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MIMO — Céng nghé truy én dan vo tuyén téc do cao

Tran Xuan Nam Binh Thé Cuong - Nguygn Tudn Minh (Hoc vién Kj thugt Quan &)
- Nguyén Vinh Hanh (Phong K thudt, Bé Tw Iénh Lang)

1. Loi giéi thiéu

Cung \6i sy phat trén cia xa i théng tin, nhu 8u vé théng tin noi lic moi noi dang
ngay cang t nén @n thiét. Tir nhitng nhu éu don gian vé thdng tin thai hay dién bao banfau,
dén nay nhu &u truy dp va traoddi cac ngén théng tinda phrong tién, hinhanh video clt
luong caodang ngay cangdrnén hirc thiét. Bén @anh nhu éu vé tc do truy d@p, tinh didong
cho phép truy &p moi lGc, moi noi ciing 1a ot yéu éu khong ti thiéu. Cac k& thong théng tin
di dong thé hé thir 3 dang dugc trién khai sr dung céng ngh WCDMA (Wideband Code
Division Multiple Access) & hop Véi giao thrc truy d@p tbc d6 cao HSPDA (High Speed
Downlink Protocol Access) cho phép downloadlidu vai toc do 1én ©i 14.4 Mbps. Tuy nhién,
ddi vé6i cac dch w truyén hinh trre tuyén toc do cao, nhu au truy dp toc d6 hang tdim Mbps,
tham chi 18n &i Gbps, Wn con la ndt thach tirc doi hoi phai ¢ dau tr nghién &u nhiéu hon
nira. Dé dap tng duoc yéu @u truyén di liéu tc d6 caod thé hé ther 4 aza thdng tin vé tuén di
dong, thi cac B théng truyén din da dau vaoda dau ra (MIMO: Multiple Input Multiple Output)
dang 1a ndt tng ar vién trién vong nkt.

Bai bao nay trinh bagng quan @ cong ngh MIMO v6 tuyén va cac k thuat ma hoa, tach tin
hiéu di kém \6i n6,dong thi chi ra ot 5 hudng phét tén nghién ¢u v MIMO dangdugc quan tam.
2. Md hinh hé théng MIMO

MIMO la céac ¢ thong truyén din vo tuyén sr dung ddng thoi nhiéu antend may phét
va may thu ntt & Hinh 1. Chéi tin higu phat{,} dugc mé hoa theoachai mién khong gian
(theo hrong céc anten phat) vadhgian nky b ma hdéa khéng gian éih gian (STE: Space-
Time Encoder). Tin Bu sau khidugc mé héa khéng gian-dhgian (KG-TG) {s,. } dugc phat
di nho N anten phat. May thuisdung phan ap thu Wi M anten thu. Kénhong hop giira
may phéat (Tx) va may thu (Rx) c& dau vao valM dau ra, va vi dy, duoc goi 1a kénh
MIMO M x N.
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STE: Space-Time Encoder
STD: Space-Time Decoder

Hinh 1: M6 hinh nit hé thang MIMOdién hinh
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2.1. Dungdong kénh MIMO

Dung krong kénh trugn duoc dinh nghia la tc d6 truyén dan ti da v6i mot xac sit 16i
trong ddi nho naodd. Poi vaéi kénh truyn khong & dung phanap, codo loi k., chiu anh hrong
cua tip Am éng tring Gauss thi dungdng kénh trugn co tté tinh dugc theodinh ly Shannon
[4] nhu sau:

Csiso = Wlogy(L+p | B [P) [bit/s] 8

trongdé W 1a bing tn cia kénh trugn tinh king Hz vap|h|> chinh 1a t sb tin hieu
trén ap am (SNR) 4i ddu vao may thu. T cac cong thc (8) ching ta thy rang véi mot
kénh vd tugn cé do rong king tin nhit dinh khéng & dung phan 4p khéng gian (SISO:
Single Input Single Output) thi dungdng ké&nh trugn ti I¢ véi SNR ¢ diu vao may thu
theo Uit logarith nén. Vi gy, mun ting dung trgng kénh trugn thi ch c6 caching cdng
suat phat. Tuy nhién, do éi quan ¢ logarith nén dunguong kénh trugn SISO #ng rat
cham.

MIMO duoc dé& xuit dé khic phuc han ché vé dung lrong kénh trugn caa cac k
théng SISO. \bi N anten phat va/ anten thu, trong méi wdng phadinh Rayleigh giau tan
xa va bén d6i cham, kénh MIMO N x M nhu ¢ Hinh 1, cho phégat duoc dung trong kénh
truyen [1], [2]

MWlogy(1+p) néuM <N
9)

C =
MIMO NW log, [1 + p%] néu M > N

Xem xét cdng thc (9) ching ta thy raing dung frong aia kénh MIMO #ing tuyén
tinh theo 6 anten phat hix thu va co th dat ¢én » = min(M, N) lan dung trgng cia mjt
kénh trugn SISO. Hinh 2 Biu dién sr ting tuyén tinh @ia dung rong ké&nh MIMO theo &
anten thu phat.

2.2. Céac ptong phap trugn din MIMO

Két qua nghién ¢u vé dung krong kénh trugn MIMO da thdacday mot lan séng
nghién «u cac K thuat truyén din nham dat duoc dung lrong ly thuyét mong mén.
Tiép theo cong trinh chungév Gans [3], Foschiniié xuit mot hé théng truyén dan theo
I6p két hop v6i ma héa nBm dat duoc dung lrgng ké&nh trugn mong mién nhe két qua ¢
coéng thrc (9). Tuy nhién, & qua nghién &u caa Foschini [4] cho thy dung krong kénh
truyén MIMO & (9) thec t chi 1a mot duong gigi han trén c6 tB dat dugc nhy két hop
cac plrong phap ma hoa va thutoan c6dé phuac tap hay git chim khong cé gii han.
Vi vay, dé cé dugc cac I thong truyén dan MIMO hiéu qua c6 thé tng dung trong thrc
té, cac cong trinh nghiénra vé MIMO d& tp trung vao wéc dé& xuit cac phrong phéap
truyén din thoa manduoc sr can king gita do lgi thu duoc tr kénh MIMO vado phic
tap can thiét. Cac plrong phap trugn din nay c6 th phan lai thanh hai nhém sau: Phan
kénh theo khéng gian (SDM: Spatial Division Muleging) va ma hoa khong gianath
gian (STC: Space-Time Coding).
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Hinh 2: Biéu dién dung lrong kénh MIMO thep = min(M, N)

3. Phan kénh theo khong gian
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Hinh 3: S d6 phan kénh theo khong gian

O o d6 phan kénh theo khéng gian, dorgldbu phat, sau khiuwoc anh x thanh céac 4l
(symbol) @a mjt bo tin higu (constellationXiuoc phan (DEMUX) thankv ludng song song va
truyen dong thyi quaV anten phat. Vi ay, toc do truyén dan tingV 1an so i hé théng sr dung
mot anten phat, §t anten thu (SISO) thonguthng. Tuy nhién, do cac dog dr liéu thuduoc tai
may thu b nhiéu 1An nhau néninhg $ lugng anten pthdong ngha wi viéc tang nhéu dong
kénh gita cac léng tin héu, va vi iy lam ting BER.Dé giam nho BER dia k¢ théng may thu &
dung M > N anten va it bo tach tin hdu hiéu qua dé thuc hién tach riéngitng ludng tin héu.

10 (0]

—
@]
1

Average BER
=
e

6| [—a—7ZF

—A—QRD
—o—MMSE
—=—V-BLAST-ZF

=
o

—A—V-BLAST-MMSE
T

0 5 10 15 20 25 30
E,/N,[dB]

10°#®

Hinh 4: So sanh pim chit BER @a cac B tach tin héu khac nhau
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_ Hinh 4 so sanh pim chit BER aia mjt 5 bg tach tin hfu bing mé pléng sr dung diéu
che BPSK vaM=N=4. Chulng ta co thnhan thiy pham chit vuot troi caa V-BLAST so i cac
bo tach tin hu tuyen tinh hay QR.

4. Ma héa Khéng gian-Thyi gian

Ma héa khong gian-th gian la plrong phap ma hoa cho ca¢ théng phan ap phat.
Pheong phap ma hdéa khéng giansthgian dua dong thoi twong quan trong « hai mén
khdng gian va tbi gian vao trong tin u phat, Kt hop véi ky thuat tach tin héu ¢ may
thu nhim dat dugc do lgi phan fip va co th ca do loi ma hoa. Ma khdng gian-dh gian c6
thé duoc phan lai thanh hai lai: ma kii khéng gian-tli gian (STBC: Space-Time Block
Code) vama keéi khbng gian-tlai gian (STTC: Space-Time Trellis Code). Ma STBC wd
diém thiét ké va giai madon gian. Tuy nhién, ma STBGCai chi cung ép d6 loi phan ap
phat ma khéng cungip d6 loi ma héa. Ngoc lai, ma STTC cho phép thduoc ca do loi
phan fip va ma hoéa, ning viéc thiét ké va ghi ma ki phac tap. Trong cac ¢ 6 ma hda
khéng gian-tki gian thi phrong phap STBC do Alamoutié xuat nim 1998 [6]duoc danh
gia la phrong phap hiu qui nhit. Phrong phap éa Alamouti § dung phrong phap ma
hoa va gii ma don gian, tuy nhién ai cho phépdat duoc day du ca téc d6 ma vado phan
tap cho cac b tin hiéu phrc.
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Hinh 5: $ do hé thng MIMO 3¢ dyng ma STBCu#a Alamouti.
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Hinh 5 m6 4 cau hinh ndt hé thbng MIMO sir dung ma STBC &a Alamouti $ dung
hai anten phat va hai anten thu I&ong anten phéatibgiéi han bing N = 2 trong khi $
anten phad co thé ting 1én kit ky dé thu duoc do loi phan p 5t hon. Nguyén ly, ma hoéa
cua Alamouti nhr sau: i thoi diémk, anten phat th nhat phatdi s, trong khi anten phat th
hai phéatdi 1, V6i dau * biéu dién phép toanaly lién hop phic. Tai thoi diém tiép theo,
anten phat th nhit phatdi -s .1, trong khi anten phat hhai phatdi s« Do tin hu phatdi
tur hai anten phat #c giao Wi nhau nén ic giai ma dugc don gian héa nky sir dung cac b
két hop (combiner) tugn tinh Kt hop v6i tach tin héu hop 18 téi da (MLD: Maximum
Likelihood Detector).
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Hinh 6: Phim chit BER @a STBC ga Alamouti so & phiwong phap MRC

Hinh 6 so sanh am chit BER aia STBC Alamouti %i hé thong khong & dung phan
tap (SISO) va B thdng phan 4p thu (SIMO) & dung két hop ti 1€ t6i da (MRC: Maximum
Ratio Combining). ¥ hinh & chlng ta c6 ththdy raing o9 d6 STBC @a Alamouti cho phép
cai thien BER dang K so \6i hé thong SISO. So &i hé théng sr dung phan 4p thu SIMO
MRC, v d6 cua Alamouti cho phép thdugc cung ép do phan ép (cungdo doc) tuy nhién
bi thiét hai 3dB vé cong sét do diéu kién chuin héa cong sit phat sao chodohg cong st
phat tr 2 anten phatidng Vi cong siét phat trén mt anten @a hé théng SIMO MRC [6].
Ngoai ma STBC ¢a Alamouti, cac ¢ 46 ma STBC va STTC khac coéhham khio chi tiét
thémo [7].

5. Két luan va cac hréng nghién aru mé

MIMO |a mit phrong thic truyén dan dir liéu msi cho phéping nhanh dungrong aia
kénh trugn vo tuyén. Viéc tng daing MIMO vao théng tin vo tudn dd duoc trién khaitrng ding
vadé xuat cho céc B thong 3G tb di. Tuy nhién, xay dng dugc mdt hé théng MIMO dat duoc
hiéu qua cao nlat van dang la vn dé dugc dit ra. Mot trong cac xong nghién ¢u van cn tiép
tuc phat trén la viéc dé xuat ra cac b tach tin htu MIMO hiéu qua, cé pHim chit BER 6t trong
khi lai khdng yéu &u do phirc tap tinh toan cao. kt huéng nghién au kha thi khac 1a véc tich
hop ma khéng gian th gian vao cac &ithong king ©ng wi nhiéu ¢ong kénh (CCI) va nbu
tuong tac gira cac du (1SI)

Tom tat
Cung dp dung trong wrot trén gbi han Shannon, cacétthdng vo tuyn da dau vaoda
dau ra (MIMO: Multiple-Input Multiple-Output)dangduoc biét dén nhr mot nén tang cho cong
nghg truyén din thé he thir 4 (4G). S dung da anten phét vaa anten thu, cacstthdng MIMO
cho phép tru&n din dir liéu vai toc do 1én 6i gigabit trong cac moi tiong truyén song khong c6
tia truyén thang (NLOS: Non Light of Sight). Bai bao naysgithi¢u tong quan ¢ cong ngk

MIMO, cac k thuat truyén dan tiém an bén trong, va cacudng tng dung aia no trong cacéh
thong thong tin th ke tiep theo.
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Summary

With the integration of Internet and multimedia Bgagions in next generation wireless
communications, the demand for wide-band high catemunication sevices is growing. As the
radio spectrum is limited, higher data rates carati@eved only by designing more efficient
signaling techniques. Recent research on informatieory showed that large gain in capacity
of communication over wireless chanels is feasiblenultiple-input multiple output (MIMO)
systems. The MIMO chanel is contructed with muétiplement array antennas at both ends of
the wireless link. Space-time coding is a set ddtipal signal design techniques aimed at
approaching the information theoretic capacity liciiMIMO chanels.
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