.8 16QAM 0.00 :
DATA 6.16 76.8 16QAM 0.00 - i
________________________________________________________________ H
Save I Cancel

The dialog box contains the following items (grey fields can not be modified):

Item Description

Name Enter the name of the selected channel table, which will be
saved under <name>.xml. Note that the old channel table
file is not deleted. The name is case sensitive and may not
contain spaces. It must be a valid MS Windows file name.

Description Further information about the channel table can be entered

Channel Type

Select one of the channel types from the dropdown menu

Walsh Ch.SF

Enter the Channel Number (Ch) and Spreading Factor (SF).

For some channel types the possible values are limited or
preset (e.g. F-PDCH).

Symbol Rate/ksps

Display of the symbol rate

Modulation Enter the modulation type for the channel.

Power/dB Contains the measured relative code domain power. The
unit is dB. The fields are filled with values after pressing the
Meas softkey.

State Indicates whether a channel is active or inactive

DomainConflict

A red bullet is shown if there's a conflict of any sort between
two or more channels (e.g. two conflicting channel codes)

Changes are never saved automatically. For that reason every time a change is made, the text
"(unsaved changes)' appears in the title bar.

The corresponding softkey menu contains the same items as the New softkey.

= Remote: CONF:CDP:CTAB: NAME "NEW TAB"
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Restore Default Tables

Restores the predefined channel tables (see Predefined Channel Tables on page 4.289) to their
factory-set values. Existing channel tables with the same name as default channel tables are
replaced by this action. In this way, you can undo unintentional overwriting.

= Remote: CONF:CDP:CTAB:REST

Result Settings

Opens the Result Settings dialog box.
K|
Code Number E
slot o
Channel Type m

Mapping

| ]
4

MappingAuto

Code Dom Overview | |

CDP Average ||

Code Power " Absolute
* Relative

Normalize |

Close

The Result Settings dialog box contains the following parameters:

Select Code Slot

Channel Type

Mapping

Mapping Auto

Code Dom Overview

CDP Average

Code Power

Normalize

Select Code Slot

This softkey toggles between code selection and slot selection.

If the focus is on Code Selection, select a code number. Enter the code as a decimal. The range
depends on the specified channel type. For channel type PILOT and PREAMBLE values
between 0 and 31 are valid. For channel type MAC the range is between 0 and 63 and for DATA
only 63 is valid.

The following measurements take results for a Code into account: Power vs Symbol, Channel
Results, Bitstream, Symbol Constellation, EVM vs Symbol. In the following result displays, the
selcted code is highlighted in red:Code Domain Power, Channel Table, Code Domain Error.
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If the focus is on Slot selection, select a slot. Enter the number as a decimal. The range of the

values is from O to (Capture Length -1). Refer to Capture Length for further details.

The following measurements take results for a Slot into account: Code Domain Power, Code
Domain Error, Channel Table, Power vs Chip, Power vs Symbol, Composite Constellation,
General Results, Channel Results, Bitstream, Symbol Constellation, EVM vs Symbol. In the

Composite EVM and Peak Code Domain Error the selected slot is highlighted in red.

= Remote: CDP:CODE 0... (CAPTURE LENGTH -1)

= Remote: CDP:CODE 0...31 | 63

Channel Type

Select one of the following channel types for the measurement:

Also opens a softkey submenu conatining the following items:

Pilot

MAC

Preamble

Data

For further details on the characteristics of the channel types refer to Channel Type

Characteristics on page 4.346.

= Remote: CDP:CTYP PIL

Pilot

Selects the Pilot channel type.

= Remote: CDP:CTYP PIL

MAC

Selects the MAC channel type.

= Remote: CDP:CTYP MAC

Preamble

Selects the Preamble channel type.

= Remote: CDP:CTYP PRE

Data

Selects the Data channel type.

= Remote: CDP:CTYP DATA
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Mapping

The mapping mode determines whether the complex signal, the | or the Q branch is analyzed in
the measurement.

Use manual mapping to obtain the option of examining any channel type as either a complex
signal or in the | and Q branch. This setting is valid for any channel type. Also refer to Mapping
Auto.

= Remote: CDP:MMOD COMPL | I | Q

Mapping Auto

Automatically sets the type of mapping to be used in the measurement according to the
following table:

Channel type Mapping
Pilot lorQ
MAC lorQ
Preamble lorQ
Data Complex

= Remote: CDP:MMOD AUTO

Code Dom Overview

Activate the Overview mode and screen A displays the | branch and screen B the Q branch of
the signal.

This softkey is only available for Code Domain Power and Code Domain Error Power
measurements. When active, the Mapping and Mapping Auto softkeys are not available.

= Remote: CDP:OVER ON

CDP Average

Activate CDP average and the Code Domain Analysis is averaged over all slots. For channel
type Data and Preamble this calculation assumes that preambles of different length do not occur
in the slots. If active, ALL is displayed in the Slot field above the measurement screen.

This softkey is only available for Code Domain Analysis and is required by the 1xEV-DO
standard.

= Remote: CDP:AVER ON

Code Power

Selects for the Code Domain Power measurement whether the y-values are displayed as an
absolute (dBm) or relative (dB). In Relative mode the reference is the total power of the channel
type.

= Remote: CALC: FEED "XPOW:CDP"

= Remote: CALC: FEED "XPOW:CDP:RAT"
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Normalize

Eliminates the DC offset from the signal.
The default setting of the parameter is OFF.

= Remote: CDP:NORM OFF

Screen Focus A/B

Sets the focus on the selected screen. Changes apply only to the focused screen. There are no
restrictions to the display of measurement results, i.e. you can display every result display in
either or both screens.

= Remote: DISP:WIND1:SSEL

Screen Size Split/Full

Displays the result display in full screen size, or splits the screen to display two result displays.

To change settings in split screen display, set the focus on the designated result display via the
Screen Focus A/B softkey.

= Remote: DISP:FORM SING

Select Meas

Opens a dialog box to select one of the measurements and result displays of the Code Domain
Analyzer:

— Code Domain Power

— General Results

— Channel Results

— Power vs Chip

— Power vs Symbol

— Composite EVM

— Channel Table

— Bitstream

— Peak Code Domain Error
— Code Domain Error

— Symbol Constellation

— EVM vs Symbol

— Composite Constellation

For details on screen layout and default settings refer to the measurement description of the
Measurements and result display.
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Code Domain Power

Starts the Code Domain Power (CDP) result display. By default the scaling is relative.

This result display determines the power of all codes of a specific channel and plots it in a
diagram. The x-axis represents the code number. The number of codes depends on the
Channel Type. Each bar in the diagram represents one code. The y-axis is a logarithmic level
axis that shows the power of each code.

The measurement evaluates the total signal of a specific channel over a single slot.

Configure this result display via the Result Settings dialog box.

[A] Code Domain Power {(PREANMBLE | Clrw |

Start Code 0

The standard requires a averaged code domain analysis. Activate CDP Average to perform a
measurement over all slots. In case of Data and Preamble channel types the standard assumes
that preambles of different lengths do not occur in the slots.

The power values of the assigned and unassigned codes are displayed in different colors:
— Yellow: assigned code

— Cyan: unassigned code

For details on the inactive channel threshhold refer to Inactive Channel Threshold.

Set the mapping with Mapping. There is also an auto mapping function available (see Mapping
Auto). It causes complex mapping to be analyzed separately for the Data channel type and
mapping for the | or Q branch to be analyzed separately for the other channel types. In the latter
case the 1/Q selection can be set by means of the SELECT 1/Q softkey. For a separate analysis
of the | and Q branch, activate Code Dom Overview mode. Screen A displays the | branch and
screen B the Q branch of the signal.

Another option for obtaining an overview of the CDP is to enable complex mapping (see
Mapping). The code domain power is then constantly displayed as a complex analysis on
screen A for the selected channel type.

In case of an analysis of the Data channel, the results of complex analysis are approximately 3
dB higher than the results of a separate | or Q analysis. This is because 50% of the power

values are distributed to | and Q, respectively, for the complex modulation types of the DATA
channel type.

= Remote: CALC:FEED "XPOW:CDP:RAT"
= Remote: CALC:FEED "XPOW:CDP"
= Remote: CDP:OVER ON

General Results

Under General Results, the measurement results that concern the total signal or the entire
period of observation are displayed. The upper part of the result display shows the global
results, i.e. results for all channels:
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— Carrier Frequency Error (absolute and relative)

Shows the frequency error referred to the center frequency. The absolute frequency error is the
sum of the frequency error of the analyzer and that of the device under test.

Differences of more than 4.0 kHz between transmitter and receiver frequency impair the
synchronization of the CDP measurement. If at all possible, the transmitter and the receiver
should be synchronized.

The unit of the frequency error is either Hz or ppm referred to the carrier frequency.
— Chip Rate Error

Shows the chip rate error (1.2288 Mcps) in ppm. A large chip rate error results in symbol errors
and, consequently, in possible synchronization errors for CDP measurements.

This measurement result is also valid if the analyzer was not able to synchronize onto the 1xEV-
DO signal.

— Trigger to Frame

This measurement result reproduces the timing offset from the beginning of the acquired signal
section until the start of the first slot. In case of triggered data acquisition, this corresponds to the
timing offset frame to trigger (+ trigger offset) until the start of the first slot. If the analyzer was
not able to synchronize onto the 1xEV-DO signal, the value of Trg to Frame is not meaningful.
For the Free Run trigger mode, dashes (---) are displayed.

— RHO Pilot

Shows the quality parameter RHO for the pilot channel. According to the standard, RHO is
measured over all slots.

— RHO ov -1/2

Shows the quality parameter RHO for all chips and over all slots. According to the standard, the
averaging limit is on the half slot limit.

- RHO MAC

Shows the quality parameter RHO for the MAC channel

— RHO DATA

Shows the quality parameter RHO for the Data channel

The bottom part of General Results shows results specific to the selected slot:
— Power PILOT

Shows the absolute power of the Pilot channel in dBm.

— Power MAC

Shows the absolute power of the MAC channel in dBm.

— Power DATA

Shows the absolute power of the Pilot channel in dBm.

— Power PREAMBLE

Shows the absolute power of the Preamble channel in dBm.
— Composite EVM

The composite EVM value is the difference between the test signal and ideal reference signal
(also see Composite EVM).
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— Max. Pwr DATA

Shows the maximum power of the Data channel. This is the highest value of the I- and Q-branch
of the Data channel.

— Min. Pwr. DATA

Shows the minimum power of the Data channel. This is the smallest value of the I- and Q-
branch of the Data channel.

— Data Mode Type

Shows the modulation type of the Data channel.

— Act. MAC Chs

Shows the number of active MAC channels.

— Act. DATA Chs

Shows the number of active Data channels.

— Preamble Length

Shows the length of the preamble in chips. If no preamble is present in the slot, this value is 0.
— RHO

Shows the quality parameter RHO calculated over a slot.
— Max. inact. Pwr MAC

Shows the maximum power of inactive MAC channels. This is the highest inactive channel from
the I- and Q-branch of the MAC channels.

= Remote: CALC:FEED "XTIM:CDP:ERR:SUMM"
= Remote: CALC:MARK:FUNC:POW:RES?

Channel Results

Under Channel Results, the measurement results that concern a specific channel are displayed.
The upper part of the result display shows common results for the selected channel:

— Power

Shows the total power of the selected channel type.
— 1Q Imbalance

Shows the IQ imbalance of the signal in percent.

— Pk CDE (SF xx/1Q)

The Peak Code Domain Error measurement specifies a projection of the difference between test
signal and ideal reference signal to the spreading factor that belongs to the channel type. This
spreading factor is shown in brackets.

— 1Q Offset
Shows the DC offset of the signal in percent.

The bottom part of the result display shows results specific to the selected channel type and the
selected slot:

— Symbol Rate

Shows the symbol rate with which the channel is transmitted.
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— Channel.SF
Shows the code number and its associated spreading factor.
— Symbol EVM

Shows the peak and the mean values of the Error Vector Magnitude measurement (also see
EVM vs Symbol).

— Timing Offset

Shows the timing offset between the selected channel and the first active channel in the channel
type (also see Time Phase Estimation On Off).

— Phase Offset

Shows the phase offset between the selected channel and the first active channel in the channel
type (also see Time Phase Estimation On Off).

— Channel Pwr Rel

Shows the relative channel power (referred to the total power of the channel type).
— Channel Pwr Abs

Shows the absolute channel power (referred to the total power of the channel type).
— Modulation Type

Shows the modulation type of the channel.

= Remote: CALC:FEED "XTIM:CDP:ERR:SUMM"
= Remote: CALC:MARK:FUNC:POW:RES?

Power vs Chip

Starts the Power vs Chip result display.

This result display shows the power for all chips in a specific slot. Therefore, a trace consists of
2048 power values.

The measurement evaluates the total signal over a single slot.

[A] Power vs Chip

Select the slot to be analyzed with Select Code Siot.

Due to the symmetric structure of the 1xEV-DO forward link signal, it is easy to identify which
channel types in the slot have power.

= Remote: CALC2:FEED "XTIM:CDP:PVCH"
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Power vs Symbol

Starts the Power versus Symbol result display.

This result display shows the power of of a code at each symbol time. The number of symbols
on the x-axis is between 2 and 100, depending on the channel type.

The measurement evaluates a specific channel type over a single slot.

[A] Power vs Symbol (DATA - 1)

= Remote: CALC2:FEED "XTIM:CDP:PVSY"

Composite EVM

Starts the Composite EVM (Error Vector Magnitude) result display.

This result display is for measuring the modulation accuracy. It determines the error vector
magnitude (EVM) over the total signal. The EVM is the root of the ratio of the mean error power
to the power of an ideally generated reference signal. To calculate the mean error power, the
root mean square average (of the real and imaginary parts of the signal) is used.

The EVM is shown in %. The diagram consists of a composite EVM for each slot. Set the
number of slots via the Capture Length.

The measurement evaluates the total signal over the entire period of observation. The selected
slot is displayed red.

[A] Composite EVM

5.6 %

Only the channels detected as being active are used to generate the ideal reference signal. If a
channel is not detected as being active, e.g. on account of low power, the difference between
the test signal and the reference signal and the composite EVM is therefore very large.
Distortions also occur if unassigned codes are wrongly given the status of "active channel". To
obtain reliable measurement results, select an adequate channel threshold via the Inactive
Channel Threshold field.

= Remote: CALC2:FEED "XTIM:CDP:MACC"
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Channel Table

Starts the Channel Occupancy Table analysis.

In this result display all active channels are displayed. Therefore the channel table can contain
up to 146 entries: one entry for Pilot and Preamble channel each, 16 entries for the Data
channel and 128 entries for the MAC channel (64 on the | and Q branch respectively).

The channels are listed in the following order: first the Pilot channel, then the MAC and
Preamble channels and the Data channel last. Within the channel types, the channels are sorted
by ascending code number.

The measurement evaluates the total signal over a single slot.
The R&S FSL determines the following parameters for the channels:
— Channel Type

Shows the channel type of the active channel. Possible values are Pilot, MAC and Data. For the
Preamble channel, the length in chips is similarly specified, thus resulting in the following options
for the Preamble channel type: PRE64, PRE128, PRE256, PRE512 or PRE1024.

— CHAN.SF

Channel number including the spreading factor (in the form <Channel>.<SF>).
— Symb Rate

Symbol rate with which the channel is transmitted.

— Modulation / Mapping

Shows the modulation type of the channel. For Data channels possible values are QPSK, 8-PSK
and 16 QAM. For all other channel types possible values are either BPSK-I or BPSK-Q.

— Pwr Abs / Pwr Rel

Specification of the absolute and relative power (referred to the total power in the channel type)
of the channel.

— T Offs

Shows the timing offset between the current channel and the first active channel. It can be
enabled by means of Time Phase Estimation On Off.

— Ph Offs

Phase offset between this channel and the first active channel. It can be enabled by means of
Time Phase Estimation On Off.

= Remote: CALC:FEED "XTIM:CDP:ERR:CTAB"
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Bitstream

Starts the Bitstream result display.

This result display provides information on the demodulated bits for the selected channel type.
All bits that are part of inactive channels are marked as being invalid by means of dashes. For
16QAM modulation '----' is displayed, for 8PSK modulation '---', for QPSK '--" and for BPSK '-'.

The measurement evaluates a single channel type over a single slot.

A specific symbol can be selected by using the MKR key. By entering a number, the marker will
jump to the selected symbol. If there are more symbols than the screen is capable of displaying,
the marker can also be used to scroll inside the list.

Depending on the modulation and the channel type, a minimum of 4 and a maximum of 400 bits
can be contained in a slot. For more information on this topic refer to Channel Type
Characteristics.

Depending on the modulation type, a symbol consists of the following bits:

— BPSK: 1 bit (only the | or the Q component is assigned; in case of complex mapping a 2BPSK
modaulation is displayed with both the | and Q components)

— QPSK: 2 bits (I-component followed by the Q-component)
— 8PSK: 3 bits
— 16QAM: 4 bits

= Remote: CALC:FEED "XTIM:CDP:BSTR"

Peak Code Domain Error

Starts the Peak Code Domain Error result display.

The Peak Code Domain Error is defined as the maximum value for the Code Domain Error for
all codes. That means that in this result display the Code Domain Error is projected onto the
code domain at a specific base spreading factor. The spreading factor is automatically set by the
channel type. Define the number of slots via the Capture Length field. In the diagram, each bar
of the x-axis represents one PCG. The y-axis represents the error power.

The measurement evaluates the total signal over the entire period of observation. The currently
selected slot is marked in red.

[A] Peak Code Domain Error Powe

Only the channels detected as being active are used to generate the ideal reference signal. If a
channel is not detected as being active, e.g. on account of low power, the difference between
the test signal and the reference signal is very large. The result display therefore shows a peak
code domain error that is too high for all slots. Distortions also occur if unassigned codes are
wrongly given the status of "active channel". To obtain reliable measurement results, select an
adequate channel threshold via the Inactive Channel Threshold field.

= Remote: CALC:FEED "XTIM:CDP:ERR:PCD"
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Code Domain Error

Starts the Code Domain Error Power (CDEP) result display.

This result display shows the difference in power between measured and ideally generated
reference signals for each code in dB. Since it is an error power, active and inactive channels
can be rated jointly at a glance. The total signal is taken into account over a single slot. The
error power is determined and plotted in a diagram. In this diagram, the x-axis represents the
code number, which depends on the channel type. The y-axis is a logarithmic level axis that
shows the power of each code. To configure this result display, use the Result Settings dialog
box (Settings softkey menu, Result Settings softkey).

[A] Code Domain Error Power (PREA | Clrw |

The power values of the assigned and unassigned codes are displayed in different colors:
— Yellow: assigned code
— Cyan: unassigned code

= Remote: CALC:FEED "XTIM:CDP"

Symbol Constellation

Starts the Symbol Constellation result display.
This result display shows the channel constellation of the modulated signal at symbol level.

The measurement evaluates a single code over a single slot.
A] Symbol Constellation {(DATA -1}

The R&S FSL-K84 supports BPSK, QPSK, 8PSK and 16QAM modulation schemes. The
modulation scheme itself depends on the channel type. Refer to Channel Type Characteristics
for further information.

In case of BPSK the constellation points are located on the x-axis. For the QPSK and 16QAM
schemes the constellation points are located on neither axis. Unassigned codes can be
measured, but the result is meaningless since these do not contain data.

= Remote: CALC:FEED "XTIM:CDP:SYMB:CONS"
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EVM vs Symbol

Starts the Symbol Error Vector Magnitude result display.

This result display shows the EVM on symbol level. The x-axis represents the symbols and the
y-axis shows the EVM in %. The number of symbols depends on the channel type and is in the
range from 2 to 100. Refer to Channel Type Characteristics for further information.

The measurement evaluates a single channel over a single slot.

[A] E¥YM vs Symbol (DATA - 1)

Inactive channels can be measured, but the result is meaningless since these channels do not
contain data.

= Remote: CALC:FEED "XTIM:CDP:SYMB:EVM"

Composite Constellation

Starts the Composite Constellation result display.

This result display provides information about the constellation points at chip level. For each
chip, a constellation point is displayed in the diagram. The number of chips is between 64 and
1500. It depends on the channel type and, in case of Preamble and Data channels, on the
length of the preamble. Refer to Channel Type Characteristics for further information.

The measurement evaluates the total signal over a single slot.

A] Composite Constellation

= Remote: CALC:FEED "XTIM:CDP:COMP:CONS"

Chan Type

Opens submenu containing the following softkeys:

Command

Screen Focus A/B

Select Meas

Chan Type Pilot Mac

Chan Type Preamble Data

Code Dom Overview
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Adjust Ref Level

Adjusts the reference level to the measured channel power. This ensures that the settings of the
RF attenuation and reference level are optimally adjusted to the signal level without overloading
the R&S FSL or limiting the dynamic range by a too small S/N ratio.

Current measurements are aborted when pressing the softkey and resumed after the automatic
level detection is finished.

For further details refer also to the Adjust Ref Level softkey in the measurement menu of the
base unit.

= Remote: CDP:LEV:ADJ

Softkeys of the frequency menu (1xEV-DO BTS Analyzer mode)

The following table shows all softkeys available in the frequency menu in 1XxEV-DO BTS Analyzer
mode. It is possible that your instrument configuration does not provide all softkeys. If a softkey is only
available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Center

Start

Stop

CF-Stepsize ¥

Center

For details refer to the Center softkey in the frequency menu of the base unit.

Start

Opens an edit dialog box to define the start frequency. For further details refer to the Start
softkey in the frequency menu of the base unit.

Note that the softkey is unavailable for Code Domain and CCDF measurements.

= Remote: FREQ:STAR 800 MHz

Stop

Opens an edit dialog box to define the stop frequency. For further details refer to the Stop
softkey in the frequency menu of the base unit.

Note that the softkey is unavailable for Code Domain and CCDF measurements.

= Remote: FREQ:STOP 1.500 MHz

CF-Stepsize

For details including the submenu refer to the CF Stepsize softkey in the frequency menu of the
base unit.
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Auto Scale Once

Automatically scales the y-axis of the grid of the selected screen with respect to the measured
data.

The softkey is available for the following measurements: Code Domain Power, Code Domain
Error, Composite EVM. Peak Code Domain Error, Peak Code Domain Error vs PCG, Power vs
PCG, EVM vs Symbol and Power vs Symbol.

= Remote: DISP: TRAC:Y:AUTO ONCE

y-Axis Maximum

Opens a dialog box to set the maximum value for the y-axis of the grid of the selected screen.

The softkey is available for the following measurements: Code Domain Power, Code Domain
Error, Composite EVM. Peak Code Domain Error, Peak Code Domain Error vs PCG, Power vs
PCG, EVM vs Symbol and Power vs Symbol.

= Remote: DISP: TRAC:Y:MAX -40

y-Axis Minimum

Opens a dialog box to set the minimum value for the y-axis of the grid of the selected screen.

The softkey is available for the following measurements: Code Domain Power, Code Domain
Error, Composite EVM. Peak Code Domain Error, Peak Code Domain Error vs PCG, Power vs
PCG, EVM vs Symbol and Power vs Symbol.

= Remote: DISP:TRAC:Y:MIN 50

RF Atten Manual

For details refer to the RF Atten Manual softkey in the amplitude menu of the base unit.

RF Atten Auto

For details refer to the RF Atten Auto softkey in the amplitude menu of the base unit.

Softkeys of the bandwidth menu (1xEV-DO BTS Analyzer mode)

The following table shows all softkeys available in the bandwidth menu in 1XxEV-DO BTS Analyzer
mode. It is possible that your instrument configuration does not provide all softkeys. If a softkey is only
available with a special option, model or measurement mode, this information is delivered in the
corresponding softkey description.

Note that the softkeys of the bandwidth menu are not available for code domain measurements and are
inactive for the CCDF measurement.

Command

Res BW Manual

Res BW Auto

Video BW Manual

Video BW Auto
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Sweeptime Manual

Sweeptime Auto

Filter Type

Res BW Manual

For details refer to the Res BW Manual softkey in the bandwidth menu of the base unit.

Res BW Auto

For details refer to the Res BW Auto softkey in the bandwidth menu of the base unit.

Video BW Manual

For details refer to the Video BW Manual softkey in the bandwidth menu of the base unit.

Video BW Auto

For details refer to the Video BW Auto softkey in the bandwidth menu of the base unit.

Sweeptime Manual

For details refer to the Sweeptime Manual softkey in the bandwidth menu of the base unit.

Sweeptime Auto

For details refer to the Sweeptime Auto softkey in the bandwidth menu of the base unit.

Filter Type

For details refer to the Filter Type softkey in the bandwidth menu of the base unit.
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Marker 1/Marker 2/Marker 3/Marker 4/Marker Norm/Delta

111111

The Marker <no> softkey activates the corresponding marker and opens an edit dialog box to
enter a value for the marker to be set to. Pressing the softkey again deactivates the selected
marker. If two screens are active in the Code Domain Analyzer, each of the screens has its own
set of markers.

Marker 1 is always the reference marker for relative measurements. If activated, markers 2 to 4
are delta markers that refer to marker 1. These markers can be converted into markers with
absolute value display by means of the Marker Norm/Delta softkey. If marker 1 is the active
marker, pressing the Marker Norm/Delta softkey switches on an additional delta marker.

For the Channel Bitstream measurement only one marker (Marker 1) is available. It can be used
for scrolling and to display the number and value of a bit.

Remote: CALC:MARK ON
Remote: CALC:MARK:X <value>
Remote: CALC:MARK:Y?

Remote: CALC:DELT ON
Remote: CALC:DELT:X <value>
Remote: CALC:DELT:X:REL?
Remote: CALC:DELT:Y?

All Marker Off

For details refer to the All Marker Off softkey in the marker menu of the base unit.

Percent Marker

"Opens an edit dialog box to enter a probability value and to position marker 1. Thus, the power
which is exceeded with a given probability can be determined very easily. If marker 1 is
deactivated, it will be switched on automatically.

This softkey is only available for the CCDF measurement.

Remote: CALC:MARK:Y:PERC 0..100%

Softkeys of the marker-> menu (1xEV-DO BTS Analyzer mode)

The following table shows all softkeys available in the marker-> menu in 1xEV-DO BTS Analyzer
mode. It is possible that your instrument configuration does not provide all softkeys. If a softkey is only
available with a special option, model or measurement mode, this information is delivered in the
corresponding softkey description.

The softkeys of the marker-> menu are not available for the Result Summary, Channel Table and
CCDF measurements.

Command

Select 1234 4

Peak

Next Peak

Next Peak Mode < abs>

Min
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Next Min

Next Min Mode < abs>

Select1234 4

Selects the normal marker or the delta markers, activates the marker and opens an edit dialog
box to enter a value for the marker to be set to. A4 stands for delta marker 1.

Since the Channel Bitstream measurements supports only one marker, this softkey is not
available for that measurement.

= Remote: CALC:MARK1 ON
= Remote: CALC:MARK1:X <value>
= Remote: CALC:MARK1:Y?

Peak

For details refer to the Peak softkey in the MKR-> menu of the base unit.

Next Peak

For details refer to the Next Peak softkey in the MKR-> menu of the base unit.

Next Peak Mode < abs>

For details refer to the Next Peak Mode < abs > softkey in the MKR-> menu of the base unit.

Min

For details refer to the Min softkey in the MKR-> menu of the base unit.

Next Min

For details refer to the Next Min softkey in the MKR-> menu of the base unit.

Next Min Mode < abs>

For details refer to the Next Min Mode < abs > softkey in the MKR-> menu of the base unit.
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Softkeys of the measurement menu (1xEV-DO BTS Analyzer mode)

The following table shows all softkeys available in the measurement menu in 1xEV-DO BTS Analyzer
mode. It is possible that your instrument configuration does not provide all softkeys. If a softkey is only
available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command

Submenu / Command

Code Domain Analyzer¥

Power

Adjacent Channel Power % Bandclass
ACP Config¥
Sweep Time

Fast ACP On/Off

ACP Abs/Rel

Adjust Ref Level

Spectrum Emission Mask #

Edit Sweep List

List Evaluation

Edit Reference Range

Edit Power Classes

Bandclass

XML Import

XML Export

Meas Start/Stop

Restore Default Files

Occupied Bandwidth ¥

% Power Bandwidth

Channel Bandwidth

Adjust Ref Level

Adjust Settings

CCDF ¥

Percent Marker

Res BW

# of Samples

Scaling

Adjust Settings

Code Domain Analyzer

AActivates the Code Domain Analyzer and opens the Code Domain Analyzer menu. Select the
desired result display via this menu. For details refer to Softkeys of the Code Domain Analyzer

Menu (1xEV-DO BTS Analyzer mode).

For details on the measurements in the code domain, initial configuration and screen layout refer
to the description of the Code Domain Analysis.

= Remote: CONF:CDP:MEAS CDP
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Power

Activates the Signal Channel Power measurement, in which the power of a single channel is
determined.

For details on screen layout and default values see the description of the Signal Channel Power.

= Remote: CONF:CDP:MEAS POW
= Remote: CALC:MARK: FUNC:POW:RES? CPOW (result query)

Adjacent Channel Power

Activates the Adjacent Channel Power measurement.

In this measurement the power of the carrier and its adjacent and alternate channels is determined.
For details on screen layout and default values see the description of the Adjacent Channel Power.

Also opens the Adjacent Channel Power submenu containing the following softkeys:

Command

Bandclass

ACP Config¥

Sweep Time
Fast ACP On/Off
ACP Abs/Rel
Adjust Ref Level

= Remote: CONF:CDP:MEAS ACLR
= Remote: CALC:MARK: FUNC: POW:RES? ACP (result query)

Bandclass

softkey:Band Class (K84)"Opens a dialog box to select the bandclass. The following
bandclasses are available:

Band Class 0 800 MHz Cellular Band

Band Class 1 1.9 GHz PCS Band
Band Class 2 TACS Band

Band Class 3 JTACS Band

Band Class 4 Korean PCS Band
Band Class 5 450 MHz NMT Band
Band Class 6 2 GHz IMT-2000 Band
Band Class 7 700 MHz Band

Band Class 8 1800 MHz Band

Band Class 9 900 MHz Band

Band Class 10 Secondary 800 MHz

Band Class 11 400 MHz European PAMR Band

Band Class 12 800 MHz PAMR Band

Band Class 13 2.5 GHz IMT-2000 Extension Band
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Band Class 14 US PCS 1.9 GHz Band

Band Class 15 AWS Band

Band Class 16 US 2.5 GHz Band

Band Class 17 US 2.5 GHz Forward Link Only Band

= Remote: CONF:CDP:BCL <value>

ACP Config

For details on the softkey and submenus refer to the CP / ACP Config softkey in the Adjacent
Channel Power submenu of the base unit.

Sweep Time

For details refer to the Sweep Time softkey in the Adjacent Channel Power submenu of the
base unit.

Fast ACP On/Off

For details refer to the Fast ACP On/Off softkey in the Adjacent Channel Power submenu of the
base unit.

ACP Abs/Rel

For details refer to the ACP Abs/Rel softkey in the Adjacent Channel Power submenu of the
base unit.

Adjust Ref Level

For details refer to the Adjust Ref Level softkey in the Code Domain Analyzer menu.

Spectrum Emission Mask

Performs a comparison of the signal power in different carrier offset ranges with the maximum
values specified in the 1xEV-DO specification. With the exception of a few softkeys this
measurement is identical to the Spectrum Emission Mask measurement of the base unit.

For details on screen layout and default values see the description of the Spectrum Emission
Mask.

Also opens the Spectrum Emission Mask submenu containing the following softkeys:

Edit Sweep List

List Evaluation

Edit Reference Range

Edit Power Classes

Bandclass

XML Import
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XML Export

Meas Start/Stop

Restore Default Files

= Remote: CONF:CDP:MEAS ESP
= Remote: CALC:LIM:FAIL?

Edit Sweep List

For details on the Edit Sweep List softkey and its submenu refer to the Edit Sweep List softkey
in the Spectrum Emission Mask submenu of the base unit.

List Evaluation

For details on the List Evaluation softkey and its submenu refer to the List Evaluation softkey in
the Spectrum Emission Mask submenu of the base unit.

Edit Reference Range

Opens the Reference Range dialog box. For details refer to the Edit Reference Range softkey
in the Spectrum Emission Mask submenu of the base unit.

Edit Power Classes

Opens the Power Classes dialog box. For details refer to the Edit Power Classes softkey in the
Spectrum Emission Mask submenu of the base unit.

Bandclass

Opens a dialog box, to select a specific bandclass.

A list of the supported bandclasses can be found in the description of the Bandclass softkey in
the ACP measurement menu.

The settings for each bandclass are provided in *.xml files that are located in the directory
C:\R_SVINSTR\sem_std\EVDO\dI. The files themselves are named C2K_DL_BCO01.XML
(bandclass 1) to C2K_DL_BC17.XML (bandclass 17). By selecting one of the bandclasses from
the dialog box, the correct file will be loaded automatically. The file can also be loaded manually
(see XML Import softkey).

= Remote: CONF:CDP:BCL <value>

XML Import

Opens the XML Import dialog box, in which the *.xml file to be imported can be selected. If a file
is imported, the SEM settings specified in the file will be used. All previous SEM settings will be
lost.

= Remote: ESP:PRES "<file name>"
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Adjust Ref Level

For details refer to the Adjust Ref Level softkey in the Code Domain Analyzer menu.

Adjust Settings

Automatically optimizes all instrument settings for the selected channel configuration (channel
bandwidth, channel spacing) within a specific frequency range (channel bandwidth). The
adjustment is carried out only once. If necessary, the instrument settings can be changed later.

= Remote: POW:ACH: PRES OBW

CCDF

Starts the measurement of the Complementary Cumulative Distribution Function and the Crest
factor.

For details on screen layout and default values see the description of the Complementary
Cumulative Distribution Function (CCDF).

Also opens the CCDF submenu containing the following softkeys:

Percent Marker

Res BW

# of Samples

Scaling

Adjust Settings

Percent Marker

= Remote: CONF:CDP:MEAS CCDF

Percent Marker

For details refer to the Percent Marker softkey in the CCDF submenu of the base unit.

Res BW

For details refer to the Res BW softkey in the CCDF submenu of the base unit.

# of Samples

For details refer to the # of Samples softkey in the CCDF submenu of the base unit.

Scaling

For details refer to the Scaling softkey and the corresponding submenu in the CCDF submenu
of the base unit.
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Adjust Settings

Automatically optimizes all instrument settings for the selected channel configuration (channel
bandwidth, channel spacing) within a specific frequency range (channel bandwidth). The
adjustment is carried out only once. If necessary, the instrument settings can be changed later.

= Remote: CALC:STAT:SCAL:AUTO ONCE

Power vs Time

Starts the measurement of the Power vs Time. This measurement is required by the standard
for the Emission Envelope Mask.

For details on screen layout and default values see the description of the Power vs Time.

Also opens the PvT submenu containing the following softkeys:

Command

No of HalfSlots

RF:Slot Full Idle

Burst Fit On Off

Reference Mean Pwr

Reference Manual

Set Mean To Manual

Restart On Fail

Restore STD Lines

= Remote: CONF:CDP:MEAS PVT

No of HalfSlots

Change the number of halfslots used for averaging. The default value is 100.

= Remote: SWE:COUN <numeric wvalue>

RF:Slot Full Idle

Defines the expected signal. Set it to either FULL or IDLE mode. The limit lines and the borders
for calculating the mean power are set. The lower and upper limit line are called DOPVTFL/
DOPVTFU for FULL and DOPVTIL/ DOPVTIU for IDLE mode. It is possible to change these
lines with the standard limit line editor.

= Remote: CONF:CDP:RFS FULL
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Burst Fit On Off

Activate an automatic burst alignment to the center of the diagram. If active the burst fit
algorithm searches the maximum and minimum gradient, between them the maximum peak is
determined, and from this point the 7 dB down points are searched. If these are within plausible
ranges the burst is centered in the screen, otherwise nothing will happen. The default setting is
OFF.

The softkey is only available if the RF:Slot is set to idle mode (see RF:Slot Full Idle).

= Remote: CONF:CDP:PVT:BURS ON

Reference Mean Pwr

The standard asks for the sequence to first measure the FULL slot with the limit line relative to
the mean power of the averaged time response. Therefore you should activate the Reference
Mean Power for Full slot measurements.

In this mode the mean power is calculated and the limit lines are relative to that mean power.
This value should be used also as the reference for the IDLE slot measurement.

= Remote: CALC:LIM:PVT:REF AUTO

Reference Manual

Select the reference value for the limits manually (also see Reference Mean Pwr and Set Mean
To Manual).

= Remote: CALC:LIM:PVT:REF MANUAL
= Remote: CALC:LIM:PVT:RVAL <numeric value>

Set Mean To Manual

Pressing the softkey leads to the usage of the current mean power value of the averaged time
response as the fixed reference value for the limit lines. The mode is switched to Reference
Manual. Now the IDLE slot can be selected and the measurement sequence can be finished.
(also see Reference Mean Pwr and Reference Manual).

= Remote: CALC:LIM:PVT:REF ONCE

Restart On Fail

Evaluates the limit line over all results at the end of a single sweep. The sweep restarts if the
result is FAIL. On a PASS or MARGIN result, the sweep ends.

This softkey is only available in single sweep mode.

= Remote: CONF:CDP:PVT:FRES ON

Restore STD Lines

Restores the limit lines defined in the standard to the state they were in when the device was
supplied. In this way unintended overwriting of the standard lines can be undone.

= Remote: CALC:LIM:PVT:REST
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WLAN TX Measurements (Option K91 / K91n)

The WLAN TX Measurements option extends the functionality of the R&S FSL spectrum analyzer to
enable Wireless LAN TX measurements according to IEEE standards 802.11 a, b, g, j and n.

TX measurement of wireless LAN Device Under Test (DUT) according to the standards specified for the
device can be performed:

Modulation formats:
— |EEE 802.11a, j, g (OFDM): BPSK, QPSK, 16QAM, 64QAM

— |EEE 802.11b, g (single carrier): DBPSK, DQPSK, CCK (5.5 & 11 Mbps), PBCC (5.5, 11 & 22
Mbps)

— |EEE 802.11n (OFDM): BPSK (6.5 & 7.2 Mbps), QPSK (13, 14.4, 19.5 & 21.7 Mbps), 16QAM
(26, 28.9, 39 & 43.3 Mbps), 64QAM (52, 57.8, 58.5, 65 & 72.2 Mbps)

Modulation measurements:

— Constellation diagram

— Constellation diagram per OFDM carrier

— 1/Q offset and I/Q imbalance

—  Carrier and symbol frequency errors

— Modulation error (EVM) per OFDM carrier or symbol
— Amplitude response and group-delay distortion (spectral flatness)
Amplitude statistics (CCDF) and crest factor

Transmit spectrum mask

FFT, also over a selected part of the signal, e.g. preamble
Payload bit information

Capture time selectable up to 15 ms (dependent on selected standard), multiple sweeps possible
for large number of bursts (10922).

The option R&S FSL-K91 is available from firmware version 1.20.

The option R&S FSL-K91n is available from firmware version 1.90.

To open the WLAN menu

>

>

If the WLAN mode is not the active measurement mode, press the MODE key and activate the
WLAN option.

If the WLAN mode is already active, press the MENU or MEAS key.
The WLAN menu is displayed. .

To exit the WLAN measurement mode, select another option. For details refer also to section
"Measurement Mode Selection - MODE Key" on page 4.120.

1300.2519.12 4.391 E-12



R&S FSL WLAN TX Measurements (Option K91 / K91n)

Menu / Command Command

Constell vs Symbol/Carrier

Carrier Selection

More ¥

Gating Settings On/Off

Import

Export

Y-Axis/Div

R&S Support

Spectrum ¥ Settings General/Demod

Display List/Graph

Spectrum Flatness

Spectrum Mask / Spectrum IEEE/ETSI

Spectrum FFT

Spectrum ACPR / Spectrum ACP / ACP Rel/Abs

More ¥

same contents as PVT side menu

Statistics ¥ Settings General/Demod

Display List/Graph

CCDF

Bitstream

Signal Field / PLCP Header

More ¥

same contents as PVT side menu

Settings General/Demod

Opens the General Settings or the Demod Settings dialog box. Screenshots of the dialog
boxes are provided in chapter "Advanced Measurement Examples", section "Measurement
Examples of the WLAN TX Measurements Option (K91/K91n)".

Alternatively, the General Settings dialog box is opened as follows:
— FREQ key, with focus on the Frequency field

— AMPT key, with focus on the Signal Level (RF) field

— TRIG key, with focus on the Trigger Mode field

In the General Settings dialog box, all settings related to the overall measurement can be
modified. The right pane with the advanced settings is only displayed if the Advanced Settings
option is activated. The General Settings dialog box contains the following elements:

Signal Characteristics Standard
Frequency
Channel No

Level Settings Signal Level
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Standard (General Settings dialog box)

Displays a list of all installed standards to select the wireless LAN standard. This is necessary to
ensure that the measurements are performed according to the specified standard with the
correct limit values and limit lines.

= Remote: CONF:STAN 0

Frequency (General Settings dialog box)

Specifies the center frequency of the signal to be measured. If the frequency is modified, the
Channel No field is updated accordingly.

= Remote: FREQ:CENT 100MHz

Channel No (General Settings dialog box)

Specifies the channel to be measured. If the Channel No field is modified, the frequency is
updated accordingly.

= Remote: CONF:CHAN 9

Signal Level (General Settings dialog box)

Specifies the expected mean level of the RF input signal. If an automatic level detection
measurement has been executed the signal level (RF) is updated.

For all standards other than IEEE 802.11b & g (Single Carrier), the reference level is set 10 dB
higher than the signal level (RF) because of the expected crest factor of the signal. For
standards IEEE 802.11b & g (Single Carrier), the reference level is set to the signal level (RF).

= Remote: CONF: POW:EXP:RF 9

Auto Lvl (General Settings dialog box)

Activates or deactivates the automatic setting of the reference level for measurements.

On  The reference level is measured automatically at the start of each measurement
sweep. This ensures that the reference level is always set at the optimal level for
obtaining accurate results but will result in slightly increased measurement times. For
details about automatic level detection refer to chapter "Advanced Measurement
Examples".

Off  The reference level is defined manually in the Signal Level field.

= Remote: CONF:POW:AUTO 1
= Remote: CONF:POW:AUTO: SWE: TIME 200MS

Ext Att (General Settings dialog box)

Specifies the external attenuation or gain applied to the RF signal. A positive value indicates
attenuation, a negative value indicates gain. All displayed power level values are shifted by this
value.

= Remote: INP:ATT 30dB
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Capture Time (General Settings dialog box)

Specifies the time (and therefore the amount of data) to be captured in a single measurement
sweep.

= Remote: SWE: TIME 10ms

Burst Count (General Settings dialog box)

Activates or deactivates a specified number of bursts for capture and analysis.

On The data analysis is performed over a number of consecutive sweeps until the
required number of bursts has been captured and analyzed.

Off  The data analysis is performed on a single measurement sweep.

= Remote: BURS:COUN:STAT ON

Analyze Bursts (General Settings dialog box)

Specifies the number of bursts to be measured, if the Burst Count option is activated.

= Remote: BURS:COUN 16

Sweep Count (General Settings dialog box)

Specifies the number of sweeps to be performed for Spectrum ACP/ACPR and Spectrum Mask
measurements.

= Remote: SWEep:COUNt 64

Trigger Mode (General Settings dialog box)

Sets the source of the trigger for the measurement sweep.

Free Run The measurement sweep starts immediately.

External Triggering via a TTL signal at the input connector EXT TRIGGER/GATE
IN on the rear panel.

Power The measurement sweep starts when the signal power meets or exceeds
the specified power trigger level. This trigger mode is not available for
Spectrum Mask measurements in ETSI standard. If it is set and then the
Spectrum Mask measurement in ETSI standard is selected, it automatically
changes to Free Run.

= Remote: TRIG:MODE IMM

Trigger Offset (General Settings dialog box)

Specifies the time offset between the trigger signal and the start of the sweep. A negative value
indicates a pre-trigger. This field is not available in the Free Run trigger mode.

= Remote: TRIG:HOLD 500us
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Power Level (General Settings dialog box)

Specifies the trigger level if the Power trigger mode is set.

= Remote: TRIG:LEV:POW 10 DBM

Auto Lvl (General Settings dialog box)

Activates or deactivates the automatic measurement of the power trigger level.

On  The power trigger level is measured automatically at the start of each measurement
sweep. This ensures that the power trigger level is always set at the optimal level for
obtaining accurate results but will result in a slightly increased measurement times.

Off  The power trigger level is defined manually in the Power Level field.

= Remote: TRIG:LEV:POW:AUTO ON

Swap 1Q (General Settings dialog box)

Activates or deactivates the inverted I/Q modulation.

On land Q signals are interchanged.
Off  Normal I/Q modulation.

= Remote: SWAP ON

Auto Level Time (General Settings dialog box)

Specifies the sweep time used for the automatic level measurements.

= Remote: CONF: POW:AUTO: SWE: TIME 200MS

Ref Level (General Settings dialog box)

Specifies the reference level to use for measurements. If the reference level is modified, the
signal level is updated accordingly (depending on the currently selected standard and
measurement type). This field is only editable if the Auto Lvl is deactivated.

= Remote: DISP: TRAC:Y:RLEV?

Attenuation (General Settings dialog box)

Specifies the settings for the attenuator. This field is only editable if the Auto Lvl option is
deactivated. If the Auto Lvl option is activated, the RF attenuator setting is coupled to the
reference level setting.

= Remote: INP:ATT 30dB

Sample Rate (General Settings dialog box)

Specifies the sample rate used for IQ measurements.

= Remote: TRACE:IQ:SRAT 20000
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— Constellation vs Carrier (IEEE 802.16-2004 OFDM only, see Constell vs Symbol/Carrier
softkey)

— Conditional Cumulative Distribution Function (see CCDF softkey)
— Bit Stream (see Bitstream softkey)
e frequency sweep measurements
— Spectrum Mask (see Spectrum IEEE/ETSI softkey)
— Spectrum ACP/ACPR (see ACPR Abs/Rel softkey)
For current restrictions refer to Current restrictions to the IEEE 802.16e-2005 OFDMA/WiBro signal to
be analyzed.
The measurement result display is divided into two panes:
e Measurement settings

e Result displays

The results can be displayed in form of a list or a graph (see also Display List/Graph softkey).
— Result summary list

— Result display graph

Current restrictions to the IEEE 802.16e-2005 OFDMA/WiBro signal to be analyzed
e standard

— |EEE 16-2004/Cor1-2005, IEEE 802.16e-2005, OFDMA Physical Layer Mode, 1 October
2004/28 February 2006

— |EEE 16-2004/Cor1-2005, IEEE 802.16e-2005 based WiBro
e FFT sizes
The FFT sizes 128, 512, 1024 and 2048 are supported.
e subframes
— Either a DL subframe or a UL subframe can be analyzed at one point in time.
— One DL-PUSC zone per DL subframe is supported.

— One DL-FUSC zone immediately following the first mandatory DL-PUSC zone is supported (DL
subframe).

— One UL-PUSC zone per UL subframe is supported.
— The subframes have to be separated by sufficient power off gaps.
e segments

The first mandatory DL-PUSC zone must contain exclusively one segment. The assignment of
subchannel groups to this segment is not restricted.

e symbols

The signal to be analyzed must contain at least two OFDMA data symbols. More OFDMA data
symbols will improve the accuracy of the measurement results.

e burst

Each OFDMA symbol of a zone must contain at least one active burst, i.e. each OFDMA symbol of
the zone must comprise subchannels belonging to an active burst. The zone/segment must be
covered by active bursts, i.e. no gaps at the beginning, mid or end of the zone/segment are
allowed.
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e UL subframes

In case of UL subframe analysis, the frame number must be constant for the signal to be analyzed.

Measurement settings

The overall measurement settings used to obtain the current measurement results are displayed below
the title bar (see Fig. 4-48). The following settings are listed:

Setting Description Standard restrictions

Frequency The frequency of the measured input signal.

Burst Type The type of burst being analyzed IEEE 802.16-2004 OFDM only
Zone/Seg The zone and segment being analyzed IEEE 802.16e-2005 OFDMA/WiBro only
Signal Level The expected mean signal level for the input signal.

Modulation Shows the active setting selected in the Demod IEEE 802.16-2004 OFDM only

Settings dialog box, Demodulator list.
If the Mod. Detection field is set to ALL, ALL is
displayed.

Shows the active setting selected in the Demod IEEE 802.16e-2005 OFDMA/WiBro only
Settings dialog box, Demodulator list.

If the Modulation Analysis Scope field is set to ALL,
ALL is displayed.

External Att The attenuation (positive values) or gain (negative
values) applied to the signal externally (i.e. before the
RF or 1Q connector of the spectrum analyzer), e.g.:
External Att = 10 dB means that before the RF
connector of the R&S FSL a 10 dB attenuator is used
External Att = -20 dB means that before the RF
connector of the R&S FSL a amplifier with 20 dB gain
is used.

Data Symbols Shows the minimum and maximum number of data IEEE 802.16-2004 OFDM only
symbols that a burst may have to be considered in
results analysis .

Zone Offset/Length A combined display of the offset and length of the IEEE 802.16e-2005 OFDMA/WiBro only
analyzed zone

IEEE 802.16 - 2004

Signal Level
odulation:

Fig. 4-49 Measurement settings for IEEE 802.16e-2005 OFDMA/WiBro (example)

Result summary list

If the results are displayed in tabular form (Display Graph/List softkey), the result summary list is
displayed. It shows the overall measurement results and provides limit checking for result values in
accordance with the selected standard. Result values which are within the limit as specified by the
standard are displayed in green. Result values which are outside of the limits specified by the standard
are displayed in red with a ™ to the left. Results which have no limits specified by the standard are
displayed in white. Limit values are displayed in white (not bold) and can be modified, when focused,
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Fig. 4-51 Result summary list 1 for IEEE 802.16e-2005 OFDMA/WiBro (example)

Settings
General
Demod

Display
Graph

Subframe

Rising

Falling

Refresh Complete

Fig. 4-52 Result summary list 2 for IEEE 802.16e-2005 OFDMA/WiBro (example)

For details regarding how the results are calculated refer to chapter "Advanced Measurement
Examples".

Result display graph

¢ |Q measurements

If the results are displayed in graphical form (Display Graph/List softkey), additionally to the
selected graphical result display, the Magnitude Capture Buffer (power profile) display is provided
for all IQ measurements. The different result displays are described with the corresponding softkey.

The Magnitude Capture Buffer display shows the complete range of captured data for the last
sweep. All analyzed bursts are identified with a green bar at the bottom of the Magnitude Capture
Buffer display. Only those bursts match the required criteria. The gate delay line (GD) and gate
length line (GL) are displayed in red color.

Run

singlefend

Refresh

1.5000 msddiv

Fig. 4-53 Magnitude capture buffer results (example)
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All IQ measurements process the same signal data and as such all IQ measurement results are
available after a single IQ measurement execution.

IQ measurements can be run in split screen mode (allowing both the Magnitude Capture Buffer
display and the selected 1Q measurement results to be displayed simultaneously) or in full screen
mode (with either the Magnitude Capture Buffer display or the selected IQ measurement results
displayed).

When measuring OFDMA or WiBro measurements, the time from the start of the capture buffer to
the start of the first frame is also displayed in the Magnitude Capture buffer. This time is marked
with a vertical blue line, with the result displayed at the top of the graph.

frequency sweep measurements

The frequency sweep measurements use different signal data to IQ measurements and as such it is
not possible to run an IQ measurement and then view the results in the frequency sweep
measurements and vice-versa. Also because each of the frequency sweep measurements uses
different settings to obtain signal data it is not possible to run a frequency sweep measurement and
view the results of another frequency sweep measurement.

All frequency sweep measurements are run in full screen mode.

Further information

This section provides background information on measurements and displayed information. For details
on signal processing refer to chapter "Advanced Measurement Examples", section "WiMAX, WiBro
Measurements (Options K92/K93)".

To transfer the current R&S SMU WiMAX setting via LAN

Prerequisite:

© N o o b w

The Windows Firewall of the R&S SMU is switched off.
Press the Settings General/Demod softkey to open the General Settings dialog box.

Under Signal Characteristics in the Standard list, select the IEEE 802.16e-2005 OFDMA or IEEE
802.16e-2005 WiBro standard.

Under Setup in the SMU Address field, specify the TCP/IP address of the R&S SMU.

Press the More # softkey to change into the side menu.

Press the File Manager softkey to open the File Manager.

Under Folders, select the SMU entry.

Under Files, select the Current SMU WIMAX Settings entry using the RIGHTARRROW key.
Press the Recall softkey.

The selected WiMAX setting file is transferred from the R&S "SMU to the R&S FSL.

Title bar information

The title bar displays the following information:

standard applicable to the current measurement

Status bar information

The status bar displays the following information:

parameter values
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If a parameter in a settings dialog box is selected, the minimum and maximum values for the
selected parameter are displayed.

If a Boolean parameter in a dialog box is selected, the minimum and maximum values are displayed
as N/A for not applicable.

e measurement status

During the measurement, the current measurement status along with detailed information about the
progress is displayed.

e error messages (with red background), for details refer to chapter "Error Messages".

e warning messages (with blue background), for details refer to chapter "Error Messages".

Softkeys of the WiMAX menu (WiMAX mode)

The following table shows all softkeys available in the WiMAX menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Settings General/Demod

Display Graph/List

PVT & Settings General/Demod

Display Graph/List

Full Burst

Start End

Burst Selection

Full Subframe

Rising/Falling

More ¥

Gating Settings On/Off

Import

Export

R&S Support

EVM Constell % Settings General/Demod

EVM vs Symbol/Carrier

Error Frequency/Phase

Constell vs Symbol/Carrier

Carrier Selection

Constell Selection

More ¥

Gating Settings On/Off

Import

Export

Y-Axis/Div
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Menu / Command

Command

R&S Support

Spectrum #

Settings General/Demod

Display Graph/List

Spectrum Flat./Diff./Group Delay

Spectrum IEEE/ETSI

Spectrum Mask

Spectrum FFT

ACPR Abs/Rel

More ¥

Gating Settings On/Off

SEM Settings

ACP Settings

Import

Export

R&S Support

Statistics %

Settings General/Demod

Display Graph/List

CCDF

Bitstream

Burst Summary

Bit Selection

More ¥

Gating Settings On/Off

Import

Export

R&S Support

File Manager ¥

For the available File Manager

softkeys, see the description of the File

Manager softkey.

Settings General/Demod

Opens the General Settings dialog box or the Demod Settings dialog box. Screenshots of the
dialog boxes are provided in chapter "Advanced Measurement Examples", section
"Measurement Examples of the WIMAX IEEE 802.16 OFDM, OFDMA Measurements option

(K93)".

Alternatively, the General Settings dialog box is opened as follows:

— FREQ key, with focus on the Frequency field

— AMPT key, with focus on the Signal Level (RF) field

— TRIG key, with focus on the Trigger Mode list
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In the General Settings dialog box, all settings related to the overall measurement are modified.
The right pane with the advanced settings is only displayed, if the Advanced Settings option is

activated. The General Settings dialog box contains the following elements:

Pane Field/List Standard Restrictions
Signal Characteristics Standard

Frequency

Channel No IEEE 802.16-2004 OFDM

Frequency Band

FFT Size NFFT

IEEE 802.16e-2005 OFDMA/WiBro

Channel BW

Sample Rate

G =Tg/Tb

Level Settings

Signal Level

Auto Lev

Ext Att

Data Capture Settings

Capture Time

Burst Count

Analyze Bursts

Sweep Time

Sweep Count

Trigger Settings

Trigger Mode

Trigger Offset

Power Level

Auto Lvl

Input Settings Advanced

Auto Level Time

Ref Level

Attenuation

1Q Settings

Swap 1Q

Result Settings

RSSI, CINR avg.

List Results Unit

IEEE 802.16-2004 OFDM

Setup

SMU Address

IEEE 802.16e-2005 OFDMA/WiBro

In the Demod Settings dialog box, the settings associated with the signal modulation are
modified. The content of the Demod Settings dialog box depends on the selected standard:

IEEE 802.16-2004 OFDM

The settings under Burst to Analyze specify the characteristics of the bursts to be considered
in the measurement results. Only the bursts which meet the criteria specified in this group will
be included in measurement analysis. The settings under Tracking allow various errors in
measurement results to be compensated for.

1300.

IEEE 802.16e-2005 OFDMA/WiBro

The Demod Settings dialog box contains the three tabs. Use the left/right arrow keys to
navigate between the tabs.

On the Demod Settings tab, the channel estimation range is set. The settings under Bursts to
Analyze specify the characteristics of the bursts to be considered in the measurement results.

2519.12
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The settings under Tracking allow various errors in measurement results to be compensated

for.

On the Frame Global tab, the common settings associated with the frame to be analyzed can

be modified.

On the Frame Config tab, the settings associated with the frame configuration can be modified.
The Zone/Segment List and the Burst List are displayed. The content of the selected list is
graphically displayed under The content of the selected list is graphically displayed under the
Zone/Segment Map and the Burst Map respectively. To edit Frame Config tab, softkeys are
available (see the table below).

The Demod Settings dialog box contains the following elements:

Tab/Pane

Field/List or Softkey

Standard Restrictions

Demod Settings

Burst to Analyze

Burst Type

IEEE 802.16-2004 OFDM

Link Mode

IEEE 802.16-2004 OFDM

Use FCH Content

IEEE 802.16-2004 OFDM

Mod. Detection

IEEE 802.16-2004 OFDM

Demodulator

IEEE 802.16-2004 OFDM

Subchannelization

IEEE 802.16-2004 OFDM

Index

IEEE 802.16-2004 OFDM

UL Phys. Modifier

IEEE 802.16-2004 OFDM

Equal Burst Length

IEEE 802.16-2004 OFDM

Data Symbols

IEEE 802.16-2004 OFDM

Min Data Symbols

IEEE 802.16-2004 OFDM

Max Data Symbols

IEEE 802.16-2004 OFDM

Channel Estimation

IEEE 802.16-2004 OFDM

Tracking Phase IEEE 802.16-2004 OFDM
Timing IEEE 802.16-2004 OFDM
Level IEEE 802.16-2004 OFDM

Demod Settings

Channel Estimation Range

Downlink (DL)

IEEE 802.16e-2005 OFDMA/WiBro

Uplink (UL)

IEEE 802.16e-2005 OFDMA/WiBro

Bursts To Analyze

Modulation Analysis Scope

IEEE 802.16e-2005 OFDMA/WiBro

Demodulator

IEEE 802.16e-2005 OFDMA/WiBro

Tracking Settings

Phase

IEEE 802.16e-2005 OFDMA/WiBro

Timing

IEEE 802.16e-2005 OFDMA/WiBro

Pilots for Tracking DL

IEEE 802.16e-2005 OFDMA/WiBro

Pilots for Tracking UL

IEEE 802.16e-2005 OFDMA/WiBro

Advanced

FFT start offset rel to CP center

IEEE 802.16e-2005 OFDMA/WiBro

Frame Global

Frame

File Name

IEEE 802.16e-2005 OFDMA/WiBro

IDCell

IEEE 802.16e-2005 OFDMA/WiBro

DL Subframe

Preamble Mode

IEEE 802.16e-2005 OFDMA/WiBro

Preamble Index

Used Subchannel Bitmap
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Tab/Pane

Field/List or Softkey

Standard Restrictions

UL Subframe

Frame Number

IEEE 802.16e-2005 OFDMA/WiBro

Allocated Subchannel Bitmap

IEEE 802.16e-2005 OFDMA/WiBro

Frame Config

List Zone/Burst

IEEE 802.16e-2005 OFDMA/WiBro

Copy Zone/Burst

IEEE 802.16e-2005 OFDMA/WiBro

Insert Zone/Burst

IEEE 802.16e-2005 OFDMA/WiBro

New Zone/Burst

IEEE 802.16e-2005 OFDMA/WiBro

New Segment

IEEE 802.16e-2005 OFDMA/WiBro

Delete Zone/Burst

IEEE 802.16e-2005 OFDMA/WiBro

File Manager ¥

IEEE 802.16e-2005 OFDMA/WiBro

Standard (General Settings dialog box)

Displays a list of all installed standards to select the WiMAX/WiBro standard:

Standard

Installed with Option

IEEE 802.16-2004 OFDM

R&S FSL-K92/K93

IEEE 802.16e-2005 OFDMA

R&S FSL-K93 only

IEEE 802.16e-2005 WiBro

R&S FSL-K93 only

All available entries represent a list of default settings in accordance to the specified standard.
This ensures that the measurements are performed according to the specified standard with the
correct limit values and limit lines.

= Remote: CONF:STAN 0

Frequency (General Settings dialog box)

Specifies the center frequency of the signal to be measured. If the frequency is modified, the
Channel No field is updated accordingly.

= Remote: FREQ:CENT 100MHz

Channel No (General Settings dialog box, IEEE 802.16-2004 OFDM)

Specifies the channel to be measured. If the field entry is modified, the center frequency is
derived according to the section in the standard mentioned below and updated.

— For the Licensed Bands {ETSI, MMDS, WCS}:

Channel numbers are supported according to IEEE Std 802.16-2004 "8.3.10.2 Transmitter
channel bandwidth and RF carrier frequencies". For the target frequency bands see IEEE Std
802.16-2004 "B.1 Targeted frequency bands".

— For the License Exempt Bands {U-NII, CEPT}:
Channel numbers are supported according to IEEE Std 802.16-2004 "8.5.1 Channelization".

= Remote: CONF:CHAN 9
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Frequency Band (General Settings dialog box)

Specifies the relationship between the Channel BW and the Sample Rate parameters.

= Remote: CONF:WIM: FBAN ETSI

FFT Size Ngrr (General Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Specifies the maximum number of carriers supported by the signal to be measured.

= Remote: CONF:WIM:NFFT FFT2048

Channel BW (General Settings dialog box)

Specifies the bandwidth of the channel to be measured.

= Remote: BAND:CHAN 7MHZ

Sample Rate (General Settings dialog box)

Specifies the sample rate used for IQ measurements.

= Remote: TRACE:IQ:SRAT 2000000

G =T,/T, (General Settings dialog box)

Specifies the guard time ratio.

= Remote: CONF:WIM:IGR 16

Signal Level (General Settings dialog box)

Specifies the expected level of the RF input signal. If an automatic level detection measurement
has been executed, the signal level (RF) is updated.

= Remote: CONF: POW:EXP:RF -20

Auto Lev (General Settings dialog box)

Activates or deactivates the automatic setting of the reference level for measurements.

On  The reference level is measured automatically at the start of each measurement
sweep. This ensures that the reference level is always set at the optimal level for
obtaining accurate results but will result in slightly increased measurement times. For
details about level detection refer to chapter "Advanced Measurement Examples".

Off  The reference level is defined manually in the Signal Level field.

= Remote: CONF: POW:AUTO ON
= Remote: CONF:POW:AUTO: SWE: TIME 200MS
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Ext Att (General Settings dialog box)

Specifies the external attenuation or gain applied to the RF signal. A positive value indicates
attenuation, a negative value indicates gain. All displayed power level values are shifted by this
value.

= Remote: DISP: TRAC:Y:RLEV:0FFS 10

Capture Time (General Settings dialog box)

Specifies the time (and therefore the amount of data) to be captured in a single measurement
sweep.

= Remote: SWE: TIME 10ms

Burst Count (General Settings dialog box)

Activates or deactivates a specified number of bursts for capture and analysis.

On The data analysis is performed over a number of consecutive sweeps until the
required number of bursts has been captured and analyzed.

Off The data analysis is performed on a single measurement sweep.

= Remote: BURS:COUN:STAT ON

Analyze Bursts (General Settings dialog box)

Specifies the number of bursts to be measured, if the Burst Count option is activated.

If the number of bursts of the specified type is not contained in a single measurement sweep,
the measurement sweeps continue until the requested number of bursts have been captured.

= Remote: BURS:COUN 16

Sweep Time (General Settings dialog box)

Specifies the sweep time for the Spectrum Mask and Spectrum ACP/ACPR measurements:
— If the Auto option is activated, the sweep time is calculated automatically.
— If the Auto option is deactivated, specify the sweep time.

= Remote: SWE:ACPR:TIME 1S
= Remote: SWE:ACPR: TIME:AUTO OFF

Sweep Count (General Settings dialog box)

Specifies the number of sweeps to be performed for Spectrum ACP/ACPR and Spectrum Mask
measurements.

= Remote: SWE:COUNt 64
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Trigger Mode (General Settings dialog box)

Sets the trigger source for the measurement sweep.

Free Run The measurement sweep starts immediately.

External The measurement sweep starts if the external trigger signal meets or
exceeds the external trigger level (a fixed value that cannot be altered) at
the input connector EXT TRIGGER/GATE IN on the rear panel.

Power The measurement sweep starts if the signal power meets or exceeds the
specified power trigger level.

= Remote: TRIG:MODE IMM

Trigger Offset (General Settings dialog box)

Specifies the time offset between the trigger signal and the start of the sweep. A negative value
indicates a pre-trigger. This field is not available in the Free Run trigger mode.

= Remote: TRIG:HOLD 500us

Power Level (General Settings dialog box)

Specifies the trigger level if the Power trigger mode is set (see Trigger Mode field).

= Remote: TRIG: LEV:POW 10 DBM

Auto Lvl (General Settings dialog box)

Activates or deactivates the automatic measurement of the power trigger level if the Power
trigger mode is set (see Trigger Mode field).

On  The power trigger level is measured automatically at the start of each measurement
sweep. This ensures that the power trigger level is always set at the optimal level for
obtaining accurate results but will result in a slightly increased measurement times.

Off  The power trigger level is defined manually in the Power Level field.

= Remote: TRIG: LEV: POW:AUTO ON

Auto Level Time (General Settings dialog box)

Specifies the sweep time used for the automatic level measurements.

= Remote: CONF: POW:AUTO: SWE: TIME 200MS

Ref Level (General Settings dialog box)

Specifies the reference level used for measurements. If the reference level is modified, the
signal level is updated accordingly (depending on the currently selected standard and
measurement type). This field is only editable if the Auto Lev option is deactivated.

= Remote: DISP: TRAC:Y:RLEV?
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Attenuation (General Settings dialog box)

Specifies the settings for the attenuator. This field is only editable if the Auto Lev option is
deactivated. If the Auto Lev option is activated, the RF attenuator setting is coupled to the
reference level setting.

= Remote: INP:ATT 30dB

Swap 1Q (General Settings dialog box)

Activates or deactivates the inverted I/Q modulation.

On land Q signals are interchanged.
Off  Normal I/Q modulation.

= Remote: SWAP ON

RSSI, CINR avg. (General Settings dialog box)

Specifies the mean and standard deviation for the RSSI and CINR results (see IEEE Std
802.16-2004 "8.3.9.2 RSSI mean and standard deviation", "8.3.9.3 CINR mean and standard
deviation").

= Remote: CONF:WIM:AVER 0.1

List Results Unit (General Settings dialog box, IEEE 802.16-2004 OFDM)

Specifies the units for the results in the results summary table.

= Remote: UNIT:TABL DB

SMU Address (General Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Specifies the TCP/IP address of an external R&S SMU signal generator connected via TCP/IP.
This enables the R&S FSL to download the frame zone setup directly.

= Remote: SYST:COMM: TCP:ADDR 192.168.1.1

Burst Type (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Specifies the type of burst to be included in measurement analysis. Only one burst type can be
selected for the measurement results. The OFDM burst type is supported.

Link Mode (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Specifies the link mode of bursts that are to be included in measurement analysis. The following
link mode types are supported:

UL Up Link
DL Down Link

= Remote: CONF:WIM: LMOD UL
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Use FCH Content (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Activates or deactivates the decoding of the captured burst data FCH field.

OFF This is the default setting and cannot be altered currently.

ON Only the bursts with a modulation format matching the format specified in the
Demodulator list are included in the results analysis.

Mod. Detection (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Specifies the demodulation of the signal. The following values are supported:

None No modulation detection is performed. The signal will be analyzed according
to the Demodulator setting. Therefore the Demodulator setting must match
with the modulation format of the subframe. This setting excludes the analysis
of multiple modulation formats in a subframe.

First The first data symbol specifies the modulation format, i.e. the signal will be
Symbol analyzed according to the modulation format of the first data symbol. This
setting supports multiple modulation formats in a subframe.

If First Symbol is selected, the Demodulator setting is disabled and is
automatically updated with the modulation scheme detected in the first
symbol.

User Only bursts matching the setting in the Demodulator list are analyzed. This
setting supports multiple modulation formats in a subframe.

All All bursts individual payload modulations are analyzed accordingly. This
setting is useful to get an overview of the signal content.

= Remote: DEM: FORM: AUTO FIRS

Demodulator (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Defines the modulation format for signal analysis if the Mod. Detection is set to None or User
(see Mod. Detection field).

The measurement application does not distinguish between different coding rates for the same
modulation format. If the signal to be analyzed contains the profiles (modulation format A, coding
rate B) and (modulation format C, coding rate D), the signal to be analyzed must hold the
following condition in order to produce correct measurement results:

[A==C = B==D]

= Remote: DEM: FORM:BAN '16QAM1/2

Subchannelization (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Activates or deactivates the subchannelization, if the Up Link mode is set (see Link Mode
field). If activated, the subchannel index of uplink bursts is analyzed, defined by the Index field.

= Remote: SUBC:STAT ON
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Index (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Defines the subchannelization index of uplink bursts to be analyzed. Subchannelization index 16
is the default subchannel with full occupation.

= Remote: SUBC 12

UL Phys. Modifier (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Specifies a common UL physical modifier for all uplink bursts.

= Remote: SUBC:ULPH 1

Equal Burst Length (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Activates or deactivates the burst selection for measurement analysis according to the range or
specific number of data symbols/bytes.

On Only bursts with exactly the number of symbols specified in the
Data Symbols field are considered for measurement analysis.

Off Only bursts within the range of data symbols specified by the
Min Data Symbols and Max Data Symbols fields are
considered for measurement analysis.

= Remote: DEM: FORM: BAN: SYMB:EQU ON

Data Symbols (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Specifies the number of symbols that a burst must have to be considered for measurement
analysis. This field is only available if the Equal Burst Length option is activated.

= Remote: DEM: FORM: BAN: SYMB:MIN 16

Min Data Symbols (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Specifies the minimum number of data symbols that a burst must have to be considered in
measurement analysis. This field is only available if the Equal Burst Length option is
deactivated.

= Remote: DEM: FORM: BAN: SYMB:MIN 16

Max Data Symbols (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Specifies the maximum number of data symbols that a burst must have to be considered in
measurement analysis. This field is only available if the Equal Burst Length option is
deactivated.

= Remote: DEM: FORM: BAN: SYMB:MAX 1300
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Channel Estimation (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Specifies how accurately the EVM results are calculated.

Preamble The channel estimation is performed in the preamble as required in the
standard.

Payload The channel estimation is performed in the payload.

= Remote: DEM:CEST ON

Phase (Demod Settings dialog box)

Activates or deactivates the compensation for the phase error. If activated, the measurement
results are compensated for phase error on a per-symbol basis.

= Remote: TRAC: PHAS ON

Timing (Demod Settings dialog box)

Activates or deactivates the compensation for the timing error. If activated, the measurement
results are compensated for timing error on a per-symbol basis.

= Remote: TRAC: TIME ON

Level (Demod Settings dialog box, IEEE 802.16-2004 OFDM)

Activates or deactivates the compensation for the level error. If activated, the measurement
results are compensated for level error on a per-symbol basis.

= Remote: TRAC:LEV ON

Downlink (DL) (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Specifies how channel estimation is performed for downlink signals.

Preamble Only The channel estimation is performed in the preamble only.

Preamble and Payload = The channel estimation is performed in the preamble and in the
payload (payload comprises pilots and data).

Payload Only The channel estimation is performed in the payload only.

= Remote: DEM:CEST PREAMPAYL

Uplink (UL) (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Displays the channel estimation performed for uplink signals.

This field is for information purposes only as channel estimation for uplink signals are always
performed in payload only (payload comprises pilots and data).
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Modulation Analysis Scope (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Displays the modulation formats to be analyzed.

This field is for information purposes only as all detected modulation schemes are analyzed.

Demodulator (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Displays the modulation scheme detected in the analyzed signal. For signals using multiple
modulation schemes, the modulation scheme with the highest data rate is displayed. The field
also indicates the limits that are applied to the EVM results in the table or results.

This field is for information purposes only.

= Remote: DEM: FORM: BAN?

Pilots for Tracking DL (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Specifies how, for downlink signals, the pilot sequence is determined for tracking purposes.

According to Standard  The pilot sequence is computed according to the standard.

Detected The pilot sequence uses the values detected in the signal.

= Remote: TRAC:PIL DET

Pilots for Tracking UL (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Displays how, for uplink signals, the pilot sequence is determined for tracking purposes.

This field is for information purposes only as tracking is performed according to the selected
standard.

FFT start offset rel to CP center (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Adds an offset to the FFT starting point determined by the application.

The setting range is from -100% to +100% of the cyclic prefix (CP) length. In the case of 0%, the
optimal FFT starting point, determined by the application, is used. This is the default setting.

= Remote: FFT:0FF 0

File Name (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Displays the name of the loaded *.WIMAX settings file. If no file is loaded the '...." is displayed.

This field is for information purposes only.

IDCell (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Specifies the downlink IDCell number and affects the definition of the preamble sequence (in
conjunction with the used segments according to the Used Subchannel Bitmap setting), the
pilot sequence of the first zone and the subchannel definition of the first zone.

= Remote: CONF:WIM:DLSF:IDC 0
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Preamble Mode (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Specifies how the preamble index is calculated.

Auto The preamble index is automatically calculated according to the IDCell and Used
Subchannel Bitmap parameters.

User The preamble index can be specified manually, i.e. the preamble pattern is chosen
according to the standard using the Preamble Index parameter.

= Remote: CONF:WIM:DLSF: PRE:MODE AUTO

Preamble Index (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Specifies the preamble pattern (according to the standard) to be used, if the Preamble Mode
parameter is set to User.

= Remote: CONF:WIM:DLSF:PRE:IND 31

Used Subchannel Bitmap (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Assigns subchannel groups to segments, see [802.16e-2005], page 360, table 268a
"Subchannel index of the six subchannel groups”. This table defines how many subchannels are
available for the Burst List (Frame Config tab) belonging to the corresponding segment of a
DL-PUSC zone (with Use All Subchannels being false). In the burst list - corresponding to the
segment - this selection controls the height of the white area in the burst map.

= Remote: CONF:WIM:DLSF:SEGM1 63

Frame Number (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Specifies the number of the frame to be analyzed. For UL subframe analysis, the frame number
must be constant for the signal to be analyzed.

= Remote: CONF:WIM:ULSF:FRAM O

Allocated Subchannel Bitmap (Demod Settings dialog box, IEEE 802.16e-2005 OFDMA/WiBro)

Specifies the subchannels to be analyzed.

This parameter is for information purposes only as all subchannels are used in the UL subframe.

List Zone/Burst (IEEE 802.16e-2005 OFDMA/WiBro)

Sets the focus on the Zone/Segment List or the Burst List to enter and modify data. To insert,
copy, and delete rows, use the softkeys available with the Frame Config tab.

The content of the selected list is graphically displayed under the Zone/Segment Map and the
Burst Map respectively.

The Zone/Segment List contains the following columns:

Column Description

ID Provides a unique ID for the zone. This parameter is read only. If there are any errors in the
zone/segment configuration, the background is displayed in red color.

Bursts Pressing the rotary knob or the ENTER key with focus on this field changes the focus to the
Burst List and displays the Burst Map.
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Column Description

Analyze Defines the zone/segment to be analyzed. Only one zone/segment can be selected for analysis
at any given time.

Zone Defines the zone type. The following types are supported: DL-PUSC, DL-FUSC, UL-PUSC

Segment Defines the segment for a DL-PUSC zone.
For DL-FUSC zones, this parameter has no effect.

Length Defines the length in OFDMA symbols of the zone.
The zone length must be a multiple of the symbol numbers per slot. If this is not the case, an
error message is displayed in the status bar and the measurement does not start.

Offset Defines the offset in OFDMA symbols from the start of the subframe.
The first DL-PUSC zone starts with 1. The first UL-PUSC zone starts with 0.

PermBase Specifies the permbase that is required for the calculation of the subchannel - physical carrier
assignment permutation.

PRBS_ID Specifies the permbase ID that is required for the calculation of the pilot sequence.

Demod Settings | Frame Global Frame Config l

Zone/Segment List

D [Bursts JAnalhze [Zone

|
A ﬁ ~ __|DL_PUSC |0

[Segment [Length

122

1

Offset _[PermBase |PRES_ID
lo 0

[/

Burst List (Zone/Segment ID = A)

|0 |Modulation|No.of Subelho.of Offset Subd Offset SymiPower [dB] |Burst Type =

B Jopskiiz |2 2 0 0 0 DATA 'l

| BEERIFEE Vi 2 0 0 DATA —

2 |160AM3i4 [7 8/ 0 2 0 DATA

3 |sacamzi3 3 7 |9 7 2 0 DATA -
Zone/Segme p. 1 DL-Fones[22 Symbols). 0 UL-Zones [0 Symbaols]

P
'
L]
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Fig. 4-54 Definition of the Zone Offset [green arrow] and the Zone Length [violet arrow] parameters

from the Zone/Segment List

The Burst List contains the following parameters, depending on the zone selection:

Column Description Zone
restrictions
ID Provides a unique ID for the burst. This parameter is read only. The background
color of this parameter reflects the modulation of the burst. If there are any errors in
the burst configuration then the background of this item will be red.
Modulation Defines the modulation format of the burst. In the Burst Map, identical modulation
formats are displays in the same color.
No. of Subch. Defines the number of logical subchannels occupied by the burst. DL_FUSC,
DL_PUSC
No. of Symb. Defines the number of OFDMA symbols occupied by the burst. DL_FUSC,
It must be a multiple of the symbol numbers per slot. If this is not the case, an error DL_PUSC
message is displayed in the status bar and the measurement does not start.
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Duration Specifies the unit of time for the allocating bandwidth. UL_PUSC
[Slots]

Auto If selected, the Offset Subch. and the Offset Symb. parameters are set UL_PUSC
automatically.
Offset Subch. Defines the offset in logical subchannels from subchannel 0.
Offset Symb. Defines the offset in OFDMA symbols. It must be a multiple of the number of
symbols per slot. If this is not the case, an error message is displayed in the status
bar and the measurement does not start.
The start of the zone defines symbol 0.
Power[dB] Defines the boosting factor of the burst.
Burst Type Defines the burst type from the protocol layer perspective. DL_FUSC,
DL_PUSC

Demod Settings | Frame Global Frame Config l

Zone/Segment List
ID__|Bursts [Analze |Tone Segrent  |Length  [Offset |PermBase |PRBS 1D
A '3 +~ |DL_PUSC (0 22 1 0 0

Burst List (Zone/Segment ID = )

Modulation |MNo.of Subc|Mo.of Symky Offset Subg Offset Symi Power [dB] |Burst Type =
GPSK12 |2 2 0 0 0 DATA
QPSK1Z |8 2 2 0 0 DATA —
160AM3/4 |7 8 0 2 1] DATA

i EI 8, 1] DATA -

Burst Map (Zone D = Muﬂm Channel

[}

4

10
15
20

Fig. 4-55 Definition of the Burst Offset [green arrows] and the Burst Length [violet arrows]
parameters from the Burst List

The Zone/Segment Map and the Burst Map display panes are located at the bottom of the

Frame Config tab. They display a graphical view of the selected Zone/Segment List.

— Zone/Segment Map

Displays a graphical view of the selected Zone/Segment List.

— Burst Map

Displays a graphical view of the selected Burst List. The background color of each burst in the

diagram match the modulation format of the burst. Any burst that is incorrectly configured is
displayed with a red background. The measurement does only start if the frame definition is

correct.
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Example:

The Burst Map with burst 1 exceeds the available amount of logical subchannels. The area
causing the problem is highlighted red.

Burst Map (Zone ID = A}, OFDMA Symbol Humber vs Logical Channel

a il

0
15
20
25

35
n z 4 Fi 8 an 17 14 Af 18 il e e

The configuration is corrected by doing one of the following:
a) Reducing the number of subchannels for burst 1 in the Burst List.
b) Assigning more subchannels to the zone/segment to which burst 1 belongs.
c) Increasing Nger-.

= Remote: CONFigure:WIMax:ZONE<1..26>. . ., for details see CONFigure Subsystem
(WIMAX/WiBro, K93)

Copy Zone/Burst (IEEE 802.16e-2005 OFDMA/WiBro)

Copies the selected zone or burst to the clipboard.

Insert Zone/Burst (IEEE 802.16e-2005 OFDMA/WiBro)

Pastes the zone or burst below the focused zone or burst.

New Zone/Burst (IEEE 802.16e-2005 OFDMA/WiBro)

Inserts a new zone or burst below the focused zone or burst.

= Remote: CONF:WIM:ZONE1:CONT ON,DLFUSC,0,10,0,0,0 (zone)
= Remote: CONF:WIM:ZONE1:BURS1:CONT QAM16 1 2,1D2,5,10,20,0,0,0, DATA (burst)

New Segment (IEEE 802.16e-2005 OFDMA/WiBro)

Inserts a new segment below the focused zone/segment. This softkey is only available, if the
focus is on the Zone/Segment List.

Delete Zone/Burst (IEEE 802.16e-2005 OFDMA/WiBro)

Deletes the focused zone or burst.

= Remote: CONF:WIM: ZONE1 : DEL (zone)
= Remote: CONF:WIM: ZONE1 :BURS1: DEL (burst)
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Display Graph/List

Configures the result display. The measurement results are displayed either in form of a list of
measurement points or as a graphical trace.

For details on the result displays refer to "Result summary list" on page 4.426 and "Result
display graph" on page 4.428.

= Remote: DISP: TABL OFF
= Remote: for result queries see section FETCh Subsystem

PVT

Opens the PVT submenu to select the Power vs Time measurement results.

The PVT result displays show the measured input data over the full range or over complete
bursts, displayed within the gating lines if gating is switched on. The results are displayed as a
single burst. If the gate start or gate length are altered then the results can be updated to reflect
these changes by pressing the Refresh softkey in the sweep menu.

= Remote: CONF:BURS: PVT

Full Burst (IEEE 802.16-2004 OFDM)

Displays the PVT results in a single graph with all burst data being displayed (Display Graph
selected), or in a list (Display List selected).

-K93 WIMAX IEEE 802.16 - 2004 ettings
. gna 13.8d8 d General
5 Demod

Display
List

Full Burst

Start End

Burst

Selection

T ]
IR S
wNTrery [ [

For further details refer to the PVT softkey.

= Remote: CONF:BURS:PVT:SEL FULL
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Start End (IEEE 802.16-2004 OFDM)

Displays the results in two separate graphs, the left hand side showing the start and the right
hand side showing the end of a burst (Display Graph selected), or in a list (Display List
selected).

Gating

Settings
on  Off

Ref 3 dBm mp 0 3 !
Screen A: Capture Buffer Import
PRI SRR | - d T

Export

R&S
Support

= Remote: CONF:BURS:PVT:SEL EDGE

Burst Selection (IEEE 802.16-2004 OFDM)

Opens an edit dialog box to select a burst by entering its number.

= Remote: CONF:BURS: PVT:BURS 1

Full Subframe (IEEE 802.16e-2005 OFDMA/WiBro)

Displays the results in a single graph with the minimum, mean, and maximum power profile of
the subframe that contains the zone selected to be analyzed (Display Graph selected), or in
two lists (Display List 1/2 selected).

Settings
General
Demod

Display
List 1

Full

Subframe

Rising

Falling

Refresh Complete
= Remote: CONF:BURS:PVT:SEL FULL
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Rising/Falling (IEEE 802.16e-2005 OFDMA/WiBro)

Displays the results in two separate graphs: the minimum, mean, and maximum power profile of
rising (on the left hand) respective falling (on the right hand) edge of the subframe that contains
the zone selected to be analyzed (Display Graph selected), or in two lists (Display List 1/2
selected).

Settings
General
Demod

Display
List 1

T [ —
[
- Full
i i 1| (-

Rising
Falling

= Remote: CONF:BURS:PVT:SEL EDGE

Gating Settings On/Off (Spectrum Mask, Spectrum FFT, Spectrum ACPR, CCDF)

Activates or deactivates gating, or opens the Gate Settings dialog box to specify range of
captured data used in results calculation.

Gate Settings

Titme

129 s
Length 196 p=s
Link Gate and harker |—

Samples
25749
35820

On Uses only the specified range of captured data in results calculation. In the
Magnitude Capture Buffer trace, two vertical lines mark the specified range.

Off  Uses all the captured data in results calculation.

In the Gate Settings dialog box, the following parameters are set:

Delay

Length

Link Gate and Marker

1300.2519.12

Start point of captured data to be used in results calculation, i.e.
the delay from the start of the captured data in time or samples.
If the delay is specified in time, the number of samples is
updated accordingly, and vice versa.

Amount of captured data to be used in results calculation. If the
length is specified in time, the number of samples is updated
accordingly, and vice versa.

If activated, the position of the marker and the gate lines are
linked. The marker is positioned half way between gate start and

end. The marker position alters if the gate is modified, and the
gate lines move with the marker if the marker position is altered.
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The gate settings are defined for following measurements: Spectrum FFT, CCDF, Spectrum
Mask, Spectrum ACPR.

If a frequency sweep measurement is active (Spectrum Mask and Spectrum ACP), the result
display is switched to the Magnitude Capture Buffer display in order to help defining the gate
settings correctly.

11 11

Remote: SWE :

Remote: SWE :
Remote: SWE :
Remote: SWE :

EGAT

EGAT:
EGAT:
EGAT:

ON

HOLD 125us, SWE:EGAT:HOLD:SAMP 2500 (Delay)

LENG 100ms, SWE:EGAT:LENG:SAMP 2000000 (Length)
LINK ON (Link Gate and Mark)

SEM Settings (IEEE 802.16e-2005 WiBro)

Opens the Spectrum Emission Mask Settings dialog box to configure the Spectrum Emission
Mask measurement.

Spectrum Emission Mask Settings

SEM according to TTA Standard

File Wame TTA_SEM xml

Link Direction oL

Fower Class Auto

Reference Fower Tx Ghannel Power RMS
X Channel

Bandwidth 9.54 MHz

REWY 100 kHz

EM Configuration

StartFreq | Stop Freg| RBYW | VBW

Detector StartLimit  |Stop Limit | Evaluate

477 MHz 19.27 MHZ [1 MHz |1 hiHZ

RS -145 dBl-14.5 dBlfes

9.27 MHz |22.5 MHZ [1 MHZ |1 MHZ

RMS - 29 dBl- 29 dBlres

SEM according to

File Name

Link Direction

Power Class

Specifies how the Spectrum Emission Mask settings and limits are
applied:

TTA Standard - as specified in the standard.

User - as specified in the selected XML file

Specifies the XML file name

Sets the link direction:

UL - uplink, DL - downlink

Sets the power class:

Auto - automatic selection

(-INF, 23) dBm, (23, INF) dBm - power class values for uplink

(-INF, 29) dBm, (29, 40) dBm, (40, INF) dBm - power class values
for downlink

The other parameters are set by default.

The SEM Configuration shows the settings and limits applied over specified frequency ranges
around the TX channel. The settings displayed are dependent on the selected Link Direction
and Power Class.

This softkey is available from firmware version 1.60.

= Remote: POW:SEM: TTA STANDARD (SEM according to)
= Remote: POW: SEM:MOD UL (Link Direction)
= Remote: POW: SEM:CLAS 0 (Power Class)
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Import

Opens the Choose iqw file to import dialog box.

Enter the path and the name of the 1Q data file you want to import. Focus the Select button and
press ENTER to load the specified |Q data file. The Select button becomes active only, if the
entered name matches a file name in the selected directory.

= Remote: MMEM: LOAD: IQ:STAT 1, 'C:\R_S\Instr\user\data.iqw'

Export

Opens the Choose iqw file to export dialog box.

Enter the path and the name of the 1Q data file you want to export. Press ENTER to write the IQ
data into the specified file. If the file cannot be created or there is no valid 1Q data to export an
error message is displayed.

= Remote: MMEM: STOR: IQ:STAT 1, 'C:\R _S\Instr\user\data.iqw'

R&S Support

Creates files that help identifying the current problem. The files are stored under
C:\R_Sl\Instr\usen\Support. If you contact the Rohde&Schwarz support to get help for a certain
problem, send these files to the support in order to identify and solve the problem faster.

EVM Constell

Opens a submenu to select the error vector magnitude (EVM) or the constellation result
displays.

EVM vs Symbol/Carrier

Selects the EVM vs Symbol or EVM vs Carrier result displays.
— EVM vs Symbol (IEEE 802.16-2004 OFDM)

This result display shows the EVM measured over the full range of the measured input data.
The results are displayed on a per-symbol basis, with blue vertical lines marking the boundaries
of each burst. Note that burst boundary lines are only displayed if the number of analyzed
bursts is less than 250. The minimum, average, and maximum traces are displayed.

For the trace labeled with EVM a commonly used EVM definition is applied, which is the square
root of the momentary error power normalized by the averaged reference power. For details of
this measurements please refer to chapter 2.
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Error Frequency/Phase (IEEE 802.16-2004 OFDM)

Selects the Frequency Error vs Preamble or the Phase Error vs Preamble result displays.

These result displays show the error values recorded over the preamble part of the burst. A
minimum, average and maximum trace are displayed. The results display either relative
frequency error or phase error.

Using the Y-Axis/Div softkey, the scaling of the y-axis can be modified to allow the results to be
scaled to an optimum level.

Settings
General
Demod

Ref - dBm nples 2
Screen A: Capture Buffer
[PPPTPIR TPIT

Error

Frequenc

Phase

Constell vs
Symbol
Carrier

carrier
Selection
All

0.00 ps

= Remote: CONF:BURS : PRE
= Remote: CONF:BURS: PRE:SEL FREQ (Frequency Error vs Preamble)
= Remote: CONF:BURS: PRE:SEL PHAS (Phase Error vs Preamble)
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Constell vs Symbol/Carrier

Selects the Constellation vs Symbol or the Constellation vs Carrier result displays.

Constellation vs Symbol (IEEE 802.16-2004 OFDM)

This result display shows the in-phase and quadrature phase results over the full range of the
measured input data. The ideal points for the selected modulations scheme are displayed for
reference purposes.

The amount of data displayed in the Constellation result display can be reduced by selecting
the carrier or carriers for which data is to be displayed (Carrier Selection softkey).

Settings
General
Demod

Error

Freguenc

Phase

constell vs
Symbol
Carrier

Carrier
Selection
All

Constellation vs Symbol (IEEE 802.16e-2005 OFDMA/WiBro)

This result display shows the complex constellation diagram of the modulation symbols. The
modulation symbols belong to the bursts of the analyzed zone. The different modulation
formats are displayed in unique colors. The same color assignment is used in the Bitstream

result display.

The amount of data displayed in the Constellation result display can be reduced via the
Constell Selection softkey.

Settings
General
Demod

E¥YM vs

SEmbuI

Constell vs

Symbol

Constell
Selection

Refresh Complete

1300.2519.12 4.455 E-12



WIMAX, WiBro Measurements (Options K92/K93) R&S FSL

— Constellation vs Carrier (IEEE 802.16-2004 OFDM)

This result display shows the in-phase and quadrature phase results over the full range of the
measured input data plotted on a per-carrier basis. The magnitude of the in-phase and

quadrature part is shown on the y-axis, both are displayed as separate traces (I-> trace 1, Q->
trace 2).

IEEE 802.16 - 200 Settings

General
Demod

Inphase
Marken[1] | 6/5F% |Carrie - EYM vs

SEmbm

Error

9 |Freguenc

Phase

Carrier

Carrier
Selection

= Remote: CONF:BURS: CONS:CSYM (Constellation vs Symbol)
= Remote: CONF:BURS:CONS:CCAR (Constellation vs Carrier)

Carrier Selection (IEEE 802.16-2004 OFDM)

Opens a dialog box to select the carrier for data display. Either a specific carrier number, pilots
only or all carriers can be selected.

= Remote: CONF:BURS:CONS:CARR:SEL -26

Constell Selection (IEEE 802.16e-2005 OFDMA/WiBro)

-

-

-

Opens a dialog box for filtering the displayed results. The results may be filtered by any
combination of modulation, burst, symbol, or carrier. If the constellation selection parameters are
changed, the result display is updated accordingly.

Remote: CONF :BURS:CONS: SYMB: SEL 1 (symbol)
Remote: CONF : BURS: CONS: FORM: SEL QPSK (modulation)
Remote: CONF : BURS : CONS : BURS: SEL 1 (burst)

Y-Axis/Div (EVM vs Symbol/Carrier, Error Frequency/Phase)

Opens a dialog box to modify the y-axis settings:

Auto Scaling  If activated, the scaling of the y-axis is calculated automatically.
Per Division Specifies the scaling to be used if Auto Scaling is deactivated.
Unit Specifies the y-axis unit.
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This softkey is only available for the above mentioned measurements if trace data are displayed.

= Remote: DISP:WIND2:TRAC1:Y:AUTO ON (Auto Scaling)
= Remote: DISP:WIND2:TRAC1:Y:PDIV 2 (Per Division)
= Remote: UNIT:EVM PCT (Unit - EVM vs Symbol/Carrier)
= Remote: UNIT:PRE HZ (Unit - Error Frequency/Phase)
Spectrum

Opens a submenu for frequency measurements.

Spectrum Flat./Diff./Group Delay

Sets the Spectrum Flatness result displays in graphical form (Display Graph selected), or in

tabular form (Display List 1/2 selected).

Spectrum Flatness and Spectrum Flatness Group Delay (IEEE 802.16-2004 OFDM)

These result displays show either the Spectrum Flatness or the Group Delay values recorded
on a per-carrier basis over the full set of measured data. A minimum, average and maximum
trace are displayed for each of the result types. If the Spectrum Flatness result display is
selected an upper and lower limit line representing the limits specified for the selected standard
are displayed. An overall pass/fail status is displayed for the obtained (average) results against
these limit lines.

|EEE 802.16 - 2004 Settings
General
Demod

#* Screen B: Flatness

12425
Display
CHECK RESULT Pas -

TpptT --- List

--”- Pa
6 Spectrum
--------- Diff.
Group Delay
Spectrum
— IEEE [S1R=71
i---”---== Spectrum

FFT

- FEL

100 C

More

o
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— Spectrum Flatness Difference (IEEE 802.16e-2005 OFDMA/WiBro)

This result display shows the absolute difference of adjacent carriers. The limit lines are
displayed according to the requirements of the standard. The minimum, mean, and maximum
statistics is performed over the analyzed zones in the capture buffer.

Settings

General
Demod

dulation: ALL
Display
CK RESJULT Pa:
] Fa
i

List 1

Spectrum

Flat.

Group Dela

Spectrum
IS ETSI

Spectrum

ACPR

REL

Remote: CONF:BURS: SPEC: FLAT

Remote: CONF:BURS: SPEC: FLAT: SEL FLAT (Spectrum Flatness)

Remote: CONF:BURS: SPEC: FLAT: SEL GRD (Spectrum Flatness Group Delay)
Remote: CONF:BURS: SPEC: FLAT: SEL DIFF (Spectrum Flatness Difference)

Spectrum IEEE/ETSI (IEEE 802.16-2004 OFDM, IEEE 802.16e-2005 OFDMA) /
Spectrum Mask (IEEE 802.16e-2005 WiBro)

Sets the Spectrum (Emission) Mask result display. For the IEEE 802.16-2004 OFDM, IEEE
802.16e-2005 OFDMA standards, the result is displayed in graphical form (Display Graph
selected), or in tabular form (Display List 1/2 selected). For the IEEE 802.16e-2005 WiBro
standard, graph and table are displayed combined.

This result display shows power against frequency. A limit line representing the spectrum mask
specified for the selected standard is displayed and an overall pass/fail status is displayed for
the obtained results against this limit line.

For the IEEE 802.16-2004 OFDM, IEEE 802.16e-2005 OFDMA standards, the span of the
results is related to the specified sample rate.

For the IEEE 802.16e-2005 WiBro standard, the table contains the results for each of the
individual frequency ranges. On the trace, the highest power value is marked for each of the
specified frequency ranges with a marker.

The number of sweeps is set in the General Settings dialog box, Sweep Count field. If the
measurement is performed over multiple sweeps both a max hold trace and an average trace
are displayed. For the IEEE 802.16e-2005 WiBro standard, the Spectrum Emission Mask
measurement is configured via the SEM Settings softkey.
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Spectrum ETSI (IEEE 802.16e-2005 OFDMA)

Settings
General
Demod

Display

Spectrum
Diff.
Group Delay

Spectrum
IEEE [S§=31

Spectrum

ACPR

REL

Measurement Cnmp\ele

IEEE 802.16e-2005 WiBro

R&S FSL- K93 MAX 16e- i Settings
General
Demod

Displa
D

Listl List2

Constell 9

Spectrum

Statistics 1

File

Manager

Measurement Complete

= Remote: CONF:BURS: SPEC:MASK
= Remote: CONF:BURS:SPEC:MASK:SEL IEEE

= Remote: CONF:BURS:SPEC:MASK:SEL ETSI

Spectrum FFT

Sets the Spectrum FFT result display in graphical form (Display Graph selected), or in tabular

form (Display List 1/2 selected).

This result display shows the Power vs Frequency results obtained from a FFT performed over
the range of data in the Magnitude Capture Buffer which lies within the gate lines. If the gate
start or gate length are altered then the results can be updated to reflect these changes by

pressing the Refresh softkey in the sweep menu.
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IEEE 802.16-2004 OFDM

Settings
General
Demod

o Display
Biaclarlin, -4 2o R ale m D af List

Spectrum

Flat.

Group Delay

Spectrum

Spectrum

Settings
General
Demod

: Displa
bars mark analyzed bursts i play
Marker[i] elzes gim o-| [ENEEE]
[ ]

Spectrum

Flat.

Group Delay

Spectrum
JIISS=R ETSI

Spectrum

Refresh Complete

= Remote: CONF:BURS:SPEC:FFT

ACPR Abs/Rel

Sets the ACPR (Adjacent Channel Power Relative) result display in graphical form (Display
Graph selected), or in tabular form (Display List 1/2 selected).

This result display is similar to the Spectrum Mask measurement, and provides information
about leakage into adjacent channels. The results show the relative power measured in the
three nearest channels either side of the measured channel. This measurement is the same as

the adjacent channel power measurement provided by the spectrum analyzer.

The number of sweeps is set in the General Settings dialog box, Sweep Count field. If the
measurement is performed over multiple sweeps both a max hold trace and an average trace
are displayed.
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IEEE 802.16-2004 OFDM

|EEE 802.16 Settings
4 dBm 0 General

Screen A: Spectrum ACPR

MHz
Measurement Complete

— |EEE 802.16e-2005 OFDMA/WiBro

MHz
Measurement Complete

11 11

Remote: CONF : BURS: SPEC: ACPR

Remote: CONF:BURS: SPEC:ACPR: SEL ABS

Remote: CALC2 : MARK: FUNC: POW:RES? (result query)
Remote: CALC2 : MARK: FUNC: POW:RES : MAXH? (result query)

Demod

Display
List

Spectrum
Diff.
Group Delay

Spectrum
JIISS=R ETSI

Spectrum

Settings
General
Demod

Displa
D

List1 List2

Spectrum

Diff.

Spectrum
Mask

Spectrum

ACP Settings

Opens the ACP Settings dialog box to configure the ACPR result display. By default, the ACP
settings are derived from the General Settings dialog box, Channel BW field.

Pane

Field

Description

Channels

No. of Channels | Specifies the number of channels adjacent to the transmit

channel to be measured.

If set to 0, only the transmit channel is measured.
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Pane Field Description
TX/ACP Channel BW X Specifies the bandwidth of the transmit channel to be measured
by the ACP measurement.
Adjacent, Specifies the bandwidth of the first to fifth channel before and
Alternate 1, after the transmit channel to be measured.
Alternate 2,
Alternate 3,
Alternate 4
ACP Channel Spacing Adjacent, Specifies the spacing of the first to fifth channel before and
Alternate 1, after the transmit channel to be measured.
Alternate 2,
Alternate 3,
Alternate 4
= Remote: POW:ACH:ACP 3 (No. of Channels)
= Remote: POW: ACH:BAND 30kHz (TX)
= Remote: POW: ACH: SPAC 33kHz (Adjacent/TX)
= Remote: POW:ACH: SPAC:ALT1 100kHz (Alternate 1 to 4/TX)
= Remote: POW:ACH:BAND:ACH 30kHz (Adjacent)
= Remote: POW:ACH:BAND:ALT2 30kHz (Alternate 1 to 4)
Statistics
Opens a submenu to display statistics measurement results.
CCDF

Sets the CCDF result display in graphical form (Display Graph selected), or in tabular form
(Display List 1/2 selected).

This result display shows the probability of an amplitude within the gating lines exceeding the
mean power measured between the gating lines. The x-axis displays power relative to the
measured mean power.

If the gate start or gate length are altered then the results can be updated to reflect these
changes by pressing the Refresh softkey in the sweep menu.

IEEE 802.16-2004 OFDM

IEEE 802.16

Settings
General
Demod

Display
List

Bitstream

Burst

Summary
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IEEE 802.16e-2005 OFDMA/WiBro

R&S FSL-K93 WIMAX A Settings
.4dBm General
5 Demod

: Displa
bars mark analyzed bursts i play
| [Markerf1] 5381 ddm 0 s Lo 3

Bitstream

o000 2.0000 139
Summary

Bit
Selection

Refresh Complete

= Remote: CONF:BURS: STAT : CCDF

Bitstream

Sets the Bitstream result display in graphical form (Display Graph selected), or in tabular form

(Display List 1/2 selected).

IEEE 802.16-2004 OFDM

This result display shows the demodulated data stream. These results are grouped by burst
and symbol. If no dialog boxes are displayed, the results can be scrolled through using the
cursor keys or rotary knob.

IEEE 802.16 - 200 Settings

General
Demod

Display
List

Bitstream

Burst

Summary

IEEE 802.16e-2005 OFDMA/WiBro

This result display shows the modulation symbols of the bursts from the analyzed zone. The
different modulation formats are displayed in unique colors. The same color assignment is used
in the Constellation vs Symbol result display. The modulation symbols define bit sequences.
The mapping is defined in the standard. Signals with erroneous pilot sequences (i.e where the

1300.2519.12 4.465



WIMAX, WiBro Measurements (Options K92/K93)

R&S FSL

detected pilot sequence does not match that according to the standard) are highlighted with a

red background.

The amount of data displayed in the Bitstream result display can be reduced via the Bit
Selection softkey.

R&S FSL- K93 WIMAX IEEE §02.16e-2005 OFDMA

(bars mark analyzed bursts] j

I 1 1 [ ] |
]
H_
el

L
T T
I

Screen B: BitStream PILOTS
Carr. Modulation: All Symbol:1

Refresh Complete
= Remote: CONF:BURS:STAT:BSTR

Settings
General
Demod

Display
List 1

Bitstream

Burst

Summary

Bit

Selection

Burst Summary

This result display shows the summary data for the analyzed bursts. If no dialog boxes are

displayed, the results can be scrolled through using the cursor keys or rotary knob.

— |EEE 802.16-2004 OFDM

(bars mark an:

Hacer Ugaad 45748

— |EEE 802.16e-2005 OFDMA/WiBro

Settings
General
Demod

Display
List

Bitstream

Burst

Summary

This result display provides information about the bursts from the analyzed zone, i.e.
modulation of the burst, power boosting information, EVM of the burst. Each analyzed zone will

produce a set of burst results.
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Command

MKR -> Trace

MKR -> Trace

Opens an edit dialog box to enter the number of the trace, on which the marker is to be placed.
This softkey is available for all result displays with more than one trace.

= Remote: CALC2 :MARK: TRAC 2

Softkeys of the lines menu (WiMAX mode)

The following table shows all softkeys available in the lines menu in WiMAX mode (LINES key). It is
possible that your instrument configuration does not provide all softkeys. If a softkey is only available
with a special option, model or (measurement) mode, this information is delivered in the corresponding
softkey description.

This menu is only available if the results are displayed in form of a list (for details see Result summary
list and Display Graph/List softkey).

Command

Default Current

Default All

Default Current

Resets all limits for the current modulation scheme to the values specified in the selected
standard.

= Remote: see CALCulate:LIMit Subsystem

Default All

Resets all limits for all modulation schemes to the values specified in the selected standard.

= Remote: see CALCulate:LIMit Subsystem

Softkeys of the trace menu (WiMAX mode)

The following table shows all softkeys available in the trace menu in WiMAX mode (TRACE key). It is
possible that your instrument configuration does not provide all softkeys. If a softkey is only available
with a special option, model or (measurement) mode, this information is delivered in the corresponding
softkey description.

Command

Display List/Graph

Screen Focus A/B

Screen Size Full/Split

Display List/Graph

For details refer to the Display Graph/List softkey in the WiMAX menu.
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Screen Focus A/B

Selects the active screen for IQ measurement results in split and full screen mode. Only the
markers of an active screen can be controlled.

= Remote: DISP:WIND1:SSEL

Screen Size Full/Split

Changes the display between split and full screen for IQ measurement results. Frequency
sweep measurement results are always displayed in full screen.

= Remote: DISP:FORM SING
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