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How familiar are you with W-CDMA?
a)l am very familiar with W-CDMA

b)1 know the basics of W-CDMA
C)1 am not familiar at all with W-CDMA
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Design and Venfication Challenge:

How Does One Design and Verify to Today’s Complex
Wireless Formats?

How do | study today’s complex wireless specifications
CDMA2000 ? AND
Partition system requirements

AND
Verify that my design works as parts return from fabrication?
~¢ To Do List:

» Study the Wireless Specifications
* Derive Design Requirements from the Specifications
* Verify the RF & System Performance As Soon As Possible

3GPP W-CDMA ? 802.11a ?

GSM ?
Bluetooth ?
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Vernfication liesting Challenge:

How Does One Begin Testing as Hardware Returns from
Fabrication???

Create my own custom test signals, modeling
impairments in simulation?

Evaluate re-using existing hardware with a new design
modeled in simulation?

>

Verify hardware as it returns from fabrication before the entire
“ system is built?
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How familiar are you with Agilent’s Advanced
Design System (ADS) and 3G test equipment?

a) Yes, | am familiar with both Agilent’s ADS
and 3G test equipment

b) | am only familiar with ADS

c) | am only familiar with Agilent’s 3G test
equipment

d) | am not familiar with either
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ADS, lop-Down Design Methodology and

Bottom=UprVernfication:
System Level

RF RF/Analog Digital

. —» Demod
Frontend Downconverter Receiver

RF/Analog Subsystem Baseband Floating or Fixed Point\

Fitter Designed with the Digital Fitker Tool
in Fixed Point Synthesizable Logic

1o,
TR e i ey s
=) "‘m"#'.h': e e e e e e e o

Synthesized Filter

HDL

wire [6:0] M1_B 1 Result; // hpeesof_id : M1.B_ 1
wire [9:0] M1_B 2 Result; // hpeesof_id : M1.B 2

hp CONST_S C5 (.Result(C5_Result));
defparam C5.Width = 3;
defparam C5.ConstValue = 24576;

hp_ADD_SATTRUNC_S A5
(.A(R4_R1 Q),.B(M3_Result),.Result(A5_Result));
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Bridging the: Gap)Between Design & liest

ADS connected solutions can help bridge the gap
between the design & hardware test space

Design & Verification Space
(Simulation)

Concept f\ Hardware Test & Verification Space
‘ Design \ '\ (Test Equipment)

! -
< Design

Verification

-

9
J

Prototype
(Hardware
Verification)




Connected Signal Seurce

Creating a Custom Test Signal from Simulation

ESG Sig. Gen.

TSend Simulated Signal to ESG

89600 VSA E4440A PSA

OR

\ == ! | E4406A VSA

b 45
4 Lot

Potential applications and benefits include:

Modeled Design in ADS

@ m

._F’._F’.:k: >

A

ConstTined  AddNDensty BPF_ChebysheyTingd

c2 a1 Ell
NDznsty=-103

« System Designer- Create custom test signals
with simulation impairments

« Component Designer- Use realistic signals for
testing

.
[ ol/7
—~UhCH

Nme(ﬂa(}r g:]a’?rﬂ E?B\nhvlwe

* Add Impairments- To evaluate “performance

ADS Design SW

limits”

* Include Design Distortions- Model RF circuit /
baseband designs in simulaton
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Connected SignallAnalysis

Analyzing Your Design in Simulation Using Measured

Signals 89600 VSA E4440A PSA
DUT
ESG Sig. Gen. —
" = | E4406A VSA
e '

Used Measured Signal as Simulation StimulusI

Modeled Design in ADS

ADS Design SW

89600 VSA
SWin ADS

Potential applications and benefits include:

» Record Signal on Test Bench- source

the signal into simulation; simulate for
verification

* Model Missing Hardware in Simulation

* Reuse Components- Evaluate off-the-shelf
components or existing hardware; simulate
impact on system performance
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Connected lest Bench

Connected Simulation & Test Solutions

ESG Sig. Gen. 89600 VSA E4440A PSA
Ej-@:» 1}: i ‘ \ == | . | E4406A VSA ESA-E
TFrom ADS into ESG
Modeled

From SA into ADS | Potential applications and benefits include
Design in ADS

» Start End-to-End System Verification -
early using simulation models

&
¥

 Replace Simulation Models - with
hardware as it becomes available

 ldentify/ Fix Issues Early - by verifying
performance at every stage

89600 VSA SW . Evaluate Reusing Components
in ADS
ADS Design SW
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W=CDNMAs Uplinke =RV G252 KPS

20 ms Frames

10 ms Frames

244 bits 268 bits 804 bits 804 bits 402 bits 490 bits 49 kbps
DTCH Add CRC 1/ 3 Rate 1st Frame Rate >
Data BitJ Tail Bits I Conv. CodeJ Interleave P Segment Matching I CCTrCH
A TrCH| 5| 2nd
100 bits 120 bits 360 bits 360 bits 90 bits 110 bits Mux Interleave
DCCH I y»Add CRC ﬂ > 1/ 3 Rate I ) 1st I SegmentI »| Rate I >
Data Bit Tail Bits Conv. Code Interleave P & Match Matching 1 kb? 60 kbps

40 ms Frames >
DPDCH l 60 kbps I Scramble Code
. I 3840 kcps
Data Bits
SF=64
Data OVSF Gain
Generator I 225
S ble Cod
DPCCH Control OVSF CI(‘}leer:to(l)' i
Control
Bits
15 kbps Q 3840 keps
Pilot, Power
Control, I Scramble Code .
&TFCI

Gain =-5.46 dB
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Connected Signhal Source Reference

JiestiSetup

- RF Test Cable E44404 PSA
GS;%E:EDT ADS-Defined > Spectrum Analyzer
n Feal-World Test Signal or
IEEE-4S8 » E_44D6!—‘1 Wector
Cahle or Signal Analyzer
Lan Cahle or
g 59640A Vector
Signal Analyzer

ADE Connected|e Custom Real- World Test
Signal () Data Created in ADS

Signal Source

ADS-ESG Connected Solutions
IGPP W-CDMA Baseline

Advanced Design Syvsiem FDA Tool
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' / o - ” : f - : - A = F 2] o\ e o\ e 1 o
Sonneciedisignalisourceriseiliestinesuils

ADS-Defined Signal Being Demodulated by Agilent
E4440 PSA

4% Agilent 14:32:19 Dec 18, 2001  W-CDMA | Measure
MS  Ch Freq 1.95000 GHz C';g’:#":r'
Mod Accuracy 3GPP

ACPR
{ACLR)
Intermod

Multi Carrier
Power

Fk Actiwve C
-5&2.86 dB
at CERCLBI =@ Spectrum

Magrnitude Error: . ~ r ' EmiEEiDn Hask

Occupied
BH

More

Active Channels: 2 1 of 2
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Case Study~=Stepii:

Insert Preliminary Top-Level Design into W-CDMA ACLR

Pre-Configured Template
Preliminary 3GPP W-CDMA System Design with Behavioral Elements

RF Upconverter Driver Amplifier  Amplifier Tx/Rx Duplexer
¢ W -

Evaluate System o
Against 3G Spec. ;
> e ‘L{' =

Partition Requirements
gui=dhmi au &\\ \ i _

LO’s can have

Design Circuit ;
Verify System Performance

phase noise values
vs. frequency offse

¢

[/

Amplifiers have preliminary
TOI points and 1 dB

Design Baseband ; ADS 3GPP compression points
Verify System W-CDMA Signa
Performarg}e with RF Source ADS ACLR Measurement
Begin Early Verification e nalPover Signal_Measurement

ain=d_bp0_lar(D - (Zain0) FCarrier=RF_Freg

FCarrie=RF_F
Amer=Rr_fre MumElotsMeasured=MumSlotsMeasured

Testing with Connected
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Case Study-Step;2:

Perform System-Level Design Tradeoffs;
Partition Circuit Design Requirements

Modify Template for
3G Specification

¢

Preliminary 3GPP W-CDMA System Design with Behavioral Elements

3GPP
W-CDMA

Signal Source Upconverter

RF

Amplifier Amplifier

Driver Power Tx/Rx

Duplexer

ACLR & EVM

g
Frana LA

i lars femy L1} o
[T i i
[l M R E Fre

Desigvn Circuit ;
Verify System Performance

&

Design Bavseband ;
Verify System
Performance with RF

¢

Begin Early Verification
Testing with Connected
Signal Source Solutions

/.

Design Variables

WARZ

Driver_bmp_TOo =27
Fower_Amp_F1dB=28

ACLR_U10

ACLR_U5

69.400944

34.920973

Final Circuit Design
Requirements

Mixaer TOI=16
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Case Study~Step) sk

Design/Re-Use Circuit; Insert Circuit Design into Top Level

System Design for Verification

Modify Template for
3G Specification

§

Evaluate System
Against 3G Spec. ;
Partition Requirements

&

Design Baseband ;
Verify System
Performance with RF

¢

Begin Early Verification
Testing with Connected
Signal Source Solutions

3GPP W-CDMA System Design Verification with Transistor-Level Circuit Design

3GPP
W-CDMA RF
Signal Source: Upconvert

Driver Amp.
Circuit

Power Tx/Rx

Design Amplifier - Duplexer

ACLR & EVM
Measurements

o
‘]:‘.

Transistor-Level Circuit Design
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******** o, ..
Simulation Variakles Dasign Varables
ACLR_U10 ACLR_U5
69.591461 34.792151

the 3GPP W-CDMA

he system design still meets

with the detailed circuit design

specifications
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Case Study-Step;4:

Design Baseband; Insert FIR Design into Top Level
System Design for Verification

Final 3GPP W-CDMA System Design with Transistor-Level

Modify Template for Circuit Design and Fixed Point FIR Design
3G Specification Driver Amp.
3GPP W-CDMA RF Circuit Power Tx/Rx ACLR & EVM
{} Signal Source Upconverter Design Amplifier Duplexer Measurements
Evaluate System '
Against 3G Spec. ; - B ]
Partition Requirements SChEd—L—— =
{} \\\-\ pre—— =
v e [ e R R
Design Circuit ; : | | LN =l T s i
Verify SyStem Performance Q_;é :é ﬁ :%—‘—ttionm\::i;\u;le:mrm'm Design Variables
B : :-...é.:":f.""”. ’ "M?m:"' . ::.E:"“ a . T

SRS Y SEEm 2 &=2” The behavioral Root Raised-Cosine
ilter is replaced with the fixed-poin

Fixed Point boasn -, foe . FIR design
FIR Design = =5 =
{} The system does not meet specifications ACLR U10 ACLR U5
- —— of 33 dB @ 5 MHz offset and 43 dB @ 10 = =
Begin Early Verification | | MHz offset with baseband and RF designs 37.656388]  31.952861

Testing with Connected simulated together...
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Case Study-Step;s:

Tune/Modify RF and Baseband Designs Together to Meet
Specifications

Final 3GPP W-CDMA System Design with Transistor-Level

Modify Template for Circuit Design and Fixed Point FIR Design
3G Specification | ;6ppw.coma  RF Circuit Power  Tx/Rx  ACLR&EVM
{} Signal Source Upconverter Design Amplifier Duplexer Measurements
Evaluate System =
Against 3G Spec. ; .
Partition Requirements C
<> e I =
Desigvn Circuit ; ; - A = e B E
Verify System Performance Q__“é :é :% :é——uuonmﬁfﬁueswmm Design Variables

Pleas a2 Fearsft Foses Fh-Ran e Fors ro7% R sara P oss e2Fanrash

B e T

e

Fixed Point :.... G e
FIR Design =~ =™ &%
{} The system now meets the 3GPP
W-CDMA specification with the baseband ACLR_U10 ACLR_US
Begin Early Verification design co-simulated with the RF design 49.201045 34.646249
Testing with Connected |] ...potentially saving costly design turns ! | :
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Case Study-Step;6:

Use Connected Signal Source for Early Verification
Testing of RF Amplifier

Modify Template for
3G Specification

¢

Evaluate System
Against 3G Spec. ;
Partition Requirements

¢

Desigvn Circuit ;
Verify System Performance

3GPP W-CDMA Early Design Verification Test using
Connected Signal Source Solutions

&

Design Bavseband ;
Verify System
Performance with RF

Driver Amp.
3GPP W-CDMA RF Circuit ACLR & EVM
Signal Source Upconverter Design Measurements
'0"?1I|D"|.€V
R . e B
I:v‘; " ’IIEI " %
Efaﬁ:— = ..
et ettt a BT i
: L Designl Tuning Tomsm e
Simulation Variables Variables ADS Connected Signal Source

/7
The output of the ESG contains the RF and fixed
point design impairments. This allows the power
amplifier prototype to be evaluated before the entire

system is built
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ConnectediSolutionsiliest Setup




Simulated and Measurement Results at Output of the
Amplifier D.U.T.

s Agilent 16:30:31 Now 27, 2081 W-CDMA Measure % Agilent 15:30:81 Mow 27, 2801 W-CDMA Measure
| |
MS  Ch Freq 1.95000 GHz cgg’;‘_:‘:r' MS  Ch Freq 1.95000 GHz Code Domain
ACPR-FFT: RRC Filter On 3GPP f i Mod Accuracy 36PP
ACPR Mod Accuracy
(ACLR) (Composite EUM)
Intermod OPSK EVM
Multi Carrier Power Stat
Power CCDF
GHz
Spectrum Spectrum
Total Pur 5.74 dBm/ 3.84 MHz Emission Mask (Freg Domain)
ACPR-FFT: RRC Filter On _
Lower .
Occupied Waveform
BH {Time Domain}
More More
Lof 2 i 2 onip Active Charnels: 2 2z

W-CDMA ACLR Meas. - E4440A PSA - W-CDMA EVM Meas. - E4440A PSA -

The simulated results agree well to measured, especially at the 5 MHz offsets:
Offset Simulated Measured

ACLR @ 5 MHz upper offset 35.9 dB 35.9 dB

ACLR @ 5 MHz lower offset 35.9 dB 35.7 dB

ACLR @ 10 MHz upper offset 44.4 dB 45. 3 dB

ACLR @ 10 MHz lower offset 44.1 dB 45.1 dB

EVM 2.98% 3.2%
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Connected Solutions BER

EVM

* Transmitter specification
« Fast and useful for troubleshooting Tx and Rx errors
* Use uncoded signals

BER

* Receiver specification

* Long simulation times

» Challenging measurement

* Requires coded signals and receiver (RF & baseband)

ADS + ESG + Signal Analyzer Connected Solutions
» May offer early BER testing of prototype designs
« Can use VSA signal recordings and ADS-based receiver models
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Erelimmarnyidnyvestigation

Case Study:

Conceptual Signal Flow for Connected Solution BER

ADS EDA Simulation Environment

ADS W-CDMA
Signal Source

» BER Sink 4—‘

ADS W-CDMA Receiver [

ESG

____________________________

> puT. —» Signal | ==

b : Analyzer
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Coded BERWS: PhysicallChannel BER

Coded BER Reference Data
20 ms Frame)s/ 10 ms Frames

244 bits / 268 bits 804 bits 804 bits 402 bits 490 bits 49 kbps

DTCH I . Add CRC ﬂ . 1/ 3 Rate I > 1st Frame Rate ;
Data Bit Tail Bits Conv. Code Interleave d Segment Matching CCTrCH
TrCH 2nd

>
100 bits 120 bits 360 bits 360 bits | 90 bits 110 bits | Mux | [|Interleave

DCCH I ) Add CRCﬂ > 1/ 3 Rate I ) 1st Segment Rate [|_,
Data Bit Tail Bits Conv. Code Interleave P & Match Matching 11 kb? 60 kbpS

40 ms Frames

DPDCH 60 kbps I Scramble Code >
Data Bits @ 3840 kcps I
SF=64
PhYSICa| Data OVSF Gain
Channel Generator 225
S ble Cod
BER Ref. Control OVSF cg:;i er:to(l)' &
Data
D 15 kbps Q 3840 keps Q
Pilot, Powe \
I Scramble Code >

DPCCH COIItI'Ol,
&TFCI Gain = - 2.69 dB

Control -
Bits Physical Channel| Page 28 --'-_-.,.-;-- Agilent Technologies




Erelimmarnydnvestigation

Case Stucy:

Test Setup for Connected Solutions BER

Event 1 ill] MHz
] 10
544?8‘3 EsG RF Test Cable N 20640 VEA MHz
mignal Generator
(%ﬁfitho t 002) ADS-Created rigge 1
- Real- World Test Signal rigger In
I IEEE-1304
Lan Cable PC with 89600 SW
and ADS
o Recorded
1 sdf File
3 i
, +
ADS Connected | Custom Real World Measurement Signal | AT3 Ceonnected
Signal Source Test Signal in ADS From VSA Signal Analyzer
=i EI
E] EE AN e e )
{3l el o i
— = |F- e S = > | =
- S | " === =
= = |lpa ~ PO -
= mme- =
Advanced Design System EDA Tool
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Case Study: Stepii

prelimmarnyidnyvestigation

Run ADS Connected Signal Source Schematic to
Turn Simulation Signal into Real RF Test Signal

ADS 3GPP W-CDMA Uplink Source and

Sinks to Store Reference Data for BER Measurement

e o T O e o [ o

533
¥

Download 80 frames of data

Download ADS Data to E4438C ESG
Using Connected Signal Source

F 1amafume- 3!

Simulation Variables
and SetUp

H——n o
|-
- h

f‘:
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Case StUdy Step 2 Preliminary Investigation

Run ADS Connected Signal Analysis Simulation to
Perform Connected Solutions Coded BER

Set Event Triggering on ESG & VSA
89640 VSA |[Record Waveform Read ADS 3GPP W-CDMA Source
Read Recording into ADS Reference Data Previously Stored T
| i e i e i a5 =
Read Measured Data —%
from VSA Using Connected e ek S —_
| Signal Analysis || !r?_h e e 1
© =
[ ] > e
Sl e Read Reference Data
erii Attenuate Signal to and Measured Data to
i Approx. -121 dBm Measure BER Using ADS
et .t e, AT e 28 in Simulation 3GPP W-CDMA Receiver

FF _F imrp 1550 MHr
“SamplPs THol + ChoPe Hol SamploPs Tho
F iammbiums 21

Simulation Variables
and Set Up

D zll Furrem £ op= F 1amaium-|
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Case StUdy Step 5 PreliminaryInvestigation

View Connected Solutions Waveform and

Demodulated Bits (Preliminary Findings)

7]
% 07 Comparison of Simulated Source and Measured VWaveforms
S :
wd = -
= 505 . Original ADS
= 0.5
g £ " Waveform and
S F 04
c ol Measured Waveform
5 £ 2] Compare Well
[T =
Qo g 014 Blue Tyace= Simulated Reference \Waveform Magnitude from ADS W-CDMA Signal Source
‘>“ Fed Trace= Measured Wawefarm Magnitude from 89600 WSA into ADS
0.0 r r
< 10 20 ] a0

Blue Trace= Simulated Signal
Red Trace= Measured Signal

Tirne {us)

DCDmpariSDn of Simulated Source Bits and Demodulated Bits from Measured Waveform

0.94
o] || | I' | I' I' || || Original ADS Bits and
EE: Bits from Demodulating

04 Measured Signal in ADS
0.3 “ " “ " " " || Compare Well

0.2
0.1

0.0 : : : :
257 277 247 32 332 157

Bit Count

Blue Trace= Simulated Reference Bitstream from ADS W-CDMA Signal Source
Fed Trace= Demodulated Bitstrearmn of Measured Signal from B9600%34A into ADS W-CDMA Receiver

Demodulated Bits
Simulated & Measured Bits
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Case StUdy Step 4 Preliminary Investigation

View Connected Solutions Bit Error Rate Results
(Preliminary Findings)

Preliminary Phrysical Channel (Uncoded) Bit Error Rate Results

1.4

— = 1.2
@ #
S &0
g o u_g_-
X o
o :ég = 0.6
— T g4l "
OX g ] Physical Channel

~ T 0.2 i 0
£x | (no coding), % BER
s O "0 & 10 15 20 25 30 35 40 45 A0 &5 B0 RS 70 75 80
8 E Frames {1 Frame=10 ms)
(' Preliminary Coded Bit Error Rate Results
x T
Wweoc 3
m-—-— =

Q i
>c o
e8] I,
o — : g
EO =
P e
e 5
o 5 o

Coded BER (DTCH), % BER
-1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Transmission Time Intereal {TTI) CountTT1= 20 ms)
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Case StUdy Step ) Prefliminaryldnvestigation

Run Simulation-Only BER Simulation for Comparison

ADS 3GPP W-CDMA ADS 3GPP W-CDMA
Uplink Source Receiver

Physl o _Charrel_BER,
D H_in
PG Hbat T
* Modulator Demodulator — bToH_BER
o L el -
YT AETDaLE,
DTEH_In I ET
TFI: N N T = THk;
. RF o I _P—l_.
g ™ wan ceunn = pusrerce
. 2
ralETme=0TCH_12_2_kips cT N1 Wik Rit
Fizamier- AF_Freq MHT Firarmier= RF_Freq MHT
Rower=dbm kwi-121) R 1S
WRE 1 S0 W

_ Simulation Variables
and Set Up

wm:

Samples PErCHps

Frame Hum =21

TImeSiep= 1432« Samples PerCHp)
TImeS:kop= Frame Hum/10

FlllerLerg be 15

RF_Freq=1560

OFd
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Case Study:Step 6

Physical Channel BER (%)

DTCH BER (%)

Preliminarydnyvestigation

Compare Connected Solutions BER Results to
Simulation-Only BER Results (Preliminary Findings)

Preliminary Comparison of Physical Channel (Uncoded) BER Results

Blue Trace=
Simulation-Only Results

Red Trace=
Preliminary Connected
Solutions Results
Using Real HW Source

Connected Solutions and Simulation
Coded BER are Both 0 %

14

1.2

10

0.8-

0.6-

0.4 Physical Channel

02 (no coding), % BER

o+
o 5 10 15 20 25 30 35 40 45 50 55 BD BS Y0 75 80

Frames (1 Frame= 10 ms)

1 Preliminary Comparison of Coded BER Results

. /
§ Coded BER (DTCH), % BER

-1

Transmission Time Interval (TT1 Count (TTI=20 ms)

0 2 4 B 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
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® ADS can help verify system, RF, and baseband designs
together in one simulation design environment

® Agilent ADS Connected Solutions can help in
transitioning between design and test for verification
throughout the design cycle

® ADS Connected Signal Source and Signal Analysis can
help minimize risk throughout the design cycle and
reduce development time
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