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W-CDMA Bit Error Ratio (BER) Test on
picoChip Femtocell Reference Design Using the
Agilent N5182A MXG Vector Signal Generator

Application Note

Introduction

Femtocells (3GPP Home Node B for W-CDMA/HSPA and enhanced Home
Node B for LTE) are low-power wireless access points that connect standard
mobile devices to a mobile operator’s network via residential DSL or cable
broadband.

While a compelling entrant into the broadband Consumer Premises Equipment
(CPE) market dominated by Wireless LANs, femtocells are forcing manufacturers
to confront a number of test considerations; cost, quality and volume. Early
femtocells are costly (roughly $100-$300), multiformat (e.g., may require GPS,
support for W-CDMA, LTE or WiMAX™, etc...), operate in the licensed spectrum,
and face stringent conformance requirements.
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This application note is intended to facilitate single direction BER testing of
femtocell devices based on picoChip femtocell reference designs with the use of

an Agilent vector signal generator and specific waveforms for femtocell devices
based on 3GPP TS 25.141.
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Femtocell Test System Architecture

MXA signal analyzer
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Figure 1. Example of femtocell transmitter and receiver test system

Windows-based PC controller

A typical femtocell transmitter and receiver test system is shown in Figure 1.
This system can make femtocell measurements to ensure compliance to the
3GPP TS 25.104 ver 8.5.0 2008-12 standard. Example measurements include
maximum output power, dynamic range, code-domain power, EVM, peak code-
domain error, frequency error, spectrum emission mask, receiver sensitivity, and
more.

A specific list of equipment and test procedures for W-CDMA BER testing
using the 12.2 Kbps reference measurement channel (RMC12.2k) on a femtocell
device is listed below.

Equipment

1. N5182A MXG vector signal generator
a. MXG Firmware version - A.01.50 or later
b. N5182A Option 651 - 31 MSa/s internal baseband generator

c. N5182A Option 019 - Increase baseband generator memory to 64MS
d. N5182A Option 221" - 5-pack waveform license'
e. N5182A QOption 503 - 250 kHz to 3 GHz frequency range
1. The N76008 Signal Studio for W-COMA 2. N76008B Signal Studio for W-CDMA'
can be substituted with N51824 option 221 a. N7600B software version - 5.3.0.0 or later
5-pack waveform license. This may be b. N7600B Option 3FP - Connect to N5162A/82A MXG, fixed, perpetual
appropriate for manufacturing applications c. N7600 Option EFP - Basic W-CDMA FDD-R7 7/07, fixed, perpetual
where only several known waveforms will d. N7600 Option FFP - Basic W-CDMA FDD-R8 9/07, fixed, perpetual
be used. For more information on 5-pack e. N7600 Option QFP - Advanced W-CDMA FDD-R8 12/08, fixed, perpetual

waveform licensing see the Signal Studio
brochure at http:/ / cp.literature.agilent.

3. E66311B mobile communications DC power supply
com/litweb/pdf/5989-6448EN. pdf 4. Duplexer and attenuator
5
6

. picoChip femtocell BER/BLER DtscApp application software?
. PC controller (windows based)

2. For further information on performing
BER/BLER measurements using the
picoChip femtocell reference design please
contact picoChip at support@picochip.com.



Test procedure

1. Setup physical connection as illustrated in the diagram shown in Figure 1:

(Note: signal analyzer not required for BER test)

1.1 Connect sync signal from femtocell DUT to MXG pattern trigger for
synchronization. In the case of W-CDMA RMC 12.2k a TTI of 40 ms or
greater is required to enable proper decoding of the DTCH transport
channel. (PAT TRIG in Figure 2)

1.2 Share a common frequency reference between the MXG and the
femtocell DUT. The MXG has a flexible reference input and can accept
frequencies between 1 MHz and 50 MHz. (REF IN in Figure 2)
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Figure 2. MXG signal generator rear panel connections

1.3 Connect the MXG RF output port to the femtocell DUT direct or via
duplexer/attenuator setup.

2. Initialize the MXG and femtocell DUT for BER measurement
2.1 Run factory preset on the MXG (green Preset button on front panel).
Confirm it is defaulted to “Preset” and not “Last” or “User” preset.

2.2 Set MXG for expected external reference input frequency.

FREQUEHCY _ ef Osciliator
G000 00000000 s L0 ™ i
External Ref Frequency: 18.200 000 0 MHz Ref Oscillator

19. 0 NHz

Fef Oscillator
Ext Bandlidth
Narron

Figure 3. Reference oscillator set to auto

Example front panel keystrokes:

Preset
FREQ > More > Reference Oscillator > Ref Oscillator Ext Freq> 19.2 MHz

Example SCPl command:

:SYST:PRES
:ROSC:FREQ:EXT:19.2 MHz




2.3 Setup MXG RF frequency and power level (make sure RF output is off)

FREQUEHCY

RE_OFF

2.100 000 000 00 &2
rrea: 2.100 000 000 00 BHZ

e iy

U U

Incr: 100.00000000MHz

reqguenc
Freg Ref Set
0.00 Hz

Freg Ref
on

Freg Offset
0.00 Hz

Freg Multiplier
1.000 %

Freg Channelsh

More 1 of 2

Figure 4. Set frequency and amplitude

Exa

mple front panel keystrokes:

RF OFF (indicated on display) and RF On/Off (LED indicator light off)
FREQ>2>.>1 > GHz
AMPLD > - >7> 0> dBm

Exa

mple SCPI command:

:0UTP:STAT OFF

:FR

EQ:FIX 2100 MHz

:POW:LEV:IMM:AMPL —70 dBm

2.4 Load or select RMC12.2K waveform, (confirm ARB is still off)

FREQUEHCY

2.100 000 000 00 stz

RE_OFF |

ARB
off

Selected Waveform: WFM1:RMC12.2K
Art Sample Clock: 3.8L0000000MHz
Filter: RN (o=0. 220000

Trig Tupe: Continuous (Free Run)

ARB
N On

Select

Haweform?

Arb Setupk

Triooer Tupe
(Cont inuous , »

F Run)
Power Search Reference: Fixed e
ALGM: Off Phase Moise: Off
_Tore 1 of 2

Figure 5. Select waveform “RMC12.2K” and turn arb off

Example front panel keystrokes:

Select Waveform > Waveform Segments > Load (highlighted) >
(turn knob until “RMC12.2K" is highlighted under Segment column in
the Int Storage window) > Load Segment From Int Media > Return >
(turn knob until “RMC12.2K" is highlighted under Segment column in the

BBG Memory window) > Select Waveform Mode > Dual ARB >

(verify that ARB OFF is indicated on display)

Example SCPI command:

:RAD:ARB:WAV “WFM1:RMC12.2K"

:RAD:ARB:STAT OFF



The "RMC12.2K” waveform should be pre-calculated and stored in the MXG
BBG memory from the Agilent N7600B Signal Studio software. If this has
been completed skip to step 2.5. If this has not been completed, follow steps A
through K to generate and download the waveform file using the PC controller
and N7600B Signal Studio for 3GPP W-CDMA.

Prepare the PC controller, install Signal Studio software, and make
instrument connections

To view the PC requirements, installation instructions and basic connections
for the N7600B Signal Studio for 3GPP W-CDMA FDD and the N5182A MXG
vector signal generator go to http://wireless.agilent.com/wireless/helpfiles/
n7600b/n7600b.htm or www.agilent.com/find/signalstudio and navigate to
the online documentation under the N7600B Signal Studio for 3GPP W-CDMA
FDD.

RMC12.2K waveform generation and download

A. Start the N7600B Signal Studio for 3GPP W-CDMA FDD software from
the PC controller.

B. Change the default label from “Untitled” to a suitable name for recall later
like “RMC12.2K"

"3 Agilent Signal Studio for 3GPP W-CDMA - Untitled* =139
File Control System Tools Help

el @ 1E 4

QUIck SetRE ‘Eunflgulalmn W-CDM# DL 1 Carter
= Hardware
Instrument 2 X
u \L,;T\;Zim e P [ State | Padio Fomat [ Confiquration | Frequency Offset it
iy $fCarer!  On  WCDMAFDD Downlink TestModel 1 + 54 DRCH 0000000 Ha o0 g

Channel Setup

‘wlavetormn Attributes

T~ Hint

Comment
140 Map Mormal
Marker 1 Source Frame
Marker 2 Source Mane
Marker 3 Source Mane
Marker & Source Mane

q v] OEDF [wavstom

Figure 6. Select waveform “RMC12.2K” and turn arb off



C. Add uplink advanced carrier (Adv W-CDMA FDD UL(Rel 8 Dec 08))

D. Delete downlink carrier (W-CDMA FDD Downlink)

5] Agilent Signal Studio for 3GPP W-CDMA - Untitled*

File Control System Tools Help

=N = Delete downlink carrier
Quick Setups |Eunhgural\on :W-COMA DL 1
[ Hardware
Instrument S I 4
I ;:f":;im Cartier [ State | Risdio Fomat [ Configuiation [ Frequency Difsst | Power
i i $fCamier]  On AdvW.COMAFDDULRelB. FAMCIZ2k £.000000 Hz 000 de
Channel Setup | ¥ Camier2  On W/-COMA FDD Dowirlink Test Model 1 + 64 DPCH 0.000000 Hz 0.00 B
H inr 9 S Carrierz
Add uplink adv carrier ke, N—
T~ Hint

“wlavaform Attributes

RMC12.2K

1/0 Map Hormal
B2 Marker
Marker 1 Source Frams
Marker 2 Source None
Marker 3 Source Hone
Marker 4 Source Hone
i +| EEPF | waetorn

Ready |Connected

Figure 7. Uplink advanced carrier

E. Select Carrier 1 in the navigation tree view, and then select RMC 12.2k from
the predefined setup under Channel Configuration in the drop down menu.
(Default is RMC 12.2k)

F. Confirm that Real-Time Modulation Filter is turned On.”
(requires FW version A.01.50 or greater.)

o Agilent Signal Studio for 3GPP W-CDMA - Untitled*

Fle Control System Tools Help

Dl ®13E 8
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Figure 8. Channel configuration



G. Set the Number of Frames to 1022. This enables a continuous PN9 in the
DTCH logic channel in the transport layer of the DPDCH.

" Agilent Signal Studio for 3GPP
File Control System Tools Help

R =] 1 El
+ Quick Setups Configuration : %/-COMA DL 1 Carier [Modiisd]

- Hardware
L Instrument ]+ x
I b\'f:\f":f‘zsm i Catiet [ Stete | Risdio Fomat | Corfiuration | Fremuency Difsst | Power
T A i Carierl  On Ay W-COMAFDD ULRel 8. RMC122k 0000000 Hz 0.00d8
Channel Setup
Cariier 1 -~ Adv W-COMA FDD UL[Rel 6 Dec 08] ™ Hint
B 36Pp -
State On

Chaninel Configuration

Scramble Code a
Oversampling Ratio

Fieal-Time Modulation Filer
‘B &b Mode Fill

Fre-Filter Clipping 100.0%
Prost-Filter Clipping 100.0%
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Power

Ready |Connected |

Figure 9. Frames

H. Set the Scramble Code to match the basestation/femtocell.

W Agilent Signal Studio for 3GPP
File Control System Tools Help

DM &1 E &

+ Quick Setups Configuration : %/-COMA DL 1 Carier [Modiisd]

= Hardware
- Instrument |+ x
i b\'f:\,":f‘zsrm — Catiet [ State | Ridin Format | Corfiuration [ Frequency Offsst | Power
S FrCarier]  On  AdvWCOMAFDDULReI8.. RMCI22k 0000000 Hz 00048
Channel Setup
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(B 3GPF =
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Fieal-Time Modulation Filer
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Figure 10. Scramble code

I. Generate and download waveform. This will take approximately 10 minutes
to calculate and download the waveform into the MXG’s BBG memory.



J.  Store the waveform to MXG internal memory storage or PC desktop/directory
for future recall. This will save time by not having to re-calculate the waveform.

i. Store the waveform into the MXG's internal non-volatile memory storage
(Int Storage). Front panel keystrokes: Mode > Dual ARB > Select
Waveform > Waveform Segments > (turn knob until “"RMC12.2K" is
highlighted under Segment column under BBG Memory window) >
Store Segment To Int Media. Note: to recall waveform follow instructions
in step 2.4.

. Store the waveform to your PC desktop or other file location (including
USB memory stick connected to PC). From the file menu of the N7600B
Signal Studio for 3GPP W-CDMA FDD software, select Export Waveform
Data, navigate to the PC desktop or other desired file location, type in
filename “RMC12.2K” for example and save (this will take approximately
five minutes). Note: to recall waveform into BBG Memory on the MXG
either use FTP over LAN or load from USB memory stick. For FTP, enter
the IP address of the LAN connected MXG into your internet web
browser to load the instruments home web page.

Agilent Technologies B\ ECERSTEIREITE G
Welcome to your I
Web-Enabled N5182A MXG
- Infermation about this Web-Enabled N5182A MXG:
Benermur

US00000214

P
[wrml] veicome Pase

Agilent N51824 (PRETEST118) %
(MONS Service Name: Agilent N51824 MAG
US00000214)

DNS Hostriame: 141.121.94.242

NetBIOS Hostname: ANGTEZAD0214
A-NG182A-00214 . Iocal
141.121.84.242

ML R LIE T TCPIP:x 41.121,04.242:inst0:INSTR
Firmware Revision: £01.60.5008

006,019,1EA1EL1EQ,1ER 403,430,431,

437,508,654, UNT,UNV,UNW,UNZ

[ advanced information about this Web-Enabled MXG:

Use the navigation bar onthe leftto access your MG and related infarmation.

©4gilent Technologies, Inc. 2009

Figure 11. MXG home web page



Click on Signal Generator FTP Access, drag and drop the waveform
file from the PC desktop or other file location into the FTP file location
USER/BBG1/SECURWAVE/ window that opens.

© File  Edit  Miew Favorites  Tools  Help ‘gl.
Q- Q ‘,.'D Search || Folders  [f3]+

§-“-ddress@Ftp:,l',l'141.121.94.242,I'USER,I'BBGIISECUREWA\-'EI 'V|Go Plnks @y~
- Google| v M seach - > € - @fotsol. -

RAMP_TEST_WEM
RMC1Z.2K

Other Places : SIME_TEST_WFM

($] BBG1

[} My Documents

& 1My Metwork Places

Details

| User: Anonymous ‘ Internet

Figure 12. FTP window

For USB memory stick, connect it to the MXG, use the knob to highlight
the waveform file, press Copy File to Instrument > Waveform > BBG
Memory.

K. If continuing directly to step 2.5 using front panel keystrokes first press:
Mode > Dual ARB



Note 1: Trigger delay range is
usually within £5 chip window.
Tuning one chip at one time
(~260 ns) may be required.

Note 2: Uplink signal for W-CDMA
is offset by 1024 chips (~267 usec)

relative to the downlink TTI clock.
Therefore, this amount of trigger
delay needs to be entered into the
MXG.

1. For further information on performing
BER/BLER measurements using the
picoChip femtocell reference design please
contact picoChip at support@picochip.com.

2.5 Setup trigger to following values:

FREQUEHCY RF_OFF

2.100 00000000 &=z | -/0.00 o

Ext pelau Tine: 207.304 usec

Incr: 10.000usec

rb_Triog

Trigoer Source,
(Ext)

SOUrCE,

ARB Selected Uaveform: LFM1:RMC12.2K
Arb Sample Clock: 3.8L0000000MHz
Uff Filter: RMWYQ(m=0.2201EWN

Trig Tupe: Continuous (Trigger & Run)
Trig Source: Ext (Patt Trig In 13

Ext Polaritu: Pos
Delay: 267.304000usec

Power Search Reference: Fixed

ALGN: Off Phase MWoise: Off

Ext
(Patt Trio In 1)

Ext Polarit
Heg lﬁ

Ext Dela
Off li]ii

Ext Delay Time
267.30L000 usec

e

Figure 13. Trigger

Trigger Type: CONTINUOUS , TRIGGER & RUN
Trigger Source: EXT

Ext Polarity: POS

Ext Delay: ON

Ext Delay Time trigger delay range:

Between 267.3 usec ~ 270 usec (depends on BTS/femtocell design)

Example front panel keystrokes:

Trigger Type > Continuous > Trigger & Run >
Trigger Source > Ext Polarity Pos >

Ext Delay On > Ext Delay Time >2>6>7>. >3>0>4 > usec

Example SCPl command:

:RAD:ARB:TRIG EXT
:RAD:ARB:TRIG:EXT EPT1
:RAD:ARB:TRIG:TYPE CONT
:RAD:ARB:TRIG:TYPE:CONT TRIG
:RAD:ARB:TRIG:EXT:SLOP POS
:RAD:ARB:TRIG:EXT:DEL:STAT ON
:RAD:ARB:TRIG:EXT:DEL 267.304 us

2.6 Initiate (initialize and setup) BER and BLER measurement of DUT using the
DtcsApp application software from picoChip'. Keep on standby mode and do

not run.

DicsApp

Fle Recording Comms Window

BH o s FreiR

| Blank |

~Ti
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PC82%8:FSP

dEAE R AR

)
8
n
xX
i
o
=
o

4 PC2Zx8:TFCI
4 PCH2x8:PRACH
Graphs

E Graph Templates
L[] Post-Processing
(=) Scripts

Mo Graph

oo

Figure 14. DtcsApp real-time diagnostics menu
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1. For further information on performing
BER/BLER measurements using the
picoChip femtocell reference design please
contact picoChip at support@picochip.com.

2.7 Turn on ARB waveform generator and then RF.

FREQUEHCY ANPLITUDE Arb
2.100 000 000 OOIEHz L -70.00 den -
Select
ARB  Selected Waveform: WFM1:RNMC12.2K Haveform
U Art Saqple Clock: 3.8L0000000MHz
n Filter: RMWYQ(m=0.2201EWN Arb Setupk

Trig Tupe: Continuous (Trigger & Run)
Trig Source: Ext (Patt Trig In 13

Ext Polaritu: Pos T Loger Tums
Delay: 267.304000usec (Cant inuaLs ;¥

FPower Search Reference: Fixed Iriooer e Fon

ALGK: Off

Phigse hoise: OfF Trigger Source,
(Ext)

Hore 1 of 2

Figure 15. ARB ON and RF ON

Example Front Panel Keystrokes:
Mode > Dual ARB > ARB On
RF On/Off (LED indicator light on)

Example SCPI Command:

:RAD:ARB:STAT ON
:0UTP:STAT ON

3. Execute (start) DUT BER/BLER measurement and get BER/BLER result using
the DtcsApp application software from picoChip'.

Complete listing of remote control SCPI commands for the
MXG signal generator

:SYST:PRES

:ROSC:FREQ:EXT:19.2 MHz
:OUTP:STAT OFF (Default is off)
:FREQ:FIX 2100 MHz
:POW:LEV:IMM:AMPL -70 dBm
:RAD:ARB:STAT OFF (Default is off)
:RAD:ARB:WAV “WFM1:RMC12.2K”
:RAD:ARB:TRIG EXT
:RAD:ARB:TRIG:EXT EPT1
:RAD:ARB:TRIG:TYPE CONT
:RAD:ARB:TRIG:TYPE:CONT TRIG
:RAD:ARB:TRIG:EXT:SLOP POS
:RAD:ARB:TRIG:EXT:DEL:STAT ON
:RAD:ARB:TRIG:EXT:DEL 267.304 us
:RAD:ARB:STAT ON

:OUTP:STAT ON

For more information on Agilent’s femtocell solutions, please visit
www.agilent.com/find/femtocell.
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Agilent Email Updates

www.agilent.com/find/emailupdates
Get the latest information on the
products and applications you select.

LXI

www.Ixistandard.org

LXI is the LAN-based successor to
GPIB, providing faster, more efficient
connectivity. Agilent is a founding
member of the LXI consortium.

Agilent Channel Partners

wwwagilent.com/find/channelpartners
Get the best of both worlds: Agilent’s
measurement expertise and product
breadth, combined with channel
partner convenience.

eapicoChip

flexible wireless

picoChip is a registered trade mark
of the picoChip corporation.

P

WimAX

WIiMAX is a registered trademark
of the WiMAX Forum.

Remove all doubt

Our repair and calibration services will
get your equipment back to you, per-
forming like new, when promised. You
will get full value out of your Agilent
equipment through-out its lifetime.
Your equipment will be serviced by
Agilent-trained technicians using the
latest factory calibration procedures,
automated repair diagnostics and
genuine parts. You will always have the
utmost confidence in your measure-
ments. For information regarding self
maintenance of this product, please
contact your Agilent office.

Agilent offers a wide range of addi-
tional expert test and measurement
services for your equipment, including
initial start-up assistance, onsite edu-
cation and training, as well as design,
system integration, and project man-
agement.

For more information on repair and
calibration services, go to:

www.agilent.com/find/removealldoubt

www.agilent.com
www.agilent.com/find/femtocell

For more information on Agilent Tech-
nologies’ products, applications or services,
please contact your local Agilent office. The
complete list is available at:

www.agilent.com/find/contactus
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