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MO DAU

Trong nhitng nim gan day, cac hé théng truyén thong khong ddy sir dung k¥ thuat da
anten MIMO d3 dat duoc nhirng budc phat trién manh mé, dit ra yéu ciu ngay cang cao vé
cac k¥ thuat ma hoa nham khai thac hiéu qua tai nguyén phd va nang cao do tin cdy cta hé
thong. Trong sb d6, k¥ thuat ma héa khong gian — thoi gian (Space-Time Block Coding —
STBC) dugc xem la mot giai phap hi¢u qua, cho phép khai thac da dang khong gian 2va thoi
gian dé giam thiéu anh huong cta hién twong pha-dinh trong kénh truyén vo tuyén. Dic biét,
cac ma STBC truc giao (Orthogonal STBC — OSTBC) dugc danh gia cao nho kha nang dat
dugc do da dang tdi da va cho phép str dung cic thuat toan tach song tuyén tinh don gian voi
hiéu nang t6i wu khi phia thu c¢6 thong tin trang thai kénh (CSI) chinh xac.

Tuy nhién, trong thuc té, viéc udc lugng CSI tai phia thu gip nhiéu khé khan va thuong
doi hoi str dung cac tin hiéu huan luyén. Piéu ndy din dén su suy giam hiéu qua phd, dic biét
trong cac hé théng MIMO c6 s6 luong anten 16n hodc trong moi truong kénh bién thién nhanh.
Do d6, viéc nghién ctru cac k¥ thuat tach song khong can hodc chi can rat it thong tin vé kénh,
con goi la tdch séng mu, tr¢ thanh mot hudng nghién ctru quan trong.

Mic du d3 c6 nhiéu phuong phap tach song mu cho hé thdng MIMO-OSTBC duoc dé
xuat, song van ton tai nhirng han ché nhat dinh, dic biét di v6i cac ma nhu Alamouti do van
dé mo hd diu va hé sd vo huong. Xuit phat tir thuc té d0, tac gia lya chon dé an “Nghién ctru
phwong phap tach song mu trong hé thong MIMO-OSTBC” nhiam phan tich, danh gia
cac phuong phap hién c6 va dé xuat mot ki thuat tach song hoan toan mu véi do phuc tap

thip, ddng thoi dam bao hiéu niang BER t6t cho hé théng MIMO-OSTBC.



- Chuong 1-CO SO LY THUYET VA
TONG QUAN PHUONG PHAP TACH SONG MU

Chuong 1 dé an trinh bay nhiing van dé 1y thuyét tong quan cho bai toan tach séng mu
trong hé MIMO-OSTBC, trinh bay co s& hinh thanh ctia STBC tir thiét ké truc giao, minh
hoa bang ma Alamouti va cic mé& rong nhiéu dng-ten; phan tich anh hudng cua truc giao t6i
kha nang tach song tuyén tinh. Nguyén Iy ma héa khong gian-thoi gian OSTBC, cac phuong
phap tach séng truyén thdng va mu, cing nhitng wu nhuoc diém cua ting k¥ thuét. Day 1 co
s& 1y thuyét quan trong giup nghién ctru va dé xuit giai phap tach song mu cho hé thong

MIMO-OSTBC.
1.1. Mi khoi khong gian - thoi gian STBC va OSTBC

1.1.1 Khai niém, mo hinh

Space-Time Block Coding (STBC) 1a mét k¥ thuét cdt 18i cta truyén thong khong day
da ang-ten, dam bao viéc phan bd dir liéu trén nhiéu chiéu khong gian—thoi gian nhiam ting
phan tap va cai thién hiéu qua pho. Thudc tinh chéng pha-dinh manh mé khién STBC tr&
thanh giai phép nén tang trong hau hét cac cau traic MIMO hién dai.
{x}
_tsdyl piduché |, khl\gjghg?an H1>_<> ‘D—{Gf}_ tholﬁ;EZn )] Giai didu ché |5,

thoi gian X { ) V> ? thoi gian
{zu}

Hinh 1.1: So' @0 hé thong mi héa STBC

A 4

Mot cach tong quat, bd ma hoa (STE: Space-Time Encoder) ciia STBC c6 thé c6 nhu
mot phép anh xa cia mét tdp N ky hiéu phat phitc sang mot ma tran phat X véi N, hang
va N, cot.

{81,85,...,8y } > X (1.1)
Mi STBC tuyén tinh phép anh xa (1.1) duoc trinh bay ngin gon [8]:

NS
X=>(5A, +/sB,) (1.2)
k=1
Do N, ky hiéu truyén trong khoang thoi gian N, khe thoi gian nén téc do ctia ma STBC la:

N
r=Ns (13)
N

t
Hiéu suét pho tin cia ma STBC c6 thé tinh dugc nhu sau:




r_b _ ’/jvmbR _ msz
B T N

N t

(1.4)

77 =
Véi 1, va r, tuong (mg 1a cac toc do bit va ky hiéu, B 1a bang tan.
Mot vi dy dién hinh ctia ma STBC 13 b mi do Alamouti [1] dé xuat véi ma tran phat
x=| T e % (1.5)
Xon Xan S, =5

Cacmatran anhxa A, va B, ciia ma Alamouti STBC c6 thé biéu dién nhu sau [8]

A = ! O}, Az{o 1, (1.6)
0 -1 1 0]

B - 1 0} Bz{o —1‘ a7
0 1 1 0

Do N, = N,=2 nén toc d¢ truyén din ctia ma Alamouti STBC la R =1.

Nham dat dugc phan tap toi da tir (full diversity) tit N ang-ten phat cung cap, qua
trinh thiét ké ma tran ma truyén phai tuan theo cau trac truc giao. Diéu kién ndy di dugc trinh
bay trong [21]

Ny
XX"=C>s, 1, (1.8)

k=1
Néu dinh nghia x, la cac véc-to (hang) phat tr dng-ten n, twong tmg voi hang thir n

ciia X, thi STBC dugc biéu dién bing:

X =3k, =0, el N (1.9)
Tinh chét truc giao (;{";a mi STBC nay cho phép dat duoc bac phan tip toan phan, dong
thdi cho phép may thu tach riéng cac thanh phan tin hiéu phét tir cic Ang-ten phat, va vi vay
don gian hod bo tach tin hiéu thong qua tach song hop 18 t6i wu dya trén cac phép xt 1y tuyén

tinh trén tin hiéu thu.

1.1.2. Phuong phap mi héa khong gian—thoi gian dya trén ciu tric truc giao
1.1.2.1. B ma O-STBC 4p dung cho tin hi¢u dau vao 1a tap gia tri thuc
V61 muc tiéu dat do phan tap cuc dai, cic ma STBC trén tin hi€u thuc dugc thyc hién
sao cho dam bdo quan h¢ tryc giao.
N
X, XL =CY ks, F1, (1.10)

k=1
Céac ma nay cling gilr nguyén tinh tryc giao nho cach tao lap ma tran ma dac trung cua

OSTBC



NS

xx; = ls, [, (1.14)
k=1

XX, =0,i#j (1.15)

1.1.2.2. Bo ma O-STBC ap dung cho tin hi¢u dau vao 1a tip gi tri phuc
Céc chom tin hiéu phuc, chang han nhu A7-QAM hay M-PSK, duoc tung dung phd
bién trong cac hé thong thong tin vo tuyén s6. Dé khai thac toi da phan tap khi hé théng co N
ang-ten phat, cac mi O-STBC 4p dung cho tin hiéu phirc cling phai tudn tha diéu kién truc
giao.
Ny
X, Xy =C>ls, 1. (1.20)

k=1
B ma Alamouti STBC v6i ma tran phat

X{Sl s, } (1.21)

Sy _Sl*
Téng quat, c6 thé xay dung cac bd ma O-STBC phirc tbc 6 R=1/2 bang cach xay
dung mot b ma O-STBC phtrc co cau tric twong tu nhu mdt bo ma O-STBC thuc co tbe do

toan phan rdi ndi véi ma tran lién hop phire cia né.
1.2. Tach séng trong hé théng MIMO-OSTBC
1.2.1. Truong hop may thu biét chinh xac kénh truyén

1.2.1.1 Tach song O-STBC cho tap tin hi¢u thuc

Khi tin hi¢u s, 1a tin hi€u thuc, cdc ma tran ma O-STBC dugc trinh bay:

X:iSkAk (1.28)

A, la cdc ma tran phan tan th];"):elt man céc diéu kién sau:
AA =T, (1.29)
AA =-A A k#n (1.30)

Véi k=1,2,...,.N,,n=12,...,N_,
Gia thiét kénh pha dinh cham, tirc 1a hé s kénh truyén A, , khong thay déi trong
khodng N, khe thoi gian phat ma trin (mdi ma trin mot ma), ta co

b, ()=h,,, t=12,..N, (1.31)

va khéi tin hiéu thu dugc tmg voi tir mé da truyén c6 thé duoc biéu dién theo cong thic:

Y = HX + Z, (1.32)



Do X chi bao g@)m cac gia tri thuc, ta co thé biéu dién lai (1.32) béng:
Y = HX+Z (1.33)
R{Y R{H R{Z
Véin{},Hz{},Z:{}.
3{Y) J{H} {Z}
Khi may thu biét chinh xac kénh truyén H hay H, n6 thyc hién giai ma tdi uu véc-to
thong tin s nhu sau:

s=argmin__,

‘Y—HXHz (1.34)
F

Trong d6 I Al ky hiéu d¢ 16n Frobenius (Frobenius norm) cia ma trn A.

Dua vao tinh chat truc giao cia ma tran X, ta c6

N,
HY—HXHZF =l HIZ ) (s, —5,) +const. (1.35)
k=1
Trong d6
tracel Y HA
5 = e(~ : J (1.36)
=

Tir (1.35), ta biéu dién lai luat quyét dinh toi wu (1.34) nhu sau:

NS
s =argmin__, Z(sk -5,)%. (1.37)

k=1
Biéu thuc (1.37) chtng t6 rang metric tdi wu dugc tach thanh tong cta N, thanh phan,

trong d6 mdi thanh phén phu thudc duy nhat vao mot ky hi€u thuc S, . Do d6, viéc gidi ma

ky hiéu S, khong phu thudc vao ky hiéu ,,k #1,, theo luat sau:

EzargminxkeA(sk -5)% (1.38)
1.2.1.2 Tach song O-STBC cho tap tin hi¢u phirc
Khi tin hiéu §, 1a tin hiéu phirc, cac ma tran ma O-STBC c6 thé duoc biéu thi nhu

trong cong thirc (1.2), v6i cac ma tran phan tan thoa man cac diéu kién sau [8]:

A’A =Cl,, B/B, =Cl,,véiClahing s bat ky (1.39)
A/A,=-A'A,, B/B,=-B/B, k=#n, (1.40)
A'B,=B/A,. (1.41)

trong d6 k=1,2,...,K, n=12,... K.
Khi méy thu biét chinh xac kénh truyén H, né thuc hién giai ma toi vu vécto thong tin

s nhu sau:



- 2
s=argmin,_, |[Y - HX (1.42)
F
bién d6i ddi sb trong vé phai ctia (1.42) nhu trong biéu thirc sau:
NS
Y-HXI2=CIHI? Z|sk—§k > +const. (1.43)
=1
Trong do
- Ritrace(Y"HA,)} — j3{trace(Y"HB
j, = Strace(Y"HA, )}~ jSitrace(Y"HB,)} (141
CIHI
13 bién ngiu nhién quyét dinh (decision statistic) twong tmg voi ky hiéu s, .
Tir cong thire (1.43), ta c6 thé viét lai ludt quyét dinh t6i vu (1.42) nhu sau:
- Ny
s =argmin__, ZLsk -5, . (1.45)

k=1

Tir biéu thirc (1.45) ta thay rang chi s6 do (metric) t6i wu dugc tach thanh tong cia N,
thanh phan, trong d6 mdi thanh phan phu thudc duy nhat vao mét ky hiéu phirc S, . Do do,

ky hiéu S, duoc giai ma doc lap voi ky hiéu S, , k # n, theo luat sau:

s, =argming _, | s, -5, I (1.46)

d6i voi tin hiéu QAM, chung ta c6 thé thyc hién tich mot cach doc 1ap phan thuc va phan 4o

ctia mdi ky hiéu phitc S, nhu sau:

5] = argminSA{eN |s, =5, [*. (1.47)
s¢ =argmin |5 =57 (1.48)
trong d6, N 14 tip cac sb6 nguyén dé xay dung nén tin hiéu M-QAM,
R trace( Y'HA
5= Lraed “)} (1.49)
2
CIHI?
o —3{trace(Y"HB
50 = itrace( - k)}. (1.50)
CIHI:

Thanh phan mAu sb trong (1.44) c6 thé duoc bd qua va ky hiéu PSK S, duoc giai m i
uu dua trén cong thirc:

5, —80[ (1.51)

§, =argmin_ _,
Véi
sl = SR{trace(YHHAT)}— "”{ "HB!

f L J3ytrace(Y"HB,) (1.52)

1a bién thong ké quyét dinh twong tmg véi ky hidu 5, .



Ta c6 thé thay tinh chét tryc giao ciia cac ma O-STBC d bién bai toan giai ma tdi uu
phtrc tap trong (1.34) va (1.42) thanh cdc bai toan giai ma ti uu cho timg ky hiéu riéng biét
nhu biéu thi trong cac cong thic (1.38). (1.46) va (1.51), do d6 don gian hoa mot cach dang
ké qua trinh giai ma.

1.2.2. Uéc lwgng kénh truyén bing thuit toan LSE

Gia thiét may thu biét chinh x4c kénh truyén 1 mot gia thiét 1y tuong. Trong thuc té
dé c6 duoc thong tin vé kénh truyén, may thu s& phai thue hién viéc udc luong kénh (channel
estimation). Tuy nhién, do tdc dong cua tap am, kénh thu dugc do udc lugng khong phai la

kénh truyén chinh xac, dan tdi sy suy giam pham chat BER cia hé thong.

- GliQ >

0-1 XQP +2 XQp +1 XQP X, X,

Tir ma thong tin Tir ma pilot

Hinh 1.2: Cau triic ciia khung truyén din dwoc hinh thanh tir cic ma O-STBC

Véi gia thiét kénh truyén 1 can tinh, tic 1a né khong thay doi trén toan bé mot khung
tin hiéu GI:Q bao gSm O ma tran ma lién tiép, dé thuc hién viéc uéc lugng kénh, ta st dung
0, ma trdn ma dau tién khung. 0, ma trdn ma nay dugc ca may phat va may thu biét 15 va
duogc goi 1a cac ma tran ma pilot (Hinh 1.2). Tir cic ma pilot, ta c6 thé udc lugng dugc kénh
truyén mot cach kha dé dang. Tuy nhién phwong phap MMSE doi hoi phai biét trudc cong
sut tap am tai may thu va do d6 c6 do phirc tap 16n hon so v6i phuwong phap LSE.

Theo b cuc khung tin hiéu duoc thé hién trén Hinh 1.2, ta ¢6 thé viét tin hiéu thu dugc

ung voi toan bo khung tin hi€éu G,, nhu sau:
Y=HG,,+Z (1.53)
Theo phuong phap LSE, kénh truyén H duoc ude lugng dua trén biéu thirc sau:

2

(1.54)

Hise =argmin | Y,-HG,,

E(CMXJV o ||p

Nghiém ctia phuong trinh trén chinh 1a wéc luong LSE cuia kénh truyén H dugc cho

boi biéu thuc sau [5], [9]:

-1
Hise =Y, G}, (G,, Gl )



0, 0, -!
.
n=l1

n=1

(1.55)
Do cac ma tran X, thoa man diéu kién (1.8), ta c6:
9
z YanH
Hisg = 25— — (1.56)

)
Y lsh?

n=1
Néu cac ky hiéu phat di duoc chon tir biéu dd phan phdi diém tin hiéu (chom sao tin
hiéu) M-PSK, biéu thirc (1.56) dugc rat gon thanh:

1 & H
Y X’ 1.57
CN,Q, Z; (1.57)

Néu ta coi H.s 12 chinh xéc, ta c6 thé ap dung chung vao cac biéu thirc (1.46) va (1.51)

Hise =

dé khoi phuc lai cac tin hi¢u da dugc phat di.

1.3. T(R)ng quan cac phwong phap tach song mu

Mot phuong phap dé phat hién mu cac ma OSTBC 1a trudc hét phai ude lugng mu cac
ma tran kénh. Sau do, cac ma tran kénh da dugc udc lugng nay duoc st dung trong mot bod
phat hién, c6 thé 1a bo phat hién ML két hop (coherent ML detector) hodc mot phuong phap
thay thé khéng t6i wu, dé hdi phuc cac ky hiéu dir liéu da truyén [24], [2]. Trong [24]va [4],
cac ude luong kénh mu duoc iy tir khong gian nhiéu thong qua phan tich gia tri riéng (SVD)
cua ma tran tin hiéu thu.

Mot hudng tiép can khac trong phat hién mu 1a dong thoi can bang kénh va khoi phuc
cac ky hiéu dir liéu ma khong can udc lugng tuong minh ma tran kénh. Trong [18] va [9], cac
thuat toan phat hién mu va ban mu dugc trién khai bﬁng céch cuc tiéu hoa metric ML theo ma
tran kénh va cac ky hiéu truyén trong mot quy trinh lap, ddn dén phuong phap goi 1a ML tuin
hoan (cyclic ML). Trong [12], [3] cac bd do mu va ban mu khac dua trén ndi long ban xéc
dinh (SDR) va b giai hinh cau (SD) di duoc dé xuat cho cac md OSTBC. Két qua cho thay
cac bo giai ndy vuot troi dang ké so vé6i cyclic ML vé ty 18 16i bit (BER). Trong [16], mot
phuong phap phét hién mi cho cac ma STBC ¢6 toc do day du (full-rate STBCs) dya trén 1ap
trinh tuyén tinh (LP) d4 dugc trinh bay. Bang cach khai thac cdu trac ngam dinh ctia cac ma
STBC véi cac chom sao diéu ché QAM. Trong [22], cac thuat toan mu khéc, duoc goi 1a binh
phuong t6i thiéu lap (ILS) va ILS cai tién (E-ILS), di duoc gidi thiéu ma khong yéu cau bat
ky ky hi€u pilot nao.



Mot van dé co ban ma tit ca cac bd do mu phai ddi mat 1a kha niang dinh danh
(identifiability) ctia OSTBC - mét dic tinh cb hitu trong phat hién mu cac md OSTBC. Cac
nghién ctru [12] ,[14] chi ra ring cac OSTBC c¢6 thé dugc phan thanh ba nhém chinh: OSTBC
c6 thé quay duogc (rotatable OSTBCs), OSTBC khéng quay dugc (non-rotatable OSTBCs),
va OSTBC hoan toan khong quay dugc (strictly non-rotatable OSTBCs).

Cac OSTBC khéong quay duoc cho phép dat duge dinh danh duy nhat (U2S) mét cach
chéc chan khi do dai khung du 16n. Nguoc lai, cac OSTBC strictly non-rotatable cho phép b
thu mu chic chin dat duoc kha nang nhan dang ky hiéu mdt cach duy nhét ma khong can bat
ky gia dinh nao vé dit liéu.

1.4. Tach song mu va ban mu trong OSTBC

1.4.1. Md hinh OSTBC cho nhiéu khdi

Xét hé thong OSTBC v6i 71, dng-ten phat va 71, dng-ten thu. Mot tir ma OSTBC c6 dang:

NS‘
X, =) 5,A, g=1L..M (1.58)
k=1
trong do:
S; o 12 ky hiéu tht k trong khéi tht g,
A, 12 ma tran phan tan OSTBC thoa man tinh chét truc giao:
A A =T, A A" =—A4 A" k#n (1.59)
M 1a s6 khéi lién tiép ma kénh truyén dugc gia sir khong thay doi.
Tin hiéu thu tai khéi ¢ dugc mo ta:
Yq = HXq + Zq (1.60)

trong d6 H ¢ C""1a ma trén kénh va Z,1a nhiéu AWGN.

1.4.2. Tach séong ML khi biét kénh truyén
Khi ma tran kénh H duoc biét chinh xac, luat quyét dinh ML cho tung ky hiéu s, ,

duogc suy ra tir cac tinh chat truc giao cia OSTBC:

§,, =argmin (5, =), (1.62)
vO1 statistic:
tr(H"Y,A,)
S SR 1.
o Il =2 (1.63)

Pay 1 bo tach song ML “Clairvoyant”, dugc xem nhur chuan tham chiéu trong toan bo
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cac phuong phap gidi ma.

1.4.3. Tiéu chuan ML cho tich s6ng mu

Khi kénh H khong biét, bai toan tach song try thanh bai todan ML két hop gitra udc
lwong H va udc luong cac ky higu s, , . Voi gia thiét nhidu Gaussian doc 1ap theo thoi gian
va khong gian, tiéu chuan ML cho toan bo M khdi 1a:

J(H,{s,@q})zill Y, -HX 7. (1.64)

g=1

Day 14 mot bai toan tdi wru song tuyén (bilinear) phi 16i do Hva s, , cting xuat hién
trong tich HX_ . Vi vay, khong thé tim dugc nghiém déng truc tiép.

1.4.4. Van dé khong nhan dang va diéu kién chuin héa
Mot diém quan trong trong tach song mu 1 bai toan khong nhan dang duy nhat. Quan
sat rang néu ton tai & # 0 sao cho:

H
Sy > ASp s H—>;, (1.65)

thi moi biéu thic trong tiéu chuan ML khong thay d6i. Do d6, cip nghiém
. (H
(H,{s,,}) va (—,{O!Sk,q}j 1a twong duong.
a

D¢ loai bd mo hd nay, mot diéu kién chuan héa dugce ap dung: s, = |

Gia thiét nay khong 1am mat tinh tong quat nhung dam bao nghiém cua bai toan 1a duy

nhat vé mat vd hudng.

1.4.5. Thuét toan tach séng mi tuan hoan (Blind Cyclic ML)

Do bai toan ML mu khong thé giai truc tiép, mot phuong phap hiéu qua 1a ap dung
thuat toan t6i uu hoa lap xen k& gom hai budc:

- Tach ky hiéu khi biét kénh tam thoi;

- Cap nhat kénh khi biét ky hiéu tam thoi.

1.4.5.1. Khoi tao kénh

Dé an dé xuat sir dung phan tich SVD trén ma tran dir liéu ghép v —[v,,....Y,, ], dé

thu dugc udc luong ban dau H@, thudng dya trén singular vector (mg voi gia tri ky di 16n
nhit. Mic du chua chinh x4c, budc ndy gitp thuit toan hoi tu nhanh hon.
1.4.5.2. Bu6c 1 — Tach ky hiéu véi kénh HY

Véi uée lugng kénh hién tai H®, statistic ML duorc tinh:
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tw(H?)"Y,A,)

()
5. = . , 1.66
b I H 112 (1.66)
va viéc tach ky hi¢u thuc hién boi:
) o 2
§,§l:7 =argmin_, (s,ﬁ’; —s) . (1.67)

1.4.3.3. Budc 2 — Cap nhat kénh tir cac ky hi¢u da tach

Vi SA,(C')q , ma trdn ma ude lugng:

N,

X0 =350 A, (1.68)
k=1

Bai toan LSE theo kénh dugc viét:

HO = (i Y, (X;”)H](i X;i)(XE,"))HJ : (1.69)

Nho tinh truc giao OSTBC, ma tran nghich dao c6 dang ti I¢ v6i don vi, qua d6 giam

dang ké khdi luong tinh toan.

Thuat toan dimng khi tap cac ky hiéu udc luong khong thay doi trong hai vong lap lién

tiép. Thong thuong chi can 2—5 vong lip dé hoi tu trong diéu kién SNR trung binh trd 1én.

1.4.6. Tach song ban mu (Semi-Blind ML Detection)

Tach song ban mu cai thién hi¢u ndng cua tach song mu bang cach st dung mot khoi

pilot duy nhat dé khoi tao kénh chinh xac hon, sau d6 ap dung cac budc lap gidng thuat toan

mu.

1.4.6.1 Udc lugng kénh tir khéi pilot
V6i khéi pilot X, d3 biét:

H® =YX/ (X,X")", (1.70)
va do tinh truc giao cua OSTBC:
Xle] = [Zl‘gkl |2Jla (171)
k=1
nén:
Y X/
H® = M
z|sk,l |2 (1.72)
k

1.4.6.2 Vong lap ban mu

Sau khi thu dugc udc lugng kénh ban dau H® tir khoi pilot, cac khdi dir lidu con lai

g =2,...,M s& duoc gii ma theo vong lap toi wu héa xen k& (alternating optimization). Vong

1ap nay g6m hai budc chinh: Budc 1: Tach ky hi€u véi kénh hién thoi; Bude 2: Cap nhat kénh

tur cac ky hi¢u da giai ma. Hai budc nay dugce 1dp lai cho tdi khi hoi tu.
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* Budc 1 — Tach ky hiéu cua cac khéi dit liéu
Vi wéc lwong kénh tai vong lip the i 1a H® statistic ML cho khéi g va ky hiéu tha

k duoc tinh theo:
5([) = t ( (i)) ! k) (1 73)
a ”Hm"i | .

Statistic nay c6 dang tuong tu bd giai ML clairvoyant nhung str dung kénh uwdc luong

thay cho kénh that. Sau do, ky hi¢u dugc ude lugng b(:ing cach chiéu statistic 1én tap chom sao:
§¢) =argmin _, (5;’31 - S)2 . (1.74)
Nho tinh tryc giao cia OSTBC, mdi ky hiéu Sy, duoc giai ma doc 1ap voi cac ky hiéu
khéc, do d6 do phirc tap giai ma thap va tbc do hoi tu thuong nhanh hon so véi hé STBC tong quat.
Budc 2 — Cap nhat ma tran kénh theo LSE
Khi cac ky hi¢u ctia toan bo cac khdi dit liéu (trur khoi pilot) da duogc udc luong, ta xay
dung lai ma tran ma cua tung khéi:

N,

s

XO=Y8"A,. g=2,..M (1.75)
k=1
Kénh méi dugc cap nhat bang cach giai bai toan binh phuong tdi thiéu:

H"" = argmin,, iHYq - HX! Hi (1.76)
g=1

Giai theo LSE:

(i+1) S oV [ S0 o (@) )
H = Z;Yq(Xq ) Z;xq (X)) . (1.77)
q= q=

Trong do, khdi pilot X, dung dé tang do on dinh khi cap nhat kénh. Nho cAu tric truc
giao cua OSTBC, ma tran Xf;) , (Xf;) )H gan nhu 12 boi cua don vi, giup viéc tinh nghich dao
don gian va tbc do cap nhat kénh nhanh.

* Budc 3 — Lap dén khi hoi tu

Hai budc trén dugc thuc hién 1ap lai theo chi s6i=0, 1, 2... Qua trinh 13p dung khi
théa man mot trong céc tiéu chi:

Céc ky hiéu tach duoc cta hai vong 13p lién tiép khong thay doi:

=80 kg

Hodc s6 vong lap dat ngudng toi da v, (thuong 515 vong).
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Trong céac kich ban SNR trung binh va cao, vong lip ban mu thudng hoi ty rat nhanh
nho viée khdi tao kénh chinh xac tir khéi pilot. Diéu nay giup giam dang ké sai léch u6c luong
kénh so v6i bo tach mu hoan toan, déng thoi cai thién BER 16 rét.

Nhu vy ta c6 thé thdy thuit toan ban mu 1a sy két hop gitta: U6c luong kénh dua trén
pilot do chinh xac cao, khai thac cdu trac truc giao OSTBC (giam d6 phuc tap), Tbi vu hoa

xen k& gitra tdch ky hi€u va cap nhat kénh (tang do héi tu).

1.5 Két luan chwong

Chuong 1 di trinh bay co s& 1y thuyét cia STBC/OSTBC va cac phuong phap tach
song trong hé thong MIMO, 1am 13 vai trd cia ciu triic truc giao trong viéc dat phan tap toan
phan va don gian hoa giai ma. Cac phuong phép tach song c6 CSI, tach sdng mi va ban mu
cho OSTBC di dugc tong quan va phan tich. Két qua cho thay cac phuong phap hién c6 van
gip han ché vé mo ho tin hiéu, d phtc tap tinh toan va kha ning ap dung cho cic chom sao
diéu ché bac cao nhu QAM. Do d6, viéc nghién ctru mot phuong phap tach séng mu hoan
toan, hiéu qua va it phu thudc vao tin hiéu huan luyén 1a can thiét. Trén co s d6, Chuong 2

dé xuat mot giai phap tach séng mu méi cho hé thong MIMO—-OSTRBC.
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Chuong 2 - PE XUAT GIAI PHAP TACH SONG MU
CHO HE THONG MIMO-OSTBC

2.1. Mt s6 han ché trong cic phwong phap tach song mu hién tai

Tach song mu, véi vai tro 1a mot phuong an quan trong, gdp phan cai thién déng ké
hiéu sudt sir dung pho trong cac hé théng MIMO. Tuy nhién, cic phuwong phap tach séng mu
cling phai d6i mat v6i nhiéu thach thirc nhu do phtic tap hodc kha niang ap dung vdi céc kiéu
diéu ché tin hiéu. Mot bat cap 16n cua cac ki thudt tach séng mu va ban mu nay d6 1a su gi6i
han trong viéc 4p dung dbi véi cac kiéu diéu ché, hay chi pht hop véi mot so kiéu diéu ché
nhit dinh. Ngoai ra, cac thuit toan nay c6 cdu trac xir li phirc tap khé cao ciing 13 mot han
ché. Nhitng nhugc diém nay khién cac k¥ thuat tach song mu hodc ban mu di dé& xuét kho
dap tng duoc vai cac hé thong co thé ap dung nhiéu kiéu diéu ché khac nhau, hoic yéu cu

d6 phirc tap thap.

2.2. Y twéng dé xuat giai phap méi

Trong dé 4n nay tac gia dé xuat viéc sira d6i cac chom sao tin hiéu diéu ché bién do
vudng goc (QAM) duoc truyén di dé giam thiéu sy mo ho vé ky hiéu. Bén canh do, chung toi
phat trién bo tach song A-CML dé khoi phuc céac cac tir ma OSTBC véi cac ky hiéu duoc 1ay
ra tir cic chom sao da sira d6i. Bang cach tan dung cac chom sao da stra d6i nay va lay trung
binh c4c ma tran tin hiéu thu dugc, ¢ thé thu dugc mot ude tinh kénh ban dau méi, cho phép
b tach song duoc dé xuit dong thoi ude lugng trang thai kénh va khoi phuc cac tin hiéu phat
ma khong can bt ky tin 14i dan nao. Diéu nay cho phép bo tach song dé xuat cai thién dang
ké hiéu sudt st dung phd.

B tach song mi A-CML dé xuét hoat dong theo hai pha: Trong pha dau tién, bo tach
song A-CML tao ra mot ude lugng kénh ban dau bang cach lay trung binh cac ma tran tin
hiéu thu duoc trén mot khung céc tir ma Q. Trong pha thir hai, sir dung cac két qua udc luong
kénh ban dau dé khoi phuc céc ky hiéu di truyén va udc luong lai ma tran kénh theo kiéu tuan

hoan, twong tu nhu phuwong phap tach song ML tuan hoan dugc dé xuat trong [18].
2.3. Mo hinh hé thong va thuit toan dé xuat
2.3.1. M6 hinh OSTBC véi cac chom sao phirc
Xem xét tap ky hiéu phtrc {5,,5,,-,5, } duoc truyén di trong hé thong MIMO véi 7;

ang-ten phat va 7, ing-ten thu. S,k =1...,N_ ¢ thé dugc lay ra tir chom sao QAM véi M
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diém tin hiéu, hay 5, € . Chom sao Q dugc chuan hoa véi nang luong ky hiéu trung binh

béng E =1. Phia phat tao ra mot ma OSTBC

N,
S=> A%Rs, +2B,Js, tir cic ma tran {A,,B,} c6 kich thusc 7, x N,
k=1

Péi voi cac bd ma OSTBCs phiic, cic ma tran phan tin A, B, phai dap ing cac diéu

kién sau [20]:

AkAkH = CInT ’BkBkH = CInT >
" " " " (2.1)
AA” =—A A" BB =—B B!
AB/ =B A/, Vv6i k=l (2.2)
trong d6, C 1 hing sb.
Theo cac tinh chét trén, ma tran:
Ny
. o~ npxN,
S=>(AR(s,)+ B, 3(s,))eC 2.3)
k=1
c6 gia tri phirc va thoa méan diéu kién:
ss” =cClsl*1, (2.4)

Gia stir ma tran kénh H e C"™ khong ddi trong qua trinh truyén mot tir ma. Khi do,
ma trén tin hiéu thu dugc c6 thé duoc viét duéi dang:

Y=HS+V=H[i(AkiR(sk)+jBkS(sk))J+V, (2.5)

k=1

trong d6 V biéu thi ma tran nhidu Gauss trang cong (AWGN), cac phan tir ciia ma tran ndy c6
gi4 tri trung binh bang 0 va phuong sai bang o 2.

Gia st H duge duoc biét tai phia may thu, by tdch séng ML s€ gidi ma
{s.},k=12,...,N_, (trén cac chom sao) dé tdi thiéu theo biéu thirc sau:

2

Y -HS| = (2.6)

Y —H(i(AkiR(sk)+ jBkS(sk))]

k=1
Nho cac tinh chat cta {A,,B,} trong biéu thire (2.1), ching ta thu dugc cac chom sao

tin hiéu QAM/PSK nhu sau [18]:

2

§, =argminl§, —s,
5, €Q

, 2.7)

H o H
trong do: 3, :iR(tr(Y HAké)II I;rz(tr(Y HBk))’

k=1,...,N..

s
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2.3.2. Tach song mu v4i chom sao phire
Theo (2.5), biéu thirc hé théng phirc cho tir ma thtt ¢, g=1 ,..,Q duoc cho bdi:

Yq = qu +Vq (28)
Giasu V. va V, (v61 q # p) doc 1ap v6i nhau, thi tach song mu ML cho hé thdng phirc

hop duoc dua ra béi [20]:

H.$ ) =

: (2.9)

trong d6 H chua biét va s, duoc udc luong S biéu thi ky hi¢u thtr £ =1,...,N_, trong tur

mathd g (¢=1,...,0);va
Ny
Z (R(s, )+ B, 3(s,,). (2.10)
k=1

Str dung (7) voi H=H, sau d6, cac ky hiéu truyén di khoi phuc {5, .} duoc str dung

dé udc luong lai kénh nhu sau [18]:

Qo
>V, S0

H=-—, (2.11)

trong d6 S, = [§Lq S0 7 Su g ]T ,va S, dugc tao ra dya trén (2.3) voi s, , = 5, . Qua trinh tach tin
hi¢u va udc tinh kénh luan phién duoc lap lai cho dén khi tiéu chi dirng duoc thda man.

2.3.3. Sira d6i chom sao cho tach séng mu
Két qua nghién ctru trong [12] d4 chi ra rang viéc xoay ma tran Q phai thoa méin cac
diéu kién sau:

{TAA AAl A A £ BAT £ BAT B Al
, . N o an |0 .
Chung ta dinh nghia Q = jB,A|" =| | ol do do:
J
1 |-3-j 1-Jj 1 (1= —1-/
Q— =—= 2.12
Jﬁ{—l—j -3+,} Jﬁ[l—f 1+ @12)
2 . ) . 1
Biéu thuc (2.12) da chi ra rang, c4 hai véc to tin hi¢u s:ﬁ[—3—j,—l—j]T va

~ | ~ A : ) )
s = ﬁ[l—j, 1-7°1",s # +s déu c6 thé 1a nghiém cua bai toan tach song mu (2.9).
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Thay vi sir dung cac chom sao thong thuong dé truyén tin hiéu, dé an dé xuét st dung
cac chom sao M-QAM di dugc cai tién, duoc xay dung dua trén cac chom sao théng thuong,

nhu sau:

sz{s"+a:skeQ,kzl,...,M}, (2.13)
7/771

2.3.3.1. Puong bao trén theo |«|

Ménh d@é 1: Gia str Q 1a mot chom sao QAM thong thudng véi nang lugng ky hiéu trung
binh va ©_ 1a chom sao bién d6i twong ing duge dinh nghia trong (2.13). Mot ma OSTBC véi
cac ky hiéu dugc rut ra tr Q s€ bi suy hao trong pham vi 3dB vé SNR s0 véi chinh nd véi cac
ky hi¢u duogc rit ra tir Q cho cung mdt bac diéu ché néu a dugc chon 1a lo| < 1.

Chitng minh: Xét hai diém tin hiéu 1an can s, s, € Q. Khoang cach Euclidean giita hai
diém nay bang d(s,,s,) = |s, —s,|. Str dung (2.13), ta co:

_ s, ta s +a
S, =

v Na+l

- S +ta s, +a
Sl: =

Vo \/a2+1.

Dé nhén thay rang $; va §; cling 1a hai diém tin hi¢u 1an cén trong Q, c6 khodng cach

(2.14)

Euclid dugc dinh nghia la d(s,.s,) =|s, -,

Tu (2.14), ta suy ra:

|5, =5, | d(si,s)

d('E 75): - . 215
o Jai+1 ot +1 (2.15)
Pé dam bao suy hao trong pham vi 3dB, ching ta phai c6:
_ .. _d
d(Sk,SI)S(S#’SZ) hOéC (Z2+1S2, (216)

tuong duong véi:
lal=1. (2.17)
2.3.3.2. Puong dudi theo ||
Gia st hé théng st dung cac chom sao da stra ddi dé tao ra mot khung g?)m O torma
OSTBC phirc, S ,g=L1...,0, va truyén tin hi¢u dén mdy thu. Tai mdy thu, ma tran tin hiéu
thu duoc lai duoc cho bai (2.8). Ly trung binh ctia © ma tran tin hiéu thu duoc, ta co:
1 2

==Y, 2.18
0% (2.18)

E



1 & 1 &
=H Ez;sq +§z}vq. (2.19)
q= q=
Chung ta dinh nghia:
1 &
ES=§ S, (2.20)
q=1
1 Y
E, = Q V.. (2.21)
gq=1

Biéu tht (2.19) c¢6 thé duoc viét lai nhu sau:
E,=HE; +E,. (2.22)

Thay (2.10) vao (2.20), va xét dén céu tric ciia cac diém tin hiéu trong cac chom sao

da sura doi, ta co:

NY
Es=2 Alri +/B ks (2.23)
k=1
ddﬁysk,qu va:
a 1 &
Crp =—+——= 2 R(s;,), (2.24)
Rk 7m 7 Q; k.q

Q
Z 3(s,,) (2.25)
q:

V6i gid dinh rang R(s, ) va \S(Sk,q) 1a cac bién ngiu nhién doc lap va c6 phan phdi

nhu nhau, c6 d6 dai khung o dulén, €z c6 thé duge chimg minh tuén theo phan phdi chuin

a
véi trung binh 4, = — va phuong sai O 2 ticla &y, ~N (,Ug,O';) (trong Phuy

1
}/m 2Q 2
luc A).
Tt biéu thire (2.22), ma tran kénh H va ma tréan tin hiéu E_ co thé duoc phuc hdi hoan

toan mu nhu sau:
{HEs} =argmin HEY — HESH2 ) (2.26)
V6i &, ~ N (. ,07), do do, didu kién | Sz > O voi xac sudt bang 1 co thé dugc
thoa mén khi va chi khi |« |= . Diéu ndy mau thudn véi Ménh dé 1, trong d6 |« |< 1. Dé giai
quyét mau thuin nay, diéu kién & Rk > 0 véi xac sudt bang 1 phai duoc néi long, tir d6 dan

dén giéi han dudi clia || nhu dugc dinh nghia trong Ménh dé 2.
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Ménh dé 2: Gia st k), 1a diém cat cho muc d9 tin cay p, trong d6 0< p <1, a can dugc
Kp . . 2 . .
chonsaocho |a|>¢«a, va ¢, :T la gi61 han dudi cua |« |, dé tao ra | é/R,k >0 véi véi

miurc do tin cady p, dugc chiing minh tai Phu luc B.

2.3.4. Thuit toan tach séng mu dé xuat A-CML
Trong tiéu muc nay, chiing toi dé xuat mot bo tach séng méi, duoc goi 1 bo tach song
ML tudn hoan trung binh (A-CML), sir dung cac chom sao di sira d6i, mot phuong phap uée
luong kénh khong sir dung bat ky tin hiéu 14i nao.
2.3.4.1. K¥ thuat uéc lugng kénh moi
Tir (2.23) va (2.24) ta c6 thé viét:
E, =T +Es, (2.27)

trong do:

N, N,
r:ZAk£=ZAkﬁ, (2.28)

(2.29)

Zpx va Z;; dugce chirng minh trong Phu luc A.

Tir (2.28) va (2.29) c6 thé thiy rang I' 1a mot OSTBC thuc dugc xay dung dua trén tap

1 _
hop cdc ma trn phin tan {A,}va N x1 véc to tin hiéu 0 =—[a@ a ... al’, trong khi Es 1a
; v

mot OSTBC phuc duoc xdy dung bang cach si dung {A,}, {B,} Zz,va Z;;, Vi

Tir (2.22) va (2.27), suy ra rang:
E, =HI+HEs +E,. (2.30)
Nhan cé hai vé ciia (2.30) voi EY =(T+Es)" . ta dugc:
E,E/ = (HT +HEs +E, )T +Es)"

:H(FF”+E51_E§[)+N (2.31)

ES>



20

_H —_— —_— -
Trong d6, Nz =H (FES +EsT” ) +E, (T +Es)". duoc coi 1a ma tran nhidu. Co

thé dé dang x4c minh rang:

2
I =CN, [i] I, (2.32)
Yw)
Va:
—_— _H NS
EsEs = C[Z (zps + z,{k)JInT. (2.33)
k=1

Déi voi OSTBC ¢6 N, 16n, vi du N, >4, biéu thic (2.33) c6 thé dugc tinh gan dung
nhu sau:
— —H
EsEs =2CN, |: Zsz:|
5 k=1

CN
z2CNSE{Z§’k}InT =—1, . (2.34)
oy,

Do Es chua biét, nén may thu ciing chua biét E . Mat khac, dua trén (1.28), (1.32)

va (1.34), may thu ban dau c6 thé tinh Es nhu sau:

Es = [;A ]y \/, (2.35)

Véi gia dinh rang SNR 1a dang ké va d6 dai khung O da 16n, Nz trong (2.31) c6 thé
dugc bd qua. Do do, udce tinh kénh madi co thé duoc thu duoc nhu sau:

Oy

E Es. 2.36
CN, (a0 +1)? (2-36)

Y

H=

Trong do:

k=1

Es=+Es = ZA (“ - \/_] (2.37)
Biéu thirc (2.36) chimg minh rd rang rang, bang cach sira d6i cac chom sao truyén nhur
trong (2.13), may thu c6 thé d& dang thu dugc udc luong kénh ma khong can bat ky tin hiéu
141 nao.
2.3.4.2. Thuat toan tach song A-CML
Do hé théng st dung chom sao Q da dugc stra ddi, nén bo tach song A-CML duoc dé

xudt hoat dong nhu sau:
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Trude hét, thuat toan tinh toan gia tri trung binh cua Q ma tran tin hi¢u thu dugc nhu
trong (2.18). Tht hai, thuét toan st dung ma tran Es trong (2.37) dé tao ra udc tinh kénh ban
dau nhu trong (2.36). Thir ba, bang cach gia dinh u 12 ma tran kénh chinh xac, thuét toan

thuc hién tach cac ky hiéu duoc truyén di cia cac tir ma tht ¢ nhu sau:

2

A _ . — 2

S, =argmin__, ‘sk’q —sk‘ . (2.38)
Thuat toan ndy c6 thé khai lugc nhu sau:
Tao céc tham s6 dau vao a,N,,{Y,}2,,{A,,B,}., chom tin hiéu truyén duoc diéu chinh

Q, v6i M diém tin higu, s6 vong lap toi da N, .

Pam bao: Cac ky hiéu da truyén dugc phat hién s,  vé1 k=1,...,N va g=1,...,0.
1: Tao vong lap

: Tao ma tran Es theo (2.37).
: Tinh ma trén tin hi€u trung binh E, theo (2.18).

: Tinh kénh ban dau H theo (2.36).

:Gan s, , =0 vOi k=1,...,N, vag=1,...,0
: Khoi tao vong lap dau tién (i:==1).

. whilei <N, do

~N N L AW

8. Sudung H détach Sk.q theo (2.38).
9. if s =s., vOimoi(k g)then

10. break.

11. else

12. Gan s, =35, .

13.  Cap nhat viéc udc luong H nhu biéu thuc (2.11).
14. Vong lap tiép theo (i:=i+1).

15. endif

16: end while

17: Output: s, , v61 k=1,...,N vag=1,...,0.

2.3.5. Phan tich dg phirc tap tinh toan b tach song A-CML

D0 phtrc tap tinh toan cua cac thuat todn dugc tinh béng $6 lugng dau phéy dong

(FLOP: Floating Point Operation).
2.3.5.1. Phan tich dg phtrc tap tinh todn bd tach song A-CML
Dua trén céc gia dinh trén, 46 phurc tap ctia A-CML co thé dugc danh gia nhu sau:
¢, =C+C,,
=[2n,N.Q +4nn,N |+8N NON n, + N?+n’n,)

~N[N.O(2(N?+Nn, +n?))+4N, +2n, +5M +2]
+0(8n,n, N, +4N, —1)+2 flops.

(2.39)
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Bang cach loai bo cac sé hang bac thap, do phirc tap cia A-CML x4p xi bang;

C,~2N,N, Q[ N,n,(4n, —1)+ (N> + n2)(4n, —1)] flops (2.40)
Do phirc tap trén moi bit thong tin ctia bd tach song A-CML duoc cho bai:
CA
Y N
2N, [ Ny (4n, =1)+ (N} +np)(4n, —1) | 241)
~ flops.
log, (M)

2.3.5.2. Phan tich do phirc tap tinh toan bd tach song huan luyén
Do phirc tap trén moi bit ctia bo tach song huéin luyén duoc cho boi:
C,,

(Q-1DN,log,(M)
N 80n, (NtnR + N2+ nfe)

© (©-Dlog,(M)
2.3.5.3. Phan tich do phuec tap tinh toan bd tach song ban mu

Tr,b

flops. (2.42)

D9 phtrc tap trén mdi bit ctia bo tach ban mu duoc cho béi:

C

Semi

CSemi b
’ (Q-1DN, log,(M)
2NQ| Ny (4ng =)+ (N} +n3)(4n, =1) |

(Q—-Dlog,(M)
2.3.5.4. Phan tich do phuc tap tinh toan bd tach song SD

(2.43)

flops.

Gia s réng, bo tdch SD hoat dong trong diéu kién tot nhat, do phtc tap téng thé cua

n6 bao gdm do phtrc tap cua giai doan tién xtr Iy C, va do phirc tap cua giai doan tim kiém
truong hop tét nhat (Cp .., ) , dugce biéu thi bang:

C, =C+C

SD SD ,best

~ @Qﬁvj +40° N> (4n, N> +8n2N, +1)+ 8N5anrj+ (20N, -2L, +2)".

8
~ (5 O’N? +4Q°N?(4n, N} +8n,N, +2)+8N N n, j flops. (2.44)

Do phirc tap trén mdi bit thong tin ciia bd do duya trén SD dugc biéu thi bang:

— CSD
QNS logZ(M)

SD.b

2.4
@ Q’N’ +40Q°N?(4n, N} +8n,N, +2) + SNSZanT] (243)

ON, log, (M)

~
~

flops.
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2.4. Két luan chuong

Trong chuong 2, ching t6i da trinh bay qua trinh phan tich, danh gia va dé xuat giai phap
tach song mi méi cho hé théng MIMO-OSTBC. Mit khéc, & chwong nay, db 4n di phén tich rd
nhitng diém con ton tai cua cac phuong phap tach sdng mu tiéu chuin trudc ddy, bao gom: tinh
phi 16i va da nghiém cta bai toan tdi wu song tuyén, hién twong mo hd pha, ty 18 trong uée lwong
dir liéu va kénh; d6 phtrc tap 16n khi mo rong sang cac kiéu diéu ché bac cao hoic sb luong ang-
ten thu/phat ting 1én. Nhitng yéu t6 nay khién hiéu ning BER ciia cac thudt toan hién tai kho tiém
can gidi han cua bo thu co CSI, dic biét trong méi trudng pha-dinh nhanh va khi khong thé st
dung tin hiéu huan luyén cho viéc udc luong kénh truyén.

Trén nén tang d6, Chuong 2 da dé xuat thuat toan tach song mu hoan toan dya trén
tiéu chuan Averaged Cyclic Maximum Likelihood (A-CML) - mdt hudng tiép can méi két
hop gitta cu tric truc giao cia OSTBC va tinh chu ky ctia chom sao diéu ché QAM. Cac két
qua phan tich vé 1y thuyét trén day 1a nén tang cot 18i cho qué trinh thyc hién cic mo phong

va danh gia trong Chuong 3.
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Chuong 3- MO PHONG VA DANH GIA
HIEU NANG CUA PHUONG PHAP DE XUAT

Chuong 3 Trinh bay qud trinh xay dung mo6 phong va danh gia thuc nghiém cho
phuong an dé xuat. Chuong mo ta viéc thiét ké mo phong hé thong trén Matlab, cac kich ban
thir nghiém véi nhiéu cdu hinh khac nhau, va so sanh hiéu ning bd tach séng mu véi cac
phuong phap truyén thong. Tiép theo, chwong phan tich 1y thuyét hiéu ning, danh gid ngudng
BER, khoang cach chom tin hiéu va ddi chiéu véi cac két qua truée ddy. Phan két qua mo
phong sé& thao luan vé hiéu qua, do phire tap, wu nhuoc diém cua phuong phap, dong thoi dua

ra kha niang (mg dung va mé rong trong thuc té.
3.1. Xay dung mo phéng va danh gia thuc nghiém

3.1.1. Muc tiéu va pham vi moé phong

Muc tiéu chinh ctia phan mé phong 1a kiém chimg tinh ding dén va hiéu qua cia bo
tach song mu thich nghi A-CML duoc dé xuét, thong qua viéc so sanh v6i cac bo tach song
truyén thong nhu tach song huan luyén, ban mu va SD trong cac kich ban hé théng MIMO st
dung ma khoi khong gian — thoi gian truc giao (OSTBC). Céc chi tiéu danh gia chinh bao
gom: do phirc tap tinh toan, pham chat BER, hiéu qua sir dung pho va kha niang mo rong khi
sO anten va bac diéu ché ting 1én.

Pham vi mo phong tap trung vao cac hé thong MIMO ¢& trung binh va 16n, cy thé 1a cac
c4u hinh (6,2) va (8,4), von c6 ¥ nghia thuc tién trong cac hé thong thong tin khong day thé hé
moi nhu LTE-A va 5G. Viée lya chon cac cau hinh nay cho phép danh gia rd rang vu thé cua

phuong phap mu trong bi canh sé lwong anten phat 16n hon anten thu.

3.1.2. M6 hinh h¢ thong va gia thiét

Hé théng MIMO duoc xét gom Nt anten phat va Nr anten thu, hoat dong trén kénh
fading Rayleigh phang, bat bién trong suét mot khung truyén va thay doi doc lap gitra cac
khung. Nhiéu tai dau thu duoc gia thiét 1a nhiéu Gauss trang cong (AWGN) vé6i phuong sai
G>.

Tin hi¢u phat duoc ma hoa bang OSTBC ty 1¢ 1/2, cho phép khai thac d6 loi phan tap
khong gian — thoi gian trong khi van dam bao cau tric truc giao, thuan lgi cho viéc tach song.
Céc ky hiéu diéu ché duoc 13y tir chom sao 16-QAM va 64-QAM, trong d6 ddi voi b tach
song A-CML, chom sao dugc cai tién thong qua tham sb diéu chinh o nham pha v& tinh d6i

xtng va ho trg qué trinh tach song mu.
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3.1.3. Thiét ké mé phéng trén Matlab

Toan bg qua trinh mo6 phong dugc thuc hién trén moi truong Matlab véi cac bude
chinh sau:

1. Sinh chudi bit ngiu nhién va anh xa sang cac ky hiéu QAM.

2. Ap dung ma hoa OSTBC twong tmg voi sd anten phat.

3. Truyén tin hiéu qua kénh fading Rayleigh va cong nhiéu AWGN.

4. Thuc hién tach song tai dau thu bang cac thuat toan khac nhau: A-CML, hudn luyén,
ban mu va SD.

5. Giai ma OSTBC, giai diéu ché va tinh toan BER.

6. Lap lai qué trinh trén véi s6 lugng khung 16n dé dam bao do tin cay thong ke.

Céac tham s6 mo phong nhu SNR, d dai khung Q, s6 lan 1ap thuat toan va bac diéu

ché duogc thay doi linh hoat dé khao sat anh hudng cua timg yéu té dén hiéu niang hé thong.

3.1.4. Kich ban danh gia d¢ phirc tap tinh toan

Do phirc tap tinh toan dugc do bang sé phép toan dau phay dong (flops) trung binh
trén mdi bit thong tin. Kich ban mo phong xem xét su phu thudc ciia do phitc tap vao do dai
khung Q, trong khi cac tham s6 khac dugce giit ¢d dinh. Diéu nay phan anh kha niang mo rong
ctia thuat toan khi hé thong yéu cau do tré thap va khung truyén dai.

Tai kich ban mé phong d6 phtic tap tinh toan, dé 4n tién hanh mo phong do phuc tap
trén moi bit thong tin so v&i do dai khung Q cta cac bo tach song A-CML dé xuét, cac bo
tach song huan luyén, ban mu va SD véi cac bd m OSTBC ty 18 1/2 trong hé thong (8, 4) cu
thé " =6, v =8, ky hiéu phtrc va V7 = 16 chu ky ky hiéu [20].

Véi kich ban mo phong danh gia ti 18 16i bit (BER), dé 4an mo phong pham chat BER
ctia bo tach song A-CML di dé xuit trong chuong trude va so sanh véi cac bo tach song nhu:
Bo tach song ML trong diéu kién trang thai kénh truyén hoan hao, ciing nhu cac bo tach song
huén luyén va ban mu [18]. Do khong c6 kha ning tach song cac ky hiéu diéu ché QAM va
do6 phirc tap cao, pham chat BER cuia b tach song SD khong duge danh gia trong phan tiép
theo. K¥ thuat diéu ché dugc van dung trong cac kich ban mé phong 1a 16-QAM va 64-QAM.
B0 tach song A-CML d& xuét sir dung cac chom sao da sira d6i ma khong str dung bat ky ky
hiéu hudn luyén nao, trong khi cac bo tach song hudn luyén va ban mu déu sir dung cic chom
sa0 QAM thong thuong v6i mot tir ma OSTBC huén luyén trén mdi khung. Ma OSTBC ty 18
1/2 cho "7 =6 va " =8, bao gdm "+ = 8 ky hiéu phirc va V- = 16 chu ky ky hiéu, nhu duoc

trinh bay trong [19], dugc xem xét. Nang luong ky hi¢u trung binh cia cac chom sao phat
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duogc chuan héa béng mdt. Ddi vai ca bo tach song A-CML dé xuét va bd tach song ban mu,
N: =15 lan ldp duoc 4p dung. Tuy nhién, thuit toan s& két thuc khi hoan thanh 15 1an lip
hozc khi hai khung dugc khoi phuc lién tiép giéng hét nhau. Tat ca cac so sanh pham chat

BER duoc thyc hién tai BER =107
3.2. Két qua mé phong va thio luin

3.2.1. Mo phong va danh gia d¢ phirc tap tinh toan

Két qua mé phong d6 phuc tap tinh toan duoc trinh bay trong Hinh 3.1 cho thiy su
khac biét rd rét giita cac bo tach song. Bo tach song huin luyén c6 do phirc tap thap nhét do
ciu tric don gian va dua trén théng tin CSI uéc luong tir tin hiéu hudn luyén. Tuy nhién, vu
diém nay phai danh doi bang chi phi huan luyén va suy giam hiéu quéa pho.

Nguoc lai, bd tach song SD dat hi¢u nang gén ML nhung c6 do phuc tap tang nhanh
theo Q va bac diéu ché, khién n6 khong kha thi cho cac hé thong MIMO 1én. Bo tach song
A-CML dat dugc sy can bang tét gitta d6 phire tap va hiéu niang, phi hop véi muc tiéu thiét

ké cua luan van.
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Hinh 3.1. P phire tap ciia cic b do A-CML, huén luyén, ban mu va SD dwoc
dé xuét nhw cic ham ciia Q khi tach séng OSTBC ty 1¢ 1/2 trong hé thong (8, 4). Bd
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tach A-CML dwgc dé xuit ap dung véi chom sao 64-QAM da dwoc sira doi, cac b
tach song khac sir dung chom sao 64-QAM thong thuong.

Hinh 3.1 thé hién két qua mo phong d6 phirc tap tinh toan cho cac thuat toan da mé ta
trong kich ban Muc 3.1. Két qua m6 phong trong hinh Hinh 3.1 cho thdy ring, bo tach song
huén luyén thé hién d6 phirc tap thap nhét, bo tach song A-CML dé xuét c6 do phirc tap tinh
toan twong tu bo tach soéng ban mu. Do phire tap ctia bo tach sdng SD ¢6 do phte tap 16n nhit
va tang dang ké khi O tang. Piéu nay hoan toan trai ngugc voi ba bo do con lai, véi do phirc

tap gan nhu khong dbi. Vi duy, tai Q = 20, Csp, = 6.68x10° flops, Cg,,, ~5.45x10" flops,

emi,b
C,,~5.18x10" flops va C,, , = 3.77 x10’ flops; trong khi tai O = 40, Cy;,, ~1.36x10° flops,

Coomy = 5.31x10* flops, C,, ~5.18x10" flops va C,, , ~3.68x10" flops.

3.2.2. Phan tich pham chat BER trong hé thong (6,2)

Trudng hop 1: Thyc hién mé phong va tinh toan pham chat BER cia OSTBC ty 1¢ 1/2
trong hé thong MIMO 6 anten phat 2 anten thu, duoc tach song boi A-CML dé xuét va cac
bo tach song mu va ban mu hién c¢6. Cac ky hi¢u duoc truyén duoc léy tr cac chom sao 16-

QAM thong thudng va cac chom sao 16-QAM cai tién véi o= 0,5 va do dai khung: Q = 12.

100 E T T T .
F —*—Trained
—a— Semi-Blind, Ni =15
—&6— ML with CSI
107 —#— ML with CSI, o = 0.5
—5—A-CML, @ =0.5N =15
102 F .
4
L
m
10° F 5
10 £ _
10 : '
0 3 6 9 12 18

SNR (dB)

Hinh 3.2. Pham chit BER ciia OSTBC ty 1¢ 1/2 trong hé thong (6, 2), dwoe tach

séng béi A-CML dé xuit va cac bd tach séng mit va ban mu hién c6. Cac ky hiéu dwoc
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truyén dugc Iy tir cic chom sao 16-QAM thong thwong va cac chom sao 16-QAM cai
tién véi o = 0,5, d§ dai khung: Q = 12.
Ta c6 thé thay rd rang rang, bo tach song A-CML cho phép hé théng c6 thé cai thién

khoang 9% vé toc do dit li¢u so véi ca b tach song huan luyén va ban mu.

3.2.3. Phan tich phidm chéit BER trong hé thong (8,4)

Truong hop 2: Thuc hién mé phong va tinh toan pham chat BER ciia OSTBC ty 18 1/2
trong hé théng MIMO 8 anten phat 4 anten thu, duoc tach song bai A-CML dé xuat va cac
bo tach song mu va ban mu hi¢n c¢6. Cac ky hi¢u duoc truyén duoc léy tir cac chom sao 64-

QAM thong thudng va cac chom sao 64-QAM cai tién véi o = 0,4 va do dai khung: Q = 12.

10° ' ' ! !
—*—ML with CS|
| —&—ML with CSI, = 0.4
. —e—ACML, @=04,N =15
107! —*—Trained
—+—Semi-Blind, N, = 15
2L E
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10* ]
10® ) : '
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Hinh 3.3. Pham chéit BER ciia OSTBC ty 1€ 1/2 trong hé thong (8, 4), dwge phat
hién béi A-CML dé xuat va cac bd tach séng mi va ban bui hién ¢é. Cac Ky hiéu truyén
dworc lay tir cac chom sao 64-QAM thong thwong va cac chom sao 64-QAM cii tién véi

o = 0,4, do dai khung: Q = 20.
Két qua mo phong trong Hinh 3.3, biéu dién pham chat BER cua OSTBC ty 1& 1/2 voi
cac ky hiéu duoc 1dy tir 64-QAM. Trong trudng hop ndy, d6 dai khung hinh Q duoc dit bang

. ; . 1 S
20. Do do, chi phi huan luyén cho cac bd tach séng huan luyén va ban mu la — =5%. Diéu

nay ngu y riang, bo tach song A-CML cho phép hé théng dat duoc su cai thién dang ké vé toc

do dir ligu khoang 1,05 1an so véi cac bd tach song huan luyén va ban mu.
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Hon nita, hiéu suit ctia bo tich song A-CML gén béng hiéu suit cua cua bo tach song
ML véi CSI hoan hao véi o = 0,4. Khoang cach SNR giita A-CML va bo tach séng huin
luyén ting 1én gan 1,25 dB, trong khi khoang céach giira A-CML va b tach song ban mu giam
xudng con khoang 0,8 dB.

Két qua md phong tir Hinh 3.1 dén Hinh 3.3 cho thay rang, bo tach song huan luyén
c6 do phire tap thdp nhat nhung bi suy giam pham chat BER va téc do dit liéu.

3.2.4. Théo luén tong quat

Tir cac két qua mo phong, c6 thé rat ra mot sb nhan xét quan trong:

- Bo tach song A-CML dat dugc su can béng tdi uu gitra do phuec tap va hiéu nang BER.

- Viéc khong st dung ky hiéu lai gitip cai thién dang ké hiéu qua sir dung pho.

- Phuong phap dé xuét dic biét pht hop cho cac hé théng MIMO 16n va bac diéu ché cao.

Nhing vu diém nay mé ra kha ning ing dung A-CML trong cac hé thong thong tin
khong day thé hé méi, dong thoi 1a nén tang cho cic nghién ciru md rong trong twong lai,

chéng han nhu kénh fading chon loc tan sb hodc hé théng MIMO phan tan.

3.2.5. Anh huéng ciia d9 dai khung Q dén hi¢u ning hé thong

D6 dai khung Q 1a mdt tham sé quan trong anh hudng tryc tiép dén ca do phuc tap tinh
toan 1an pham chat BER cua hé théng. Khi Q ting, s6 luong ky hiéu dir liéu trong mdi khung
16n hon, gitip cai thién hiéu qua thdng ké cho cac thuit toan tich song mu nhu A-CML. Piéu
nay dan dén kha nang hoi ty 6n dinh hon va giam xac suat roi vao nghiém cuc bo.

Tuy nhién, ddi véi cac bd tach song huan luyén va ban mu, viée ting Q dong thoi 1am
tang chi phi huan luyén tuyét d6i, do sb ky hiéu 1ai thuong ty 16 thudn véi sé anten phat. Két
qua 13 hiéu qua st dung pho bi suy giam rd rét khi Q khong du 16n. Nguoc lai, bd tach song
A-CML khong yéu cau ky hi¢u lai, nén tan dung dugc toan by khung truyén cho dir liéu, dac

biét hiéu qua trong cac kich ban Q trung binh va 16n.

3.2.6. Anh huéng ciia tham s6 o trong chom sao ci tién

Tham s o dong vai tro diéu chinh muc dd bat dbi xUng cua chom sao cai tién duoc st
dung trong bd tach song A-CML. Khi a qua nhd, chom sao ti¢ém can chom sao QAM thong
thudng, ddn dén hién tuong mo ho pha va suy giam kha nang tach séng mu. Nguoc lai, néu o
qué 16n, khoang cach Euclid tdi thiéu giita cac diém chom sao giam, lam BER ting trong

ving SNR théap.
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Céc két qua mo phong cho thdy ton tai mot gid tri a téi wu phy thudc vao bac diéu ché
va cAu hinh anten. Vi du, v6i 16-QAM trong hé thdng (6,2), gia tri o.= 0,5 cho hiéu ning BER
t6t nhat, trong khi v6i 64-QAM va hé thdng (8.4), gié tri a = 0,4 mang lai su cAn bang t6i wu

gitra kha nang hoi tu va khoang cach chom sao.

3.2.7. So sanh hiéu qua sir dung pho

Hiéu qua st dung phd duoc danh gia thong qua tde do dir liéu hiru hiéu, c6 xét dén chi
phi huén luyén. Do b tach song A-CML khong str dung ky hicu 1ai, tdc do dir lidu dat duoc
cao hon dang ké so v6i cac bo tach song huin luyén va ban mu, dic biét trong cac hé thong
c6 s6 anten phat 16n.

Trong cac kich ban md phong, A-CML cho phép cai thién téc d6 dir licu tir 5% dén
hon 10% so v&i cac phuong phap truyén théng. Loi thé ndy cang trd nén rd rét khi bac diéu

ché tang cao, do chi phi huan luyén chiém ty 1 16n hon trong tong tai nguyén truyén dan.

3.2.8. Panh gia tinh 6n dinh va kha niing hoi tu

Mot yéu td quan trong khéac cua bo tach song mu 1a tinh 6n dinh va kha nang hdi tu
cua thuat toan. Cac két qua mo phéng cho théy thuat toan A-CML hdi tu 6n dinh sau s lan
1ap hiru han (t6i da 15 1an lip), va tiéu chi ding dya trén sy tring khép khung lién tiép giap
giam dang ké do tré xu 1y.

So véi cac thuat toan mu ¢ dién, A-CML it nhay cam hon véi diéu kién khoi tao ban
dau, nho viée khai thac cau trac OSTBC va chom sao cai tién. Piéu nay lam ting tinh kha thi

ctia phuong phap trong cac hé thong thuc té.

3.3. Két luin chuong

Trong chwong nay, luan vin da trinh bay chi tiét qua trinh xay dung moé phong va danh
gia thuc nghiém cho bd tach song mu thich nghi A-CML. Thong qua céc kich ban m6 phong
da dang, phuong phap dé xuat dugc ching minh 13 dat hiéu ning BER gan véi b tach song
ML Iy tudng, trong khi van duy tri d6 phic tap tinh toan thip va hiéu qua str dung phd cao.

Nhiing két qua dat dugc trong chuong nay 13 co s& quan trong dé khang dinh tinh dting
ddn va vu thé cua phuong phap A-CML, dong thoi tao tién dé cho viéc mé rong nghién ctiru
sang cac md hinh kénh phuc tap ho va cac tmg dung thuc tién trong cac hé thong thong tin

khong day thé hé moi.
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KET LUAN VA KIEN NGHI

Trong dd 4n nay, tac gia di nghién ctru bai toan tach séng mu cho hé théng MIMO six
dung mi khong gian—thoi gian truc giao (OSTBC) trong diéu kién khéng st dung tin hiéu
huén luyén va khong biét trudc thong tin kénh truyén. Thong qua viéc phan tich cac dic tinh
ciu triic cia OSTBC va nhimng han ché ctia cac phuwong phép tach song mu hién c6, d6 an da
1am rd nguyén nhin gy mo ho ky hiéu va khéng dinh danh kénh trong cac OSTBC c6 kha
nang xoay, dién hinh 1a ma Alamouti.

Dé khic phuc cac van dé trén, d6 4n da dé xuat mot phuong phap tach séng mu hoan toan
dua trén thuat toan Cyclic Maximum Likelihood cai tién (A-CML), két hop v&i k§ thuat stra doi
chom sao diéu ché QAM. Viéc dich chom sao bang mot hang s6 thuc gitip pha tinh ddi xtng cua
chom sao, loai bé mo hd ky hi€u va cho phép udc luong kénh ban dau mot cach mu, tir d6 cai
thién kha ning hoi tu va do 6n dinh cua thuét toan A-CML.

Céc két qua md phong cho thiy bo tach song A-CML dé xuat dat duoc hiéu ning BER
tiém can v6i bd tach song biét kénh trong ving SNR trung binh va cao, dong thoi cai thién hiéu
suat pho so v6i cac bo tach song dua trén tin hiéu huan luyén do khong can sir dung pilot. Dicu
nay cho thay phuong phap dé xuét dic biét phi hop véi cac hé thong truyén théng khong day yéu
cau tiét kiém tai nguyén huén luyén va tdc do dir lidu cao.

V& mit tng dung thuc té, phuong phap tach song mu dé xuit c6 thé duge ap dung cho
cac hé théng MIMO trong mang di dong thé hé méi, cac hé théng truyén thong trong moi
truong kénh thay ddi cham hodc cac kich ban truyén thong c6 han ché vé tin hiéu huin luyén,
nhu mang cam bién khéng diy va cac hé théng truyén thong IoT. Trong cac nghién ciru tiép
theo, phuong phap co thé dugc mo rong cho cac chom sao diéu ché khac, cac mi khong gian—
thoi gian c6 toc do cao hon, cling nhu duoc t6i uu héa dé giam do phirc tap tinh toan trong

cac hé thong thuc té.
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PHU LUC

Phu luc A
Phan bo cuad,, va ¢,

Xem xét ky hiéu dugc truyén thir k trong tir ma thit ¢, tic 14 s, , . Néu cac ky higu dugc
truyén tir Q ¢ xac suat nhu nhau, thi R(s,,) va 3(s, ) clng co xac suat dugc truyén nhu nhau.
Gia tri trung binh va phuong sai cua®R(s, ) va 3(s,,) o thé duoc tinh bﬁng:

My, ) = Mg, ,) = IR, )} = E{S(s, q)} =0 (A.1)
Tt = Oaiy = EXIR(s, )} = (A2)

Chtrng minh cho cac biéu thu:c (A. 1) va (A.2) co thé duogc trinh bay nhu sau. Dé don

gian, ta xét mot chom sao M-QAM Q, trong d6 M =2* vé&i mot s6 nguyén n>1. Vi

S, €Q, R(s,,) va  3(s.,) c6 thé duwoc rat ra tr tip  hop

L£={+yNM 1), +y(\IM =3),..., £y}, trong d6 y =

1a hé s6 chuan hoa, vdi xac suat

2(M -1)
14 3 1 I4 . ~ \ J .7 . 4 9
phan bo déu p = W . Néu ching ta dinh nghia /=1,2,...,vM , thi c4c gia tri twong (mg cua

R(s,,) hodc 3(s, ) co thé duge bicu dién nhu sau:

R(s,., (D) =y (2 =M +1)). (A3)
Gia tri trung binh cta %R(s, ) dugc danh gia la:

to, = ER(s,,)} = J—qua»
=L§(21—(W+D) Ad
JM 5 (A4)

Z\/%F(«/ﬁ;l)x/ﬁ_(mﬂ)m}

Vi piy,, ,=0,, phuong sai cuia R(s, ,) duoc danh gia la:

N2
i) = E{R(s,, )} = ﬁz (3R, ()’

(A.5)

4y [0 P (M +1)

= P=YINM+1)+) ——|.
M LZI: ; IZ‘ 4

Sau mét sd thao tac phuc tap, chung ta c6 duoc:

o _47 | M-
R(st ) \/A7 12
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3 4 [VM-p] 1 A
2(M -1) M 12 2’ (A-6)
Chung ta dinh nghia cac bién ngu nhién méi Zipsy VA z,,,, nhu sau:
=3
Zpp =——= 2 R(s; ) (A.7)
e 7/mQ q=1 b
1 Q
z e =——=2,3(s,,) (A.8)
Q g=1

trong d6 R(s, ) va 3(s, ) la cac bién ngdu nhién doc lap va c6 phan phdi dong nhat.
Str dung két qua trong (A.1) va (A.2), ta c6 thé d& dang thu duoc gid tri trung binh,

p., =Elzp b, u, =E{z,,},, va phuong sai, o’ =E{|z,, [},0] =E{|z,, [} cua z,, va
z,, 4, nhu sau:
1 9
/uzkk = ’uzlk = ZE{SR(S/(J])} = 0 (A9)
Y Y 7/an q=1
: § 1 i ; 1 A.10
0. =0. =——=) Op \=—7F .
ZRk Z1k 7/31Q2 pur R(sg ) 2Q}/}i ( )
Tu (2.24) ta ¢6 the viét lai ¢, , nhu sau:
[94
Cru = 7+ZR,k- (A.11)

Do d6, c6 thé d& dang chimng minh rang ¢,, 14 mot bién ngiu nhién c6 gia tri trung

binh va phuong sai nhu sau:
a

H,=— A.12
2 (A.12)
ol =— (A.13)
© 20y, '
Theo Dinh 1y G161 han Trung tdm (CLT), khi d¢ dai khung QO du l6n, ¢, gan nhu tuan
theo phan phéi chudn véi trung binh p, = 2, va phuong sai o) = 2Q;2 , tie la
}/m 7/m
Cow ~ N (p,,0?), v6i ham mat do x4c suat (pdf) duge dinh nghia béi:
2
1 1 zZ— /,lg
p(z)= exp| —— A.14
oN27 2[ O J 9

Tuong tu, tir (2.25) suy ra &, ~ N'(u,,07).

Phu luc B
Chiing ta thay rang, doi véi phan phoi chuan ¢, ~ N (4,,07)., khodng tin cdy (CI)

cho gia tri trung binh dugc dinh nghia la:

Cl =y, —x,0,, 4 +K,0.], (B.1)
trong d6 x, xac dinh di€ém cat cho murc do tin cay p, voi 0< p<1.DE€ ¢6 ¢, >0 voi xac suat

P, ta phai tim a sao cho gidi han dudi cua khodng tin cdy p trong (B.1) 16n hon 0, nghia la:

u,—k,0,>0 (B.2)
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Thay u, trong (A.12) va o, trong (A.13) vao (B.2), ta dugc:

B.3
Vo 7uN20 ®

Cuoi cung, ching ta co:

) (B.4)

Tuong tu, d€ co ¢, <0 voi xac suét p, ta phai tim a sao cho giéi han trén cua khoang

tin cdy p trong (B.1) nho hon 0, tirc 1a:

Uy +x,0,<0 (B.5)
Cudi cung ta co:
Ky
o <— (B.6)
J20
K
P

Nhin chung, o nén dugc chon sao cho |« |> ¢, , trong d6 «, =

la gié1 han dudi
J20

cua |al, dé tao ra | Cri >0 vO1 mure do tin cdy p.
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