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Overview

1 Overview

Femtocells are an important development for cellular networks, boosting indoor
coverage and capacity. This new emerging base station class demands economical
test equipment suitable for mass production.

Rohde & Schwarz range of signal generators and analyzers contain models suitable
for testing all classes of base station.

With the R&S®SMBV100A Vector Signal Generator and the R&S®FSV Signal
Analyzer Rohde & Schwarz supply two instruments which are particularly suited for the
fast and cost-efficient calibration and test required for Femtocells.

This application note describes the tests commonly used during the production of
Femtocells, focusing on WCDMA, HSPA, and HSPA+ technology.

As well as "Femtocell", numerous other terms are used to describe the low power base
station technology designed for installation and use in a building, for example "Home
base station", "Femto base station", and "Home NodeB". For brevity "Femtocell" is
used in this application note.

The standardization forum 3GPP (3rd Generation Partnership Project) defines the
conformance test requirements for Femtocells in 3GPP TS 25.141. These test
requirements are derived from the RF performance requirements stipulated in 3GPP
TS 25.104. However, only a few measurements of the large number of tests stipulated
in the 3GPP standard are applicable to Femtocell production.

The content of this application note is structured as follows:

e Section 3 shows which tests are commonly used to calibrate and validate
Femtocells.

e Section 4 describes hardware test setups for devices with and without RX diversity.

e  Section 5 is about customary test plans and how to optimize the test suites.

o Section 6 discusses the test requirements in the standard TS25.141 for the
commonly used production tests.

e Section 7 and 8 go more into detail and present measurement results for
transmitter and receiver tests.

e Section 9 introduces the GPS / A-GPS option for Rohde & Schwarz signal
generators for testing the GPS receiver of a Femtocell.

Rohde & Schwarz offers a wide range of instruments for base station tests on
Femtocells:

o For the complete set of conformance tests according to standard TS 25.141 the
high end R&S®FSQ Signal Analyzer and the two-channel R&S®SMU Vector Signal
Generator and Fading Simulator are essential.

o For fast and cost-efficient calibration and production test of Femtocells the
R&S®SMBV100A Vector Signal Generator and the R&S®FSV Signal Analyzer are
ideal. They can also be used for research and development applications.

e The mid-range spectrum analyzer FSP, the economic spectrum analyzer FSL, and
the mid-range signal generator SMJ complete the portfolio.

Software options for all of these instruments greatly simplify to generating and
analyzing standard-compliant signals applicable for Femtocells such as WCDMA,
HSPA, and HSPA+.
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Overview

All screen shots in the following text are made with FSV and SMBV. The user
interfaces of the other analyzer and generator types slightly differ.

Application note TMA139 refers to version 8.7.0 of TS 25.141 [1] and version 8.2.0 of
the study item TR 25.820 for Home NodeBs [3].

The following abbreviations are used in this application note for R&S® test equipment:

The R&S®FSQ Signal Analyzer is referred to as FSQ.

The R&S®FSV Signal and Spectrum Analyzer is referred to as FSV.
The R&S®FSP Spectrum Analyzer is referred to as FSP.

The R&S®FSL Spectrum Analyzer is referred to as FSL.

The R&S®SMU200A Vector Signal Generator is referred to as SMU.
The R&S®SMJ100A Vector Signal Generator is referred to as SMJ.
The R&S®SMBV100A Vector Signal Generator is referred to as SMBV.

1MA139_3E
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Calibration and Validation Measurements during Production

2 Calibration and Validation Measurements

during Production

Calibration

To meet the stipulated specifications, the calibration procedure measures and adjusts
several parameters of the DUT. Calibration plans depend on the type of the DUT (an
uncalibrated RF chip needs more efforts than a board using a calibrated RF chip), and
differ from manufacturer to manufacturer. Nevertheless there are some typical test
items that can be identified.

For TX calibration the following items are commonly measured. Your individual
production demands determine which tests you use. All the listed measurements can
be made with Rohde & Schwarz instruments.

TX Measurements

Maximum Output Power (total power)

Code Domain Power (CDP)

Frequency

Spectrum (Adjacent Channel Leakage Ratio ACLR, Spectrum Emission Mask SEM)

Modulation Quality (Error Vector Magnitude EVM, Peak Code Domain Error PCDE, Relative
Code Domain Error RCDE, Baseband DC-Offset)

Table 3.1: TX Calibration Tests

Particularly spectrum and modulation quality tests are not universally applied.

During RX calibration, the test equipment applies specific uplink signals at the antenna
input. For different signal levels and frequencies the test software reads the following
items from the DUT:

RX Measurements

RX Signal Strength Indication (RSSI)

Automatic Gain Control (AGC)

Table 3.2: RX Calibration Tests

Before the calibration measurements take place an initial setting is written into the Non
Volatile Memory (NVM) of the DUT. During or after calibration, correction parameters
are derived from the measured values. Sometimes the test-software interpolates
parameters for other frequencies and other levels than the measured ones, or for
different temperatures. Finally, at the end of the calibration, the correction parameters
are written into the DUT where they replace the initial NVM content.

By this process the TX- and RX-Part of the device is adjusted to operate according to
the conformance requirements of standard TS 25.141.

1MA139_3E
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Calibration and Validation Measurements during Production

The duration of calibration depends on the number of measurements and the sum of
the individual measurement times. A good calibration starts with an optimum initial non
volatile memory setting. A good calibration plan has an optimized minimum number of
loops and iterations. Rohde & Schwarz provide test solutions optimized for production
in terms of measurement and settling times.

If the DUT is an RF chip many of the items listed above have to be adjusted. If the
DUT is a board using a calibrated RF chip (or a set), most or all calibration steps listed
above may not be necessary.

Validation

Validation makes sure that calibration was successful and that the device operates
according to the conformance requirements of standard TS 25.141.

Validation uses the non volatile memory content determined during calibration. After
measurement, this time the results are checked against the limits provided by the
standard.

Some of the measurements already performed during calibration may be repeated for
validation purposes. Typical items for validation are:

TX Measurements

Output Power (Max. Power, Dynamic Range)

Code Domain Power (CDP)

Frequency

Spectrum (Occupied Bandwidth OBW, ACLR, SEM)

Modulation Quality (EVM, PCDE, RCDE)

RX Measurements

RX-Sensitivity (Bit Error Rate BER, Block Error Rate BLER)

Table 3.3: TX/ RX Validation Tests

Each measurement is performed once and provides a pass/fail result. The duration of
the validation depends on the sum of the individual measurement times. By carefully
evaluating and selecting only the measurements that are essential, the test time can
be reduced to a minimum.

To achieve the best efficiency, Rohde & Schwarz instruments makes use of:

e Short measurement and settling times due to optimized test equipment

e Testing by parallel and evaluating many results (e.g. OBW + ACLR + SEM) from a
single data set

¢ Simultaneous RX and TX measurements

Simultaneous RX and TX measurements are possible if the receive and transmit parts
of your device can work, and be controlled, independently. The hardware test setup
you find in section 4 supports RX and TX tests running at the same time.

1MA139_3E
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Calibration and Validation Measurements during Production

Some manufactures refer to making Functional Tests at the end of the production
line. The DUT is made to function as in normal operation. Typical functional tests are a
call setup with a test mobile or measurements of the data throughput for HSPA. These
tests can often be made using a user equipment modified to serve as an enhanced
"golden device".

Such tests are manufacturer specific and fall outside the scope of this application note,
which concentrates on calibration and validation measurements. These tests can be
performed with just two instruments: a signal generator and a signal analyzer.
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Hardware Test Setups

3 Hardware Test Setups

Fig. 4.1 shows a production test setup for DUTs without RX diversity.
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Figure 4.1: Recommended Test Setup for DUTs without RX diversity

The test setup shown in Fig. 4.1 is suitable for all Femtocell production tests mentioned
in the previous section and is the same for both calibration and validation.

The test instruments shown are the FSV and the SMBV. The DUT is a typical
Femtocell design’.

Connect the modules via one resistive divider and one attenuator. These inexpensive
components have an excellent flat frequency response. The RX / TX path losses are
nearly constant within the working frequency band and can easily be compensated.

The TX tests measure the downlink signal from the DUT, which flows in the lower
branch of the RF divider to the analyzer. RX tests use the upper branch. The 20 dB
attenuator between the divider and the DUT not only reduces the already low level of
downlink signal (20 dBm maximum). Moreover it improves the impedance matching
which is important to achieve accurate RF input levels for the bit error measurements.

In some publications you may find a transducer in the test setup to avoid TX power
reaching the generator. In the setup in Fig. 4.1 the signal power from the DUT at the
generator socket is below 0 dBm. The SMBV can cope with this without any
consequences. So you can run TX and RX tests simultaneously - without expensive
components.

' For more information about the DUT in Fig. 4.1 contact https://support.picochip.com.
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Hardware Test Setups

A 10 MHz reference clock synchronizes analyzer, generator, and the device under test.
If the DUT is the reference source configure the instruments accordingly.

The frequency error of the DUT determined during the TX tests is relative to the 10
MHz clock. This seems to be adequate for production tests. If you need an absolute
frequency error indication use a Rubidium or Cesium frequency standard as reference.

Bit error measurements require a synchronisation pulse from the DUT. This could be a
signal indicating the Start of the Frame Number SFN (when the frame counter wraps
from 4095 to 0) or the start of a Transmission Time Interval TTI. You find details about
the timing requirements in [5].

The test program runs on a computer shown as the Controller in Fig.4.1 for both the
DUT and the test instruments. Access the Rohde & Schwarz instruments via either the
IEEE488 or the LAN interface.

DUTs with RX diversity usually have one common TX / RX connector and a second
one for RX only. TS 25.141 specifies measuring the RX inputs separately each time,
terminating the unused socket by 50 Ohms. Therefore you need RF switches.

If your DUT can independently enable and disable the RF inputs internally the
sensitivity tests can be made without any switching components, see Fig. 4.2.
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Figure 4.2: Recommended Test Setup for DUTs with RX diversity

Here the RF path is simply split by a second resistive divider. Use the same types for
both attenuators, and the same type and length of cables to achieve the same path
loss.

In this setup the two RF ports of the DUT are decoupled by more than 40 dB. If this is
not sufficient, you may increase the attenuation up to 30 dB in each path.
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4 Production Test Suites

The test steps of a production test suite can be divided into RF tests and non-RF tests.
RF tests are measuring the TX power, the occupied bandwidth, or the error vector
magnitude, for example.

Non-RF tests include checking the power consumption, or measuring the ambient
temperature of the chip, for example.

This application notes concentrates on the pure RF tests.

The RF tests consist of several steps:

Configure the DUT

Configure the test instruments
Start a measurement

Fetch and evaluate the results

Many steps can also be broken into substeps. Steps and substeps can possibly be
done in parallel.

Fig. 5.1 shows a commonly used serial test suite. Only RF tests are included.

Calibration
Validation

TX Calibration

TX Validation

TX Calbraton

RX Calibration

R Callbration

Figure 5.1: Serial test suite

1MA139_3E Rohde & Schwarz Production Measurements on 3GPP WCDMA Femtocells 10



Production Test Suites

During calibration measurements are repeated until the device is aligned. During
validation, each measurement returns pass / fail parameters. TX and RX
measurement steps follow one after another.

If it is possible with the DUT to control and configure the TX and RX parts
independently, you can reduce the testing time dramatically. Fig. 5.2 shows how
measurements can be performed in parallel.

Calibration |

TX Calibration RX Calibration

TX Callbration RX Callbration

Validation I
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RX Validation
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Figure 5.2: Testing TX and RX in parallel

Figure 5.2 shows only the principle. In reality the sum of the RX and the sum of theTX
tests as well as the different test steps themselves take different times.

However, if your DUT makes it possible, many TX and RX test steps or test substeps
can run almost simultaneously. During a current TX measurement you can already
configure the generator for the next task, and start an RX calibration. Perhaps almost
all TX measurements can be performed during the validation BER test.

The hardware setups recommended in the previous section are designed to run TX
and RX tests in parallel. Check your current test plan and look for opportunities for
parallel testing.
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5 Femtocell Measurements and the

Standard TS 25.141

As 3GPP WCDMA / HSPA(+) base stations, Femtocells have to be compliant with the
Standard TS 25.141 including the specific "Home BS" requirements. The standard not
only determines the properties to test; it also defines how the measurements are to be
performed. The Standard prescribes the hardware setups and the required test signals,
the measurement parameters such as filters, bandwidths, sweep times, calculation
formulae for EVM and code errors, and the test limits.

The need to meet the requirements is the basis for calibration and validation
measurements. Of course, test engineers may apply more stringent limits and
additional tests if they wish to.

All the Rohde & Schwarz analyzers and generators mentioned in this application note
can be fitted with 3aGPP WCDMA, HSPA, and HSPA+ personalities as software options
which configure the equipment exactly for the standard TS 25.141. All the necessary
parameter settings are taken care of; no need to configure the analyzer to evaluate the
TX Adjacent Channel Leakage Ratio (ACLR) or the Error Vector Magnitude (EVM)
according to the standard, for example. Once the correct measurement mode is
selected in the analyzer, all standard-compliant measurement parameters are loaded
automatically. Rohde & Schwarz signal generators offer predefined settings for the real
time generation of the TS 25.141 test signals, known as the reference measurement
channels.

All the tests in standard TS 25.141 are mandatory for type approval; however only a
small subset is applicable for testing Femtocells in production. The tables 6.1 and 6.2
on page 13 show a reduced list containing only these standard tests which correspond
to the measurements commonly used for calibration and validation, the tests which are
listed in section 3 of this application note?.

The first column of the tables 6.1 and 6.2 shows the number of the corresponding
section in TS 25.141. The second column contains the name of the test in the
standard.

The tables 6.1 and 6.2 also show which analyzers and generators are suited for each
measurement.

For the TX tests Rohde & Schwarz recommends the FSV as the fastest instrument
optimum for production. If your calibration plan contains loops with many TX
measurements, this analyzer can reduce your test times dramatically.

2 In particular all the spurious emissions tests, all the interferer tests, and all the
performance tests with multipath propagation (fading) and AWGN are typically not
addressed in production. These tests can of course also be performed by R&S
instruments, see [4].
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Femtocell Measurements and the Standard TS 25.141

No. TX Tests Analyzer
FSL FSP FSV FSQ

6.2.1 BS Maximum Output Power
6.3 Frequency Error

6.4.4 Total Power Dynamic Range
6.5.1 Occupied Bandwidth

6.5.2.1 | Spectrum Emission Mask
6.5.2.2 | Adj. Channel Leakage Ratio
6.7.1 Error Vector Magnitude

6.7.2 Peak Code Domain Error
6.7.4 Rel. Peak Code Domain Error

Table 6.1: Corresponding TX Tests of TS 25.141

< |2 || |2 (2 |< (2
< |2 |< |2 (| |2 < |<
< 2 2 2 2 2 2 2 2
< |2 |< |2 (| |2 | |<

For RX tests (BER measurements) all generators in table 6.1 are equally suited.
The decision which instruments to choose will also be influenced by the future test and
performance requirements of your individual applications.

No. RX Test Generator
SMBV SMJ SMU
7.2 Reference Sensitivity Level N N A

Table 6.2: Corresponding RX Tests of TS 25.141

Sections 7 and 8 provide further advice on how to select and perform the
measurements required by TS 25.141.

The examples in the following sections use the FSV and the SMBV. The
representation of results on the instrument screen and the user interface differ sligthly
for other analyzers and generators.
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Transmitter Measurements

6 Transmitter Measurements

Transmitter tests are measurements on the base station downlink signal. The testing
instrument is a vector signal analyzer.

Select the 3GPP FDD BTS option FSV-K72. A column of softkeys appears on the
screen offering the following measurement modes:

Code
Domain
Analyzer

N

Power

—

Y
Ch Power
ACLR

—

Spectrum
Emission
Mask

) —
Occupied
Bandwidth

—J

Activates the code domain measurement
mode.

Activates the channel power measurement,
in time domain mode.

Activates the adjacent-channel power
measurement, in spectrum domain.

Compares the signal power in different
carrier offset ranges with the maximum
values specified, in spectrum domain.

Activates the measurement of the
occupied bandwidth, spectrum domain.

Evaluates the signal with regard to its
statistical characteristics (Complementary
Cumulative Distribution Function)

Activates the RF combination
measurement of the ACLR, SEM, and
OBW, spectrum domain.

Table 7.1 lists the TX measurements commonly used in calibration and validation and
shows which analyzer mode is applicable.

1MA139_3E
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Transmitter Measurements

No. TX Test Measurement Mode | Test Signal
6.2.1 BS Output Power Time/Code Domain T™M1.4.5
6.3 Frequency Error Code Domain T™M1,4,5
6.4.4 Total Power Dynamic Range Time/Code Domain ™ 4
6.5.1 Occupied Bandwidth Spectrum Domain ™ 1
6.5.2.1 | Spectrum Emission Mask Spectrum Domain ™ 1
6.5.2.2 | Adi. Channel Leakage Ratio Spectrum Domain ™ 1
6.7.1 Error Vector Magnitude Code Domain T™M1.4.5
6.7.2 Peak Code Domain Error Code Domain ™ 3
6.7.4 Rel. Peak Code Domain Error Code Domain TM 6

Table 7.1: TX-tests, Measurement Modes, and Test Signals for Femtocell base stations tests.

The characteristics of the different modes are described in the following sections, in
particular how the analyzer combines measurements in code and spectrum domain.

The test signal column of table 7.1 shows the test signals stipulated by the standard.
TS 25.141 specifies 6 test models (TM) with predefined channel combinations and
settings to make sure that the measurement results from different base stations can be
compared. For Femtocells TM1, TM3, TM5, and TM6 use a reduced number of
channels.

1MA139_3E
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Transmitter Measurements

Time Domain Power Measurements

TX Test Measurement Mode | Test Signal
BS Outout Power Time/Code Darnain T 1.4.5
Frequency Errar Code Domain T1.4.5
Total Power Dyvnarnic Ranae Time/Code Darnain T 4
Occupied Bandwidth Snpectrurn Domain T 1
Snectrum Emission Mask Spectrurm Domain Thd 1
Adi. Channel Leakaoe Ratio Snpectrurn Domain T 1
Error Wector Maonitude Code Dormain T 1.4.5
Peak Code Domain Error Code Domain T 3
Rel. Peak Code Darnain Error Code Dormain T &

BS Output power

The BS Output Power is measured during calibration as well as during validation.
Because one sweep averages over 10 frames the time domain mode provides very
accurate and stable measurement results. The analyzer uses an RMS detector and an
RRC measurement filter. Figure 7.2 shows a typical result on the FSV screen:

3G FODBTS () L
. dém  Offset 40.00 dB
1ode  SWT 100 ms

10 dem

2.14 GHz 10.0 ms/Sf
W-CDMA 2GPP FWD
Bandwidth 3.84 MHz Fower 18.47 dBm Tk Total 18.47 dBm

Fig. 7.2: BS power measured in time domain

In addition to the graphical signal representation shown in the upper part of figure 7.2,
the numerical result is displayed automatically, too.

Total Power Dynamic Range
The Total Power Dynamic Range is measured during validation.

Check whether the Femtocell can reduce its output power by 18 dB. According to the
standard, the dynamic range shall be tested together with the frequency error and the
EVM. To reduce the number of test steps you might consider checking the output
power in code domain, because the code domain mode provides power, frequency
error, and EVM together in one single record.

Note: For high precision power measurements use Rohde & Schwarz NRP-Z power
sensors. They can be directly connected to FSV, FSL, FSP and FSQ spectrum
analyzers, and are supported by the corresponding firmware. A program is provided for
controlling the sensors by PC, see NRP-Toolkit.
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Transmitter Measurements

Code Domain Measurements

TX Test Measurement Mode | Test Signal
BS Qutout Power Titne/Code Domain Th1.4.5
Freguency Error Code Domain Th1.4.5
Total Power Ovnarnic Ranoe Tirne/Code Damain Thd 4
Oceunied Bandwidth Snectrurn Darnain Th 1
Srectrurn Emission Mask Snectrum Darnain Th 1
Adi. Channel Leakaoe Ratio Snectrurn Darnain Th 1
Errar Wector Maonitude Code Domain T 1.4.5
Peak Code Dornain Error Code Domain T 3
Fel. Peak Code Darnain Error Code Domain T B

The code domain mode mainly determines the modulation quality. It is used during
both calibration and validation. In code domain measure the total and the code power,
the frequency error, the EVM, and the PCDE of QPSK, 16QAM and 64QAM code
channels. All these (and many more) results are derived from one single record.

As an example Fig. 7.3 shows a code domain record of a test model 5 signal with 4
HS-PDSCHs (High Speed Physical Downlink Shared Channels).

3G FDDBTS (1))

&

Ref Level 30.00 dBm Freq 2.14 GHz Channel 4.16 Power Rel to CPICH
Att 10 d&  Offset 40.00 dB CPICH Slot 0 SymbRate 240 ksps

Code Domain Power @1 Clrw

4
9 P 1Y T T

Stop Ch 511
Global Result (Frame 0 , CPICH Slot 0) @1 Clrw
Total Power 18.57 dBm |Cammer Freq Error 642.79 Hz |
Chip Rate Error -0.30 ppm |Trigger To Frame 993.521884 ps
15 Offs / Imbalance 0.10 /0.19 % |Avg Power Inact Chan -71.07 dB
Composite EVM / Rho 0.39 % / 0.99998 |Pk CDE (15 ksps) -66.71 dB |
Mo of Active Channels 14 |Avg. RCDE(640QAM) =—
Channel Results (Ch 4.16)
Symbol Rate 240 ksym/s [Timing Offset 0 Chips
No of Pilot Bits 0 |Channel Slot No 0
RCDE -49.91 dB |Modulation Type 160AM
Channel Power Rel 3.13 dB |Channel Power Abs 10.69 dBm
Symbol EVM 0.21 % rms |Symbol EVM 0.75 % PK

Fig. 7.3: Results derived from one code domain record

In the upper half you see the classical code domain power representation, in the lower
half a result summary divided into Global Results and Channel Results.

e The Global Results report on the total signal. These also contain the measurement

results required by the standard :

1MA139_3E
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Transmitter Measurements

Total Power = BS Output Power acc. to 6.2.1 (for all slots)
Carrier Frequency Error Frequency Error acc. to 6.3

Composite EVM Error Vector Magnitude acc. t0 6.7.1

Pk CDE = Peak Code Domain Error acc. to 6.7.3
Avg. RCDE (64 QAM) Rel. Peak Code Domain Error acc. to 6.7.4

(The Relative Peak Code Domain Error is only applicable for test model 6 using 64
QAM HS-PDSCH channels.)

These results are required during calibration and validation.
Some additional useful measurement results are shown in the Global Result window.
For example, the IQ Offs / Imbalance value allows to calibrate the DC baseband offset.

All values are evaluated according to TS 25.141. All results are derived from a single
record.

e The Channel Results provide a detailed characterisation of a single code
channel selected by the (red) analyzer marker.

In Fig. 7.3 code channel 4 is selected. It is the first HSDPA data channel HS-PDSCH
with spreading factor 16, a symbol rate of 240 ksym/s and 16 QAM modulation. You
see as individual parameters e.g. the absolute and relative power of this code channel,
the timing offset and so on.

Fig. 7.4 gives an overview which measurement results can be graphically displayed in
code domain mode. Watch up to 4 results (in up to 4 subscreens) simultaneously.

|~7 Screen A active
 Result Diagram for Screen A
(® Code Domain Power (" Result Summary
(" Composite EVM (RMS) (" Code Domain Error Power
(" Peak Code Domain Error (" Channel Table
(" EvM vs Chip { Power vs Symbol
(" Mag Error ws Chip (" Symbol Constellation
(" Phase Error vs Chip (" Symbol EVM
C Composite Constellation (" Bitstream
(" Power vs Slot @ Frequency Error vs Slot
(" Symbol Mag Error (" Phase Discont
(" symbol Phase Error

Fig. 7.4: Graphical displays in code domain mode

Fig. 7.5 shows what is behind the measurement results.
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Transmitter Measurements

3G FDD BTS 13,‘] Lo

Ref Level 30.00 dém  Freq 2.14 GHz  Channel 4.16 Power Rel to CPICH
Att 10 d8 Ofset 40,00 dB  CPICH Slot 0 SymbRate 240 ksps
SGL

\Code Domain Power @1 Clrw Power vs Slot ll Clrw
| [

N £ ) DT R e
=== ==Y

Start Ch O Stop Ch 511 || Start SIullJ Stop Slul 14

Composite EVM &1 Clrw Peak Code Domain Error @1 Clrw
49 56.6 dB
3 “53.6 dB
2 -60.5 4B
1 -52.5 dB
—in

Start Slot CI Stop Slot 14

IIII 5

Start Slot 0 ) Stnp S[ut 14

Fig. 7.5: Four Results derived from one code domain record in graphical representation
This screenshot displays measurement results which are relevant for Femtocell testing.

The upper left window shows the classical code domain power display.
The upper right window shows the total power versus slot.

The lower left window shows the Error Vector Magnitude versus slot.
The lower right window shows the Peak Code Domain Error versus slot.

All the results are calculated from a single record. All values are available via remote
control.

You get 15 values for the 15 slots of one recorded frame. For power and EVM average
over all slots; for Peak Code Domain Error take the maximum.

Note: Power values are displayed in dBm. Convert the measured values into Watt
before averaging.

Power vs. Slot

Whereas the power measurement in time domain integrates over ten frames, the
power result in code domain is only based on one frame. If your DUT provides a long
term constant RF output power, one code domain snapshot could replace the time
domain measurement. If you know the possible RF output power variations, you can
alternatively use the code domain power result, applying more stringent limits.
Typically, deviations between the time and the code domain results are 0.1 to 0.3 dB.
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Transmitter Measurements

Composite EVM

The Composite EVM measurement is derived from the error vector between the
measurement signal and an ideal internally generated reference signal. The error is
averaged over all channels for each slot. Average over all slots according to the
standard or take the worst case to be on the safe side.

Peak Code Domain Error
The Peak Code Domain Error shows the maximum of code error for the entire signal
(all codes) for each slot. Take the maximum value.

Frequency Error

The frequency error of the DUT signal displayed in Fig. 7.3 is relative to the 10 MHz
reference clock applied to the analyzer. This seems to be adequate for production
tests. If you need an absolute value use a Rubidium or Cesium frequency standard as
reference.

Total power dynamic range

Total power dynamic range checks whether the Femtocell can reduce its output power
by 18 dB. According to the standard the dynamic range shall be tested together with
the frequency error and the EVM. To reduce the number of test steps you might
consider checking the output power in code domain, because this mode provides the
output power as well as the frequency error and the EVM in one single record. If your
DUT provides a long term constant RF output power, one code domain snapshot could
replace the time domain measurement.

According to the standard, the measurements in code domain have to be repeated for
different test models, see table 7.1.
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Transmitter Measurements

Frequency Domain (Spectrum) Measurements

TX Test Measurement Mode | Test Signal
BS Output Power Time/Code Damain T 1.4.5
Freauency Error Code Domain Th1.4.5
Tatal Power Dvnarnic Randge Tirne/Code Darnain Th 4
Occunied Bandwidth Spectrum Domain Th 1
Snectrun Emission Mask Snectrum Domain T 1
Adi. Channel Leakaoe Ratio Spectrum Domain Th 1
Error “ector Maanitude Code Domain T 1.4.5
Peak Code Dormain Error Code Dornain T 3
Rel. Peak Code Domain Errar Code Domain T 6

The measurements in frequency (spectrum) domain could -in principle - be performed
by any general purpose analyzer. However, using the 3GPP WCDMA / HSPA / HSPA+
personalities, the measurements are much easier, because the configurations and
requirements of the standard are automatically set. The required numerical results, for
example the Occupied Bandwidth according to TS 25.141, are directly computed.
Moreover the BS signal is checked against predefined limits and a pass / fail verdict is
given.

Using a special analyzer mode - the Spectrum Combi® - all three spectrum
measurements are performed in one record, see Fig. 7.6:

3G FDD BTS 'fI] [“~”|
Ref Level 30,00 dBm Offset 0.00d8 » RBW 30 kHz
AL 10 d8 & SWT 100 ms & VBW 300 kHz Mode Auto Sweep

@ 1Rm Clrw@2Rm Clrw

Limit Check T T m1[1 60.18 dBm
20lds 2.1349070 GHZ|
B 4158273381 MHz

10 dBm

0 dém ﬁm m'
! 1

-10 dém

-20 dém

/] ( .
-30 dim t

40 dam—

50 dém

mw Ffmiﬁn!r ) IEMF#!. 144 wﬂ!ﬂi bl u '!1!

CF 2.14 GHz Span 25.5 MHz
W-CDMA 3GPP FWD
Channel Bandwidth Offset Power
Tl (Ref) 3.840 MH2 18.57 dBm
Tx Total 18.57 dBm
Channel Bondwidth Offset Lower Upper
Adj 3.840 MHz 5.000 MHz -55.58 dg& -55.51 dB
AltD1 3.840 MHz 10.000 MHz -55.50 d@& -55.71 d@

Fig. 7.6: Spectrum Combi Measurement

Fig. 7.6 shows the signal spectrum with the analyzer default setting for 3GPP WCDMA.
The limits for the Spectrum Emission Mask are adapted automatically to the carrier
power. If you want to apply more stringent limits, define your own user set.

You get numerical results for the Occupied Bandwidth, the TX total power, and the
signal strength in the adjacent and alternate channels. To simplify the evaluation of the
measurements, the analyzer presents also a pass / fail verdict.

® The Spectrum Combi mode is available on the FSV and FSQ; the automatic SEM

adaption is currently implemented only for higher output levels than Home BSs
provide.
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Receiver Measurements

{ Recelver Measurements

RX Test Test Signal

712 RX Sensitivity ULRMC 122
R Signal Strength Indication (RSS), Autoratic Gain Con- ULRMC 122
trol AGC, etc

Receiver tests are measurements using a predefined uplink signal to the Femtocell.
According to the standard use the Reference Uplink Channel RMC 12.2 kbps.

For calibration, the uplink signal is commonly used to align the Radio Signal Strength
Indicator RSSI or the AGC.

Validation tests check the RX sensitivity by measuring the Bit or the Block Error Rate
(BER / BLER). Unlike user equipment, base stations calculate the BER or BLER
internally and report the measurement results (single ended BER / BLER). The test
result is presented by the base station controlling software.

For details on how to generate the uplink RMC, and how to run Bit or Block Error Rate
(BER / BLER) tests on WCDMA base stations, see application note 1MA144, [5].

Fig. 8.1 shows a typical BER representation evaluated by a BS controlling software.

Fle Recording Comms Window Help
A e S B
Tree BER-1
T o ; :
S e [} | Lines B E x| S i)
e =
L L) M ——_—- Time | NMumBils | BitErrors | BER | :
| . 2480881 0] 0/
[ e S ) 2481921 30359700 0 00
! “Mm“"' 2482661 30371900 0 00
[ ~
% ane — 2463921 | 30364100 0 00
g __-,_""""_. 2464661 = 30396300 0 0o
v OO 2485921 | 30408500 0 00
[ 2486661 = 30420700 0 00
L g T, 2487921 | 30432900 0 00
| EmeCLE e WY 2480881 30445100 0 00
L. SRCL; Moge S 2489921 30457300 0 00
:'ul—:: 2490881 30469500 0 00
' “:""'m 2491921 | 30461700 0 00
L3 -D-l-llu-‘..‘ . 2492881 = 30493900 0 00
PR T 2493921 | 30506100 0 00
{ T 2494881 = 30518300 0 00
L e e M0 2495921 30530500 0 00
i e 2496861 = 30542700 o 00

Fig. 8.1: Bit error results

For BER measurements, the generator frame timing has to be synchronized to the
Femtocell. This is accomplished by starting the generator at the Start of Frame
Number or the start of a Transmission Time Interval.

Once triggered, the generator and the DUT stay synchronized due to the common
reference clock.
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Receiver Measurements

By default R&S generators use a time delay between the frame start defined by the
downlink signal and the frame start of the uplink, of 1024 chips. Depending on the
device under test a higher delay could be necessary, see application note 1MA144, [5].

To check correct BER evaluation you can insert a fixed percentage of bit errors into the
generator signal. Insert these bit errors on the transport block level, see [5]. If you
insert the errors on the physical layer level they are for the most part compensated by
the receiver error correction.

Fig. 8.2 shows a measurement result with a BER of 0.1% simulated by the generator.

File Recording Comms Window

Tree

[ i e &
| e e TR
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Fig. 8.2: BER measurement with 0.1 % simulated erroneous bits

A e e | Sy A

Help
BER-1
) | Lines| @& x| E|

| Time | MumBits | BitErrors | BER |
| 1247521 | 15219500 15191 0.000998127402346
| 1248561 15231700 15197 | 0.000997721856392
| 1249521 | 15243900 15209 | 0.000997710559634 |
| 1250561 15256100 15224 | 0.000997895923598
| 1251521 | 15266300 15236 | 0.000937664505606
| 1252561 | 15280500 15245 0.000997676777592
| 1253521 | 15292700 15260 | 0.000937661724675
| 1254561 15304900 15274 | 0.000997961036752
| 1255521 | 15317100 15288 | 0.000936100162563
| 1256561 | 15329300 15297  0.000997692924008
| 1257521 | 15341500 15311 | 0.000996011928429 |
| 1258561 | 15353700 15324 0.000998065612849
| 1259521 | 15365900 15341 | 0.000938379526697
| 1260561 | 15376100 15356  0.000996562691365
| 1261521 | 15390300 15365 | 0.000996356107416 |
| 1262561 | 15402500 15361  0.000996604122707

15414700 | 15390 0.000396397633428

| 1263521

To get a reliable result the standard requires a testing time of about 20 s. Even if you
decide to reduce this measurement duration for production testing, there is adequate
time for several transmitter tests in parallel.
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Simulating a GPS / A-GPS Signal

8 Simulating a GPS / A-GPS Signal

Some Femtocells are able to determine their location using GPS/A-GPS technology.

To check the GPS function, Rohde & Schwarz signal generators provide real-world
GPS signals with real navigation and real almanac data for up to eight satellites. The
GPS/A-GPS options can simulate not only fixed positions but also moving receivers.

Fig. 9.1 shows the main menu of the generator, where you can enter the altitude, the
latitude, and the longitude.

(Efepsa =]
T I L—I
RF Band L1 |
Filter IGauss j
AGPS Test Scenario | User Defined j
Use Basebhand A+B v
Simulation Mode ILocaIization j
Localization Mode IAuto SV Selection j
TriggerMarker... | Arm Retrig / Int
Execute Trigger | Arm | -
Clock... | Internal
Localization Data
Geographic Location IUser Defined j
Position Format | DEG:MIN:SEC -
Altitude | 00)m -

Latitude [o°[ 0 [ oooo " [North ~]
Longitude I n° I_I] ” I n.oon 77 IEast 'l

gation Data
Data Source IReaI Navigation Data j
Select Almanac File... | SEM299.txt
Almanac For GPS Week 1323: 15.05.2005 - 21.05.2005
Time Of Almanac (TOA): 21.05.2005 19:50:24

Date [dd.mm.yyyyl |21.I]5.2I]I]5
Greenwich Mean Time [hh:mm:ss (24h)] |19:5I]:24

Satellite Configurations... —

Fig. 9.1: GPS main menu on the signal generator

Fig. 8.2 shows how to configure the satellite parameters:
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Simulating a GPS / A-GPS Signal

r GPS A: Satellite Configurations =lo
I Adjust Total Power To 0 dB I Total Power/dB  3.01 Use Spreading ¥ Initial HDOP 0.90 [nitial PDOP 1.89
Satellite 1 Satellite 2 Satellite 3 Satellite 4 Satellite 5 Si

State
Range Code C/a C/a C/a C/a C/a
Space Yehicle ID ] 29 2 a 10
Mavigation Message Configure... C gure... C gure... C gure... Configure...
Time Shift /CA-Chipsi40 2 888 169.531 2970 430.272 3271 280.930 3 187 982.408 2 897 140.703
Time Shift 'ms 70.581 72,591 79.943 ¥7.908 70.800
Power /dB -6.02 -6.02 -6.02 -6.02 -6.02
Doppler Shift Hz 950.88 1885.38 -¥75.66 -56.20 -2 146.96
Duration {Elevation > 10°) hh:mm:ss 00:00:00 03:41:46 03:58:04 06:28:48 01:56:15
Additional Time Shift /CA-Chips/40 0.000 0.000 0.000 0.000 0.000
Additional Power /B 0.00 0.00 0.00 0.00 0.00
Additional Doppler Shift Hz 0.00 0.00 0.00 0.00 0.00
Initial Carrier Phase /rad 0.00 0.00 0.00 0.00 0.00
Resulting Frequency /GHz 1.575 420 959 88| 1.575 421 88538 1.575 419 224 34| 1.575 419943 80 || 1.575 417 853 04 1.
Resulting C/A Chip Rate MHz 1.023 000 62 1.023 001 22 1.022 999 50 1.022 999 96 1.022 998 61
Resulting P Chip Rate MHz 10.230 006 23 10.230 012 24 10.229 994 96 10.229 999 64 10.229 986 06
<« | IO

Fig. 9.1: GPS satellite configuration

For details of how to convert NMEA 0183 waypoint files for R&S®SMU200A, see
Application Note 1MA133 [6].
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Summary

9 Summary

Testing Femtocells is a challenge for production engineers. High volume throughput
demands short testing times and a minimum number of tests. However, the rigorous
conformance requirements of the 3GPP standard have to be met. Test equipment
must keep the cost of test to a minimum by providing the best tradeoff between the
purchase price, running costs, test times, and test reliability.

With the SMBV and the FSV Rohde & Schwarz offer two instruments which are
particulary suited for fast and cost-efficient test for Femtocells.
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11 Additional Information

Please contact tm-applications@rohde-schwarz.com for comments and further
suggestions.
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Ordering Information

12 Ordering Information

Type Designation Order No
SMBV100A Vector Signal Generator 1407.6004.02
SMBV-B103 or 9 kHz to 3.2 GHz 1407.9603.02
SMBV-B106 9 kHz to 6 GHz 1407.9703.02
SMBV-B10 Baseband Generator with Digital 1407.8607.02

Modulation (realtime) and ARB

(32 MSample), 120 MHz RF

Bandwidth
SMBV-B92 Hard disc 1407.9403.02
SMBV-K42 Digital Standard 3GPP FDD 1415.8048.02
Type Designation Order No
SMJ100A Vector Signal Generator 1403.4507.02
SMJ-B103 or Frequ. range 100 kHz - 3 GHz 1403.8502.02
SMJ-B106 Frequ. range 100 kHz - 6 GHz 1403.8702.02
SMJ-B9 or Basebandgenerator with dig. 1404.1501.02
SMJ-B10 or modulation (real tlme) and ARB 1403.8902.02
SMJ-B11 128/64 /16 MSamples 1403.9009.02
SMJ-B13 Baseband main module 1403.9109.02
SMJ-K42 Digital Standard 3GPP FDD 1404.0405.02
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Type Designation Order No

SMU200A Vector Signal Generator 1141.2005.02

SMU-B102 or Frequ. range 100 kHz - 2.2 GHz 1141.8503.02

SMU-B103 or Frequ. range 100 kHz - 3 GHz 1141.8603.02

SMU-B104 or Frequ. range 100 kHz - 4 GHz 1141.8703.02

SMU-B106 Frequ. range 100 kHz - 6 GHz 1141.8803.02

SMU-B9 or Basebandgenerator with dig. 1161.0766.02

SMU-B10 or modulation (real time) and ARB 1141.7007.02

SMU-B11 128/64 /16 MSamples 1159.8411.02

SMU-B13 Baseband main module 1141.8003.02

SMU-K42 Digital Standard 3GPP FDD 1160.7909.02

Type Designation Order No

FSV3 Signal and Spectrum Analyzer 9 1307.9002K03
kHz to 3.6 GHz

FSV7 Signal and Spectrum Analyzer 9 1307.9002K07
kHz to 7 GHz

FSV13 Signal and Spectrum Analyzer 9 1307.9002K13
kHz to 13.6 GHz

FSV30 Signal and Spectrum Analyzer 9 1307.9002K30
kHz to 30 GHz

FSV40 Signal and Spectrum Analyzer 9 1307.9002K40
kHz to 40 GHz

FSV-K72 3GPP BS (DL) Analysis, incl. 1310.8503.02

HSDPA and HSDPA+
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Type Designation Order No

FSP3 Spectrum Analyzer 9 kHz to 3 1164.4391.03
GHz

FSP7 Spectrum Analyzer 9 kHz to 7 1164.4391.07
GHz

FSP13 Spectrum Analyzer 9 kHz to 13 1164.4391.13
GHz

FSP30 Spectrum Analyzer 9 kHz to 30 1164.4391.30
GHz

FSP40 Spectrum Analyzer 9 kHz to 40 1164.4391.40
GHz

FS-K72 3GPP BTS/Node B FDD 1154.7000.02
Application Firmware

Type Designation Order No

FSL3 Spectrum Analyzer, 9 kHz to 3 1300.2502.03
GHz

FSL6 Spectrum Analyzer, 9 kHz to 6 1300.2502.06
GHz

FSL18 Spectrum Analyzer, 9 kHz to 18 1300.2502.18
GHz

FSL-K72 3GPP FDD BTS Application 1302.0620.02

Firmware
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Type Designation Order No

FSQ8 FSQ Signal Analyzer 20 Hz to 1155.5001.03
3.6 GHz

FSQ 8 FSQ Signal Analyzer 20 Hz to 8 1155.5001.08
GHz

FSQ 26 FSQ Signal Analyzer 20 Hz to 26 | 1155.5001.26
GHz

FSQ 40 FSQ Signal Analyzer 20 Hz to 40 | 1155.5001.40
GHz

FS-K72 3GPP BTS/Node B FDD 1154.700.02
Application Firmware

FS-K74 3GPP HSDPA Base Transceiver 1300.7156.02
Station (BTS) Application
Firmware
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About Rohde & Schwarz

Rohde & Schwarz is an independent group
of companies specializing in electronics. It is
a leading supplier of solutions in the fields of
test and measurement, broadcasting,
radiomonitoring and radiolocation, as well as
secure communications. Established 75
years ago, Rohde & Schwarz has a global
presence and a dedicated service network
in over 70 countries. Company headquarters
are in Munich, Germany.

Regional contact

Europe, Africa, Middle East

+49 1805 12 42 42* or +49 89 4129 137 74
customersupport@rohde-schwarz.com

North America
1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com

Latin America
+1-410-910-7988
customersupport.la@rohde-schwarz.com

Asia/Pacific
+65 65 13 04 88
customersupport.asia@rohde-schwarz.com

Certified Quality System

ISO 9001

DQS REG. NO 1954 QM

Certified Environmental System

ISO 14001

DQS REG. NO 1954 UM

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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