Products: SMIQ, WinIQSIM™

Generating 3GPP Mult1 Carrier Signals
for Amplifier Tests

with R&S SMIQO03HD and WinIQSIM™

Application Note

Power amplifiers for WCDMA/3GPP base stations should have the best possible spectral purity and smallest
intermodulation distortion, in order to prevent disturbance of the neighbouring channels. To test such amplifiers, signal
generators are required that can generate WCDMA signals with low noise and intermodulation over a very wide
dynamic range. The R&S SMIQO3HD signal generator with its outstanding Adjacent Channel Leakage Ratio (ACLR)
performance is especially designed for these applications. This application note describes how to use SMIQO3HD to
get the best performance with 3GPP single and multi carrier signals.
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1 Introduction

Base station power amplifiers for WCDMA/3GPP must have the best possible dynamic range not to
disturb neighbouring transmission channels. The measured quantity to describe the dynamic range of a
3GPP base station (BS) is the Adjacent Channel Leakage Ratio (ACLR)'. 3GPP specifies a minimum
value of 45 dB for the ACLR in 5 MHz offset. Most base station manufacturers target an ACLR of 50 dB
for the entire BS. To achieve this value, the BS components such as power amplifiers need typically
10 dB better ACLR than the BS overall.

To test such amplifiers, the measurement equipment needs yet another 10 dB margin. This requires
signal generators that can generate 3GPP signals with 70 dB ACLR. Furthermore, a signal generator
should be able to generate multi carrier signals in a one-box solution. This is particularly an important
issue if production is targeted.

The R&S SMIQO3HD signal generator is the ideal tool for these high dynamic applications. It can be
used for single carrier signals as well as for multi carrier scenarios. Equipped with four different 1/Q filters
SMIQO3HD shows excellent ACLR for 3GPP signals with one to four carriers. For highest demands,
option R&S SMIQB57 — High ACLR for WCDMA 2110 MHz to 2170 MHz — provides signals with typically
ACLR of 77 dB in 5 MHz offset (3GPP Test Model 1, 64 channels). Combining four SMIQO3HD with
SMIQB57 gives typically 74 dB ACLR in 5 MHz offset for a four carrier 3GPP signal.

1GP52_0E

" ACLR = (power in the wanted channel) / (power in the adjacent channel). Note that the
reciprocal value of this quantity, called Adjacent Channel Power Ratio (ACPR), has been
used previously.

2 Rohde & Schwarz



Generating Multi Carrier Signals

This application note has two major issues: to show the excellent dynamics of the R&S SMIQO3HD and
to give some advice how to set up the instrument to obtain maximum performance. Sections 2 and 3
provide an introduction to multi carrier signals and ACLR measurements. Sections 4 and 5 focus on the
features of SMIQO3HD, while section 6 shows how to set up the generator to achieve best possible
performance, including measurement results. Step-by-step setting guides are given in the appendix.

In this application note, the focus is on signal generator issues related to multi carrier signals and
amplifier testing. For a comprehensive treatment of amplifier tests, including analyzer issues, we refer
also to application note 1MA48 [2], which complements the present paper.

2 Properties of Multi Carrier Signals

1GP52_0E

Baseband representation
In this section we will describe all signals in the baseband or 1/Q representation.
Every RF signal z(¢) can be written as
2(1) = A(1) - cos [t + ¢(1)]
=1(t)-coswt — QO(t) - sin ot

=% [s(t) e 15T (1) e"”‘]

with
1(t) = A(t) - cos ¢(t)
(1) = A(1) - sin §(1)
and

s(t) = I(t) + iQ(t) = A(t) - "

The complex baseband signal s(7) contains all the signal information. Therefore it is sufficient for
describing the statistical behaviour of the signal.

This can be generalized to multi carrier signals by treating the entire multi carrier scenario as one
modulated signal. The center frequency of the scenario is taken as "the RF frequency", the positions of
the other carriers are treated as frequency offsets from this RF frequency. Then the entire scenario is
converted to the baseband, i.e. the RF frequency becomes /= 0. Carrier offsets lead to additional
oscillating terms in (r) and Q(7).

P
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Fig. 2.1: Baseband representation of multi carrier signals

3 Rohde & Schwarz



1GP52_0E

Generating Multi Carrier Signals

Average power and peak envelope power

The power characteristics of a signal can be described by two quantities: the average power and the
peak envelope power (PEP). The average power P, is obtained by averaging the instantaneous power
over the modulation period. The power averaged over the period of a carrier is called envelope power
P,(t). The envelope power is proportional to the instantaneous power of the baseband signal. The
maximum of P,(¢) is the peak envelope power. The ratio between PEP and average power is called peak
to average ratio or crest factor.

If nothing else is stated, we will deal with multi carrier signals with equal spacing between the carriers
and where the carriers have equal average power.

Complementary Cumulative Distribution Function

Peak envelope power and average power are key parameters for any amplifier design. If the amplifier
compresses when transmitting with PEP, the related data will be disturbed. Ideally, an amplifier should
have linear characteristics in the entire power range. However, compression in the PEP range is less
severe if the PEP is reached very rarely. In this case, bit errors due to compression can be compensated
by forward error correction methods. For a given signal not only the power range is important, but also
the power statistics.

The quantity to describe power statistics is the complementary cumulative distribution function (CCDF). It
indicates how often a particular power level is exceeded. The measurement procedure is in principle:

i. Divide the entire power level range of the signal into small intervals.

ii. Measure the signal power in the time domain with good time resolution often enough to get a
statistically relevant result (for example 1 million values).

iii. Check how many values fall into or above the first power interval — which will be all, so for zero power
the CCDF is always equal to 100%.

iv. Go on with the next higher power interval - and so on...

Plot the probability of being above a certain interval as a function of the power level. This gives the
CCDF function. Usually the CCDF is represented in units of the average power and given in the region
between the average and the peak envelope power.

Fig. 2.2: Calculation of the CCDF.
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Even if two signals have the same peak to average ratio, they can significantly differ in statistical
properties.

Fig. 2.3 shows two different CCDF curves with roughly the same crest factor, but different shape. A

steep CCDF means that near-peak values are reached often. For a given crest factor, a signal with a
steep CCDF leads to more stress on an amplifier.

With rare peaks the signal can in principle be clipped without significantly increasing the bit error rate of
the communication line. With clipping, the bits related to the peak values might be corrupted. But if the
probability of such peak values is small, only a few bits are affected, and this can easily be compensated

with intelligent error protection algorithms. Clipping is used in base stations to reduce stress on
amplifiers.
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Fig. 2.3:  Two signals with the same crest factor can have different CCDF functions and therefore
stress an amplifier in different ways.

What affects the CCDF of a signal?

Unmodulated multi carrier signals

A multi carrier signal containing only unmodulated carriers is just a superposition of sinewaves with
amplitudes A; and start phases ¢.

s(t)= Z A - cos(a)lt + go,)

The frequencies @ give the carriers’ positions in the frequency domain. Note that this is a baseband
representation, that means the «; can be negative.

The key parameter most affecting the CCDF is the phase relation of the carriers. If the carriers are in
phase (for example all phases are zero), the crest factor will be high. In most cases the carriers have

equal spacing. Then their frequencies have a common factor and the sum signal is strictly periodic,
leading to a steep CCDF.

If the carrier phases are randomized, the crest factor is significantly reduced, as shown in the five
carriers example in Fig. 2.4.
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=———— Complementary Cumulative Distibution Function="o——————
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Fig. 2.4: CCDF for a signal with five unmodulated carriers. Carrier phase randomization significantly
decreases the crest factor.

For this example, the CCDF of the signal with random phases is still rather steep. However, for large
numbers of carriers with random phases, the CCDF will approximately equal the CCDF of Gaussian
noise (Central Limit Theorem). Therefore, CW’ multi carrier generators are sometimes used to simulate
noise signals.

TDMA multi carrier signals

Modulated multi carrier signals have an additional parameter to be taken into account; the nature of the
data that is transmitted. If all carriers have the same data - and there is no other difference due to codin
or filtering - all carriers, regarded as single carriers, are equal. This resembles the CW carrier case .
Actually, this is not a realistic situation. In real life, data on different carriers will be uncorrelated.

The CCDF of a modulated multi carrier signal depends significantly on the fact if the data are correlated
or not. Therefore, test signals with uncorrelated data should be used. Fig. 2.5 shows an example with
five IS-136 (NADC) carriers (symbol rate 24.3 kHz), carrier spacing is 30 kHz. Correlated data increases
the crest factor roughly by 2 dB in this case.

Additional variation of the start phases is a second order effect for decorrelated carriers and has not
much influence. The reason is that the five carriers differ already because of the decorrelated data -
which in turn leads to partial destructive interference of the carriers. With the start phase variation one
tries to reach a similar result. As this is already done by the decorrelated data there is not much
additional effect of the phase variation. However, random start phases should be used if a system
without coherent RF carriers is simulated.

The fourth curve shows a set of equal carriers with phase randomization. This gives a severely reduced
crest factor. The reason is that it is easy to minimize the crest factor of equal signals by forcing
destructive interference. Therefore the phase randomizer is very effective in this case.

But it is also obvious that the resulting CCDF differs from a realistic one with different data on different
carriers. So phase randomization cannot replace using realistic data scenarios on the different carriers.

1GP52_0E

z CW = continuous wave, synonym for unmodulated
CW could be treated as a special case where the ,equal data“ is just a DC voltage.
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- Complementary Cumulative Distribulion Function
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Fig. 2.5: CCDF for a signal with five NADC carriers. Equal data leads to a extremely high crest factor,
being 3 dB above the realistic scenario with decorrelated data. Phase randomization does
not affect signals with decorrelated data, but leads to a CCDF that differs from the realistic
one when applied to signals with equal data.

The difference in CCDF between correlated and uncorrelated data affects the intermodulation

performance of an amplifier significantly. This is shown in Fig. 2.6. For the signal with correlated data the
intermodulation performance is 12 dB worse.
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Fig. 2.6: With TDMA multi carrier signals, the intermodulation performance of an amplifier strongly

depends on the carrier data. In this example with five NADC carriers, correlated data lead to
12 dB worse intermodulation performance.
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CCDF of 3GPP FDD multi carrier signals

Statistics of 3GPP FDD signals

The CCDF and crest factor of a WCDMA signal depend on the number of active code channels as well
as the spreading code configuration and data contents of the channels.

The statistical behaviour of a 3GPP signal mostly depends on three parameters (beside the number of
code channels):

e the selection of channelization codes
e the correlation of the user data

¢ the timing offsets between code channels

Selection of channelization codes

Channelization codes of the same order are orthogonal to each other. However, there are code
combinations which are more likely to produce constructive interference than others. So code selection
affects the statistical properties of the sum signal.

Data correlation

Sending the same data on all channels may increase the probability of constructive interference,
especially for code selections with high crest factor. As described in the previous subsection, correlated
data is not a realistic situation, therefore we assume uncorrelated data on different code channels.

Timing offset

For a given selection of channelization codes, the crest factor can be reduced by assigning different
timing offsets to different channels.

As the pilot symbol part of DPCHs is not coded, all DPCH contain the same pilot bits. This leads to
constructive interference if the pilot parts are transmitted at the same time. Therefore, it is possible in
3GPP to use timing offsets for the channels. Taking the best case code selection from above, a timing
offset of 3 times 256 chips from channel to channel leads to a further crest factor decrease of 1.4 dB
(see Fig. 2.7). Again the effect increases with increasing number of channels.
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Fig. 2.7 Channelization code selection and timing offsets between code channels reduce the crest
factor of a 3GPP signal. Here the CCDF curves of the worst case code selection without
offsets (right curve), the best case code selection without offsets (middle curve) and the
best case code selection with timing offsets (left curve) are compared.
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As a conclusion, 3GPP has specified aIIAthese parameters in the 3GPP test models to enable
comparable measurements of 3GPP signals

3GPP FDD multi carrier signals

3GPP multi carrier signals need realistic signal configurations, too. As different carriers will transmit
independently, the carriers must be decorrelated, but not by using different channelization codes. This
would restrict the system's degrees of freedom too much. It must be possible to use the same
channelization codes on different carriers.

A straightforward and effective method is to generate a 3GPP test model on each carrier and introduce a
timing delay of 1/5 slot (= 133 us) between the carriers, as suggested in 3GPP TS 25.141 [1]. In
addition, different scrambling codes for the carriers are used, similar to a real base station. A four carrier
signal with Test Model 1, 64 DPCH on each carrier gives the following results.

| Complementary Cumulative Distribution Function
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Fig. 2.8: CCDF of four neighbouring 3GPP carriers (each with Test Model 1, 64 channels).

The signal without any delay or phase randomization has the largest crest factor, as this contains four
carriers with nearly the same modulation signal, leading to a high PEP of the sum signal. Phase
randomization affects the carrier phases, but not the envelope due to the modulation. With decorrelation
by relative carrier delays, the crest factor is significantly reduced; and in this case additional phase
randomization has nearly no effect. However, this is the most realistic scenario if the carriers are
generated by separate RF units (and their phases are not locked). To compare signals entirely
generated with an arbitrary waveform generator (ARB) and a single RF upconverter, and signals
generated by separate generators, phase randomization is applied to the ARB multi carrier signal.

In addition, if different data on different carriers is used, there is no data correlation between different
code channels on the same carrier and no data correlation between different carriers. However, this has

no significant effect, as can be seen in Fig. 2.9. Due to the relative delay, the carriers are already
effectively decorrelated.

1GP52_0E

“In cdmaOne, the test model defines a Walsh code scenario with the number of code
channels and relative power. However, the Walsh codes to be used are not specified. This
has lead to ambiguous measurement results for the “IS-97 test model” because the model
is not clearly defined. The same problem appears in cdma2000.
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=———— Complementary Cumulative Dishibution Function

100.0000-
10.0000-
1.0000-
g
2
5 01000-
&
[=}
o
0.0100-
0.000-
000071 -, 1 1 1 1 1 1 1 1 1 1 I
ooo 100 200 300 400 500 GO0 700 800 900 1000  11.26
Flak Color ! [peak power / avg. power) £ dB Crest/dB |11.2E
Fig. 2.9:

CCDF for a signal with four 3GPP carriers, relative carrier delays and random start phases;
once with different data on every carrier, once with the same data on all carriers.

3 ACLR Measurements with Multi Carrier Signals

The origins of ACLR

Any signal sent through an amplifier is disturbed for two reasons: generation of additional noise and a
nonlinear transfer function of the amplifier which leads to 3™ and 5" order intermodulation products.

For a WCDMA signal, these effects lead to spectral regrowth in the adjacent and alternate channels, as
can be seen in Fig. 3.1.

A
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channel channel channel
~
S IM3 : i :
=N 3 1 3
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Fig. 3.1 Schematic of spectral regrowth for a 3GPP single carrier signal
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Fig. 3.2: Schematic of spectral regrowth for a 3GPP four carrier signal.

In 3GPP the bandwidth of a carrier is 3.84 MHz, the carrier spacing 5 MHz. The 3" order intermodulation
(IM 3) products are located next to the carrier and have the same bandwidth, i.e. IM 3 products appear
from 1.92 MHz to 5.76 MHz (all frequencies relative to the carrier center). Therefore, IM 3 and
broadband noise are present in the upper and lower adjacent channels, where IM 3 is the main
contribution in most cases. The alternate channels (= 10 MHz offset) are mainly affected by broadband
noise as IM 5 is an order of magnitude smaller than IM 3.

This applies for a single WCDMA carrier, for a multi carrier signal the situation is different. For example,
a signal with four neighbouring 3GPP signals (see Fig. 3.2) is nearly 20 MHz wide (actually 18.84 MHz).
This means that IM 3 products will appear in the frequency range [9.42 MHz; 28.26 MHz], again relative
to the carrier center. Therefore IM 3 will dominate the spectral regrowth in the adjacent and alternate
channels.

Note that this behaviour of an amplifier does not depend on the way the multi carrier signal is generated.
Even if four separate signal generators are combined, the amplifier “sees” and reacts to the sum signal.

Typical measurement setups

Multiple signal generators

Each carrier is generated by a separate SMIQ Vector Signal Generator. The signal generator outputs
are combined with hybrid couplers, for example.

Advantages:

+ no restrictions in carrier spacing or bandwidth of the sum signal

+ in most cases large dynamic range possible

Disadvantages:
- space-consuming
- extensive hardware requirements

- complex setup due to combiners, etc. Reverse intermodulation possible.

11 Rohde & Schwarz
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Signal Generator 1

Signal Generator 2

Amplifier Spectrum Analyzer

D—Y
H— —{ {1

[ ]
Signal Generator n

Fig. 3.3: Setup for multi carrier power amplifier tests, where each carrier is generated by a separate
SMIQ vector signal generator.

Multi carrier signal generator

The entire multi carrier signal is generated as an 1/Q signal by an arbitrary waveform generator (ARB)
and converted to RF by a single vector signal generator. ARB and vector signal generator can be in the
same box (SMIQ with option SMIQB60) or separate devices (AMIQ and SMIQ).

Signal Generator Spectrum Analyzer

Amplifier

1] —| (1

Fig. 3.4: Setup for multi carrier power amplifier tests, where the entire multi carrier signal is generated by
a single signal generator.

Advantages:
+  cost-efficient
+ smaller setup

+ easy to set up

Disadvantages:
- limited bandwidth

- limited dynamic range due to the ARB D/A converters and wideband noise of the ARB and 1/Q
modulator

(c) “Hybrid” setup

Reduce the number of required signal generators by using ARBs to generate parts of the multi carrier
setup. Compromise between the two settings described above.

1GP52_0E 12 Rohde & Schwarz
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Influence of measurement equipment

The physical performance requirements on measurement equipment are derived from the requirements
on the devices under test. There is a general rule that the measurement equipment shall have 10 dB
better performance than the device to be tested.

Regard a typical setup consisting of signal generator, device under test (DUT) and signal analyzer. All
three devices are non-ideal, i.e. they give rise to signal disturbances and noise. If, for example, the
phase noise of the DUT is measured, and signal source and DUT have the same performance, the
analyzer measures the combined phase noise of both devices. Neglecting the noise contribution of the
analyzer, we get a result that is 3 dB higher than the “true” value.

In reality, the analyzer's own noise contribution adds to the displayed measurement result. For
narrowband signals, phase noise of the local oscillator is the analyzer's main contribution. With WCDMA
signals, broadband, i.e. thermal noise has to be taken into account.

The R&S FSU spectrum analyzer can automatically subtract its thermal noise contribution from the
measurement result (NOISE CORRECTION function). This is done by deconnecting the input signal for
a short period of time. The inherent noise floor is subtracted from the displayed sum signal (= analyzer
noise floor + input signal), which gives the input signal. Note that the input signal is again a sum, namely
the sum of the signal generator and DUT contributions. Therefore the signal generator contribution has
to be subtracted in a second step.

A quantitative description will lead to a correction curve as shown in Fig. 3.5. If, for example, the
displayed sum signal (= analyzer noise floor + input signal) is 3 dB higher than the analyzer noise alone,
the corrected result (input signal alone) is also 3 dB below the sum signal, i.e. analyzer noise and input
signal are equal in power ’,

In principle, you can measure signals that are well below the analyzer's noise floor with this procedure.
However, the uncertainty of the final result will increase if the difference between sum signal and
analyzer noise becomes smaller. For example, Fig. 3.5 suggests that for (sum signal — analyzer noise
floor = 1 dB), the input signal will be about 6 dB below the sum signal. However, both the sum signal and
the analyzer noise are measured quantities and therefore are erroneous. If both values have an
uncertainty of 2 %, the calculated input signal for this example will have an uncertainty of 14 %.

This example shows that the measurement devices do not only affect the measurement result, but also
give rise to additional uncertainty. These problems can be avoided if all measurement instruments have
significantly better performance than the DUT, so that their contributions to signal disturbances can be
neglected. Fig. 3.5 shows that 10 dB is a practical margin.

Correction Curve for Analyzer Intrinsic Noise
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Fig. 3.5: Correction curve for analyzer intrinsic noise.
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Note that simple power subtractions are only valid for sums of statistically independent
terms. This is true for broadband noise from different devices, but not for contributions
arising from intermodulation.
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4 SMIQ Functions to optimize ACLR Performance

1GP52_0E

There are four positions in the SMIQ signal chain, where settings can be optimized for the ACLR
performance of the generator (see Fig. 4.1):

1. Adjustable baseband filtering
2. l/Qfilter

3. High ACLR filter for WCDMA
4. Output mode

RF Up/Down converter

Option Arbitrary

1Q-Fitter |
Waveform Generator
R&S SMIQB60 (2515175110 MHz)|
1 1
igi analog
Option WCDMA > °® o
GPP

3
R&S SMIQB45 >

Adjustable
Baseband Filtering

Fig. 4.1: Schematic block diagram of SMIQ with functions that affect the ACPR performance.

Low ACP mode for baseband filter

With SMIQB45, set the baseband filters implemented in SMIQ to LOW ACP as opposed to LOW EVM
mode. LOW ACP mode is the default setting. The baseband filter can be set in the FILTER... menu of
the digital standard to be used.

rree 2.140 000 000 O vz

FREQUENCY
LEVEL 1895 FILTER..

ANALOG MOD | HCDMA . FILTER MODE [ WYed| LOW_EUM
VECTOR MOD PARA.FRE|CHIF RATE VARIATION 3.840 000 DOD Mces
DIGITAL MOD |NADC ENHAMCED

PDC OCNS CHA

ARE MOD GSEM/EDGE S

NOISE/DIST |DECT SELECT B

FADING SIM |GPS

BERT BS 1

LF QUTPUT ON

Fig. 4.2: The low ACP and low EVM modes of the baseband filter in WCDMA/3GPP (SMIQB45).

If the internal arbitrary waveform generator SMIQB60 is used to generate the signal, the baseband
filtering is already included in the WinlQSIM™ calculation.

1/Q filter
(Option SMIQB47 for SMIQB, built-in for SMIQO3HD)

This function suppresses broadband noise arising from the baseband modules. It includes several filters
with different I/Q bandwidths designed for different carrier setups:

e 850 kHz (SMIQB only) for one 1S-95 carrier

e 2.5 MHz for one 3GPP carrier

e 5 MHz for a two carrier 3GPP signal, e.g. generated with SMIQB60 or AMIQ.
e 7.5 MHz (SMIQO3HD only) for three neighbouring 3GPP carriers.

e 10 MHz (SMIQO3HD only) for four neighbouring 3GPP carriers.
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Activate and set the 1/Q filter in the menu VECTOR MOD — I/Q FILTER. An SMIQO3HD with activated
2.5 MHz filter shows a typical ACLR of 70 dB for a 3GPP test model 1, 64 DPCH.

FREQUENCY

LEVEL Glokal for UECTOR MOD + DIGITAL MOD + DIGITAL STD
AHALOG MOD IMPFAIRMENT STATE oH
LEAKAGE 0.00 =
PIGITAL MOD IMBALANCE 0.00 S
pIGITAL STD QUADRATURE OFFESET 0.00 des
ARE MOD 13 SHAP OFF] ©OH
HOISE-/DIST OFF 2.5MHz SMHz 7.5MHz |[10MHz]
FADING SIM CH —> IQ TRAMSITION [NORM] FaAsST
BERT HIGH ACLR FOR HCDMA-/3GPP ON

LF OQUTPUT CALIBRATE *

Fig. 4.3: The SMIQ’s I/Q filters can be set in the VECTOR MOD menu. This screenshot shows the
SMIQO3HD version with four filters (2.5 MHz, 5 MHz, 7.5 MHz and 10 MHz).

* REW F0 kHz
* WEW F00 kHz

Pef -14 <Bm *ACT 10 ae *3WT 5 a
40 1
il =]
a0 BEL
1 BM * -
CLERWER
g
A0
gD
HOR
g0
L-11D
Center 2.14 GHz 2.55 MHz/ Span 5.5 MHz

T Channel W-CDMA IEEE FWD EXT

Adjacent Chanmnel

Alternate Channel

Fig. 4.4: For a WCDMA/3GPP Test Model 1 with 64 active DPCH, an ACLR performance of typically
70 dB is achieved using the 2.5 MHz 1/Q filter of SMIQO3HD.

High ACLR for WCDMA, 2110 MHz - 2170 MHz (Option
SMIQB57, for SMIQO3HD only)

This option is based on a narrow band SAW filter operating at a local frequency of 380 MHz IF band with
a passband width of 4.9 MHz. The filter lets the carrier pass without degradation of the carrier slope and
filters the side bands with an effectiveness of typically 31 dB at a carrier offset of 4.2 MHz. The insertion
loss of the filter is around 8 dB. After filtering, a mixer converts the signal to the 3GPP downlink band. A
power amplifier circuit at the end of the signal path can generate signals with a high power output of up
to 30 dBm PEP (see the SMIQO3HD data sheet for details).

15 Rohde & Schwarz



1GP52_0E

Generating Multi Carrier Signals

RF Up/Down converter

I/Q-Modulator X

sin f

* &
! >< Y |

z - * r—b RF Output
a > x 1 AP AT D> H
WCDMA-Filter Bandpass Power
L BW 3.84MHz 2110...2170MHz Amplifier
cos
Low ACP Option SMIQ-B57

Fig. 4.5: The schematic block diagram of SMIQB57 located after the 1/Q modulator in the
SMIQO3HD.

SMIQB57 enhances the spectral quality of a single WCDMA carrier (3GPP test model 1, 64 DPCH)
significantly to an ACLR value of typically 77 dB in the adjacent channel and typically 82 dB ACLR in the
alternate channel, as shown in Fig. 4.6.

* REW 30 kHz
* WEW 300 kHz
Rel 5 <Bm * AT £5 dB * 3WT 5 3

1 BM *[ 10
CLEWER

n
Ll [ |
LT e e At A A A T P D

.55 MHz/ Span 25.5 MHz

VL, R
Center 2.14 GHz

B

Ti Channel W-CDMA 3GEE FWD Fum

Alternate Channel

Fig. 4.6: If the SMIQO3HD is furbished with the high ACLR option SMIQB57 the ACLR performance
improves significantly.

These values have not yet been achieved by any other signal generator, without using either external
bandpass filters or cancellation methods. Such set-ups are more complex to handle and lead to a limited
usability of the system.

A solution with external bandpass filters requires a wide range of filters for different frequency bands with
steep filter slopes. Normally, such filters have significant insertion losses, sometimes several tens of dB.
Therefore a driver amplifier has to be included into the signal path after the filter. The amplifier will
contribute with its inherent noise to the ACLR and will reduce the dynamic. In general, such set-ups are
complicated and difficult to handle, apart from the extra costs for the filters and the amplifier.

The cancellation method works as follows. The incoming signal provided by the signal source is
immediately split into two paths, the reference path and the DUT path. A precise step down attenuator is
necessary in the DUT path to match the level in the reference path. The reference signal path is
designed as variable delay line to compensate the group delay of the DUT. Both signal paths are
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combined and fed to a spectrum analyzer for further examination. A combiner must shift the phase of
one of the input signals by 180° if the DUT is non inverting and 0° if the DUT is inverting.

The purpose of this circuit is to eliminate the original signal as far as possible (cancellation) and let only
spectral power caused by the DUT’s non linear characteristic pass to the analyzer. This allows to
decrease the analyzer’s reference level which increases the dynamic range.

The main problem is the exact adjustment of the delay line timing in order to compensate the group
delay of the DUT signal. This is especially problematic if the DUT characteristics between devices is
changing. Such considerations are not practicable in production, where a high throughput of devices is
necessary and measurement time is the crucial factor.

All those problems are avoided with SMIQB57, as this option is fully integrated in the signal generator.
SMIQB57 is available for the SMIQO3HD model only, and is activated in the VECTOR MOD menu.

rree 2,140 000 000 O o= !

CDMﬁ/BGPP—HﬁCLR

FREQUENCY
LEVEL Global for UECTOR MOD + DIGITAL MOD + DIGITAL ETD
ANALOG MOD IMPAIRMENT STATE ON
LEAKAGE 0.00 ¥
DPIGITAL MOD IMBALANCE 0.00
PIGITAL STD QUADRATURE OFFSET 0.00 des
ARE MOD 10 SWAP ON
HOISE/DIST 12 FILTER 2.5MHz SMHz 7.5MHz _ 10MHz
FADING SIM CH - IQ TRAMSITION [NOEM] .

BERT

LF OUTPUT CALIBRATE »

Fig. 4.7: The SMIQB57 is activated in the SMIQO3HD by just activating HIGH ACLR FOR
WCDMA/3GPP in the VECTOR MOD menu.

Note that the 1/Q filters and SMIQB57 cannot be activated at the same time.

LEVEL modes LOW NOISE and LOW DIST

As described in section 3, ACLR is mostly determined by IM 3 and broadband noise. Although that
discussion was about amplifiers, the same arguments hold for the signal generator itself. While the
SMIQ standard output mode (NORMAL) is a compromise between IM 3 and broadband noise, the output
mode LOW DIST uses lower internal driving levels and therefore decreases IM 3. For a 3GPP single
carrier signal, this mode leads to better ACLR performance in the adjacent channels (5 MHz offset).
However, the noise floor relative to the carrier increases, leading to worse ACLR in the alternate
channels. Therefore, use LOW DIST for measurements of the adjacent channels with 3GPP single
carrier signals..

On the other hand, the LOW NOISE output mode uses higher internal driving levels and improves
SMIQ’s ACLR performance in the alternate channels for 3GPP single carrier signals. However, spectral
regrowth in the adjacent channels is increased due to the enhanced IM 3. LOW NOISE is the right mode
for measurements of the alternate channels with 3GPP single carrier signals.

If a single SMIQ generates a 3GPP multi carrier signal, IM 3 is the dominant contribution to ACLR in the
adjacent and alternate channels. Therefore LOW DIST should be used.

rree 2.140 000 000 O v

FREQUENCY AMPLITUDE -32.0 dBwn
LEUEL AaLC OUTPUT MODE MORMAL LOW_NOISE
ANALOG MOD |UCOR |OFFSET 0.0 JdE
VECTOR MOD |EMF LIMIT +25.0 dBm
DPIGITAL MOD ATTEHMUATOR MODE FIXED ELECTROMIC
PIGITAL STD ATTEN FIXED RANGE -14.6 dBm TO +0.4 dBwn
ARB MOD KMOE STEP USER 1.0 dB
MOISE/DIST KNOB STEP USER
FADING SIM POMER RESOLUTION [0.1] D.D1 dB
BERT POHER-ON STATE RF-OFF
LF OUTPUT EXCLUDE FROM RCL OFF |OM]

Fig. 4.8: The output modes LOW DIST and LOW NOISE can be found in the LEVEL-LEVEL menu.
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Fig. 4.9 shows the two output level modes in comparison for a 3GPP single carrier signal. With the
correct level mode selection the performance is significantly improved in either the adjacent channels or
the alternate channels.

*BEW 30 kHz
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Bandwidth 2.84 MHz Dower _5.52 dBEm
Rdjacent Ghannel
Bandwidsh 2.54 MHz Lower -69.82 dB
fpacing 5 iz Upper -70.13 4B
Blternate Channel
Bandwidsh 2.54 MHz Lower -71.63 d=B
fpacing 10 Miz Upper -71.84 dE

Fig. 4.9: Comparison of the two output level modes LOW DIST and LOW NOISE for a 3GPP single
carrier signal . The LOW NOISE mode decreases the noise floor in the alternate channels
whereas the LOW DIST mode shows better intermodulation performance in the adjacent
channels.

S SMIQ: Best Level Setting Modes for WCDMA Amplifier Tests

1GP52_0E

Another important issue in amplifier testing is level accuracy and repeatability of the signal generator. In
many cases, modern amplifiers use predistortion techniques to compensate nonlinearities. With these
methods the effective amplifier characteristic will be linear in an extended power range. However, if this
range is exceeded, intermodulation products rise with the power of more than two. Therefore, such
amplifiers are very sensitive to input level variations and require test equipment with very accurate and
repeatable level setting.

SMIQO3HD with SMIQB57 active

To achieve best level accuracy with SMIQO3HD and SMIQB57 for WCDMA signals, select Attenuator
Mode Fixed to allow uninterrupted level setting. The level setting range in this mode is >30 dB,
according to the data sheet. The settable level resolution is 0.01 dB over the entire range. The total level
uncertainty is typically 0.1 dB.

The improved level setting capabilities are available with SMIQ firmware 5.80 HX.
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LEVEL ALC OUTPUT MODE HORMAL | LOW_MHOISE LOW_DIST
ANALOG MOD | UCOR OFFSET 0.0 de
VECTOR MOD | EMF LIMIT +25.0 dBm

DIGITAL MOD
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dB

Fig. 5.1: Recommended attenuator and ALC modes to achieve best level accuracy for WCDMA

signals with SMIQO3HD and SMIQB57 active.

SMIQO03HD without SMIQB57 active or SMIQ0xB

If the generator outputs a 3GPP signal, the default ALC mode is SAMPLE & HOLD. This gives good
absolute accuracy over a wide level range. However, the level setting repeatability can be improved by
selecting ALC mode TABLE [4]. Furthermore we recommend attenuator mode ELECTRONIC for
uninterrupted level setting over a setting range of 90 dB. In this mode the level can be set in 0.01 dB
steps.

If the generator is switched from attenuator mode AUTO (mechanical attenuator) to attenuator mode
ELECTRONIC, the mechanical attenuator is kept fixed, and the level is attenuated electronically in a
range of 90 dB. The level setting range depends on the level at the time of the mode switch, and is
displayed in the field ATTENUATOR FIXED RANGE. Example: Level has been set to Lstart = -30 dBm in
attenuator mode AUTO. After switching to ELECTRONIC, the settable range will be from
Lmax = -27.6 dBm to Lmn = —120.6 dBm °. The settable resolution will be 0.01 dB in a range
[Lmax — X; Lmax], where x is about 5 dB to 7 dB, and 0.02 dB below that range.

Note that a single calibration with a power meter might be required to get accurate absolute power
values.

For a detailed discussion of SMIQ level accuracy and level setting, see application note 1GP42 [4].

rree 2,140 000 000 O <+

FREQUENCY

. "
LEVEL ALC OUTPUT MODE LOM_MNOISE LOW_DIST
ANALOG MOD |UCOR |OFFSET 0.0 dJB
VECTOR MOD EMF LIMIT +25.0 dEm
DIGITAL MOD AUTO FIXED
DIGITAL STD ATTEN FIXED RANGE -120.6 dBm  TO -27.6 dBm
ARE MOD KNOB STEP USER 1.0 dB
MOISE/DIST KNOB STEFP USER
FADING SIM POMER RESOLUTION 0.01 dB
BERT POMER-ON STATE RF—OFF [PREVIOLUS-SETTING]|
LF OUTPUT EXCLUDE FROM RCL OFF

Fig. 5.2 Recommended attenuator and ALC modes to achieve best level accuracy for WCDMA

signals with SMIQO3HD (without SMIQB57) and SMIQOxB. Set the attenuator mode to
ELECTRONIC. Then ALC mode is automatically set to TABLE, if WCDMA/3GPP or
SMIQBE60 is active.

1GP52_0E

° The actual min and max values depend on where Pt lies relatively to the switching points
of the mechanical attenuator — see application note 1GP42 [4] for a detailed explanation.
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6 SMIQ ACLR Performance for 3GPP FDD Multi Carrier Signals

1GP52_0E

In this section we show the impact of the three possible signal generation setups described in section 3
on the SMIQ ACLR performance for 3GPP FDD multi carrier signals. As an example, we set a signal
with four neighbouring 3GPP carriers (carrier spacing 5 MHz), each carrier transmitting a signal
according to 3GPP Test Model 1, 64 code channels [1]. As suggested in [1], section 6.5.5.3.6, the four
signals have different scrambling codes. To minimize correlation between the carriers, successive
delays of 1/5 slot are applied. The carrier with lowest center frequency has scrambling code 0, the next
one scrambling code 1 and 1/5 slot delay, the third one scrambling code 2 and 2/5 slot delay, and the
fourth carrier has scrambling code 3 and 3/5 slot delay.

All carriers: 3GPP Test Model 1, 64 channels
Scrambling Code 0 Scrambling Code 2
delay 2/5 slot = 1024 chips

Scrambling Code 1 Scrambling Code 3
delay 1/5 slot = 512 chips delay 3/5 slot = 1536 chips

=
J UV, UV U \

| | | | 5
2125 MHz 2130 MHz 2135 MHz 2140 MHz f

Fig. 6.1: Schematic of the 3GPP multi carrier signal to be measured.

This signal has a crest factor of 11.8 dB, as calculated in WinlQSIM™.,

The signal is generated with three different setups:

1. Four SMIQs: each carrier is generated by a single SMIQ.

2. One SMIQ with Arbitrary Waveform Generator SMIQB60 generates the entire signal.
3. Hybrid setup: 2 SMIQs with SMIQB60, each generates 2 carriers.

We compare the ACLR performance of these signal generator setups and show how to set the
instruments to get optimum performance. For a detailed settings instruction, see also the settings guides
in the Appendix.

Setup with four SMIQs

Each SMIQ generates one 3GPP carrier.

Measurement setup and generator settings

SMIQ 1 plays the role of the master in the setup. All four SMIQs are using the reference oscillator and
the chip clock of SMIQ 1. The signal output of SMIQ 2 to 4 is triggered by SMIQ 1. The trigger delays are
set as described in Fig. 6.2. The trigger signal is at the TRIG OUT 3 output sent of the PAR DATA
interface and fed back to the TRIG IN input of the next SMIQ as shown in Fig. 6.2. The external trigger
delay is set to 512 chips for each SLAVE SMIQ.

The four signals are combined using a zero phase 4-way coaxial power combiner ZB4PD1-2000 from
Mini-Circuits®. Its minimum isolation is 18 dB. With a typical isolation of 25 dB per port, a good de-
coupling between the four carriers results.
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Fig. 6.2: Setup for four SMIQ Signal Generators for a four carrier 3GPP signal.

To optimize the ACLR performance of the setup, the following settings were made:
. All baseband filters are in the mode LOW ACP (default).
. High ACLR for WCDMA (Option SMIQB57) is active on all four units.

. SMIQs 1 and 4 (lowest and highest frequency band in this set-up) are using the LOW DIST mode
in the LEVEL menu, SMIQs 2 and 3 the LOW NOISE mode.

(For detailed settings, see the guide in the appendix.)

Measurement Results

Parameters set in the FSUS8:

RF-Attenuation 5dB
RBW 30 kHz
VBW 300 kHz
Sweep Time 5s

Detector RMS Detector

RBW: Resolution Bandwidth
VBW: Video Bandwidth

Note, the analyzer indicates ACPR, not ACLR, thus showing negative values.
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Fig. 6.3: A 4 carrier WCDMA/3GPP signal, generated by 4 SMIQO3HD with SMIQB57 active. This
figure shows the ACLR for the lower adjacent and alternate channels.
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Fig. 6.4: The upper adjacent channel and the upper alternate channel ACLR performance of 4
SMIQO3HD generating a 4 carrier WCDMA/3GPP using the SMIQB57 for each carrier
separately.

Measurement results without SMIQB57

The next two figures show the results for the same setup, this time without SMIQB57. Instead, all four
SMIQs have the 2.5 MHz I/Q filter activated.

Comparing these results with the previous measurements, SMIQB57 improves the performance for this
kind of signal by approximately 8 dB.
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Fig.6.5: A 4 carrier WCDMA/3GPP signal generated with 4 SMIQO3HD each using the 2.5 MHz 1/Q
filter. This screenshot shows the ACLR performance in the lower adjacent and 1% alternate channels.
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Fig. 6.6: The upper adjacent and 1% alternate channel ACLR performance for the same setup and
signal as in Fig. 6.5.

“Hybrid” setup with two SMIQ using SMIQB60

Each SMIQ generates two 3GPP carriers using the internal arbitrary waveform generator SMIQB60.

Measurement setup and generator settings

The configuration uses 2 SMIQ equipped with option SMIQB60. A trigger from the master SMIQ is
established to synchronize the slave SMIQ to the master.

"You can also use AMIQs instead of SMIQB60 ARBs.
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Each SMIQB60 generates a 2-carrier signal (carrier 1+2, carrier 3+4), precalculated in WinlQSIM™. The
timing offset between the carriers is included in the WinlQSIM™ calculations. Then the two SMIQB60
can be started simultaneously using the trigger. The trigger signal is sent at the TRIG OUT 3 output of
the PAR DATA interface and fed back to the TRIG IN input of the SLAVE SMIQ as shown in Fig. 6.7.
The external trigger delay is set to 512 chips for the SLAVE SMIQ.

The 2 signals are combined using a power combiner from Mini-Circuits®. The zero phase 2 way coaxial
power combiner ZFSC-2-11 has an isolation of typically 20 dB per port. Its minimum isolation is 15 dB.
With a typical isolation of 20 dB per port, a good de-coupling between the four carriers results.

MASTER

MASTER Trigger,|

——|
TRIG QUT 3

* Bit Clock
Power Combiner
50 Ohm

2 Way-0°

‘ Mini-Circuits
1 zF2sc-2-11

1nd1n0- 44

Trigger Delay 512 Chips

10 MHz Reference

| Clock

Fig. 6.7: Setup of 2 SMIQO3HD Signal Generators for a four carrier 3GPP signal. Each of the SMIQs
generates 2 WCDMA/3GPP carriers using the internal ARB SMIQB60.

To optimize the ACLR performance of the setup, the following settings were made:
e Both SMIQs use the 5 MHz I/Q filter.

e For measurements on the lower adjacent and alternate channels, SMIQ 1 is set to output mode
LOW DIST, SMIQ 2 to LOW NOISE. (Vice versa for measurements on the upper adjacent and
alternate channels)

Note:

When SMIQBG6O0 is active, SMIQ shows both the average power and the PEP in its level indicator. The
crest factor is just the difference between these two values. In some cases SMIQ will show a slightly
different crest factor than WinlQSIM™ has calculated. This is because SMIQB60 resamples the signal to
a higher sample rate. In any case with SMIQB60 signals the SMIQ indication is the correct one. For
more details on SMIQB60, see application note 1GP45 [5].

Measurement Results

Parameters set in the FSUS8:

RF-Attenuation 5dB

RBW 30 kHz
VBW 300 kHz
Sweep Time 5s

Detector RMS Detector

Fig. 6.8 and Fig. 6.9 show the ACLR result of the lower adjacent channel respectively upper adjacent
channel of a 4 carrier signal as a combination of a 2 x 2 carrier WCDMA signal. Approximately 64 dB
ACLR in the adjacent channel and 66 dB ACLR in the alternate channel are achieved using SMIQ's
5 MHz 1/Q filter for each set of 2 carriers.
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Fig.6.8: A 4 carrier WCDMA/3GPP signal generated with the internal ARB SMIQB60. Each
SMIQO3HD generates a two-carrier signal that is combined via a power combiner. The
SMIQ, which neighboring channels are measured is set to LOW DIST mode. The other
SMIQ is set to LOW NOISE mode.
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Fig. 6.9:  The upper adjacent + alternate channel ACLR performance of a 2 x 2 SMIQO3HD set-up
using the 5 MHz 1/Q filter for 2 carriers of each SMIQ.
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Setup with one SMIQ using SMIQB60

One SMIQ with SMIQB60 generates all four 3GPP carriers.

Measurement setup and generator settings

The configuration uses 1 SMIQ with SMIQB60. The crest factor of the 4 carrier signal is calculated using
the WinlQSIM™ CCDF function, called from the WinlQSIM™ task bar.

All 4 carriers are generated using the same PRBS sequence when the Test Model 1 64 DPCH is used
as the WCDMA signal. The PRBS 9 sequence is used as the data sequence for each WCDMA/3GPP
carrier. For further de-correlation of carriers WinlQSIM™ offers in its Multi Carrier Mixed Signal mode a
timing offset to be incorporated, similar to that discussed as trigger delay in Fig. 6.1. The timing offset is
a 1/5 of a WCDMA/3GPP slot for each carrier and is entered into WinlQSIM™ as a time constant
representing the chip delay in microseconds.

RF-Signal

Fig. 6.10: It is also possible to generate an entire 4 carrier WCDMA/3GPP signal with only one
SMIQO3HD. In order to obtain optimum ACLR performance the SMIQO3HD has the 10 MHz
I/Q filter already included.

To optimize the ACLR performance of the setup, the following settings were made:
e The baseband filter is operating in the mode LOW ACP (default).

e The SMIQ uses the 10 MHz low ACP 1/Q filter.

e  The output mode is set to LOW DIST

Measurement Results

Parameters set in the FSUS8:

RF-Attenuation

5dB

RBW 30 kHz
VBW 300 kHz
Sweep Time 5s

Detector

RMS Detector

The 4 carrier signal generated in the ARB of SMIQO3HD has respectable 62 dB ACLR in the adjacent
channel and approximately 64.5 dB ACLR in the alternate channel when the 10 MHz 1/Q filter is used for
the measurement (see Fig. 6.11 and Fig. 6.12).
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R/\ % REW 30 kHz
\5/ *VEW 300 kHzZ
Ref -% dBm *ACT 15 AR * AT Z5 a
-10
|10 |
P
i fi i £ | !
N =i t— i y
i | e clz I | | III |I II
CLEWE 50 1T | ||
| _so 1
=8
r-70 T m
F-go — HOR
| J [ |
. P—— o
Y i o B 2 i
Center 2.125 GHz .5 MHz/ Span 25 MHz
T¥ Channel W=CDMA IGEE FWD
Bandwidth .84 MHz Fower -10.16 dBEm
Adjacent Channel - . P =
Bandwidth 3.84 MEzZ Lower 62.3% dB
Spacing 5 MHz I pper -D0.08 dB
Alternate Channel -
e -5 o
Bandwidth 3.94 MEzZ Lower 54.68 dB
Spacing 10 MHZ I pper -D0.08 dB

Fig.6.11: A 4 carrier WCDMA/3GPP

signal generated in the internal ARB of the SMIQO3HD, the

G o * REW 30 KHz
/S/ * WEW 300 kHz
A Ref -5 dBm “REC 15 dB « SWT 25 8
-10
BT |
— jn
0 i, ib L/ |
1 R~ T {
CLEWR [fi-50 |ch2 T'l ll :
5 T 1 7
e 1
||| el
-70 ||| -
-0 L HOR
W L. cuz
tooo TO [
| oo o i ) TEats [N PR
Center 2.14 GHz 2.5 MHz/ Fpan 35 MHz
Tx Channel W=CDMA 3GEE FWD
Bandwidth 3.84 MHEZ Power -10.20 dBm
Adjacent Channal
. _ [}
Bandwidth 3.84 MEz Lower 0.09 dB
Spacing o MEE Tpper -&£1.92 dBE
Alternate channel
~Wer -0,
Bandwidth 3.84 MHZ Lower 0.01 dB
Spacing 10 MHZ Upper -4 .50 dBE

Fig. 6.12: The upper adjacent + alternate channel ACLR performance of a 4 carrier generated in one

SMIQO3HD using the 10 MHz 1/Q filter.
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7 Appendix: Setting Guides

Calibrating the 1/Q modulator

Before you start preparing the SMIQs for measurement calibrate the 1/Q modulators.

Caution: Execute calibration routines only once the instrument has warmed up!

CALIB VECTOR MOD triggers the internal calibration routine for the 1/Q modulator, which does not
require any external measuring equipment.

Scroll down with the rotary
knob to UTILITIES and select
in the submenu path CALIB

IGITAL STD|REF OSC|UCO SUM Scroll to VECTOR MOD, and
g?sggglﬂ ::g?;m l:i??:z:gl execute the calibration routines
ADING SIM |[CALIE | REF osc in the VECTOR MOD menu.
ERT DIAG LEVEL o )
F OUTPUT |TEST ALC TABLE The calibration routines are
WEEP MOD KEY LEU ATT executed at once. The state of
IST AUX 170 the calibration process s
EM SEQ BEEPER oo
INSTALL shown by the calibration

progress bar.

Alternatively, the I/Q modulator can be calibrated in the VECTOR MOD menu:

In the VECTOR MOD menu,
scroll to CALIBRATE » and
execute the calibration.

Globkal for VECTOR MOD + DPIGITAL MODP + DIGITAL STD

IMPAIRMENT STATE on The calibration routines are

LEAKAGE 0.00 =x executed at once. The state of
IMBALANCE 0.00 x ; ; ;
QUADRATURE OFFSET 0.00 des the  calibration procgss .Is
In SHAP ON shown by the calibration
1e FILTER [OFF] 850kHz 2.5MHz SMHz
CW —-> 19 TRANSITION FAST progress bar.

CALIBRATE M»
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Setting a 3GPP single carrier signal (Test Model 1, 64 code

channels) with SMIQB45

The following guide will help you to set up a WCDMA/3GPP Test Model in SMIQ in order to perform the
measurements for a 4 carrier signal scenario with 4 SMIQ as presented in chapter 6.

e 2.100 000 000 O o

TEST1_32

ANALOG MOD

VECTOR MOD TEST1_64
DIGITAL MOD TEST2
DIGITAL STD| TEST3_16
ARE MOD TEST3_32
NOISE/DIST | GSM/EDGE HIF RATE TESTS

FADING SIM |DECT
AMIQ CTRL GPS
BERT

LF OUTPUT

lw SELECT BS/MS

BS 1 BS 2 BS 3
0N

ree 2.100 000 000 O -

EP +10.9 JdEm
C-5

RE 1 STATF OFF [ON]

¥ SCRAMBLING CODE STATE OFF
oooz u
TFCL STATE OFF
TFCIL [3)
2ZND SEARCH CODE GROLP 0
TPC PATTCAHADLIST RCAD OUT MODC. ..
MISUSE TPC FOR OUTPLUT POMER CTRL ON
POMWER STEF TPC 0.0 dB
TRANSMIT DIVERSITY ANTENNA_1 ANTENNA_2
NUMBER OF PAGE INPICATORS PER FRAME...

LEVEL PHS THTE
ANALOG MOD | 1595 ET DEFAULT (RESET)®

UECTOR MOD | HCDMA AVE/RECALL SETTING...

DIGITAL MOD |[HCDMA-3GP EST MODELS...

DIGITAL STD|| NADC - }

ARB MOD PDC GPP UERSION Calculating... O 0
NOISE/DIST |GSM/EDGE HIP RATE | Mcrs
FADING SIM |DECT v SELECT BS/MS k with {MOD ON/OFF>-k

AMI2 CTRL GPE
BERT
LF OUTPUT OH OFF OFF OFF

29

Select the appropriate Test
Model:

Select in main menu DIGITAL
STANDARD —WCDMA/3GPP
Now scroll back with the rotary

knob to  position TEST
MODELS...
Select with rotary  knob
TEST1_64
Note: SMIQ does all the

required settings automatically.

Set the appropriate scramb-
ling code:

The scrambling code is set in
ascending order similar to the
ascending order of the four
different frequency bands.

Scroll in the WCDMA menu to
SELECT BS/MS and open the
BS 1 submenu.

Scroll to SCRAMBLING CODE
and set scrambling code
accordingly:

SMIQ 1: scrambling code 0
SMIQ 2: scrambling code 1
SMIQ 3: scrambling code 2
SMIQ 4: scrambling code 3

Switch the WCDMA/3GPP

state to ON.

Scroll with the rotary knob to
the top of the display until you
hit STATE

Select STATE ON

The signal is then pre-

calculated and output when the
calculation is ready.
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Setting the appropriate 1/Q filter, or activating SMIQB57

mee 2,140 000 000 O o

FREQUENCY

LEVEL Global for VECTOR MOD + DIGITAL MOD + DIGITAL STD
ANALOG MOD IMPAIRMENT STATE ON
VECTOR MOD LEAKAGE

PIGITAL MOD IMBALANCE
DIGITAL STD QUADRATURE OFFSET

ARB MOD 10 SWAP

NOISE/DIST OFF 2.5MHz SMHz
FADING SIM [iiCM -> IQ TRANSITION

BERT HIGH ACLR FOR WCDMA/3GPP

LF ouTPUT CALIBRATE »

Setting the appropriate output mode

LEVEL 0.0 dBm
reee 2,100 000 000 O ov- PEP “10.6 dBm
D A PP Q [»
FREQUENCY  [[LEVEL]| aAMPLITUDE 0.0 dBm
LEVEL ALC | OUTPUT MODE MORMAL  LOW_MOISE
ANALOG MOD |UCOR | OFFSET 0.0 4B
VECTOR MOD |EMF |LIMIT +25.0 dBm
DIGITAL MOD ATTENUATOR MODE FIXED ELECTRONIC
PIGITAL STD ATTEN FIXED RAMGE -17.6 dBm TO -2.6 dBm
ARE MOD KNOB STEP USER 1.0 4B
NOISE/DIST KNOB STEP USER
FADING SIM POMER RESOLUTION [0.1] 0.01 dB
AMIQ CTRL POHER-ON STATE RF-OFF
BERT EXCLUDE FROM RCL ON
30

To activate the appropriate
1/Q filter:

From the main menu, select
VECTOR MOD.

Scroll down to /Q FILTER and
select the desired filter.

To activate SMIQ B57:

From the main menu, select
VECTOR MOD.

Scroll down to menu HIGH
ACLR FOR WCDMA/3GPP
and select state ON.

Note: Do not switch in this
menu STATE to ON. Otherwise
you will activate  vector
modulation and you will force
the SMIQ to automatically
switch the 3GPP signal in the
WCDMA/3GPP digital standard
OFF.

Set the appropriate output
mode:

From the main menu select
LEVEL.

In the LEVEL-LEVEL menu
scroll down to OUTPUT MODE
and select the LOW_DIST or
LOW_NOISE function.

In one of the examples in
chapter 6, set-up with four
SMIQs. SMIQs 1 and 4 (lowest
and highest frequency band in
that particular set-up) are set to
LOW DIST mode whereas
SMIQs 2 and 3 are set to LOW
NOISE mode.
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Setting the trigger delay in SMIQ

In order to achieve a further de-correlation between carriers, as stated in the WCDMA specification [3],
and to obtain a better crest factor of the overall signal, it is possible to set a trigger delay for the three

slave SMIQs when all SMIQs are synchronized.

FRFOQIIFHCY
LEUEL
ANALGC MOD
VECTOR MOD
DPICITAL MOD
DIGITAL STD
ARD MOL
NOISE/DIST
FADING SIM
AMI® CTRL
BERT

PHE

1595
HCDMA
MADC
PDC
GEM~LDGL
DECT

GPS

oPY BS/HS
RICCER MODE
EMECUTE TRIGGER »
T
ELECT BS/MS
BS 1 B 2 BS 3 BS 4
oH oF F GFF oFF

FRFOQIIFHCY
LEVEL
ANALOGC MOD
VECTOR MOD
PICITAL MOD
DIGITAL STD
ARD MOL
NOISE/DIST
FADING SIM
AMIe CTRL
BERT

PHS
1595
WCDMa
MADRC

PFDC
GEM-LDGL
DECT

GPE

i| TRIGCER

;g; TRIGCGCR
v| TRIGCER

TRIGCER

TRIGECER
TRIGCER

+10.9 dBm

Nt Fur
0 Chir
0O Chie

RNPI¢ FROAME

[CHIP SEQUENCE FERIOD|

[Fos| MG

[Pos| MEG

0 Chir
0 Chie

+10.9 dBm

FRFOIIFHCY
LEVEL
AMALGC MOD
VECTOR MOD
DPICITAL MOD
DIGITAL STD
ARD MOL
NOISE/LIST
FARIHG SIM
AMIR CTRL
BERT

PHE
1595
HCDMA

HADC
PFDC
GEMALDGC
DECT

GFS

oUTH. ..
ouT2.
ouUTH
ouT2
ouTI
ouT2

roL
POL
DELAY
DELAY

FyT
512 Chir
0 Chir

BAkIC FRAME
[CHIF SEQUENCE FERIOD|
HCG
[POS| HEG
0O Chir
0 Chie

FREG

2.100 000 000 O <=

FRFOIIFHCY
LEVEL
AMALGC MOD
VECTOR MOD
DICITAHL MOD
DIGITAL STD
ARD MOL
NOISE/LIST
FADIHG 3IM
AMI¢ CTRL
BERT

PHS
1595
HCDMA
HADC
PFDC
GEMALDGC
DECT

GF 3

RTGGFR RONRCF

TRIGGER OUTZ. ..
RIGGCR OUTY POL
RIGGER OUT2 POL
TREIGGER OUTI DELAY
TRIGGER OUT2 DELAY

+10.9 dBm

0 Chir
0 Chie

RNEIC FRAME

[CHIP SEQUENCE FERIOD|
[res| MCG

[POS| HEG

0 Chir
0 Chip
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Set the trigger delay in SMIQ:

In the main WCDMA/3GPP
menu scroll to TRIGGER...

Set the TRIGGER SOURCE:

In the TRIGGER SOURCE
menu set TRIGGER SOURCE
to EXT trigger for SMIQ 2 to 4
(slave SMIQs).
Leave the master SMIQ
(SMIQ 1) at position INT.

Enter the trigger delay for
each SMIQ:

Scroll with the rotary knob to
EXT TRIGGER DELAY

Set the trigger delay for SMIQ 2
to 4, representing a 1/5 Slot
delay between each SMIQ.

15 of a WCDMA
corresponds to 512 chips

slot

Set the following trigger delay
for the 3 slaves SMIQs

SMIQ 2: 512 Chip
SMIQ 3: 512 Chip
SMIQ 4: 512 Chip

Define TRIGGER OUT1 mode:
Check that TRIGGER OUT1 ...
mode for SMIQ 1 is set to

RADIO FRAME, since you
trigger on the start of the frame.
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FREQ 2_1 Du DUD DDD D aHz +1g:2 :g: Set TRIGGER MODE...:

In the TRIGGER MODE...

FREQUENCY | PHS menu of the slave SMIQs
LEVEL 193 (SMIQ 2 to 4,) set the trigger
ANALOG MOD | HCDMA RIGGER. .. EXT

VECTOR MOD LOCK. . . INT mode to ARMED_RETRIG.
DIGITAL MOD|NADC XT INPUTS... 1KR/GND

DIGITAL &TD||FDC OTAL FOKER 0.0 4B

ARE MOD GSM/EDGE DJUST TOTAL POMER M

NOISE/DIST |DECT v SELECT BS/MS

FADING SIM |GPS

AMIQ CTRL BE 1 BS 2 BE 3 EE 4

BERT ON OFF OFF OFF

In the TRIGGER MODE...

rree 2,100 000 000 O e menu of SMIQ 1 (MASTER
. ._ SMIQ) set the trigger mode to
FREQUENCY |PHS e ARMED_AUTO.

LEVEL 1595

ANALOG MOD | MCDMA
VECTOR MOD
DIGITAL MOD|NADC
DIGITAL STD|| PDC
ARE MOD GEM/EDGE
MOISE/DIST |DECT
FADING SIM |GPS
AMIQ CTRL BS 1 BS 2 BS 3 BS 4

BERT ON OFF OFF OFF

RIGGER. .. INT :
LOCK . . INT To execute the trigger scroll

MT INPUTS... 1K/ GND down to EXECUTE
OTAL POMWER 0.0 4B TRIGGER » and press the
DJUST TOTAL POMER w SELECT button.

Instead of using SMIQB45, you can also generate 3GPP single carriers with WinlQSIM™ and SMIQB60.
This is explained below.

Setting a 3GPP Test Model in WinlIQSIM™

This section shows how to generate a 3GPP single carrier signal in WinlQSIM™. To obtain a multi
carrier signal the single carrier signals are saved in a special format (.IBN file) and later composed to a
multi carrier signal with the WinlQSIM™ Multi Carrier Mixed Signal function (see also next subsection).

WinlQSIM [3GPP W-CDMA] - setup.igs WinlQSIM™ offers a set of pre-

iystem! Data Modulation |mpairments  C configured set-up files for
Mew... Chrl+h

different  signal  scenarios,
including the 3GPP test
models.

ettings... Chl+0
Save Settings As... Ctrl+5

In the File menu select Open
Save for Add/Multi Carrier Mixed Signal... Settings...

Save Mod. Mapping...
Save Mod. Filker...
Save Receiver Filter...
Save Bandpaszsz Filter...

Show Beport...

Emit Chrl
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Load Configuration File EH |

Directory

Histary: I C:\winigzim'examples'3gpp_test_models ﬂ

| &

Suchen in: I ) 3gpp_test_modelz

testtodell_16channels.igs tezttodeld. gz
testtodell_32channels iqgs

el1_E
testtodel2.igs
testhodel3_1Echannelz.igz
testModel3_32channels.igz

Dateiname: |testM odell_Bdchannels Load I
Dateityp: I[*.iqs] ﬂ Abbrechen |

=———— 3GPP "W-CDMA Configuration according to 2GPP 4.1.0

— General Settings

Link Direction 10 % € Uplink/Reverse Link
Chip Fiate Variation 238400 Meps =] Setto standardl

|frames | PRES Init Idifferent start values 'I
Filtering |

Sequence Length §1

i

Clipping Lewvel 100

—Base Station Configuration

Predef.Settingsl Feset AlBES | Adjust Equal S_l,lmboIEnerg_l,ll Adijust Taotal Power tnDdBl

~Select BS to edit
BS 2 BS 3 BS 4
m off 7 On off |7 On oft )| On
~Copy BS
Source IBS1 'I Destination IBSZ 'I
Co
Channelization Code Offzet gD Ll

CCDF-Test | Close |
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Load the configuration file by
clicking through the directories
until you find the directory path
...\winigsim\examples\
3gpp_test_models.

Select the setup file
testModel1_64channels.igs

Press Load to Iload the

configuration file into
WinlQSIM™.
The 3GPP WCDMA

Configuration panel pops up,
and the program’s parameters
are set according to the test
model.

To open up the Base Station
Configuration panel to adjust
the scrambling code for each
carrier, press the green button
labelled as BS1.

Note: The BS1 button has two
functions. Pressing the green
area on the button opens the
Base Station Configuration
panel. If the toggle switch is
pressed you can toggle
between state on or off, without
the need to enter the BS1
panel. Switching into state off,
the button color changes from
green to grey.
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= peeteontofiuain 1 Gegt the appropriate
Common Base Station Settings A .
Bsﬁte 2nd Search Code Group 0 Serambing Code! NI T SCOit I~ Use TFCI | scrambling code:
Off On
TPC Pattem Read Out Mode single + alt. 10 % I™ [Mis-] Use TPL for output power ct Pawer Step gl]tll] dB . . .
The scrambling code is set in
Transmit Diversity: 4 0if & Bntennal 1 Antenna 2 Mumber of Pl per Frame 18 % ascending Ordgr similar to the
Compressed Mode Gtate  Off m On Configure Compressed Mode. . ascending order of the four
bl CharelEdt | Resel B3 Tabl | Chenrel Graph | Code Daman_| O ghensit different frequency bands.
Seral
&) Symb. Rate || Ch. Code N Pawer/d8 Data [ Timing Off_[§{ Filot Len TPC Multi Code [ State! |CLD‘ng Choose the Scrambling Code
0 |PcricH S ksps w RS0 10.00 g B 3 ON Al for each individual carrier:
1 SCPICH 15 keps w30 0.00 OFF
2 P-SCH 15 ksps ¥ e & =130 - [ B _—
3 5-5CH 15 kspe WL i 1300 4 & ON FIrSt Car."er'
4 |PccPcH WS kees wis 1 WIT0.00 GEEI £ ; v i scrambling code 0
5 5-CCPCH W15 ksps > iz 3 = -18.00 FRES *he0 Ghit aN
& FICH 15ksps wHS 16 5 18.00 Data 0 w7120 will 3 oN Second carrier:
7 apsiCH - W15 ksps RS0 =000 w 0 Giss OFF scrambling code 1
5 |aicH 15 ksps (w50 0.00 0 OFF
5 |FD3CH 15 keps w20 .00 3 aFF . )
> Third carrier:
ok Corcel | scrambling code 2
Fourth carrier:
scrambling code 3
= 3GFF W-CDMA FOD Mods Filering —————— fajust  the  oversampling
" A r:
~Filter # WwWindow acto
Filter Function oot Cosine =l Set the oversampling factor:
i
Info | From the 3GPP WCDMA
Fall D §0-22 Configuration panel press the
Filtering button to open the
‘Window Function IHanning 'l 3GPP WCDMA FDD Mode
s 7 Filtering panel
Impulze Length §123 Un-checkmark the Auto box,
: and set Oversampling to 4.
Owerzampling [ Auto ]
Baseband Impulse IDi[ac -rl Press OK button.
Note: The oversampling has to
Ok Cancel | be reduced to 4 to match the
RAM capacity of SMIQB60.

This does not affect the signal

quality.
JWinlQSIM (3GPP W-CDMA] - testModell If you want to use this signal for
System! Data Modulation |mpaiments [ a multi carrier composition:
Mew... Clrl+t
Open Settings... Cte+0 Save your configuration with
Save Settings As... Cliks Save for Add/Multi Carrier

Mixed Signal...

Save Mod. Mapping...
Save Mod. Filter...

Save Receiver Filter...
Save Bandpass Filter...

Show Beport...

Exit Chil+

WinIQ5IM (3GPP W-CDMA) - TestModell_64 scramb 1.igs Transmit the signa| direct|y
File 3System! Data Modulation Impairments Graphics AMIQ | SMIQ (ARE) ‘Window Help to SMIQB60:
oo 4 T ission...
| | D ﬁ n @| == % it :IE“T $ §| H‘ﬂ g:;::ln;::L?s:ics and Quantization F he SMIQ(ARB k b
it = rom the task bar
nnnnm Ty O_ Seg . ARE Remote Contral... ( ) ..
fehip spread Len % ! open the SMIQ Transmission
Trigger Cukpuk Settings. ..
3.84 Meps Various Warious 1 frameis) = Root Cr DLIST Transmissin, .. panel.

SMIC Interface and Transmission Options. ..
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SMIO Transmizsion

User Comment for FileAW avefarm:

2 carrier W-CDM, signa,

[ Source
o Intermal [win ID51M)
" File d A TERMPasinigzinn_3 300 mphtest.wy

— Destination

fo SHI0  ARB Waveform  MULTI

¢ File dATEMPAwinigeim_3_ 304 mphtest wy

[T I3 swap

Tranzmit Cancel |

Enter a User File Information in
the User Comment for
File/Waveform text box and a
ARB Waveform file name in
the Destination section of the
transmission panel.

To transmit the waveform press
the Transmit button.

The Destination section offers
two choices, either to save the
waveform to a file directly on
the PC or to transmit the
waveform straight to the SMIQ
ARB. The radio button
indicates the current selection.

The file path where the
waveform file is stored on the
PC are selected in the text box
next to the file radio button. A
windows box opens if you click
into the text box.

Setting a multi carrier WCDMA/3GPP signal in WinIQSIM™

System Selection

Syztem

N

Single Carmrier

bulti Carrier

s

3GPP W-COMA FDD

3GPP wW-COMA TDD
TD-SCDMA

15-35

COA2000

D e T T B

Impaort

| Cancel

=
Eat

=—— Elack Diagram - Multi Carrier Mixed Sighal S

|F Generation
off [[7 on

Compose a multi carrier
mixed signal:

Switch to Multi Carrier Mixed
Signal in the System Selection
panel.

Press the OK button

The WinlQSIM™ Block
Diagram for Multi Carrier Mixed
Signal appears.

Click on the Carrier Settings
block
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= Mulli Canier Mixed Signal Carrier Settings

General
e ST S MNo.  Gtate Power IOFile  Phase”  Delays

Carrier Spacing g5DDU.DUU kHz

0 o 0.00 ji0 TM1_54 PNAIBN 0.00E+0
Super Oversamp. 31

— 1 on 0.00 fj 1_64 PN3SC1IEN 133.00E-6
Signal Duration Mode |longest file wing = > o Tl 54 FHa SCZIEN L OUEE
d B 3 Jfon ) ooolf1_G4 PNISCIIEN 393,00 €

¥ Minimize Crest Factar [initial phases not used]

Agsistant

Channel Definition

Fram ch, gﬂ Tach gD

Statal ON = Pawer 0.00 d8

DFs FERTTHT BT FNSIBN | e | | |
5 b s @ =N o

Initial Delay g 0.00E+0 5 Dlw. Step g 0.00E+0 ¢

Accept |

Carrier Graph |

0K Cancel

FALILL L SrTIEr

General

Ma. of Carriers; gﬁ
Carrier Spacing gEDDD.DDD kHz
Super Oversamp. 91
Signal Duration Mode Ilongest file winz YI

¥ Minimize Crest Factar (initial phases not used]

Aszzistant |
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The Multi Carrier Mixed
Signal Carrier Settings panel
appears.

The panel is divided into three
functional blocks and sets a
wide range of different multi
carrier mixed signal scenarios.
Everything is set and controlled
only from this single panel.

The three functional blocks in
the panel are:

The General Settings Block
The Channel Definition Block
The Carrier Table Block

In the General Settings Block
the number of carriers and the
carrier spacing within the
baseband etc. are defined.

The Channel Definition Block
sets the carriers physical
conditions such as activation
state, initial delay, etc., and
what type of *.IBN file will be
up-loaded into the Carrier
Table.

The Carrier Table Block shows
the status of each carrier
loaded into the table. The order
of carriers is in ascending order
to their frequency position in
the baseband.

Set the carrier spacing and
the oversampling:

Set the number of carriers in
the General section to 4
carriers.

Continue in the General
section, with setting the Carrier
Spacing to 5000 kHz in order
to comply with the
WCDMA/3GPP standard.

Set Super Oversampling to 1.
Keep the Minimize Crest

Factor (initial phases not
used) checkbox check marked
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=—————————\J\\Jlli Canier Mixed Sional Canizr Settings

General
2 Mo, of Carriers: gﬁ
Carrier Spacing gEDDD 000 kHz
Super Dversamp. §1
Signal Duration Maode: Ilongest file: wires 'I

¥ Minimize Crest Factar [initial phases not used]

Assistant |
Channed Definition

From ch gﬂ Toch gﬂ

State | ON = Pawer 0.00 d8
I8 File: [AIER 0 TH1_54 PNSIBN ia |

Initial Delay 5 0D.00E+0 s Dl Step 3] 0.00E+D s

Accept |

MNa. State  Power 18 File: Phaze/*  Delay/s
&
0 lFon il ooollo TM1_g4 PNSIEN B I oooe+
1 fon|f[ ooofli 4 PNISCIIBN 133 00E-6
2 fon|f[ ooofli_s4 PNISC2IBN 266 DOE-6
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£

3 on 0.00

. .

Carrier Graph |

Mo, State  Power |3 File Phazes~  Delay's

[0 Far N oooloTri_g4Puaien E 0.00E +0
1 N on [ oool1_64 PNISCIIEN 133.00E-6
or | o.ool1_64 PNISCZIEN 266.00E -6

3 N on [ cool1_64 PNISCIIEN 399.00E -6
i L sl MDCETAENM N £
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In the Channel Definition block,
click on the first table entry of
the carrier table. The table
entry is highlighted with a
yellow box. Now all your
changes in the Channel
Definition section will affect the
entry field as soon as you press
the Accept button in the
Channel Definition section.

Load the first file that you have
created in Save for Add/Multi
Carrier Mixed Signal into the
table, by clicking in the 1Q File
selection field.

Check if the carrier State is set
to ON.

One WCDMA/3GPP slot is
10/15 ms long, representing a
time period of 0.6667 ms for
each slot. 1/5 of a
WCDMA/3GPP slot represents
an initial time delay of 133 ps.
Therefore the initial delay
distribution is as follows:

Carrier0: 0 s

Carrier 1: 133 us
Carrier 2: 266 us
Carrier 3: 399 us

Press Accept button to activate
your settings in the highlighted
box.

With the  Graphics ->
Settings... functionality in the
task bar you can verify your
settings and to see a simulation
of the generated signal before
downloading the signal
configuration to the AMIQ
Please refer for  further
information on graphics
features and functions to the
WinlQSIM™ Application
Manual or the WinlQSIM™
online help.
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=————— Complementany Cumulative Distibution Function S———————— WIinIQSIM™ can also calculate
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= | Enter a User File Information in
the User Comment for
File/Waveform text box and a
ARB Waveform file name in
—Source the Destination section of the
& Intemal [Win 105 IM) transmission panel.

£ File |d: STEMPYwwinigzim_3_ 30%mphtest ey

|SGF'F' four carrierd

Press the Transmit button to

_ Destination transmit the waveform.
LA INEU‘QPSK The Destination section offers
& File ||u|ti carmier calc\bB0 waveforms\dcarbBl.wy two choices, either to save the

waveform to a file directly on
the PC or to transmit the
waveform straight to the SMIQ
Transmit | Cancel ARB. The radio button

indicates the current selection.

I8 swap

The file path where the
waveform file is stored on the
PC are selected in the text box
next to the file radio button. A
windows box opens if you click
into the text box.

Note for AMIQ users:

WinIQSIM™ can set the crest factor parameter in the VECTOR MOD menu of SMIQ. No extra manual
settings in the SMIQ are necessary. Since WinlQSIM™ does not include this in its default settings you
need to activate the function prior of downloading the signal to AMIQ (see below).
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Transfer your multi carrier
mixed signal to AMIQ using the
AMIQ Transmission option.

In the AMIQ task bar open the
AMIQ Transmission panel.

Enter the User File Information

Transmit the settings pressing
the Transmit button.

v
I
I
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Add WinlQ5IM setup to wavetorm file
10 swap
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Cancel |
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9 Ordering information

Vector Signal Generator:

SMIQO3HD 300 kHz to 3.3 GHz 1125.5555.33
Options:
SMIQB57 High ACLR for WCDMA/3GPP 1105.1831.02

2110 MHz to 2170 MHz
(other options see SMIQ 0xB)

Vector Signal Generator:

SMIQ02B 300 kHz to 2.2 GHz 1125.5555.02

SMIQ03B 300 kHz to 3.3 GHz 1125.5555.03

SMIQ04B 300 kHz to 4.4 GHz 1125.5555.04

SMIQ06B 300 kHz to 6.4 GHz 1125.5555.06

Options:

SMIQB11 Data Generator 1085.4502.04

SMIQB12 Memory Extension 1085.2800.04

SMIQB14 Fading Simulator 1085.4002.02

SMIQB20 Modulation Coder 1125.5190.02

SMIQB45 Digital Standard 1104.8232.02
WCDMA (3GPP)

SMIQB47 Low ACP for CDMA and 1125.5090.02
WCDMA (SMIQOxB only)

SMIQB60 Arbitrary Waveform Generator 1136.4390.02
incl. WinlQSIM™

1/Q Modulation Generator

AMIQO3 incl. WinlQSIM™ 4 Msamples Memory 1110.2003.03

AMIQO04 incl. WinlQSIM™ 16 Msamples Memory 1110.2003.04

Spectrum Analyzer

FSU3 20 Hz to 3.6 GHz 1129.9003.03

FSU8 20 Hz to 8 GHz 1129.2003.04

ROHDE & SCHWARZ

ROHDE & SCHWARZ GmbH & Co. KG - MuhldorfstraBe 15 - D-81671 Miinchen - P.O.B 80 14 69 - D-81614 Minchen *
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This application note and the supplied programs may only be used subject to the conditions of use set forth in the
download area of the Rohde & Schwarz website.
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