Cdc cong trinh nghién cifu pht trién Céng nghé Théng tin va Truyén thong

Phén tich pham chat, dung lugng hé thong

diéu ché khong gian song cong trén cung bing tan

Nguyén Lé Van, Nguyén B4 Cao, Trin Xuin Nam
Hoc vién Ky thuat Quan sy, Ha Noi

Correspondence: Nguyén Lé Van, vannl@mta.edu.vn

\

Ngay nhan bai: 17/08/2019, ngay sta chita: 07/09/2019, ngay duyét dang: 08/09/2019
Xem sém truc tuyén: 13/09/2019, dinh danh DOI: 10.32913/mic-ict-research-vn.v2019.n1.883
Bién tap linh vuc diéu phéi phan bién va quyét dinh nhan ding: TS. Nguyén Viét Diing

Tém tit: Bai bdo ndy phan tich phdm chit va dung lugng hé thdng da diu vao — da dau ra st dung ky thuat diéu ché
khong gian va truyén din song cong trén cuing bing tin. Chiing t6i da xdc dinh biéu thiic chinh xic ctia xdc suit ding,
xdc suit 16i ky hiéu va dung lugng trung binh ctia hé thdng khao sét. Trén co sé d6, phdm chit hé théng di dugc phan
tich, ddnh gia toan dién dudi su dnh hudng ctia nhiéu du do hoat dong cia truyén din song cong giy nén. Dong thai két
qua dudc so sanh vdi hé thdng da dau vao — da diu ra két hop diéu ché khong gian truyén thdng (hé thdng ban song
cong). Cudi cung, su diing din ciia két qua phan tich dugc ki€ém chiing bang mo phéng Monte-Carlo.

T khoéa: Pa ddu vao — da ddu ra, diéu ché khéng gian, truyén thong song cong trén ciing bdng tdn, triét nhiéu tu giao

thoa, xdc sudt dimg, xdc sudt 16i ky hiéu, dung luong ergodic.
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Performance and Capacity Analysis of Spatial Modulation Full Duplex Systems
In this paper, we analyze the performance and ergodic capacity of multiple input-multiple output (MIMO) system

using spatial modulation (SM) and the full-duplex (FD) technique. Based on the numerical analysis, we derive exact
expressions of the outage probability, the symbol error probability and the ergodic capacity of the considered system.
From the theoretical analysis, the system performance is analyzed fully under the impact of residual self-interference
due to the FD mode. On the other hand, the numerical results are compared with the traditional MIMO-SM system
(in half-duplex). Finally, numerical results are verified by Monte-Carlo simulations.
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I. PAT VAN DE

Diéu ché khong gian (SM: Spatial Modulation) 1 so do
truyén din hifa hen cho hé théng truy nhap da diu vao —
da dau ra (MIMO: Multiple-Input Multiple-Output) bsi k§
thuat nay cho phép giam do phiic tap va chi phi thiét ké cho
hé théng MIMO trong khi van giif nguyén phim chit va
tbc do truyén din [1-3]. Do d6, trong nhiing nim gin day
hé thbng MIMO-SM da tré thanh chii @& nhan dudc nhiéu
sU quan tim ctia cdc nha nghién ctiu va thiét ké mang vo
tuyén, chang han nhu trong cdc nghién citu [1, 2, 4-7].

Tic gia trong cong trinh [2, 4] dd dé xuét cic bd tach
tin hiéu c6 do phic tap thip cho may thu SM, gidam dugc
do phiic tap ddng k€ so véi mdy thu MIMO truyén thong.
Trong cong trinh [5-7] céc tdc gia dd xem xét phdm chét va
hiéu qua phd tan ctia hé théng MIMO-SM trong cic diéu
kién khic nhau. T4c gia trong [5] da thiét ké va danh gid
pham chit hé thbng MIMO-SM st dung don séng mang
thong qua cAu hinh #ing-ten. Két qua cho thdy mo hinh dé
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xuét da ting hiéu qua phd va gidm do phic tap tinh toan.
Trong cong trinh [6] tic gid da dé xuit qua trinh tién x{
ly dé truyén din qua kénh tuong quan thong qua thong tin
trang thai kénh (CSI: Channel State Information) § may
phét, nhd d6 pham chét hé théng MIMO-SM da dudc cai
thién ddng ké. PE danh gia hiéu qua sit dung phé tan, cong
trinh [7] da dua ra biéu thiic x4p xi dung lugng va xdc suit
16i hé théng MIMO-SM, tir d6 danh gia toan dién hé théng
khéo sat.

Bén canh d6, trong giai doan bung nd vé truyén thong
va cong nghé thong tin hién nay, nhu ciu trao ddi dif liéu
tbc do cao ngay cang ting, doi hdi can phai nang cao hiéu
qua st dung phd tan. Ping trudc bdi cinh d6, nhidu ky
thuat méi da dugc dé xuét, trong d6 ky thuat truyén thong
song cong trén cung bing tan (FD: Full-Duplex hay IBFD:
In-Band Full-Duplex) dang dudc chu trong bdi kha nang
ting gp doi hiéu qué st dung phd tan do cling thu va phat
trén cing mot tan s6 va tai ciing mot thai diém [8-13]. Pic
biét ky thuat FD cang trd nén kha thi hon khi nhiéu nghién
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ctiu va thi nghiém cho thiy thiét bi FD c6 thé khit nhiéu
tu giao thoa (SIC: Self-Interference Cancellation) 1én dén
110 dB va dua nhiéu ndy vé miic nhiéu nén.

Gan day, nhiéu nghién ciu da két hop hé théng MIMO-
SM véi ky thuat FD tao thanh hé théng SM-FD nhim khai
thdc nhiing wu diém néi trdi clia nhitng ky thudt nay [14—
17]. Trong [14] nhém tic gid da dua ra biéu thic xdc suét
diing va dung lugng Ergodic ctia hé théng SM-FD diém-
diém (point-to-point) d& khio sat hé théng. Biéu thic nay
c6 thé ap dung dudc cho trudng hop 2 x 2 MIMO. Khi thiét
bi dau cudi c6 sb luong dng-ten nhiéu hon, biéu thic tim
dudc & [14] khong con 4p dung dudc. DE ting cudng dod
tin cdy thong tin, m& rong ving phl séng, mang chuyén
tiép st dung ky thuat SM va FD da dugc nghién ciiu trong
[15-17]. Cac tic gia da tim ra biéu thic bién trén cho ti
1¢ 16i bit (BER: Bit Error Rate) va so sanh v6i hé théng
ban song cong (HD: Half-Duplex) khi miit chuyén tiép st
dung giao thic khuéch dai va chuyén tiép (AF: Amplify-
and-Forward) [15]. Ddng thdi, biéu thic xip xi vé BER
va dung luong Ergodic di dudc xdc dinh cho mang chuyén
tiép SM-FD trong [16, 17]. Thong qua két qui md phdng
va biéu thic tiém cin tim dudc, cdc tac gid da ching minh
dudc rang hé théng SM-FD c6 thé dat pham chit gan tuong
duong so v6i hé théng SM truyén théng (SM-HD) khi nhiéu
du (RSI: Residual Self-Interference) rat nhd, trong khi dung
lugng dat cao hon hé théng SM-HD véi mot sé miic ngudng
nhit dinh.

Mic dit phdm chéit ctia hé théng SM-FD da dudc quan
tam danh gia thong qua nhiéu cong trinh tién phong nhu
da phan tich & trén. Tuy nhién, cdc két qua cong bd trude
day méi ding lai & viéc tim dugc cac biéu thiic vé phim
chit hé théng & dang biéu thic tiém can hodc thuc hién
danh gia phim chét bang két qud mo phong thong qua két
qua trung binh thdng ké. Piéu nay din dén han ché vé su
hiéu biét chinh xdc hoat dong ctia hé théng trong cic diéu
kién diy dud. Trong bai bdo nay ching toi dit muc tiéu phat
trién mot khung toan hoc chinh xdc phuc vu cho viéc phan
tich, ddnh gia day dd hoat dong cta hé thong SM-FD.

Nhitng déng gop ciia bai bio dudc tém tit nhu sau:

o Bai bdo tim ra biéu thic chinh xdc vé& xdc suét diing
(OP: Outage Probability), xac suét 16i ky hiéu (SEP:
Symbol Error Probability) va dung lugng trung binh
(ergodic capacity) ctia hé théng SM-FD trén kénh pha-
dinh Rayleigh.

e Trén co sé cédc biu thiic gidi tich chinh x4c, chiing
t6i ddnh gia phim chét hé théng SM-FD khi so sdnh
v6i hé théng SM-HD. Két qua cho thiy, khi RSI di
nhd hé théng SM-FD cho phim chit tuong duong hé
théng SM-HD trong khi dung lugng dat dudc gan gip
ddi. Ngugc lai, khi RSI 16n hon, phdm chit hé théng
SM-FD giam so v6i hé théng SM-HD trong khi dung
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lugng vin cao hon tiy thudc vao gid tri cu thé cia
RSI va ti s tin hiéu trén tap am. Két qui phan tich
1a co sé dé tiép tuc nghién ciu, thi nghiém va danh
gia phdm chit hé théng SM-FD truéc khi trién khai,
dp dung hé thong trong thuc té.

Phan con lai ctia bai bdao dugc t§ chiic nhu sau: trong
Muc II chiing t6i trinh bdy md hinh hé thdng va tin hiéu.
Muc III thé hién nhiing két qua bién ddi todn hoc dé dua ra
biéu thic vé pham chét va dung luong hé théng. Muc IV
trinh bay két qud mo phéng va thdo luan, va cubi clng,
Muc V rit ra céc két luan ctia nghién ciu.

1. MO HINH HE THONG

M6 hinh hé théng SM-FD dudc thé hién trén hinh 1.
O day, ching toi st dung dng-ten thu phat riéng cho méi
thiét bi dau cudi d€ biéu thi ro nhiéu tu giao thoa (SI: Self-
Inteference), dong thoi tao kha ning SIC t6t hon cho thiét
bi FD [18, 19]. Tuy nhién trong thuc té, thiét bi FD c6 thé
st dung dng-ten chung cho ca thu va phat. Dit liéu dugc
truyén dong thoi tit dau cubi A sang dau cudi B, trong d6
A va B c6 sb dng-ten phat va thu tuong dng la N, N2
va NP, NB. Trén hinh 1, mii tén mau xanh thé hién tin
hiéu phat, thu can truyén va nhin, midi tén mau do thé hién
nhiéu ty giao thoa SL

Tai thoi diém ¢ tin hiéu thu dugdc tai dau cubi B dugc
xac dinh nhu sau:

yB(t) = /PahJa(t) + /Pehfa,(t) + zs(t), (1)

trong d6 yg 1a véc to tin hiéu thu, Py va Pg lan lugt la
cong sult phat tai dau cubi A va B, z; va z; lan lugt 1a
tin hiéu phat tai ing-ten dudc kich hoat thi 4 ctia dau cubi
A va thi j ctia dau cubi B, h? la véc to kénh truyén tur
dng-ten dugc kich hoat thd i & dau cudi A t6i NP ing-ten
thu tai diu cubi B, h? 1 véc to kénh nhiéu tu giao thoa tit
dng-ten phat dugc kich hoat thd j clia dau cubi B dén NP
dng-ten thu ciia chinh né, zg 1a véc to tap Am tring cong
tinh (AWGN: Additive White Gaussian Noise) v6i cdc phan
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Hinh 1. Mb hinh hé théng SM-FD.



DE hé thdng FD c6 thé hoat dong theo yéu cau thi cin
phdi triét nhiéu SI mot cach hiéu qui. Gidi phap da dugc
dé xuét st dung trong cdc cong trinh tién phong vé FD
la st dung dong thdi ky thuat SIC trén cd 3 mién: mién
khong gian (hay mién #ng-ten), mién tuong tu va mién
s6 [9, 18, 20]. Gii phap triét nhiéu trén mién khong gian
lién quan dén cdc phuong phdp ngin cach tin hiéu phat
vao tuyén thu nhu st dung 2 dng-ten thu phat riéng biét
dit cach xa nhau két hop dng-ten dinh huéng, boc kim phan
phét va phan thu, sif dung thay d&i phan cuc, v.v. Nhd vy,
c6 thé giam déng k&€ anh hudng SI tit kénh truc tiép. Bai
bdo [20] cho thiy c6 thé triét nhiéu t6i 50 dB trén mién
khong gian. V6i cac giai phap triét nhiéu trén mién khong
gian hiéu qua hon n@ta thi d4nh hudng cta kénh SI s€ bi
gi6i han chii yéu bdi kénh phan xa. Trong truong hop nay
cuong do dudng truc tiép khong con vugt troi so véi cic
tia phan xa. Do céc tia phan xa va dudng truc tiép la doc
lap thdng ké v6i nhau nén theo dinh 1y gidi han trung tam,
d6 10i kénh SI t&ng hop sé trd thanh mot bién Gauss phic
va kénh SI tré thanh kénh pha-dinh Rayleigh. Két qua khéo
sat trong [4] cho thiy dic tinh ctia kénh SI trong phan 16n
cdc truong hop khio sit c6 phan bd Rayleigh.

St dung cic giai phdp triét nhiéu trén mién tuong tu va
mién s6 c6 thé cho phép dat dudc thém 45 dB trén mién
tuong tu va 50 dB trén mién sb [20]. Cing theo [20] thi
néu dat dugc miic suy hao trén 110 dB thi da cho phép
chuyén nhiéu SI vé miic nén tap am. Piéu nay dong nghia
v6i dnh hudng ctia RSI c¢6 thé coi nhu mdt bién tap am.
Mic du kénh SI sau triét nhiéu trén mién khong gian cé
dic tinh Rayleigh nhung do thao tdc triét nhiéu trén mién
tuong tu va mién sb st dung phuong phdp tdi tao lai tin
hiéu thu dugc trén kénh truyén SI (thong qua udc lugng
kénh truyén SI) dé triét nhiéu nén phan nhiéu du RSI con
lai chi 12 phan sai s6 u6c lugng. Sai s6 u6c lugng niy c6 thé
dugc mo hinh héa bdi mot bién ngiu nhién phan b6 chuin
nhu da chi ra trong cac nghién ciu trude [20-22]. Nhu vay,
thanh phan nhiéu /Pgh¥u;(t) trong cong thic (1) c6 thé
viét lai thanh véc to rgy v6i cdc phan tii theo phén bd chuin
v6i trung binh bing khong va phuong sai O’RSI, trong d6
okg = QPs. O day Q 1a ti sb gita cong sut diu vao va
dau ra kénh SI thé hién kha niing triét nhiéu SI cla thiét
bi FD. Do dd, biéu thic (1) dugc viét lai thanh

= /PxhPz;(t)

Ti s6 tin hiéu trén nhiéu cong tap am (SINR: Signal to
Interference plus Noise Ratio) tic thdi cua tin hiéu thu tai
dau cubi B dudc xac dinh nhu sau:

2
[[B?["Pa
ORs + 07

-|— I‘S[ ) + ZB (t) (2)

VB = = Hh?H2’7B, 3)

trong d6 5 = Pa/(03g + 02) 1a SINR trung binh cia tin
hiéu thu dudc tai dau cubi B.
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Biéu thiic tin hiéu thu tai diu cubi A dudc xdc dinh bing
phuong phéap tuong tu.

Chi y ring, khi kénh truyén 1a kénh pha-dinh Rayleigh,
ham phén bb tich liy (CDF: Cumulative Distribution Func-
tion) va ham mat do xdc sudt (PDF: Probability Density
Function) ctia do 10i kénh truyén tic thdi dugc xdc dinh
nhu sau:

Finp(a) =1 - exp(~ ). @ 2 0, )
1 T
fin2(z) = ﬁexp(*ﬁ)v z <0, (5)

trong d6 Q0 = E{|h|?} 1a d6 1gi trung binh ctia kénh truyén,
toan ti |E biéu dién phép lay ky vong.

IIl. PHAN TICH PHAM CHAT HE THONG
1. Xdc suit dirng hé thong SM-FD

Xiéc suit dirng hé théng dudc xdc dinh bang xdc suit ma
gia tri SINR nhé hon mdt mic ngudng da xac dinh truée
[23]. Gi4 st toc do truyén din cla hé thong 1a R, xéc suit
diing ctia hé thébng SM-FD dudc xac dinh bang biéu thic
sau [24-26]:

Pout = Pr{logy(Ny) +logs (1 +7v) < R}
= Pr{y < 2Rl (N0) _ 13 (6)

trong d6, Pr bi€u dién phép iy xdc suét (Probability), v 1a
SINR tiic thdi tai dau cudi xem xét (y4 tai phia A va g
tai phia B), N; 1a s6 dng-ten phat (N} & phia A va NP &
phia B). Chd ¥ ring, thanh phan log,(N;) biéu thi ky thuat
SM dudc dp dung. Trong bai bdo nay, d€ tap trung danh
gid anh hudng ctia RSI dén pham chét clia hé théng va dé
don gian cho viéc phan tich, tuong tu nhu trong [24-26]
ching t6i gia thiét rang mdy thu udc lugng hoan hao chi
s6 dng-ten phat, tir d6 gidi ma thanh cong t& hdp bit ding
dé kich hoat dng-ten phat . Trén cd s d6, ta xac dinh dugc
xéc suit ditng cho hé théng SM-FD nhu dinh ly 1 dudi day.

Dinh ly 1: Xac sult ding tai dau cudi A (ky hiéu 1a P2 )
va dau cudi B (ky hiéu 1a PB ) ctia hé théng SM-FD lan
lugt dugc xac dinh nhu sau:

Ni-1 (M)z
A

Pha=1=ec ™ Y 25, %)

i=0

- NZ-1 (M)z
Pow=1-e o > —2—, ®)

=0

trong d6 v, = 2°71982(Ne) _1 13 mic ngudng xem xét, Y5
va 4g 1a SINR trung binh tai diu cudi A va B tuong tng.
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Chitng minh: Dit g, = 2771082(Nt) _ 1 biéu thi mic
ngudng xem xét (threshold), biéu thic (6) tré thanh:

Pout = Pr{y < vun} ©)
Do d6, xdc suét diing tai B dudc xdc dinh nhu sau:
hB||° P,
o —prd I L Pr{||h1;||2 < ’“}
Orst 0 B
(10)

Tix (10), sau mot s6 phép bién ddi, két hop véi ap dung bi€u
thitc (4) va (5) cho truong hop cac kénh truyén c6 cuing do
loi, ta xdc dinh dudc xdc suét ding tai dAu cubi A va dau
cubi B lan lugt nhu biéu dién trong dinh 1y 1. Chi ¥ ring,
bi€u thiic (7) va (8) c6 thé biéu dién don gian hon theo
ham Gamma, tuy nhién biéu dién theo dang t6ng sé thuin
loi hon trong tinh todn céc tham s6 hé thong tiép theo. O

2. Xic suét 16i ky hiéu

Péi véi hé thdéng vo tuyén, xdc suét 16i ky hiéu (SEP:
Symbol Error Probability) dugc xac dinh thong qua biéu
thic sau [23]:

SEP = q {Q (\/ﬂ)} — \/LzTr 7F (t;) e dt, (11)
0

trong d6 toan tif E bidu dién phép liy ky vong; @ la ham
Gaussian; «y 1a SINR tic thoi cia hé théng khao sat; a,b
la hiing s6 phu thudc vao dang diéu ché tin hiéu va dudc
xac dinh theo bang I [23].

Trén co sé do, ta xdc dinh dudc xdc suét 16i ky hiéu tai
mdy thu hé théng SM-FD nhu & dinh ly 2.

Pinh Iy 2: Xac suit 16i ky hiéu tai diu cudi A (SEP,)
va B (SEPg) ctia hé théng SM-FD dudc xic dinh 1an lugt
thong qua céc biéu thic sau:

A— .
avb R 2T (i + L)

a
SEPA = = — - , (12)
20 2V2m I (24 qab) R
NE*I i — . 1
a avb 22 (i + 3)
SEPp = 2 — s S CE)
20 2V N2+ 4eb) e

Bang I

GIA TRI CUA a VA b CHO CAC DANG PIEU CHE KHAC NHAU
Kiéu diéu ché SEP a b
BFSK Q) 1 1
BPSK Q(v27) 1 2
QPSK,4-QAM ~ 2Q(vA) 2 1
M-PAM ~ WQ(\/ﬁﬂ M|
M-PSK ~ 2Q(\/2sin2 (7)) 2 2sin? (7 )
M-QAM chif nhit ~ 4(@71)(3(\/‘&{3—17) 4(@71) 1»13—1
M-QAM khéng chit nhit | ~ 4Q( \/ ﬁ'y) 4 .
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trong d6 I'(-) 1a ham Gamma.
Chitng minh: Dt x = t2 /b, sau mot sb phép bién ddi
toan hoc, biéu thic (11) tré thanh

SEP ' /2F d 1
= xr)ax, 4
2\/ 27 0 \/.% ( ) ( )

v6i F(z) 1a CDF theo SINR cta hé thong khao sat. Trén
cd s6 dinh nghia ham CDF, ta c6 thé thay thé F'(z) bing
Pous clia hé théng khi thay thé vy, trong Poye boi . Tu
do, ta tinh todn xdc suét 16i tai dau cudi A (SEP,) thong
qua biéu thic

avb
SEPy, = ——=(1-1J), 15
trong do

Ooe—bz/Q
= d
I / 7z T,

0

Fever LT ()
J:/ e Xy

NZA _ i!
0 =0

Véi thanh phan T trong (15), 4p dung cong thic (3.361.2)

trong [27] ta thu dugc
2T
dr =4/ —.
TV

-/
0

V6i thanh phan J trong biéu thdc (15), 4p dung cong
thiic (3.381.4) trong [27], ta c6

e—bx/2

Jz

(16)

_x(g+%)ﬂji7%d$

NP1 o o=y o 1
. 2 2’YAF(Z+§)

—=. (17)
i=0 Z'!(Q‘*‘WAb)(Hé)

Két hop (16) va (17) ta thu dudc biéu thifc tudng minh
riit gon cho xdc suét 15i tai A nhu (12). Bing phuong phép
tuong tu, ta xac dinh dugc xac suit 16i tai B nhu (13). O

3. Dung lugng Ergodic

Véi hé théng song cong hai chiéu, dung lugng Ergodic
dugc xac dinh thong qua biéu thiic

C =E {logy(1 4+ va) +logy(1 +98)}

= E {logy(1 +7a)} + E{logy(1 +8)} - (18)
Tt d6 ta dugc
1 [1- Fa(z) 1 [1- Fy(x)
= — —_— R P S 1
In2 14z In2 14z dz, (19)
0 0



trong d6 Fa(z) va Fg(wx) lan lugt 1a CDF tai dau cudi A
va B. Trén co s6 d6, dung lugng hé théng dudc xic dinh
qua dinh ly 3 dudi day.

Dinh ly 3: Dung lugng Ergodic hé théng SM-FD dugc
xac dinh nhu sau:

1

Ne=1(_qyi—1l.tp 1
) (~1)TeFE (1)

C=12 > il

=0

N,.—1 1 i—k_

G (= DD
DY FeT S
1=0 k=1

trong d6 E; 1a ham tich phan mu bac ¢ dudc dinh nghia
trong [27].

Chiing minh: D€ don gian, ta gia st md hinh xem xét
12 mo hinh dbi xiing (symmetric), tic 12 hai thiét bi dau cubi
A va B c6 cac tham sd gidng hét nhau v6i 4 = ¥ = 7,
Fa(z) = Fa(z), N> = N® = N,.. Nhu vy (19) dugc biéu
dién lai thanh

o0
2 1— Fa(x)
= — | ———2dx. 21
In2 1+x du D
0

Thay Fa(z) trong (21) bdi P25, trong (7) va dp dung
cong thic (3.353.5) trong [27] ta thu dudc két qua & biéu
thic (20). Trudng hop mod hinh bt dbi xiing, biéu thiic
dung lugng c6 thé dé dang xdc dinh dugc bang phuong
phép tuong tu. (|

IV. KET QUA MO PHONG VA THAO LUAN

Trén co s& két qua phan tich trong Muc III, trong phan
nay phdm chit hé théng SM-FD sé& dudc biéu dién thong
qua cic tham sb ddnh gia.

O day, ching t6i xem xét cong suit phat, phuong sai
tap &m va nhiéu du tai hai thiét bi diu cudi 1a nhu nhau.
Do vdy SNR 1a ti sb gifta cong suit phat tai mot dau cudi
trén phuong sai tap am, tic la SNR = % = % = U—PQ.
Pong thdi, ching ti sit dung md phong Monte Carlo dé
kiém chiing két qué tinh todn. Cac tham sb cho danh gi4,
phan tich nhu sau: do Igi trung binh ctia kénh truyén 1a 1;
phuong sai tap am AWGN: o2 = 1, sb dng-ten phat va thu
NA = NB = N,, N* = NB = N,. Nhiéu du RSI dugc
thay d6i d€ khao sit anh hudng ctia né dén pham chit hé
théng.

Hinh 2 cho thiy anh hudng ctia s6 lugng dng-ten thu
phét dén xdc sut diing ctia hé théng SM-FD trong trudng
hop R = 3 bit/s/Hz; Q) = —10 dB, trong d6 dudng biéu
dién két qua phan tich 1y thuyét sit dung cong thic (8)
trong dinh ly 1. Céc ky hiéu danh dau (marker symbol) thé
hién két quaz md phong Monte-Carlo. Chi y rang, dudng
ly thuyét cho hé théng SM-FD st dung cong thic (8) véi
A =B = 7 = —-2—, trong khi dudng ly thuyét cho hé

3.2
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Hinh 2. Xéc suit dimg hé théng theo SNR trung binh vé6i s6
luong dng-ten thu phat (IV¢, V) khic nhau; R = 3 bit/s/Hz;
Q = —10 dB.

théng SM-HD ciing 4p dung cong thic nay véi RSI = 0,
tic la v = (T—PQ.
Su phii hop ctia két qua phan tich véi két quaz mo phong
cho thiy su ding dan ciia dinh ly 1. D& dang nhéan thiy
rang, phdm chit hé théng SM-FD bi anh huéng manh bdi
RSI, nhét 1a ving SNR cao. Xdc suit diing tién dén ving
bdo hoa do cong suit phat cang cao thi RSI cang 16n (vi
RSI duge xdc dinh bdi o, = QP). Mit khdc, khi ting
s6 dng-ten phat, phAm chit xdc suét diing ctia hé thong sé
dugc cai thién do s6 bit truyén di trén mién iAng-ten ting lén
trong khi s6 bit truyén qua symbol diéu ché giam xudng. Vi
du, tai SNR = 14 dB, hé théng SM-FD céu hinh (2,2) dat
OP = 107! trong khi ciu hinh (4,2) dat OP = 3 x 1072,
tic 12 d6 1gi ma SM dem lai khi ting s6 dAng-ten phat
lén trong trudng hop nay 1a hon 3 1an. Khi tdng sb #ng-
ten thu va ing-ten phat khong déi, vi du N; + N, = 6,
cAu hinh (2,4) cho phim chéit tét hon nhiéu so véi ciu
hinh (4,2) do hé théng SM khong c6 phan tap phat, chi c6
phan tap thu. Vi du, hé théng SM-FD ciu hinh (4,2) dat
OP = 1072 tai SNR = 10 dB trong khi chu hinh (2,4)
khong thé dat d&én OP = 10~2 do hién tugng bio hoa.
Hinh 3 khdo sit anh hudng ctia RSI dén xac suét 16i hé
théng SM-FD tai dau cubi B, trong d6, dudng biéu dién két
qua phan tich sif dung cong thiic (13) & Dinh ly 2 véi diéu
ché BPSK. O day s dng-ten thu phat 1a N, = 2, N, = 4.
Hinh 3 cho thiy ring, khi RSI nhd (Q = —30 dB), xdc
suit 16i ctia hé théng SM-FD va SM-HD Ia nhu nhau. Tic
1a trong trudng hop ndy, ¢6 thé néi qua trinh SIC cda thiét
bi FD da thuc hién ly tudng. Tuy nhién, khi nhiéu du ting
1én, chéng han trudng hop Q@ = —10 dB thi phdm chit hé
théng SM-FD bit dau giam so vdi hé thbng SM-HD. Khi
SEP = 10~* thi do 1¢i ctia hé thbng SM-HD so v6i SM-
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Hinh 3. Anh hudng ctia RSI dén xdc suft 16i hé théng SM-FD,
N; =2, N, =4.
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Hinh 4. Dung lugng ergodic ctia hé théng SM-FD khi so sanh véi
hé théng SM-HD véi cac gia tri RSI khac nhau, Ny = 2, N, = 4.

FD (Q = —10 dB) la khoang 3 dB. Mt khdc v6i gia tri
RSI nay, hé thong SM-FD khong thé dat SEP = 10~° cho
du cong suit phat tiép tuc ting 1én. Khi RSI ting 1én hon
nita (Q = —5,0 dB) thi phim chit hé théng khao sat dat
bdo hoa tai SEP = 1073 khi 0 = —5 dB va SEP = 102
khi Q = 0 dB.

Hinh 4 minh hoa dung lugng hé théng SM-FD khi
so sanh v6i hé théng SM-HD v6i cac gid tri RSI khéc
nhau. V6i nhiing tham sb da chon, khi nhiéu du nhé
(Q = —30,—10 dB) dung lugng hé théng SM-FD ludn
tot hon so véi hé théng SM-HD. Tuy nhién, khi nhiéu du
tang 1én thi ty thudc vao gid tri SNR dé xem xét hé théng
nao c6 dung lugng cao hon. Chang han trong trusng hop
Q) = —5 dB, khi SNR < 15 dB thi hé théng SM-FD cho
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dung lugng cao hon hé théng SM-HD. Nhung khi tiép tuc
ting SNR, tdc 1a SNR > 15 dB thi hé thong SM-HD lai
cho dung Iugng cao hon hé thdng khéo sit. Nguyén nhan 1a
do hé thong khio sat da dat dén dung lugng bdo hoa, day
1a két qua cda viéc triét nhiéu khong hoan hio. Két hop céc
hinh 3 va 4 ta thiy ring, trong trudng hop triét nhidu gin
nhu hoan hio (Q = —30 dB) thi phim chit hé théng SM-
FD va SM-HD la nhu nhau, trong khi dung Iugng hé théng
SM-FD dat gan gip ddi dung lugng hé théng SM-HD. Vi
du xét tai SNR = 10 dB, thi Csy_pp = 10,33 bit/s/Hs
con Csv—ap = 5, 18 bit/s/Hs. Khi nhiéu du 16n hon, vi
du trong trudng hop Q = —10 dB thi tuy thudc vao yéu
ciu hé théng dé€ xem xét nén st dung ché d6 FD hay HD.
Chéng han hé théng cin dung lugng cao va phdm chét vira
phéi thi ta chon ché d6 FD. Ngudc lai, hé théng can phim
chét tét va dung lugng vira phai thi ta chon ché do HD.

V. KET LUAN

SM-FD la giai phap truyén dan hia hen cho céc hé thong
truyén thong vo tuyén MIMO, dic biét 1a trong ky nguyén
khan hiém phé tan hién nay. Tuy nhién, nhiéu SI 1a yéu t6
c6 anh hudng manh dén phdm chét hé théng. Bing phuong
phép gidi tich, ching t6i da danh gia phdm chit hé thong
khi c6 tidc dong cta nhiéu du do triét nhiéu khong hoan
hio duéi dang xdc suit ditng, xdc suét 18i ky hiéu va dung
lugng hé théng khi so sanh véi hé théng SM-HD truyén
théng. Két qua phan tich di chi rd khi mic nhiéu du nhd,
dung luong hé théng SM-FD dat gan gip ddi so véi hé
théng SM-HD truyén théng trong khi chit lugng gan nhu
khong ddi. Khi miic nhiéu du 16n hon, phdm chit hé théng
SM-FD giam so vé6i hé théng SM-HD trong khi dung lugng
van cao hon tiy thudc vao gia tri cu thé cia RSI va ti s6
tin hiéu trén tap am. Day la ndi dung tham khao quan trong
trong viéc Iwa chon ché d6 FD hay HD cho hé théng SM
tiy thudc vao ting diéu kién cu thé. Tuy nhién, dé tap trung
danh gid mic d6 dnh hudng ctia nhiéu SI dén hiéu ning hé
thng, bai bdo da gia thiét mdy thu tich chinh xdc chi sb
dng-ten phét. Trong thuc té 18i tach chi s dng-ten phat s&
gy 4nh hudng dén hiéu ning chung ctia hé thdng, vi vay
can phai dudc phan tich chi tiét hon. Két qua nay sé dudc
ching t6i tién hanh trong mot nghién ciu tiép theo.
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