TAP CHi PHAT TRIEN KH&CN, TAP 10, S0 02 - 2007

CHAT LUQNG CAC BO TACH SONG PA TRUY CAP TRONG HE THONG
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TOM TAT: Nji dung bai Viét nay tdp trung vao phdn tich chat lirong ctia cdc bé tach
song da truy cdp cho hé thong CDMA c¢6 ma hod Turbo trong kénh AWGN ciing nhuw kénh
fading. Méi quan hé gitta dj phikc tap va chdt lwong ciia mdy thu ciing sé duoc danh gid thong
qua cdc giai phdp dé ndng cao hiéu qua tdch song da truy cap cho hé thong nay Cac két qua
mé phong cho thay cé mét su cai thién ddng ké chdt heong va dung hwong khi sir dung cdc by
tach séng da truy cdp cho hé théng CDMA ¢é md hod Turbo.

1. G101 THIEU

Ngay nay, thong tin da truy cap da dugc sir dung rong rai trong nhiéu hé théng thong tin,
dac biét 1a trong thdng tin v¢ tinh va théng tin di dong. Nhiéu k¥ thuét da truy cap khac nhau
duoc trién khai va do viy céc phucmg phap tach séng da truy cdp da va dang tré thanh mot vén
dé thu hut sy quan tdm nghién ciru, nhat la & cac hé thong da truy cip khéng truc giao. Vi hé
théng CDMA hién tai, tin hiéu cia mdi user duoc tach bang cach tuong quan tin hiéu thu dugce
voi mé trai phé twong Gng cia né. Do d6, chét luong cua hé théng ndy bi anh hudng manh boi
cannhiéu da truy cap MAI (Multiple Access Interference), hi¢u ng gan xa (near-far effect) va
giao thoa lién ky tu ISI (InterSymbol Interference), ddc biét 1a khi sO user tang 1én [1]. Do
nhiing han ché trén, nhiéu huéng nghién ctru khic nhau da dugc dé xudt dé triét can nhiéu MAL
trong dé dang chu y la phuong phdp tach séng da truy cap MUD (MultiUser Detection). Y
tuong co ban cua phucmg phap nay la khai thac chu triic ctia can nhiu MAI dé triét n6. O may
thu, théng tin cua tit ca cac user dugc st dung dé thuc hién viée tach song cho timg user. Do
tinh phirc tap qué cao cia phuong phap tach song tdi wu nén cac nghién ciu vé MUD da téap
trung vao cac bo tach song can t6i uu. Cac bd tach séng nay c6 hiéu ning gan bang bd tach song
t6i wu nhung don gian, thuc té hon cho h¢ thong CDMA va chiing dugc chia 1am hai loai tuyen
tinh va khéng tuyén tinh. Cac bo tach séng tuyén tinh ap dung phép bién di tuyén tinh ddi voi
ngd ra cia bd loc phdi hop nhu bg tach séng giai twong quan, bd tch séng MMSE (Minimum
Mean-Square Error). Trong khi do, cac phuong phép khong tuyen tinh thuc hién ldp lai viéc tai
tao va trr can nhiéu MAI, ching han nhu b triét nhiéu noi tiép SIC (Successive Interference
Cancellation), bd triét nhiéu song song PIC (Parallel Interference Cancellation ),vv... [1]

Ké tir khi dugc cong bé vao nim 1993 bdi nhém céc nha nghién ciru & Phap mé Turbo da
c6 mot dong gop rat 1on boi vi nd cho phép thuc hién viée thong tin véi dd tin cdy cao, rit gan
voi gidi han dung luong kénh Shannon [2]. Hién tai, ma Turbo d4 dugc tich hop vao cac chudn
hé thong thong tin di dong thé hé thi 3 (WCDMA va ¢dma2000)[3],vv... Do vy, viéc nghién
clru chat lugng cua céc bé tach song da truy cap ¢ hé théng CDMA ¢6 mi hoa Turbo la diéu hét
sirc can thiét va dé ciing chinh 1 ndi dung ma bai viét nay mudn dé cép dén.

2. MO HINH HE THONG
Xét mé hinh hé théng DS-CDMA ¢6 ma hoa kénh truyén gdm K user nhu hinh 1.
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O phia phat dir liéu cua user thir k, ky hiéu la dy, dugc ma hoa kénh tao ra chudi by(i),
be={+1,-1},1=1,..., M. Chudi by(i) sau d6 s& dugc trai phd boi chudi tin hidu trai pho si(t) voi

do loi trai phé la N. Tm hiéu dugc phat di cua user thur k 1a:
M
x (1) = 4, D by (s, (1 =iT) (1
i=0

voi Ay 1a bién d6 dang song dir liéu cua user thir k.

Xét kénh truyén, mot cach téng quat, dap tmg xung ctia kénh truyén gitra may phat k va
méy thumla[5]: g, () =c,,©)(t-7,,)

(2)
trong d6:  cpk(t) 1& qua trinh fading phirc
Ty 12 d6 tré lan truyén

Véi mé hinh fading duge xem xét trong bai viét ndy, cmi(t) c6 phan b6 Rayleigh va céc

thanh phan tin hidu dugc gia sir 1a dén méy thu cling mdt ltic nén bo qua T

K
Tin hiéu dén tai may thu m: r, (¢) = Zym’k ) +n, (1) (3)

trong d6:  ynk(t) 12 tin hiéu cia user thir k tai may thu m

ym,k (t) = xk (I) * gm,k (r)
= cm,k (t)xk (I . Tm.k )

ny(t) 1a nhiéu AWGN c6 trung binh bang zero, phuong sai Ny/2.
Xét hoat dong cua may thu, nhu dugc mo ta trong hinh 2. Sau khi qua day bd loc phéi hop

(Matched Filter), tin hiéu twong tng v&i user thir k la:

(+)T
z()= [s,(,(de, k=1,..,K (5)
i

Tin hiéu’tai ngd ra ctia tit ca céc bo loc phdi hop duge dua ddng thoi dén khédi tach séng da
truy cdp. Tai ddy, cdc giai thuat tach song s€ duoc thuc hién. Tin hiéu tai ngd ra cla khoi nay

(4)

sau d6 duoc dua dén khéi giai ma kénh va cudi cung 1a thu duoc dit lieu di ,k=1,..., K.

User | Channel by, | Spreader X, .| Channel
d, Encoder . St i 8ms1 Nyt
Us:r 2 Channel | b,,.| Spreader Xa,, Channel
2 Fneoder 52 Ems2 )

Us;rK Channel bx= Spreader Xk Channel
K Encoder Sk Zm:K

Hinh 1 M8 hinh h¢ thong DS-CDMA c6 m hod kénh truyén [4]
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Hinh 2 Ciu tric may thu da truy cép

3.TACH SONG PA TRUY CAP

Véi hé thbng CDMA, céch don gian nhét dé thuc hién viéc tich séng 14 dung bd loc phbi
hop [1]. Kiéu tich séng nay con dugc goi 14 bd tach séng théng thudng va duge mo ti nhur trong
hinh 2 nhung bo qua khdi MUD. N6 s& cho két qua tdi wu trong kénh don user hay kénh ddng
bé truc giao. Tuy nhién, do xem nhiéu da truy cép nhu la nhiéu tréng, chét lugng cua b tach
song nay bi suy giam khi sd user ting 1én. Ngoai ra, né con bi anh hudng boi hiéu tmg gan xa.

Quy lut tach song cho user thi k: by = sign(z,)
(6)

trong do, z, dugc tinh theo céng thirc (5).

Nhitng han ché cia bd tach séng thong thuong c6 thé duge khic phuc bing cach sir dung
cac b tach song da truy cp. Bo tach song MMSE la mét vi du tiéu biéu. Day 1a b tach song
tuyén tinh dua trén sai so trung binh binh phuong cuc tiéu, nghia la:

‘min E[||b— Mz I’1,véi z=[z, 2,..., ] ©)
€ K

27! 2 5 3 2
: o o o’ o o
[1] chimg minh dugcring: M =|R+—| , v6i —=diagi—,—,.....— (8)
pE N I EA A

Nhu vay, cu triic bd tach séng nay giéng hinh 2, trong d6 khdi Multiuser Detection s& thuc
hién phép bién ddi & biéu thirc (8).

B¢ tach séng MMSE cho chit lugng tach séng tdt, c6 thé duge mé rong thanh céac dang tach
song MMSE thich nghi, MMSE m&,vv... Tuy nhién, n6 doi héi phai uéc lugng cong suit cua
moi user & mdy thu. Ngoai ra, viéc tinh ma tran nghich dao 1a tuong d6i kho khin, dic biét khi
s6 user tang lén. Quy luét tach song cho user thir k:

- o =l
by = sign [R +?) Z 9)
k
V6i céc bg tach séng da truy cdp khéc, ngudi doc c6 thé tham khao & [1].

Trang 7



Science & Technology Development, Vol 10, No.02 - 2007

4. MA HOA TURBO

4.1 Ma ho4
So dd khéi ctia bé ma hoa Turbo dugc cho ¢ hinh 3.

Data, m Systematic Output
RSC1 2

v MUX

: Pari —
I 4 Output
RSC2 —><P ,
> arity

Hinh 3 So db khbi b ma hoa Turbo

A

M5 hinh cho thiy bd ma hoa Turbo la sy két ndi song song cua hai ma RSC (Recursive
Systematic Convolutional) thong qua mot bd xdo tron (Interleaver) IT [6]. B¢ md hod RSCI
nhén dir liéu mét cach truc tlep, trong khi bo ma hoa RSC2 nhéin dit liéu sau khi dit liéu da dugc
x40 tron. BO xdo tron I1 c6 thé 1a kiéu gia ngau nhién hay khéi,vv... va né thuc hién viéc xdo
tron theo timg khéi M bit. Vi ca hai bé ma hoé déu nhan cliing mot tap dit liéu, chi c6 mot ngd ra
systematic dugc phat di cung voi hai ngd ra parity tir hai bd ma. Khi hai bd mé hoa RSCI va
RSC2 déu c6 tde dd 1a V4 thi tée d6 ctia bd ma hoa Turbo 12 1/3. Tuy nhién, tbe d6 cuia ma Turbo
c6 thé dat duoc cao hon bang cach 1ap quy luét phét bit panty (puncture). Chang han, khi chi
phét cac bit parity chdn tir RSC1 va bit parity 1& tir RSC2 clng véi céc bit systematic thi toc do
ma Turbo lar=1/2.

4.2. Giai ma
Ciing glong nhu ma tich chap, qua trinh giai ma Turbo c6 thé dugc thuc hién bang cach tim

chudi bit m ¢6 kha nang nhat, tirc 1a: m = arg{maxP(m | )} (10)

Tuy nhién, do phuong phép giai ma t6i uru nay rat phirc tap, mdt phuong phap can tbi uu da
dugc dua ra trong [2] cho chét lugng t6t véi do phirc tap thap. Cau triic ctia bd giai ma ndy duge
mo ta trong hinh 4.

-1 |
I1
~(2)
A(l) v - =
P> #/\ P> A';ﬁ’\
SISO k“/' H SISO k/}-
m . Decoder @ p Decoder .
‘ Y #1 Y #2 o H-]
Parity data i g
—Pp DEMUX [
Qutput
Jr
A
|-
\UJ
Systematic data Y " 1 m

Hinh 4. So db khdi bé giai ma Turbo [6]
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Theo phuong phap nay, vén dé giai ma Turbo sé& 1a di tim hai gié tri A(,.” va A(f) véi:
Plm, =1y, y",z?]

m _
A= Plm, =0y, 2] ’ (Ha)
9 Plm; =1 | y(U) (2) Z(')]
- =log [‘ (11b)
Plm:=0]| y“” =’ “)]
trong d6: vy vy va y? 14 cac gia tri twong ng vori bit systematic, bit parity tir RSC 1 va

parity tir RSC 2 ( y la dang y d& dugc xdo trgn).
A duoc goi la gia tri LLR (Log-Likelihood Ratio)
z duogc goi la thong tin extrinsic va dugc xdc dinh nhu sau:
20 = AV = 10 _ z? (12a)
5 (2) (0 ﬁ(n
2V =Ai -y, —zi (12b)

l

Qua trinh giai ma 1a qué trinh ldp vong: kh01 gidi ma SISO 2 nhén thdng tin extrinsic tir

khéi giai ma SISO1 va thoéng tin extrinsic tir khbi SISO 2 dugc dua nguoc tré lai khéi SISOL.
Cho dén lan lap cudi cung, dir liéu sé thu dugc theo quy ludt sau:

~ {1 AP 20
"0 A <0 (k3

Viée tinh toan A" va A'? ¢ trén c6 thé dugc 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 cic giai thuat ndy c6 thé tham khao & [5].

5. MO PHONG

Nbi dung phén nay s& trinh bay mot 5O két qua dat dugc tr qua trinh m6 phong. Chuong
trinh m6 phong dugc viét bang ngdén ngit Matlab va dugce xay dumg dya trén md hinh hé théng
da trinh bay trong muc II. Trong mo hinh nay, qua trinh déng bd va udc luong cong sudt dugce
gia sir 12 hoan hao tai may thu va viéc xir ly chi giéi han véi tin hiéu dai nén. Céc thong s sau
dugc sur dung trong chuong trinh:

- Dit liéu cua cac user dugce tao ra mot cach ngau nhién.

- Mi hoa kénh truyén 1a ma Turbo g=[1 11,10 1], tdc d6 r = %.

—  Ma trai phd 1a ma gia ngdu nhién hay ma Gold véi d6 loi trai phdé N =31.

- Qua trinh giai ma Turbo ¢ phia thu sur dung giai thuat Log-MAP.

—  Céc bo tach song da truy cép dugc md phong gém: Conventional (bd tach song thong
thuong), Decorrelator (b6 tach séng giai tuong quan), MMSE, SIC, CONV-PIC (da tang vdi
tang dau thong thucng) DEC-PIC (da tang véi ting dau glat tuong quan), DEC FD (hoi- tlep
quyét dinh véi tang dau giai tuong quan), MMSE-FD (hdi tiép quyét dinh voi ting ddu MMSE).
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Hinh 5 D) thi BER cho kénh CDMA cé nhiéu Hinh 6 So sanh d thi BER khi c6 (Coded)
va fading khi khdng c¢6 ma hoa kénh Turbo va khong c6 (Uncoded) ma hod kénh Turbo

Hinh 5 mé ta chét luong clia cac bo tach séng da truy cap ¢ hé théng CDMA khéng ¢6 ma
hoa kénh. Dd thi BER cho thiy c6 mét su cai thién dang ké chét lugng khi str dung cac bd tach
song da truy cap so vdi bg tach song thong thuong nhit 1a & kénh AWGN. Viéc d4nh gia chit
luong cua cac bo tach song trong hé thdng co va khong ¢6 ma hoa kénh (dung ma Turbo) dugc
thé hién trong hinh 6. Chung ta thiy ring chit lwvong hé théng ting dang ké khi c6 ma hoa kénh.
Chang han, véi b tach song MMSE, gia tri Ey/Ng yéu cau nho hon 8dB voi cing BER =107
(lap 3 lan khi giai ma). Ngoai ra, trong hé théng c6 ma hod Turbo, ca hai b tich séng MMSE
va DEC-PIC déu cho chit luong gén nhu nhau khi sé lan lap bang 1 hay 3.

Chit lugng ciia cac bd tach song trong hé thng ¢ ma hoa tiép tuc dugc xem xét thong qua
viée ddnh gid BER theo sb lan lap khi giai mad Turbo (hinh 7) va BER theo sé user tich cuc
trong hé thong (hinh 8). Ca trong kénh AWGN va kénh Rayleigh fading, khi ting s6 lan lap khi
giai ma Turbo thi chat luong cua hé théng tang. Hinh 8 cho thdy chit lwong cac bd tach séng
giam di khi tang sé user tich cyc trong hé théng. Tuy nhién, sy suy giam nay la khong 16n, xét
trong ca hai kénh AWGN va Rayle1gh fading, so voi khi dung b6 tach séng théng thuong.
Ching han, khi K = 7 b tach séng MMSE yéu ciu Ey/Nj it hon 2.5dB so v6i tach song thong
thuong d¢é BER= 107

e WWSE |}

1 ' 1 ]
a Ll 2 El 4 5 5§ ¥ ) k] ()

Hinh 7 D6 thj BER theo s Ian l3p khi gidi ma Turbo  Hinh 8 D4 thi BER theo sb users tich cuc trong hé
thong
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Ngoai ra, mdt van dé ddng quan tdm la do phirc tap cua hé théng khi sir dung mi hoa Turbo.
V6i hé théng c6 ma hoa Turbo thi d& phirc tap, dugc xét & goc do thoi gian thuc thi chuong
trinh, 16n hon nhiéu. Mot sb gié tri trong bang 1 s& thé hién diéu nay.

(K = 7 user, frame: 10000 bits, tdc 46 CPU 2.4 Ghz, RAM 256 MB )

Bang 1 Thoi gian thuc thi chuong trinh cta céc bd tdch séng thong thuong va MMSE

B tach séng/ sb lan lap Thoi gian thuc thi (gidy)

CONV/ khéng ma ho 0.090

MMSE/ khéng ma hoa 0.100
MMSE/ 1 188.441
MMSE/ 3 233.806
MMSE/ 5 299.957

6. KET LUAN

Chét luong clia cac b tach séng da truy cép trong hé théng CDMA c6 ma hoa Turbo duéi
méi truong AWGN va fading da dugce danh gid. Viéc so sanh voi truong hop hé théng CDMA
khéng cé6 ma hoa cling da duoc thuc hién. Céac két qua mé phong cho thdy c6 mot sy cai thién
dang ké chit lugng va dung luong khi st dung cdc bd tach séng da truy cép cho hé théng
CDMA ¢6 ma hoé Turbo. Tuy nhién, tinh phirc tap ctia may thu doi hoi cin phai trién khai thuc
hién tach séng da truy cép trén céc chip DSP hay ASICs dé nghién ciru trién khai giai thuat,
khao sat dap umg thoi gian thuc. Qua d6, dé ra cac giai phip dé nang cao hiéu suét tinh toén,
giam do tré,vv...  So véi trudng hop kénh AWGN,, chit luong tach séng thu duoc trong kénh
fading cho thdy muc dd hiéu qua 1a khong cao. Mot giai phap trong truomg hop nay 1a két hop
vai viée thue hién k¥ thuét phan tip ¢ méy thu hay két hop véi hé théng MIMO.

Trong céu triic cic may thu di khao sat & trén, khdi MUD va khéi giai ma kénh duoc thuc
hién mét cach doc lap. Gan diy, mét phuong phap tich séng méi da dwoc dé nghi ma cho chit
lwong rat tdt, dua trén nguyén ly Turbo, dugc goi 1a Turbo MUD [4]. Phuong phap nay la su két
hop gilta giai ma kénh va tach song da truy cép thong qua viéc trao d6i thong tin mém giita hai
qua trinh d6. Ddy la hudng nghién ciru rit c6 trién vong cho viéc cai thién chét lugng va dung
lugng cua hé théng CDMA.

PERFORMANCE OF MULTIUSER DETECTORS FOR
TURBO CODED CDMA SYSTEMS

Vu Dinh Thanh, Le Ngoc Phuc
University of Technology, VNU-HCM

ABSTRACT: This paper deals with the analysis of the performance of multiuser detectors
Jor Turbo coded CDMA systems in AWGN and fading channels. Relations between the
performance and the complexity of the receiver are also evaluated through the different
methods to improve the efficience of multiuser detectors for these systems. Simulation results
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reveal a significant improvement on the performance of the detectors for Turbo coded CDMA
systems
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