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HAM TUONG QUAN PHI CHU KY VA bO PHUC TAP
CUA CAC DAY PHI TUYEN DUNG TRONG CDMA THE HE M@

NGUYEN VAN LAM, LE CHf QUYNH, NGUYEN VU SON

Cong ty Viteco, 61 Lac Trung, Ha Noi

Abstract. In this contribution, the method for design and analysis of nonlinear sequences used in
the 3.G CDMA, based on the d-Transform is presented. Furthermore, the aperiodical correlation
functions and complexity these sequences are investigated. Some simulation example are also given

to verify the algorithms used in this paper.

Tém tAt. Bai viét trinh bay phuwong phép thiét ké va phan tich cla cdc day phi tuyén dua trén
bién déi d duge ding trong CDMA thé hé méi. Hon nita, cdc ham twong quan phi chu ky va do
phitc tap cia cdc diay nay da dwoc nghién ctru. Mot s6 vi du moé phdng cling cho xdc minh cdc thuat

toan duoc dung trong bai bao nay.

1. MO PAU

Cé4c day gid nhiéu PN (pseudo noise sequences) duwoc sir dung rong rai trong cong nghé
CDMA (nhw day Gold, Kasami...) vi chiing ddp tmg nhtrng yéu cau veé tinh twong quan ACF
va CCF.

Tuy nhién, trong cic tng dung do bdo mat cia ching khong ddp trng dwroc yéu cau vé do
phitc tap (ELS) 16n. Hon ntra cidc ham twong quan phi chu k¥ can dwoc nghién ciru tiép.

DPé dap tng yéu cau ngay cang cao cia thong tin di dong thé hé méi, cac day phi tuyén
dang dwoc quan tam nghién ciu [1].

Céc day trén can dap ng dwoc nhirng tiéu chi sau:

- St dung dwoc trong cdc hé thong thong tin di dong bing rong di bo Asynchronous
CDMA.

- St dung trong cic hé théng QS-CDMA (QuasiSynchronous CDMA): chuan dong bo
nhét la cdc hé thong ndi ving, in door [2].

- C6 ham twong quan phi chu k¥ (trong truomg hop khong dong bo 1y twdng), tot va cé
do phtrc tap 16m.

Day phi tuyén ¢6 ACF 1y twdng dwoc biét dén 1a day GMW, ¢6 cau triic cheén ghép dwoc
cong bé 1985. Ciing thoi gian dé tac gid Lé Chi Quynh va S. Prasad, qua bién doéi d da de
xuit mot 16p day c6 cau tric twong dwong nhu day GMW [3,4]. Sau dé cdc nha khoa hoc
nhw P.Z. Fan va G. Gong da chirng minh rang dai bé phan cdc day tuyén tinh va phi tuyén
htru ich (phéan tich dwoc) déu cé cau tric chén ghép duge mo té qua thir tur chén ghép (theo
ham vét hodc bién déi d) [1,5,6]. Luwu ¥ rangbién doi d c6 nhirng wu diém: 4p dung cho moiday
batky va dé dangthuc hiénphan cing. Saudaysé phantich cau tric I, cia céc day trén.
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2. PHAN TiCH CAU TRUC Ip
2.1. Bi€u dién bing ham vét

Vé&i m, n la hai s6 nguyén dwong, o 1a phan ti nguyén t6 ctia truong hiru han GF(27)
va S = (2" —-1)/(2™ —1).
q/(p—1
Goi Tri(z) = Z
k=0
Thit tw long ghép I, qua ham vét Tr la: Ip = Ig, II}, ey I};g’l, véi
{i khi 77" (of = o51) véi 4=0,1,...,2m — 2

)
22" ham vét cia # 13 4nh xa ciia GF(27) xuong GF(2P) [7].

-

. 1
oo khi Tr(a?)=0véi j=0,1,...,5—1 1)

Vi du, xét ham vét cia truomg GF(28) xuéng trueong con GF(2*) véi da thite nguyén

thuy 101110001: g(z) = 2® + 2* + 2% + 22 + 1,
S=(2—1)/(2"—1) =17,
n/(m—1) "
Trl (o) = Z a? =a+alf
k=0

véi a la nghiém cia g(z) thda man: o® + a* +a® +a? +1=0.

Bang cac bién doi todn hoc ta tinh dwge thir tu chen ghép:

I, = {00,2,4,2,8,12,4,0,1,9,9,14,8,5,0,3,2}.

Ham vét cho phép khdo sat va moé td qud trinh 14y mau day PN rat hiéu qua.
2.2, Bién ddi d

C6 thé mé td mot cach thuan tién day nhi phan by, by, ...b, bang cic da thitc trén truomg
hitu han G F(2) qua phép bién ddi d, dwge dinh nghia nhu sau:

u(d) = Z bid’, (2)

va u(d) dwoc biéu dién:
) = . ®

v6i S(d) 1a da thite xdc dinh trang thai ban dau cia bo ghi dich twong ting véi da thite sinh
h(d).

Twong tur bién doi d clia cic day con do da thirc sinh h1(d) cé bac m 1a:

Mﬁﬁ@- (4)

Nhu vay ta luon cé thé biéu dién u(d) duéi dang sau:

S—1
w(d) = Z d'Fy(d®). (5)

Sau nhiéu thuat toan bién ddi cic da thirc trén truomg GF(2) va gan cic trang thai ban
dau S(d) twong tng véi mot s6 nguyen, trong dé pha dic trung dwgc gén s6 0, cudi ciing
cling tim ra thtt ty long ghép I, [8].
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~ s . s o ’ 3 3 ~ 7 N ’ ~
beé ddnh gid kha ning tng dung cia céc cidc day méi (theo tiéu chi néu & phan mé dau)
ta di khdo sit cdc ham twong quan sau.

3. CAC HAM TUONG QUAN VA CAC TINH HUONG PONG BO

Xét tin hiéu thu chita nhieu giao thoa tir mot tin hiéu DS khéc:

T
I, = / bi(t — 1) e (t — 1) V2P cos(2m fot + ¢p) e () cos 2 fotdl
0
Tk T
— /P/2cos ¢y {b“? / cr(t — )er(B)dt + b / en(t — Tk)cl(t)dt} (6)
0 Tk

T
I, phu thuoc vao ham twong quan chéo chu ky /0 cx(t — 1) er(t)dt néu b(fl = b(()k) (2

o

Tk
bit cing dau), hay hiéu s6 gitra hai twong quan chéo phi chu k¥ / er(t — mi)er(t)dt va
0

T
/ cx(t — 7 )c1(t)dt néu bfl) = —b(()k) (2 bit trai ddu). Cong thirc twong quan chéo gitra hai
Tk

dang sang PN lién quan dén twong quan chéo roi rac phi chu ky Cy1(¢) cta cdc chuoi PN
twong tng ¢* = (a(()k),agk), ...,ag\];ll) va ) = (a(()l),agl), ...,ag\lfll) trong d6 C,1(i) duoc
dinh nghia nhw sau: (Hinh 1).

a(k)a§21 0<i<N-1
5=0
c _ JN-1- 7
k(1) Ml (N1 <i<o o
5=0
0 ¢ khéc tréen
|a‘°”|a(1”| . |a‘.”|af1:|af1§ . | = =] = |aw
i20 agfarfa[=]-T-T-R0] T ] |
Hinh 1. a)
i<o (2] -]~ B
a||- ‘a(f) i =] === ]= ¥
Hinh 1. b)

Hinh 1. Ham twong chéo phi chu ky C1(é): a) 0 <i < N —1;b)—(N —1) <i <0.

/OTk e(t — me)er(t)dt = Te[Cra(—(L — i — 1))k + Cru(—(L — ) (1 — )], (8)

/0 " et = mer (Ot = TCha(i)(1 — ) + Croal + 1))l ()
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Twong tng véi Hinh 1 ¢6 2 tinh hudng:
a. Pong bé: v =0
b. Khéng dong bo: 0 < v, < 1
Céc gi4 tri I twong tng cho hai tinh hudéng trén dwa ra tinh cho cdc vi du sau.

Vi du: Cho hai day m dwoc dac trung béi:

fi(z) =ab + a5 +1

fo(z) = 2% +2° +2* + o+ 1 déu cé A6 dai L = 63

a = {001001110001011110010100011000010000011111101010110011011101101}

{m-11-1-1-1111-11-1-1-1-111-11-1111 -1 - 11111 — 111111 — 1 —
l1-1-1-1-11-11-11-1-111-1-11-1-1-11-1-11-1}

b= {100100111100000110111001100011101011111101101000100001011001010}

{-111-1m-1-1-1-111111-1-11-1-1-111-1-1111-1-1-11—-11 -
1-1-1-1-1—-11—-1—-11—-1111—-11111 - 11 -1 —-111 - 11 - 11}

Tu day ta cé:

Iy = {,1,6,1,2,6,6,5,1}

Iy ={0,5,5,4,00,5,0,1,4} trong d6 oo dai dién cho day toan “07.

Vé&i¢ =13 ta c¢é:

C@E)=—-6;Cli+1)=—-1;,C(—(L—i—-1))=0,C(—(L—1%))=5

CHUONG TRINH MO DHONG % DAY M DHI TUYEN KIEU CHEN GHED

Day 1 Day2
Bathitc - Bathirc -
nguyBnid 1100001 nuyEn 16 1119011 - lﬁ R
- =
Trang thai Trang thai
ban ddu e ban déu Yoeel

Dray m tuyer tink 1
|EIEI1DEI'I1'IDUD'ID'IH'IDU'IEI1DUDHDDDU'IEIUDEIEIH‘I‘I1‘ID‘IU‘IEI‘I1DEI11D‘I11D‘I1U‘I

[T T AT T TN T AT T T T A 1 T 1 T T 1111 lpt=| — 16128651

Bac Chen Ghep

Dvay m tuyen tinh 2
io00iooi1i11i000001101110011000711101011111101101000100001011001010

4114114444111 1144 1444 1144111399 111993099 1441911141111 144 114141

lpz-| N.5.5.4-51014

Dich sang phai i donwi Gia Tri Tuong Quan Cheo

1 1_1'111'1'1'1'1_1_”1”'1_H'H11'1'111H'HHLH'H'HH'H'HH'H ol - ’?
Dich sang phai i+1 donwi
|-111-111-1-1-1-111111-1-11-1-1-111-1-1111-1-1-11-11-1-1-1-1-1-11-1-11-1111-1 C(i+1)=’T

Dich sangtraiL-i-1donwi

[T AT ClLH0= [ 0

Dich sangtraiL-i donwi
|111-11-1-111-11-11 Cl=(L)] = ’T

E xit Do thil Reset farward

Hinh 2. M6 phéng céc day tuyén tinh
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y < (k) (k)
Vé6i P=2,¢, =0T, =1vab’] = —=by =1

I = 11 — 107

Truong hop dong bo v, = 0 = I, = 11 (Hinh 3)

& Do thi tinh nhieu 2 day tuyen tinh

....

Hinh 3. D6 thi nhiéu 2 day tuyén tinh

Trong céc ttng dung bdo mat tin cdc m-day rat dé doan nhan, thue chat chi can biét 2m
bit lien nhau la ¢é thé x4c dinh trang thai ban dau va da thite sinh. Do dé can tao ra day
phi tuyén ¢é ham tu twong quan (AFC) t6t nhw cdc m-day, nhung chiing rat khé doan nhan
(d6i véi cac day tuyén tinh can 12 bit lién tiép dé xédc dinh dwoc day, trong khi véi céc day
phi tuyén can 54 bit lién tiép [3]).

DPé c6 cac day phi tuyén tir thit tw 1ong ghép I,, thay thé céc day con bang cac day con
khéc twong ting cudi ciing ta c¢é cdc day phi tuyén duoc tao ra:

a = {010110001011101101001011110011101111000000010001011100010110011}

{1-11-1-1111-11-1-1-11-1-11-111-11-1-1-1-111-1-1-11—
I—-1—-1-11111111—-1111 -1 -1-1-1111-11-1-111-1-1}

b= {111001100011101001011101011100100101000000010111001110100100111}

{-1-1-111-1-1111-1-1-11-111-11-1-1-11-11-1-1-111-111 -
11 -1ttt -11-1-1-111-1-1-11-111-111-1-1-1}

C() = —4,C6 +1) = 3,C(—(L —i — 1)) = 4, C(—(L — 7)) = 3.
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Diay m phi tuyen 1
|D1D11DDD1D111D11D1DD1D1111DD111D1111DDDDDDD1DDD1D111DDD1D11DD11

AR A AR R R E R R R R R R RRE R RRREREERREE

Diay m phituyen 2
|111UU11DUU111D1DU1011101U111DU1UD1U1UUUDDDU1U111001110100100111

AT A A T A T AT T T T T A T 1 T 11

Dich sang phai i donwi

REERRRERRNE R R R R R RER R RE R RE R RRRENEEE R 0 =|T

Dich sang phai i+1 don wi

M T T T T T T T T 1 T T 111 1441 . IT

Dich sangtraiL-1-1 don wi

[T 111 Cl-(L--1)] = IT

Dich sangtraiL-1 don wi

|-1-1-1 IEERERREEE CHLA= | 3

Back ‘ Do thi

Hinh 4. Mo phong céc day phi tuyén

I = 7 — 67k
Truong hop dong bo v, = 0 = I, = 7 (Hinh 5).

&, Do thi nhieu 2 day phi tuyen

Hinh 5. D6 thi nhiéu 2 day phi tuyén

Tilr cong thitc & trén ta thay twong quan chéo cia day phi tuyén nhd, giay nhieu it. Vi
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thé ta phai lwa chon céc gid tri thich hop sao cho céc twong quan chéo dat gid tri nhé nhat.
Vi céc day cé do dai rat 1ém, nén cong viéc tinh todn chi ¢é thé thuc hién duwoc bang phan
mém thich hop.

4. TINH PO PHUC TAP ELS

Khodng tuyén tinh twong dwong (ELS) 1a do su phttc tap ciia day nhi phan [9]. ELS cang
16m, 86 bit can phai quan sat ding dé khoi phuc toan day cang 16n. Dieu nay cé nghia la qua
trinh doan nhan day cang phic tap hon.

4.1. Giéi han trén

D6 1a khoang tuyén tinh twong dwrong cure dai dat dwoc dé danh gid do phite tap cia day.
Do dé, dé tién cho viéc so sanh ching ta diing khéi niém nay dé danh gia do phic tap cia
cic day chen ghép.

Gi6i han trén dé lay gid tri mq S, trong dé mq 1a bac cia da thirc sinh nguyén t6 tao nén
day con va S la s6 day con duwoc chen ghép.

T cong thike ([8])

ELS = deghs(d®) — deg K (d) (10)

Ta c6 the dé dang nhan dwoc gia tri giéi han trén bang céch gid thiét rang:

degK(d) =0 K(d)=1. Do dé: ELS = deg ha(d®) = m1S (11)

Tuy nhién, gi4 tri thuc cia FLS chic chan sé bé hon tuy thudc vao bién doi d cia day
cu thé dang xét.
4.2. Mot s6 trwomg hop

* Ta xét day phi tuyén dwoc tao nén bang thit tuw chen ghép:

I, = {2,12,9,3,8,8,1,2,13,5,9,0,13,0,00,1,0} v6i § = 17 va m; = 4 va ho(d) =
1+ d3 +d*

Dung thuat toan Fuclid ta cé:

K(d) =d® +d® +d? + & +d® +a® +d* +d® +a* +d? +d* +d* +d'°
+dP+d? +d"0+d - d° +dP+d L

ELS = deg ho(d®) — degK (d) = 68 — 36 = 32.

* Ta xét thém vi du v4i day khdc cho béi:
IP - {57 37 27 67 OO? 27 67 47 17 47 07 57 OO? 27 07 07 57 07 OO? 27 37 67 OO? 67 57 OO? 47 OO? 57 17 57 57 57 07 27
57 67 07 57 17 07 67 27 27 57 07 47 17 27 OO? 07 07 67 17 67 47 57 57 27 47 37 37 47 67 67 OO? OO? 07 27 37 27 37 O}
véi S = T3 vimy = 3 va ho(d) = 1 +d? + d3,

ELS = deghs(d®) — deg K (d) = 219 — 192 = 27.

Nhéan xét

Ta thay ELS phu thuoc vao do dai cia day va ciu tric day con, mic du ta thay truong
hop & trén gidi han trén 16n hon nhung d6 phite tap cia day la 27 so véi & trén la 32.

Do d6 dé danh gia tinh chat phi tuyén cia day, khong nhitng ta phai dwra vao dé dai cla
day ma con phai dua vao cdc day con cia ching. Khi do dai day tang lén, ¢6 nhieu cach dé
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phan hoach day va ELS s& cé thé tang va kha nang lra chon céc day phi tuyén cling tang
theo.

Tuy nhién, nhw da néu & trén, cong viec niy doi hdi khéi lwong tinh todn khong nhd.
Thém nira, viéc tinh todn cdc loai giao thoa, kha ning chong chen pha... dwa trén céc tiéu
chi trén con phitc tap hon nhiéu va virot qua khuoén kho bai bao nay.

5. KET LUAN

- Trong bai bdo, dra trén bién ddi d, cdc diy vira phi tuyén vira c¢é tinh chat tirong quan
tot.

- C4c ham twong quan phi chu k¥ cia cdc day phi tuyén da duoc nghién ciru.

- Biéu khéc biét & day la phwong phap moé ta bang bién déi d, trong khi céc cong trinh &
[2, 5, 6] déu ding cong cu la ham vét. Bién déi d c6 wu diém nhw sau:

1) Dung trong moi truomg hop (vi du L # 2™ — 1, khong thé diing ham vét [6, 15]).

2) Thuc hién phan ctimg dé dang bang ghi dich khong can phan mém nhuw [10,11, 13].

3) Bién doi d con dung dwroc d€ moé ta va phan tich tin hiéu ciing nhwr mach ghi dich phan
hoi tuyén tinh (LFSR), diéu ma ham vét khong lam dwoc.

- M6t s6 day cu thé ¢ do dai 16n da duwoc khao sat va ching théa man nhirng tiéu chi da
neu.

- Viéc khdo sat cdc diy (twong quan phi chu k¥, do phitc tap) chi c6 thé tién hanh bang
moé phéng tirng day cu thé. Theo chiing t6i biét, chwra cé cong thitc tong quat tinh cac gid
tri d6, trir nhirng cong trinh nghién citu vé cdc giéi han trén va gigi han duéi.

- M6t s6 nhan thitc méi vé do phite tap cling dwoc néu ra dwra trén phan mém thich hop.
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