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Sync channel superframe Sync channel superframe

Sync channel frame
[ 32 bits 26.67 ms—*

(4]
(g) Sync channel frame body (g) Sync channel frame body 8 Sync channel frame body
=

Sync channel message capsule

Message length held I Message body held |CRC held Padding held
l.«——— 8bits —*—2 -2002 blts—>|-430 bitse
Sync channel message —®%*Padding as required™]

< 93xNs bits »

Sync channel message+Padding

SOM Start Message bit Ns Number of Sync channel superframes needed for message transmission

< 3/ 1 ] [ a
31 2.7 Tassadasunas puuuvesdoyain 15 lusesdayanudan




2.1.2.3 ¥0IAYQ10UN03 (Forward Paging Channel)
F0ITYYIUNIN (Paging channel) 31 TAd Ty I aatigu1dlunsing (page) n3odu

o ' : at [ 4 - a ' s o =
MIAWNUIVDUNT DI INTANNIAADUNTADINITIZARARDAIL LAz AIvINNAN i FIUaINITD

- Ve y o o : e d a " o
AnReNUIA3 I InsAnInaouNNABInIs ldudInezdaasssosdyniuns Wi (raffic

v 3 a9 9 v A -

channel) A iuldlunisfnnesudedoyavesdidne i dasrindeyanlddl 2 vuiad

W

9,600 139 4,800 bps TAvTivuIAANINLIIVEUNTUININY 20 ms gAsHAIDAY N1dAD W1-W7
ad as - =) ' =1 = Y ¥ d’
nnomg: lunsdingasa wi-w7ilalinsldavegssuunansonsg 14svamariluns

¥
dedgyaudeyavedlyla Aevhunlfilusesdyaraunsmiln (raffic channel) unu gy

s

apumsadedygumeialdlugili 2.10

Paging channcl Code symbol
9.6 kbps 19.2 kbps Modulation Symbol Mudulaton Symbol

192 Kbps 19.2 kbps
——®=| Block Inerlcaver

5.8 kbps Convolution 9.6 kbps
Encoder -]

Rale='AK=9

Symbol

Repeuon

Ichanncl PN code

228K M

1.2288 Mcps ’*\ |

L Lt Ay g RF
QPSK Modulawr 8

P -

19.2 kbps

Long Code Mask p| Lome Code A Q-channel PN code ?
Generalor
1.22K8 Meps

PRI 1-10)

3UM 2.10 dunoumsadudaaisineis
Tuduusndyaramedsszgniinnidhsiasesdyanunouligduiisasmsdswer

iy R=1/2 Tavya Tnd Tufvaiildasznoudae

gl(x):1~i~x+)cz+x3+;c5+)c7+x3 (2.9)

g2,(x)=1+x*+x* +x* +2° (2.10)

civl vy Aa o a o oA VoW -
HAON IAADUBUANUDATINITUAIWUUY 2 INT ADININD 9,600 bpS o 19.2 kbpS INUU

YV o '

o " 4‘ o u‘.: a0 L o =3
N'l.l'lJN'ILI'NTﬁ I,Wﬂ‘l"l'nﬂi}ﬂﬁ']ﬂ'liﬁi'lfﬂ\'lﬂ\‘l 2 ﬂs:mvmmlmnmi‘.lu 19.6 kbps LIAENINITOU

=) 3 a a 4 a q; ]
lﬂﬂfﬁﬂﬁ.ﬂl‘llﬁﬂi'l']ﬁz 20 ms lﬁﬂﬁﬂﬂﬂﬂTg'ﬂ'LHJENﬂ'J'IllNﬂ“ﬁ’lﬂllﬂﬂlﬂiﬂ'éﬁﬂ‘lﬂlﬂﬂﬂuil’lﬂﬂfi}\‘l

dyay
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o i o o ° =Y o
Jyguiesnsiniaesduwmesanazgmirlaunsuida (scramble) Tavnisiinlduan
ar o ar s dl ‘; o e or
(modulo-2) numauam&ymwa%’wwuﬁnmwsmluﬂmmmuun (long code generator) 0%
= ad v o a s A ar [ -
WA dIuvesiudasHanuuelianyue Inssadwawaasluzli 2.11 moluag
[ [ A o Y ° a 9y
vsusznoududuiimihnlumssimuagdunuvesmsaunsuiiadeya JUiuvveIdees
:.'.:. b ar ‘:: -:; o = ar qy Y o =, o o ar :;d.
yatifi Inssadeasinaaslugdi 2.12 2sesduliaswanyueniIddutad iy dyyruid

a a 1 [ u’.: A [ Y a fd o Y A - =Y
2RI TUADYUN 1.228 kbps ﬂsuumamuxmq’nmmnﬂummmmuuwﬂumsmmm:umusn

u
(9 as

youRudYIUNNg 64 Ua wah ladedygiuniionsidnanaundemigiudyyiuiesn

(27

a o y ° o = '
9INVTDUADI aNAD 19.2 kbps tiveri1 T msaunsutane 11

L

° o W A A daa A Y w0 v a0 Y ]
TIMIUVVUADUNINADNUANHUSNATTUNUFDITYU I 2 ﬂﬁzlﬂ“lliﬂﬂvlﬂﬂa']').l?ﬂﬂu

wih Taoldsviaaeatygan wi-w7

L' KD DI EpE-Che-Th &

42-bit Long Code Mask

ot S AN

| Modulo 2 Adder
LSB

Long Code

JUn 211 nsedudygusiauuuen

41 29 26 24 232120 938 0

1100011001101 | 00000 | PCN 000000000000 PILOT-PN

PCN:Paging Channel Number

PILOT-PN:Pilot sequence offset index for the forward CDMA Channel

ai = (] a -
3UN 2.12 swoziBvagUuuuveIre TRy UINT
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2.1.2.4 ¥o3d e 1am3WHn (Forward Traffic Channel)

030 Y IUNS WA (traffic channel) ﬁ'Hf?m%'u%’uﬁaﬁ’ty’mﬁ1m1?ruaua:f°f'mumu1m5uq
anoasRNANEINS I9nuvesdidsimoad gafiaunsminnlFou1dine we-ws1, was-
we3 uaz Wi-w7 (Adimwiznaid 18 1 1Famedtu) ﬁﬂﬂﬁﬂ%gﬁm‘ﬁ"lumsﬁqﬁv{q
WA 4 LUVAD 1,200, 2,400, 4,800 1122 9,600 bps TAsAiviaveanilansuialueIiIiy 20

ms

Forward walfu channel Code symbol Modulabon Symbol ke
172,80,40 o« 16 symbol
bits/Trame RC ;
Add CRC for 9600 Add B-bit Encoder G hutonal —
—_— ] CET | SOTOMIONEL el ! ol Repetion - Block Interkeaver
&4K00 bps Rates tail Encoder Be's K=9
.6 kbps 92 kbps 9.6 kbps 19.2 kbps 19 2 kbps
4.0 kbps 4.0 kbps 48 kbps 9.6 kbps
20khps 20 khps 24 kbps 48 kbps
0K kbps 0K kbps 1.2kbps 1 2kbps
192 kbp
watgy channel PN code
Power control | 2200 Mc ps
butl K00 bps Tot
1 2288 Mcps
1
Data scrambler -
19 2 kbps L LETTRETT
- <
LN A MUX L NP QPSK Modulator =
‘\ FaRYy oy
19.2 kbps %00 11z Q
Long code mask
for user m Qhannel PN code nAuUR (- 10)
Long Code 12258 Mcps
) o Decunator - i
Generakw

1 2288 Mcps

[ v
31N 2.13 Tumaumsadndygiuns e

s

“ u‘.: g (] =1 1 n’:
UM 2.3 uaasduapumsad e sdyyruns mMn wemunluduasunsngeil

U o

]
as

danvazadwiuresdyyutszinmaui ldesuie3uda Aslinsdhswasesduyanuuy
a o [ o o a o’ Y n’: ar ay vd o °

Aou 199Fu MsMsWaIeas uazmsidumes aW nasnmiudyaiun Idneniwnimsa

unsudamiieulunsdivesvesdyaimneda minualunsdvesrosdyaunsMilnezing

Tddmdestusiauvueniuandiely TavTassadanldtanuazdauraslugii 2.14 dou

ar

14 "
Y04 Permuted ESN Wi Idunannmisadudumiavesiinlu ESN uanaluzdii 2.15 Tasiididy
b
s =)

qiife



Permuted ESN = {Ey,Es, Eyy, E\3, E4, Exg, Er7, Eg, Exg, By, By, Es,
(Ezs,Eve, E7,Ep9, Epy, Evy, Ep, Ega, Ers, Eg, Egg, Epg, (2.11)

Ero, Ey, Ex3, Erg, Es, Exq, Eyg, Eo )

- -1 & o " 4 o w & A ' a
L'HG!Nﬂ‘\"lﬁﬂﬁllﬂ'ﬁﬂ'ﬁ'ﬂﬁ'ILl'rlu\ﬂﬁlﬁﬂﬂﬂﬂ’NUﬁuwuﬁ (correlation) 3£¥1313 SHALUUVYU

] i ] [} as 4" ar s t:; ¥ a b
uRnzyn Yoyandewruresdyanunsmdiniee Idsumsdndesnnmsanilai 1desue1i

3231 0
1100011000 Permuted ESN
31 2423 1817 0
MFR Code B YRR Serial Number
Number

31N 2.14 510a2100Av03 ESN

¥
wenIniIzuVEIMnnsnianeva lusosdyguns mind msulslunsaugu
o o ] 4 s s ¢.4 s 3/ (] s [l n’j (] =1 =
Mdedavounsoainsdwiindeuildoglusedumuzan Tavlumsdarivesdanios 1 da
' ) i = =1 ' . o o |
NNYFINIAT 1.25 ms (800 bps) MIndandsvoniiauilu 0 AMasauInnIee InsAnnindou
= 9/ o s 1 P o o @ 1 J 4-.§ o 1 a a0 S -
nezdoniimsliuaunividseshidsdsiunileszau utaniniahdeeeniiauilu 1n3eq
¥

o ad 4 ad a o aw 1
Iﬂiﬂwﬂlﬂﬁﬂu‘ﬂﬂﬂzﬁﬂﬂﬂivﬁﬂﬂ'lﬁﬂﬁﬂﬁﬂ

2.1.3 mydadyanuominsani lmaniligiu (Reverse Link)
o o ' e a Y | S [ = A A v
dmsumsasdyginluianeonnInsdwiindoun ludiaortigiunseiiGondn ms
¥ Ed
1901 1099 INTY (reverse link) WuiinNududoundiluinnisnsivud miziidaves

[ - 4 [ d v a ' v 4 @ o  a a R
dygrufiniesInsAnndesnivuiassuniuiemouduidvesdynrundioansin

L}
= o a

¥ v
anilgu antudsdesimsudsiaresdyaraidudeundi dnvisnaoiigudaing 1

o

) ' td
pImaMawgaie N aussan m lunsSudyaia msdedygraluiamaiiimes 2
Uszinm Ao

- %99 ”ngtymuaﬂmm (Access channel)

- 0T YYIUNTIWANUINGD (Reverse traffic channelj)
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o

adnyuzveInsuresdyy s lufienimsidonTosvindu1aluglin 2.16 dunah
a : o n’al [ w ad o 1 o
Tufirmnmsiyen lesnadmiverdoyasiadiduuuunailudssylsaanvessesdygyia

4 " 5 d. ) o ar ] = )
FaumnarnonlunsaveanisidouTosu lunldswareanuditsvenislsznnvestes

GRTRIEN]
Reverse CDMA Channel
(1.2288 MHz)
Access Access Traffic Traffic
1 oo n 1 (XN R ENERRNN "
_ yoadyaiuimun Aoy LongPNCode

31 2.15 msdagesdaaundiean TaoinTos Insfniinaoui

2.1.3.1 ¥OIA WY IMUBNIBA (Access Channel)

= Y s -~

TudinyoIvesdayIuuenya (Access channel) Tt invan fie 149 lunsaadyyin

LT

a a - a v

Fnuuadseen ldAdorligiuioveisumsaade lunsdind 19dean1se: Insoen uazldveq

“u

3
as ] o o =

dgygrailuns lasududygiusnuuadidiesnanamigiurum s sdyaaume

L o o

%3 dasmsdevesyesdygimuenisa siuaiilunineii 139 4,800 bps Taogtuuulunisds
» & " ' v '
wuldisuvmnamiiiy 20 ms naz Tundazsninezdoasuiinaiasetunaivesszuui
AWITONITAY 20 ms A3 dya o d10onHINFO Ty IMIDNIT LADIFIUNTEYIN
maaeqaanuaaslugili 2.17
Tnssadresveansuuiseendu 2 diu A Tadeyasiuou s ia uaz ihsadadau
b Y = = ar = o u‘; al =, {0 1 VoA 0’: °
Modn 8 Un A3 2.18 AnTudaT AN AINAUNINY (88+8)/20 ms =4 ,800 bps 31N UL
] b LY o - o c; é as c:
TldwmsidhsiauuunouTagFuiiar 88 fia Taverdurees luguit 2.19 Fuduaeesdsiad
idnnmadisiaidy 173 uazill Anuenasiinihiy 9 dauves idswadiadiuiosmou s
= ° 3= J: v = ° Y ] 1 o 1
taszdimualifisudugudimuanouiivgimadhsia snlugihemiuinaesdhniaild
b4 = daa ia’: o = o = d a da as
UsznouaiornAsImneiianun 8 A2 21995uanueg Ta 2 Bn 3 /1 uaziigUnssiaiagon 1 &2
2 o Y ar " v e =1 o [ o 3
Faimhiuseuiuanneadnif lAsinasssuinuegTa 2 fazd ndannifidunisidh

s o — J I
siauddasidndoyaszgaiu 3 mhnmwdiu 14,400 bps

60912



Code symbol Code symbol Code symbol

4.4 ksps 4.8 ksps 14.4 ksps 288 ksps 28.8 ksps
Information Bits T—_— Convolutional
-bit Encoder
(B8 bits/framc) | Encoder s Symbol Repetition — Block Intericaver
tail
R=173,K=9

I-channcl PN code

1.2288 Mcps
Modulation Symbol
(Walsh chip) |
4.8 ksps(307.2 k
SAl O mar 7 Aoy R
Dclay=406.9 ns QPSK Modulator
Delay
Q
Lcme_-_m"gcm o
ong c )
generator Q-channcl PN code ARUNM(1-10)

1.2288 Mcps

Ai : Y as a -:: (] ar '3 A.I P ar
3UN 2.16 Yumoumsasdyaawenalunamandnin Insdnwvindoun 1ds

GORTE RN

€ Information bits _____ gl Encoder tail !

88 Un 3 1in

e 96 1A(20 ms) |

3UN 2.17 Tasaadreveansuideesnrusesdagnuonaa

s

doyaidung

cl W
doyavuth

—L 2]

3 218 TasaadraaesidhswauuuneuTgiu



2.1.3.2 iaQt'r’munymmMﬂnmnﬁu (Revers Traffic Channel)
a b4 u'o 9 ' o “ "
UM 219 wanslnsaadnduaouvesnisadngesdygraunsiiniszann
o 4 - [ @ e = . o a o
Tnsdwmndoun ludaaoriigi 2esdswadygrandoanlslu 195 sxduliaunnng
4 4 g 3 B o R T .
(packet) 1 IUNTIIUANNANAG 20 ms Tasfivuianaue1veaunninalia linsinatiyuog
ar a Vg ¥ as o 1Y ' = =1 n’:
fulsamanavesdlFIinsdnsilas 1s-9s 1dniswiavewininaoonitluiasnua 4 oy
dafnaas I3 lumaed 2.1 dygui ldnniuaasluaisien 2.1 ssih hldsvauuuneulig
ar ﬂ'ﬂ s o L} @ = Ci " o é o o :'I o
Fuiiisasinmsdnswariiiy 13 waslmanuenasimi 9 Faildsuiludeany svia
daun1adn 8 Tianemodsiuaaslumsadoiu Junaiinsdinsasimsaadoya 4,800 uaz

9,600 bps 3£1M3 143 amsasvduaNUAaNAIAvBIMsdatoyaNIANTIIABIND S0 U

=1

=] = 9 = J -~ v’ 3/ o ar Vet ¥
asasuNiinnuAanainludeyanatunie hissesidisaasulgduilaiilnsaais

wuiRetuiulunstivesresdyanuuonsanannaas 1iluglhn 219

a ¥ o
MM 2.1 1538319989 NNA

Information Signaling CRC Code tail Total Bit rate
(bits) (bits) (bits) (bits) (bits) (bps)
171 1 12 8 192 9.600
80 0 8 8 96 4.800
40 0 0 8 48 2.400
16 0 0 8 24 1.200

an v ¥

ar @ ' Y a : ° o ¢
dyaui lavinaesithsavesdygiunoulaguinei ldidneessidieas 4
o v a a = : Y o = 4:: = [ n’: d;:;
Amihimuiadeyagunelisasiianvieoniinuniny 28.8 kbps msizaztiulunsun

s =

3 A = = [ : : = n’: ' [ = s
E}'FIi't“IJFHJ'lL'lﬂﬂJﬂﬂ'i'IUmﬂu R a2umMIaavaAuuUs1on 9,600/R-1 A 1TU 518?1511]?1111&%1“?11
- ! ' o ey 4 a e = o ° o a
Lﬂl‘l 4,800 bps 3ITUNMITTULATTUAYIDANUIUA inﬂuuﬁtgfgnuw"lﬁun:uﬂﬂmmsaumﬂ‘f
= ¥ ' = v w & A A a = ' o
fW‘lﬂ'JU‘IJ"NﬂTUJBﬂLYIWﬂUﬂ?TUU'I'J’UBQHNQLﬂSU‘HSﬂ 20 ms IUOIINDATIUANBDUNITIN

a oy gt Vo s : v = o o a‘: ny o
dumasaWlAUMIAY 28.8 kbps AIUTUTII871 20 ms VDI UIUTANITU 576 Ta (32x18)

£ o o a det 1Y A o = ' @ P '
Faezrhwmiimsswnesanaru3snsiduany lunsdvessesdyanauenaanuaasinou

»
=1

¥
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Forward trafTic channcl

Code symbol Code symbol Modulaton
1728040 0r 16
bitv/lrame symbol
£ Add CRC for 9600 . Add 8-bit Encoder - Convolitonal _>| Symbol Repesition I S—
&4500 bps Ratcs tail Encoder R=2.K=9
8.6 kbps 9.2 kbps 9.6 kbps 28.8 kbps 28.8 kbps
4.0 kbps 4.4 kbps 4.8 kbps 14.4 kbps
2.0 kbps 2.0 kbps 2.4 kbps 7.2 kbps
0.% kbps 0.% kbps 1.2 kbps 3.6 kbps
288 kbps

Framc Data Ratc
I-channel PN code

1.22K8 Mcps

Muodulason Symbol
(Walsh chip) ;
bdary " PN chip l'TtHDﬂDl RF
Data Burst
"B orthogonal I Delay=406.9 ns QPSK Modulator Lt
Randomuzer
modulator PN chip T
3l t 1.2288 Mcps J/ Detay 9 *

(307.2 kepe
Long Code by 3
Q-channe! PN code ADLMM(1-10)

gencralor

Long Code Ma,ﬂ*

12288 Meps

3% 2.19 Jumpumisadudgygruns i luiismenn Insdwiindeui Tudseariig

o @ o ' 3 o 4 o Y
Tudduaauine lua Y0993 64-ary A9n N voquamasvzulasdoyaiios 6 dalv

[ ¥
d Ao v

@ ar a 4 g ¥ - s w ¢ Hq Ve o
!.'ﬂu THHIVAT NUANWEIUNINDY 64 ‘lﬂjﬁ nTi'vﬂ‘ls 6 UANIUBDINININANITNIHAIDDY ‘Vﬂﬂﬂ.lﬂﬂ

£ Aaw =

A 2°~64 YANUDI WA IANAYoYaNTOR 1T AN 28,800/6x64 = 307.2 kWalsh (keps)

a

o s

- v o ' < v L = &
13014 4.8 kWalsh bps danadinisthsriaaead unldamlunisdedeyalutimnianininios

o o A - o = : ' ¥ o M) oy
InsAwrindoun lildeanrtig i (reverse link) uana1einnis Igausiadilumsdadoyaly

¥
=1

NAA5 3919 (forward link) a813%au Tunsdivesnmsiyon Tosvr 1y svamarii 19 d v

o

nunFeITyIMeDNIiU 64 %09

]
s —

{ L) A o 1 4
waun ldvnlsesueganes 64-ary xrit Il sdsiminidauas Tainaive

o o { : & 1 [ y = "o o
Aandyauidideusonly Famueanuineesdiuiiseinansenudedygiufimmniz

= Y

4 = ) ' e ' ' n‘;‘ - '
nsdifignsinvesdoyniimAindi 9,600 bps iy Tavsziimsilanardanaluynqgaenm

[ ] Ed
1.25 ms n309n9) 36 1a Funamsilallaziidnyuzdiinaasluziin 2.20 st ld9 fad

s a ' oW

lmfinvesnisdafisnsiiin 9,600, 4,800, 2,400 121,200 bps 92 I AUNIRY 100%, 50%, 25%

¥
Qo

uag 12.5% Muddu msn luiinsdedygiueen ldluuegsnaniuilss Temiins g

L] - s A 1 o
vwanlTunudyausuniuneluszuvadlddesdinalavasa sz uuamisasessy

: % 2
U lFuIms 1uniiu
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B 20 ms (576 1in) _

A |

- 1

—n-: <— 1.25ms (36 Un) 1
9,600 bps
4,800 bps
2,400 bps
1,200 bps

0 1 2 3 4 5 6 7 8 9 100 11 12 13 14 15

317 2.20 Metmsiallamnadiniumsdsnons 1WANA1A19

o o o A ¥ o ' a Y v A d e
Tuduasudamndyaiud lasei ldunsnszawadusenalssiamwunuve1 1l

o = ] o o = ar ] ar é
oas1FUT AU 1.228 Meps Taverdeasesuipvanulunsdive srosdygimmensd Fins

' A o 0’: ) J A P 3 A 3/ [ ﬁ ar a I

uwsnszvwndudy iy Insdnnindeuiudaziaiosss 19ga dautlesdusvauvunilae
o - 1 a P [} s ar o ) 4
mlfuanarenu glassadnswazidvavesaiutlosduswannueialavialal 1alugy

2:21

41 3231 0

1100011000 Permuted ESN

51N 2:21 swazbvagluuvves dautlesfuswaunueaTaona i

2.1.4 masAadsayailiunfasusaniala

1 L4 ] ~ . < ' = a
52U1 CDMA 92 19152 Towinngr19a1duu (quiet time) sznudoanalumisiiu

ar kY o =

ANNYFRITY I 2995 H AU (vocoder) NS uiGoudasidia’la Tagminnly (6] ves

o o = o 1w v { ! =
oy ezl sns 1 TaRuNmIAY 9,600 bps Tugrvaznlidvayany uazilieidoayanyans

niomdaflesduasedu dasriindeyaszanaumnae 1,200 bps 11TU A19A311A 2,400 bps

o a () n’: 1 T Y
uaz 4,800 bps figmimnlddredaudes hivesniaun 1,200 uag 2,400 bps Ardasfindeyans
5 1 ar as - L] H ]
Yusgiumsasuaustveudvayauazzgnaadula i ldmnmuizaunnq 92381 20 ms

a o 5 P o = = v a ) = '
Insfmiindeunzandanindoyanilav1diimsdadladoyadiudaningad lada Tugae

E
= A

YarNdns1inveasesidsiadoaiosndn 9,600 bps 18A510AMINY 1,200 bps A1AIA
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a [ " a ay a { o a [ a ° Yo aw 1
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4 o o« 4 P @ e @ a " s o
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ANALYSIS EFFECTS OF POWER CONTROL ERRORS ON BER FOR
INTEGRATED (VOICE AND DATA) SERVICES
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Faculty of Engineering
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ABSTRACT An analytical approach for capacity of
direct sequence-code division multiple access cellular.
The capacity is compared between only number of voice
and number of voice users and data users. The effect two
different factors on capacity is power control error,
processing gain and data user activity. By making use of
these expressions, the mean block error probability is
analyzed as a function of these functions.

Key word: CDMA, power control error (PCE), data
activity.

1. Introduction
Future wireless systems, CDMA is considered to be a
potential candidate for supporting multimedia traffic
(voice, higher rates of data) in cellular systems is well
known that, in cellular CDMA systems, power control is
essential for good performance. However, in a practical
power control system, power control errors occur. In
addition, when uplink fast power control is able to track
the multipath fading, the intercell interference increases
and results in the intercell interference increases
distribution function nearly lognormal. The reason for this
is that the power levels from mobiles transmitting to a
different base station than the considered one arrive at the
desired base station with a higher deviation because the
mobile’s transmitted power is trying to mitigate the fading
effect to another base station. This can be especially
significant when low mobility users are considered.
Capacity is defined as the number of voice users and data
users that can be sent by a CDMA channel with specified
quality of service attributes. Though the bit error rate
(BER) analysis in code-division multiple access (CDMA)
systems has received a lot of attention during the last
years, in much of the published research it is considered
only its average value. However, to know the statistics of
the BER is a very useful tool to understand the dynamics
of the system. Moreover, the impact of tracking the
multipath fading on BER in multicell CDMA systems
with fast power control is ususlly simplified or not taken
into account. In this paper, we estimate the average block
error probability the capacity of an CDMA system.

The capacity estimating derived from the model
dependent on two important factors: the received power
levels for different classes of users and the activity of the

users, it was shown that in a system with only voice users,
received power levels that optimize, system capacity
depend on the relative loading of the network and only in
a uniformly loaded system are equal received powers
optimal. In a fully loaded system, users at the cell
boundaries are severely limited by their peak power
capability. In this case, the capacity of the system depends
on the received power levels from users belonging to
multiple classes and having different power limitations.
The model is used to investigate this dependence. Further,
the CDMA capacity in voice-only systems is dependent
on the voice “activity” factor, which is the ratio of “speak™
to “‘silence”

2. System model

We consider both voice and data users in each cell is
divided into three sectors with equal number of voice

(N,) and data users (N ;) per sector. The voice users
transmit on a single code at a basic rate B while the data
users can transmit at a higher rate 7, B when r, number
of codes for parallel transmission in CDMA. Processing
gain, considered same for all codes is given by W /B,
where W is the spread bandwidth. The activity variable
for voice and data users as @, and @, respectively. The

received signal and interfering components are considered
as lognormal random variable for an imperfect power
controlled CDMA. The actual received power from a
desired user at the BS is

U=8g¢’ ()
and interference power as

= Se* @)
Let S, be the required power level at a reference base
station (BS), where S, =S, (S d) depending on voice
(data) user, Sand Rare Gaussian r.v. with mean
mg,Mmyand variance (:i'g,t‘J'_,zi respectively. We have
o =0/ where f=1In(10)/10 and o is the power
control error (PCE) in decibel.



All lognormal components are considered identical and
the correlation coefficients among all the components are
assumed to be the same. However the analysis presented
here can ecasily be extended when the lognormal
components are not identical and correlation among them
are different. For a reference voice user the intracell

interference consists of (N, —=1)+ N, as
Nl N,
L, :S‘_Zare’i +rdeZaL,e"' (3)
i=1 i=1
The intercell interference also consists of (N, + N, ) as

N, N,
= SvZave" +rdeZafde" 4
i=1 i=]

where Y, is a Gaussian r.v. corresponding to ith lognormal
r.v. We consider the following two r.v. ( 4,,4,) used
later to evaluate m, and o, with a simplifying
assumption of §, =8, = §,, which however can easily

be extended for a general case of §, # S, from [1]
2
o = E[gk]: ROk

I 5
. : m, +05a] — m,+0 5'75, )
—avzg +rdadZe

=1 r=1

2 2my+20}
= e | 5

! 1y
m, +20£F 2 m, +1‘03‘
=a,)e +a; ) e
i=|

J=1

n-lon y -
2 m, +m e +05(0, +T5+2r0,0.4)
+22i3 SN TEN W
v
i=1 k=i+l
Lol o z b
+ 2a2r22 Zem»wn“w 5(0,] +0ﬂ+2rlko”a“}
d'd
J=1 k=1+1
4ot 26)
05(o, 40, +2ro, 0. )
T e e T
dvid
i=1 j=1
Here m,,m_,m, arc means and 0,,0,,0, ae

standard deviation of the ith, jth and kth lognormal
components respectively; TasTu>Ty are the pair wise

correlation between them and ¢, =2N -1, 1, =2N,
and t=2(N, +N,)-1. Solving (5) and (6) we get m,

and Opas
1
mg = 21n(#.)—51n(#z) (7

ok =In(s,) - 2In(y;) (8)
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The correlation coefficient rg, between the signal and

interference is calculated according to [5]. The total
number of interfering components

S R
S:E[e e ]
i} 5.
:avzems+m,+05(a5+o,+2r,,a_;cry) (9)
i=1
2 mg+m, +05(ci +ol+2r,050,)
+a'dru,Ze' ’ ST =S
=1

Now considering ry =r,weget

_2In(9) - (m, + my)]- (o1 + })
B 2004

(0 (10)

The coefficient rg, is included in the BER analysis as
given in next section,

1. BER Statistics

The despread bit energy to interference density ratio
(Eb/No) can be approximated by a lognormal r.v. and
hence under Gaussian approximation, the BER for

constant received signal level is given as Pe = Q(e™)
where @ is a Gaussian r.v. with mean and variance as

] 2w
m =E ]n?+ms—mk (1

a

|
D6 Z(o'; +o; —2rSRaSo'R) (12)

a

Average over & , we evaluate the average BER as

BER = _[;Q(e‘" )g(a')dy (13)

Averaging over & , the mean probability of error can be
approximated as [2]

Pex %Q(e""‘ )+%Q(e""‘*‘5“‘ )+%Q(em“-ﬁa )(14)

2. Numerical results

This section presents curves showing the results obtained
for the BER. The following values of the parameters have
been used in our study: W=1.228 MHz, B=32 kb/s,

PG=128, a,=3/8, @, =1, PCE 0=1.0dB, v/d_=0.67,

r=0and r,=1. Fig. | show the BER performance versus
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number of voice users (N, ) when N, =6 for different

power control error variances (PCEs). It is seen that for
higher value of PCE (0 =2.0 dB). BER is more as
compared to a lower PCE ( 0 =0.25 dB) for same number
of voice users. Fig. 2 show the BER performance versus
number of voice users (N, ) when N, =6 for different
processing gain (PG). It is seen that for higher value of
PG=128 BER is more as compared to a lower PG=512 for
same number of voice users.

In Fig. 3 we show the BER versus number of data
users (V) when N =6 for different power control error
variances (PCEs). It is seen that for higher value of PCE
(0 =2.0 dB). BER is more as compared to a lower PCE
(o =0.25 dB) for same number of data users. Fig. 4 show

the BER performance versus number of data users (V)

when N, =6 for different processing gain (PG). It is seen
that for higher value of PG=128 BER is more as compared
to a lower PG=512 for same number of data users. Fig. 5
show the BER versus number of data users (Nd) when

N, =6 for different data activity (a,). It is seen that for
higher value of data activity (@, =1.0) BER is more as

compared to a lower data activity (@ ,=0.1) for same
number of voice users. And in Fig. 6 show number of data
users (N, ) versus number of voice users (V) for

different data activity (@ ).It is seen that for low of data
activity (a,=1.0), number of voice users is more as

compared to a lower data activity (&, =0.5) for same

number of voice users.

1. Conclusion

An analytical study for evaluation of BER for a cellular
CDMA system supporting integrated CDMA system is
presented. The effect of three different factor on capacity
is power control error (PCE), processing gain (PG) and
data user activity .We have studied the performance of the
system degrades in terms of the BER for different power
control error (PCE) , processing gain (PG) and data user
activity. The results obtained indicate that an increase in
the power control error or a decrease in the processing
gain leads to a higher error rate for both case of voice and
data users. The activity of data users must be controlled
tightly to prevent significant hits to number of voice users.
The PCE, PG and data activity effect on BER is studied
and higher PCE, PG and low data activity is found to
higher BER under similar traffic conditions.
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