46

Dao Minh Hwng, Nguy&n D6 Diing

~ NGHIEN CUU HE THONG CE OFDM STSK MIMO VOI
CAN BANG KHONG GIAN THOI GIAN STE TREN CAC KENH SONG MILIMET

STUDYING CE OFDM STSK MIMO SYSTEMS WITH
SPACE TIME EQUALIZER STE OVER MILIMETER-WAVE CHANNELS

P:io Minh Hung, Nguyén D6 Diing
Truong Dai hoc Quy Nhon; daominhhung.tvc@gmail.com, nguyendodung1985@gmail.com

T6m tét - Kénh séng mm la giai phap lwa chon cho cac hé théng
5G. M6t trong nhirng thach thirc dang cha y dwgc xem xét 1&p vat
ly (PHY) dé trién khai cac hé théng truyén dan trén Iop nay 1a su
danh dbi hiéu qua gitra ngudn nang lweng va phd tan théng qua
viéc str dung céc k§ thuat da song MIMO tién tién. Trong bai bao
nay, chung t6i nghién ctru cac ky thuat MIMO két hop véi khéa
dich khong gian thoi gian STSK va ghép kénh phan chia theo tan
sb truc giao duong bao hang CE-OFDM trén cac kénh séng mm
chon loc tan s6. B6 can bang khong gian thoi gian STE dugc dé
Xuét st dung trong may thu nhung van dam bao do phirc tap cua
hé thong cang thap cang tét. Céc két qua mo phdng dé ching 16
hé thong CE-OFDM STSK MIMO v6i bd can bang STE co xét dén
bd khuéch dai cao tan phi tuyén dat dwoc hiéu ndng va hiéu qua
phé vwot trdi cho truyén théng séng milimet.

Twr khéa - STE; CE-OFDM; OFDM STSK; OFDM STSK MIMO;
mm-wave

1. Pat vén dé

Trong mot hé thong thong tin khdng day bang rong di
dong lubn ton tai nhiéu lién ky hiéu ISl (InterSymbol
Interference) va nhiéu dong kénh CCl (CoChannel
Interference), bo xt Iy tin hiéu chi bang khong gian hoic
thoi gian khdng thé triét ca hai cting ldc do gigi han co ban
cua chling nén hiéu niang hé thong thap. Ngoai ra, hé théng
véi chi xtr ly khdng gian hoic thoi gian ciing khong thé tan
dung hiéu qua bang tan cua kénh truyén. Két qua 1a khong
dap (g dugc chat luong va dung lugng theo nhu cau nguoi
st dung. Su két hop xir ly khong gian va thoi gian c6 thé
khai thac ddng thoi trén mién khong gian va thoi gian, cho
phép ngin chan ca nhiéu lién ky hiéu va nhidu dong kénh.
Sy két hop xir 1y nay duoc biét dén voi tén goi ma hoa
khong gian thoi gian STC (Space Time Code). M& hda
khong gian thoi gian STC da dau vao da dau ra MIMO
(Multiple-Input Multiple-Output) két hop ghép kénh phan
chia tan sé truc giao OFDM (Orthogonal Frequency
Division Multiplexing) thuc sy d@ m& duong manh mé cho
phép ting cao chit lvgng va dung lwong trong cac hé théng
thdng tin hoat dong trén cac bang con 6GHz [1] & cAc chuan
4G. STC c6 mot s6 céch tiép can ciu trac ma hoa nhu: Ma
hoa khdng gian thoi gian STC cua Alamouti, m& hda khoi
khong gian thoi gian STBC (Space Time Block Coding),
ma hoa lugi khdng gian thoi gian STTC (Space Time
Trellis Coding), m& hoa khdi khong gian thoi gian vi sai
DSTBC (Differential Space TimeBlock Coding)... Tat ca
nhitng céch tiép can dan dén céc nghién ctru khac nhau dé
cai thién do loi ghép khong gian va d6 loi phan tap khdng
gian [1]. Piéu ché khéng gian/ khéa dich khéng
gianSM/SSK (Spatial Modulation/Space Shift Keying) lgi
dung dac tinh khong gian va thoi gian giau tinh phan tap dé
tang hi¢u ndng nhung gidi han vé cai thién dung lugng hé
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thong. Nguoc lai, ghép kénh khdng gian SMUX (Spatial
Multiplexing) ¢6 kha nang cung cap do loi ghép kénh
khéng gian tot hon nhung phan tap khong gian kém gidng
nhu VBLAST [2]. Cac nghién cltu gan day, tap trung vao
mot ang dung rat hiéu qua cho ky thuat MIMO-OFDM
bing khoéa dich khong gian thoi gian STSK (Space Time
Shift Keying) da duoc dé xuat boi Kadir, Sugiura, Chen
and Hanzo trong [3]. STSK la k¥ thuat ma héa khéng gian
thoi gian dua vao su lua chon kich hoat ma tran phan tan
DM (Dispersion Matrix) tir tap ma tran khdng gian thoi
gian tryc giao. STSK c6 thé dat duoc hiéu qua tir sy dung
hoa gitra k¥ thuat phéan tap va ky thuat ghép trong MIMO
ma c6 thé ngan chan nhiéu xuyén kénh ICI (Inter-Channel
Interference) va khong can so luong 16n anten. Dic tinh
nay ctiia STSK 14 sy phat huy wu diém ciia ki thuat ma hoa
khéng gian thoi gian ma cu thé 1a ghép khdng gian SMUX
[2] va diéu ché khdng gian SM [4]. Ngoai ra, STSK két hop
OFDM cho phép khai thac hiéu qua dic tinh phéan tap trong
mién thoi gian tan s6 va mién khong gian & mic cao, linh
dong. Nghién ctu trong [5], STSK wng dung trén backhaul
té bao nho (small-cell backhaul) séng mm cho thay, hiéu
nang STSK hiéu qua hon so vi SM va SMUX.

Trong hé théng 5G, viéc lya chon dang séng chu yéu
dua theo tiéu chi hiéu suat phd, mac du van dua trén cac
nguyén tic va cam hing tir OFDM, nhung can phai chi y
dén nhugc diém cia n vé ty & cong suat dinh trén trung
binh PAPR (Peak-to-Average Power Ratio) cao trong diéu
ché da song mang [6]. Song mm (millimeter-wave) tuong
tng VOI phd tan sé vo tuyén c6 do dai budc séng mm tan
s6 cap phat: 71-76 GHz, 81-86 GHz c6 thé dat duoc dung
luong 10Gb/s trong dléu kién kénh truyén tiéu chuan [7].
Céc nghién ctru vé hiéu ning hé théng théng tin séng mm
chu yéu tap trung vao giao dién truy cap vo tuyén trén mién
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thoi gian - tan sb, dé tang dac tinh phd pha hop va ting kha
ning chdng lai moi sy suy hao gap phai trong qua trinh phat
va thu tin hiéu. Trén kénh séng mm, nhém tac gia nghi rang
hiéu qua ndng lugng quan trong hon so véi viéc nghién ctu
loai dai phd mot phia bai cac ki thuat méi noi nhu da song
mang bang loc FBMC (Filter-Bank MultiCarrier) va da
song mang loc toan cuc UFMC (Universal Filtered
Multicarrier). Hiéu ning cua su két hop STSK véi OFDM
trén séng mm bi suy giam nghiém trong do nhugc diém cb
hitu caa OFDM la ty s6 PAPR cao, dé bi tic dong méo dang
trong bo khuéch dai cong suat cao tan. Viéc ung dung cac
han ché nhu vay cua backoff dau vao IBO (Input BackOff)
I6n nén bo khuéch dai cong suit cao tan 1a phi tuyén. Nhu
chi ra trong [7], tai nguyén nang lugng trén kénh séng mm
d6 thi (Urban) n6i chung 1a khan hiém, vi sy suy hao duong
truyén va su che khuat 16n hon réat nhiéu so véi cac cac
bing con 6GHz.Vi vy, viéc giam ty s6 tin hiéu trén tap am
& muc 9-10dB din dén dau ra backoff OBO (Output
BackOff) khdng dugc nhu mong doi. Theo tiéu chi tiéu thu
nang lugng, viéc &p dung backoff I6n 1& mot giai phap
khong dat yéu cau, boi vi hidu qua nang luong bd sung PAE
(Power-Added Efficiency) cua bo khuéch dai giam khi ap
dung 1BO [8]. Bé khic phuc nhugc diém néu trén cua
OFDM, trong dé xuat bai Thompson et.al trong [9] di giai
quyét bai toan vé sy bién thién dudng bao diéu ché vai tén
goi l1a OFDM duong bao hing CE-OFDM (Constant-
Envelope OFDM). CE-OFDM duya trén diéu ché pha tin
hiéu thuc OFDM. Mot trong nhiing tinh ning ndi bat cua
dang song da song duong bao hang 1a ty s6 PAPR bing 0
dB, diéu nay co thé khién bo khuéch dai cong suét cao tan
dat dén diém bao hoa ma khong gay meéo dang, cho phép
sir dung hiéu qua cac ngudn tai nguyén cong suat truyén
dan. Nhu da dugc chung minh 16 rang trong [9],
CE-OFDM cung cap hiéu nang vuot troi so voi OFDM vé
kha nang khac phuc dic tinh da duong nho c6 bac phan tap

tan sb 16n hon. Ngoai ra, nhu da chi ra trong [10], cac k¥
thuat diéu ché da song mang duong bao hing c6 kha ning
chéng lai anh huong tap am pha tét hon so véi hai dbi tac
Ia OFDM théng thudng va da truy nhap phén chia theo tin
s6 don song mang SC-FDMA (Single Carrier Frequency
Division Multiple Access) bai vi tap 4m pha diéu ché duoc
cong thay vi la nhan tai dau ra bo tach pha. Tir cac wu diém
nay, CE-OFDM dugc nghién ciru tng dung cho truyén dan
SISO (Single-Input Single-Output) cho 5G trén séng mm
[11], trong d6 da chitng t6 hiéu nang vugt troi cta cac dang
song duong bao hing vé d6 bao phi va tée do dit liéu.

Trong bai nay, nhém tac gia nghién ctu hé thng
MIMO két hop véi khéa dich chuyén khong gian thoi
gian STSK va CE-OFDM khai thac triét dé nguon tai
nguyén ning lwong khan hiém trén kénh truyén séng
mm. Hé théng tao ra nhiéu ludng tin hiéu duoc diéu ché
trén nhiéu song mang con véi duong bao hing va truyén
qua nhiéu anten ma khong lam bién dang bién do phi
tuyén do bo khuéch dai cong suét cao tan. Muc tiéu cua
nghién cau cai thién hiéu nang hé théng bang cach dé
xuat so do sir dung bo can bang khong gian gian thoi
gian STE (Space Time Equalizer) & phia thu. Vi vay,
cling voi méa hda STSK & phia phat cé thé phat huy linh
dong wu diém giira d6 loi phan tap va do loi ghép. Két
qua md phong véi so dd dé xuat cho thay hé théng cé
thé tang hiéu nang BER cua hé théng ma van d¢am bao
hiéu qua bang thong kénh truyén.

2. M6 hinh h¢ théng CE OFDM STSK MIMO
2.1. MO0 td h¢ théng MIMO két hgp véi ma héa khdng
gian thoi gian STSK va OFDM dwong bao hang

Trong bai b4o nay, nhém tac gia xét hé théng thu phét
MIMO trén kénh song mm véi M anten phat va N anten thu
Vi cdc khoi chirc nang nhu Hinh 1.

| MahéaSTSK
i Chon ma Aq i 1
7| trinDM L X — —T
m : : IFFT Pl iep | pac | HPA I
N Anhxa ’]\ : pha M
10gQ.L) | L.oamiPsK | :
| X
__________________ Hinh la. H¢ thong phat
11
Giai ma Giai diéu Can bing :
sT [T FFT ché pha sTE [ -CP [+ ADBC NI

Hinh 1b. H¢ thong thu

Hinh 1. Hé théng thu phat CE OFDM STSK MIMO: hé thong phat 1a, hé thong thu 1b

Hé théng ma hoa STSK & phia phat Hinh 1a, thuc hién
xt ly tin hiéu trén mién khong gian va thoi gian. Truéc tién
nguon tin hiéu tao thanh khéi c6 kich thudc
N, =log, Q+log, L, chia ra 2 nhom: Nhém mot st dung
cho viéc chon ma tran phan tan DM (Dispersion Matrix) dé
méa hoa khéng gian thoi gian, nhém thir 2 thyc hién diéu

ché L-QAM/PSK [12]. Tir ma STSK tao ra c6 sb bit bang
l0g2(Q), voi Q lIa ma tran DM kich thuéc M xT, T 1a do dai
cua ky hiéu (T <M). Cac phén tr DM dugc tinh toan sao
cho tbi wu cac tham s M, T va L, nhu da chi ra trong [12].
Ma tran phan tan di chon phan b nang lugng ky hi¢u diéu
ché QAM/PSK tir L chom sao. Tir md STSK duogc dic
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trung bai bon tham sé (M, N, T, Q), c6 thé biéu dién bang:

Xersx = Oy 77+ Sy X Ay -+ 0y 1 @)
Trong d6, X, =S, xA,, S 14 ky hiéu phuc thi | trén chom
sao L-QAM, 0,, . 1a ma tran khong, Aq la ma tran phan

tn thir g c6 kich thuéc (M x T) dugc chon va duoc biéu
dién bang:

A= )

Tir biéu thirc (1) cho thay, chi ¢ mot thanh phan phan
tan g duoc kich hoat cho méi ky hiéu tht 1, con céc tin hiéu
ky higu khac dugc gan bang khéng. Cac ky hiéu trén mdi
cot Aq duoc truyén trén M anten phat. Dé dam bao cong
suét phat trén céc anten bang nhau trong khoang thoi gian
ky hiéu, méi ma tran phan tan phai thoa man:

t(AA)=T (3)

Trong do, t(.) 1a vét cua ma tran, ()" 1a phép toan chuyen
vi Hermit. Két qua 1 tir ma STSK duoc tao va truyén trén
hé thong CE-OFDM duoc trinh bay ¢ muc tiép theo.
2.2. Truyén ddén CE-OFDM STSK

Hg théng truyén dan CE-OFDM dya vao sy diéu ché
pha phi tuyén trén phan thyc cua tin hi¢u OFDM. Phan thuc
tin hicu OFDM dugc tao bang cach ap dung thuat toan
IFFT cho vector ky hiéu STSK trong (1) lay lién hop phirc
dém vector khong, dugc biéu dién bang [9]:

X=[0, X, - X, Z, X, o X] (4)

Trong d6, {*} 1a thuat toan lién hgp phtc dugc thuc hién
trén mdi tir ma STSK d6 dai N¢, Z, 1a vector dém khong
(zero-padding vector) c6 do dai bang Np. Do dai cua cac
vector tin hiéu ky hiéu trong (4) bang Nr = 2(N¢ + 1) + N,
Chuén héa vector STSK bang thuat toan IFFT chuan hoa,
F,;F ,taco:

UnZF[\Ij;S(, n:011121"'7(NF _1) (5)

Tin higu gia tri thuc u, duoc dua dén dau vao khéi dieu
ché pha deé tao ra tin hiéu CE-OFDM khong gian thai gian:

x =exp(j2zhu,) (6)

V6i 27ch 1a chi sb diéu ché. Chi sb diéu ché dong mot vai tro
quan trong trong hiéu nang va hiéu qua phd cua hé théng.
Do d6, tham s6 nay can phai diéu chinh cin than, nhu da
chi ra trong [9], néu chi sb didu ché thap s& dan dén ty sb
tin hiéu trén tap SNR cua bo tach thap nhung néu ting 2zh
vuot qua mirc, vi cac hiéu tng phi tuyén do giai diéu ché
pha c6 thé gay ra 16i san khong thé khac phuc dugc.

Céc dac tinh cua tin hiéu CE-OFDM la:

- Giit PAPR bang 0 dB: tin hiéu cé thé duoc truyén di
v6i bo khuéch dai cong suat cao tan HPA bédo hoa ma
khong bi méo dang bién d¢ va gian pho;

- CE-OFDM thyc té 1a thyc hién dong géi tin hiéu
OFDM da song mang thanh tin hiéu séng mang don dé
truyén, do do khai thac higu qua su phan tap da duong trén
kénh phu thugc thoi gian.

Sau cuing tin higu CE-OFDM STSK duoc thém tién t6
vong CP (Cyclic Prefix), chuyén doi sb tuong tw DAC va
truyén trén khe thoi gian T véi tbe d6 T/Tk [baud], vei Te la
do dai cua ky hiéu CE-OFDM. Trong bai viét nay, dé khai
thac hiéu qua sy phan tap hé thong, tac gia dé xuat st dung
bo can bang xir ly tin higu khong gian thoi gian STE (Space
Time Equalization) trong may thu thay vi bo can bang trén
mién tan sb.

2.3. Pé xudt may thu tin higu CE-OFDM STSK véi b
can bang khong gian theéi gian STE

Xét may thu c6 N anten (Hinh 1b), gia si kénh dugc
wdce lugng hoan hao va thoi gian két hop (coherence time)
ctia kénh I6n hon d6 dai khéi tin hiéu STSK, tic la kénh
khong phu thudc thoi gian véi tin hiéu STSK dang xét.
Tin hiéu thu tai méay thu Y trudc khi vao bo can bang duoc
biéu dién:

Y=Hy+V @)
Trong d6, H & ma tran kénh séng mm c6 kich thuéc
NeN x NeM, V la vector tap am Gauss trang cong AWGN
¢ tri trung binh bang khong va phuong sai bang o2,

Bo6 can bang STE d¢ xuat bao gom hai ting nhu biéu
dién trén Hinh 2.

Y Loc tuyén tinh Cén bing b
> khong gian thoi ™ Viterbi |
gian
T won — ] hopt
Toi wu tham
> Sé) Wopt va hopt - Chudi huén
luyén

Hinh 2. Bg cdn bang khéng gian thoi gian STE
Trén Hinh 2, bo t6i wu tham sé sir dung tin hiéu thu

duoc va chudi huin luyén dé xac dinh hai tham sé téi vu
Wopt, opt. DO 1a vector trong s6 cua ting loc tuyén tinh
khong gian thoi gian va vector kénh hiéu dung cip cho
tang can bang Viterbi twong tng. Tang loc tuyén tinh
khong gian thoi gian sir dung Wopt dé triét nhidu CCI va
cuc dai héa ty sb tin hiéu trén tap &m cong nhiéu. Sau d6
tin hiéu duoc tang can bang Viterbi don kénh khong ché
nhiéu ISI va khoi phuc ky hiéu dir liéu. Wopt Va hopt 12 hai
tham s6 quan trong can tdi uu nham dam bao STE hoat
dong hiéu qua. CAc tinh toan tbi wu hai tham sé nay dugc
thuc hién boi bo tdi wu tham s6 chung di trinh bay trong
[13]. Cu thé Ia:

wy, =hp, SY" (YY“)

opt
©))
h =ar max&

o = h"S'P.'S'h ®)
Trong do, ()" la thuat toan chuyén vi ma tran; ()" la thuat
tqén Hermit; Y 1a tin hiéu thu duoc dua dén d@u vao bo can
bang STE twong tng véi cédc tin hiéu huan luyén S;

Po =1-Y" (YY) Y,

Theo do6, du ra cua b can bing STE, y, dugc Xac
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dinh bang [13]:
x= hoptystf (10)

voi, Yy 1 vector tin higu tai dau ra tang loc tuyén tinh
khéng gian thoi gian, dugc xac dinh bang:

ystf = WoptY (11)
v6i, W, =[ Wi, W w’ JT
! opt — opt,1? "Yopt,27***1 "Wopt,N '

UGc lugng kénh truyen da xét la hoan hao, chudi huan
luyén da biét. Ty so tin hiéu‘dﬁu ra trén tap &m cong nhiéu
SINR dat cyc dai xac dinh bang [13]:

= Hii (12)

Trong do, [(.)[. !a chuan Frobenius, H la ma trin kénh
s6ng mm mién tan so, c6 kich thudc NN x NeM.
Khéi tin hiéu STSK sau khi can bing y dua dén bo

giai diéu ché pha. Viéc giai diéu ché pha dya vao su tinh
toan goc arctangent [14], két qua la:

n=0,12,..,(N. -1) (13)

~ Thanh phan tap am trong tin hiéu thu dugc s dung FFT
dé chuyén sang mién tan so va chi c6 Ncky hiéu STSK giai
ma [14]:

X=F, 0,va ¥=X, eC"7

u, =2y,

(14)

Céc tinh toan nhu trong [14], 4p dung xép chdng vector
ddi vei (14) c6: § =vec(y)eC"™. Sau cing thuc
hién giai ma STSK nhu trén Hinh 1b, bing cach udc luong
chis DM g vaky hiéu L-QAM/PSK, S, duoc tinh bang:

A 2
A _ - 2 _ 1
(6:8)=min|[¥—x, | )
voi, ¥ dugc chuan hoa tir tin hi¢u dau ra by FFT \p, duogc
xac dinh bang:

¥ :%AH\TJ (16)

va Ky = Aoy (17)

Trong do, A la tap DM biéu dién trong (18) va g, laky

hiéu thir | tir tap tin hiéu L-QAM/PSK tai vi tri thu g trong
vector da cho (19),

A= [vec(Ai), vec(A,),

Q.1 :[0,...,0,8,,0,.._,0]
q-1 Q-9

Hiéu qua pho ciia CE-OFDM STSK béng véi OFDM
STSK duoc xac dinh bang [14]:

vec(AQ)] (18)

(19)

Tir biéu thire (20) c6 thé thay rang, hiéu qua phdé giam
khi ting tham sé T. Trong thao luan [14], T 1a hé sb phan
tap thoi gian cho phép cai thién hiéu nang hé thong, con
tham sb Qquyét dinh ty s BER thong qua t6i wu hoa xac
suit 16i cap PEP (Pairwise Error Probability). Nhu vay,
tang T, phan tap thoi gian dugc tang va do d6 hi¢u nang
tang nhung phai tra gia thong lugng giam, trong khi tang
Q, théng lugng ting, nhung hiéu nang BER giam [12]. Vi
vay, Q duoc giir & muc vira phai dé khong lam giam hiéu
nang duong truyén. Kho khan nay duoc giai quyét trong
bai bao nay nho sir dung bé can bang STE, véi mong doi
hiéu ning hé théng co thé cai thién ma khong can tang T,
diéu nay dugc minh hoa trong muc tiép theo.

3. Céc két qua mo phéng
3.1. Tham sé md phéng
Hi¢u nang h¢ thdng truyén din OFDM STSK trong
nghién cttu nay dugc danh gia qua md phong bang phan
mém Matlab. Gié tri cAc tham s6 md phong tuong tu trong
[14], trinh bay trong Bang 1.
Bing 1. Cic tham s6 mé phéng

Tham sb Gia tri
Muc diéu ché QAM 4-QAM
Do rong bang 500MHz
Do dai OFDM, Ne 1024
Do dai khéi tin hiéu vao, Nc 63
cP 150
Kénh fading LOS
Thuat toan tach & may thu va cac bo
can bang FDE va STE MMSE
|IBO| 15dB
Céu hinh MIMO 2x2 va 4x4

Kénh truyén da duong cluster Rice & dai tan 73GHz,
dap mg xung duoc st dung theo [15], [16]. Hé sb Rice
dugc chon bang 10 dB twong &ng Vi tiéu chi trong [16].

Pé danh gia hiéu nang BER cua hé thong sir dung bo
can bang khong gian thoi gian STE da dé xuit nhém tac
gia thuc hién so sanh véi bo can bang trong mién tan sb
FDE (Frequency-Domain Equalizer) [17]. Chl y ring, bo
can bang STE sir dung thuat toan MMSE (Minimum Mean
Squared Error) nén do phic tap hé théng vin dam bao &
muc thap.

0 ! ! ! ! = n
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Hinh 3. Duong cong ddc tinh OBO-1BO ciia
bo khuéch dai phi tuyen HPA [18]

Bo6 khuéch dai phi tuyén HPA sir dung c6 dudng cong
dic tinh OBO-IBO cho té bao nho nhu Hinh 3, gié tri tuyét
dbi cong suat dau vao backoff |IBO| = 15dB, tuong ung
dau ra backoff |OBO| bang 9,5 dB.
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3.2. Cac két qua md phéng va thdo lugn

Hinh 4 1a két qua so sanh hai hé thong (2, 2, 2, 4)
CE-OFDM STSK va OFDM STSK véi diéu ché 4-QAM
v6i bo khuéch dai khong 1y tuong c6 thong sé nhu biéu
dién trén dudng cong dic tinh Hinh 3. Boi vi CE-OFDM
STSK cé duong bao khong ddi nén khong can gié tri IBO
nao (IBO=0dB) d¢ hoat dong. D6i vai tin higu
STSK-OFDM, st dung |IBO|=15dB nhung tin hiéu cling bi
méo nghiém trong do tinh khdng tuyén tinh cua bo khuéch
dai HPA. Su thang giang ctia dudng bao tin hiéu OFDM
cao nén bi cat xén khi truyén qua bo khuéch dai phi tuyén
Iam hiéu ning hé théng giam dang ké. Ngay ca khi sir dung
[IBO|=15dB van chua diéu khién b khuéch dai cong suat
vao vuing tuyén tinh nén hiéu nang BER dat duoc van thap.
Tur Hinh 4, ching ta thay rang, trong cung diéu kién,
hé théng CE-OFDM STSK MIMO véi cau Hinh 2 x 2 ¢6
hiéu nang BER tot hon so véi OFDM STSK MIMO khi
truyén trén kénh song mm LOS, dic biét vai chi sb diéu
ché 2zh = 1,5. Cac hé théng CE-OFDM STSK MIMO dat
duoc hiéu sut tét hon nita vai chi sé diéu ché 2zth > 1,5,
didu nay dwoc giai thich 1a cac tin hiéu CE-OFDM STSK
it tuong quan do kénh fading vai cac gia tri 2zh 16n. Mot
chd y quan trong khac do6 1a hiéu ning hé théng CE-OFDM
STSK MIMO tang khi sir dung bo can bang khong gian
thoi gian STE so vai str dung bo can bang trén mién tan sé
FDE khoang 2dB & BER = 103, Tang can bang Viterbi sir
dung céc chuan da kénh nhu trong [19] dé tinh cac ma tran
dé quy dwa vao khoang cach Euclid giira cac chudi ky hiéu.

Hinh 5, véi cau hinh (4, 4, 2, 4), ching ta c6 thé quan
st thay, hiéu niang hé thong ting nho vao do loi phan tap
tang. Do loi phan tap tang chu yéu la do sy phan tap thoi
gian cua anten MIMO thu va phéat con phan tap T = 2 giir
khong d6i nhu Hinh 4.

Vi s6 anten thu phat MIMO gitr khong d6i nhu Hinh
5 nhung tang phéan tap thoi giante T = 2 1én T = 4, ding
nhu mong doi hiéu nang cai thién nho phéan tap khéng gian
thoi gian nhu trong Hinh 6. Nhu da thao luan trong Muc
2.3, khi hé s6 phan tap thoi gian T ting thi dan dén giam
thong lwong hé thong. Bé giai quyét kho khan nay, ting
hiéu nang hé thdng ma van khdng lam giam thong luong
bang céch sir dung bo can bang khong gian thoi gian STE
nhu d& xuét, két qua md phong di chirng minh didu nay
nhu két qua & Hinh 4, 5, 6.
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4. Két luan

Trong bai bao nay, nhoém tac gia nghién ciru hé thong
CE-OFDM STSK cho cac hé thbng MIMO mmWave. Két
qua nghién cau da khai thic wu diém CE-OFDM STSK
mot cach hiéu qua ca sy phan tap khong gian, tan sé va thoi
gian, mang lai hiéu suat ting déng ké so véi OFDM STSK
v6i khuéch dai cong suét cao tan phi tuyén. Chung toi dé
Xuat may thu méi sir dung bo can bang khong gian thoi
gian STE dé hiéu nang hé théng ma van dam bao ting dung
lwong va hiéu qua phé. Béi vi, hiéu nang dwoc cai thién
nhu vay véi may thu c6 do phic tap thap nén nhom tac gia
tin rang viéc trién khai thuc té sir dung thir nghiém phan
ctng la kha thi. Trong twong lai c4c nghién ciru cd thé lién
quan dén viéc ap dung céc ky thuat giam phd tan chiém
dung mét phia, vi dy, tién ma hoa phd. Mot van dé khac
chua duoc trinh bay trong bai béo nay la tac dong caa nhiéu
pha dbi véi hiéu niang hé théng CE-OFDM STSK MIMO,
diéu nay s& dugc nghién cuu tiép theo.
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