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Abstract: Existing multi-input multi-output systems (MIMO) using spatial modulation (SM) have
proven superior as reducing complexity while increasing the performance of the radio communication
system. The essence of this method is to perform modulation on spatial and temporal domains. The
objective of this paper is to give an overview of index modulation SM-MIMO and and to introduce a
research orientation to develop and extend this index modulation technique to the frequency domain
by applying combined index modulation in traditional OF DM systems. In this way, we hope this new
index modulation method will compromise spectrum efficiency, bit error quality, as well as processing
complexity. It will create a premise for research and development of 5G network equipments.
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1. Pit van dé

Nhu cau truyén dan, trao dbi dit liéu toc do cao
cua nguoi st dung da dat ra thach thic cho cac hé
thong v6 tuyén thé hé sau. Nhiéu ky thuat da duoc
nghién ciru nham nang cao hiéu suat sir dung phd tan
va ting dung lwong kénh truyén nhu hé théng MIMO
(Multi-input multi-output) hay OFDM (Orthogonal
frequency division multiplexing). Gan day, mot
phuong phap cai tién hé théng MIMO goi 1a diéu ché
khong gian (SM: Spatlal modulation) [1] dugc danh
gia la Lrng ctr vién tiém ning cho cac hé thong thong
tin v tuyén thé hé sau, bao gdm ca mang di dong thé
hé 5, mang cam b}én khén\g day, Wimax thé hé 2....
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Hinh 1.1: So' do diéu ché khong gian.

Khac véi cac hé thong MIMO thong thuong, hé
thong MIMO sir dung SM chi truyén ludng dit ligu
trén mdt hodc mot nhom cac ang ten. Mot diém doc
d4o can cha y ciia SM 1a théng tin can truyén di c6
thé duoc anh xa vao chi s6 cia mot ang ten hodc mot
nhom ang ten va anh xa vao chom sao tin hi¢u diéu
ché cau phuong (QAM) hoic khoa dich pha (PSK).
Chinh vi vay, cac hé théng SM van dat dugc do loi

ghép kénh va phan tap khong gian nhu cac hé théng
MIMO thong thuong trong khi chi kich hoat mét
hodc mot s6 ang ten phat trong toan bo ang ten phat.
Do d6 s6 lugng cac may phat vo tuyen (RF) giam di,
do phuc tap ctia hé thong s& giam, dan toi gia thanh
hé thong giam va hiéu qua ning lugng cia toan hé
thng duogc cai thién [2].

Céc ky thuat SM- MIMO théng thudng cé thé
duogc xem 1a mdt phuong thire diéu ché chi sb. Hién
tai k¥ thuat nay xuat hién nhidu cac bién thé mo rong
dugc dé xuat. Trong nhitng hudéng nghién ciru méi
nhit, nguoi ta da bat ddu chu ¥ t6i viee két hop SM-
MIMO véi cac chi s6 khac. Tuy nhién, tat ca cac
hudng di nay con dang so khai va chua dua ra duoc
cac danh gia mot cach day du. Bai bio nay nham
danh gia chi tiét vé& ky thuat SM-MIMO dén thoi
diém hién tai, dong thoi cling deé cép td1 hudng phat
trién va mo rong ky thuat diéu ché ndy sang ca mién
tan s6 bang cach ap dung diéu ché chi sé vao cac
song mang con (tuong ty cac soOng mang con trong
ky thuat diéu ché OFDM truyén thdng). Bing cach
ndy, tac gia hy vong trong twong lai s& c6 thém cac
cong nghé truyén din vo tuyen moi cho phép dung
hoa giira hiéu qua phd tan, pham chat 13i bit, ciing
nhu d§ phuc tap tinh toan, xt ly tin hiéu.

2. N§i dung nghién ciru
2.1. Ky thudt diéu ché khéong gian (SM)

K thuat diéu ché khong gian dugc gidi thiéu lan
dau tién vao nam 2001. Sau d6, nhiéu bién thé khac
nhau ctia né da dugce nghién ctru trong tai liu tham
khao[2-4].
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Hinh 2.1. Minh hoa SM-MIMO véi bon dng-ten phat
4-QAM

Trong. hé thong SM, méy phat leh hoat mét trong
) n, phan tir idng ten phat tai mdi chu ky tin hleu
va phat di mot tin hiéu dugc diéu ché bién do cau
phuong (QAM) hodc khoa dich pha (PSK) vdi chom
sao tin hiéu M diém. Nho do, thong tin dugc truyén
di boi ca ky hiéu duge diéu ché va chi sb (hay vi tri)
clia phan tir ing ten dugc kich hoat dé phat di ky
hidu nay. Nguyén tic ma hoa (anh xa) cac bit thong
tin vao cac chi s6 dng ten (mién khong gian) va chi
s6 ky hiéu (mién thoi gian) trong SM-MIMO dugc
minh hoa ¢ hinh 2 cho truong hop n, = 4 ang-ten
phat va chom sao 4-QAM (kich thudc M = 4). Theo
hinh 2.1 ta thdy bo ma héa xir Iy cac bit thong tin
theo tung khdi bon bit mot. Mot cach tong quat, toc
d6 truyén dan cua phucmg phéap nay la R, =(log,n,
+log,M) bit cho moi lan str dung kénh (bpcu: bit per
channel use).

Utu diém chinh ctia SM 14 khong can dong bg ing
ten déng thoi loai bo nhiéu déng kénh do tai mot
thoi diém chi c6 mot ang ten dugc kich hoat va phat
tin hiéu. Chi s6 cta ang ten phat lic nay duogc su
dung dé mang thong tin, cho nén so véi hé théng don
ang ten truyén thong, hé théng nay thu dugc ting ich
ghép kénh theo khong gian. Tuy nhién, higu sut pho
tan khong cao vi phu thudc vao logarit co s6 2 cia
sO ang ten phat. Pong thoi hé thing MIMO sir dung
SM chi ¢6 phan tap thu ma khong co phan tap phat
Trong khi d6, diéu nay thuc sy can thiét khi trién
khai cac mang di dong.

Mot phan tich so sanh pham chat 18i bit ctia cac
hé thong str dung k¥ thuat didu ché SM va VBLAST
v6i cting hiéu sudt pho tan da cho két qua tha vi. D6
la, khi tach song béng thuat toan ML, du ca ba hé
thong c6 BER tuong dwong nhau, by giai ma ML ciia
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hé théng SM ¢6 d6 phic tap thap hon so véi bo giai
mi ML cua hé théng VBLAST do khong phai chiu
tac dong ctia nhidu dong kénh. Mot phén tich khac
lai cho thy véi ciing mot hiéu sudt pho tan, hé théng
SM ¢6 hiéu suat ning lugng cao hon so véi cac hé
théng VBLAST do cac hé théng VBLAST cén tiéu
thu mot cong sudt 16n hon so voi hé théng SM dé dat
cung gia tri BER.

2.2. Céc bién thé ciia SM

Trong [3] Jeganathan va cic cong sy dé xut
mot k¥ thudt, dugc xem la truong hop dac biét cua
SM, goi la khoa dich khong gian (SSK: Space Shift
Keying). Trong h¢ thong SSK, nguoi ta phat di mot
murc nang lugng nao d6 tir mot ang ten duoc lya chon
phit hop véi cac bit thong tin can truyén di ma khong
phat di cac ky hiéu dugc didu ché QAM hay PSK.
Mic dii ca SM va SSK dugc chimg minh 14 ¢6 phdm
chat 15i bit t6t hon so véi mot s6 ky thuat MIMO
da dé nghi. Tuy nhién dé chdng anh huong cta pha
dinh thi hai cau trac doi hoi phai thiét lap s ang
ten thu du lon. Trong [4] cac k¥ thuat truyen dan
SM/SSK dugc dé xuit bang cach ting sb lugng dng
ten kich hoat trong cum ang ten phat nhim cai thién
tde do truyén tin. Tuy nhién, do viéc chon nhém ang
ten kich hoat tai dau phat lam cho viéc giai ma tin
hiéu tai dau thu tré nén phtre tap hon. Mot s6 tac gia
khac lai dwa ra cac phuong phap ma héa st dung sb
luong dng-ten truyén khac nhau trong timg khoang
thoi gian tin hiéu khac nhau so v6i hé théng trong
[3]. Luc nay, tbc do truyén dan 1a ham tuyén tinh
clia tong sb ang ten phat. Diém han ché cia phuorng
phap nay la so luong cac nhanh may phat phal bang
O luong ang ten phat thi méi dat toc do truyén dan
cao nhat. Piéu nay 1am cho qua trinh mé héa giai ma
phuc tap hon va lugng dién nang ti€u thu gidm khong
dang ké.

Trong khi d6, Sugiura va cdc cong sy mé rong
khai niém SM trén mién thoi gian va khong gian,
tao ra kién trac méi goi la “Khoa dich thoi gian —
khong gian” (STSK: Space time shift keying). Trong
hé théng STSK, cac bit thong tin dugc anh xa vao
ca chi s6 ctia cac ma tran phén tan va chi s6 ky hiéu
trong chom sao tin hiéu. Hé théng nay c6 wu diém 1a
dung hoa giita bac phan tp va hiéu suit phd tin mot
cach mém déo thong qua viée tdi wu hoa sb lugng,
kich thudc cta cac ma tran phan tan va sé lugng ang
ten phat va thu. Tai may thu, c6 thé sir dung tach
song ML don ang ten dé khoi phuc tin hiéu. Tuy
nhién, cac hé théng nay gip van dé trong viéc thiét
ké cac ma tran phan tan, dac biét la khi sb luong ang
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ten phat va/hodc kich thudc chom sao tin hi¢u tang
1én. Chinh vi Iy do d6, nhiéu nha nghién ctru di dwa
ra d& xuat cai tién hiéu qua trong viéc thiét ké cac
ma tran phan tan. Trong [5], cac tac gia dé& xuat ky
thuat SM-OSTBC (Spatially Modulated Orthogonal
Space-Time Block Coding) cho phép thiét ké ma
tran tor ma chom sao tin hi¢u khong gian (SC: Spatial
Constellation) ma khong can t6i sy tro gitp ciia may
tinh. Ma SM-OSTBC c¢6 thé dugc 4p dung cho hé
thdng MIMO c¢6 trén ba ang ten phat va dat dugc
phan tap phat bac hai.
2.3. Kj thudt SM-MIMO mé réng sang mién tin sé
Ky thudt OFDM (Orthogonal Frequency

Division Multiplexing) ¢6 cac wu diém chinh nhu:
l) glam tac dong cua hién tuong pha dinh chon loc
tan sb, tir d6 lam giam anh huéng cua hién tuong
nhiéu lién ky hiéu (ISI: intersymbol interference), t6i
pham chat 15i bit ciia hé théng va 2) b san bang
kénh (equalizer) & may thu don gian. Tuy nhién, hé
thdng OFDM yéu cau sy dong bo chit ché giita may
phat va may thu.

Trong hinh 2.2, chung t6i d& cap toi mot mo hinh
phdi hop diéu ché chi sé trong mién tan s dya trén
k¥ thudt OFDM véi SM-MIMO.
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3. Két luan

Céc hé thdng diéu ché chi s6 SM-MIMO mang
lai nhitng loi thé hip dan so vdi cac dbi thu truyén
thdng, bao gdbm giam do phtic tap ctia méy thu, linh
hoat, hiéu sut phé va hiéu sut nang lugng cao. Tu
goc do nay, SM-MIMO ndi 1én nhu mot cong nghé
MIMO xanh va tiét kiém nang luong. Hiéu suét ning
luong tinh bang Mbits/J, cii thién 1én t6i 46% so
v6i V-BLAST cho cac loai tram gbc (BS) khac nhau
duogc trang bi nhiéu ang-ten. Du SM ¢6 tdn tai nhuoc
diém nhu da phan tich, tac gia van két luan rang SM-
MIMO mang lai sy can bang thu vi giita do phtc tap
mi hoa/giai ma, hiéu suit phd va hiéu suat 16i. Két
qua 1a, cong nghé SM-MIMO dang dugc coi la ng
ctlr vién dé phat trién mang khong day thé hé méi tiét
kiém ning luong va pho tan.

Mb hinh diéu ché chi sé két hop OFDM ciing da
chi ra ring tiém nang cta hudng nghién ctru ndy cé
thé mang lai nhing loi thé hip dan so v6i OFDM co
dién, vbn 1a mot phan khong thé thiéu trong nhiéu
tiéu chuén truyén thong khong day va ciing duoc coi
la ng ct vién manh mé cho sy ra doi cac thiét bi
mang 5G moi.
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