Tap chi Khoa hoc PHQGHN, Khoa hoc Ty nhién va Cong nghé 23(2007) 135-144

So sanh va danh gia chat lwong cua hé thong DS-CDMA va
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Tém tit. Bai bdo nay dénh gia hiéu nang thiét 1ap bang rong ctia ki thuat CDMA chudi truc tiép
don song mang (DS-CDMA) va ky thudat CDMA da song mang (MC-CDMA) qua kénh pha dinh
Rayleigh chon loc tdn s8. Ca hai hé thong déu c6 kha nang han ché duoc pha dinh da duong hon
cac hé thong bang hep théng thuong. Nho ky thuat phan tap, hai hé thong nay da han ché anh
huéng cta kénh truyén va tac dong ctia nhidu. Trong khi hé thong DS-CDMA sit dung mdy thu
RAKE d¢€ giai quyét cac thanh phan da duong thi hé thong MC-CDMA chi can st dung mét bo thu
tuong quan don gian cho mdi séng mang. Tuy nhién, giai phap MC-CDMA c6 hiéu nang t5t hon
giai phap DS-CDMA trong viéc khtr nhidu bang tan cuc bd cling nhu ¢6 kha néng hd tro mot s6'16n
nguoi dung trong hé thong véi mot hiéu nang cho trude.

1. Gi6i thiéu

Gan day, mot hé thong CDMA mdéi dua
trén su két hop ky thuat CDMA va OFDM da
duoc nghién ctu, d€ xuat l1a rat c6 kha nang
giam anh hwong ctia kénh pha dinh Rayleigh
da duong chon loc tan sd [1-4]. Hon nita, hé
thong nay c6 hiéu suat phd rat cao va dé thuc
hién FFT [5]. Cac tin hiéu DS-CDMA c6 bing
thong rong c6 thé la doi tuong chiu anh
huwong pha dinh da duong chon loc tan sd.
Ngay ca khi toc d6 dit liéu thdp va can nhiéu
xuyén ky ti ISI (InterSymbol Interference)
khong dang ké thi pha dinh da duwong cliing
c6 thé lam cho chat luong cia hé thong kém
di do can nhiéu gifra cac chip ICI (InterChip
Interference). Kha nang chong lai nhiéu & hé
thong DS-CDMA dat dugc nho sy tuong
quan gitta tin hiéu thu dwgc voi chudi trai
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pho xdc dinh trude, do d6 do tang ich xi ly
ctia hé thong 1am giam anh huong cta nhiéu
[6, 7]. Thém vao dé bo loc triét nhiéu c6 thé
st dung dé triét nhiéu bang hep. Tuy nhién,
ddi v6i nhidu bang tan cuc bd c6 bang thong
rong thi n6 anh huéng rdt manh dén chat
luong ctia hé thong DS-CDMA. Bai bao nay
tap trung nghién cttu phan tich va danh gia
chat lwong hé thong trai phd day truc tiép
DS-CDMA va hé thong trai phé da song
mang MC-CDMA (03 séong mang) véi su cd
m4t ctia nhiéu bang tan cuc bo. Hé thong
MC-CDMA dua vao sy két hop CDMA va
OFDM (ttec 12 chudi dir liéu nhan véi chudi
trai ph6 duoc di€éu ché OFDM trén N song
mang) la rdt manh d6i véi kénh pha dinh da
duong chon loc tan s6, ¢ hiéu sudt pho cao
va yéu cau toc do chip thap hon.

Bai bdo dugc td6 chitc nhuw sau: Phan 2
phan tich kénh pha dinh da dwong va nhiéu
bang tan cuc bd. Phan 3 mo ta so bo hé thong
DS-CDMA va hé thong MC-CDMA. Phan 4
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la cic két qua md phong bang MATLAB
danh gia chi tiéu chat luong ctia hé thong trai
pho day truec ti€p DS-CDMA va hé thong trai
ph6 da séng mang MC-CDMA trong diéu
kién kénh pha dinh Rayleigh da duong chon
loc tAn s8 véi sw ¢6 mit ctia nhiéu bdng tan
cuc bd. Phan 5 dua ra cac két luan.

2. Kénh va nhiéu bang tan cuc bd
2.1. Kénh pha dinh

Nguyén nhan gay ra pha dinh la do su
truyén séng da duong, phia may thu thu
duoc nhiéu tin hiéu phan xa va khuc xa ¢
bién d va pha khac nhau. Kénh ¢ day duoc
gia thiét 1a kénh pha dinh Rayleigh bién ddi
cham chon loc tan s6. Bap ung xung cua
kénh d6i voi tin hiéu ¢ dang tan sd thap
twong duong gia tri phtic cé thé biéu dién
dwdi dang:

L-1
h, = Zale%" g Jon (L) )
i=0
0 day L la s6 duong truyén c6 thé xi ly. Bién
do dwong bao «o;, {I=0,1,..,L—1} cua
titng duong 1a bién ngau nhién Rayleigh doc
lap; pha cta ting duong U
{Il=0,1..L—-1} la bién nggu nhién ii.d
(independent identically distributed) phan bo
déu trong khoang (0,27) va w,, la tan s6 goc
ctia song mang thtt m. «; c6 ham mat do xac
xudt nhw sau:

2 2
@) = Sexp(—55),2 > 0. @)
o g

2.2. Nhiéu bing tin cuc bj

Can nhiéu tir cic hé thdng t& bao sé cé
dang ctia can nhiéu bang hep va céc tin hiéu
phat sinh ttr hé thong CDMA 1,25 MHz hién
tai sé tao ra mét can nhidéu bang tan rong hon
(hinh 1).

Tén sO trung tam

Hinh 1. M4t d6 phd cong suét ctia nhiéu
bang tan cuc bo.

Dang can nhiéu bang tan cuc bg la tap am
trémg Gao-x0 c6 bang tan giéi noi voi mat do
pho cong suat trong khoang _% <IfI<f +%
la

W.n.
5 = 241, @)

va bdng 0 & nhitng phan khac f; , W; va n;

la tan sO trung tam, bang thong va bién dd
ctia nhidu. D& danh gid chat luong ctia hé
thong do tac dong cta nhiéu bang tan cuc b
thi thong sd can xac dinh la ISR = c6ng suat
nhiéu bang tan cuc bd / cong suat tin hiéu.

3. Hé théng DS-CDMA va MC-CDMA

3.1. H¢ thong DS-CDMA

Gid st céd K nguoi st dung trong hé
thong DS-CDMA, nguoi st dung tht k phéat
di chudi df(t) diéu ché chudi trai phd cf(t)
ddc nhat doi véi nguoi st dung dé. Bai bao
tap trung nghién ctu ca hai hé thong DS-
CDMA va MC-CDMA ¢ duong xudng. Sau
khi trai pho tai dau ra bo két hop tin hiéu x(1) la:

K
wt)=> "y . @)
k=1

Tin hiéu nay dugc diéu ché bodi séng
mang va duoc phat di:

K
2(t) = 12«/2& cF (t)d,k (t)}cos w,t. 5)
=1
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Tin hiéu 2(t) dugc truyén qua kénh dén
mdy thu v6i bang tan xac dinh. Ta xét d6i voi
nguoi dung tht nhat (k=1), khi d6 tin hiéu
thu dwoc tai bd thu hop phap tht j tuong
tng véi bo phat k=1 la:

K
%(t) = ;«/Q_Pkcf’(t — )t —7)cos(wit +y) +n(t), (6)

trong dé: w,la tan s6 séng mang, 7, la do
trai tré, Pr la cOng sudt phdt ctia nguoi dung
thtt k, ¢, la pha ctia ngroi dung tht k va
phan bd déu trong [0,27], n(t) la thanh phan
nhiéu.

Véi y () la tin hiéu mong mudn cua
nguoi dung thi nhat:

w) = 3 VIR - i —m)eosot +6)  (7)

i=—00

n(t) gom thanh phan nhiéu AWGN c6 mat

dd phd cong sudt 7,/2 va nhiéu tir nhiing
ngueoi dung khac MAI (Multiple Access
Interference) bang tong cac tin hiéu khong
mong mudn tit cac thué bao con lai:

K
L) =Y 2R cf(t — m)df (t — 7)) cos(wit + ¢). (8)
k=2

Ti sO tin/tap SNR cuia nguoi dung tha
nhat & dau ra by loc phoi hop la:

1T2 1 1
. _ Pl [ m K—-11" _[n , K-1]
SNR = — 2 [ + =25 * v 9)

%“Tz, R P(KG— VI |2PT, '~ 3N

0 day E=PTy, (P la cong suat trung binh cta
tin hiéu phat), ta c6 xac xuat 15i 1a:

o) (0

P, = QWI5NR) :Q[ o

* C4u trac may phat DS-CDMA:

May phét bang tan goc DS-CDMA thuc t&
chi ra trén hinh 2:

28 8 kbp:
Luéng dit lieu 96 kbp - 3 2 B kbp Lap aiva
> CRC > > Ep
8 6 kbp: L= T e Khung Encodes ghép xer 57¢bi Khune
17:bi  khung 57¢ bi khung
686: Mocp:
14 4 kbp: 73 72¢bi khung B6 loc 1
béng g()'(
28t bi khung
CHUGI PN 1
-
PHANKENE CHUBIPN Q
14 4kbp: 686: Mcp:
Bo loc C
286bi Kkhun, bang g >
2 73 72¢bi khung ang go¢
. 1w N A
Hinh 2. My phét bang tan goc cia DS-CDMA.

Luu y réng mang truc tong thé van dua
trén tiéu chudn IS-95 nhung téc do chip bay
gio la 3,6864 Mchip/s gap 3 lan so vdi tdc do
chip ctia IS-95, 1,2288 Mchip/s.

Cac khoi trong so d6 chiic ndng ctia mdy
phat khong phan tich ky trong bai bao nay
ma chi ¢6 dong mot s6 diém dang cha y nhu
sau:

+ Ma CRC duwoc tao ra nho da thirc sinh:
Q) =22 +2" +2° 427 +2° +47 +2' +2+1 (D)
+ B ma hoa nhan chéap: dugc st dung
cho kénh luu lwong duong xudng ctia may
phat DS-CDMA. B6 ma hoa nhan chap (3,1,9)
dwogc chira trén hinh vé 3
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Hinh 3. B ma hoa nhan chap ti1é 1/3, K=9.

+ Trai pho kiéu Walsh: muc dich cua
dung trai pho walsh dé tao ra mét kénh hoan
toan triec giao gitta nhitng ngwoi st dung.

3.2. H¢ thong MC-CDMA

Nguyén tic cia MC-CDMA ciing nhu ky
thuat di€u ché da song mang 1a st dung viéc
tach cac kénh thong tin bang rong ra thanh
cac kénh thong tin bang hep, thwc hién
truyén song song thong tin trén nhiéu séng
mang tiong ttng cac kénh bang hep nay.

MO0 hinh hé thong trai phé da song mang
MC-SS két hop gitta CDMA va OFDM duoc
cho trén hinh 4:

Biéo dfi
ndi ifp

D lisw PELClE - iy Didy ch i)
—H g e ™ o [ M OFDM -
3

el
M uhiphd

Hinh 4. M6 hinh hé théng trai phé da séng mang
MC-SS (MultiCarrier — Spread Spectrum).

Thanh phan tan s6 thdp cta tin hiéu diéu
ché&'trudc khi trai pho la:
Sa1(t) = NPS,pr (t — nTy) (12)

Pr laxung vuong c6 do dai T,; va dang song
ma trai pho la

+o00

dt)= Y cupp(t —nl) (13)

v6i ¢, = %1,
chip la 7,. Khi d6 thanh phan tan s6 thap
twong duong cta tin hiéu trai ph6 da song

pr la xung c6 thoi khoang

mang la:

N1 j2m ot
= \/?Z Sncm+nN6] b (14)

m=0
voi: nT, <t <(n+DT,.

N la s6 song mang, chung ta gia thiét
T, = NT,. Cht y rang tin hiéu trai phd da
séng mang c6 thé dugc xem nhu la tin hiéu
trai pho truc tiép voi dang song trai ph6 nhu
sau:

J_ ZOC [ Z Con+n PJMT ]pT_\ (t—nT,) (15)

n=—oc{ m=0
Ttrc la dang song trai pho voi chu ky 7,
Mat d6 pho cong suat PSD cua tin hiéu
trai pho da sc')ng mang la:
PT

2

(16)

S(f) =

Zc sine(fT, — m)

m=0

* C4u trac may phat MC-CDMA

May phat MC-CDMA duoc phan tich va
so sanh véi may phat DS-CDMA la may may
phat diéu ché’ N=3 séng mang, mdi séng
mang rong 1,25 MHz, bang thong tong cong
bao gdm ca dai bao vé la 5 MHz. Cac chi tiét
cua may phat d6i véi phuong phép 3 song
mang duoc trinh bay trong hinh 5. Cac bit chi
thi chat lwgng khung dugc cong lai theo
phuong trinh (11) nhu caa DS-CDMA, b ma
hod nhan chap, ldp lai ky tee va bo ghép xen
cing teong tw nhu hé thong DS-CDMA. Con
do6i voi bd phan kénh: trong hinh 5 sau bd
ghép xen, toc do thong tin ma hoa la 28,8
kbit/s. Tai diém nay sé thuc hién phan kénh
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3 A s ~ A . X. . 1 . .
nham cung cap cac luong thong tin cho moi CDMA, cu thé la hoic 1,2288 Mchip/s
mot trong ba sdng mang. Sau d6, toc dd giam ) _ eMC
vé 9600 bit/s cho moi song mang. Lwu y rang doi VOlhmOI So;‘g mlang. 1998500
N A 11y 1A (1A 1A chips b
toc d6 chip 1a thap hon so vdi hé thong DS- b = =128 (17)
) chip p ' & bit T, R 9600
Toc do ddy dii: 9600 bps
r=1/3 lap lai va
8.6 kbps 9.6 kbps Encoder 28,8 kbps ghép xen
172 bit/khung 192 bit/khung 576 bit/khung 28,8 kbps
576 bit/khung
Chudi PN 1
Walsh Loc bang I
9.6 kbps |—> 256 ary 26c
192 bit/khung
—7 ] Séng mang 1
hi han Walsh oc ban; -
N“‘ "?:"“ | 25(;] :ry 1,2288 Mcps =® te Qgc “ Q
964}'5?‘;“:”’” 24.576 bit/khung

Chudi PN Q

Chudi PN I

Walsh Loc bang I
— | 9,6 kbps |—’ 256 ary e6c
192 bit/khung
e e Song mang 2

—_ Nhi phan | Walsh =® Coe bang o
4 e 4.8 kbps 256 ary 1,2288 Mcps py —
96 bit/kin 24.576 bit/khung

Chudi PN Q

Chubi PN I

Walsh Loc bang I
9.6 kbps — > 256 ary o6c
192 bit/khung
7 7 Séng mang 3
Nhi phan | . Walsh Loc bang »Q
4 miic 4.8 Kbps 256 ary 1,2288 Mcps e6c

24.576 bit/khung

Chudi PN Q

Hinh 5. M4y phat bang tdn goc MC-CDMA.
Tiép theo, d€ hinh thanh cidc nhanh dong duogc chi ra trén hinh 2, hinh 5 trong chuong

pha va léch nhau 90°, luéng bit duoc phan trinh con st dung mot s6 tham sd sau:

kénh mot 1an nita, nhung 1an nay hai bit - B6i véi modul phat:

duoc chuyén tiép cung mot luc, cudi cung, + S0 lwong nguoi dung dong thoi trong hé
tdc d6 moi nhanh 1a 4800 bit/s. thong (N_users = [1, 3, 10]), tham s& nay 1a co

s& xét nhiéu da truy nhap MAIL DPay la tham
sO quan trong trong cac hé thong CDMA vi
mot trong ddc trung cta hé thong nay la dung
luong bi han ché& boi MAL

+ Tré ctia cic nguoi dung (delay_users): dé&
mo phong trung thuwc hé thong, tat ca nguoi
dung trong hé thong hoat dong & ché do

4. Cac két qua mo6 phéng

4.1. Phwong phip mo phéng: chuong trinh
mo phong duoc xay dung trén nguyén ly, so
d6 kho6i nhu 6 muc III bao gébm cac: modul
phat, modul thu va kénh. Ngoai cac tham s&
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khong dong bo. Gia thiét nguoi dung can
phat tin hiéu dén khong tré va tré phat cho
cac nguoi dung khac la 107, (d6i voi nguoi
dung tht nhat la 7,), 7, la thoi khoang
chip. Vi dy, tin hiéu tir tram goc phat cho
ngudi dung thit 3 tré 20 7., cho ngudi dung
thie 7 tré 60 T, .

+ MOt van dé rat can cha y khi thyc hién
mo phong la xac dinh gia tri cong sudt ky tw
trung binh E, dwa trén mot s6 nguyén tac
sau: ma hoa, 13p lai, ghép xen va phan kénh
khong lam thay d6i nang luwong ky tu trung
binh B, P% v6i PG la hé s6 ting ich trai
pho. Do d6, néu dit liéu sau khi trai phd cd
mttc nhi phan {+1} dugc ting tdc 1ay mau
(voi diéu kién bao toan nang luong) thi khi
qua bo loc Cosin nang sé cé tin hiéu dau ra
vdi nang luong trung binh béng 1 va khi 46
E,=PG.

- Boi véi kénh vo tuyén:

Day la mot trong nhitng van dé phtic tap
va kho khan khi thuc hién mo6 phong cho hé
thong di dong. That ra, ITU c6 dua ra mo
hinh kénh da duong cho danh gia chi tiéu hé
thong 3G trong khuyén nghi ITU M.1457 [8]
nhung md hinh dwa ra sé lam cdu tric may
thu tro nén rat phtc tap va thoi gian st
dung dé€ chay chuong trinh sé bi kéo dai.
Hon ntta, mo6 hinh ITU dua ra véi 6 duong
kénh c6 thé st dung truc tiép trong mod
phong DS nhung d€ md phong MC phai
duoc bién d6i cho hop ly sao cho anh huong
cua kénh 1én hai hé thong duoc coi nhu
teong duong. Day 1a van dé khong don gian
va chua thé thue hién dugc trong khudn kho
cta bai bao nay. M6 hinh kénh dwoc st
dung trong chuong trinh md phdéng don
gian hon véi 3 dudng truyén véi cac muc tré
[0 2 5] va phd cong sudt tré twong tng [0.5
0.3 0.2]. Véi mot mirc 6 nhat dinh, md hinh
nay van dam bao moé phong duoc tinh da

duong cta truyén dan theo trai phd truc tiép
DS, hon ntta né c6 kha nang chuyén doi twong
duong mét cach hop ly sang hé thong da song
mang MC. Khi d6, 3 séong mang ctia MC sé
chiu cac pha dinh Rayleigh doc lap va chi co
mot duong duy nhat, giong nhu kénh duwoc
mo ta trong [9]. Sau khi da xac dinh dwoc mo
hinh da duong cua kénh, van dé con lai la xay
dung kénh Rayleigh cho md phong véi cac
tham s6:
e Tan so hoat dong : f. = 1800 MHz.
e Van toc di chuyén cta Mobile: vms=60
km/h
e Tan s§ 1dy mau kénh f. Tham s& nay
lién quan dén trai tan s6 Doppler f,
cua kénh. Béng thitc nghiém nguwoi ta
xac dinh dwoc [10]:

b [9 _
- i = 0.423 (18)

Thuee vay, trong chwong trinh, khai niém
toc dg bien déi (khong phai 1a toc do 18y mau vi
toc do 14y mau phai tuong tng véi s6 mau
ddu ra 1ay trén 1 khung. Néi cach khac, s6
luong mau ldy trén 1 khung tin hiéu phai la
294959 ctia DS va 98351 cua MC) cua kénh
Rayleigh bang van toc truyén dir liéu 9600
bps. Khi do:
» Vs 60.103.1800.10°
£ \9600  3600.3.10%.9600
Gid tri nay nho hon nhiéu so véi gia tri
thiec nghiém, chitng to kénh duoc Ira chon du
nhanh d€ phan anh ddy du cac tinh chat cua
kénh pha dinh nhanh.

Toém lai, mo hinh kénh duogc Ira chon thoa

man:

e D061 voi hé thong DS: 1la kénh da
duong (gom 3 duong), mdi duong
mot murc cong sudt xac dinh va c6 déc
trung thong ké cua kénh Rayleigh.

e D061 voi hé thong MC: la 3 kénh
Rayleigh doc lap ddi voi 3 séong mang
khac nhau.

0.00  (19)
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Cubi cung, ddi voi modul thu: trong DS-
CDMA duoc thiee hién trén nguyén ly thu
da duwong RAKE. Trén thuc t&, may thu nay
phai ¢ cac bo twong quan d€ xt ly cdc tin
hiéu dan duong pilot nham tim d6 tré va
cong suat thich hop cho cac nhanh thu. Hon
ntta, trong may thu phai c6 cac bd wéc leong
kénh d€ thuc hién két hop ti s6 cuc dai MRC
(Maximal Ratio Combining).

Nhu da dé cap trong phan vé kénh néi ¢
trén, moi kénh nhanh cia MC chiu pha dinh
Rayleigh phang doc 1ap. Do d¢, thu trong
MC trén mbi kénh duogc thuwe hién don gian
béng bd loc phdi hop.

Chuong trinh m6 phéng dwoc sit dung
d€ tinh chi tiéu chat luong ctua ca hai hé
thong trong cac truong hop sau:

e Cé nhiéu bang tan cuc by, do rong
bang 1,25 MHz, twong tng anh
huwong dén 1 trong 3 séng mang cua
MC-CDMA va 1 caa DS-CDMA.

e Céac nhiéu cuc bd dugc xét dén la:
3dB, 6dB, 9dB va khéng cé nhiéu.

e S0 lwgng nguoi sit dung dong thoi la
1, 3 va 10.

TAt ca cac tham so trén dwoc coi la tham
s0 dau vao trong qua trinh chay md phong.
Mdi bd tham s& duwoc chay 3 lan. b€ tiét
kiém thoi gian ma van dam bao d6 chinh
xac mo6 phong, ngoai viéc sit dung cac cadu
tric don gian da trinh bay ¢ trén, khi chay
mo phong cho mdi bd tham s8, s6 lwong bit
thong tin m6 phong khong cd dinh, tranh
treong hop 1dp lai qua nhi€u mot gid tri xac
xuat da on dinh ciing nhu s6 luong bit
khong du theo ly thuyét mo phong, chinh vi
vay trong chuong trinh c6 st dung “vong ldp
thich nghi” (duwdi dang while ...). Két qua thu
duoc sau mdi 1an chay dugc ghi vao file. Khi
tong hop két qua, khong thé don gian 1y
trung binh cac ti s§ 16i ma phai 1dy theo
trong s6'1a s& lwong cac bit mdi 1an chay.

4.2. Két qua mo phong

Két qua mo phong chi tiéu chat luong cta
hé thong trai phd truc ti€p DS-CDMA va hé
thong trai ph6 da song mang MC-CDMA do6i
v6éi duong xudng bang Matlab thu duoc
nhiing danh gia sau:

1. Chat lwong cua hé thong MC-CDMA va
DS-CDMA trong cac diéu kién pha ding
Rayleigh da duong v6i 1, 3 va 10 nguoi st
dung 1a gan tuong dwong, nhat 1a khi nhiéu
va tap am trong hé thong la nho. Cu thé la:

+ Khi it nguoi st dung, nhiu da truy
nhap MALI thép, chi tiéu chét luong cua hai hé
thong gan nhu twong duwong nhau, chénh léch
khong dang ké (duong 1 user trén hinh 6).

—e— 1 uger
—+—  Jussrs
—+— 10 uzers

Tl

s i i ; ; ;
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Ebho
Hinh 6. X4c xuat 15i bit BER ctia MC va DS trong cac
treong hop 1, 3 va 10 nguoi st dung véi ISR=3dB,

do rong 1,25 MHz.

+ Khi sd nguoi sit dung tang lén (duwong 3
users va 10 users) chi tiéu chat luong cuia hé
thong MC c¢6 t6t hon chut it so v6i DS. Diéu
nay hoan toan phu hop vi viéc b6 sung thém
cac thué bao trén mot tram goc sé lam gia tang
tap &m nén tong thé ctia hé thong. Nhu vay,
do mong muodn tdi da hoa s luong thué bao
thi hé thong phai tra gia vé chi tiéu chat lvong
cho mttc gia tang tap am nay. Tuy nhién, si
chénh léch vé chat lwgng nay con nho hon
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nhiéu so vdi sy chénh léch khi xuat hién
mtec nhidu bang tan cuc b 16n.

2. Trong hinh 7 va 8, can nhiéu bang tan
cuc bd cd bang thong twong dwong voi bang
thong cua mot séng mang 1,25 MHz tac
ddng vao ca hai hé thong. Khi thay doi mtc
nhiéu bang tin cuc bd hay néi cach khac la
khi ISR tdng 1én r6 rang chi tiéu chat luong
cia MC-CDMA cao hon DS-CDMA, thé& hién
qua xéc suat 13i bit P

+ Khi nhiéu bang tan cuc bo cang 16n,
xac xuat 16i bit P» cia DS-CDMA cang c6 xu
hudng gitt 6 mic cao. Hé thong khong co
kha nang tai cau truc tin hiéu goc va cudi
cung la khong con duoc sit dung nita ké ca
khi tang SNR (hinh 9).

+ Doi voi hé thong MC, xac sudt 16i bit Ps
van giam khi ting SNR trong diéu kién
nhiéu bang tan cuc bo 16n béi vi: thi nhat 1a
do bang thong cua MC duwoc chia thanh N
(N=3) bang con titc la c6 N nhanh phan tap
theo tan s6 doc lap thi sO luong duwong
truyén c6 thé xt ly it di dan dén pha dinh
chon loc tan s& it hon trong pham vi mdi
bang con (gan nhu la pha dinh phéng); tht
hai 1a do MC-CDMA con c6 cac bang con
khac khong bi anh hudng nhiéu bing tan
cuc by - d6 la nhiing bang tan con sach.
Bang tan sach cia hé thong MC-CDMA
van cé thé khoi phuc chinh xéc tin hiéu gdc
(hinh 10).

—&— 7 user
—+— 10 usera
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Hinh 7. BER ctia MC va DS trong cac truong hop 1 va
10 nguoi st dung véi ISR =6 dB, d6 rong 1,25 MHz.

3. V& co ban, tham sd nhiéu bang tan cuc
bd dong vai tro giong nhu tap &m no lam ting
mtc nhiéu chung cta hé thdng tic 1a anh
hudng dén mirc SNR tong cong,

o' T T

—=— 1 ugar
—+#— 10 uzers

D T S

EbNa

Hinh 8. BER ctia MC va DS trong cac truong hop 1 va
10 nguoi st dung véi ISR =9 dB, d6 rong 1,25 MHz.
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—&—  [BR=23dB, BYW =125 MHz
—+— |BR=FEdB. BYY =125 MHz
—+— IBR=5d8. BYY =125 MHz

10

0 1 2 EbMo 3 4 5 6

Hinh 9. BER ctia DS trong cac trieong hop 10 nguoi
stt dung vdi ISR khac nhau c6 d6 rong 1,25 MHz.

R rang anh huong ctia nhiéu bang tan
cuc bd phu thudc vao ca hai tham so: d6 16n
va bang thong hay chinh 1a cong suat nhiéu.
Dé y 1a bang thong cua nhidu bang tan cuc
bd rong hon thi chat luong cua hé thong
giam rat nhanh khi ISR 16n. Chat luong cua
hé thong da song mang MC sé nhu chat
lwong ctia hé thong DS néu nhu nhiéu bao
phu toan bd bang tan hé théng. Diéu nay c6
thé thay ngay dwoc la vi hé thong da song
mang MC cang mat nhiéu hon bang tan sach
khi W; tién dan dén bang thong cta hé
thong.

4. Khao sat kha nang xudng cap chi tiéu
ma cac hé thong t€ bao bang hep hién nay
phai chiu, mot thanh phan can nhiéu bang
tan cuc bd 400 KHz duoc b6 xung vao kénh.
Hinh 11 va hinh 12 minh hoa viéc nay. Ro
rang la v6i ban chat bdm sinh cua cong nghé
CDMA cho nén hé thong DS-CDMA bang
rong va hé thong MC-CDMA la rat hitu hiéu
trong viéc lam giam bét bat ky can nhiéu
bang hep nao.

1 ! . . .

—e— 13R=3dB, B¥ =125 MHz
—+— ISR =6dB, BY = 1,25 MHz
—— ISR =94B, BW =125 MHz

10 i :

1} 1 2 Bbho 3 4 5 B

Hinh 10. BER cua MC trong cac truong hop 10 nguoi
stt dung vdi ISR khéac nhau ¢ d6 rong 1,25 MHz.
i - - ; ; :

—5—  5R =3dE, Bl =400 kHz
—4+— 3R = EdE, BYY =400 kHz
—+— ISR =5d8, BY/ =400 kHz

T o R
Hinh 11. BER ctia MC trong cac triedng hop 3 nguoi

stt dung v6i ISR khac nhau c¢é d¢ rong 400 kHz.

—&— |BR=3dB, BYY = 400 kHz
—#—  |BR =6dB, BYY = 400 kHz
—— IER=9dB, BW =400 kHz

1 1 2 BN 3 1 5 B

Hinh 12. BER cua DS trong cac treong hop 3 nguoi st
dung véi ISR khac nhau c6 d6 rong 400 kHz.
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Performance comparison and evaluation of DS-CDMA and
MC-CDMA systems over a multipath fading channel in the
presence of partial band interference

Nguyen Ngoc Tien!, Trinh Anh Vu?
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2 Vietnam National University, Hanoi, 144 Xuan Thuy, Cau Giay, Hanoi, Vietnam

This paper presents performance evaluation of the wide-band implementation of a single carrier
direct sequence CDMA (DS-CDMA) method and the three tone multicarrier CDMA (MC-CDMA)
method over frequency selective Rayleigh fading channels. Both systems are inherently more resistant
to multipath fading than ordinary narrowband systems. The use of diversity techniques aid the
systems to combat for channel propagation and interference. The single carrier model utilizes a RAKE
receiver to resolve multipath component whereas the multicarrier model uses a simplified receiver
containing one correlator for each carrier. However, the multicarrier approach proved to be more
robust in suppressing partial-band interference as well as supporting a larger number of users for the
desired performance level.
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