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## 4370302421: MAJOR ELECTRICAL ENGINEERING
KEY WORD: DIRECT SEQUENCE - CODE DIVISION MULTIPLE ACCESS / CARRIER INTERFEROMETRY /
FADING CHANNEL / MINIMUM MEAN SQUARE ERROR COMBINING / FREQUENCY DIVERSITY

TRIRATANA ~ METKARUNCHIT:  THESIS  TITLE.  (SUPPRESSED  CARRIER
INTERFEROMETRY FOR DS-CDMA SYSTEM) THESIS ADVISOR: PROF.DR. PRASIT
PRAPINMONGKOLKARN, 77 pp. ISBN 974-17-1996-5

This thesis analyzed the cross correlation between the Hadamard spreading code and
carrier interferometry in time domain for improving performance of Carrier Interferometry DS-
CDMA (CI/DS-CDMA) system. Performance of the system is based on complexity and number
of users which affect the guality of service (QoS) in each class of service. A novel suppressed
carrier interferometry chip shaping was proposed and applied in DS-CDMA system for both

transmitter, which has spreading code selection, and receiver.

It is found from the resarch results that the proposed SC-I/DS-CDMA system can equally
effect QoS of each user. In this thesis the receiver considers three cases, firstly, the case of
perfect synchronization, secondly, the case with phase jitter and thirdly the case with frequency
offset. For signal transmission in fading channel, based on bit error probability, the proposed
SC-I/DS-CDMA gives much higher performance than CI/DS-CDMA system. By fixing bit error
rate at 107, signal-to-noise ratio required by the proposed SC-I/DS-CDMA system is less than
that required by CI/DS-CDMA system for 5 dB. In addition, the proposed SC-I/DS-CDMA can
reduce the complexity atithe transmitter'and receiver in FFT stage. Moreover, it can reduce the

number of weight functions used by MMSEC frequency combining receiver, for 50%.
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Multipath Delay Profile ¥nl@ann Anemanduswius (Autocorrelation) Eedauaadea

¥
aunsduNadandedynoannma fall

8(0) = BR (es0)- 1 (e30)
> ol5(;1) (2-2)

1



12

O, T :Symbol Duration
o3
()'32 ai
[ ] [ ] [ ] [ ] [ [ ]
| | I
12 3 4 N T
i

51/7 2.1 Fn8EiN Multipath Delay Profile

<l: % ’]“J a v . o o ﬁ o v o A A
At " LLUABYARNALTI TR (complex conjugate) A1 UNNNTUANANNUDLTIAITND

(frequency correlation function) W1lsainnasnnEleimsudnasuues ¢/ (r) e

8.(A) = [4.(x)- e *™dz (2-3)

[ %

o dlo 12 o 1% 1 o a dISJ o =K K
rmLL‘]J';‘wmﬂmlumﬂﬁquLqm@mslmmmumﬂmagameWmmwmmmu\mﬂumi

aeanslfanann ANNASLLLLILTINTE (coherence bandwidth : Af, ) TsunlAann A9n

YBINNAIFDILDAE (root mean square delay spread : 7 ) [10] Aldunlne

rms

z-rms = Vrz _(z_-)z (2'4)

Ine 7 Ae ANUssAanannisdniaads (mean access delay) 41M5UAa8819N199A
Ames 7, wanslansgl 2.2 Tnaae udninsssudeAmnandsunuuuusontdy Af, funan
e 7, duldarunsomldleanssusazinldainnisdnuazdimssidyoinluaniay

WInABNTBNTNA Ty 104a3e N1asvaanuAl Af, NdauldAa [10,11]

Af, = (2-5)

dldqj ' = = 1 dl 1 & 1 % a o ¥ 1
TuntAnas Afc LPENANAE WUUNIITAIMNNIWLULDLUDIT AN Q,m&l"nmwxlmm TnevinunlguLia

usindszinynaasdasdy i nangscecdu
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Wr

©

a L

L3}

A |._

£ of - RMS Dalay Spread = 46.40 ns
S

H

[+ |

% | I\ Meximum Excess Delay < 10 dB = B4 ns
g -rop A

]

] ﬂ Threshold Lavel = -20 dB
1

'2 ]

H Rah | ow e —"
]

E Maan Excass Dalay = 45.05 ns

a

= -0 : i E i i i i " 3 :

50 0 50 100 150 200 250 300 350 400 450

Excess Delay (ns)

3171 2.2 Fivatineniadneaaeg 7, . Aunswaes power delay profile N1eluanANg [10 ]

rms

dasdtyynunansainisanveaniluaesiszian [10] Seffauiey Amundng

a3l
afall

WOLBNTANATY YN UNARY (Af,) HUAINNINUNLBASATY LY UNEINNIANLATENES (BW)

-6 Af, < BW Aa desdtyniniiasieiuuiaanaaul (frequency selective

fading channel)

-1 Af.> BW Ra dasdtyayrnanansiuuldinanaaiud (frequency non-selective

fading channel) ¥z WARY3L (flat fading)
212  AMANHUEIRYTAIRANMWARILLLLAANANND

Tudesdyoouvppsuuiidanaud- daunsoiiaaulslunsaaansfane

'
a o

-&l = ¥ Qll ] Y ¥ [ a 4 1% o é{
PHANAINNABNNITNACANUBYAAVEDATILANIEN quslﬂﬂ'lqllﬂ'l']\?LLﬂU‘ﬂﬂ\iZﬁﬂJﬂngQ\‘lﬂumWN

al

Tudnendy TuszuuWCDMA AldAauAdIauauwingL-5 MHz viraliaduasssuuinadnst
dl dl 1 v t:lld a 1 o/ o o\ 1
dauniag uanIznadanninanlsede. 7, w0 ({ang1 1 AnaIdtyaneal)

wnnlusuum e

1%

Tnananasdtynraideiutesdryyinuvaasiuuiaananuiuansbfegln - 2.3

[

D

Narsnnlulamunan  Wedyanoiadduaen  s(f)  gnasinutesdnyninunamuLL
A dldld a o [ o dl

wanANRnENsRaUauasBNAadiu  h(r,7)  Wadaznszangeanlumiananiiiedann
r>T, iWlilfewiuwadludydnsafaaiulddaEandn  nsuninaenszudng

&uanmnl (Intersymbol Interference: 1S1) Awsuinmuanudalnainaasiad S(f)
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20 hit, I
(1) A, T} it}
i P W A N
0T 0 o Ton  Ter
4/3@\_1 - ~
—- —.u—[f}_\—f ﬁj_f_}_\_f

917 2.3 nsnavaueIBNiafueiad N ARSLLLIABN AN [10]

dl 1 a o a dl 1 o/ a dl 1
WANIUNIAALAUANBNNAGLTIANND IR ELELUTEL H(f) RTNANITAANDUNLANFAN

o o L
fuluadnasunuansneiu

2.1.3 AMANEMsIRITad AN ARILLUSIY (flat fading)

o o !

Avfudesdiyriniuuy flat fading @nansaiaauldilaszuuniadasnsls
P o , =~ o | o = a
angidaundaunuuey ulussuy GSM #ANndNunLIWInGU 270 KHz visasyuLfiag)
Tuan1zudnfaundioanlsdy ¢ des (Heandn 1 aunatdyanenl) wulumasaes
o c dl d‘ I | [ v o 1 . 2
seuuTnsdwindaun lwmsiaaiusii Anansucdesdtyuuil flat fading uansls
AagLn 2.4
angln 2.4 Tulamunaiadndsdivdesdyonninuy flat fading azlinisnau
auavauiadiily h(t,7) te9 << T. ASiuWadNeanunaziiANIINIzaEfianIa9a
desnnilaeunidasnandanenl asldlafunansenuaas 1SI dufulamuaaiuniu

anlnafuaasdyoronfeunmaanuisnasinugesdyonldly  adrdlafmuanssouy

ﬂﬂdituuﬁ@t@ma\‘lLﬁﬂﬁﬂ’]@ﬂﬂﬂ’]i@ﬁ%ﬂu‘ﬂﬂﬂﬁ’] SNR (Signal to Noise
Ratio)
(0 nd r(t)
s(1) ht, ©) (/]
0 T, 0T [}] T+t <<T,
SeD H) R
—=], ] —i—~ P — — P

317 2.4 naneuaueIBNNadrasTasdty o nun AR flat fading [10]
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2.2 LUUANaR952 UL DS-CDMA

luszuy DS-CDOMA dayai ldusazsnaavgnussiasiawivesd ey nadeaya

a
v

1 dnazgnnszaresnuniiludagyasauaunaiadsn Gonusazdadulngdn 3 (chip) Ay

1
=

A9l AN A

a

gnanudnazgandndasninuesdayannnin unaliinisusaenaaes

v

o é’ dI | o ] dl = o o 9 o
Allnminau “ﬁﬂm‘ﬁ%ﬂﬂu@Z@Q@ﬂgﬁy’]m‘ﬂ‘ﬂﬂm’ﬂuﬁf)ﬂﬁqqﬂﬂLL@%LQ@’]L@HQﬂu VI’]SLV@E]O_,IQ_,IWE‘LA

u q

sendne lusiazaaazsunauTaiuwaiy

221 WUUAIRBITEUU DS-CDMA ANUES

AentinusariudNansunzul  DS-CDMA  TuiiAn19n a8k uaaudtyInann
an1HgIu (base station) ligaanitindanil (mobile stations) 3t 2.1 1{luaasn1AgeTes
37UL DS-CDOMA @udLildf1dun | Tnadaiaunoundennanniasedds (anyaiugasnses

ENUAHNDAN) AN 0E A9 LA FNANNIg

+00

sh =" b G)B,(m)p, (¢ - mT, ~iT,) (2-6)

i=—c0 m=0

N o

TAEINIITHLADTIRIURIANNNT (2-6) il
b,(i) Aatn@naAUR i
B, (m) Pasiaudiniaanena N Tldlagainnandliflu T, uazaiuioan

&yanenlllu 7 =1/R (R Ae andysnsal)
50 A2
\ﬂ IT T :Symbol Duration
T :Chip Duration

> fime
Ll o o u Jy iCarrier Frequengy
N-1)

B0
A B,(m) cos271f;1)
b\t | |
DataStrea; & -® = ()
of User j

717 2.5 uUUANA89sEUL DS-CDMA g
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p.(0) fugdaauaesdliiewadn i dugldwasume

o [b 0si=T.
P = 0, otherwise.

Tuntidayadnazgnunulnmunafoasiauduuy  Hadamard  adAanduiusing

1 o | e = o A L a v a dl o
??JMQ’]Q?MQL‘]JLL@HF;I Hpnuenasvamnny N 3l Tneaulnadumeaaunaes 35130197}

Amdugladauiadluaiasiiu rolloff factor (o) tanslaregii 2.6

a: Roll-off factor

«—— (I+a)N/T, ———

| » frequenc)
fo

917 2.6 Mavdvanafulunsdesniunaudny o alusziy DS-CDMA

o ij/ & o dld % o g = Y @
AatiuAUNdunUesd Ty A Lnatdyanenl T, @auwlfidu

By =(+a)NLT, (0<a<1.0) (2-7)

222  WUUINAB9TEUU DS-CDMA musU

AN ANANAINNIAANATNASNNUTASATY U NARAY  LAYYNILINIY
1% o/ o o dlv Sj-dl dl o o 1 dl ol
sosdnynunnisunay | gt uiiulanesesdt | (auyeitingasnsesduaunsn)

v
o

=

gnunsanasslaiuy

T'ps

Zjlrws‘és (t—=7)® N/ (r;0)dT + n(r)

0
J

I J ) )
> shst—1,)g] () +n(t) (2-8)
=1 j=1

li
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Toe J uduousesldaseianun dou ® unisinpeuligiuusy n() Ae

Aynyusunauenn i wanfuguiuasiauudslsudy o uay g/ (0) udnam

|
[ o

nragnadynluatauinn [ futesunanndesdynndnnng
TUNIMIFIN 1S-95 7211 DS-COMALUATHAINNSUALWINAL 1.228 MHZ (5 MHzZ
A mFunImIgIu WCDMA) Sennnndnanundaunueestesdnyanounni Aaiuniu

yanadazisedananaanlianndmydnsniusnnliiuninngn 1 munaidyanend (lugili

N S

.3)
e Xod A, 5 . oo
ALIUNLATENTUD992 UL DS-CDMA dnunsnldilsslamiaininantsydesinann ae
nneraundsuaesdyndlugasnansddmimunld  vnldldwasauaesdyoymiunn

WU FUATAFUMLILNIETNGT LATENTULLL RAKE [2,12] uaasléifsgili 2.7

cod 27, ¢
{271) Delay
Received *
. Tc »{ TC > % Tc
Signal
7 s Ny %7
7os (1) L B~ m >R Bi(mp~&
i Correlators !
Y Y A 4
LPF LPF LPF
Totol 1 \; Path Selectior \;
path path ! path |
Gainl Gain2 % Gain N s
I-fingerCombiner
7171 2.7 1iseeiunLL RAKE 41m3Usz1u DS-CDMA
Fununasnsuldnesasiuazgnilsvisnateenilaisas 7, ludwau 1 A3 vise

o

v ! i
Faundn I Finger antiuaesusiazdtyeyioddl Finger FNAENAMAETHAUNANGLT m

1
aa o

Laz29a3N9aEUANDA" taadtynnaslunn Finger axgnidandtyaunaanIasnnnnan

AN uaNIdN Ul unszuauniesanu Iaasaulsn ldfaaulatininan
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! iTy+7,+
Dl = X[ S B ) pla=mT T, =2 o 0 (29
v=1 s

t=iT,  Tuaned g (7)) iy dpsnisaeneindieiaun (complex path gain) @iy

1
=

Finger Ngniaan anaum v uaznissnduladnaauleidu
b(i) = sgn(Dys (1) (2-10)

Tuanigh sgn(-) Aedeidudnidu waz b(i) uindeyangninduldnniaiu

a

2.3 WUUANARITTUY CI/DS-CDMA

521U CI/DS-CDMA {lun131inailn Carrier Interferometry (Cl) s\l’]ﬂizqmﬂfmu
nsfugieduaesdil [3,4] &wmdusziy DS-CDMA dsusiaz@ilngnisugilaauniudoay
Aua N pduninssRIngzudneiululamuaan ¥l ssuu DS-COMA ldanuanwnse

v o o al dl
AdnaiulaefiRnN19AIND

2.3.1 Mﬁ’ﬂﬂ'}%‘LLﬂxﬂﬂHﬁ Carrier Interferometry ﬁﬁ'mﬂ{ﬂuszuu CI/DS-CDMA

vialaredszuy  CIUDS-CDMA  RPaudnniswugiuvesdtyeyind  Carrier
Interferometry (Cl) Iaglfuanaasn siauyiu (superpositioning) mmm'ﬁmmmmuwm N

A Ndszezvinalulamunaunwaiy Af TunsaiinAansdtyoyiniaes L aauladu

cft) = Nfcos(zn( £+ nAf)) (2-11)

n=0

|
cal

Tnadoyaunns c(r) uanslisagii 2.8 Gailudnyannglaaulalmindaaiud

(N D

Sfo+ Af (2-12)



19

unalalaasglaaudtynin Cf anunanideu sy

sin(]% 27Af)

E(t) =
y sin(%27zAft)

(2-13)

210

18
(IR 4
5 F ]
o ST e g e ey e e Y s e e e ey
0.2 .4 LI .8 1.2 1.4

i} 1 1.6 1.8 2

g‘ﬂﬁ 2.9 1nunlalaasdnyynnd Carrier Interferometry c(f) (N=16)

unalatlasgledudtynne o) dmiu N =16 uanslinagiln 2.9 Feaiunld

TuN1991AILILAZA18899511 CI/DS-CDMA TREA LAY INUN ATBSATY Y ¢(f) Winru

=

1/ Af Lm:mmmm@mﬁﬁwﬁn (main lobes) A® 2/ NAf ﬁumm@wﬁﬁw (side lobes)

1
=

Ao 1/ NAf Ineueunaqngeanaaendaanfud 1 Ae

A(l) = ! (2-14)

sin(% (1 +0.5))

'
o o A

saliaziinemaeanian A0  ulnnldusazAaunItagaNsun i dann i

wunlatliasdynyiu Cl gniszianateanhling Ar = A0/ 27Af usisipasylnszdalunig
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= A

3171 2.10 wunlalvasgleaucr) Agnineunataanldlugdunisianzasld finli

unlal seudnsdynyausisanniululamunan

@anA AQ anazynWdmIn e(r) gniaeusaumbmisioateanllliseenty Tae
unalatluesdynns () ngnidenaiesnidlugiumisisnaiuwandldfs gun 2.10
e e 7 L S N e
Aavdniuidnuaes ¢, (1) (@A k) fuc, (7) (@aud j) Adnasleszndnaiuiaiy

&
7T AR

R, (@)= % : fcos(szr) (2-15)
in(NV/ 27A
R = sl 278 cos(N —% 27AfT) (2-16)
: sin(% 27Af7)

6"

i ¥
Tunatias CC aunzangauladnd 2(N — 1) wadniadugueiail

wie? 1 annnail sin()/sin() 81 £ = k/ NAf azil N -1 wasTARA 1 R, (1)

ISP |

HAnfluaudld tae k =1,2,..., N -1

wiad 2 annnayl cos() 81 7 = 2k = 1)/2(N - DAf axil N -1 wasfARA 19

R, (r) danduaudla dne k =12, N =1

|
=

Tuntilunistemdnd 2(N —1) sumdslunnenan (alugosoan 7,) #vinlg
ARY ¢, (7)1 ¢, () Anfululamunan

Tradoyoynns c()awu N guepduazssanszudneiuls  daanediumidsaes
o v 1 o dl v o 1 dl = dl
elungna Wusneneiu sasldausananluann 1 (z =&/ NAf) visaLimn 2

(t = (2k =1)/2(N =DAf) Al wsgldmubaluniananiaann 2 uaziann 1 wiauiu
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fiazaunsnsasfudyounns o) Wuanawiu 2(V -1) gdedu usazinlianiuzszudng

Fruturnuc(r) Ran il pseudo orthogonal [4] Tulmimuaan

232 WUUAIRBISEUU CI/DS-CDMA AUR4

Tuszuy CI/DS-CDMA glmaudtynyrnuaes@luuy Cl uwnuingtrduuuy

1 1
a a

wismugl Awdsu sine()) vise raised cosine lasgiaduuuy Cl sznausaeg N Aaw

a4

8

Wil Aflszazislulamupniwinty Af = 1/7 uaz T, AaAunaaasdydnsnd Ing

snduvestLWaduuy CI lumendinadiansdeulsii
N-1
h(r) = Y. Acos(n2mAft) (2-17)
n=0

Uil N a@enndeaitanuenTesiailuszin DS-COMA adld msnaene
tseanana (processing gain) Hefianssuiy war A fludnaeiiennlmasues
zﬁ“tyﬁm:miuﬁamnmm%ﬂwﬁq (A=~1/N-2/T,) gﬂﬂ?ﬂlumm%ﬂﬁmﬂ,mu Cl uandls
ﬁ\‘igﬂﬁ 2.10

luszuu CIDS-COMA fenaiinazgnud Taasviausd (spreading code) AiRAn +1
198 —1 FNeYNINgA Hadamard A% AU AR & uagiuldsudl i Taeusiagdyl
azgnuagantneWawmes h—iT)) fuReuldfunisudusasiiaes (Hadamard) Fassvia

wuy Cl lUueaunwsitiasanuny N AaUNIY ansuanduddy i uulssuanud Adluld

1
a

pu (Le %, e ..,/ Tpe. AG, =i27/ N Asgi 1211 Arynyrouideesnly

AU ldaAun £ (aN3aiL9aINIadNIUANNDRN) WU [4]

5.0 = b3 AU hG— T, e (o) (2-18)

i=0

Y o

WNUANANNIT (2-17) Tuannng (2-18) azlddtynndeaanaesdldadun &

s, (1) =b, Nfﬂf’” Nfcos(meAf (t—iT,))g() (2-19)
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Chig shape

18F

Arnplitude

R 1 1 1 1
1] 2 4 5 g 10 12 14 16 18 20
Symbol duration (Ts)

gﬂ*ﬁ 2.11 gﬂﬂ'ﬁum@q%ﬂﬁazﬂl,uu Cl (A=~1/N-\2/T, ,T; =20)

127;—/N 1227z/N l32ﬂ'/N l(N 1)27x /N

use A

ﬂ'ﬁ' 2.12 aulnp3iFepnudiaesdiiadiuy (A, =27/ N)




23

Other
User

B g(t)

g(®)

A

S(2)

'
o A

gﬂ“ﬁl 2.13 2MAINARIURITEUL CI/DS-COMA (& ufuifldanaun k)
Tudi b, ﬁmﬁfasﬂ@ﬁmm@%@"wﬁuﬁ kuazg(t) ﬁ@gﬂﬂ?ﬂluﬁmﬁﬂwﬁwmﬂﬁﬁ
A LA T, Thehiasnpdafidandediuannis (2-19) wanslinagil 2.13 %ﬁ@g@ﬁmxgﬂ
widng siaws 2 ASe (3@ Hardamard fiu CI ulg) meﬁ\imﬂﬁu@:mm@mﬁmmm;;Tlf’ﬁ

ynaudndneiu aglddynrnaseanliupna (auaaNU9INIINUAINTAT)

K-1 N-1 N-1
S(t) = Zbk Zﬁf") Z cos(2mAft —ni2z / N)- g(t) (2-20)
k=0 i=0 n=0

Funnouigndsaananniesedds  anwd RN utesdty oy mtiaedama R LUy

o

@anaud (1/7, << (A1), << BW ) Tnafinasaninundnaunuaasdyoyin (BW) usag
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P o o A o o T ' i y =
N mmwzﬁwmmuwmmﬂlm st azdaudsenauannunnldlunisairsdidaasssuy

'
o A

CI/DS-CDMA azaginglfianininamsuunsy Aandniusssudapaunitesandum i

o dl 1 o o dl . dll 1 all VYo a = o 1
NUARUNINEBELRIALN ] Iﬂﬁlﬂ@uwflﬂﬂ@ﬂﬂ/liﬂﬁ“]_lN@?LI@QLW@@Q@%N@M@ﬂHm;ﬁ‘H@QﬂW

o A

anduriuddussudnandunvides p, | fail [4,9]

1

= . (2-21)
(i = 1))

Pij

2.3.3  WUUSINAR9SEUL CI/DS-CDMA ANUsU

Ay uidula (auyanuaganIasiauwaaINnei) andesdtyonungs

o o

nanudyynusunuaeu iy

K-l N-1

r0)=>.6> B" fan cosQmil\ft—ni2r/ N+4,)-g)+nt)  (2-22)

De
D

= o o [

Tunil a, Pednsuenaafess ¢, Pawaaaniin luAaun it a1AuN 7 299 CI

1%

wad uaz n(r) Wudtyeunmsunauana (white noise) lun1saiasnziannmdnisdelaslud

v o

= % 1 o
LW@N@’J’]MQT‘II}’]@\?LLNMH’]

LPFRNFUTENIZY CY/DS-CDMA Uans gl 2.14 uaz 2.15 Tnaiasesiuilsene

Yy A o oa o A4 o o o A a0 oA o N
ANEILATANFUTLANUIU N LATANTL AUTUATNT TR GLUN m mmty’wmmuvl,m%qml,mn

'
= ! G

ALUBAALNAITIAIRINUNG (orthonormal carrier) 1eATYUNUNYNAIBBNNIANLATEIAN

u

AU N adunk- TnausazdouilsznaudninnungnuaneenuuARuNia AN n uay
sUpduaLla i m azlddouls 7, ey
K-1 N-1

Fow = 2.0 pRa cos(n-m-2x /N =n-i-27 | N)+n,, (2-23)

i
k=0 i=
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cos(0-278/t =0-0,) ™ chip

T,
Y [" a -
0
.® . .[OT"' dt » novel
r(t) } MMSEC | R,
[ ] »
cos(1-27Aft —1-0,)) -
° m,n
SR ) "o -
0
Frequency
cos((N =1)2zAft —(N -1)-6,) Combiner

917 2.14 99930 AFUE MFUTURAAUN m 2899210 CI/DS-CDMA

> chip 0 s receiver >

) » chip 1 s receiver " DS — CDMA
. Combiner > Decision —
chip (N —1)'s =

receiver

317 2.15 TAssa¥19n9asnAFuaa9s1L Cl/DS-CDMA
dl 14 ! 1 as o A
An 7, NFazgnasntdsnissanii 2 wLiuAe

1) A8NN97NNUTEIAIND (MMSEC) #1113080NN2NINEBATENINARLNIF LA ITaIanT

[ %

o o ¢ o = o o = =
NTTINNURADAAITNDAAUNIU AT 1 LL@:ZV]’]GLﬁVLm@LQ@?GﬁﬁWH\mQWNﬂ pagUN 2.14

a

'
= =

2) A8n1799N W9% (DS-CDMA combiner) {uN1I00ATRRALEARRAATH m NEIN1TD
nARvzaannIsunInaeniinaIng faneaulsd Asgun 2.15
dl [ dl sl v A dl dl rdl dl ] o [
PraeFUNlENEN TN NENANAAINARUNINANND AN uFLsTIL CI/DS-
CDMA A8 35019990 ULILANRANAARALANAI489A74A (Minimum Mean Square Error

Combining) [3] Tag1 7", &wdugildanan [awwnsouenlsiiluiinaine
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(O )
r =bp, o, +

N-1
anz,ﬁ’f” cos(mn-m-2x/N—-n-i-27/N)+

i=0
i#m

K-1

> bpla, @20
k#l

Zb a Zﬂ(k)cos(n m-2x/N—-n-i-2z/N)+n,,,

k-f-l t;tm

' 1
¥ = A el o

Tununadusnifudeyadududldoan I UUpAUnIaaun n uas@ladun m

D

|

waigesilunisunsnaen (luaduniaidun n) 410 (N-1) Fdau e ldmaimesiu

1 | 1 ]
2 calal G

e‘d‘ 3| k73 A a o o
W@W/IZQ’]Q\ILﬂuﬂﬁﬁ‘LmTﬂﬁ@ﬂ@’]ﬂﬂﬁ“ﬁ’i’]ﬁlﬂu’]Lu@\‘iﬂ\l’?@ﬁﬂﬁjﬂﬂﬁmﬁﬂ m waunailunng

1
ol o

= co o o = A ~
WNTNABA (ﬁluﬂ@quﬁ@’]ﬂ‘]_mn) Lu‘ﬂﬂﬂ’]@’mmﬁﬁ’m@uﬂ‘ﬂ@\i N-1 dU wazwadninuans
o aid ) 1 dl G| 6 o v = v o TV a
&eynuousunaundl o) =N, /2 uazAnedudugud dunnlddn n,, Handuiusdamy

upay I anduiufa A uN s AL Feud i viandg
G, =cos((i-j)2z/N) (2-25)

Toe i uay Jiduaiauaesdllusiausd 113s MMSEC Wunisilfinannsunsnaan
mgalunaiinass & wazin luannis  (2-24) uanalugiln 2.14 Aidunnssondayanasdil

AABARNT (Foos Fopisees Ty ) AT (3]

N-1
A A (2-26)
o KP -a; +N/2

TatiA1a8e P, Aa [2]

P = fcosz(n(m - i)2—7[) = (2-27)
0 N
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UAIRINKHIUAE MMSEC 184941019 (2-26) WAy (2-27) Waai R, 19931/MA197 N3niulne
funsnensiasasiauiaesidnuandun 7 wenidndnyninunnasnaesyldeanu

Tunariaumugili 2.15 foedgnissoniudmiuszun DS-CDMA Mdiewlsiily

N-1
DY =>"R, BY (2-28)
m=0

]
' o a

Tuntusiazsiouils R, 19931 azgnamfiaasiaudadun m uazsandnsoaiu e

o 4

azuendynyndayaresgldsen [ eanu Taedsnnssuiuwuutidudsninliiniasqsm

u

APTBINTUNINABATTUIWH M7 [ lLszut DS-COMA LHadnIanAauduiusduszundng

saue 1995 1N AANTTRITAR N (orthogonality)



unn 3

NSUNTNAAAARUNIUNGNNARINSLSZUY DS-CDMA

v

luszuiy CI/DS-CDMA BYANAIANLATENAIYNUEAo8 ST ALN LI
Hadamard Tulamunan wazwsidoasiaunuuy Cl lulawuanad dauiiniafuiinansia
weilulaupnuiuaslamuna e uasy  Ingndnusafuiiauan1siAziniAy
AuiufssidstATaesiaLNLLL Hadamard AULLL Cl NHNAABAARATNATNNINIDITLLIL
CI/DS-CDMA Tagitiniaainnisdiasnziifanananatliulssianistfugdaauaesdy iediu
UNANTINULUAZ AN NG BINITUT N s DL RF UL s TuwdaesdnsAuEana 1 Alie
19 dnaelivinmendy ansdiuglaauresiduunlniiFandy “nisdfuglaauaes
ALl mﬁ‘LLVl‘a‘ﬂm@mm\iﬂauW’]ﬁﬁgﬂﬂm (Suppressed Carrier Interferometry : SC-1)” way
= o . = S @ = o=l
(FeNszUY DS-CDMA Mtinidiadn “sUl AA-TALENIE WLILNITLNINABATBIARUNIINYN
nA (Suppressed Carrier — Interferometry DS-CDMA : SC-I/DS-CDMA)” uananiianisysy
dl a o o/ v o/ aa dl

stPauesdluuy SC-l flrannisnanandLdaulunslszitanadtynupanes N99as
nmadauazniaiuliansog

!
al 1

e luuniliFuainnsiesmsidynaunniagsaesszuy CI/DS-CDMA fiuaau

ANUTITINAB9ITALKILIL Hadamard AULUL Cl deuiasstinauedsnisdiugdaau
21997Uuuy SC-1 daunauiinesasniAdene9sziy SC-I/DS-COMA uazdauiauand 29as
NAFUe9ITUL  SC-/DS-COMA  @augnving LHuiuaeunIsAuimIANdUdauan

danasnunisuilaaiesuige (Fast Fourier Transform : FFT)

3.1 MEIAATIEVANNENNUGSZWINSWA Hadamard uazswd Cl ludmonmh
NARIARIEUY CI/DS-CDMA

dl all a 6 o a o o v o o A o o
LW@V]QSZ’JLﬂﬁ‘ﬁzﬁ@mm’]MW@\‘iﬂ@ﬂﬁqﬁ?UP;TLT@’]@UV] k- Tulpiiingn duiuseuy

o o

CI/DS-CDMA a1n199 (2-18) wieislusd Iaifla

N-1 ‘ N-1 27.[
s.(0)=b, Y B> cos(n2nAfi - niW)g(t)
i=0 n=0

A eI S 0, (1)
=b, ) Rey D B e Ve’V g(r)
n=0

i=0
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i muald 0, () =-n2nAft Tne b, uaz BV ﬁ@ﬁmﬁmﬂal,mz%ﬂz%ﬁﬁuﬁ i

109398 Hadamard dwiudddnsus & dou Ref} Aewmfiudrususiouas g(r) Ao
gﬂﬂﬁu?ﬁlmﬁﬂwfimmﬂﬁﬁmmm T =1/Af

AnANNIT (3-1) AL TIna R uAn anduTusinusednesia Hadamard Ay

@ Cl (e/9,e/"m /W) lCnaniN) |l (VEDm Ny T AN flanantavissidng

IRV AU

I Nl 2%
R(k,n) = Re{eﬂpn(r)z B o N } (3-2)

i=0

el R(k,n) ARANANANNILSIN (cross correlation) 52131959d Hadamard 816uf
o % dl 6o o d. dd’ a q o 1 o e dldgl
k nusna Cl Iuﬂ@quﬁ@qmuw n1uﬂﬁ?m1/lLQ@W‘]J?:;'N?::MQNW@LVIWﬂ‘LI@u?_I Iuwu@qﬂq?ﬂ

WAPNANAUTBIINE Hadamard IHAINUNANALT &k 389 Hadamard wssnd Aegii 3.1 [13]

H, £
k=3 1 {1 |1 {1 (R R A
k=4 1 1 1 1 i1
k=501 14 L1 b b
H, H,

717 3.1 Fivetine Hadamard wssndaunn 8x 8 AunuantifniALvewNmsndton H,

ANENT d
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=

aRazdmssinAgndNiusIINaInaunis (3-2) lunsaingia Hadmard o

N
D

AL k > 1Tagazanueadilusia Hadamard Willasfigananunsnmiaizessials

v ' 1
o = a

VIUNA T NANTUNAUANTANLAMUDIWE Hadamard 2u1a N x N /a1l 3.1 lagaans
andilitlasigaaessia Hadamard HAwiniy d (luwsisnees H,) az@13190mAI1es
Al lusndudnldléneuna (N 3u) ez BY =B Taaen d avduiusiudasaasansu

7 k 1999974 Hadamard Aa
2"'<k<2' = d=2"" (3-3)

ANMFUANNENTIE N = 32 WARIANA NN UTIZUINNANFAUNUB939 A Hadamard

AuANeTl d Fam13997 3.1

dl o 1 o od %oy 1 3 o d‘ o
F1389N 3.1 ARENNANNANNUTTENINNANALNUBNITNA Hadamard

fuAsIngndlintasign d

ANALNIBINA Hadamard k& | AsenaTdlileangn d

1 1

2,3 2
4,567, 4
8,9,10,11,12,13,14,15 8
16,17,18,19,20....,30,31 16

ANAMANITRNIABAENITA Hadamard Adnanatiidndngiluuuaunisn (3-2) 1u

NIEUNANALUR9THA Hadmard k > 1 asfupandunusanu R(k > 1,n) @l

d-1 d-1

o 0 w05 w0 DT oy EN-D)2T)
R(k>1,m)=Reqe™ 0| S pMe™ v -3 gbe Vo= Ble v

i=0 i=0 i=0

d-1 . .2m Lo 2m oo 2n
; J(ni——) J(n(i+d)—) J(n(i+N-d))—)
=Re{e’¢"(t)2[3;(k)(€ N—e Nog,...—e N J} (3-4)
i=0

— Re{eﬂp,,(t)g B'(k) -Z}

i=0
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X %) JnGird)y 2"y Jn(i+N-d)T)
Tl z=| /" —e Ny ...—e N

wal Z luannnsh (3-4) ueunsusanatiniiddoulsznay N/ d wail lngiansu

2n 2n
i @ Jni— o o Jnd=— o % o '
ndflue ¥ uasidagouiu —e ¥ Aniusouds Z @aulnadlaidy

/'ndz—ﬂ
% 1—(—e N )N/d

Z=e (3-5)
1@ W)
dngtuuy Z lwannns (3-6) Tnadleitu
v, ejm.%f ejnrl: e—jmr ejnrr
Jjnd— L Jjnd—
N N
e e +e (3-6)
_/‘n%(N—d+2i) e M _ plmm
—jnd— ‘ndi
e Ngeg W
WNUAN Z andunnsd (3-6) aluannis (3-4) azld
d-1 'nl _d+2i —jnm Jjnm
R(k >1, n) =Re ej(p,,(t) Z Bi(k)ej N(N d+2i)| e 4 (3_7)
i=0 —jnd% + jnd%
e e
e /M _ g d-l nE(N-d+2i)
R(k >1,n) =Re > e v e/ (3-8)
7/nd— _/nd% i=0
Rk z1,m=Re| TS g0, ryoraa.o) (3-9)
cos(nd ) i=0
. sin(nm) &
R(k>1,n)=Req j ZBI( cos| n— (N d +2i)+o,(t)
cos(nd %) i- (3-10)

—j sin(n%(N— d +2i) +(pn(t)ﬂ}
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Rk 2 1ny=—310"%)_Shg Sm(n_(N d+20)+0, (’)) (3-11)
cos(nd%) i=0

ANAVANAUST1NTZWINNIWA Hadamard fusWa Cl R(k,n) muaunis (3-2) lu

nacifiadusia Hadamad Wuaue (k = 0) arldnnanifiaes Hadamard wasnd fagudi

3.1 786" =1anaunis (3-2) azls

i=0

N-1
(mf)
L Re{e”"(’)z }

i=0

) Nl 2Ry
R(k =0,n)=Reqe™ > B0 eV
(3-12)

i=0

NIl niz—Tt n
R(k=0,n) = Re{z B R (’”} (3-13)

wal R(k = 0,n) luaunnsn (3-13) luaynsuganatianddautlssnay N wail
Zn
Tnafignsum 1 1y e/ o @ uaziimpnudu e v ety R(k =0,n) @auludlsiiu

il
n N

/ _ N
R(k =0,n)=Reqe™™" # (3-14)
§ 1—e ¥

L (N, (1) || @~/ _ ginm
R(k =0,n)=Re e(N ) < (3-15)
—jn— Jn—

e N —e N
R(k=0,n)=Re M{cos{n%(N —1) +(pn(t)j - jsin(n%(N— D+o, (t)ﬂ
sin(n—)
N
(3-16)
R(k=0,n)= Mcos(ni(zv—l) +(pn(t)j (3-17)
sin(n ) N

ANANANANAUSTN R(k > 1, n) Tuannis (3-11) uay R(k = 0,n) luaunng (3-17)

sl R(k,n)An
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MCOS(E(N_DW”@)) k=0

sin(n—) N

Rtkm={ N (318)

Mz Y sin(nl(N—dJrzi)*'(Pn(f)j k=1
T < N

cos(nd N) i=0

FINANNIT (3-18) ANU8Y R(k,n) HAnilugudldfisaiaaansiasdun k& 1e4

[l
o o o A

(-7
Hadamard tusiand lEaNusiuasuaaund » lundazianyle

S iluarasarsunaunat n miullldisnuamna 3={0,1,2,..,N -1}

G\ flutanasanfuna N n el daAUN & 10 1iAn anduiusinu R(k,n) = 0

1) Wnstdf & = 0 Nansanaviaag sin(am ) /sin(nm / N) mauaunig (3-18) AN

R(k =0,n) =0 \Haa mUARUAY 1 LU

neGY ae GO =123, ,N-1) (3-19)

] |
aAa o o A c

lunstinansurdaunin e GO aa n=0 azldnail sin(an)/sin(rm /N)=0/0 ua

wgadlfdanasl sin(nr)/sin(er / N) Henldiduaue Ineldngwiaintedseensdniung

waslaTlona (L' Hopital, Guillaume de) \Ha n — 0693

Sin(nn) L'Hépital %Sln(m'c) ‘

=0 sin(nm / N)

p =N (3-20)
—sin(nn / N)
dn

n=0
AATUAINANNNT (3-18) TUnTlN & = 0 Aanduwusdnn R(k = 0, n) dawlvlfidu

0 ;n=12,..,.N-1

R(k=0,n) = Ncos(n%(N—l)HPn(f)j ;n=0

(3-21)
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2) lunstln & > 1aziansouwail sin(an)/cos(ndn / N) miugunng (3-18)

AN R(k >1,n)= 0 lesndunauni n
neG® oy GY =3I —{N/(2d),3N /(2d),5N /(2d)....,(2d =1)N /(2d)} (3-22)

Tt 3 AOUIATRIANFLARLUN n TiaviunAa 3={0,1,...N—1} uazsauils d
AUAUSTIUT91R9ANALINA Hadamard & Anuaunng (3-3)

Tunsili neG® Ao n=i-N/I2k) Taa i=135,.2d -1 w"lvinaud
sin(nm)/cos(ndn / N)=0/0 LLﬁﬁgﬂ@uﬂlﬁdﬁwqﬁﬂﬁmimflu@uﬂ’ Tmﬂiﬁwqwﬁaﬁm%q

3

dsreindt munnuesialnig (L' Hopital, Guillaume de) e n —i-N/(2d) Al

Sin(nn ) L'Hépital K R Sin(nrc ) ‘
lim

niNICD cos(nge df N) icos(mr -d/N)
dn

n=i-N/(2d)
AITIUANNANNTT (3-18) TUnstidl £ > LAnanduiusdnu R(k > 1, n) @aulud Al

0 ineGP

R(k=1n d-1
( )= idZB(k)sm(n (N—d+2i)+(pn(t)j k>1 ;neG®
i=0

(3-24)

fAnanduRusIy R(k = 0,n) luauns (3-21) viva R(k = 0,n) Tuann13(3-24) §

Anduaudazin 14T odidsesns, (¢) mmmﬂmmmuw k Tuaunng (3-1) andlugus

o

AnTlevil &oyynudiaya T L I AT k@ﬂmu@ﬂumuwwmmw neGY
99D ne G(’”@m\ﬂa‘ﬂmmmuwm‘im Rdnyrynudayauesdldesineios 1 9e

ANANNIT(3-21) UAT (3-24) AAFUARUN TR AR ITLAN FUTe et H7iE Fryrynou

¥
dayantuansdsaruiuaedlanesinidanaud (Frequency Diversity, FD) il

o

uulanasERTEIAND FD =1

[

o fanduaesld k=0 udadtynoudeysd

o o

o fanduaesdld k>1  udadtynndeyaiarwiulanefiadeannud FD =d
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v o o

Tnesuils d dusiusiusidunaesdld & mmaunis (3-3) ANANRUSIZNINg

'
-8

avuraspaunl n NRdnyondeyaiuaduresld & muannig (3-21) uay (3-24)

WAASLAFIM13797 3.2

1
o

;13999 3.2 ANNANTUSITNINA A UTBIRAUNIYT 1 NRATY R audiayariu

anduaesg g k aeiAaNen91993Wa Hadamard N =32

NaN | ATBNANALUNN I k apasidunaund 1 | aunlanesEs
7 (@"f]ﬁuﬁmmiﬁm Hadamard) T founnaudeya s, (¢) F9A2uA FD
1 {0} {0} 1

2 {1} {16} 1

3 {2,3} {8,24} 2

4 {4,5,6,7} {4,12,20,28} 4

4 {8,9,10,11,12,13,14,15} {2,6,10,14,18,22,26,30} 8

5 {16,17,18,...,29,30,31) {1,3,5,7,9,...,27,29,31} 16

¥

ANeen 3.2 Aamulavesinvesdnoinudeyaluwsayld llmiadulaed

'
= '

Auutiesngane 1 AuD (NN & = 0) uazunNgawindu N/2 anud (lunsiid

q

N/2<k<N-1) Gstlaendidn processing gain (M) 2243vU1 CI/DS-CDMA 71977l

% 4 ¥ o tﬂl O dl dl
@ﬂo_,lﬂo_,IWE‘IA“lI’ﬂNu@‘ﬂ‘ﬂﬂﬁm’ﬁ Sy (t) NNTIERAZHNHAALAANLARLNINITUIY N AND ANNANNITN

o

(3-1) WBINIANNANANRUSITUIN999R Hadamard Ausia Cl lulsisinaninlfanunu

maa a d‘ 1 < o a dl ] ] d‘ rall 1 o
VL@LQ@?%G]L%QF’WQ’\NQ@@@\? ‘ﬂﬂ’Ni?ﬂWWNW@\‘]\‘H‘HUWVI@QN’]MLL‘]J‘]JHV’]@HW’]MV]VLNN EUEUNEY

1
o

Tayadmiuldnalarldlieldlug wiazgnineulldspannnidnynndeya lunis

[

!
ca

garBRaNUINANUIBIdaNudaYa s, (¢) Ndsaanaa

E, = T(Sk (1))’ dt
- (3-25)

T/ N-l N-I 1 2
= J.(bk D B> cos(n2mhfi + niW)dtj dt
0

i=0 n=0
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[ %

P & o o 1y =< a = o p
eLu‘V]u Eb ABWANTUABNR Y VUTDHANUILA LA TS ABATLLIANUBANATU AN

Tne Af = 1/T, ananantimdessanuesieridulalad

£ 0 in#En
J.cos(nZﬂAﬁ +ni2z/ N)xcos(n'2zAft +n'i2z /| N)dt = {T /9 e (3-26)

o sn=n'

FatiaNNTT (3-25) @einluad il

Iy N-1N-1

Ey = [ X2 (6) (B (cos(n2naft + mi2z | NY) dt - (3-27)
0 =0 n=0
N-LN 1T

E, = j (cos(n27Afi + ni2z | N))* dt (3-28)
i=0 n=0 (

E,=N’ % (3-29)

LE

1 o a % o s dl = a o v o [
m”l,ﬂ%mwmmuumm@gammumuwmm eyt ayARINAMNANAUS b
A1397 3.2 wavAngnduiusinuluannig (3-21) waz (3-24) NAWNUBIATY R UTRY A

AU lda AU &k NAINUAAUNITRIGLNA # AB

T
Ey, = [ R* (k,n)t (3-30)
0

T,

s

N2~J-cosz(n27zAft+n%(N—1)]a’t :k=0and n¢ G
0

E. = (gj X (3-31)

d-1
> (BYY jOTS sinz(n27rAﬁ + n%(N—d + 2i)jdt ;k>1andneGY
i=0

N?. k=0and n=0
(3-32)

N ck>1and ne G®

N [ o |

1
d

A o % ¥ a dl ! 1 dl 6O o dl o [ ¥
Inel Ek,n ABWANUABNA YN ULRYAUANAINTUAQAUNIURIAUN 1 @’Wﬁﬁ‘ﬂﬂmﬂj

AGUN k
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WaBaunaunasuaesteys 1 dn luaunis (3-29) Aundssusesdeyaiis

6 o v

WzARUWINRATy oy udayaluannig (3-32) azls

o _[E sk=0m=0 s
“TVEId kel *) (3-33)
b s _,n%G

Amiudldnen k=0 azldnuiulavesadaoaiviniy 1 wazdwiugld

]
3

APUN k>1 azda

ama a

Taulanasang mma N aTas @QHMLN@?QNW@N’WH%@\‘]Z@MMWW

% Ao o >
AMNAITHDNVNUNNANN ﬁyfy’]mmﬂ?;lﬂ@iﬂl,ﬂu

A wmdugldaraun k =0

(1 carrier )x E (3-34)

Il ||
le'_'

dvsudl s £ >1
. E,
(d carrier)xE, ., =d ><7 (3-35)
= Eb

| 1
A A o

v 1
AINANNNT  (3-34) WAy  (3-35) meuwﬁ\mu”mmﬁmﬁlumaqu Fianumi

)}

funnaudieya azwindundsuesdeyatin sengadladondsaunesdtynndeyaiian

gnuagas uuadunin ildann azgnidanlldseaunvinidynyindeya weawn
ANAUANLRVIAAUANAUTTN (cross correlation) s2udNs1ia Hadamard riuswa Cl

isedniunilondsnuindeyaresszuy  CI/DS-CDMA  aznszangiadelifinauniiing

o

m&m;qm%’mﬂﬂmmmm? (3-21) uaz (3-24) viaalumn9nad 3.2

Tunsdeansliaauuumypdunad  (multi-carrier)  auaulawasiRazulsluiy

17

anssouTugluuLaesansnAmndiawadIaln (Bit Error Rate : BER) Tnedrynudeyani

U

'
1o aa o

nunlanefERuInazlanssnuranIndyaniarulane fnteand [8]
AMWSUsTUL  CI/DS-CDMA  anunulanasd ﬁL%qmmmmmmmﬁmm@mhumv

fdazliivinunanslunesd 3.2 inlfanssnuzaesdldluszun CIDS-CDMA agliliviniu

v

TIMNNEDY ADININTBINIFLTNNT (Quality of Service : QoS) BasuAALE 1 LWL Al

M luszuy CI/DS-CDMA azil QoS 7ilufuiizng (Class of Service) @lumnnzaniy

sruunnsdeansinadniiinaeunuuLmagans auiludei@aaasszun CI/DS-CDMA
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3.2 miﬂ%’ugﬂﬂﬁu"nm%ﬂuuu Suppressed Carrier-Interferometry (SC-1)

qatlsrasAresresniIniladoyaiauuy  SCH Lﬁ@ﬁ%ﬁmﬂﬂum?ﬁugﬂﬂﬁ'u
vesm lusiauniuy Hadamard whffu‘ﬂmmzﬁﬂﬁﬁmmﬂm%g@a?’mé”u;ﬁs’ﬁnmmﬁim@f
FRTRNBWnNTL N /2 pdun il iis N fuasenaressiaudlussuy DS-COMA 4
1% processing gain Sefinnnssaniu

N tadnyoynou SC-| ﬁﬂé’@fguuﬁuﬁmm@wﬁﬂmi Carrier Interferometry 1u
vindieh 2.3.1 IneldnnsdeuwiuiFernnuiaes N/2 aaunindsrazinlulnmueaadimin
Au 2-AF e Af =1/T, waz T, mepuanzesdydnsnl luniedjimasldignisin
Wiesnaudesulunsniindayain Lmeqmﬁmm@mafgﬂﬂgum@ﬁﬂﬁmimu sc- ¢

w1 lmel [15]

h(t) = NflA cos((2n +1) - 27Aft) (3-36)

n=0

Arpltude

EyibolDurition

gﬂﬁ' 3.2 gﬂﬂﬁ'umﬂﬁﬂﬁaz&mu SC-l (A=1;N =16,T, = 20) uilauuan [15]

ANANAWAWAWANY

317 3.3 aulnaiuvesglaaudlwadiuy SC-1 uulawuaaNd [15]
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lunil A dluApsidenn linasnuaesdydneninasannnisusiduniie
(A=+2/N-\2/T, ) Iasgnauaesdiiaduiuy SC-1 uulamunaiuazinmuaud

uansiAagin 3.1 uaz 3.2
a1ngUfl 3.2 gaduvesTLWaduuL SC-1 azfiyaauuanag 2 Arunslunianani

t, uag ¢, Ay Tneflaoudasiug ¢, =¢, £7,/2 uazlugii 3.3 Anundrauny

o
=

] d‘ " 1 o 1 o o vl g 1 &I c 1 o o
LOIUFATAAUNITAL UL Af N IHRUALAINT NIN9TEUINPRUNAIVINAL Af A3
duansnidUwaduuy SC-1 andeyazasilinguaudelyludaimdrelulnmunainls

=
an 1 seull

o

dl -ai o v | a i’/ ! o/
iaNazilminaA NI UANWITIAIRINIENINATIIUN A(7) TulAtNLRaN Aviin

waaaaas (27 +1)0. uandnliluusiazaauniitlasa1dun 2n +1 Auiudlaaud

b

o

i T K wunladwesdyna SC gnilssianateanliwindu Az = 6, /2241 azld

N/2-1

()= Acos((2n +1)2a\i+(2n +1)-6,)g(1) (3-37)

o Y o

ANTBANANNUSEN (cross-correlation : CC) s¥mansdtynyunnd 4, (¢) @dadun k) iy

v o

'
=

h, () @landun j) Ninalszdsssudniumiaiy ¢ Ae

Ry, = [ (0)-h,(t ~ o)

=T é . N/Z_z(;_i:os((2n ~1)-27Af7)

sm(— 27AfT)
T N
/ o 27TAf2') X COS(Z 27AfT) (3-38)

e

¥
Tunailaasandunusdna R; mmmwmuﬂlmm (N -1) wavny qLﬂu@u”qﬁ

wind 1 aanwail sin()/sin() §11% 7 = 2i/ NAS azil (N/2)—1 wasTRoin sk
0, -0, 24
27Afr NAS

v
o o

N d'
R, (r)=0 Tlag i=12,..,——1 uaziilasan r =
’ 2
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0, -0, = 2%[ (3-39)

we? 2 aannail cos() 811 = (2i — 1)/ NAf Azl (N/2) -1 wasTAsn 19
0, -0, - Y
R Ol V8
27AfT NAf

N d'
R, (r)=0 lag i=12,..,——1 uaziilasan r =
’ 2

. 2
0, - Gj =2i— I)W (3-40)

LAfunsteadn SR N9 (Meludasioan 7)) A IFRan wiGs
Feannszminadfiad R (D) A (1) UU(N/2) - Linumds Gnmaumidsluniaegn
Wuansneiy  Tneagldumbimasnanlumai 1 (r =i/27Af) vieund 2
(r = (2i—-1)/ NAf) dl§ Eldi i ni 2 uazoaR 1 wiendufiay
ANNNT09095LTUNAL. c(t)1é’uﬁﬂ§ut,ﬂu (N -1) gﬂﬂ?ﬂlu TneFeiadisananasianinids
Feannszninazszidnains [15] Jilamionn seiignunsnsaus it mnsnaisaedmn

Tidwanneaiuldluguuuuaedyn @ luaunis (3-39) uay (3-40) ilu

6, -0, =6 = i% Ji=123,.,N~1 (3-41)

AN 6, luaunig (3-41) Qﬂiﬂuﬂ’]ﬁ‘ﬂ’]?ﬂﬁ‘ﬂgﬂﬂguﬂ@ﬁﬂ WY SC- dsanunen
?’ﬂﬁ?ﬂ%ﬂﬁ/@@rﬁﬁﬂﬁﬁ@ﬂﬂwL%Q%ﬂﬂﬂﬂi;‘i‘lﬂ’hﬂﬁﬁ[ﬁ@ﬂ@ﬂ N Faumiafiunannnesasmui
lumnanavasaandmiTadiy Sc-

atslafimuAtnes 0, dufudiwaduuy SC-1 Tuaunis (3-41) HAwindu 6, lu
AR 1 FrvrRUWadiL Cl Tuiade 2,31 el i=123,.,N=1 Lwim:“ﬂﬁ*ugﬂﬂ?{ul,l,uu
Cl az@ N1909995 UYL A7) 1Esinn sl 2(N -1) gﬂﬂ?ﬁluuﬁlﬂ%ﬁ%muﬂumqLfsm
yanea S e Ny %qqzﬁﬁiﬁ@aﬂuZ@:udﬁqﬁmmﬂmh(t) fan il pseudo orhogonal

Tulpininan [4]

3.3 LULRNARINIARIURITEUY SC-I/DS-CDMA

32U SC-I/DS-CDMA azutkngugififuaesngu ieaeenguiliauimmseciuyld

Iigeganguas N/2 98 wazidenldaiawiuuy Hadamard Tuadun N/2 ©w N -1
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A o :j/ 1 1 { 1 dl ¥ o dl a
WMHBUNUINABINGHN IﬁﬂLLm@Zﬂ@N@&LU@LLHﬂI@ﬂLLﬂ‘]_I AINN LL@ZeLmﬂW?ﬂﬁ‘Ugﬂﬂ@u“llﬂ\‘mﬂ

by SC-I

1
o

Wenazdedl B, dmFusiawiuLy Hadamard #igniaen Feusanauyn N /29

3
N -1 Tnaflenusiaus y* fadl

y = pto (3-42)

1

Tunil y®  PeTlandud @ veseynsNsdawindAnile +1 vse -1 lusiia

Hadamard &1AUf (N —1-k) 2esdlda1duil £ envesdisl y* azgnueganiaeianes

1

1
a g

h(t —iT,) Miilunsdiugiaauaasd@iluuy SC- Anaiaideann (ANyanlnanNgIasnnu

ANDAN) AUl ldanaun &

N-1
se ()=, Yy Pt ~iT)
i=0

N /21

s, (1) =b, Nzl 7Y Acos((2n -+ 1)2mAft — (2n + 1)1'%”) g(t)  (3-43)

n=0

5% '
A v a

Tunt b, Peteyadnuasdldandun k uas g(r) AegUpauAmALNnilaae

U a

¥ a

AILIAN T, %'wmg@um:gml,tjé’qa sviauel 2 A (s%& Hardamard 11U SC-I &)

Aua W duiailusesngy lnsusiaznaulfldanuay K, uaz K, :8muansu
Lmzﬁmfsuﬁﬂs’ﬁmuﬁwumiuizuuﬁfa K =K, + K, lnsusaznguildainnsnseduglalsd
qegn N/2 e sfyanomesdlfluudaznguasgnuegienllfuounnuinkivien
. deanniuazsa mﬁmm@q;ﬁ%ﬁ%mmﬂ@;mé’iﬁwﬁu gl ndideenn (anya

Ay
o 1 dl ° =
fn9asn9a9N AN AN) lUAe

K1 N-1 Y
s@) = b, Yy x
k=0 i=0

N/2-1

> AcosQaf.t+(2n+ )27t — (2n + 1)1'%”) 2(?)

n=0

K,-1 N-1 k)
+ b, 2 7 x

ky=0 i=0

N/2-1

> AcosQr(f, — A+ (2n+1)27Afi —(2n + 1);‘%”) 2(t)

n=0

(3-44)
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[

Tl k, wazk, Reandunuesdldnguusn uazngugenNaIALNAagszMINg
009 N/2-1 uazAaed K, uaz K, iAnlegegn N /2 -1

aun?  (3-44) Aedtynundeeeanaasszuy  SC-I/DS-CDMA  Taawaijusnae
. d ey gy A 4 e o A eda
iy ndeeand i ldngun 1 ddlWaduuy SC- gnuegaaiuAAUNINRAIND

A o A g ]

£, waznaiinaashadynundseand viufldeungun 2 Seildaduuy  SC-I gn

wagas liupauniniAND £ —Af  Taansasniadeandsyuy SC-I/DS-CDMA 7

AUSANNANNTT (3-44) uanalugin 3.4 uazaunaiuaesdynnnmdeaanuandlinsgiy

a

3.5
0 —j0
e’ e’
! ! / ={f” e
fol-A sg=2
Other users 27 ft Another

in group & group users

| |
6—)/—>6—}>®+ Ref} +(—B/+

S(t)

- g()

g

7171 3.4 193TNIARITBTTUL SCI/DS-CDMA

(fe =8 L. % N

sub carrier: groupht K, groupt K,
317 3.5 anlnaiuaesdtynrundseendniuszuy SC-I/DS-CDMA [15]

3.4 LULANNBINIATUARITZUL SC-/DS-CDMA

Auounnungnasennanniasesdsanni I udesdyanuaiasdamansiiuuy

@anANd (1/7, << (Af), << BW ) Tnsilnasaniuudinviaasdyyind (BW) uaazile
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pandviueaunitesla Aniuuiazeaaunidesnlilunisainedlvesszuy SC-IDS-
CDMA agzagnelfianmmafeuunsy  (flat fading) Aty ldanndesdnynyin

waRHANTUATYLUNUTUNIUAR
K-l N-l (k)N/Z—l o
rt) = zbkl 27/1‘ 1 ZAan X
k=0 i=0 n=0

cos(2af.t + (2n + )27t — (2n + 1)1'%” +¢M)g(t)

K,-1

N-1 N/2-1
+ 2.5, >y S AP x (3-45)
ky=0 i=0 n=0

cosz(f. — Af )t + (2n+1)27Aft — 2n + 1)1'%” +62)g(t)

+ n(t)

'
o A

Tunilb, uaz b, meliadeyavesfliddun & usrdndeyavesdldadun &,

AvFunguldn 1 uaz 2 puandu dou o iU ¢ PednsvengtesanTesdtyans

wasduaz ¢! i g2 Aawasanms lupauniaaun n & uiungudldn 1 uaz 2 sy

1
=

AAL 289 S-CI Wad uag n(r) Wudyonisunauana (white noise) A aaeLu 0 uay

ANANLL 95911 o2

£ = [, s for user group #K, 7, (t) is the received signal
| f.=Af ;s for user group #K, ( equivalence low — pass filter)
> chip 0's receiver >
cos(27f,t) A ar . i
0 chipl s receiver DS = CDMA
l . .
1 Combiner » Decision >
) .
[ )
chip (N =1)'s
receiver

7117 3.6 Tneai1an9a9n1AFULE9ITLIL SC-I/DS-CDMA [15]

1
=

\ATE9ELTB9TE LY SC-I/DS-COMA uandlugin 3.6 waz 3.7 Tnawezesiudsznay

= [ % =

% dl v a o dl o o s dl v a o o s %
ANEILATANIUTUANUAU N 1ATRTU @ udueTasiuTlansun m &OJOAWMV]?UVLW’VJQHLLWH
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AYUBAALNAITAIRNUNG (orthonormal carrier) BSATYNUNYNASBANNIANLATAIAS

uan N paun iy lnsusiazdoutlsenaudtynnnignuenasn  lupdauwiadun  »

Amiuadandun m Tned ne{l3,5,..., N -1} Aedauds 1" dudunguiflin 1 uaz >

m™ chip

-5 . JOT dt
cos(1-2Aft—1-6,,)

r" dt
0
= ] MMSEC | R
[ J 7,
[ ]

\

\ 4

MO~ osG-2m0=3-6,)

o

Frequenc
cos((N - )2m\fi = (N —1)-6,) Conj’bl.ne j

ﬂﬁ 3.7 1999N1ASUEMSLELSAGUT 7 28995UL SC-I/DS-CDMA [15]

o

mmm@wﬂw 2 IFI’WN?‘IJ‘VI 3.7 Tuanunsoisail

1) Tunsainannfdinistelasludiaiiavingnaeusign
(1) (k1) <1> 27 27 0
Zb Z 7" cos(mm——ni—)+n,’, (3-46)
N N ’
(2) (k) g (2> 27 27 )
Zb Z}/ 2 cos(an —ni N —)+n,, (3-47)

ANGU N o7 =N, /2 uazA ﬁmﬁmﬂu@wj dunalddn n, , Handuiusdnugy uazld

'
o g [ o

al o/ 5% dld a 6 o o v a o o [~
SanduiusdnuAdun Y ATl ndanduiusdvsudussud i fu joilu

C,;=cos((i-j)2z/N)

2) lunsaunmaammas (phase jitter)
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Tunstinesesiuld afangll (Phase Locked loop : PLL) BARINUMIAN

d} = 1 a R aa ' a dp %
19N A srmmmmiu@umfﬂmﬁﬂmmm?mmmumlmqmmmemmmlmﬂmu Toer oA

Y

¢, waz ¢, AnaaNLIATIDIWE wazAaRTunnsssannannnsild wadangl ULARL
WIAEUR 7 AMARL FaduAnAanNAananawaRRRT NG 0 =¢ —p uaz

Warifupnunazituaes Tikhonov [14] Aa

(0 SPlocos(@)

(3-48)
271, (p)

s

Tunil p  Aewdmamdniusiuassanlun1siennAl SNR uaz 7,(x) u

'
o =l

Weridusnulasaas bessel Tuadanuil Inadounamiunshnegaaisald ¢, uuadu

L kd o all A
WIANRIAUN n AR

" Zb 271 a“)cos(nm——nzzN

k=0 i=0

+0")+nl)  (3-49)

2r

) = ZkaZy("z) mcos(nm%[—m v +67)+n)  (3-50)

Toe 0 uaz 61 AeaRRABSIBAAUNINAIALN 7 TBINGNTIHIUN Tuas 2 ANNAIAL
3) lunsaunNeenamdananud (frequency offset)

] 1 ﬁl o/ 4 a dl o ij/ dl a a

Tunsdeinuaaudtymfamatianyeauny | thullanineanianid

dl % dl = o [ % a dp a

Anudazifunalianssnuzaassruusans  TRaasiladananluniafntiusasaanimeigs
i - A4 Y X9A 017 4

ANNDAD | NAINNI9LAARUNNENIIAISIIENAN T HIAADLN Y1 AR INNANSUn LT EIaaN

uaraaNaTisANNIIFINLHAd Y IIEuINATasTUALATaSds  Taedtynunuieinu

al = a ai dl e o o dl A
mmmqL@mimw@ﬂwLsmmm’mmuuﬂ@uwmmmm n Aa [9]

N/2-1 K-l
p SN, b 27(k‘)cos((2j+1)-m27z/N—n-i27z/N)
T j=0

(3-51)

1
x————cos(¢,” —¢;") +1,,
A+j—n
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@ Slnﬂ'A N/2-1 K,-1 ) ‘ '
Vo = z Zb Z;f Y cos((2j+1)-m2x /N —n-i2x/ N)
o (3-52)

@) _ 4@
X COS — Q- +
A+j—n @7 =70+

TR A Wueanmadaanuinuuuasudalad  Ailudnndiuszuineaanimmnues

o

audasiy Af 49U ¢ uar ¢ aladnmeireanguilinun 1 uuadunviaAL

=)

n

o

LAY jANAAL UaT ¢ uaz ¢ Aewadminefreangui i 2 uuaauniandun »
UAE j ATNAAL

11AEN1799 N I UTIANNDULLA N ANAIALRAENNA9AR9ANEA (MMSEC) [3] m1u

q

?‘]J‘Vl 3.7 Mwdunissausauls 7 r, DTy TNANNNTIAANATENNTUNINABAATN

m,l > m3’ m,5°

ARUNEaE AL LmzmﬂﬁiéﬂmLqmsﬁmmmma@ﬂmﬂ ANNInTNAMUDAINAIN LT L AN

wa3suils R uaz R dansunguildy 1 waz 2 mnsiaussil

N-1 a(l)
R £ V2 ——— (3-53)
S "MK (@) N/2+N, /2

even

N— (2)
R.IEESCrin (3-54)
" Z " K (aP)? N/2+N /2

n#even

NAINENURIBNT99NANND KLU MMSEC 18943:n13 (3-53) Wax (3-54) aziAn
R, 129TUs9] (Ry, R, R, Ry ) #1990 Uanalugiil 3.6 Tneiflunisnansiiadiog

sWALHLLY Hadamard & wiuildansun [ inlilasaudsnissindulade
D(l) _ ZR(g) () (3-55)

Tunil R® Aesauils R, dwfunguildn g (1 vise 2) Tnausazdauils R, azgn

% o 10 [ dl v v o ada o dw Qdd‘ o v a 1 oI
ATUAEITUALLNAIALUN  m LAZTINLANMIENY ’Jﬁﬂ']??’lllﬂuLL‘]_I‘LIuLﬂu’]ﬁVWI’ﬂﬁLﬂﬂﬂ’]ﬁ]’]féﬁﬂ

29INTUNINABATTNINE [un I luszuy DS-COMA  lasannAanduiusdnuszndng

v
IWALKILLL Hadamard ﬁ@m@uﬁﬁﬁmﬁqmﬂ (orthogonality) gavineaztinien faulsnissin

Auladinuncinudupaunisindulainna
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b= sgn(DY) (3-56)

~ v A

d‘dy <3| v Aa W a ~ A o
Tuiil sgn() uilandugmiv wag b Aeliavoyai ldgndadulaudrnainsy
35  wansudaaysied AuAnndudauansssuy SC-/DS-CDMA

3.5.1 ANNGUTauLasisnsdsuslaaudluuy SC-

nefniilagUaduteddluuy - CI lumedfiRaslduanisudasnauyaiesuuuiga
(Inverse Fast Fourier Transform : IFFT) ﬁiﬁmmﬂﬁaﬂ@?ﬁmmﬁ*LLﬂmvﬁLﬂﬁmuL?‘q (Fast
Fourier Transform Algorithm) [16] fouRn1ARIARI5¥1 CI/DS-CDMA azdasiinisuan
@fguum?iumﬁ@q;ﬁmﬂﬂﬂﬁ (orthonormal carrier) ﬁm%ﬁu%ﬂim o ldnaniswlag

ﬂ?LH§LLUUL§Q (Fast Fourier Transform : FFT)

atnalafimu 8nsuiugileauaasdiluun SC-I AawnsnldnisUszunana IFFT 7
idanasnuaes FFT ladineniy 49uin1afuae9szuy SC-I/DS-CDMA 1915UN1TuAN
AAUNTFaRNUnA Namnsnldsanasnuaes FET 18 uwiAnududeuazanasndn mans
o Y [ %3 a KR [=3 o Y [J 2 -dl
dudaurasdanasny FFT wutwngluun Ingaoududeulunisauanmesns’ld IFFT @
an g unsUiuglrausestlEnain annig (3-43) uannisresdtyanndays 1nie

#9299920U1 SC-I/DS-CDMA 13igis sl Lol

5, (1)=b, Vz‘i y® Nfl Acos((2n +1)27Aft — (2n + 1)1'%”) 2(?)
i=0 n=0
s, (t)=b, sz y O - A-Re{F(i)- e/} g(t) (3-57)
i=0
el
F)= 3. f(n)-e " (3-58)
n=0

Nl M = N/2 uaz F(i) Aeuanisudasysies aasileridu £(n) lag

f(n) — e‘/-(2n+1)<27r-Af-t (3_59)
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Tunsddl i=0,1,2,...M —1 siuilunnaesdoniunisgoiluannisi (3-568)
Aanesnuaes FFT Wiy (M /2)-log, M [17] uaziBunnaassinaiunisuan winuy
—jn-(i+M)2x/ M

M -log, M [17]\il89an e = —e/" M Favi

F(i+M)=—F(i) (3-60)

MINANNIT (3-58) unanisudasFiesuuuiioreaieidu f(n) unsdifi
i=M M+ M+2,...2-M aalsignedinnaAuanian wazA Hasananunsnldanaes
F(i) Tunsdif i =012, M —1 1§ ﬁaﬁumﬂ’mLﬂ@wﬁmﬁ% Tunseif i =01.2,...N—1
HilFunnuae9daaiunIuan Wiy M -log, M 1azBunniaassinniiunsgns winfiu
(M /2)-log, M atalsAmalunissuanmanaslfiaanlunnsfnuandundanisinuan,
ADUNIN Favtunanu S euTe 3R FET Az NANTUNTHINITAUI AT BLINGLAZIA 11N

TiszAumdudaurasnisAtuInida iun1sUiuzdadauaesdluiy SC-1 winfiu

O(N log,(N/2))

3.5.2 AnuTUdaulaLasassudlluss 1l SC-I/DS-CDMA

AFUPNNT UL UNITUANAAUNAITIFIRNUNR  MeTasiuTUaaaszun

SC-/DS-CDMA #Wanzaun lugilit 3.6 Anduieaesiy Filn m azlsdn

— T Jjon-m2m/N j-n-27-Af
un = |, () Rele’ TNy (3-63)

[Haanstun annig (3-63) lugtluuy dsaitiasmaanan nvueli 7, = NT, uay ¢, =T,

Tuanisi Refe’?t = Refe /L azld

N-I _
T = RG{ZF(ti)-e‘j'”""'z”/ N ~€_”'2”'Aﬂf} (3-62)

i=0
[Hasann Af =1/T, a3l

r :Re{Fr(n)-e_j'"""'z”/N } (3-63)

m,n
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Tuaug? F.(n) Pananisulasdiefiso aasiandu () tne

N-1

F.(n)=Y r(t)-e/"" (3-64)

i=

Tuauzafunaspaunitaangniiatsunma n=13,5,., N —1 #Auiuaiuouan
dlsz o o ada 1 o o 0% A as o o di o
NFRINNTAINTUAT FFT Winfu N /2 M ianududautesis FFT 4niuinsasiuaesssyyl
SC-I/DS-CDMA anas Taefsunauaessaiiiunisgns windu (N/4)-log,(2-N) uaz
Unnuaassiaaiiunisuon Wiy (N/2)-log,(N) HaNasnndan1iBunisnnmintu

M lFsvsumNdUtaulunIsANIINLATeNS LT A1 UsTUIL SC-I/DS-CDMA A

N
O(—4—10g2 N]



unN 4

Nan1TnaAdaud

Tuuyildudiuaeinisinmeianinde waznnmasnlanssnusaassyuy SC-I/DS-

CDMA Tnautiaflu 6 vindelun) Seiddausniiienineaiuignissnassszuy vindenasy

o aldl a6 ¥ &l o ) ¢ ¥ 1 o v v dl
LL’&E’NN@ﬂ’]?'ﬂ’]@‘ﬂﬂ?:ﬁﬂﬂluﬂﬁ‘m‘ﬂﬂﬂﬁMEL‘VILﬂﬁ"ﬂﬂ?ﬂﬂﬂ’]?sﬁ\iiﬂﬂusﬁL‘V\If&@jﬂﬁ]‘ﬂ\‘iLLN‘LLEI’W NIUAN

]
a @)

ANLAAINANIFINABITZULALANNNUNIKLES Waammas (phase jitter) adendiuna

D

o

) dd‘d a d‘ o Y 4
N19918099cUL Tunsrind eevma@anaun (frequency offset) uazvindagavineienr
ANNNTUTRUIBITZLL

o o o ° ~ - &
AmiusruuduigniaN e uaNsInueiussLuy  SC-I/DS-CDMA  Raseuy
o o dll o d‘ ] dl I a dl
CI/DS-CDMA 18z DS-CDMA  AU5SLLATANTUN I8N 1999N AN L LANHANA ALR AL
Masaasrngn  (MMSEC) - andlusiegldariuiinaaiuannnvesday oy nmunnesinuiu
(WNATa9eRENe  Hedantesdayninunan)  Tunisesunanadin  AITILAIA

% ¥

aNNAg I uiuaNasnUszininTesdty AN e

a

41  28N1931ARITEUL

lunnsanaessruuluananinusaiuiazataasdnedan el (forward link) win
UuliesaInszul SC-I/DS-COMA anilusiasldnmaniniipsaeassianiy Hadamard
nanalwiinde 3.2 Tnagiatignldlunissaunnglduienasden ol
Aufunuuanaastestasdnyininafsrateitanus Wil udasd i a
a d = . . y PRy |
wasNuLLLaanAND (frequency-selective Rayleigh fading channel) NNNasanAu

Y o P A Ao o A o o
ﬂ'}’]\iLLD‘LI“lI’ﬂ\‘]ZQQ_,IEUv'IM(BW) LLM@ZN@’]@QW@’]M?‘Uﬂ@quﬁﬁ'ﬂﬁliﬂ"]mqmL\T'E]ull"ll

Af << Af ;< total bandwidth (BW")

Toe Af luarundraunurespaunition waz Af, ARAINNANUDLILLLISINE

(coherence bandwidth) Nl#u1a1n power delay profile w93Tesdtyey nsiie) funig

AU NNANNTT (2-5) Aetudtyryndlundazadaunitiatazgnasiiudesdnonnisea

wiasauuuldidenaanud (frequency-nonselective Rayleigh fading channel) uaEAUUA LA
WHAATAAUNISE AN ANFURUSITIANND  Feuinaiumsannis (2-21) Inesuidaudsdniu

mﬁmmﬁimﬁﬁymﬁmmmﬁqﬁmﬁuﬁuﬁ%qﬂf;ﬁu'ﬁﬁqnmq@@ﬂuwﬁmm [17 ]
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Aneniinugariiagld power delay profile AMNN1ATFIU COS-207 GSM [18]
duiunRdszimenuunae  (hilly terrain) Lmufiﬁ@m*ﬁmﬁagmﬂmﬁﬁmﬂuﬁqmmLL‘1_|‘1_|
transversal FU&NLs=ANgu09n" 1A amnaan

4115UsuL  SC-/DS-CDMA  4az CI/DS-CDMA  @uuA lFNANNS1euwaL1ea
”mmﬁmﬁdq@ﬂﬂLﬁﬁﬁu 400 kHz ‘Emm:ﬁmimf]@mmmﬁﬁmmﬂimﬁiya&nmuu‘lmLuummﬁl
Taeld Ao NNdunLLLILITINTIR (coherence bandwidth) Af, AENNANNNA DY L
ﬂarﬁuwﬁmﬁuﬂ%amm'ﬁlﬁzﬂmdq 05  AzAIWINMIANNINLILLLLgaNTiR IEATnN
power delay profile AMNN1MTFIW COS-207 luannas (2-5) Tneadng innuntldaenny

NAuALLLLTINTE (Af,) AUTUQRLssmALLLNLL (hilly terrain) azld Af, =37.2kHz

42  wansaaasssuulunsaiiiAsassuiinsadasludinagnaasusiugn

4.2.1 ANTIANMNNANAIALIA

luadeiliiunaannnisdiqessuy iednmanssnuzaesszuunsieans

dafly Aneniuegsnnluumanasiall e flunmasesetsdaszanuau 50 Ak e
PIBRIIANKNANAIALR  (BER) Lﬁ@ﬁmaﬂmu?xudwﬁmmﬁmﬁuz‘@mﬂmmmu (SNR)
waswly Fatmualezuufiflddiomn 32 918 uazgnukdag sWAUKLLY Hadamard
A mEna 32 31 dmFusru CI/DS-COMA fldusiazanaazgnuedag sviaueifilamilew
FUARELT 1 B9 32 UAGWIUsELL SC/DS-COMA azlfawausiuuy Hadmard maus
Seuf 17 fie 32 i Tmmﬂﬁ’ﬁ%\mm 32 seluszuuazgnuiieaniduaeangue livin
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BER performance in CYVDS-COMA, N= 32 # of user= 32
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BER performance in SC-1 and CYDS-COMA, M= 32 #of user= 32
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BER performance in SC-FD3-COMA, N=32, SNR=10 dB
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BER pedormance in SC-YD3-COMA for phase jitter, N=32, SMNR=10 dB&
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Effect of frequency offset, N = 32, user= 32, #delta=01
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ABSTRACT

In this paper, a novel chip shaping being used in a particular DS-
CDMA was addressed. The chip shaping is created by
superpositioning of N/2 carriers in a typical interferometry-pattern
chip shaping. The particular DS-CDMA refers to as a DS-CDMA
whose users are separated into two groups with the maximum
number of users in each group being N/2. The result shows that by
considering the frequency diversity, over a fading channel, the
overall performance can be improved in such a way that the same
QoS in all user can be achieved.

1. INTRODUCTION

DS-CDMA (direct sequence code division multiple access) has
emerged as a dominant system in the world of wireless
telecommunication [1]. Nevertheless DS-CDMA is not without its
drawbacks, such as limits to the probability of error performance.

DS-CDMA systems use RAKE receiver [1][2] and attempt to
exploit path diversity to improve probability of error performance.
However, DS-CDMA RAKE receiver can not only fully benefit
from the path diversity but also causes a loss of user orthogonality.

MC-CDMA (multi carrier code division multiple access)
outperforms DS-CDMA [3]. MC-CDMA employs receivers which
offer frequency diversity benefits to enhance performance in-a
multipath channel.

Some earlier research [4][5], demonstrated the power of chip
shaping in DS-CDMA : by replacing the usual sinc( ) and raised
cosine chip shapes with CI (carrier interferometry) chip shapes in
DS-CDMA (and calling the system CI/DS-CDMA), frequency
diversity to better exploit the received signal energy. Here, the CI
chip shape corresponded to the linear combining of N orthogonal
(and adjacent) carriers.

In this work, we introduce a novel chip shaping called Suppressed
Carrier-Interferometry (SC-I) chip shaping. Based on a traditional
CI chip shaping, the SC-I chip shaping can be developed to acquire
more frequency diversity in average than the old one. Due to the
relationship between a Hadamard code and the CI code, the
receiver can not get all of the N carriers but only 1 to N/2 carriers
depending on the Hadamard code. Because of the different number
of frequency diversity, each user can not have the same QoS. In
this paper, we can show that in a Suppressed Carrier-Interferometry
Direct Sequence Code Division Multiple Access (SC-I/DS-
CDMA), the SC-I chip shaping can avoid this drawback.

Section 2 explains how to analyze and generate the SC-I chip
shaping. Section 3 represents the system models in both transmitter

and receiver. Section 4 shows the results indicating that the SC-
I/DS-CDMA system can have a better performance than the
traditional one.

2. INTRODUCTION TO SC-I CHIP SHAPE

A CI (Carrier Interferometry) chip shaping [4][5] is created by
superpositioning N carriers equally spaced in frequency domain by
Af =1/T, , where N corresponds to the precessing gain, and 7, is

~th

the symbol duration. The CI chip shaping for i” chip corresponds
mathematically to:

h(t) = iAcos(nZzAft +n6,)g(t) (1)

n=0

where A is constant to ensure the chip energy being 1/N,

2 . . .
6 = iﬁﬂ,i =0,L....,N—1,and g(¢) is a unit amplitude rectangular

waveform of symbol duration 7. To transmit a symbol, the i'"
value of the spreading sequence (+1 or —1), B, is modulated by

the CI chip shape filter #,(¢), creating the k" user’s transmitted
signal:

: S e 2z
s =bh O N Acos(n2mAft +ni=—)g(t 2
(=52 B8 D fAcos(n2mft + ni- D)e () &)
where b, is data bit of the k" user. By focusing the relationship

between the CI spreading sequence and the Hadamard spreading
code, the equation (2) can be rewritten as:

N-1 N-1 27

(k) _ (k) J(mJ—JrnZnAfz)

sUW=bQ ARy fil%e Vg 3
n=0 i=0

The cross correlation between the n” carrier of CI code

corresponding to (e/”,e/"*N /N /NNy and the

k" sequence~ of Hadamard code corresponding to:
BB By B s
& 2
R'(k,n)=Re{) ple ¥} )
i=0

In the same fashion, by adding ¢,(r)=n27zAft in the
superscript of the CI term we get:

N-1 .
R(k,m)=Re{y gV }
i=0

5
Equation (5) is now corresponding to equation (3).
Furthermore, from the Figure 1, when £ >1, we can observe

27
(= +0,(1)
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Figure 1 An example 8 x8 Hadamard Matrix with the minimum
length d of sub matrix H,

the characteristic 5% =—p% . Put it another way, in the same k"

group, part of the Hadmard code with the minimum length of d
can be reused to make the whole Hadamard code with the length of
N . Figure 1 shows the Hadamard Matrix with such a characteristic

where d =2 . The variable x depends on the k" interval with
2" < k < 2" then the equation (5) can be substituted by:

2 2 2
)e;/(m%) /(MH«H%) ](’V(I‘rN’d))%)

d-1
R(k,n)=Re{e™ " (B ~pe +-B e )

i=0

(6)
from equations (5),(6) can substituted by:
sin(n)
) cos((N-Dnr/N+¢ (£) k=0
sin(uz/ N) cos((N —Dnz ?,(0)
R(k,my = {000 ™
cos(dnrm/N)
d-1
x D BLsin(N —d +2x)nz /N +@,(1)) sk=1
x=0
R(k,n) =0 when
1,2,3,...,(N=-1);k=0
N 3N (2d-1)N ®)

n=
0,12, ., N-1}—{ k21

geeey

2d°2d 24

Considering the cross correlation, some of the carriers can be
eliminated. However, the bit energy, N, is not changed but
distributed into other carriers with a proportion of N/d . We can
see that only d carriers left would have the data. Since thed
carriers left would affect the overall frequency diversity, we select
the carriers in the range of Hadamard code from (N/2)"to
(N —1)" to get the best frequency diversity equal to N/2 . We call
this style of chip shaping as Suppressed Carrier-Interferometry,
SC-L.

An SC-I (Suppressed Carrier-Interferometry) chip shaping for i
chip implemented using FFT’s corresponds mathematically:

Amplitude

1] 5 10 15 20
Symbol Duration

(a) An SC-I chip shape in time domain (4 =1,N =16)

ANNNNN,,

(b) An SC-I chip shape in frequency domain

Figure 2 Suppressed Carrier-Interferometry (SC-I) chip shape

()= N/ZZ‘;IA cos((2n + 1)27Afi + (2n+1)0)g (1) )

n=0

where A is constant to ensure the chip energy being 1/ N,

2 . .
6 = i%,i =0,,...,N — 1. Figure 2(a) shows the SC-I chip shape

i

h.(t) and Figure 2(b) shows the chip shaping in the frequency
domain. Two chips, #,(¢) and A, (), differ only in the position of
their  mainlobes.

Specifically,  h,(¢)'s mainlobe arises  at

t, = o =pl., t,=t, +NI /2andh, (f)'s mainlobe arises at

t,=qT and ¢ =i, +NT /2. Asis required for chip shapes, chips
are orthogonal, i.e, the cross-correlation between chips p and ¢
corresponds to:

R,(pog) = J b, (O, ()

N/2-1 T 272_
= A* = cos(n+1)==(p - 10
Z S-eos(2n+ 1) 2P~ 9) (10)
=0 p#q

3. SC-I/DS-CDMA SYSTEM MODEL

The SC-I/DS-CDMA refers to as a DS-CDMA whose users are
separated into two equal groups with the maximum number of
users in each group being N/2, and using the SC-I chip shaping.

3.1 Transmitter model

To transmit a symbol, 8%, the i” value of the spreading sequence

+1 or —1 corresponding to the (N —1-k)”Hadamard code, is



modulated by the SC-I chip shape filter #,(¢) to create the user £'s
transmitted signal:

S(k)(t) = bk iﬂi(k)hi (t)
()
=b, z pH Z Acos(27f .t +(2n+1)27\ft + (2n +1)1—) 2(t)

n=0

where b, is the data of the k" user (k=0,1,2,...N/2-1) and the

total transmitted signals K are separated into two different groups
of users, K, and K, . Combining all the user signals together, we

get the total transmitted signals for K users:

s(t) = ’fbklf/i‘*" x

N/2-1

D" Acos(2afit +(2n+1)27Aft + (2n + 1)1—) 2(f)

n=0

+ ibkzNZI:ﬂfk“ X

NZZIACOS(27[(}” Af)t+(2n+1)27zAft+(2n+l)z—) t)

where K, +K,=K, Kand K,vary from Oto K/2-1. Both

groups are modulated by the two different groups of carriers as
shown in the following Figure 3.

(12)

f
(fe=8N L @ N

subcarrier: user group# K,  user group#K,

Figure 3 A SC-I/DS-CDMA scheme, whose users are separated
into two groups in frequency domain

3.2 Receiver model

In a typical Rayleigh frequency selective slow fading channel,
frequency selectivity exists over the entire bandwidth, but not over
the individual carriers that make up the chip [6]. Hence, each
frequency component making up’ the SC-I" chip experiences a
unique flat fade. Thus, the received signal in the fading channel is
characterized by:

N/2-1

") = ib,q Z B Aal

k=0 i=0 n=0

cos(27f .t + (2n + 1)27Afi + (2n + 1)z T+ dM)g(t)

Ky-1 N-1 N/2-1

+Zbk22ﬂ<’fz ZAa (13)

cosQz(f. — A+ (2n + 1)27Aft + (2n + 1)z T+ dM)g(h)

+n(t)

L f. ; for user group # K, r,‘”(t) is receive signal for group K/
Ja= f. —Af; for user group # K, ( equivalenc e low — pass filter)
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chipl s receiver
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Figure 4 Receiver for SC-I/DS-CDMA with two group of users

Due to the channel fading, " and a'” are the channel gain
and 4" and ¢ are the phase offset in the n” carrier of the
SC-I pulse for user group K, and K, respectively, and n(?)

represents additive white Gaussian noise. To simplify the
analysis, exact phase synchronization is assumed.

In the SC-I/DS-CDMA receiver of Figure 4(a) and 4(b), the m"

chip is separated into its N/2 carrier components, and the n” carrier

) (2)

contributes a decision variable 7, for user groups K, and K,

respectively :
P = zlb Zﬁ‘*”a“) cos(m 2% — ni 2%y + (14)
» N N
2 LS R 27 27 @
b, 2a ) cos(hm——ni—)+n 15
Z 2 B begstom s i) il (15)

where n), and n.”) is zero mean Gaussian random variable with

variance o, =N, /2. Following the creation of r{)and ), a

frequency combining scheme is employed across carriers (index
n ) to remove interference and offer frequency diversity benefits.
The MMSE frequency combining strategy corresponds to:

N-1 (/)

D =N 0

j can be elther 1 or 2 following the K and K,,



respectively. o; represents to the power of the interference
term and o) represents the power of noise term to be

minimized. Hence [5],
W _N 0 a,”
R =% rY . - 17
" Z; " K@Y -N/2+N,/2 {1n

After the MMSE frequency combining of (17), a final decision
variable for user / is generated by combining the R, 's across

chips in the usual DS-CDMA fashion, shown in Figure 4(b)
N-1

D,” =2 RVAY (18)
m=0

That is, each chip decision variable R, is multiplied by m"

spreading code and combined together. Due to the orthogonal
cross-correlation of spreading codes of different users, this
combining minimizes the multi-user interference as in conventional
DS-CDMA despreading.

4. SIMULATION RESULTS

The multipath fading channel model being used to assess the
performance of the SC-I/DS-CDMA system is the Hilly Terrain
(HT) channel taken from the COST-207 GSM standard [7].

Moreover, the correlation between the i” subcarrier fade and the
j" subcarrier fade is characterized by [8]
B 1

L+ ((f, = FAA))

where Af, is the coherence bandwidth. Generation of fades with

P (19)

correlation has been discussed in [9].

Simulations are performed assuming that a total of N =32
subcarriers. Benchmark results are generated using the following
systems: (1) a traditional DS-CDMA system using Hadamard code
with a processing gain of 32. (2) CI/DS-CDMA system separated
into two equal case of consideration, i.c., 16" to 31" Hadamard
code users as the best case and 0” to15” Hadamard code users as
the average case over other users. (3) SC-I/DS-CDMA system with
both case of consideration using 16" to 31" Hadamard Code.

Figure 5 presents bit error probability (BER) versus SNR
performance from the simulation, assuming. a full 32 users loaded
on the systems. The dotted line (marked with circles) represents the
SC-I/DS-CDMA,; the solid line (marked with point) represents the
traditional CI/DS-CDMA in the best case (using 16”to31”
Hadamard Code) and solid ' line (marked  with. pentagram)
represents the traditional CI/DS-CDMA in the average case (using
0" to 15" Hadamard Code).

Figure 5 also shows that the line representing all cases in the SC-
I/DS-CDMA locates nearly the same position as the line
representing the best case of the CI/DS-CDMA. So we can assume
that all users in the SC-I/DS-CDMA can be the best case in the
CI/DS-CDMA. Furthermore, at 10° BER, the SC-I/DS-CDMA can
get about 5 dB SNR better than the CI/DS-CDMA averaged over
the 0" to15” Hadamard code users.
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Figure 5 BER Performance of SC-I/DS-CDMA with two groups of
users

5. SUMMARY

In this work, a novel SC-I chip shaping in a SC-I/DS-CDMA was
proposed. Rather than using group of N user chip shaping, two
groups of users are developed to overcome the drawback from
unequal amount of frequency diversity in each user and can acquire

a better performance for overall system.
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