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TOM TAT: Muc tiéu ciia hé thdnz thong tin di dong th€ hé mdi 12 cung cAp nhiéu loai hinh
dich vu cho moi ngudi vao moi lic, moi noi. C4c dich vu bao gém cdc dich vu nht truyén di
liéu t8c dd cao, dif liéu hinh 4nh va dich vu da truyén thong vdi toc d6 1én dén 2Mbps bén
canh dich vu thoai truyén théng.

Vi t8c d6 truyén 1én t6i 2Mbps nhu vdy thi van dé cdi ti€n do tin cdy clia dudng truyen
trong hé thdng 3G 1a rat cin thi€t va quan trong. Ma héa kénh thudng duge ding trong hé
thong thong tin di dong s& nhim d€ bdo vé bit tin bi nhidu v gidm s& lugng 15i bit. Mot ma
stta sai 1y tudng 12 ma ma viéc thuc hién clia né dat d€n gidi han Shannon, nhung trong thuc
t€ khong thé thuc hién dugce. Trong thyc t€ chi ¢6 mdt mi dat gan dén gidi han Shannon 13
ma Turbo RSC (Recursive Systematic Encoder).

Chifc nidng thyc hién tuyét vdi clia ma Turbo 12 né dat dén gidi han Shannon trong trudng
hgp kich c@ khung lén & kénh AWGN (nhi€u cong)[10]. Trong tiéu chuidn IMT-2000 thi m&
. Turbo dugc chip nbdn nhu 12 mdt phuong phdp mad héa kénh cho cédc dich vu ¢6 kich thudc
khung Ildn dugc dinh nghia bdi 2 t§ chic chuin héa 3GPP (W-CDMA) va 3GPP2
(cdma2000)({2] [10]. ‘

I. MA TURBO
M3 Turbo 12 md tich chip md rdng nén khdi niém ma tich chip dudc néu ra § diy. Nhim
gitip hi€u rd ma Turbo, trong phin ma tich chip chi md t4 vin tdt cdc nguyén tdc cd ban.

1.1 M3 tich chip
M6t mi tich chip dua céc bit ki€ém tra vao chim bit di liéu thdng qua viéc st dung cdc bd
thanh ghi dich tuy&n tinh D nhu trong hinh 1.

@

Hinh 1: Vi du bd mi tich chap trong d6 x® 12 chiim bit thong tin ngd vao va ¢ 12
chim bit dugc méd hda ngo ra

Viéc gidi ma clia ma tich chdp dya theo thudt todn Viterbi, tiy theo loai lugng t héa dudgc
st dung 3 céc bit nhin dugc ma c6 gidi ma Viterbi quyé&t dinh mém v2 gidi ma Viterbi quyét
dinh citng. Gidi ma Viterbi quyét dinh cing st dung lugng t hda 1-bit trén cdc gid tri kénh
nhéin dudc. Gidi ma Viterbi quy&t dinh mém sit dung lugng ti héa nhifu-bit trén cdc gid tri
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kénh nhén dugc. DGi vdi gidi ma quyét dinh mém 1y tdng (lugng t& héa kh(“)ng x4c dinh-
bit), cdc gid tri kénh nhin dugc dugc st dung truc ti€p trong bd gidi ma kénh([3].

: B6 diéu ché
B0 mi c
B _»  BPSK
tich chdp c=0 — gdi-1
c=1 - gdi +1

nhiéu ——p| Kénh

r Quyét dinh mém

y | BO gidi ma B gidi diéu ch&

tich chap ] Quyét dinh ciing BPSK 't
I=Tout [in<=0-1oy = 0

rj:n>0_>r0u[ = 1

Tin

Hinh 2: Gidi ma quyé&t dinh cting va mém-

1.2 Ma Turbo
Mi Turbo 12 sy k&t ndi song song 2 hay nhiéu b6 ma ho4 tich chip hé thdng dé qui (RSC)

. »| Bomihéa —p ©
RSC]1 o

Bo |y B§ mi hoa

—p C3
Chén RSC2

Hinh 3: Ma Turbo t8ng qu4t gdm 2 b§ ma héa chdp hé thdng dé qui (RSC)

Bd mi héa chdp hé th6ng dé qui (RSC) cé dudc bling c4ch hdi ti€p mdt trong nhitng ngd ra
ciia by ma tich chép thong thudng v& ngd vao chudi tin, va c6 mot ngd ra 14y tryc ti€p tit ngd
vao chudi tin nhu trinh bay & hinh 4.

1
N0 , >,

D , n

O .
D (D | - (5]

4,—_‘
. o >@<

® (b) > c

Hinh 4:cdch thic 14y bd mi héa hé théng dé qui (RSC). (a) B§ ma héa tich chip théng
thudng. (b) B ma héa hé théng dé qui (RSC)
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K&t thic Trellis trong RSC phic tap hon so v8i mi chip (chi cin thém m=k-1 bit zero vao
sau chubi tin), trong khi d6 k&t thic trong RSC phai ding khéa chuyén.

N +

> B 5 5

———P@‘—-—-—

P C
P Cy

Hinh 5: C4ch thic két thic trellis § bd md RSC

P& mi héa chudi ngd vao, thi khéa chuyén dugc bat dén vi tri A va dé két thic trellis, thi
khéa chuyén dudc bat d&n vi tri B.

1.3 Bo chén
B6 chén trong ma Turbo dugc st dung nhiim dé cung c4p tinh ngiu nhién cho céc chudi ngd
vao. Muc dich clia bo chén 1a d€ hodn vi tit cd c4c chudi ngd vao “xau” (cdc chudi nay cho
ra cdc tf ma trong sO thdp) thanh chudi cho ra cé céc tit mi ngd ra trong s6 cao. Ta cb cdc
kiéu chén sau ‘
e BOo chén khéi
B chén ngiu nhién (gid ngiu nhién).
B§ chén dich vong.
B4 chén bdn ngiu nhién.
Bd chén chin-18.
Bd cheén t8i wu (gan ti wu).

1.4 B§ giai ma ma turbo lip

Nguyén 1y cia bd gidi ma lip Viterbi ngd ra mém (SOVA)

B ———
SOVA 1 SOVA?2
: 1 :

--------------------------------------------

Hinh 6: B$ gidi mad SOVA két n6i trong d6 y biéu di&n céc gi4 tri kénh nhin dugc, u biéu
dién céc gid tri ngd ra quyét dinh cing, va L biéu dién cdc gi4 tri tin cdy lién két
Thii tuc cdp nhdt gid tri tin cdy
Thii thuc cdp nhdt ndy dudc tich hdp vao trong thuit todn Viterbi nhu sau:
D&i v6i miit Sy, trong biéu dd trellis (d4p tng dén trang thai k tai thdi diém t),
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L. Luu L(t)=1V(Skr)-Ve(Ske)!. (k¥ hiéu bing A).
Né&u c6 nhi€u hon mdt con dudng canh tranh, thi sau d6 nhiu gid trj tin cdy phai
dudc tinh va gid tri tin cdy nhd nha't duge 14y 1a L(t).

2. Khdi tao gid tri tin c4y Sy, bing +oo(tin ciy nhat).

3. Sosdnh cdc con dudng survivor va canh tranh tai Si,va luu lai cdc cAp dd nhé (MEM)
trong d6 cdc quy€t dinh nhi phan dugc vdc dodn clia 2 con duding 12 khdc nhau.

4. Cép nhédt cdc gid tri tin cdy tai cdc MEM nay v6i thi tuc nhu sau:
(a) Tim MEM thap nhdt >0, coi nhu 12 MEM),,, ma gi4 trj tin ciy ctia n6 khong dudc
cap nhat.
(b) Cap nhép gid tri tin cdy clia MEMlow L(t-MEM,,y) biing cdch gén gi4 trj tin cdy
thap nhét gitta MEM = 0 va MEM = MEM,,,

1.5 So d6 kh&i ciia bp gidi ma SOVA

BO.GIALMA.SQVA

: e
khong o6 [~Ciuditrang thii Ml SOVA

) _—Em:::m_l—m_’ N

Hinh 7: S0 d8 khéi clia bo gidi ma SOVA

B¢ gidi ma thanh phdn SOVA

L(u)—’ SOVA —p

Ly s BT

Hinh 8: B§ gidi ma thanh phan SOVA.
Thuit todn Viterbi ngd ra mém (SOVA) thuc hién nhu sau:
1. (a) Khdi tao thdi di€m t=0
(b) Khdi tao M{™ =0 d6i v4i trang thdi zero trong bidu dd trellis.

(m) _ {0 zerostate
MO -

—00 otherstate

2. (a)Lay thoi diém t=t+1
(b) Tinh metric cho mdi trang th4i trong sd d trellis.
N
M™ =M% +ul Ly, +u L )+ 3 5P Loy,
i =
trong dé
m : nhdnh trellis nhi phin cho phép
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M ™ : metric dugc tich lily cho thdi di€m t trén nhanh m.

(™ : bit hé th6ng cho thdi gian t trén nhdnh m (nghia 13 x™)

x{™ . bit thit j trong N bit cho thdi di€m t trén nhanh m (2<j <N)
(m).

¥ gid tri nhdn dugc qua kénh twong tng vdi x'}

L = 4£ : gid tri tin cAy cla kénh
Ny

L{u,): gié tri tin cAy wu tién cho thdi diém . Gié tri ndy 14y tf bd gidi m c6 trude
d6. N&u khong c6 bd gidi ma trude d6, thi sau d6 gid tri nay dugc 18y biang 0
3. Tim max M cho mdi trang thdi. P& don gidn, 14y M " bi€u thi metric clia con dudng
survivor va M biéu thi metric cia dudng canh tranh.

4. Luu M™ va cdc con dudng trang thdi va cdc con dudng bit survivor k&t hgp clia nd,

5. Tinh A = l|M,‘ -M}|.
2

6. So sdnh cdc con dudng survivor va canh tranh tai mdi trang thdi § thdi di€ém t va lvu

cdc MEM ma & d6 cdc quyét dinh nhi phdn duge udc dodn cia 2 con dudng khdc
nhau.

7. Cp nhat A™ ~ (]rnEIEM{A’;} cho tit ¢ cdc MEM tit MEM nhd nhdt dén MEM 16n
nhat.

8. Trd lai budc 2 cho d&n khi két thic chudi nhdn.
Cho ra chudi bit udc dodn u’ va chubi gid tri-L hay “mém” k&t hop cla né

L(uw’)=u’ e, trong d6 phép e dinh nghia 12 phép nhin tiing phin véi nhau. I(u’) sau
d6 dugc x¥ Iy va di ti€p nhwr 12 chudi wu tién L(u) d6i v6i b gidi ma keE tiép.

Bé gidi ma turbo Idp lai SOVA
Bo gidi ma Turbo 1ap lai bao gdm 2 bd gidi ma thanh phan SOVA két ndi lai.

thanh ghi CS |——p»|
‘ i SR e gt
+
.}3._) ,_" than.h —P

Hinh 9: B0 gidi ma m# Turbo lap lai SOVA

D tin gh; L 2 thanh ghi —/- [
¥i cay _3* dich song son;
kénh 2
j, frEomo e 2 thanh ghi —1'*2(“ )
3 . 5
> _N ghi dich song songl™ N\ y
.y >1] sovA 1|1 ’)}® ' l_—Ll
»{1} g
CS : dich vong w
I:bd chén thanh ghi CS
I'": tdch chén
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Thudt todn md Turbo Idp v6i 14n lip thit n nht sau

1.

B§ gidi ma SOVAI c¢6 ngd vao 1a cdc chudi 4% »,(hé thong), 4% y, (kiém tra
0 0

chin 18), vd L,(u)va cho ra chudi (). DSi véi 1in lip ddu tién, chudi

Lo (u') = 0bdi vi khdng c6 gid tri wu tién (khong c6 gid tri bén ngoai tif SOVA2).

Thong tin bén ngoai tit SOVAI dugc 14y bing

L) 1)~ L)L uong 6 1, =42
0

Céc chudi 422y, va I, () duge chen va Ia 1{4-5-"— ” } va I{L,, (')}

N, Ny

B{ gidi md SOVA2 c6 ngd vao la cdc chudi (hé thong), va 1{4% y3}(kiém tra chin
0

1& da dugc-chén & by gidi md ma Turbo) va I{L,(u')} (thong tin wu tién) va cho ra

céc chudi HL,(u')}va I{u}

Thong tin bén ngoai tit SOVA2 dugc 14y 1a

HLo ()= 1L, @)}~ KL, ()} - 1L}

Cdc chudi /{L,,(w)}va I} duge gidi chen va 1a L, (') va u'. L,(v') dugc hdi tiép

v€ SOVAI nhu 12 thong tin vu tién cho 14n lap k& ti€p va u’ 1a ngd ra cla cdc bit duge

udc dodn cho ldn lp thit n.

II. SO SANH SU KHAC NHAU GIUA MA TiCH CHAP VA MA TURBO

Trong cdma2000 s dung 2 loai ma: md Turbo va ma tich chip c6 dic tinh nhu hinh

dudi. B9 Igi ma ctia md Turbo gén bing 9dB trong khi d9 1gi ma ctia ma tich chdp cao nhit
13 gan biing 6dB [1].

107!
107
a4
m i héa
Uncodgeglg!’gk
Convolution
R=3/4, K=9
Rate 1/2
Convolution
Turbo = e
o R=1/2, K=9
10° 4 ,
-2dB 4dB 11dB

Ep/N, (dB)

Hinh 10: So sdnh d§ 1¢gi ma ctia mi tich chdp va ma turbo trong hé théng cdma2000
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Error Corrections Old and New

51t Onginel
Turbe Dala SR RN

Clean-up

Hinh 11: M4 héa sia sai cii (tich chdp) va mdi (Turbo)

ML KET QUA MO PHONG

S¢ d6 ma héa va gidi ma diing trong mé phéng

Thanh ghi dich 1 B6 mi héa
) O —» X
(kich ¢3 L) dé qui | ’
B6 chén
(kichcd 1)
P X
p| BO mi héa P X3
dé qui 2

Hinh 12: Sd d5 mi héa diing d& mé phdng

thanh ghi CS

—P

SOVA 1| {jw) —~ Lefv)

Yy

=]
‘ [ £

L,

> )

2 thanh ghi —/ !

dich song song

—{1—

2 thanh ghi Leg(u)
jicl __\A.l

) o
sovA 2 | I{La( 3 e

CS : dich vong
1:bd chén
I'": tdch chen

thanh

A 4

ghi CS|— g

Hinh 13: sd 6 gidi ma dung trong mé phdng
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Phén tich két qud mé phdng
Sau khi chay md phdng chuong trinh nhiéu 1an véi s8 Iugng bit ngd vao 1a 1000 va

5000 bit twdng tng vdi 3 ki€u chén, Eb/No, s6 14n lip, kich c¢d khung khdc nhau. Ta c6 k&t
qua nhu sau:

111.1 Thye hién ma turbe véi cling s6 14n lip iter=3, eb/no = 3db véi 3 ki€u chén khéc
nhau

Bang 1: BER ctia ma Turbo véi s6 I4n Lip Iter=1, Eb/No=3dB

Ki€u chén Téng s bit Framesize S& bit sai BER
ngo vao (bit)
Hoan vi 1000 50 10/18/13 13,6.10°
1000 100 9/4/12 8,3.10°
1000 200 71817 7,3.10°
5000 1000 27/34 6,1.103
Ma tran 1000 50 5/6/14 8,3.10°
1000 100 12/4/7 7,6.10°
1000 200 6/3/6/1 4.10°3
5000 1000 6/21/2 1,9.10°
Gan t6i un 1000 50 7/8/3 6.10°
1000 100 3/3/3 3.10°
1000 200 3/2/0 1,6.10°
5000 1000 21212 4.10"

Hinh sau trinh bay biéu dd thuc hién cia ma Turbo ¢6 s8 lin lip Iter=1, Eb/No=3dB vdi 3
ki€u chén khéc nhau.

SR ol B L o s
i \géﬂ(ﬂimwg;y[ts‘m:m !
‘ I i ‘ ; ' —&- Chen hoan vi
-~ Chen ma tran
—— Chen gan toi uu

Nhén xét: _ ,

- 3 3 kiéu cheén, két qua cho thdy viéc thuc hién cda ma Turbo s& dudc cai ti€n khi
kich ¢8 khung framesize ting

- Kiéu chén gin t6i uu cho k&t qua t6t nha't 13 do bd chén nay dd chon dudc vi tri hodn
vi ngiu nhién t6t nhit d€ dudc ma c6 khodng cdch t8i thi€u 1dn nha't (dpn), nghia 1a
khong c6 bat ky 2 tir ma c6 thé ndo c6 gid tri gin biing nhau. Khodng cdch t5i thiéu
cang 16n thi cang dé dang phin biét dugc 2 dbi tit ma bat ky va viéc thuc hién gidi
mi sé& tot hon.
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II1.2 Thyc hién cia ma Turbo cé ciing framesize=1000, Eb/No=3dB véi 3 ki€u chén
khdc nhau:

Bing 2: BER ctia md Turbo véi s6 kich c& khung framesize=1000, Eb/No=3dB

Ki€u chén Téng s§ S6'14n lip S& bit sai BER
bit ngoé vao Iter
Hoén vi 5000 1 40/74/35 9,9.10°
5000 2 34/62/27 8.2.10°
5000 3 33/44/27 6.2.10°
5000 4 31/43/34 7.2.16°
Ma trin 5000 1 5/13/28 3.10°
5000 2 0/8/21 1,9.10°
. 5000 3 0/6/16 1,4.10°
5000 4 0/0/20 1,3.10°
Gén t6i vu 5000 1 1/8/0/0 4,5.10"
102/127/87 5000 2 1/0/2/1 2.10"
5000 3 5/2/4/2 7,5.10*
5000 4 27/21/28/30 | 5,3.10°

Hinh sau trinh bay bi€u dd thuc hién ciia ma Turbo c6 ciing kich ¢d khung framesize=1000,
Eb/No=3dB véi 3 ki€u chén khdc nhau.

Tl eeen R0 coome S e
) " ' ’ " [ Chenhoanvi

-B- chen ma tran S
—t— Chen gantoi wu |}

Ac TiNH3} - mHOAT |

Hinh 14: Thyc hién ma turbo véi framesize=1000, Eb/No=3dB

Nhén xét:

- Khi s8 14n lap ting tir 1 — 2 thi viéc thuc hién ma Turbo dudc cdi ti€n nhiéu. Piéu
nay la do sau khi thong tin dugc chia s& gifta cdc bd gidi ma v4i nhau thi cdc b gidi
mi cé nhiu thong tin v& ngd vdo va vi vy dua ra quyét dinh chinh x4c hon.

- Khi s6 l4n lap ting 16n hon 2 thi viéc thuc hién cia ma Turbo ciing dudc cdi tién. Tuy
nhién, mic d6 cadi ti€n khoéng dudc cao. Piéu nay 12 do sau vai lan ldp, cdc bd gidi
mi di 14y dugc hét thdng tin (bifc tranh) clia mi ngd vao va do d6, khdng cho ra &
ngd ra céc gid tri bi€n d8i nita nhu trong 14n 13p thit nhét. Vi vdy, c6 thé néi thyc hién
cia ma Turbo s& dat d€n mifc ngudng sau vai 1an 1ip.
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.- Neéu sd lan lip ting hon mic ngudng thi viéc thyc hién ma turbo s& bi gidm xudng.
Sau mic ngudng thi cdc 14n lip sau khong dem dé&n thdng tin khdc hon d&n céc bd
gidi ma. :

- Nhu vay, viéc thuc hién mé turbo ting khi s& 1an lip ting va thdi gian s& dung gidi
mi eling ting tuy€&n tinh theo s6 14an lap. Vi vy, ngudi thi€t k& phai diéu chinh s6 14n
lap sao cho phit hgp gifta viéc thuc hién ctia ma va thdi gian gidi ma.

- Tuy nhién, trong qué trinh gidi ma, thuit todn SOVA phai chiu 2 loai méo. Méo thit
nh4t 12 cdc ngd ra mém vugt qué t5i uu thudng duge bi bing hé s& chia mifc (scale
factor)..Thit hai 12 sy tudng quan giffa thOng tin b&n ngoai va bén trong hay su tudng
quan giffta ngd ra m&m cia m&i bd gidi mé twong ¥ng vdi cdc bit ki€m tra chin 18 clia
n6 va chudi dit liéu ngd vao thdng tin. Mic di 4nh hudng méo thi rat nhd, nhung sau
nhi€u 1an Iip thi cAc méo ndy s& dugc tich 1y va c6 thé dnh hudng d€n viéc thuc
hién clia ma Turbo. P& khic phuc diéu nay c6 nhidu cdch nhu : thi€t k& bd chén mdi
S 2 budc [4], ... Chuong trinh md phdéng chi trinh bay diing theo thuit todn ma hda va
gidi ma cGia ma Turbo vi thi&t k& bd chén nay rit phic tap.

I1L.3 So sdnh phudng phép gidi ma Viterbi SDVA (ma tich chép) va gidi ma SOVA (mi
Turbo)

Mb phdng dua trén bd chén gin t8i wu, vdi cling ngd vao u,=1000bit, kich c¢d khung
Framesize=100, vA SOVA c6 s6 14n 13p Iter=1.

Bang 3: So sdnh phuong phép gidi ma SDVA va gidi ma SOVA

Eb/No S@ bit sai diing |- BER So bit sai ding BER
SDVA diing SDVA SOVA diung SDVA
1 98/92/98/87 9,3.107 44/59/51/45 4,97.10"
9 35/52/58/40 4,62.10° 10/7/2/18 9,25.10°
3 21/14/6/19 1,510 4/1/0/0 1,23. 10°
4 8/3/8/9 3.10° 0/0/3/0 7,5.10°

Hinh sau trinh bay biéu d so sénh thuc hién ctia 2 phuong phdp gidi ma SDVA va SOVA c6
ciing chudi ngd vao uj,, kich ¢8 khung framesize=100 (hay ciing chudi ma héa).

| p L THONG K BER (URBO COBEYFamusses T ka1 (<

B Thuat foan SOVA |15
—#- Thuat toan SOVA |17

2 asE 35 B 5~4:§;. s :
e R s Y RO
Hinh 15: So sdnh phuong phdp gidi md SDVA va gidi ma SOVA
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Nhén xét :

- Véi cing chudi mi héa , n€u diing thut tosn SDVA thi cho ra k&t qui BER cao hon
thudt todn SOVA hay n6i cdch khdc, thuit todn SOVA gidi mi cho ra két qua 15i sai
it hon.

- D9 Igi gidi ma cia thuit todn SOVA so v8i SDVA tai BER= khodng bing dB

- Thut todn gidi ma ma Turbo gdm 2 b6 SOVA, mdi bd SOVA bao gém 2 bs SOVAI
va SOVAZ2. Thuét todn SOVA khdc thuit todn SDVA & chd né cé tinh d&n gi4 tri cidp
nhét. Do d6, thuét todn gidi mi Turbo diing SOVA c6 d6 phdc tap tinh todn cao gip 4
lan thudt todn gidi ma Viterbi. Khi s6 14n gidi ma ting thi do phiic tap ciia b6 gidi ma
ciing ting va din d&n thdi gian gidi ma ting.
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APPLYING TURBO CODE TO THIRD GENERAL MOBILE SYSTEM

IMT-2000
Pham Hong Lien — Chung Thi Ngoc Hanh

ABSTRACT: The third general mobile system (3G)’s purpose supports many kinds of
services for everyone at anytime and anywhere. These include such as: high speed data
transmission, figure data and multimedia service up to 2Mbps beside traditional voice
service. ;

With data rate up to 2Mbps, it is very necessary and important to enhance the transmission,
line reliability in 3G. Channel coding is often used in digital mobile system in order to
protect the information bits against interference and reduce the number of error bits. A code
with Shannon limit performance is ideal, but so far, has not been achieved in practical. The
only practical code that comes close to the Shannon limit is RSC Turbo code (Recursive
Systematic Encoder).

The excellent performance funtion of Turbo code achieve near Shannon limit in case the
large frame size on the AWGN channel (Additive White Gaussian Noise). According to
IMT-2000 specification, Turbo code is accepted as a channel coding method for large frame
data services by 3GPP(W-CDMA) and 3GPP2 (cdma2000).
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