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CHAT LUQONG CAC BQ TACH SONG PA TRUY CAP TRONG HE THONG
CDMA CO MA HOA TURBO
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1. GIOI THIEU

Ngay nay, théng tin datruy cap d& duoc sir dung rong réi trong nhiéu hé théng théng tin, dic
biét 1a trong théng tin vé tinh va thdng tin di dong. Nhiéu ky thuat da truy cap khéc nhau dugc
trién khai va do vay cac phuong phap tach sdng datruy cap da va dang tré thanh mot van dé thu
hit sy quan tdm nghién curu, nhat la ¢ c&c hé thong da truy cap khong truc giao. Vi hé théng
CDMA hién tai, tin hiéu caia mdi user duoc téch bing cach twong quan tin hiéu thu duoc véi ma
trai pho tuong g caa nd. Do d6, chit lugng cia hé thdng ndy bi anh hudng manh bai can nhiéu
da truy cap MAI (Multiple Access Interference), hiéu ung gan xa (near-far effect) va giao thoa
lién ky tu I1SI (InterSymbol Interference), dic biét 1a khi sd user ting 1&n [1]. Do nhitng han ché
trén, nhiéu hudng nghién ciru khéc nhau da dugc dé xuat dé triét can nhiéu MAL, trong d6 déang
cht y la phuong phap tach song da truy cap MUD (MultiUser Detection). Y tuong co ban cua
phuong phép ndy lakhai thac cu tric caa can nhidu MAI dé triét n6. O may thu, théng tin caa tat
ca cac user duoc st dung dé thuc hién viéc tach song cho tung user. Do tinh phuc tap qua cao cua
phuong phap tach song t6i wu nén cac nghién ciru vé MUD détap trung vao cac bo tach song can
t6i wu. Céc bo téch sdng ndy co higu nang gan bang bo tach song t6i wu nhung don gian, thuc té
hon cho hé théng CDMA va chiing duoc chialam hai loai tuyén tinh va khéng tuyén tinh. Cac b
tach song tuyén tinh &p dung phép bién doi tuyén tinh déi véi ngd ra ciia bo loc phdi hop nhu bo
tach song giai tuong quan, b tach song MM SE (Minimum Mean-Square Error). Trong khi do,
céc phuong phép khéng tuyén tinh thuc hién 13p lai viéc té tao va trir can nhiéu MAI, ching han
nhu b triét nhidu ndi tiép SIC (Successive Interference Cancellation), bo triét nhidu song song
PIC (Pardléel Interference Cancellation ),vv... [1]

K¢ tir khi dwoc cong bd vao nam 1993 boi nhom céc nha nghién ciru ¢ Phdp, ma Turbo da co
mot déng gop rat 16n bai vi né cho phép thuc hién viéc théng tin véi do tin ciy cao, rat gan voi
gi¢i han dung luong kénh Shannon [2]. Hién tai, ma Turbo d& duoc tich hop véo céc chuin hé
thong thdng tin di dong thé hé thir 3 (WCDMA va cdma2000)[3],vv... Do vy, viéc nghién ctiu
chat lwong cia céc bo tach song datruy cap ¢ hé thong CDMA c6 ma hoa Turbo la diéu hét sirc
can thiét va do ciing chinh 1andi dung mabai viét nay mudn dé cap dén.

2.MO HINH HE THONG

Xé mo hinh hé¢ thdng DS-CDMA ¢6 ma hoa kénh truyén gom K user nhu hinh 1.

O phia phét, dir ligu caa user thir k, ky hiéu 1a dy, dugc ma hoa kénh tao ra chudi by(i),
be={+1,-1},i = 1,..., M. Chudi by(i) sau d6 s& dugc trai phd béi chudi tin hiéu trai phd s(t) véi do
loi trai phd 1aN. Tin hiéu dugc phét di cua user thu k 1&

% (1) = A b ()s (t- iT) M

véi A labién d6 dang sdng dix liéu caa user thi k.
X ét kénh truyén, mot cach tdng quét, dap ung xung cia kénh truyén gitta méy phét k va may
thumla[s: g, () =c, (Odt-t,) 2
trong d6:  cmk(t) laquatrinh fading phirc
t mi 120 tré lan truyén
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V6i mé hinh fading dugc xem xét trong bai viét ndy, cm(t) ¢6 phan bé Rayleigh va céc thanh
phan tin hi¢u dugc gia s [adén may thu cung mot 1Uc nén bo quat m.

K
Tin hidu dén tai médy thum: r,, () = Q Y () + N, (1) ©)
k=1

trong do:  ymk(t) 1atin hiéu cia user thir k tai méay thu m

ym,k (t) = Xk (t)* gm,k (t)
= Cru (DX (t-t )
Nm(t) 1a nhidu AWGN c6 trung binh bang zero, phuong sai No/2.
X ét hoat dong cia may thu, nhu dugc md ta trong hinh 2. Sau khi qua ddy bo loc phéi hop

(Matched Filter), tin hiéu teong ung voi user thir k 1&
(+)T

20)= R OO k=L, K )

(4)

Tin higu tai ngd ra cia tt ca cac bo loc phdi hop duoc dua dong thoi dén khdi téch song da
truy cap. Tai déy, céc giai thuat téch song sé dugc thuc hién. Tin hiéu tai ngd ra cia khoi nay sau

d6 dugc duadén khdi giai ma kénh va cudi cuing lathu duoc dit liu dx ,k=1,..., K.
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1 : 1 :
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2 Fneoder $ Omi2 t
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1 1 1
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Hinh 1 M6 hinh hé théng DS-CDMA ¢ ma hoa kénh truyén [4]
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Hinh 2 Céu trdc méy thu datruy cap

3.TACH SONG PA TRUY CAP

Vi h¢ thong CDMA, céch don gian nhat dé thuc hién viéc tach song la diing bo loc phéi hop
[1]. Kiéu tach sdng nay con dugc goi la bd téch song théng thuong va dugc mé ta nhu trong hinh
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2 nhung bo qua khdi MUD. N6 s& cho két qua tdi uu trong kénh don user hay kénh dong bo truc
gieo. Tuy nhién, do xem nhiéu datruy cap nhu |& nhiéu trang, chat lugng cua bg téch song nay b
suy giam khi s user tang 1én. Ngoai ra, né con bi anh huong bai hiéu tng gan xa. Quy luat téch

song cho user thir k: by = sign(z,) (6)
trong do, z, dugc tinh theo cong thirc (5).
Nhitng han ché ciia bg tach song théng thuong co thé duogc khic phuc bang céch sir dung céc

bo thch song da truy cap. B tach song MMSE 1a mot vi du tiéu bicu. Day 1abo tach song tuyén
tinh duatrén sai s6 trung binh binh phuong cuc tiéu, nghiala

MrTnFi{erlK E[llb- Mz|?],v6i z=[z1, Za..., 2] 7
-1
. é 20 2 is? g? 20
[1] ching minh dugc rang: M :éR+S—2Q , Vai S—ZZdlagiS—z,S—z,....,S—z' (8
e A A A A A

Nhu vay, ciu trdc bo tach sdng ndy gidng hinh 2, trong d6 khdi Multiuser Detection s3 thuc
hién phép bién d6i ¢ biéu thuc (8).

Bo téch song MM SE cho chat lugng tach song tdt, c6 thé dwoc mo rong thanh cac dang tach
song MMSE thich nghi, MMSE ma,vv... Tuy nhién, n6 doi hoi phai wéc lugng cong suat cia
mdi user & may thu. Ngoai ra, viéc tinh ma tran nghich dao 1a tuong déi khé khan, dic biét khi sb
user tang Ién. Quy luat téch sdng cho user th k:

- : 2510

. o =x

bk = sgné‘?gh+i—2¢ 4

% 2 au

Vi céc bo tach song datruy cap khéc, ngudi doc c6 thé tham khao & [1].

©)

e ey end

4. MA HOA TURBO

4.1 Mahoa
So dd khéi caa bd mé hod Turbo duoc cho ¢ hinh 3.

Data, m EE— Systematic Output
> RSC1 I >
v » MUX
——l Parit —>
y
P Output
RSC2 )

> arity R

a V—

Hinh 3 So dd khéi bo mé hoa Turbo

M6 hinh cho thdy b m& hoa Turbo la sy két ndi song song cua hai ma RSC (Recursive
Systematic Convolutional) théng qua mot bo xéo tron (Interleaver) P [6]. B6 ma hoa RSC1 nhan
dir liéu mot céch truc tiép, trong khi bd mé@ hod RSC2 nhan dit liéu sau khi dir lidu da duoc xéo
tron. Bo xéo tron P ¢o thé 1a kiéu gia ngau nhién hay khdi,vv... va no thuc hién viéc xéo tron
theo tirng khéi M bit. Vi ca hai bo ma hod déu nhan cung mot tap dir liéu, chi c6 mot ngd ra
systematic duoc phat di cung vaéi hai ngd ra parity tir hai b6 ma Khi hai b6 ma hod RSC1 va
RSC2 déu c6 téc do 1a Y2 thi toe do cua bd ma hod Turbo 1a 1/3. Tuy nhién, téc 6 cua ma Turbo
c6 thé dat dugc cao hon bang céch 1ap quy luat phét bit parity (puncture). Chang han, khi chi phét
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céc bit parity chin tir RSC1 va bit parity 1 tir RSC2 cling véi céc bit systematic thi téc do ma
Turbo lar =1/2.

4.2. Giai ma
Ciing gidng nhu ma tich chap, qua trinh giai ma Turbo c6 thé duoc thuc hién bang cach tim
chudi bit m c6 kha nang nhét, tic 13 m= arg{max P(m| y)} (10)
m
Tuy nhién, do phuong phép giai ma téi wu ndy rit phirc tap, mot phuong phép can ti vu da

dugc duaratrong [2] cho chat lugng tét véi do phirc tap thap. Céu trdc caa bd giai ma ndy duoc
mo ta trong hinh 4.

P-l <
L(l) v - -2
g SISO T\~ P g SISO T\~
(1) »| Decoder A ) p»| Decoder A
Yy #1 Yy #2 = 1
Parity data — i
m m
—p| DEMUX | Output
r >
N
(6 >
Systematic data y P m

Hinh 4. So @6 khéi bo giai ma Turbo [6]
Theo phuong phép ndy, van dé giai ma Turbo sz 1adi tim hai giatri LY va L' vei:
Plm =1]y®,y%, 2]

1 —
L =log P[m =0|y®,y®,z?]" (113
- Pim =1[y©@, y@ 70
L2 =log [~' |y~ y _] (11b)
|:>[mi :Ol y(O) y(Z) Z(l)]
trong do: yO |y vay®? la céc giatri trong tng véi bit systematic, bit parity tir RSC 1 va
parity tur RSC 2 ( ;/ ladang y da dugc x&o tron).
L duoc goi lagiatri LLR (Log-Likelihood Ratio)
z dugc goi lathéng tin extrinsic va dugc xac dinh nhu sau:
20 =LY -y - 2? (124)
-2 -0 -0
z? =L - Yi - Zi (12b)

Qua trinh giai ma laquatrinh lap vong: khéi giai ma SISO 2 nhan théng tin extrinsic tir khéi
giai ma SISO1 vathdng tin extrinsic tir khéi SISO 2 dugc dua nguoc tré lai khéi SISO1. Cho dén
lan 1ap cudi cuing, dit lidu s8 thu dugc theo quy luat sau:

i1, P30

m= 13
,:\O ,L(iz)<0 ( )
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Viéc tinh toan L va L'? & trén c6 thé duoc thyc hién theo nhiéu giai thuat SISO (Soft
Input Soft Output) khéc nhau nhu Log-MAP, Max-Log-MAP hay SOVA (Soft Output Viterbi
Algorithm). Chi tiét vé cac giai thuat nay co thé tham khao & [5].

5.MO PHONG

Noi dung phan nay s trinh bay mat sb két qua dat duoc tir qua trinh mé phong. Chuong trinh
mo phong duoc viét bang ngdn ngit Matlab va duoc xay dung dya trén mo hinh hé théng da trinh
bay trong muc I1. Trong mé hinh ndy, qua trinh ddng bd va uéc lwong cong suit dugc gia sir la
hoan hao tai méy thu va viéc xtr ly chi gioi han véi tin hiéu dai nén. Céc théng sb sau dugc sir
dung trong chuong trinh:

- Dit liéu coa céc user dugc tao ramét cach ngau nhién.

- MahoakénhtruyénlamaTurbog=[111,101],técdor =%

- MAatrai pho lamagia ngiu nhién hay ma Gold véi d¢ loi trai pho N = 31.

- Quétrinh giai ma Turbo ¢ phiathu sir dung giai thuat Log-MAP.

Céc bo téch song da truy cap duoc md phong gom: Conventional (bo tach song thong
thuong) Decorrelator (bo tach song giai twong quan), MMSE, SIC, CONV-PIC (da tang véi tang
dau thong thuong), DEC-PIC (da tang voi tang dau giai tuong quan), DEC-FD (héi tiép quyét
dinh véi tang dau giai twong quan), MM SE-FD (hdi tiép quyét dinh véi tang ddu MM SE).

Hinh 5 m6 ta chit lwong cua céc bo tach song da truy cap ¢ hé thong CDMA khéng c6 méa
hoa kénh. B6 thi BER cho thdy c6 mot si cai thién dang ké chat luong khi sir dung céc bo tach
séng da truy cap so véi bo tach song théng thuong nhét 1a & kénh AWGN. Viéc danh gia chat
lwong ctia cc b téch sdng trong hé thong ¢ va khdng cé ma hoa kénh (ding mé Turbo) dugc
thé hién trong hinh 6. Chlng ta thay rang chat lugng hé théng tang dang ké khi ¢ ma hoa kénh.
Chang han, véi bo tach song MM SE, giatri Ey/No yéu cau nho hon 8dB véi cling BER =10 (lap
3 14n khi giai m&). Ngoai ra, trong hé théng c6 ma hoa Turbo, ca hai bo tach song MMSE va
DEC-PIC déu cho chit lwona gan nhu nhau khi s6 1an 13p bing 1 hay 3.
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thong
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Ngoai ra, mot van dé dang quan tam |a do phirc tap cua hé théng khi sir dung ma hoa Turbo.
Vi hé théng c6 ma hoa Turbo thi do phuc tap, dugc xét & goc do thoi gian thyc thi chwong trinh,
lén hon nhiéu. M6t sb giatri trong bang 1 s3 thé hién diéu nay.

(K = 7 user, frame: 10000 hits, toc d6 CPU 2.4 Ghz, RAM 256 MB )

Bang 1 Thoi gian thuc thi chuong trinh ciia cac b tach song thong thuong va MM SE

Bo tach song/ sb lan lap Thoi gian thyc thi (gidy)

CONV/ khéng ma hoa 0.090

MM SE/ khéng méa hoa 0.100
MMSE 1 188.441
MMSE/ 3 233.806
MMSE/ 5 299.957

6. KET LUAN

Chéat luong caa céc bo tach song da truy cap trong hé thbng CDMA c6 ma hoa Turbo dudi
méi truong AWGN va fading d& dugc danh gia Viéc so sanh vai truong hop hé théng CDMA
khéng c6 ma hod ciing da duoc thuc hién. Cac két qua md phong cho thiy ¢ mot su cai thign
dang ké chét lugng va dung luong khi sir dung céc bo téch song datruy cap cho hé théng CDMA
c6 ma hoa Turbo. Tuy nhién, tinh phirc tap cia may thu doi hoi cin phai trién khai thuc hién tach
song da truy cap trén cé&c chip DSP hay ASICs dé nghién ciru trién khai giai thuat, khao sat dap
{rng thoi gian thuc. Qua do, dé ra cac giai phap dé nang cao hiéu suét tinh todn, giam do tré,wv...
So véi truong hop kénh AWGN, chét lugng tach song thu dugc trong kénh fading cho thdy mirc
d6 higu qua la khdng cao. Mot giai phép trong truong hop ndy 1a két hop véi viéc thuc hién ky
thuat phan tap & médy thu hay két hop vai hé thong MIMO.

Trong cau tric cac may thu d& khao sét & trén, khdi MUD va khéi giai mé kénh duoc thuc
hién mot cach doc lap. Gan day, mot phuong phép tach séng méi da dugc dé nghi ma cho chit
lugng rat tét, dwa trén nguyén Iy Turbo, dugc goi 14 Turbo MUD [4]. Phuong phap nay la sy két
hop gitta giai mé kénh va tach song da truy cap thong qua viéc trao do6i théng tin mém giira hai
qua trinh d6. Bay la huéng nghién cuu rat co trién vong cho viéc cai thién chat luong va dung
lwong cua hé théng CDMA.



TAP CHi PHAT TRIEN KH&CN, TAP 11, 0 01- 2008

[1]
[2]

3].
[4].

[5].
[6].
[7].
[8].

9.

[10].

TAI LIEU THAM KHAO

S. Verdu, Multiuser Detection, Cambridge University Press, UK, (1998).

C. Berrou, A. Glavieux, and P. Thitimajshima, Near Shanon Limit Error — Correcting
Coding and Decoding: Turbo-codes, in ICC 1993, (Geneva, Switzerland), pp1064-1070,
May (1993).

Wwww.3gpp.org va www.3gpp2.0rg.

X. Wang, H. V. Paor, Iterative (Turbo) Soft Interference Cencellation anh Decoding for
Coded CDMA, IEEE Trans. on Comm., Vol. 47, No. 7, July (1999).

M. C. Vaenti, Iterative Detection and Decoding for Wireless Communications, Virginia
Polytechnic Institute and State University, PhD Thesis, July (1999).

M. C. Vaenti, Turbo Codes and lterative Processing, in proc |IEEE New Zealand
Wireless Comm., Symp. '98 (Aukland, New Zealand), Nov. (1998).

H.V. Poor, SVerdu, Probability of Error in MMSE Multiuser Detection, IEEE Trans. on
Information Theory, Vol.43, May (1997).

E. Bigdlieri, J. Proakis, and S. Shamai (Shitz), Fading Channels: Information-Theoretic
and Communications Aspects, |EEE Transactions on Information Theory, Vol. 44, No.
6, Oct. (1998).

B. Sklar, A Primer on Turbo code concepts, IEEE Communications Magazine, Vol.35,
Dec. (1997).

B. Sklar, Digital Communications: Fundamentals and Applications, Prentice Hall,
Second Edition, (1993).



http://www.3gpp.org
http://www.3gpp2.org

