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SUMMARY

In this study, we implement the real-time channel simulator that
can be adjusted on the various signal environment such as
IS-95, WLL, and IMT-2000. To implement the channel simulator,
we analyze the data format and channel modeling of each signal
environment and simulate their performance.

The important issues treated is followed :

(1) Analysis of Signal Environment for 1S-95, WLL, IMT -2000
In this section, We introduce several standardizations of CDMA
such as 1S-95, WLL, IMT-2000 and perform the channel
modeling for each signal environment.

(2) Performance of Channel modeling
we simulate word error probability to check the validity of
channel modeling of 1S-95 and WLL. It has been assured from
the various computer simulations that the ratio of desired signal
power to interference signal power is 256 and 64 which is same
as calculation result.

(3)Implementation of channel simulator
We explain how to implement the channel simulator and adjust
the various algorithm to the channel simulator. Introducing the
channel simulator, It can be possible to analyze the performance
of systems operated on the various CDMA environment and be

developed the more innovative channel simulator.
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. Synch Channel
154

Encoder T ail

k=9



152 8 T all

( ) Paging Channel
Paging Channel
Channel 20ms
20M'S BST
6 ‘O
. Convolutional Encoder
632 8

() Traffic Channel
Null Traffic
Forward Traffic Channel .NuII
, 20ms
( ) PCS Channel

PCS Channel Forward
control and Reserved information)

32000bps . Paging
634
Encoder T ail

k=9
T all

20MS BST

Foward PR(Power

4000bps
20ms
20MS BST
: 74
6 ‘O Encoder T ail
. Convolutional Encoder k=9
72 8 T ail . PR
DTX

. PR
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DTX

( ) Packet Traffic Channel
Packet Traffic Channel
Forward Packet Traffic Channel

Scrambling

Packet Traffic

Channel slot(PDS : Packet Data Slot) 20ms
PDS 20MS BST :
20ms . Packet

Traffic Symbal 20MS BST

Forward Pilot Channel

Forward Traffic Channel

(2) Channel

() Information Bits Generation
WLL Forward Traffic Channel Analog
Information Bits :
Information Bits convolution Encoder

( ) Convolution Encoding
Convolution Encoder 12 9 . 8
0,0,0,0,0,0,0,0

Qo (X )=1+x+x* +x* +x°

5+,,7

g1 (X) =14+ 244X +x°
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Genarator Polynamial g afx)

>0 o—>
Infarrmation
Bits
1 }I{ _{ _—{ }_ j }_ :v:i{tﬂu?ﬂ
='-"..I.l' '-'-é ="EE‘-’ AL L™ T E'_.':\.!S L :.-:l
Genarator Polynormial g 1{x)
. 2-2-2-2 Convolutional Encoder
() Symbol Puncturing
Symbol Puncturing Information Bits input 64kbps
. Information Bits input  80kbps
160ksps  symboal 5 symbol
128k sps :
144k bps 288k sps symbol 9
symbol 256k sps
() Block Interleaving
burst error  random error
coding gan block interleaver
. Forward Traffic Channel 5ms frame
8kbps 16ksps*5ms = 80
symbol interleaving
interleaver
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. 2-2-2-2 64k/80kbps  Block interleaver
( ) Seria to Parallel Convert
Block interleaving  symbol symbol |

symbol Q .

() Symbol Repetition
Channel Serial to Parallel Convert Interleaver
128K sps

( ) PN Sequence Spreading
Forward Channel 2%-1
long code 20ms
64 chip  serial to parallel converter



128Kk sp
8.192M cps(128k sps*64=8.192M cps)
Sequence

P(x)=x 2+ 4+x2+x +1

S

MEE

| Reverse Link Long Code Seed

L L 4

¥
P
S
¥
Mg

.
—ré—rﬁ—:-—i—ln- vae —m 31

L J
32

b J

. 2-2-2-3 Long Code Generator

() Quadrature Spreading

PN sequence spreading 4
|- channel Q- channel (Hadamard
Code) , 4 Hadamard Code H2, H3
I Q . Chip rate PN spreading
8.192MHz
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(1) Channel

() Access Pilot Channel
Reverse Access Pilot Channel ‘0
Access

() Access Information Channel
Access
8000bps 20ms
Synch Channel

() PPCS Channel

, Reserved Information

; . Reverse PPCS
Channel 20MS BST
. Reverse PPCS Channel 20MS BST 20 MUX
, IMUX Ims 16
8
4 :
Reserved Information
2
() Traffic Information Channel
20MS BST . DTX

5ms 5ms 20MS BST
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Null

() Packet Access Pilot Channel
Reverse Packet Access Pilot Channel ‘O

() Packet Access Information Channel
Reverse Packet Access Information Channel
8000bps 5ms : 34

6 ‘O Encoder T ail
. Convolutional Encoder k=9
32 8 T ail

() Packet Traffic Pilot Channel
()

() Packet Traffic Information Channel
Reverse Packet Traffic Information Channel
64000bps 5ms : 5ms

4*NUM_PACKET _SLOTS
320 C

Convolutional Encoder k=7
6 ‘O , k=9
8 ‘0 .
8 ‘0 Convolutional Encoder T ail
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(2) Channel
Imformation Bits Generation, Convolution Encoding

Symbol Puncturing, Block Interleaving, Serial to Parallel
Convert PN Sequence Spreading, Quadrature Spreading

() Symbol Prerepetition

Symbol Prerepetition 1 2 o1 Symbol
Prerepetition Serial to Parallel Convert , Serial
to Parallel Convert | Q
, 2 Symbol
Prerepetition Serial to Parallel Convert , Serial
to Parallel Convert | Q
Symbol Prerepetition

BPSK (Symboal Prerepetition 2 )

QPSK (Symbol Prerepetition 1 )

() Symbol Postrepetition
Symbol Postrepetition

3. IMT -2000

. CDM A 2000 W-CDMA

IMT - 2000 CDMA W-CDMA
CDMA 2000
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W-CDMA
coding group
( Cell Searching )

CDMA 2000 GPS
PN short code offset sequence
512 PN short code
W-CDMA Direct spreading
DS-CDMA CDM A 2000 3
2-2-3-1
2-2-3-1 parameters
W-CDMA | CDMA2000 (3X)
Duplex FOITID FINNFrequency division Duplex)y
Multiple Access DE-CDMA MC-CDMA
Chip R 384 Meps LaRod Meps
Carnier Spacing 5 MHz 5 MHz
Fraome Length 1l m= {variable frame interleaving ) Smes, 10 ms, 20ms, 4ms, #lms
Cell search Specified Codmg Group Short PN Code offser (GPS)
Muhi-RateVariable Rate || Variable Spreading Factor + Multicode (OVEF) Variable 8F + Multicode {Cuasi-Walsh)
Convolutional {(K=2, R=1.2, I'}) Convolutional (K=2. B=12, 1/3, 1/4)
Channel Coding
Tusbo (K=3. R=1/3) Turbo (K=3, R=1/3}
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. CDM A 2000

CDM A 2000 IS-95

3

IS-95

multicarrier
IS-95
(@h) radio configuration
CDMA 2000
radio configuration multicarrier
multicarrier

Transmit diversity system :
CDMA 2000 Radio Configuration 1 9

RC(Radio Configuration)1,2 IS-95 system
M odulation , RC 345

Spreading Rate 1 Transmit diversity

RC 6,7,89 Spreading Rate 3
multicarrier system

- 52 -



(2) CDMA 2000

| FORWARD CDMA CHANNEL

for Spreading Rates 1 and 3
[SR1 and SR3)

l.n.um ifan

Do i !"-|,||r|I'||_||1 | :'-'Hia'i'-ip | OI:I"'I.'k
3 Pilod Bvne Tl Broadeast || .. & ©
Assignment || Power Condral || Contral : | = 7 Channel || Paging
; . Channels || Channel || Channele || Channels T 34
Channels Channela Channels [BR1) Channels
| Forward || Transmit Muziliary [] Auxiliary Transmit
Pilot Diverssty Pulot Filot Diversity Filod
| Channel || Channel Channeks Channels

Common Power Control

Q-1 Dedicated
Cantral
Channel

31 Fundamental Powear Cantinl
Chanmnel Subehanneal

U7 Supplemental
Code Channels (Rado
Configurations 1-2)

=% Supplemental
Channels (Radio
Conbigurations 3-9)

2-2-3-1 CDMA 2000

Common Assignment Ch.,

Ch., Pilot Ch., Common Contorl Ch.,

Sync Ch., Traffic Ch., Broadcast Ch., Paging Ch., Quick Paging
Ch.,

() Pilot Channel

data

. pilot channel
Transmit Diversity pilot
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Forward pilot channel,

channel, Auxiliary pilot channel,



Auxiliary Transmit Diversity Pilot channel
Forward pilot channel IS-95 pilot channel

Transmit Diversity Smart Antenna system
Transmit Diversity pilot channel, Auxiliary pilot
channel

( ) Sync Channel
IS-95 coverage area

modulation rate |S-95
BPSK modulation

( ) Paging Channel
Spreading Rate 1 System
overhead message

48 kbps 96 Kkbps IS-95 paging

channel modulation rate 192 ksps 1S-95

() Broadcast Channel
overhead message SMS broadcast message

access
paging broadcast
paging
( ) Quick Paging Channel
CDMA 2000 packet mobile
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paging
Quick paging channel : slot
paging channel Quick Paging
channel mobile slot

() Common Power Control Channel

Reverse Common Control Channel Enhanced Access
Channel

update
Reverse Common Control channel Enhanced Access
channel mode

( ) Common Assignment Channel
Enhanced Access channel  Access
packet random assess
Common Assignment Channel

( ) Common Control Channel

( ) Dedicated Control Channel
Radio Configuration 3-9 . Traffic
channel , ,

( ) Fundamental Channel
Forward Traffic channel
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channel . RC1, 2
|S-95 RC 3-9

() Supplemental & Supplemental Code Channel
Forward Fundamental Channel

Supplemental Channel RC 3-9 :
Supplemental Code Channel RC 1.2

(3) Long Code Scrambling & Power Control
- long code scrambling
. scrambling modulation symbol rate
bit repetition :
- Common Power Control Reverse Common Control Channel
Enhanced Access Channel
scrambling Forward Power Control Subchannel

« Power control Subchannel Forward Fundamental Channel
Forward Dedicated Control Channel
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2-2-3-2 Long Code Scrambling, Power Control (RC 6-9

(4) Demultiplexer Structure
scrambling signal point mapping
QPSK modulation . QPSK

I Q
Spreading Rate 1 TD mode

RC 3-5 2
I Q Spreading Rate 3
multicarrier RC 6-9 3 multicarrier

3 Q

Spreading Rate 1 ( 1X ) | & Q
mapping
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(5) I and Q mapping for Spreading Rate 1
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.
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2-2-3-41 & Q mapping for spreading Rate 1

Spreading Rate 1 TD (Transmit Diversity) mode
Non-TD mode . Non-TD mode Reverse Link
| & Q mapping
, TD mode

IS-95 Walsh code length
IS-95 Walsh code CDMA
2000
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Walsh code

|S-95
QPSK
code

Functions(QOF)
Spreading Rate 1

Q
. TD mode

. CDMA 2000
CDM A 2000(1X)

BPSK

TD mode

CDMA 2000
W alsh

Quasi- Orthogonal

| & Q mapping

Demultiplex 2 I

2 symbol

REVERSE CDMA CHAMMEL
RS and RO

Enhareced

AccEas ACCess
Channel Chanmel
Cperation
,
Reverse

Rewverse
IO IO
Coirtrad
Cheynned
Operation
/ ¥
rd

mapping

Roewverse
Traflic
Cluarnel
Qrperation

/ LYY

Filot Channel

Reoeverse
Filot Clannel

R ey
Filot Channel

Enhanced Access
Clharne]

Heverse Comimon
Convtral Cheanmel

Reverse Dedicated
Control Channel

Reveraes
Furnciaimmental
Clhanne]

Heverse
Supplemental
Channels

Rewerse
Power Control
Subchanmel
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2-2-3-5 CDMA-2000 IX Channel (RC 3 4)

(1) CDMA 2000
() Access Channel
Call originations, Responses to pages, and Registrations

Short signaling message

() Reverse Pilot Channel
unmodulated

spread spectrum signal : phase reference

() Enhanced Access Channel
MAC messages, Response to pages, and Call originations
short message Access channel

moderate- sized data packets
( ) Reverse Common Control Channel
digital  control
information
( ) Reverse Dedicated Control Channel

Call signaling information

() Reverse Fundamental Channel
traffic channel
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Walsh code
Spreading Factor Relative gan
Real Imaginary
(Complex Multiplexing)
QPSK
. CDM A 2000

() (Channel)
CDM A 2000(1X)

Fundamental Channel

(Supplemental Channel)

Common Control Channel
Dedicated Control Channel
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Mo lation

Symbol
Chanmel wﬂc MMI Rd' Okl Symhol Symbal Block
me | y & | z
Bits Chaality Encoder = ‘:.rTl‘l.m | Repetition Punctone ™ Intesrkemer =_H@
Indecator Tad Bits o |
[ats Rate
Hits / Fraime Eiits. [hyprs) R Fartor Deletian Symbok  Hate [ksps]
24 Bitaf5 ms 16 0.6 14 2*None 384 Tl
16 Bata /20 ma e 1.5 114 16*1 ol & 1,536 Tol
40 Bits/Mnms & 27 1/4 1ol 9 1,336 Tobfn
20 Bita/ Hm ms B 4.8/n 1/4 o 1,536 ThAn
172 Bis /2o ms 12 G0 1/4 D*None 1,536 Tolfn
J60 Bitaf2m ms 16 19310 1/ 1¥Home 1,506 ThAfn
744 Bits/20nms 16 Bafm 14 1#Hone 3072 153.6/n
1,512 3i|$||'2£m ms 16 ThBfn 1/4 1+ Mo 144 3|'.I?.2||' 1]
3,048 Bits{Hm ma 16 1516/n 14 1#Hone 12268 Bld4/n
&, 10 Bits /0o ms 16 307 2 {3 1*Hoee 18,432 R RTE
12,364 Bitsf20m ma 16 Elddfn 12 1*Hone 5,86 1,843 30

1 to 12,263 Bits /200 ms
Maites:

1. nis the length of the fmme in multiples of 20 ms. For 40 channel bits per frame, n = L or 2. For mare than 40 channel bits

pef frame, n=1, 2, 66 4.

2-2-3-7 Data Channd

( ) Walsh Cover
CDMA 2000(1X)

76.8

(Fundamental & Supplemental Channel)

ksps

( Symbol rates )
( Data rates )

2-2-3-7

Quasi-orthogonal Walsh function

1.2288 Mcps

2-2-3-2
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Channel

, 76.8 ksps
Dedicated Control

Channel

76.8 kspsx 16=1.2288 Mcps ) 16

8, 4, 2

2-2-3-2

( 76.8 ksps )
2,4, 8

Fundamental

Symbol Duration

Walsh code length

(

T. = /12288 Mcps = 813.802

=Tw ,Ts = U768 ksps = 13.021

T X 16 =Ts
Data rates 96 kbps 19.2 kbps | 38.4 kbps | 76.8 kbps | 153.6 kbps | 307.2 kbps
Symbol rates| 76.8 ksps | 76.8 ksps | 153.6 ksps | 307.2 ksps | 6144 ksps | 921 ksps
Walsh 10
(fundamental) 8, 4, 2 4, 2 2 2
Length 8 4 2
( ) Relative Gain
(
Spreading Factor )
() Complex Multiplier
Real
Imaginary Spreading | channel
Q channd QPSK

- 65 -

( Power Control




(x+jy)(a+jb) = (xa-yb)+j(xb+ya)

e -
1+
; = L3
r'.x-%. i
1 " 7 4
o A
o — T "
* Ts
et
a :Pi bo:Py

2- 2- 3-8 complex multiplier

. CDM A 2000
(1)
CDMA 2000 1X
convolutional turbo coder  encoding
symbol ®»B,0
walsh complex scrambling
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T
Suppsanman el ; e Redative
Channede 5 * Tain

D, lr _ i

Filot Channel E

} - ) - | Channel
Dadicalad (5" g5yl Mol )

ool " | )

Chanms P o -

Fundamental ] >._<.__._' i |5 G o k\ e O Channal
Chaanru r in i Y ,T, i T
-'I" : _hi—h, ngl:' .
2-2-3-9
2-2-3-9 | Channel Q Channel I
Channel (DrP: - DiPo)cosw.t , Q Channel (DrPo +
D Pi)sinwct . s(t) (2-2-12)

s(t) = Ich + Qch = (DrP: - DiPo)coswit + (DrPo + DiPi)sinwct

(2-2- 12)
(2-2-12) cos ¥ = DrP:i - DiPq .
sin ¥ = DrPo + D/P: (2-2- 13)
I + Q
_ _ .1 DgrP+ D\Pgq 9.
s(t) = cos(w.t- @(t) , where @(t)= tan DePo- D/, (2-2- 13)
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(2)

m” dmienng  element

(. }"« cos 2t — (urid + § -+ {m — m dmsin A, )]

(D, + j D )e Jibtlm g i B

2-2-3-10 CDMA - 2000

N
. CDMA -2000
Mo
2-2-3-10
Mo m
Xm(t) = cos[2aft- (P(t)+ ¢+ (M- mgy)xsin )] (2-2-14)
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, TTsing, m

¢(t)
k 2
(2-2-14) in-phase quadrature

(frequence down converter)

(2- 2- 15),(2- 2- 16)

Xm= cos[2aft- (T(t)+ ¢+ (M- my)xsinb,)]

Xm 1, dc(t)y=cos|[ P(t)+g - (M-mo)mM sinb «)]

= cos P(t)cos[g +(M-mo)Tt sSinB «] - sin Z(t)sin(g +(m-mo)TT SIiNB «)
(2- 2- 15)

Xm.q.dc(t)=sIN] @(t)+@ +(M-mo)TT SiNO «)]
sin Z(t)cos[g +(m-mo)Tt SinB «]+cos & (t)sin(g +(m-mo)Tt Sind «)

(2-2- 16)

cos Z(t), sin ¥(t) (complex scrambling) , COS ¥

(t) = DrP:i - DiPq , sin ¥(t) = DrPo + DiP: b=y

(t)+g +(m-mo)t Sind «

Xmidac(t) = (DrP: - D Po)cos® - (DrPo + DiPi)sind
(2-2-17)

Xm.qdc(t) = (DrPo + DiPi)cos® + (DrP:i - DiPgq)sin®
(2-2-18)

(2- 2- 17),(2- 2- 18)
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fOTS[{(DRP,- D,P)cos@- (D,Pg+ DsP)sin@}- P ]dt= Dg- cos®- D, - sin @
(2-2- 19)
fOTS[{(DRP,- D,Po)cos®@- (D,Pg+ DxP)sin@} - Pgldi= - D, - cosd- Dy - sin @
(2- 2- 20)
fOTS[{(D,PQ+ DeP)cos@+ (DgP,- D,Pg)sin @} - P ]dt= D, - cos@+ Dy - sin @
(2-2-21)
fOTS[{(D,PQ+ DeP)cos @+ (DgP,- D\Pg)sin @} - Poldt= D+ cosd- D, - sin d

(2-2-22)
in-phase (2-2-19) (2- 2-22)

, Quadrature (2- 2- 20)
(2-2-21)

Xp()= 1y + Q= (Dg - cos@- D,-sin®)- j(D, - cos@- Dg - sinQ)

= (Dg+j + D)) [T M mimnd) (2-2-23)
(2- 2- 23) (pilot) ,
m
M . .
Xn( = 23s(De " M e () (2-2-24)
M y5()
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16k k

3 nm(t) m O
(SNR) (AWGN)

. W-CDMA \
W-CDMA CDM A 2000 Multi  Carrier
RC(Radio Configuration) CDM A 2000
Channel W-CDMA

/ / Link

Channelization Codes
/ Spreading  Modulation

(1) Channel

Forward/Reverse link
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Transport Channels Physical Channels

DCH ————— Dedicated Fhysical Data Channel (DPDCH )
Dedicated Physical Control Channel (DPCCH)
RACH—————— Phyvsical Random Access Channel {PRACH)
CPCH =——————————— Phyv=ical Common Packet Channel {PCPCH)
Common Pilot Channel (CTICH)
BCH —————— Prmary Common Control Phyvsical Channel (B-CCPCH)

L-,-*.,:'H? Secondary Common Control Fhysical Channel (5-CCPCH)
PCH

Svnchromsation Channel (SCH)
DSCH ——————— Phvscal Dovwnlink Shared Channel (FDSCH)
Acqusition Indicator Channel (ATCH)
Access Preamble Acguisition Indicator Channel (AP-AICH)
Paging Indicator Channel {PICH)
CPCH Sratus Indicator Channel (CSICH)
Colhision-Detection/Channel-Assignment Indicator
Channel {CTHCAICH)

2-2-3-11 Transport Channel Physical Channel
M apping

( ) Transport Channel

(D DCH (Dedicated Channel)
- (Physical

Channel) DPDCH DPCCH Mapping
(@ RACH(Random Access Channel)

- Information

(3 CPCH (Common Packet Channel)
-RACH RACH



CPCH M essage

E-Mail
@) BCH (Broadcast Channel)
- Cell Specification, ID, Power :
Scrambling.
PCCPCH
& FACH (Forward Access Channel)
-DCH
Control Packet Data
CPCH E-mail
FACH E-mail
(6 PCH(Paging Channel)
(D DSCH (Downlink Shard Channel)
Transport Channel Logical
2-2-3-11 Physical Channel M apping
: DCH Physical Channel
DPCCH DPDCH M apping DCH Logical

RACH PRACH M apping
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Transport Channel Mapping
Physical : M apping

( ) Physical Channel

Transport Channel M apping

Physical Channel
(D CPICH(Common Pilot Channel)

- IS-95 Pilot Channel
Phase

(2 SCH(Synchronization Channel)

-W-CDMA GPS
SCH

Synchronization Channel Group
Search P- SCH (Primary
Synchronization Channel) S- SCH (Secondary
Synchronization Channel) P-SCH

slot
S-SCH 1-frame
Sequence
Search

(@ AICH (Acquisition Indicator Channel),AP-AICH (Access
Preamble Acquisition Indicator Channel),PICH (Paging
Indicator Channel), CSICH(CPCH Status Indicator
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Channel),CD/CA-ICH
Collision- Detection/ Channel- Assignment Indicator Channel)

- Coallision
(2) Channelization Codes
Cch,l,O =1
-( 2.0 _[[‘T\:h.l_ﬂ (1;'J.'.|.'ii' ] |:] ] |
_f 21 ["ﬁ.--h.lxu _r:l-.-.-n.u 1 _1_
I E:x-.: g [ I (..-:; 3o ('.-\.'u 4 _
{.'.n\:"l ] f1:-.-: il _{“_l- i
L i f'_,,.:d : (
{'.'Ia mel ] g = {"-.J-.!I _{'...'. 1
( k Ll almel (T.-f. 1 ( k17,2t 1
TR ( - .
|S-95, CDMA 2000 W-CDMA
OV SF (Orthogonal Variable Spreading Factor)
IS-95 Walsh
Channel Different Rate
2 by 2 2 2
4 by 4 2 by 2
Channelize Code
2-2-3-12
Tree
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Cen sF K SF  Spreading Factor k  Code

number : ,  Cehao Spreading Factor 4
Channelized Code O (1,1,1,1) :

tree Orthogonal

2-2-3-12 Cen 20 Cenao
Tree (Branch)
(1,1 (1,1,11)2 0 Orthogonad
Caap=(1.1.1.1) [
Can={1.1N ]

Caa=(lix1-1y |

Cango=1

Caci=eletlay |

Cazi=(l-1) ]

Caua= (1111} |

SF = 1 SF=2 SF =4

2-2-3- 12 Code-tree for generation of
Orthogonal Variable Spreading Factor
(OV SF) codes

3) Spreading and Modulation
() Spreading
2-2-3-13 SCH Channel Downlink Physical

Channel  Spreading :
P-CCPCH, S-CCPCH, CPICH
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Any downhink
physical channel

i f—:l.'|l.5|".:l
except 3CH

—

vl @

2-2-3- 13. Spreading for all downlink physical

channels except SCH

Different downlmk
Phyaical channels
Gy

{point 8 in Figure 8)

G: | p)
P-SCH ——a= Z e
(pont T in
Gp Figure 113
SSCH —-g)—p
Gis

2-2-3- 14 Spreading and modulation for SCH and

P- CCPCH
2-2-3-13
Serial-to-Parallel I (Imaginary)
Q(Quadrature) M apping . Real chip sequence |
Q mapping Complex Chip Sequence
Sain, Complex Scrambling code
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Scrambling Code Downlink

Scrambling Code Uplink
2-2-3-14 2-2-3-13 P- CCPCH
2-2-3-13 SCH Channel
Spreading M odulation Combined
2-2-3-14 Gn weight factor
combine
weight . 2-2-3-18 S
2-2-3-14 2-2-3-14 T
2-2-3-15 T M atching
() M odulation
cos{mt)
Re{T} |Pulse-
Complex-valuad Split " shaping[
chip sequence T real &
from summing imag. im{T)
operations parts - ::;ﬁ;g T

f

-sirfomt)

2-2-3-15. modulation

2-2-3-13 2-2-3-14
2-2-3-15 Modulation
Modulation rate 3.84 Mcps
2-2-3-15 QPSK  Modulation

4) Spreading and Modulation
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(

) Spreading

(1)) DPCCH and DPCCH
- IS-95 traffic Channel

- DPCCH channelization code c.
channelization code Cin
- DPCCH 6

- Channelization code

DPCCH B gan facor
4bit 16

- 79 -

n
DPCCH

DPDCH

DPDCHhn



DPECH *\
! 1--’:{“- I-ILX_, -

Y +a
" o#-é\—-
d

=1 ﬂlu Q ,.-ﬂ.l
DPDCH, Y. LS Z h:’f“
| -
i

DPCCH *
-é- I-I:)_(j -

2-2-3-16 Spreading for Uplink DPCCH and
DPDCH

- Gain factor I, Q chip

complex-valued stream .

- Complex-valued signal complex-vaued scrambling code

Sapchn . scrambling code

38400 chip long code 256 chip short code
scrambling

(@ PRACH (Physical Random Access Channel)

- physica random access channel preamble
message
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- preamble message Spreading

Factor 256 16 symbol signature seqgunce
4096 chip preamble
- PRACH message data control
DPDCH DPCCH  spreading scrambling
spreading  scrambling ., scrambling

code long scrambling code

Cy B

PEACH messape
data part

PRACH message 0O
comirol part —"{?_‘(?_.
C, i
2-2-3- 17 Spreading of PRACH message part

(3 PCPCH (Physical Common Packet Channel)
- physical random access channel

PCPCH message
data part —'é)_’
PCPCH message

control part 4’(?‘_}_’

Ce

2- 2-3- 18 Spreading of PCPCH message part

- physical random access channel preamble message
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scrambling code

()

Complex-valued
chip sequence
from spreading
aperations

physical random access channel

spreading

scrambling

per second)

Complex-vaued

chip

modulation
Re{s} _ | Pulse-
Split | shaping
real &
imag.
borts | ImiS) _[Puise-
shaping
2- 2- 3- 19.

long scrambling code

cos{ot)

‘l

-ginfot)

modulation

Modulation chip 3.84 Mcps(chip

spreading
sequence

QPSK (Quadrature Phase Shift Keying)

. W-CDMA

(1)

W-CDMA
. W-CDMA

CDMA 2000

complex spreading

- 82 -



L I COs Wl

+ y
(N | Channel

I—I—-‘—'-

T
DPDCH(D ) —»=(} -

e el
DPCCH(D ) —» % == (S—={X—  QChannel
. i ;[ - -ch wit
2-2-3-20
I Channel data information
DPDCH (Dedicated Physical Data Channel) Q
Channel control information

DPCCH (Dedicated Physical Control Channel)

: Ds Dec
2-2-3-20 | Channel Q Chann€ I
Channel (DsP:1 - DcPo)coswct , Q Channel DdPo +
D P )sinw.t : s(t) (2- 2- 25)

s(t) = Ich + Qch = (D«P: - DcPo)coswet + (DiaPo + DcPi)sinwct

(2-2-25)
(2-2-25) cos¥ = DeP1 - DcPo .
sin ¥ = DsPo + DcPi (2- 2-26)
I + Q

D, +D.P
s(t) = cos(w.t- @(t)) , where (1) = tan'lw (2- 2- 26)
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W™ Amtentia  element

Ko = o] 2t Oyl g dm - mp B sin 8, 0]

/\.

oo i b Xd—mnﬂ.':_.r!

ra’

F —l—::.-—.'l-—._l -':I:_M—Pp
ol T
2-2-3-21 W-CDMA
N
. W-CDMA
Mo
2-2-3-21
Mo m
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X (t)= cos[2aft- (P(t)+ ¢+ (m- mgy)xsinb,)] (2-2-27)

o(t) , TTSINg, m

k 2

(2-2-27) in-phase quadrature
(frequence down converter)

(2- 2- 28),(2- 2- 29)

Xp= cos[2aft- (P(t)+ ¢+ (M- my)zsinb,)]
Xm, i, dc(t)=cos[ ¥(t)+ad - (mMm-mo)TM Sinb «)]
= cos P(t)cos[@ +(Mm-mo)Tt SiNB «] - sin ¥(t)sin(g +(m-mo)Tt SinB «)

(2- 2- 28)

Xm.qdc(t) = sin[ Z(t) +@ +(M-mo)TT SiNO «)]

= sin ¥(t)cos[g +(M-mo)1t Sinb «] + cos Z(t)sin(g +(M-mo)Tt Sinb «)

(2-2-29)
cos Z(t), sin @(t) (complex scrambling) , COS ¥(t)
= DsPi - DcPqo . sin@(t) = DiPo + DP S =y(t)+o
+(M-mo)TT SINO «

Xmidc(t) = (DePr - DcPo)cos® - (DiPo + DcPi)sind
(2-2-30)
Xm.odc(t) = (DdPo + DcPi)cosd + (DsPi - DcPo)sin®d
(2-2-31)
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(2- 2- 30),(2- 2- 31)

fOTS[{(DdP,- DPo)cosd- (D.Pgy+ DyP,)sin®} - P,]Jdt= Dy cosd- D, - sin®
(2-2-32)
fOTS[{(DdP,- DPo)cosd- (D,Pg+ DyP,)sin®} - Poldt=- D - cosd- Dy- sin @
(2- 2- 33)
fOTS[{(DCPQ+ D(P)cos @+ (D 4P - DPgsin@} - P ]dt= D+ cos@+ Dy - sind
(2- 2- 34)
fOTS[{(DCPQ+ D4P)cos D+ (D 4P - DPg)sin @}« Poldt= Dy cosd- D, sin @

(2-2- 35)
in-phase (2-2-32) (2-2-35)

, Quadrature (2-2- 33)
(2' 2' 34) ]

Xp()= 1+ Q= (Dy-cos@- D,-sin@)- j(D,: cos@- Dy~ sin Q)

= (Dg+j - DJe @M mznd) (2- 2- 36)
(2- 2- 36) (pilot) ,
m
M j in g
Xn( = 23s(De " M e () (2-2-37)
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M » S (1) j

16k k
y N (1) m 0
(SNR) (AWGN)
3
m
M j(m- mgy)zsin g
Xn(= 2s(e " M e () (2-3-1)
M ,Sj(t) ]
16k k
y N (1) m 0
(SNR) (AWGN)
(2-3-1)
m
0 = % Kz Ly ¢ 27( £ 408 @) sat- fo 7)Y - H(Me mo)asin by "
*n(0= 22 (Zs(te o) e ); (1)

(2-3-2)
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Ky ,

L, scattering component , fg , e
v Tk .0 «q SCattering
mg . ]
k cluster scattered

. (Z'j,k,q;rj,k)

m
k PN correlator
X Llll= Iq:-c:u,,u =Thi . i (2_ 3- 3)
¢  chip
Kk PN correlator
1 G- 1
Yiimln] = 75 2 6llinlx nlGn+ 1] (2-3-4)
,Glhinl ] n symbol  spreading sequence
I , G Processing gan
(despreading) X; «[1]
Yixln]
X L= D¢ L% 2l 0 e[ 111 (2-3-9)
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Yi k[l = Iyjcalnly) ol nl=y; onlnll ' (2-3-6)
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1 1S-95

IS-95
word error probability : word
(Processing Gain) 256

, chip , power control
M
r(t)= rTi}l[l(t)cos(wlﬁ g o)+ Q(t- T /2)sin(wit+ @ )] (3-1-1)
T. - one chip duration.
[(t) = Pa (t)Wa"(t)Ci(t)
Q(t-Tc/2) = P(t-T/2)Wn"(t-Tc/2)Co(t-T/2)
Pn(t) = m : long code
Ci(t), Co(t) = short code
D m - (64chip duration) carrier phase.
Wn’(t) = m Walsh code W,
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4 u[t] 3+ ?_\_'
“m[ oy,

b v
Wocozw | J::}{_"‘X_{ m ¥
Sl T L2 P T ) ._I__._,i_“_l_

" * by T UL G T i
) 4 . S '—I-| =T, 2]3-}-—-—" o
L—p}{'—l-' P ] rlqﬁl_-‘x- —— 3} :JEF = § D:JT;EH
el ] & o
_01.(_'1—[}5 Vs < W % 1 Zg g
o] I e B
i, SEas, DR e
[ =-.-.:| Pt el | | _. : -+
. [:°F
< W T iEE]
3-1-11S-95
, 3-1-1
LPF
r(t) = [r()x coswt] oupas= *1 2 [ cos(@ )+ Q(t- Tc/2)sin (e )]
= % ﬁl[Pm(t) W, () Ci(t) cos (@ m) + Prm(t- T/2)W,P(t- To/2)Cq(t- T /2)sin(e )]
(3-1-2)
M
ro(t) = [r (9% coswit] oupas = mZ [Q(t- T¢/2)cos(g m)- (D) sin(@ n)]
=1 ﬁ] [Po(t- Td2W,P(t- T/2)Colt- Tf2)cos (8 1) - Pn(t) WyP(t) Ci(D)sin(e )]
(3-1- 3)
PZ()= Ci()= PA(t- T./2)= Ch(t- T /2)=1 i
3-1-1 du (t),

dio(t), daoi(t), doo(t)

d (9= r (> C(Hx P (Y
= _21[W|p(t) cos(g ) + Pi(DP; (t- T/2)WP(t- T./2)Ci(1) Co(t- T./2)sin(z ;)]

+ 5 2 IP(OP (YW (D cos(a o)

m=1m#i

+ P(OP, (t- T/2W,P(t- T./2)C/(D Co(t- T, /2)sin(z )]
(3-1- 4)
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dio()= 1, ()% Co(t- T /2)x Pi(t- T,/2)
1

= S [Pi(YPi(t- T/2)WP(D) Ci(YCq(t- Tc/2)cos(z )+ WP(t- Tc/2)sin(z ;)]

+ L 3IP(te TU2PA(OW, () Ci() Colt- To/2)cas( )

+ Pi(t- T /2P n(t- TJ2W,P(t- T./2)sin(@ )]
(3-1-5)

do ()= ro()x C()x P (1)
1

= S5 [Pi(OPi(t- T/QWP(t- To/2)Ci()Cqo(t- Te/2)cos(e ) - W'(1)sin(z )]

+ = ﬁmﬂ [Pi(OP, (t- T/2)W,"(t- To/2)Ci(D) Cot- T./2)cos(o )

m="1,

+ Pi(YP () W, " (D sin (2 )]

(3-1-6)

doo(t) = ro(t)x Co(t- T, /2)x Pi(t- T./2)
1

= 5 [W(t- To/2)cos(a i)+ Pi()P; (t- To/2)WP(1) C, () Co(t- T/2)sin(e )]

w3 [P(0P, (t- TU2W, (1 T./2)cos(e )
+ Pi(t- T /2P, (1) W, " (1) C (1) Co(t- T/2)sin(a )]
(3-1-7)
. 3-1-1 Dig = <d||(t), Wq> . <a, b>
correlation : , Ding
Diiq= <dy (1), Wo(1)>= — T,8 pcos(8 )+ Ny (3-1-8)

Moz [0 SRR ()W, () cos(o )
+ P(OP, (t- T J2)W, " (t- T./2)C\ (1) Co(t- T, /2)sin(e )] dt

y Wq q WaISh . y Nll,q G(O,

(M-21)/2*Tw)
phase term . 1S-95
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Reverse link ,
interference ‘O . ,

1
DIQ,q: <d|Q(t), V\/q(t- TC/2) >= _2 TW6 quOS(@ i) + NIQ,q

M- 1
Nigg= G0, —5—=*Ty)

1
Dq q=<dg (1), W(t)>= > Tud pqC0s(2 ) + Ng 4

M- 1
Nog= GO, =5 =*Ty)

1
Do q= <dgo(t), Wy(t- T./2)>= > Tud pq€0s (@ ) + N g q

Ngg.q= G(0, M=L+T,)
(3-1-8) (3- 1- 11) 5oa
Wq 417 , 407
1 64 64- Walsh

N
8
1

=Dy q* Dogq= Twd pqCOS(@ ) + Ny g+ Ngg q

| Tu
V(M- 1)*T, G( M- 16 pqCOS(2 i), 1)

DIQ,q' DQI,q: TW6 pqSin(ﬂ i)+ NIQ,q' NQI,q

, cochannel

(3-1-9)

(3- 1- 10)

(3- 1- 11)

Twd pqcos(@ )+ G(O,(M- D*T,)= G(T,0 pcos(@ i), (M- 1)*T,)

(3-1- 12)

= Ty sin(@ i)+ GO, (M- 1)*T,)= G(Twd xsin(g ), (M- 1)*T,)

[ T, .
=y (M- )*T, G( mfqusm(@i), 1)
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, 6 o 417 407

. 6 pqg ‘1I | Wp Wq
: : Walsh correlator 0 . Zq
Z,= ni]l[ch2+ Z4% (3-1-14)
p=q , Zq 2 (M-1)*Tw noncentral chi- squared
RV , honcentrality parameter
Tw 2 Tw . 2
A= [ M- 1 COS('0 |)] + [ M- 1 Sln('0 |)] (3_ 1- 15)
-— TW
Ve

Z; probability density function

Ao +raied
prfa) = oove (| 2% ) azo (3-1- 16)

= 0 , otherwise
, 0°= (M-1)*Tu . , PZ q . ,
Zq 2 (M-1)*Tw centra chi-squared RV , Zqg  pdf
P (a)= —e " g2z (M- )*T, (3- 1- 17)
! 20
word error probability . Pu(e) =1- P.(C)
. Pv(C) word : o
W , Z1 B ,
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Pu(C [Z,=B)=Pr{Z,<B ,Z;<B,....Za<B |Z,=B}

a2 : (3- 1- 18)
R 1 - al2? _ | 63
= 11 [ e da = K ®(B)

20 °

B 2
K(B) - fo 1 e-a/2cr da

,Pu(e) =1- Ez { KB ) }

Pu(e) = 1- E;{K*(B)} (3- 1- 19)
=1 [ ke )?129_21“ N \/g ) dB
, 0% = (M-1)*T. interference power
, word error probability M, Tw
: SIR power T.’
interference power (M-1)*Tw , Tw/(M-1)
CDMA Tw chip : PG SIR
PG/ (M-1) . 1S-95 word
256 chip PG 256 . PG 256
Pw (e)
|S-95 Pu (€)
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=] =2 = [} = =2 Q 9

(Emg

3

30

2

15

10

Mumber of usear, M

WORD error rate

USER

3-1-2 1S-95

(3- 1- 19)

10

error

10

probability

256

PG

despreading

256

PG

word

WLL

WLL

64

(Processing Gain)

CDMA

WLL
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Power / (
Power) * (1/Processing Gain)
Power
' Power
Power
Processing Gain 64
3-2-1
1 /
Power /
Power 1/ 64
0g T
07 ;_/‘“
J/’
"
_ UG} &
L 05f s
B rd
& o
a4 ]
"ny s
B r.
=013 Wy
.
= a2t -~
01 ™
o all i i i i i i i
L 4 10 15 1) 25 i 36 40 5
 of intefera

3-2-1 PN /
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1
4-1-1
PC PCI EVM
EVM
DMA
powear & program .
using JTAG
FCI slot
Ev BT ME ] A0 Ef
H=dE
A ME Mg
4-1-1

EVM EVM

PCI PC . PC data

monitoring
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4-1-2

4-1-2

REEET ELOCK

RESET

EFSOM BLOCK

4 BIT EFRCM #1

4 BIT EPRCM M2

4 BT EFROM #2

4 BIT EFROM #4

| magewock [
o
EMULATICN
: CLOCK BLAOCK
£ KDDE
AR R |
= -.-Ir:-.' = | PLL CIRCUIT
e
wEs B cR-L =
g
CPU | 137MHz
TMS320C57T01 =
SRAM BLOCE
G BT SRAM
LERE EEET | CEO &
- 18 BIT SRaM
Y | CEo#2
| 16 BIT SRAM
CEZ #3
| POWER SUPPLY HIII:I' EETEAAN
] CE2 #4
SV CONVERSION | B g
PTERMAL —= 1.8% : T —— . |
|




4-2-1
4-2-2 .
8 RESET , CLOCK ,

JTAG , McBSP , POWER , SRAM , ROM ,
chapter

4-2-2
1. RESET
T M S320C6701 us
rising time falling time 10ns
LTI reset
M axim M ax 708T . chip 3

level R, S T
. R type 263V, S type 293V, T type 3.08V
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3.3V

M ax708T . 3.3V chip
TI pull-up R3
reset . 4-2-1-1

reset

I
 HEE N " o e e
EEE J i uf.-:?'l' | & 0
[T m ;[ 14
LR i —’T'-’-‘- ¢
a0 LA LTI RAITODT e
R
"D

4-2-1-1 reset

2. CLOCK
6701 CPU 167TMHz
. 132MHz
. 167TMHz XDS
DSP . DSP
CLOCK 33MHz
CLOCK 33MHz x 4 mode
132MHz
131xxxMHz
4-2-2-1 PLL
1%
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clock

G o =iy TN

g Rl
1_ E -_:" 174 N
Ty P i B e HIE?W F

= ?:r.r -:E.mur e

= == i

b 0.15F
ACF 451832-1535-T
[_=riLD
4-2-2-1 PLL
3. JTAG
JTAG 3V 5v . JTAG target
5 pin PD 3V 5v
XDS  reset . JTAG
10.368M Hz target
4-2-3-1 header pin
TCK_RET
TCK
4-2-3-2
JTAG XDS pod 6
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TMS

TDI

- 3

PD{Vcc)

TOO

— -

TCKE_RET
R

TCK

9

- 11

EMUO

13

10

12

14

1 TRST

— -

GMD

MO PIM

GHND

GND

GND

EMLIN
- -

4-2-3-1 Header pin

e I
o
4-2-3-2 JTAG
4. McBSP
DSP  pin
7
16pin ar
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ound

pin

ground



McBSP

-
E
5
T 8
@ I
I k2
i Pl 1
1 e
e CLE!
T ULE |
LEE  { CLES1 I CLEsg || Lt
He || CLERL CLERD 3
R ] CLExd cLn; ]
DiE | 1 § L
eam Wi RN
Eif | FERL FERO P
s || FEXL F3X0 B
THI32006701

4-2-4-1 McBSP

5. POWER
. 12v 5V
5V DSP 3.3V 1.8V
. 2A
TI LTI
TPS3305-18  TPS5602 regulator . 33V
regulator 1.8v
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0 el = A
o A B g
—-c:'"fuyn:'.c I

Ee Lot

6. SRAM

SRAM DSP
3.3V 3.3V
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sV 3.3V

DSP 32bit 20
SRAM 16bit 16
2 SRAM
I/O
L0000 L0000 2k % 286
o= 16M X 8 ____Internal Program
ceo)  External 6040000
O . 4M X 8
01000000 External
. 4M x8 -
' ' External 01400000
Y 16M X 8
01400000 2K X256 H;;E»]} External
Internal Program K
On -chip Peripheral On -chip Peripheral
7 R
CEN00000 CEN00000
. 16M X 8 . 16M X 8
cez | External cez | External
e PR,
000000 000000
- o e
CE3 na CE3 rna
 — R —
oEHOCC000 E4K X B CEODC000 64}{ X E
Internal Data Internal Data
4-2-6-1 4-2-6-2
0 1
4-2-6-1 XDS

4-2-6-2 ROM
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3 CEO, CE1,
CEO0O CE2 SRAM
DSP 4-2-6-3
C | :r;.-':w
AL =15}
AL D0e-153
Eal2-~21} — UE
DSPiso-sn]
BE3.2
HET.10}
|"l.!-:| b Voo :
: |:'.'-'-.*|.'
1 AlD~-15)
DE1E—51)

— LB

4-2-6-3 SRAM connection

BE (byte enable)

CE2

. ROM

32
8 4
7. ROM
ROM
0 ROM
4-2-6-2 1 .0
ROM 64K
CE1l 8bit
6 . ROM
4 ROM
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OsP. ~

DSP mode

4-2-7-1 ROM connection

pin 11 . LENDIAN
PLLREQ1 3 , CLKMODEO 1, BOOTMODE

0 4
pull-down
pin :
LENDIAN high little- lendian low
big- lendian PLLFREQ1 3
4-2-8-1
50- 140MHz | 65-200MHz | 130-350M Hz
PLLREQ1 low high low
PLLREQ?2 low low high
PLLREQ3 low low low

4-2-8-1 PLLFREQ

132MHz

PLLREQ
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CLLMODE PIN high CPU

low CPU

BOOTMODEO 4
ROM XDS
Tl
BOOTMODEO 4 mode
4-2-8-1 high 0 low
BOOTMODE[4:0] [memory map 0 booting
0/0|]0]1 0 MAP 0 |32bit async external memory XDS
0/ 01|01 MAP 1 internal program memory XDS
0/0j1]1 0 MAP O external memory HPI
001|111 MAP 1 internal program memory HPI
0/1]0]1 0 MAP 0 |32bit async external memory| 8-bit ROM
0| 1]1|0]|1 MAP 1 internal program memory 8-bit ROM
1/0(011]0 MAP 0 |32bit async external memory| 16-bit ROM
1170101 MAP 1 internal program memory 16- bit ROM
1710110 MAP 0 |32bit async external memory| 32-bit ROM
1711101 MAP 1 internal program memory 32-bit ROM
4-2-8-2 BOOT MODE
XDS
00010 00101 ROM
11101
4-2-9-1 XDS MAP1
MAP1 CEO  400000h

100
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100h
CEO SRAM

ol iaw axaber OO

JTERET

anigned

H
ed lotg o) wERbsr|
e Ch=lp 421000 5

i+l
R WETTERIDOAN & (v 0]
L

= ammale,

ITE AR + SR, m L1

Ak CAFF Libk
- 3 L

16 Wewinn
1599 Taxew - -

(]
[exTporaced
| IR

4-2-9-1 CEO

4292 CE2

4-2-9-2  CEO
CE2

. CE2  2000000h

100
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g b, g
o B0
i

+ 1aiEdd - 3]

4-2-9-2 CE2

10.
EVM
EVM clock
PLL
clock .
EVM clock
EVM clock
4-2-10-1 EVM
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input

/10

DX

I-E'"“::-c"’"ﬂf

DR M  —aDR

[RES

EVM o —~—___ —"*Channel
(Interface rsa = = ran
module) . fﬂu_HxSimulatDr

o
CLKR f“’/)(\‘t CLKR

CLKS CLIKS
4-2-10-1
EVM
clock mode
EVM clock
4-2-10-1
clock

clock 33MHz
CLKGDV 12
V13
EVM 33.25MHz

13.3Mbps
. EVM
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output

EVM

bit



TEQ_WTTTE | D AT ER_OOUNTETL ALOF: 1
T 1

| ¥
i e | FEOO_ERD ¢ Mot 2 AT ET TR AR
DA ETOF | P82 0

|PETL_FERS ¢ Il L STERL COOMTE PRI N] 3
STOH [ DR,

~H

4-2-10-2 EVM

4-2-10-2 DMA EVM
. 3 error 0
. EVM

. DMA
4-2-10-3
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ek p_REd_Lal | ]

TR R e
mitmp_rece buf (1] v 0:

a 7.zl it 11
mtrep_r i Sl | 0 mobep_ e b [ 1]

DHAYLDEET_ADM = f=oewn 1t | mkrep_rws_
FN_'IT!IME’U'\OHI‘LFW- T T
DHA_STANT THATHT |+
B = e g i | medege_simr_e Ty
3 CTAMTIN_LOTM, e acimm | §
o
D DHAS 37 ER_COLMTION_ADCH | | 1

Ll LHIp
BHA_STIOW (DHA_CTIE
L) Em.% I

TR T Tinil. mrreg

[Lok TRH

4-2-10-3
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(WLL, IMT - 2000)

IS-95
IMT - 2000 ;
1S-95, WLL
(Processing gain)
256 , WLL 64

(1S-95, WLL, IMT -2000)

STAND-AIlone ,

IMT - 2000

IS-95, WLL, IMT -2000
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WLL,

, 1S-95

IS-95, WLL,
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