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(57) Sang ché dé cap dén phuong phap danh gia kénh, nut truyen thong, va hé thong
truyén thong. Phuong phap bao gém cac budce: thu nhén phan dau trong goi tin hiéu duoc
giri boi nut truyén thong thir nhat, trong d6 phan dau bao gom it nhat truong thi nhat va
truong thir hai, song mang phu ctia ky hiéu da hop phan chia theo tan sb truc giao OFDM
cua truong tha nhét duoc st dung dé mang tin hiéu tham chiéu tht nhit, tin hiéu tham
chiéu thir nhat 13 tin hiéu dugc xac dinh ma dugc biét téi ca nit truyén thong thi hai va nut
truyén thong thir nhat, song mang phu cua ky hiéu OFDM cia truong thir hai duoc sir dung
dé mang thong tin hitu dung, va thong tin hiru dung 1a thong tin diéu khién 16p vat 1y
va/hodc dir liéu; va thu nhan, nho sir dung truong thir nhit va truong thir hai, danh gia kénh
thir nhat, ctia mdi dong khong gian, trén tit ca cac song mang phuy cua dai tan truyén da dau
vao da dau ra. Cac giai phap k¥ thuat duoc dé xuit trong cic phuong an cua sang ché 1am
giam phi ton tin hiéu va nang cao ing dung tai nguyén trong khi dam bao hiéu qua danh
gia kénh.
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pHn dhu bao gn:m'l it nhat treémg thi nhdt vi trurtmyg thir hai, sdng mang phi cda ky
hagua da hop phdin chia thea tin &b trye giao cia tnimg thir nhit dirge sir dyng 46 mang
tin higu tham chidy thir ul'.i tin higu tham chifu IJ:|I.r nkuit 14 tin hifu dupe xic dinh mi
durgre Bidt udn ed mile wruyéa |J ding thir hai va ndtt truyén théng thir nhit, sdng mang phi
cisa kv higu da hyp phin chia theo tin sd 1 tryc giao cia truimg thir hai duge =i dyng 9@
mang thing tin hins dung, vi thing tin hitu dyng 14 théng tin didy khikn Idp wilt 19
vivholc dit hfu.

J S~ 202
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tin truyén da diu vio da diu m
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Linh vue k§ thuit dwoc dé cap

Sang ché d& cap dén cac cong nghé truyén théng khong day, va cu thé 13,
dén phuong phép danh gia kénh, nit truyén théng, va hé théng truyén thong.
Tinh trang k§ thuit ciia sing ché

Céc chuidn mang truy cép cuc bo khong ddy (WLAN - Wireless local
Access Network) dua vao cong nghé da hgp phan chia theo tAn sb truc giao
(OFDM - Orthogonal Frequency Division Multiplexing) bao gdm céc phién béan
dan duogc cai tién ching han nhw 802.11a, 802.11n, va 802.11ac. 802.11n va
802.11ac d3 hd tro da déu vao da dau ra don ngudi ding (SU-MIMO - Single
user Multiple-Input Multiple-Output), va 802.11ac con hd trg da ddu vao da du
ra da ngudi ding duong xubng (MU-MIMO - Multi-User Multiple-Input
Multiple-Output). Hién nay, t6 chic chudn IEEE 802.11 da bit dau }céng viéc
tiéu chuén hoéa cia chudn WLAN thé hé méi 802.11ax, ma dugc dé cap dén 12
WLAN hiéu qua cao (HEW - High Efficiency WLAN). Truy cép da phéan chia
theo tn sb truc giao (OFDMA - Orthogonal frequency division multiple access)
va MU-MIMO dudng 1én 13 hai c6ng nghé chu chét trong 802.11ax. Trong
SU-MIMO va MU-MIMO, nhiéu dong khong gian dugc truyén song song nhd
MIMO; truée khi thuc hién quy trinh thu, ching han nhu giai diéu bién, trén tit
ca cac dong khong gian, dau thu thir nhat cAn dé thu nhén danh gia kénh MIMO.
Vi dy, & MU-MIMO dudng 1én, dé giai diéu bién céc tin hiéu tir cdc tram khac
nhau (STA - Station), diém truy cip (AP - Access point) c6 thé thu nhan, nho st
dung céc trudng huéng din dai han hiéu qua cao (HE-LTF - High Efficiency
Long Training field) & c4c phan du cia céc g6i dudng 1én dwoc giri boi tt ca
cac STA, danh gid kénh cia MU-MIMO dudng 1én.

Fig.1 13 gidn dd vé giai phdp HE-LTE hién thoi. Trong giai phap hién thoi,
HE-LTF bao gdm N cac ky hiéu OFDM, trong d6 N 14 sb lugng cia céc dong
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khong gian (khi s lugng cia céc dong khong gian thuc té 13 s6 1& 16n hon 1, N
1a s6 luong cia cac dong khong gian thuc té cong 1; khi sé luong cia cac dong
khong gian thyc t& 13 1, N=1). C4c séng mang phy sén c6 cia mdi ky hiéu
OFDM mang céc tin hi€u tham chiéu, va 14n luot twong tmg véi cac dong khong
‘gian khac nhau nh¢ dan xen séng mang phu. Séng mang phu sin c¢6 nhiéu nhit
1a sébng mang phu ngoai trir séng mang phu tin sb khong va séng mang phu bao
vé ma dugc st dung dé ngin ngira tén thit kénh lién k& cla dai tin truyén
MIMO. Cu thé 13, s luong cla cic séng mang phu tuong ung véi mbi dong
khdng gian trong ky hiéu OFDM la M/N, trong d6 M 1a sd luong cla céc soéng
mang phu sin c¢6. Tt ca cdc dong khong gian 1an luot twong mg véi cac song
mang phu khéc trong mdi ky hiéu OFDM, va c4c séng mang phy ma twong Umg
voi dong khong gian tuwong Ung va trong mdi hai ky hiéu OFDM dugc bb tri xen
ke boi vi tri ciia mdt sdng mang phu. Nho d6, trong pham vi ciia N céac ky hiéu
OFDM, c4c séng mang phu trong ing v6i mdi dong khdng gian dugc phan phdi
t61 céc vi tri cua tit ca cdc song mang phu sin cd, va cdc séng mang phu tuong
g v6i tit ca cac dong khong gian truc giao 14n nhau. Biang c4ch ndy, dénh gi4
kénh, cua dong khong gian tuong ing, trén mdi séng mang phu sén c6 dugc thu
nhan nho st dung céc tin hiéu tham chiéu dwoc mang boi cdc séng mang phu
tuong tmg véi mdi dong khong gian trong HE-LTF.

Pé d& dang cho viéc mo ta, theo séng ché, so dd phéan phdi cta cac vi tri

clia cac séng mang phu tuong tmg véi tit ca cic dong khong gian trong ky hiéu

OFDM thtr n cua HE-LTF duogc dinh 16 1a T(”) C4c vi tri cua cic song mang
phu tuong mg véi cac dong khoéng gian khac nhau dugc phén biét nho st dung
c4c ky hiéu khac nhau, va so @ phéan phdi ciia cac vi tri clia cic séng mang phu

twong tmg v&i tit ca cac dong khong gian trong ky hiéu OFDM tiép theo c6 thé

duoc thé hién 1a \y(’”l). "+1" chi bao rﬁng cac vi tri cia cdc song mang phu
tuong tmg voi tht ca cdc dong khong gian trong ky hiéu OFDM dugc di chuyén
vé phia trudc hodc phia sau bdi vi tri cia mot séng mang phu, Bang céch nay,
theo giai phap HE-LTE hién thoi duoc thé hién trén Fig.1, cac so dd phan phdi

clia c4c vi tri ctia cdc song mang phu tuong Ung voi tat ca cac dong khong gian &
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N céc ky hiéu OFDM Iin luot 13 T (1) P+ ¥(N),

Hé théng WLAN hién thoi dya vao cong nghé OFDM st dung ky hiéu
OFDM ma d6 dai ctia né 13 4us. D& hd tro tmg dung ngodi trdi va ning cao hiéu
qui OFDMA, chuén 802.11ax hd trg viéc sir dung ctia ky hiéu OFDM ma do dai
ctia né gip bdn 14n d6 dai cia ky hiéu OFDM hién thoi hoic 16n hon. Khi ky
hiéu OFDM ma d6 dai ctia n6 ghp bén lin do dai cta ky hiéu OFDM hién thei
duoc stir dung, n6 chi bao réng d6 dai ctia mbi ky hiéu OFDM 14 16us. Vi duy, dbi
v6i gbi WLAN dién hinh ma d6 dai ctia nd ndm trong khoang tir 1ms dén 3ms,
khi tdm d(‘)ng khong gian dugc truyén, d6 dai ciia HE-LTF 1én téi 128us, phi tén
t61 4,3% dén 12,8%, va d6 tmg dung tai nguyén 13 thép.

Ban chét k§ thuit ciia sang ché

Muc dich cua séng ché 13 d& xut phuong phép danh gid kénh, nit truyén
théng, va hé théng truyén théng, ma 1am gidm phi ton tin hidu va nang cao mg
dung tai nguyén trong khi ddm bao hiéu qua danh gia kénh.

Khia canh tht nhit cia sang ché @& xuit phuong phép danh gia kénh, trong
dé phuong phap bao gdm céc bude:

thu nhan phin d4u trong gbi tin hiéu dugc gli béi nut truyén théng
thir nhat, trong d6 phn ddu bao gbm it nhat trudng thir nhét va trudng thi hai,
song mang phu cua ky hi€u da hop phén chia theo tin sb truc giao OFDM cuia
trudmg thir nhit dwoc sit dung dé mang tin hiéu tham chiéu thir nhét, tin higu
tham chiéu tht nhét 13 tin hiéu duoc x4c dinh ma dugc biét téi ca nit truyén
thong thir hai va nut truyén théng thir nhét, séng mang phu ctia ky hiéu OFDM
cta truong thu hai duge st dung dé mang thong tin hitu dung, va thong tin hitu
dung 14 thong tin diéu khién 16p vét ly va/hoic dit liéu; va

thu nhén, nho st dung trudng th nhit va truong th hai & phan dau,
d4nh gi4 kénh thir nhat, ciia mdi dong khong gian, trén tit cd cac séng mang phu
ctia dai tAn truyén da déu vao da d&u ra MIMO.

Theo céch thuc hién c6 thé thir nhét cta khia canh th nhét, tt ca cac séng
mang phu trong mdi ky hiéu OFDM cua trudng thu nhit va trudng th hai 14n

lugt tuong tng véi cidc dong khong gian khéc nhau, va cdc dong khong gian
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tuong tmg véi cdc song mang phuy clia cling vi tri trong céc ky hiéu OFDM khac
nhau la khac nhau.

Theo cach thuc hién c6 thé th{ hai ca khia canh tht nhét, tit ca cac song
mang phu trong mdi ky hiéu OFDM cua trudng thir nhit va trudng thir hai 1an
luot twong g véi cac nhom dong khong gian khéc nhau, cac nhém dong khong
gian twong tmg v&i cac séng mang phu cua cung vi trf trong cdc ky hiéu OFDM
khac nhau 14 khéc nhau, va nhém dong khong gian bao gbém K dong khéng gian;
& truong thi nhét, sau khi tréi qua bién d6i tryc giao, K dong khong gian cla
mdi nhém dong khong gian 1An lugt dugc truyén nho sit dung cdc séng mang
phu ma tuong tmg v6i nhém dong khong gian va cia K ky hiéu OFDM cua
trudng tht nhat; va & trudng thir hai, sau khi trai qua bién déi truc giao, K dong
khong gian cia mbi nhém dong khong gian 1an luot duge truyén nho sir dung
cac séong mang phu ma tuong Ung voi nhom dong khong gian va cua K ky hiéu
OFDM cta truong thir hai.

Theo cach thyc hién c6 thé thit ba cia khia canh thir nhét, séng mang phu I3
séng mang phu ngoai trir séng mang phu tin sb khong va séng mang phu bao vé
ma dugc sir dung dé ngan ngira ton thit kénh 1ién k& cta dai tdn truyén MIMO.

Theo céch thuc hién c6 thé thi tu cia khia canh thi nhét, viéc thu nhin,
nhé st dung trudng thir nhét va truong thit hai & phan dau, danh gié kénh thu
nhét, ctia mdi dong khong gian, trén tAt ca c4c séng mang phu ctia dai tin truyén
da dAu vao da diu ra MIMO bao gdm céc bude:

thu nhén, nho st dung tin hiéu tham chiéu tht nhét dugc mang bdi
truong thir nhét, danh gia kénh, cta mdi dong khong gian, trén séng mang phu
tuong Umg & trudng thu nhat;

thu nhan, nho phép ndi suy, danh gia kénh thr hai, cua mdi dong
khong gian, trén tit c cic séng mang phu cla dai tan truyén MIMO;

giai diéu bién va gidi ma, nho st dung danh gia kénh thir hai, truong
thir hai dé thu nhan thong tin hitu dung dugc mang boi truong thir hai;

ma hoa lai va didu bién lai, nhd st dung so d6 diéu bién va mi héa

ma giéng nhu so d6 diéu bién va ma héa duoc sir dung trong céc thao tac giai
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diéu bién va giai mé, thong tin hitu dung duoc mang béi truong thir hai, dé tao
ra tin hiéu tham chiéu th® hai twong ng véi mdi séng mang phu ctia mdi ky
hiéu OFDM cua truong thi hai;

thu nhén, nhd st dung tin hiéu tham chiéu thi hai tuong img véi mdi
séng mang phu ciia mdi ky hiéu OFDM cua trudng thit hai, ddnh gid kénh, cla
mdi dong khdng gian, trén séng mang phy twong Ung & trudng thit hai; va

thu nhén, bing cach két hop cic danh gia kénh, ciia mdi dong khong
gian, trén céc séng mang phu tuong Umg & truong thir nhit va truong thir hai,
danh gia kénh thir nhét, cia mdi dong khong gian, trén tAt ca cic séng mang phu
ctia dai tAn truyén MIMO.

Theo khia canh thtr hai, cdc phwong 4n ctia séng ché d& xuit phuong phap

d4nh gia kénh, trong d6 phuong phap bao gdm céc budc:

x4c dinh phan dau trong goi tin hiéu, trong d6 phan diu bao gdm it
nhét trudng thi nhit va trudng thir hai, séng mang phu ctia ky hiéu da hop phan
chia theo tin sd truc giao OFDM ciia truong th nhit dwoc st dung dé mang tin
hiéu tham chiéu th@ nhét, tin higu tham chiéu tht nhét 12 tin hiéu duge x4c dinh
ma duogc biét toi ca nit truyén thong thi nhat va nit truyén thong th hai, séng
mang phu cta ky hiéu OFDM cua truong thit hai dugc su dung dé mang thong
tin hitu dung, va thong tin hitu dung 1 théng tin diéu khién 16p vat Iy va/hodc dit
liéu; va

giri gdi tin hiéu ma bao gdm phan dAu téi nit truyén thong thi hai.

Theo cach thic hién c6 thé thir nhit cia khia canh thir hai, trong d6
tAt ca cdc séng mang phu trong mdi ky hiéu OFDM cua trudng thir nhét va
trudng tha hai 14n lugt tuong tmg véi cac dong khong gian khic nhau, va céc
dong khong gian tuong ung véi cac séng mang phu cua cung vi tri trong céc ky
hiéu OFDM khéac nhau 13 khac nhau.

Theo céch thyc hién c6 thé th hai ctia khia canh thir hai, trong d6 tit
c4 cac s6ong mang phu trong mdi ky hiéu OFDM cua trudng thir nhit va truong
thir hai 14n luot twong Ung vé6i cac nhom dong khdng gian khéc nhau, cdc nhém

dong khong gian tuong ing véi cdc séng mang phu cia cung vi tri trong cac ky
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hiéu OFDM khéc nhau 13 khac nhau, va nhém dong khong gian bao gbm K dong
khong gian; ¢ trudng thu nhét, sau khi trai quan bién dbi truc giao, K dong
khong gian cua mSi nhém dong khéng gian 1in luot duge truyén nho st dung
cic séng mang phu ma tuong ing véi nhdm dong khong gian va cua K ky hi€u
OFDM cua trudng thir nhét; va & trudng thit hai, sau khi trai qua bién dbi truc
giao, K dong khéng gian ctia mdi nhém dong khong gian lan luot duoc truyén
nhd st dung cdc séng mang phu ma tuong ung véi nhom dong khéng gian va
cua K ky hiéu OFDM cua trudong thi hai.

Theo khia canh thtr ba, c4c phuong 4n cla sang ché dé xuét nut truyén
thong th hai, trong d6 nut truyén théng thir hai bao gom:

mo6dun thu nhén, dugc tao chu hinh dé thu nhén phﬁn dau trong gdi
tin hiéu duoc giri bodi nit truyén thong thir nhét, trong d6 phin dau bao gdm it
nhét truomg thir nhit va trudng tht hai, séng mang phy cua ky hiéu da hgp phan
chia {heo tan sb truc giao OFDM clia trudng thit nhét duoc sir dung dé mang tin
hiéu tham chiéu thtr nhat, tin hiéu tham chiéu thi nhat 13 tin hiéu dugc x4c dinh
ma duge biét t6i ca nit truyén thong thi hai va nit truyén thong thir nhét, séng
mang phu cua ky hiéu OFDM cua trudng tht hai dugce sir dung dé mang thong
tin hitu dung, va théng tin hitu dung 1a thong tin diéu khién 16p vat Iy va/hoic dit
liéu; va
 médun d4nh gi4 kénh, duoc tao chu hinh dé thu nhan, nho sit dung
truong thir nhit va truong thi hai & phén d4u duoc thu nhan béi médun thu nhan,
déanh gid kénh thi nhét, ciia mbi dong khong gian, trén tit ca céc séng mang phu
cta déi tin truyén da dau vao da dau ra MIMO.

Theo cach thuc hién cé thé thir nhét cta khia canh tht ba, tht ca cac song
mang phu trong mdi ky hiéu OFDM cua trudng tht nhit va truong thi hai lan
luot twong tng véi cac dong khong gian khac nhau, va cdc dong khong gian
tuong ing voi cac séng mang phu ctia cling vi tri trong cac ky hiéu OFDM khac
nhau 13 khéc nhau. |

Theo cach thuc hién cé thé thi hai cia khia canh th( ba, tAt ca cac song

mang phu trong mdi ky hiéu OFDM ciia truong thir nhit va trudng tht hai lan
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luot twong Umg véi cac nhom dong khong gian khac nhau, cic nhém dong khong
gian twong Umg voi cdc séng mang phu clia cuing vi tri trong cdc ky hiéu OFDM
khéc nhau 12 khac nhau, va nhom dong khong gian bao gdm K dong khéng giari;
& trudong thir nhit, sau khi trai qua bién d6i truc giao, K dong khong gian cua
mdi nhém dong khéng gian 1an luot dugc truyén nho st dung céc séng mang
phu ma twong tmg véi nhém dong khong gian va cia K ky hiéu OFDM thu
nhét; va & trudng tht hai, sau khi trai qua bién ddi tryc giao, K dong khong gian
ctia mdi nhém dong khéng gian 1an lugt dugc truyén nho st dung céc séng
mang phu ma twong ung véi nhém dong khong gian va cta K ky higu OFDM
cta trrong thir hai.

Theo cach thuc hién c6 thé thi ba cia khia canh thit ba, séng mang phu 1a
séng mang phu ngoai trir séng mang phu tin s khong va séng mang phu bio vé
ma duoc st dung dé ngin ngira ton thit kénh 1in k& cua dai tAn truyén MIMO.

Theo cach thuc hién co thé thit tu cua khia canh th® ba, moédun danh gia
kénh dugc tao cdu hinh dic trung dé:

thu nhén, nhd s dung tin hi€u tham chiéu thi nhat duoc mang bdi
trudng thir nhat, danh gia kénh, cia mdi dong khong gian, trén séng mang phu
tuong mg ¢ trudng thu nhét;

thu nhén, nho phép ndi suy, danh giad kénh thir hai, cia mdi dong
khong gian, trén tit ca cac séng mang phu clia dai tin truyén MIMO;

giai diéu bién va giai ma, nho st dung dénh gia kénh thir hai, truong
thir hai dé thu nhén thong tin hitu dung dugc mang bdi trudng thi hai;

m3 hoéa lai va didu bién lai, nho st dung so d6 diéu bién va ma héa
ma giéng nhu so dd diéu bién va ma héa duoc st dung trong cic thao tic giai
didu bién va giai ma, thong tin hitu dung dugc mang boi trudmg thit hai, dé tao
ra tin hiéu tham chiéu thir hai twong tng véi mdi séng mang phu ctia mdi ky
hiéu OFDM cua truong thir hai;
| thu nhéan, nho st dung tin hiéu tham chiéu tht hai twong Umg véi mbi
séng mang phu ctia mbi ky hiéu OFDM cia truong thir hai, danh gid kénh, cua

mdi dong khong gian, trén séng mang phu tuong Ung & trudng thi hai; va
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thu nhén, bang cich két hop cac ddnh gia kénh, cla mdi dong khong
gian, trén céc séng mang phu tuong Ung & trudong thi nhét va trudng thir hai,
danh gia kénh tht nhét, cia mdi dong khong gian, trén tit c4 cac song mang phu
ctia dai tAn truyén MIMO.

Theo khia canh thir tu, cdc phuong an ciua sang ché d& xut nut truyén
thong thir nhét, trong d6 nut truyén thong thir nhéit bao gdm:

modun xac dinh, dugc tao cu hinh dé xé4c dinh phén dau trong gbi
tin hiéu, trong d6 phan dau bao gdm it nhat trudng thi nhit va trudng thit hai,
séng mang phu cta ky hi¢u da hgp phén chia theo tin sb truc giao OFDM ciia
trudng th nhit dugc st dung dé mang tin hiéu tham chiéu thir nhét, tin hiéu
tham chiéu thit nhét 12 tin hiéu dwoc x4c dinh ma dugc biét t6i ci nit truyén
thong thir hai va nut truyén thong thir nhét, séng mang phu cua ky hiéu OFDM
clia trudmg thi hai duoc sir dung d& mang thong tin hitu dung, va thong tin hitu
dung 14 thong tin diéu khién 16p vat ly va/hodc dit liéu; va

médun giri, duge tao cAu hinh dé giri gbi tin hiéu ma bao gdm phin
dAu t&1 nat truyén thong thir hai.

Theo cach thuc hién c6 thé thir nhét ctia khia canh thir tu, trong d6 tit
c& cAc séng mang phu trong mdi ky hiéu OFDM cua trudng thir nhét va truong
thtr hai 1an luot twong Ung v&i cac dong khong gian khic nhau, va céc dong
khong gian twong Ung véi cic séng mang phu cua cung vi tri trong cac ky hiéu
OFDM khéc nhau 1a khéc nhau.

Theo céch thuc hién c6 thd thu hai cua khia canh thi tu, trong d6 tht
ca c4c séng mang phu trong mdi ky hiéu OFDM cua trudng thi nhit va truong
tht hai 14n luot twong Ung véi cidc nhédm dong khong gian khac nhau, cic nhém
dong khong gian twong ing voi cdc song mang phu cua cung vi tri trong cdc ky
hiéu OFDM khéc nhau 1a khc nhau, va nhém dong khdng gian bao gém K dong
khéng gian; ¢ truong thu nhét, sau khi trai quan bién déi truc giao, K dong
khéng gian cia mdi nhém dong khong gian 1an lugt duoc truyén nhd sit dung
c4c séng mang phu ma tuong tmg v&i nhém dong khong gian va cua K ky hiéu

OFDM cua truong thir nhit; va & trudng thi hai, sau khi trai qua bién ddi truc
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giao, K dong khong gian ctia méi nhém dong khong gian 1an luot dwoc truyén
nh¢ st dung cic séong mang phu ma tuong Ung véi nhém dong khoéng gian va
cua K ky hiéu OFDM cua trudong thir hai.

Theo khia canh tht nim, céc phuong 4n ciia sang ché dé xuat nut truyén
thong thir hai, trong d6 nut truyén' théng thr hai bao gdm:

bo thu phét, dugc tao ciu hinh ¢ thu nhén phan dau trong géi tin
hiu dwoc giri boi nut truyén thong thi nhét, trong d6 phén d4u bao gdm it nhat
tredng thir nhét va trudng thir hai, séng mang phu cia ky hiéu da hop phan chia
theo tin sb tryc giao OFDM clia trudmg thit nhét duoc sir dung dé mang tin hidu
tham chiéu thtr nhét, tin hiéu tham chiéu th& nhat 13 tin hiéu duoc xac dinh ma
duge biét t6i ca nit truyén théng thir hai va nut truyén théng thi nhét, séng
mang phu cta ky hiéu OFDM cua truong thir hai dugc st dung dé mang thong
tin hitu dung, va théng tin hitu dung 14 thong tin diéu khién 16p vat Iy va/hoic dit
liéu; va

bd xtur ly, dugc tao cAu hinh dé thu nhan, nho sir dung truong thu nhét
va trudng thir hai & phin ddu duoc thu nhan bdi by thu phat, d4nh gia kénh thi
nhét, cia mdi dong khong gian, trén tit ca cac séng mang phu cua dai tin truyén
da dau vao da dau ra MIMO. |

Theo céch thyuc hién c6 thé thir nhit cia khia canh thir nam, tit ca cic séng
mang phu trong m&i ky hiéu OFDM ciia truong thi nhat va trudng thi hai 1an
luot tuong Umg véi cac dong khong gian khdc nhau, va cdc dong khong gian
twong Gmg véi cac sdbng mang phu cla cing vi tri trong cac ky hi¢u OFDM khéac
nhau 13 khac nhau.

Theo céch thuc hién c6 thé thir hai cua khia canh thir nim, tAt ca cac song
mang phu trong mdi ky hiéu OFDM clia trudng thu nhit va trudng tht hai 1an
luot twong ing véi cdc nhom dong khdng gian khac nhau, cdc nhom dong khong
gian tuwong Ung voi cac song mang phu ciia cung vi tri trong cac ky hiéu OFDM
khéc nhau 13 khac nhau, va nhém dong khong gian bao gdm K dong khéng gian;
& truong tht nhat, sau khi tréi qua bién ddi truc giao, K dong khéng gian clia

mdi nhém dong khéng gian 14n luot dugc truyén nhd st dung céc séng mang
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phu ma tuong Gmg voéi nhém dong khong gian va cia K ky hiéu OFDM thir
nhit; va & trudng thi hai, sau khi trai qua bién dbi tryc giao, K dong khong gian
ctia mdi nhém dong khong gian 1an lugt duge truyén nho sit dung cic séng
mang phu ma tuong Ung véi nhém dong khéng gian va cia K ky hiéu OFDM
cua truong thr hai.

Theo céch thuc hién c6 thé thi ba cia khia canh tht nim, séng mang phuy 1a
séng mang phu ngoai trir séng mang phu tan sb khong va séng mang p‘hu bao vé
ma duogc st dung dé ngin ngira tdn thét kénh lién k& cua dai tan truyén MIMO.

Theo céach thuc hién co thé thi tu cia khia canh thir nim, bd xi Iy dugc tao
chu hinh dic trung dé:

thu nhén, nho st dung tin hiéu tham chiéu tht nhit dugc mang boi
truong thir nhit, danh gia kénh, ctia mdi dong khéng gian, trén séng mang phu
twong tmg & trudng thir nhét;

thu nhan, nhd phép ndi suy, ddnh gid kénh tht hai, ciia mdi dong
khong gian, trén tit ca cac séng mang phu ctia dai tan truyén MIMO;

giai diéu bién va gidi ma, nho sir dung dénh gid kénh thi hai, trudng
thtt hai dé thu nhan thong tin hitu dung dugc mang bdi trudng thir hai;

ma hoa lai va didu bién lai, nho st dung so dd diéu bién va ma hoa
mé giéng nhu so dd diéu bién va ma héa duge sir dung trong céc thao tac giai
diéu bién va giai ma, thong tin hitu dung duwoc mang bdi truong thir hai, dé tao
ra tin hiéu tham chiéu tht hai twong mg véi mbi séng mang phu cta mdi ky
hiéu OFDM cua trudng thi hai;

thu nhén, nho si dung tin hiéu tham chiéu thi hai twong tmg véi mbi
séng mang phu ctia mdi ky hiéu OFDM cua trudng thi hai, dnh gi4 kénh, cta
mdi dong khong gian, trén séng mang phu twong ing & truong thit hai; va

thu nhén, bing cach két hop cic dédnh gia kénh, ctia mdi dong khong
gian, trén cac séng mang phu tuong img & truong thir nhét va trudng thir hai,
danh gia kénh thir nhét, cia mdi dong khong gian, trén tat c cac séng mang phu
cta dai tin truyén MIMO.

Theo khia canh thlr sdu, cac phuong 4n ctia séng ché dé xuat nut truyén
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thong thir nhét, trong d6 nit truyén thong thi nhit bao gdm:

b6 xtt 1y, duoc tao cAu hinh dé xac dinh phan du trong géi tin hiéu,
trong d6 phan dau bao gdm it nhat trudng thir nhét va truong thir hai, séng mang
phu cta ky hiéu da hop phén chia theo tin sb truc giao OFDM clia truong thu
nhét duoc st dung dé mang tin hiéu tham chiéu tht nhét, tin hiéu tham chiéu thtt
nhét 13 tin hidu duoc x4c dinh ma duoc biét tGi ca nut truyén thong tht hai va
nut truyén thong thir nhét, séng mang phu cia ky hiéu OFDM cta trudng thit hai
dwoc sit dung d& mang thong tin hitu dung, va théng tin hiru dung 1a thong tin
diéu khién 16p vat Iy va/hosc dit lidu; va

b6 truyén, dugc tao cAu hinh d& giri géi tin hiéu ma bao gém phan
dAu toi nut truyén théng thir hai.

Theo cach thuc hién cé thé thir nhét cta khia canh thi sau, trong dé
tAt ca cac séng mang phu trong mdi ky hiéu OFDM cua trudng thi nhit va
truong thtr hai 1an luot twong Ung véi cac dong khong gian khac nhau, va céc
dong khong gian tuong Ung véi cdc séng mang phu cia cung vi tri trong cac ky
hiéu OFDM khac nhau 1a khac nhau.

Theo cach thuc hién cé thé thir hai cia khia canh thi sdu, trong d6 tht
¢4 céc séng mang phu trong mdi ky hiéu OFDM cta trudng thir nhit va truong
thir hai 14n luot tuong tmg vé6i cic nhém dong khong gian khac nhau, cic nhém
dong khong gian tuong Ung voi cdc song mang phu cua cung vi tri trong céc ky
hiéu OFDM khic nhau 1 khéc nhau, va nhém dong khéng gian bao gdm K dong
khong gian; & trudng thir nhét, sau khi trai quan bién ddi tryc giao, K dong
khong gian ctia m&i nhém dong khéng gian 1an lugt duoc truyén nho st dung
c4c song mang phu ma tuong ing voi nhdém dong khdng gian va cua K ky hiéu
OFDM ctia truong tht nhit; va ¢ trudong thir hai, sau khi trdi qua bién ddi truc
giao, K dong khong gian ctia mdi nhém dong khong gian 1an luot duoc truyén
nh¢ st dung cac song mang phu ma tuong tng véi nhom dong khong gian va
cia K ky hiéu OFDM cua trudong thir hai.

Theo khia canh thir by, cdc phuong 4n ciia sang ché dé& xuét hé théng

truyén théng, trong d6 hé théng truyén théng bao gbm:
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bat ky nat truyén thong thir hai ndo theo khia canh thi ba, va nut
truyén thong thir nhét theo khia canh thir tu.

Theo phuong phap danh gid kénh, nut truyén thong, va hé théng truyén
thong duoc dé xuét trong cdc phuong 4n cua séng ché, HE-LTF trong goi tin
hidu bao gdm hai phin. O phin thi nhit, séng mang phu ciia mdi ky hiéu
OFDM dugc sir dung dé mang tin hiéu tham chiéu; & phan thtr hai, séng mang
phu ctia mbi ky hiéu OFDM dugc sir dung dé mang thong tin hitu dung thay vi
mang tin hiéu tham chiéu. Do d6, chi trudong thir nhét thuc t& duoc st dung nhur
phi tbn cho viéc dénh gid kénh. S6 lugng cia cac ky hiéu OFDM cua trudng thi
nhét it hon so véi sb lwong cia cic dong khong gian. Nho d6, so sanh véi k¥
thuat da biét, cac giai phap k¥ thuit dugc dé xuét trong cac phuong 4n cua sang
ché 1am gidm 16n phi tdn tin hiéu va nang cao tmg dung tai nguyén.

MO t4 vén tit cac hinh vé

Fig.1 1a gidn dd vé giai phap HE-LTE hién thoi;

Fig.2 12 Iuu dd vé phuong phap dénh gi4 kénh theo phwong 4n cta séng
che;

Fig.3 14 so dd phan phdi v& cac vi tri clia céc song mang phy tuong Gng véi
tAt ca cac dong khong gian (N=2) & trudong thwr nhét va truong thir hai theo
phuong én cua sang ché;

Fig.4 13 so d6 phan phdi vé c4c vi tri clia cac s6ng mang phuy twong tmg voi
tht ci cac dong khong gian (N=4) & trudng thi nhét va truong thit hai theo
phuong 4n cta sang ché;

Fig.5 13 so dd phan phbi khac v& cac vi tri clia céc séng mang phu twong
mg v6i tat ca cdc dong khong gian (N=4) & truong thir nhét va trudng thir hai
theo phuong an cua sang ché;

Fig.6 14 so @b phan phdi vé céc vi tri clia cic séng mang phu twong Ung véi
tAt ca cac dong khong gian (N=6) & trudng thu nhét va truong thi hai theo
phuong 4n cua sang ché;

Fig.7 14 so @ phan phdi khac v& céc vi tri cia cdc séng mang phu tuong

g Vi tit ca cdc dong khong gian (N=6) & truong thu nhét va trudng thit hai
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theo phuong 4n cia sang ché;

Fig.8 14 so d6 phén phdi khic nita v& cic vi tri clia cdc séng mang phu
tuong tmg véi tit ca cic dong khong gian (N=6) & trudng thir nhét va truong thi
hai theo phwong 4n ciia sang ché;

Fig.9 14 so d6 phén phdi khic nita vé& cic vi tri clia cic séng mang phu
tuong tng véi tit ca cac dong khong gian (N=4) & trudng thi nhét va truong thir
hai theo phwong 4n ciia séng ché;

Fig.10 14 so d6 phan phdi khac vé cac vi tri cua céc séng mang phu tuong
mg v6i tit ca cac dong khong gian (N=6) & trudng thit nhét va truong th hai
théo phuong 4n clia sang ché;

Fig.11 14 so @b phan phdi khéc n&alvé cac vi tri cua cac séng mang phu
twong Ung véi tht ca cac dong khong gian (N=6) & truong thir nhat va trudng thir
hai theo phuong 4n clia sing ché; |

Fig.12 14 so d phan phdi v& cic vi tri cia cic séng mang phu twong Ung
v6i tht ca cdc dong khong gian (N=8) & trudng thir nhét va truong thir hai theo
phuong 4n clia sang ché;

Fig.13 1a Iuu db khéc vé phuong phép danh gi4 kénh theo phuong 4n cia
sang ché;

Fig.14 14 luu db khéc nita v& phuong phap dénh gia kénh theo phuong 4n
clia sang ché;

Fig.15 14 gian dd cu tric vé& nut truyén thong th hai theo phuong 4n cua
sang ché;

Fig.16 13 gian dd céu tric vé& nut truyén thong thir nhit theo phwong 4n cia
sang ché;

Fig.17 13 gian d6 céu trac khac vé nut truyén thong tha hai theo phuong 4n
clia sang ché;

Fig.18 1a gidn d6 céu triic khac v& nut truyén thong thir nhat theo phuong 4n
clia sang ché; va

Fig.19 1a gian db cAu truc vé& hé thdng truyén théng theo phwong 4n cia

séng ché.
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M ta chi tiét sang ché

G6i tin hiéu 802.11ax bao gdm hai phan: phin d4u va trudng dit liéu. Cac
phin dau bao gbm phin dau ké thira va phan dau HEW. Phén d4u HEW 13 phan
d4u cu thé véi gbi 802.11ax, va bao gbm it nhét cac phan ching han nhu trudng
truyén tin hiéu va trudng huéng din. Trudng truyén tin hiéu dugc sir dung dé
truyén thong tin diéu khién 16p vt ly. Trudng hudng din bao gdm cac chirc
ning ching han nhu diéu khién khuéch dai tw dong va cung cip tin hiéu tham
chiéu dé danh gi4 kénh, HE-LTF 13 mot phin ciia truong huéng dan. |

Theo phuong phép dénh gia kénh duoc d& xuét trong cac phuong 4n cla
sang ché, phan du cia gbi tin hiéu ma duoc guri bdi nut truyén thong thir nhit
t61 nat truyén thong thr hai bao gdm it nhét trudong thi nhit va trudng thir hai.
S6 luong cua cic ky hiéu OFDM cua trudng thi nhét it hon so véi sb luong cia
cac dong khong gian, va téng cia cac ky hiéu OFDM cua trudng tht nhét va
truong thr hai khong 16n hon so voi s6 luong cla céc dong khong gian. Séng
mang phu ctia mdi ky hiéu OFDM cua trudng tht nh4t mang tin hiéu tham
chiéu, tin hiéu tham chiéu I3 tin hiéu dugc x4c dinh ma dugc bit téi ca nit
truyén thong thir nhAt va niit truyén thong th hai; dién hinh 13, tin hiéu ma dugc
diéu bién nho khoa dich pha nhi phan (BPSK - Binary Phase Shift Keying),
khoa dich pha ciu phuong (QPSK - Quadrature Phase Shift Keying), hodc tuong
tu c6 thé dugce sir dung. Séng mang phu cia mdi ky hiéu OFDM cta truong thi
hai duoc st dung dé truyén théng tin hiru dung thay vi mang tin hiéu tham
chiéu, va thong tin hitu dung cé thé 13 tit ca hodc mot phén ctia thong tin diéu
khién 16p vat Iy va/hoic tit ca hoic mdt phin cia dit liéu dugc truyén nho sir
dung géi tin hiéu.

Theo phuong phép danh gid kénh dugc d& xuét trong cic phuong 4n cia
séng ché, trudng thir nhét va truong this hai c6 thé 1an lugt dugc hiéu 13 phan thi
nhit va phan tht hai cila trudng HE-LTF, sao cho theo sang ché, ngoai chirc
ning cung cAp tin hidu tham chiéu dé d4nh gi4 kénh, trudong HE-LTF con c6
chirc ning truyén tit ci hosic mot phan cia théng tin diéu khién 16p vat ly

va/hodc tht ca hodc mot phén cua dit liéu. Ngoai ra, truong thu nhét c6 thé dugc
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hiéu 13 trudng HE-LTF, va truong th hai c6 thé dugc hiéu 1a mot phan hogc tét
c& truong truyén tin hidu, va/hodc mot phan hozc tt ca truong dit liéu, sao cho
theo sang ché, ngodi chirc ning truyén tit ca hodc mot phin cta thong tin didu
khién 16p vat Iy va/hodc tit ca hosic mot phin cia dit liéu, trudng thir hai con ¢6
chtc ning cung cip tin hiéu tham chiéu dé danh gia kénh cing véi trudng thi
nhét.

Nhitng ngudi ¢6 trinh d6 trung binh trong linh vue k¥ thuét c6 thé hiéu ring
hai céch hiéu néu trén v& co ban gidng nhau, va mét trong hai céch hiéu khong

anh hudng dén viéc thuc hién cia cac gidi phap k¥ thuét dugc dé xuét trong séng

Fig.2 1a luu dd vé& phuong phép danh gi4 kénh theo phuong 4n cia sing
ché. Nhu duge thé hién trén Fig.2, phuong phép dénh gi4 kénh dugc d& xudt
- trong phuong 4n nay cia séng ché bao gdm cac budc:

201. Thu nhan phin du trong g6i tin hiéu dwgc giri béi nut truyén thong
thr nhét, trong d6 phan d4u bao gdm it nhét truong thi nhét va trudng th hai,
séng mang phu ctia mdi ky hiéu da hgp phan chia theo tin s6 truc giao OFDM
clia trudng thir nhat dwoc sir dung dé mang tin hiéu tham chiéu th& nhét, tin higu
tham chiéu tht nhit 12 tin hiéu dwoc x4c dinh ma dugc biét toi ca nut truyén
thong thir hai va nut truyén thong thd nhét, séng mang phu cia mbi ky hiéu
OFDM cua truong thi hai duge sir dung dé mang thong tin hitu dung, va thong
tin hitu dung 14 thong tin diéu khién 16p vat ly va/hodc dit lidu.

202. Thu nhéan, nhd sit dung trudng thir nhét va trudng thit hai & phn dau,
danh gia kénh thr nhét, ciia mdi dong khong gian, trén tAt c4 cac séng mang phu
ctia dai tin truyén MIMO.

Phuong an nay cua sang ché c6 thé duogc thuc hién boi nut truyén thong
trong hé thong truyén thong khong day, vi dy, nit truyén thong thir hai, va nut
truyén thong thir hai truyén théng véi niit truyén théng thtr nhat. Mot cach tiy v,
vi dy, ntt truyén thong thir nhét c6 thé 1 STA, thiét bi ngudi ding, hogc diém
truy cap; vi dy, nut truyén thong thi hai c6 thé 1a STA, diém truy cép, hogc thiét

bi ngudi dung
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Diéu nay c6 thé dugc hiéu ring song mang phu duge md ta theo phuong 4n
nay cua sang ché dé cép dén séng mang phu ngoai trir séng mang phy tan sb
khong va séng mang phu bao vé ma dugc st dung dé ngin ngira tén thit kénh
1ién k& cua dai tin truyén MIMO.

Nut truyén thong thir nhét x4c dinh phan dAu trong géi tin hidu, va giri géi
tin hiéu ma bao gdm phén dau t&i nit truyén thong thi hai. Phan d4u bao gdm it
nhét trudng thi nhit va trudng thir hai, séng mang phu ctia mdi ky hidu da hop
phan chia theo tin s truc giao OFDM cia trudng thir nhat dugc st dung dé
mang tin hiéu tham chiéu thir nhat, tin hiéu tham chiéu thir nhét 13 tin higu dugc
x4c dinh ma duoc bidt t6i ca nat truyén thong thir hai va nit truyén thong thi
nhét, va séng mang phu ctia mdi ky hiéu OFDM cua truong thtt hai dugc sir
dung dé mang thong tin hitu dung. Sau khi thu nhan phén dau trong géi tin higu
duoc giri boi nit truyén thong thir nhit, nit truyén thong tht hai thu nhan, nho
sit dung trudng thir nhét va trudng th hai, ddnh gia kénh tht nhét, ctia mdi
dong khong gian, trén tht ca cdc sbng mang phu cua dai tin truyén MIMO, va
tiép theo nat truyén thong thir hai giai diéu bién, nhd sir dung d4nh gi4 kénh thir
nhét, tin hiéu duoc giri béi it truyén thong thir nhat.

So6ng mang phu ctia mdi ky hiéu OFDM cua trudong thir hai duge st dung
dé truyén thong tin hitu dung thay vi mang tin hiéu tham chiéu. Do d6, chi
trudng thir nhét thuc té dugc sir dung nhu phi t6n cho viéc dénh gia kénh. Sé
luong cua céac ky hiéu OFDM cua truong thir nhét it hon so v&i s lugng cia cac
dong khéng gian. Nho d6, so sanh véi ky thuét da biét, giai phap k¥ thuat dugc
dé xudt trong phwong 4n nay cia sang ché 1am giam 16n phi tdn tin hiéu va nang
cao ung dung tai nguyén.

Theo phwong 4n cu thé, vi du, sé lugng clia cac dong khong gian 14 N; g6i
tin hiéu duoc giri bodi nat truyén théng thir nhét bao gdm L cac ky hiéu OFDM,

va trudong thtr nhét va trudng thir hai 1an luot bao gébm L; va L, cac ky higu

OFDM, nghia la, Li+L,=L , trong d6 L<N  Tit ca cac song mang phu
trong mdi ky hiéu OFDM cua trudng thir nht va truong tht hai 1an lugt tuong

g voi cac dong khong gian khac nhau, va cac dong khong gian tuong Umg voi
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c4c séng mang phu cua cling vi tri trong cac ky hi¢u OFDM khéc nhau 1a khac
nhau. Bing céch nay, cic séng mang phu tuong Gng véi tit ca cac dong khong
gian trong mdi ky hiéu OFDM tryc giao l4n nhau; dé danh gia kénh, cdc danh
gia kénh, cua tht ca cac dong khong gian, trén céc séng mang phu twong img véi
tht ca cac dong khong gian co thé duge thu nhan tryc tiép; dbi voi thong tin hitu
dung duoc mang bdi truong thir hai, né twong duong v6i thong tin hitu dung
duoc truyén nhy OFDMA.

Néu céc tap hop so dd phan phéi cia céc vi tri clia cic séng mang phy

tuong tng vai tat ca cic dong khéng gian & tht ca cac ky hiéu OFDM cua trudng

thir nhit va truong tht hai 14n luot duoc thé hién 12 1 va 2, va tip hop so
dd phén phdi ctia c4c vi tri clia cdc s6ng mang phu twong tng véi tit ca cac dc‘)hg
khong gian & N cac ky hiéu OFDM clia gidi phap dan xen séng mang phu dugc
thé hién trén Fig.1 dugc thé hién 1a @, ca ™ va 72 1a tip hop con cia @,
va tip hop giao diém gitta 1 va 72 1a rong, nghia 1a, "7 =9 trong do
? thé hién tap hop rong. Cu thd 13, khi L=N, BY7% =P nohia 13, trong toan
bo trudng th nhit va toan b trudng thir hai, cac séng mang phu twong tmg véi
mdi dong khéng gian dugc phin phdi t6i céc vi tri clia tAt ca cac séng mang phu
cta dai tn truyén MIMO.

Khi L <N trong toan b trudng thir nhit va toan bd trudng thir hai, céc
séng mang phu turong tng v6i mdi dong khong gian khong duoc phan phdi téi

céc vi tri clia tAt cd cac séng mang phu cia dai tan truyén MIMO. Tét nhét 13, su

lya chon cia 71 va "2 nén dam béo ring tAt ca cAc séng mang phu tuong tng
voi tht ca cac dong khong gian & trudng thi nhét, toan bd trudng thir nhét, va
toan bd trudng thtr hai dugc phén phéi cang déu cang tot trong toan bo dai tAn
truyén MIMO. Fig.3 14 so d6 phéan phbi vé cé4c vi trf cla cdc séng mang phu
twong ng voi tit ca cic dong khong gian (N=2) & truong thit nhit va trudng thi
hai theo phuong 4n cua sang ché. Fig.4 13 so dd phan phdi vé cic vi tri ctia cac
séng mang phu tuong ung véi tAt ca cac dong khong gian (N=4) & trudng thir

nhét va truong th hai theo phuong 4n cua sing ché. RS rang 13, theo cic
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phuong 4n dugc thé hién trén Fig.3 va Figd, L=N.

Theo phuong 4n duoc thé hién trén Fig.3, ca trudng thu nhét va trudng thir
hai bao gdm chi mét ky hiéu OFDM, va hai ky hiéu OFDM l4n lugt dugc thé
‘hién 1a LTF-1 va VLTF-1, va céc so d6 phan phdi cta céac vi tri clia céc song

mang phu tuong ung voéi tht ca cac dong khong gian 14n lugt dugc thé hién nho

st dung LF(l) va LP(Z) , nghia 13, 71-1:{\1](1)} , 7T2={LP(2)} , va

7=0= {21, ¥@)
Theo phuong an duoc thé hién trén Fig.4, trudng thi nhit ctia HE-LTF bao
gdm hai ky hiéu OFDM: LTF-1 va LTF-2, va c4c so db phén phoi clia céc vi tri

cuia cdc song mang phu tuong Ung véi tit ca cac dong khong gian lan luot 13

¥(1) va ¥B). Truong thir hai ciing bao gdm hai ky hiéu OFDM: VLTF-1 vi

VLTF-2, va céc so db phan phdi ciia cac vi tri clia cac séng mang phu twong g

véi tht ca cac dong khong gian 14n luogt 13 ¥(2) va T(4) Nho @6, theo phuong
innay, ™ = {FOYE) 7 ={¥Q)¥@)} vy 7=0={FOYQIYEIYH) sq
dung dong khong gian 1 12 vi dy, céc vi tri cla cdc song mang phu tuong Ung
véi dong khong gian 1 trong LTF-1 va LTF-2 14n luot duoc thé hién 1a:
1,0,0,0,1,0,0,0,1,0,0,0,--- (54 0,0,1,0,0,0,1,0,0,0,1,0,---

"1" va "0" 1an luot chi bdo ring dong khdéng gian cé hodc khong cd song
mang phu tuong Ung ¢ vi tri ndy. Nho d6, cdc vi tri cua cdc séng mang phu

twong uUng v6i dong khoéng gian 1 & truong tho nhit 1a:

1,0,1,0,1,0,1,0,1,0,1, 0"", nghia 14, c4c séng mang phu dugc phan phdi déu
trong toan bd dai tin truyén MIMO; céc vi tri clia c4c séng mang phuy twong ng
v4i dong khéng gian 1 ¢ trudong thir hai bd sung cho cac vi tri clia cac séng

mang phu & trudng thir nhit, nghia 13, 0,1,0,1,0,1,0,1,0,1, 0, 1, "Ny do,

bing cach két hop céc séng mang phu tuong tmg v6i dong khong gian 1 & hai
trudng, cdc séng mang phu tuong ung véi dong khong gian 1 trong toan bd
truong thir nhét va toan bg trudng tha hai dugc phin phdi téi céc vi tri cha tat ca

cac sébng mang phu cua dai tin truyén MIMO.
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Toa dd thing trén Fig.3 va Fig.4 cling thé hién sy phan phdi clia cac vi tri
cla cic s6ng mang phu tuong ung voi tht ca cac dong khong gian trong toan bd
truong thir nhét va toan bo trudng tht hai. Ky hiéu "e" trén Fig.3 va Fig.4 chi
béo rang dong khong gian ¢ séng mang phu tuong Ung & vi tri trong tmeg.

Fig.5 1a so d6 phan phéi khac v& céc vi trf chia cdc séng mang phu tuong
g voi tit ca cdc dong khong gian (N=4) & trudng thir nhit va truong thir hai
theo phuong 4n cua sang ché. Theo phuong 4n nay, L =2 ca trudong thir nhit
v trudng thi hai bao gdm chi mot ky hiéu OFDM: LTF-1 va VLTF-1, ma lan

luot st dung cac so d6 phan phdi séng mang phu ¥(1) va TG) cta céc dong
khong gian. St dung dong khong gian 1 14 vi du, cdc vi tri cla cdc song mang

phu tuwong <tng v6i dong khong gian 1 trong LTF-1 la:

10,0,0,1,0,0,0,1,0,0,0, , nghia la, song mang phu xuit hién & cac khoang
cla ba vi tri rdng, va cic vi tri clia cdc séng mang phu twong tmg trong toan bd

1,0,1,0,1,0,1,0,10L0, gy

hidu "x" trén Fig.5 chi bdo ring dong khong gian khong c6 séng mang phy

truong tht nhit va toan bo truong tht hai la:

tuong Umg & vi tri tuong ung.

Fig.6 13 so d6 phan phdi vé céc vi tri clia cic séng mang phy twong tmg véi
tt ca cac dong khdng gian (N=6) & trudng thi nhit va trudong th hai theo
phuong 4n cua sang ché. Fig.7 14 so d6 phan phéi khic vé céc vi trf ctia cac séng
mang phu tuong tmg véi tAt c4 cac dong khong gian (N=6) & truong thur nhit va
truong thir hai theo phuong 4n cua sang ché. Fig.6 va Fig.7 1an luot thé hién hai

phuong é4n khdc nhau trong do L=3 _ Theo hai phuong 4n,

7 ={¥(1),¥0) ¥} dugc lya chon, va sy khic nhau 1a ™1 va 72 1a khéc
nhau. St dung dong khoéng gian 1 1a vi du, trén Fig.6, cdc vi tri cua cac song
mang phu twong ung voi dong khong gian 1 & truong thir nhit va trudng thir hai

1,0,0,0,0,0,10,0,0,0,0,--- (4 10,1,0,0,0,1,0,1,0,0,0,---

lan luot 1a:
Nguoc lai véi Fig.6, trén Fig.7, cac vi tri clia cac song mang phu twong ng voi

dong khbéng gian 1 & truong thu nhit va truong tht hai ldn luot 1a:
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1,0,1,0,0,0,1,0,1,0,0,0,--- 5 1,0,0,0,0, 0,1,0,0,0,0,0,

Fig.8 12 so dd phan phdi khac nita vé céc vi tri cia céc séng mang phu
twong Ung voi tht ca cac dong khong gian (N=6) & trudng thir nhat va trudng thi
hai theo phuong an cua sang ché. Theo phuong 4n nay, N=6 vy L=4,
trong d6 ™1 = e @)y == {\1!(2),\}'(5)} Nho d6, st dung dong khong
gian 113 vi du, c4c vi tri cia c4c séng mang phu tuong tmg voi cac dong khong
gian & truong thir nhét va trudng thit hai 1an lugt la:
1,0,0,1,0,0,1,0,0,1,0,0,-++ 3 0,1,0,0,1,0,0,1,0,0,1,0,--

Céc vi tri clia cdc séng mang phu tuong ung voéi dong khong gian 1 trong
toan bd trudng thu nhit va toan bd truong thd hai la
,1,0,1,1,0,1,1,0,L 1,0,

Theo phuong an cuy thé néu trén, tit ca cdc séng mang phu trong mdi ky
hidu OFDM cua trudng thi nhét va truong thir hai 1an luot twong tmg voi chc
dong khong gian khac nhau. MOt cach tily ¥, tit ca cAc séng mang phuy trong mdi
ky hiéu OFDM cta truong thir nhat va truong thir hai c6 thé 14n luot tuong tng
- v6i cac nhom dong khong gian khéac nhau. Sb luwong N ciia cac dong khong gian
van dugce sir dung 14 vi du dé mo ta. G6i tin hiéu duoc gui bsi nit truyén thong
thir nhat bao gdm tdng cong L cac ky hidu OFDM, v trudng thir nhat va trudng

fhir hai I3n Tuot bao gdm Ly va Ly céc ky hiéu OFDM, nghia 1a, L +L2 =1L

trong d6 L<N L =mK L,=nK 5 K>2 Tt ca cdc séng mang phu
trong m3i ky hiéu OFDM ctia trudng thir nhit va trudng th hai 14n luot tvong
tmg v6i cdc nhém dong khong gian khac nhau, cdc nhém dong khong gian
twong tmg v6i cac séng mang phu cua clng vi trf trong cac ky hiéu OFDM khac
nhau 13 kh4c nhau, va nhém dong khong gian bao gbém K dong khéng gian. 0
trudmg thir nhét, sau khi trai qua bién ddi truc giao, K dong khong gian ctia mdi
nhém dong khong gian 13n luot duge truyén nhd st dung céc séng mang phu ma
trong tmg v6i nhém dong khong gian va ciia K ky hiéu OFDM tht nhat. O

trudng thir hai, sau khi trai qua bién dbi truc giao, K dong khong gian ciia mdi
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nhom dong khong gian 14n lugt dugc truyén nho sit dung cac séng mang phu ma
trong Umg v6i nhém dong khong gian va cia K ky hiéu OFDM cia truong th
hai.

Bang cach ndy, céc song mang phu tuong Ung voi tit ca cic nhom dong
khong gian trong m&i ky hiéu OFDM tryc giao lan nhau; ngoai ra, & dAu truyén,
sau khi trai qua bién ddi tryc giao, cac dong khong gian ¢ tht cd cac nhém dong
khong gian 14n lugt dugc truyén nho st dung cc séng mang phu ma trong ng
v6i cac nhom dong khong gian va cta K ky hiéu OFDM, sao cho sau khi trai
~qua bién dbi truc giao, dau thu c6 thé thu nhén qua viéc phan tach tAt ca cac
dong khong gian ¢ tht ca cac nhom dong khong gian khoéi K ky hiéu OFDM.
Nho do, tit ca cac dong khong gian & tAt c4 cac nhém dong khong gian truc giao
14n nhau. Bing cach nay, dé danh gi4 kénh, c4c danh gia kénh, cla tAt ca cac
dong khong gian, trén cac séng mang phu tuong tmg voi tit ca cac dong khong
gian c6 thé dugc thu nhén tryc tiép.

Fig.9 1a so d6 phan phdi khéc nita v& céc vi tri clia cdc séng mang phu
twong Ung Vi tit ca cac dong khong gian (N=4) & truong thir nhit va truong thir
hai theo phuong 4n cua sang ché. Theo phuong 4n nay, ™= 1 n=1 v
K =2 Nho d6, ci truong thi nhat va truong thir hai bao gdm hai ky hiéu
OFDM: LTF-1 va LTF-2, vd VLTF-1 va VLTF-2. C4c dong khong gian 1 va 2
tao nén nhém dong khong gian A, va cac dong khong gian 3 va 4 tao nén nhom
dong khong gian B. O hai ky hiéu OFDM cta trudng thi nhat, nhom dong
khong gian A twong Umg véi cac séng mang phu ma cdc sb thir tu vi tri cla
chung 14 céc s 18, va nhém dong khong gian B tuong {mg v6i céc séng mang
phu ma céc s6 thir tu vi tri cua chung 14 céc s6 chin. O hai ky hiéu OFDM cua
truong thi hai, nhém dong khong gian A twong tng véi cdc séng mang phu ma
cac sb thir tw vi tri ctia chung 13 c4c s§ chén, va nhém dong khong gian B twong
Umg v&i cdc song mang phu ma cac sé thr tw vi tri ctia ching 13 céc s 18. Nho
d6, stir dung nhém dong khéng gian A 14 vi du, bing cach két hop cic séng mang
phu twong tmg véi cdc dong khong gian 1 va 2 & hai truong, cac song mang phu

tuong ung véi cac dong khong gian 1 va 2 trong toan bd truong thir nhéit va toan
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bo trudmg thit hai dugce phan phdi téi cac vi tri ctia tAt ca cdc song mang phy cla
dai tin truyén MIMO.

Fig.10 13 so dd phén phbi khac vé céc vi tri clia cdc séng mang phu tuong
Umg Vi tit ca cic dong khong gian (N=6) & truong thu nhit va trudng thit hai
theo phuong 4n cia sing ché. Theo phuong an nay, = 1 n=1 vy K=2,
Nho d6, ca trudng thir nhat va truong thir hai bao gdm hai ky hiéu OFDM:
LTF-1 va LTF-2, va VLTF-1 va VLTF-2. Céc dong khong gian 1 va 2 tao nén
nhém dong khong gian A, cdc dong khong gian 3 va 4 tao nén nhém dong khong
gian B, va c4c dong khong gian 5 va 6 tao nén nhém dong khong gian C. O hai
ky hiéu OFDM cua truong tha nhét, cac sb thit tu vi tri clia cdc séng mang phu
trong tmg v6i cic nhom dong khong gian A, B, va C lan lwot 1a: 1,4, 7..., 2, S,
8...,va3,6,9.... O hai ky hiéu OFDM cua truong th hai, cic s6 th ti vi tri
clia cac song mang phy tuong ung v6i cdc nhém dong khong gian A, B, va C lan
lwot 13: 2, 5, 8..., 3, 6,9..., va 1, 4, 7.... Nho d6, sir dung nhém dong khong
gian A 1a vi dy, bing cach két hop c4c séng mang phu twong Umg vé6i cac dong
khong gian 1 va 2 & hai trudng, céc vi trf clia cac song mang phuy tuong Gng voi
cac dong khong gian 1 va 2 trong todn bd trudng thu nhit va toan bo trudng thir
hailé:],I,O,LI,O,LI,O,LI,O;-:

Fig.11 13 so d phéan phéi khac nita vé cac vi tri clia cdc séng mang phu -
tuong Ung voi tht ca cac dong khong gian (N=6) & trudng thir nhét va trudng thi
hai theo phuong 4n cia sing ché. Theo phuong 4n nay, m=1 n=2 vy
K =2 Nhé d6, trudng thir nhit bao gdm hai ky hiéu OFDM: LTF-1 va LTF-2;
truong thit hai bao gdm bén ky hiéu OFDM: VLTF-1, VLTF-2, VLTF-3, va
VLTF-4. Cac dong khong Agian 1 va 2 tao nén nhom dong khong gian A, cac
dong khong gian 3 va 4 tao nén nhom dong khong gian B, va cac dong khong
gian 5 va 6 tao nén nhém dong khong gian C. O hai ky hiéu OFDM clia trudng
thir nhét, céac s6 thi tu vi tri clia cac séng mang phu twong Umg v6i cdc nhom
dong khong gian A, B, va C lan lugt 1a: 1,4, 7..., 2,5, 8...,va 3, 6,9.... O chc
ky hiéu VLTF-1 va VLTF-2 cta trudong thir hai, cac s6 thir tu vi tri clia c4c song
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mang phu tuong Gng v6i cac nhom dong khong gian A, B, va C 14n luot 1a: 2, 5,
8...,3,6, 9...‘, va 1, 4, 7.... O c4c ky hiéu VLTF-3 va VLTF-4 cla trudng thir
hai, c4c sb tha tu vi tri cia cc séng mang phu twong Ung véi cac nhém dong
khong gian A, B, va C lan luot 14: 3, 6,9...,1,4,7...,va 2, 5, 8.... Nho d6, st
dung nhom dong khong gian A 1a vi dy, bing cach két hop cic séng mang phu
twong mg véi cac dong khong gian 1 va 2 ¢ hai truong, cac séng mang phu
tuwong ung vdi cdc dong khong gian 1 va2 trong toan bd truong thir nhét v toan
bd truong thir hai dugc phén phéi t6i cac vi tri clia tAt ca cac séng mang phu ctia
dai thn truyén MIMO.

Fig.12 1a so dd phan phdi vé cac vi tri clia cdc séng mang phy twong tmg
v&i tht ci cac dong khong gian (N=8) & truong thir nhét va trudng thit hai theo
phuong 4n cia séng ché. Theo phuong 4n nay, =1, n=1va K=2 Nho
d6, ¢ truong thi nhit va trudng tht hai bao gom hai ky hiéu OFDM: LTF-1 va
LTF-2, va VLTF-1 va VLTF-2. C4c dong khong gian 1 va 2 tao nén nhém dong
khong gian A, cdc dong khong gian 3 va 4 tao nén nhém dong khong gian B, cac
dong khong gian 5 va 6 tao nén nhém dong khong gian C, va cac dong khong
gian 7 va 8 tao nén nhém dong khong gian D. O hai ky hiéu OFDM cua truong
thtr nhat, cac sd thir tw vi trf cia cdc séng mang phu twong Umg v6i cac nhém
dong khong gian A, B, C,vaD lan luot 1a: 1,5,9...,2,6,10..., 3,7, 11..., va 4,
8, 12.... O hai ky hiéu OFDM cua truong thir hai, cac sb thi tu vi trf cua cac
séng mang phu tuong ng vdi cdc nhém dong khong gian A, B, C, va D lan luot
1a: 3,7,11...,4,8,12...,1,5,9..., va 2, 6, 10.... Nh¢ d6, sit dung nhém dong
khéng gian A l1a vi dy, bing cach két hop cic séng mang phu twong tmg vdi céc
dong khong gian 1 va 2 & hai truong, cdc séng mang phu twong ung voi cdc
dong khong gian 1 va 2 trong toan bd truong thir nhét va toan bd truong thir hai
duoc phan phdi téi cac vi tri clia tat ca cac séng mang phu cla dai tAn truyén
MIMO.

Fig.13 13 luu dd khéc vé phuong phap d4nh gid kénh theo phuong 4n cia
sang ché. Dua vao phuong phép duoc thé hién trén Fig.2, gidi phap thu nhén,

boi diém truy cdp nho st dung tin hiéu tham chiéu tht nhit dwoc mang boi
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trudmg thir nhét va théng tin hitu dung dugc mang bi trudng thir hai & diém
truy cép, danh gia kénh tha nhét, ciia mdi dong khdng gian, trén tit ca cic song
mang phu ctia dai tAn truyén MIMO gi6i han theo phuong phép dénh gid kénh
duoc thé hién trén Fig.13. Nhu dugc thé hién trén Fig.13, phuong phip danh gia
kénh duoc dé xut trong phuong 4n ndy cla sang ché bao gdm céc bude:

901. Thu nhén phén d4u trong goi tin hiéu duoc g boi nut truyén thong
thtt nhét, trong d6 phin dau bao gdm it nhét trudng thi nhét va truong th hai,
séng mang phu cia mdi ky hiéu da hop phén chia theo tin s tryc giao OFDM
ctia truomg thir nhat duge st dung dé mang tin hiéu tham chiéu thtr nhét, tin hiu
tham chiéu thtr nhét 13 tin hidu dugc x4c dinh ma dwgc biét t6i ca nht truyén
thong thtr hai va nut truyén théng thtt nhit, séng mang phu cia mbi ky hiéu
OFDM cua truong thi hai dugc st dung dé mang thong tin hitu dung, va thong
tin hitu dung 12 thong tin diéu khién 16p vét Iy va/hodc dit liéu.

902. Thu nhén, nho sit dung tin hiéu tham chiéu thir nhit dugc mang béi
trudng thir nhét, d4nh gia kénh, cia mbi dong khong gian, trén séng mang phu
twong Gng & trudng thir nhét.

903. Thu nhén, nhd phép ndi suy, danh gid kénh thir hai, cia mbi dong
khong gian, trén tAt ca c4c séng mang phu cta dai tin truyén MIMO.

904. Giai didu bién va giai m3, nho st dung danh gié kénh thit hai, trudng
thit hai dé thu nhan thong tin hitu dung duge mang bdi truong thit hai.

905. M4 héa lai va didu bién lai, nho st dung so d6 didu bién va ma héa ma
gidng nhu so @b didu bién va ma héa duge sir dung trong céc thao téc giai didu
bién va gidi m4, théng tin hitu dung duoc mang béi trudng thir hai, dé tao ra tin
hiéu tham chiéu tht hai tuong tmg véi mdi séng mang phu cia mdi ky hidu
OFDM cua trudng thir hai.

906. Thu nhén, nho str dung tin hiéu tham chiéu thi hai twong tmg v6i mdi
séng mang phu ctia mdi ky hiéu OFDM cua trudng thit hai, ddnh gié kénh, cua
mdi dong khong gian, trén séng mang phuy tuong tmg & truong thir hai.

907. Thu nhén, bang cich két hop c4c danh gid kénh, cla mdi dong khong

gian, trén cé4c séng mang phy tuong ung ¢ trudng th& nhit va trudng thi hai,
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danh gia kénh tht nhét, ctia mdi dong khong gian, trén tit ca cac séng mang phu
ctia dai tAn truyén MIMO.

Déi vé6i bude 901, dé cap dén céc su giai thich va céc sy md ta cua budc
201 theo phuong 4n cta phuong phap duogc thé hién trén Fig.2.

Mot cach tiy ¥, vi du, nit truyén thong thir nhit c6 thé 1a STA, thiét b
nguoi dung, hodc diém truy cép; vi dy, nut truyén thong thr hai cé thé 13 STA,
diém truy cap, hodc thit bi nguoi diing. Nt truyén thong thtr hai thu nhén, nho
stt dung tin hiéu tham chiéu dugc mang bédi trudng thir nhét ciia phin dau, danh
gi4 kénh, ctia mdi dong khong gian, trén séng mang phu twong tmg & trudng thir
nhit. S6 luong ciia cac ky hiéu OFDM cua trudng thir nhét it hon so véi sb
lugng cta cac dong khong gian. Nho d6, danh gia kénh thi hai, cta mdi dong
khong gian, trén tit cd cdc séng mang phu cla dai tin truyén MIMO dugc thu
nhan nhd phép ndi suy, trong d6 cac thuat todn ndi suy phat trién trong cong
nghé x 1y tin hi¢u hién thoi ¢6 thé duoc sir dung cho phép ndi suy.

Tiép theo, niit truyén thong thir hai giai diéu bién (vi dy, c4c thao tac ching
han nhu giai 4nh xa chom sao) va gidi ma, nho sir dung danh gid kénh thi hai,
ctia mbi dong khong gian, trén tAt ca cdc séng mang phu cia dai tin truyén
MIMO dugc thu nhin nhd st dung céc budc néu trén, truong thir hai dé thu
nhéan théng tin hiru dung dugc mang boi trudng thir hai. Viéc sir dung truong thi
hai duoc st dung dé truyén thong tin didu khién 16p vat Iy 14 vi dy, mi héa xodn
va didu bién BPSK ma ti 1&é ma hoéa cua né 13 1/2 chu yéu duge sir dung. G bude
nay, b thu trich xuét danh gia kénh trén c4c séng mang phy twong ing véi mdi
dong khong gian khoi cac danh gid kénh, cua mdi dong khong gian, trén tit ca
cac sébng mang phu cta dai tin truyén MIMO; va thuc hién viéc giai ma kénh va
giai diéu bién BPSK trén tin hidu ctia m&i dong khong gian dé thu nhén bit
thong tin diéu khién 16p vat 1y dugc mang bdi trudng thir hai.

Tiép theo, bit thong tin dugc thu nhin nhd quy trinh gidi ma va giai diéu
bién néu trén duoc ma hoa lai va duge diéu bién lai (vi dy, cc thao tac ching
han nhu 4nh xa chom sao) nh¢ sir dung cung so dd dilu bién va ma héa dé tao ra

tin hiéu tham chiéu twong mg v6i mdi séng mang phuy cla trudng thir hai. Ngoai
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ra, tin hiéu tham chiéu c6 thé dugc thu nhan bing cich tryc tiép diéu bién lai,
nh¢ st dung cung hé théng diu bién, cac bit kho quyét dinh dugc thu nhén &
quy trinh giai didu bién trudng thtr hai. Van st dung truong thit hai dugc su
dung d& truyén thong tin diéu khién 16p vét Iy 12 vi dy, ma xodn va diéu bién
BPSK ma ti 16 mi hoa cta né 13 1/2 dugce sir dung, va méc du ti 1€ tin hi€u trén
tap nhidu quéa thép, viéc giai mé co thé thanh cong. Nho d6, khong c6 su khéc
nhau gifta tin hiéu tharh chiéu dugc thu nhan nho ma hoa lai va diéu bién lai sau
khi viéc gidi mé cua dAu thu va tin hiéu tham chiéu truc tiép dugc gl boi d4u
truyén. Nhe 4o, diéu nay dwoc dam bdo rang, theo sang ché, hiéu qua cia viéc
d4nh gia kénh twong tu nhu hiéu qua cua viéc danh gié kénh theo k¥ thuét da
biét trong khi loi ich ciia viéc 1am gidm 16n phi tén duoc thu nhén. Khi ti 1§ tin
hiéu trén tap nhifu tuong dbi cao, tin hiéu tham chiéu twvong tmg véi mdi séng
mang phu cua trudng thit hai ¢6 thé dugc thu nhén bing cach tryc tiép didu bién
lai céc bit khé quyét dinh dwgc thu nhin nhd gidi diéu bién, sao cho thao tac
d4nh gid kénh dugc don gian hoa.

Tiép theo, nut truyén thong thir hai thu nhan, nhd sir dung tin hiéu tham
chiéu tuwong mg v6i mdi séng mang phu cua truong thir hai, ddnh gia kénh, cta
mbi dong khong gian, trén séng mang phu twong tmg & truong thir hai. Cac so
dd phén phéi séng mang phu ctia cac dong khong gian dugc sir dung bai truong
thir nhét va trudng thi: hai khong chdng xép nhau. Nh d6, khi L=N, b thu thu
nhan, bing cach két hop cac ddnh gid kénh, cua mdi dong khong gian, trén céc
séng mang phu tuong ung & truong thir nhét va trudong thir hai, d4nh gia kénh,
cia mdi dong khong gian, trén tht ca cac séong mang phu cla dai tAn truyén
MIMO; khi L<N, b6 thu thu nhén, bang cach két hop cac dénh gia kénh, cla
mdi dong khong gian, trén cic séng mang phu tuong Ung & truong thir nhét va
trudng thir hai, va nhd phép ndi suy phy, danh gid kénh, cia mbi dong khong
gian, trén tht ca cdc song mang phu cua dai tin truyén MIMO. Pén day, nut
truyén thong thi hai ¢6 thé giai diéu bién, nh st dyng danh gia kénh dudng Ién,
ﬁnlﬁ@;duqqgﬁibéiﬂﬁétbinguéidﬁng.

Fig.14 1a luu dd khac nita vé phuong phap dénh gi4 kénh theo phuong 4n
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ctia séng ché. Nhu duoc thé hién trén Fig.14, phuong phép dénh gia kénh dugc
dé xuét trong phuong 4n nay clia sing ché bao gdm cac buéc:

1001. X4c dinh phén d4u trong géi tin hiéu, trong d6 phén dau bao gbm it
nhét truong thir nhit va trudng thit hai, séng mang phu cia mdi ky hiéu da hop
phén chia theo tin s truc giao OFDM cua truong thi nhét dugc st dung dé
mang tin hidu tham chiéu thi nhét, tin hiéu tham chiéu thw nhét 13 tin hiéu duoc
x4c dinh ma duoc biét t6i ca nut truyén thong thir nhat va nit truyén thong thir
hai, séng mang phu ctia mdi ky hiéu OFDM ciia truong thi hai dutyc sir dung dé
mang thong tin hitu dung, va thong tin hitu dung la thdng tin diéu khién 16p vat
1y va/hodc dit lidu.

1002. Gtri géi tin hi¢éu ma bao gdm phén dau t&i nat truyén thong thir hai.

Phuong an ndy cua sang ché c6 thé duoc thuc hién bai nit truyén thong thi
nhét. Mot cach tiy y, vi dy, nut truyén thong thir nhét cé thé 13 thiét bi nguoi
ding hozc diém truy cap; vi dy, nut truyén thong thir hai ¢é thé 12 diém truy cép
hoic thiét bi ngudi ding. Sau khi x4c dinh phin diu & géi dudng 1én, thiét bi
nguoi dung giri géi dudng 1én ma bao gdm phin d4u t6i diém truy cap. Phén du
bao gdm trudng thir nhit va truong thir hai, séng mang phu ctia mdi ky hiéu da
hop phén chia theo tin sb tryc giao OFDM ciia trudng thi nhét duoc sit dung dé
mang tin hiéu tham chiéu, va séng mang phu ciia mdi ky hiéu OFDM cua trudng
thtr hai dugc st dung dé mang théng tin hitu dung. So sanh v6i k¥ thudt da biét,
giai phap k¥ thuat dugc d8& xuét trong phuong 4n ndy cla sing ché 1am giam 16n
phi tdn tin hidu va ning cao tmg dyng tai nguyén.

Fig.15 1a gidn dd cAu tric vé& nut truyén thong thir hai theo phwong 4n cla
séng ché. Nhu duoc thé hién trén Fig.15, nut truyén thong thir hai 11 dugce dé
xuét trong phuong 4n ndy cla sang ché bao gdm:

mddun thu nhan 1101, dugc tao cdu hinh dé thu nhan phé‘m d4u trong
g0i tin hi€u dugce giri boi nit truyén thong thir nhat, trong d6 phén diu bao gdbm
it nhit truong thi nhit va truong thir hai, séng mang phu cua ky hiéu da hop
phén chia theo tin sb truc giao OFDM clia trudng tht nhit dwoc st dung dé

mang tin hiéu tham chiéu thir nhét, tin hiéu tham chiéu thw nhat 14 tin hiéu duoc

-28-



26893

x4c dinh ma dugc biét t6i ca nit truyén thong thi hai va nut truyén thong thir
nhét, séng mang phu cia ky hiéu OFDM cua trudng thit hai duge st dung dé
mang thong tin hitu dung, va thong tin hitu dung 12 thong tin diéu khién 16p vit
ly va/hoac dit ligu; va

modun danh gia kénh 1102, dugc tao cAu hinh @& thu nhan, nho st
dung truong thi nhit va truong tha hai & phan dau dugc thu nhan bdi modun
thu nhén, danh gia kénh thi nhét, ctia mdi dong khong gian, trén tit ca cac song
mang phu cua dai tAn truyén da dau vio da d4u ra MIMO.

Nt truyén thong thir hai 11 duge d& xuét trong phuong 4n nay cia séng ché
c6 thé duge sit dung dé thuc hién giai phap k¥ thuat theo phuong 4n clia phuong
phap dugc thé hién trén Fig.2. C4c nguyén téc thuc hién cta ching 13 gidng
nhau, va céc chi tiét khong duoc mo ta lai & day. So sanh v6i k§ thuét da biét,
giai phép k¥ thuét dugc d& xuét trong phuong 4n ndy cla sang ché 1am giam 1én
phi ton tin hiéu va nang cao tmg dung tai nguyén.

Mot cach ty ¥, tit cd c4c séng mang phu trong mdi ky hiéu OFDM cia
truong thi nhit va truong thi hai 14n luot twong Ung véi cdc dong khong gian
khac nhau, va cac dong khong gian twong Gng vdi cdc séng mang phu cia cing
vi tri trong céc ky hiéu OFDM khéc nhau 1a khic nhau. Mot cach tuy ¥, tit ca
cac séng mang phu trong mdi ky hiéu OFDM cla truong thi nhét va truong tha
hai 14n luot twong tmg véi cdc nhém dong khong gian khic nhau, cdc nhom
dong khong gian tuong Umg véi cac séng mang phu clia cung vi trf trong cac ky
hiéu OFDM khéc nhau 1a khic nhau, va nhom dong khong gian bao gbém K dong
khong gian. O truong thit nhét, sau khi trai qua bién dbi truc giao, K dong khong
gian cia mdi nhém dong khong gian 1An luot dugc truyén nho st dung céc song
mang phu ma twong Ung véi nhom dong khong gian va cua K ky hi¢u OFDM
thtt nhét. O truong tht hai, sau khi trai qua bién dbi truc giao, K dong khong
gian ctia m6i nhém dong khong gian 14n luot dugc truyén nhd st dung céc séng
mang phu ma twong Ung v6i nhém dong khong gian va cua K ky hiéu OFDM
ctia trudng tht hai. Mot cach tly y, séng mang phu 13 séng mang phy ngoai trir

séng mang phu tan s6 khong va séng mang phy bdo vé ma dugc sir dung de
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ngan ngira ton that kénh 1ién k& cua dai tAn truyén MIMO.

Mot c4ch ty ¥, modun dénh gid kénh 1102 dugc tao cdu hinh dic trung dé:
thu nhén, nh¢ st dung tin hiéu tham chiéu tht nhit duoc mang boi truong thir
nhét, danh gi4 kénh, cia mdi dong khong gian, trén séng mang phu twong tmg &
trudng thir nhét;

thu nhan, nhd phép ndi suy, danh gid kénh thir hai, cta mdi dong
khong gian, trén tAt ca cac séng mang phu cta dai tan truyén MIMO;

giai didu bién va giai ma, nho sir dung dénh gia kénh thi hai, truong
thit hai dé thu nhan théng tin hitu dung dugc mang bdi truong thir hai;

m3 hoéa lai va diéu bién lai, nho sit dung so dd diéu bién va ma héa
ma giéng nhu so db diéu bién va mi héa duogc sir dung trong cic thao tac giai
didu bién va giai m3, thong tin hiru dung dugc mang boi trudng thit hai, dé tao
ra tin hidu tham chiéu tht hai twong tmg véi mdi séng mang phu cta mdi ky
hiéu OFDM cua truong thu hai;

thu nhén, nho st dung tin hidu tham chiéu thir hai twong tmg véi mdi
séng mang phu ctia mdi ky hiéu OFDM cua truong thir hai, danh gid kénh, ca
mbi dong khong gian, trén séng mang phu twong tmg & truong thir hai; va

thu nhén, bing cach két hop cic dénh gié kénh, cla mdi dong khéng
gian, trén cdc séng mang phu tuong ung & truong thir nhit va truong thi hai,
danh gia kénh thu nhét, ctia mdi dong khong gian, trén tit ca cic séng mang phy
clia dai tn truyén MIMO.

Fig.16 1a gian 5 cAu triic v& nat truyén thong thi nhét theo phuong 4n cia
sang ché. Nhu dugc thé hién trén Fig.16, nut truyén thong thir nhit 12 duoc dé
xuét trong phuong 4n nay cla sang ché bao gbm:

modun xac dinh 1201, duoc tao cAu hinh dé x4c dinh phén dau trong
goi tin hi¢u, trong do phan d&u bao gdm it nhét truong thi nhét va truong thir
hai, séng mang phy cta ky hiéu da hop phén chia theo tin sb truc giao OFDM
cla trudng th nhét dugc st dung d& mang tin hiéu tham chiéu th nhét, tin hiéu
tham chiéu thr nhét 13 tin hidu duoc xac dinh ma dwgc biét téi ca nit truyén

théng thir hai va nit truyén thong thir nhét, séng mang phu cta ky hiéu OFDM
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cta truong thi hai duge str dung dé mang thong tin hitu dung, va thong tin hitu
dung 12 thong tin diéu khién 16p vat Iy va/hoic di lidu; va

mddun gui 1202, dugc tao cdu hinh dé& giri goi tin hiéu ma bao gdm
phin dau t6i nit truyén thong thi hai.

Nut truyén théng thi nhét 12 dugc d& xuét trong phuong 4n ndy cua sing
ché c6 thé dugc tao cdu hinh dé thyc hién gidi phap k¥ thuat theo phuong 4n cia
phuong phap dugc thé hién trén Fig.14. Cc nguyén tic thuc hién cta ching 13
gidng nhau, va céc chi tiét khong duoc mod ta lai & ddy. So sanh véi k§ thuat 4
biét, giai phap k¥ thuat duoc dé xuét trong phuong 4n niy cla sing ché 1am
giam 16n phi tdn tin hiéu va ning cao mg dung tai nguyén.

Fig.17 1 gian d6 céu trac khac v& niit truyén thong thtr hai theo phuong 4n
cua sang ché. Nhu duoc thé hién trén Fig.17, nut truyén thong thir hai 17 duge -
d8& xuét trong phuong 4n nay cla séng ché bao gbm:

bd thu phat 1701, dugc tao c4u hinh dé thu nhan phﬁn d4u trong gbi
tin hiéu duoc giri bdi it truyén thong thir nhét, trong d6 phin déu bao gbm it
nhét trudng thi nhat va trudng thit hai, séng mang phu cia ky hiéu da hop phén
chia theo tin sb truc giao OFDM cua trudng thi nhit duge sir dung dé mang tin
hiéu tham chiéu thr nht, tin hiéu tham chiéu thtr nhat 12 tin hiéu dugc x4c dinh
ma duoc biét t6i ca nit truyén thong thi hai va nut truyén thong thir nht, séng
mang phu cua ky hiéu OFDM cua truong thir hai dugce st dung dé mang thong
tin hitu dung, va thong tin hitu dung la thong tin diéu khién 16p vat 1y va/hosc dit
liéu; va

b xir ly 1702, duge tao cAu hinh dé thu nhén, nhod sir dung trudng
thir nhét va trudong tha hai & phan dau duoc thu nhan béi bo thu phat 1701, danh
gi4 kénh thtr nhat, ciia mdi dong khong gian, trén tat cd cic séng mang phu cla
dai tAn truyén da dau vao da d4u ra MIMO.

Nut truyén thong thir hai 17 duoc dé xuét trong phuong 4n nay cia sing
ché c6 thé dugc sir dung dé thuc hién giai phap k¥ thuat theo phwong én cia
phuong phap dugc thé hién trén Fig.2. Céc nguyén tic thuc hién cia chung 1a

gibng nhau, va céc chi tiét khong dugc mo ta lai & ddy. So sanh véi k¥ thuat da
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biét, giai phap k¥ thuit duge d& xuét trong phuong 4n niy cia sing ché 1am
giam 16n phi tdn tin hiéu va ning cao ung dung tai nguyén.

Mot cach tiy ¥, tit ca cic séng mang phu trong mbi ky hiéu OFDM cua
truong thir nhét va truong thir hai 14n luot twong Umg véi cdc dong khong gian
khéc nhau, va cdc dong khong gian twong (mg v&i cac song mang phu cia cung
vi trf trong céc ky hiéu OFDM khéc nhau 14 khic nhau. Mot cach tuy y, tat ca
céc séng mang phu trong mdi ky hiéu OFDM ciia trudng thir nhét va trudng thir
hai 14n luot twong Umg véi cdc nhom dong khong gian khdc nhau, cdc nhom
dong khong gian tuong tmg véi cac séng mang phu cla cung vi tri trong cac ky
hiéu OFDM khé4c nhau 13 khé4c nhau, va nhom dong khong gian bao gbdbm K dong
khong gian. O truong thir nhét, sau khi trai qua bién dbi truc giao, K dong khong
gian ctia mdi nhom dong khong gian 14n luot duoc truyén nhd sir dung céc séng
mang phu ma tuong Gng v6i nhém dong khong gian va cua K ky hiéu OFDM
thir nhat. O trudng tht hai, sau khi trai qua bién ddi tryc giao, K dong khong
gian ctia mdi nhom dong khong gian 1an luot duoc truyén nh sir dung cc séng
mang phy ma tuong Ung v6i nhom dong khong gian va cua K ky hiéu OFDM
clia trudng thtr hai. Mot céch tiy y, séng mang phu la séng mang phu ngoai trir
séng mang phu tAn sb khéng va séng mang phu bao vé ma duge st dung dé
ngin ngira ton thét kénh lién k& cua dai tin truyén MIMO.

M0t cach tuy ¥, bd xtr ly 1702 dugc tao cAu hinh d3c trung dé:

thu nhén, nh¢ st dung tin hiéu tham chiéu thr nhat duoc mang boi
trudong thir nhit, danh gié kénh, cia mdi dong khong gian, trén séng mang phu
tuong mg ¢ trudng thir nhét;

thu nhan, nhd phép ndi suy, danh gid kénh thtr hai, cta mdi dong
khong gian, trén tAt ca cac song mang phu cua dai tan truyén MIMO;

gii diéu bién va gidi ma, nho st dung danh gia kénh thir hai, truong
thit hai dé thu nhan thong tin hitu dung dugc mang bai trudng thir hai;

" mé héa lai va didu bién lai, nhd st dung so dd didu bién va mi hoa

ma giéng nhu so dd diéu bién va ma hoéa dugc st dung trong céc thao tic gidi

didu bién va giai m3, thong tin hitu dung dwgc mang boi trudng thir hai, d€ tao
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ra tin hiéu tham chiéu th& hai tuong tmg v6i mdi séng mang phu ciia mdi ky
hiéu OFDM ciia trudng thit hai;

thu nhén, nh¢ st dung tin hi€u tham chiéu th hai twong tmg véi mdi
séng mang phu ctia mdi ky hiéu OFDM cua trudng thi hai, danh gid kénh, cta
mdi dong khdng gian, trén séng mang phu twong Ung & truong thir hai; va

thu nhén, bing cach két hop cic danh gia kénh, cla mbi dong khong
gian, trén c4c séng mang phu tuong Umg & trudng thi nhit va truong thi hai,
d4nh gi4 kénh thir nhét, ctia mdi dong khong gian, trén tit ca cac séng mang phu
cua dai tAn truyén MIMO.

Fig.18 13 gian db cAu tric khac v& nut truyén thong thir nhét theo phuong 4n
ctia séng ché. Nhu dugc thé hién trén Fig.18, nut truyén thong thir nhét 18 duoc
d8& xuét trong phuong 4n nay cia sing ché bao gbm:

b6 xir Iy 1801, dugc tao cAu hinh & x4c dinh phan du trong géi tin
hiéu, trong d6 phin dau bao gdm it nhét truong thi nhit va trudng thi hai, séng
mang phu cua ky hiéu da hop phén chia theo tin s truc giao OFDM ctia trudng
thtr nhit duge st dung dé mang tin hiéu tham chiéu thi nhét, tin higu tham chiéu
thtr nhat 13 tin hidu dugc x4c dinh ma dugc biét téi ca nat truyén thong thir hai
va nut truyén thong thir nhét, séng mang phu cta ky hiéu OFDM cua trudng thir
hai dugc st dung dé mang thong tin hitu dung, va thong tin hitu dyng la thong
tin diéu khién 16p vat ly va/hodc dit 1iéu; va

bo truyén 1802, duoc tao cdu hinh dé giri géi tin hiéu ma bao gdm
phn du t6i nut truyén thong th hai.

Nut truyén théng thir nhit 18 duoc d& xuit trong phuong 4n nay cua sing
ché c6 thé dugc sir dung dé thuc hién gidi phap k¥ thuit theo phuong én cua
phuong phéap dugce thé hién trén Fig.14. C4c nguyén tic thuc hién ctia ching 1a
gidng nhau, va céc chi tiét khong dugc mb ta lai & day. So sanh véi k§ thuét da
biét, giai phép k¥ thuat duoc d& xuét trong phuong 4n ndy cia sdng ché 1am
giam 16m phi t6n tin hiéu va nang cao tmg dung tai nguyén.

Fig.19 13 gian d6 céu tric vé hé théng truyén thong theo phuong 4n cla

séng ché. Nhu duoc thé hién trén Fig.19, hé théng truyén thong 13 dugce d& xuét
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trong phuong an nay cua sang ché bao gdm niit truyén thong thir hai 131 va nut
fruyén thong thir nhét 132. Nut truyén thong thtr hai 131 c6 thé 13 nut truyén
théng tha hai 11 theo bét ky phuong 4n nao cla séng ché, va nit truyén théng
thir nhét 132 c6 thé 12 nut truyén thong thi nhit 12 theo bat ky phuong 4n nao
clia sang ché.

Nhitng ngudi ¢6 trinh d6 trung binh trong linh vuc k¥ thuét c6 thé hiéu ring
tAt ca hodic mot vai budc clia cdc phuong an theo phuong phép cé thé duoc thuc
hién boi phan ctmg thich hop huéng din chuong trinh. Chuong trinh c6 thé
duoc luu trit & phuong tién luu trit may tinh co6 thé doc duoc. Khi chuong trinh
hoat dong, cac budc cia cic phuong 4n theo phuong phdp dugc thwe hién.
Phuong tién luu trit néu trén bao gbm: bt ky phuong tién ndo ma c6 thé luu triy
ma chuong trinh, ching han nhu ROM, RAM, dia tir, hodc dia quang.

Cudi cung, cin luu y ring cac phuong 4n néu trén chi nhim mo ta cic gidi
phép k¥ thuét cua sang ché, ma khong gi6i han sang ché. Mic du sang ché duoc
mo ta chi tiét dua vao cdc phuong 4n néu trén, nhimg nguoi co6 trinh do trung
binh trong linh vuc k¥ thuét cin hiéu r'?lng ho van c6 thé thyuc hién cic su stra dbi
véi cac giai phap k¥ thudt dugc md ta trong cdc phuong dn néu trén hodc thyc
hién céc su thay thé tuong dwong véi mot vai hodc tit cd cdc dau hiéu k§ thuat
ctia chung, ma khong tréch khoi pham vi cta cac giai phdp k¥ thudt cua cac

phuong &n cia sang ché.
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YEU CAU BAO HQ

1. Phuong phép d4nh gi kénh bao gdm céc budc:

thu nhan phén d4u trong géi tin hiéu duge giri béi nit truyén thong thir nhét,
trong d6 phén dAu bao gdm it nhit trudng thir nhét va truong thi hai, séng mang
phu ctia ky hig¢u da hop phén chia theo thn b truc giao (OFDM) clia trudng thir
nhét dugc st dung dé mang tin hi€u tham chiéu tht nhét, tin hiéu tham chiéu tht
nhét 13 tin hidu duge x4c dinh ma dugc biét t6i ca nut truyén thong thir hai va
nut truyén thong thi nhét, song mang phu cta ky hiéu OFDM cula truong thir hai
duoc st dung dé mang thong tin hitu dung, va thong tin hifu dyng 14 thong tin
didu khién 16p vat ly va/hoic dit lidu; va

thu nhan, nho sir dung trudng thir nhét v trudng thir hai ¢ phin dau, d4nh
gi4 kénh tht nhét, ctia méi dong khong gian, trén tit ca cac séng mang phu clia
dai tAn truyén da ddu vao da d4u ra (MIMO).
2. Phuong phép theo diém 1, trong d6 tAt cd cdc séng mang phu trong mdi ky
hiéu OFDM cua trudng thir nhit va truong tht hai lan luot tuong tmg véi cac
dong khong gian khac nhau, va cac dong khong gian tuong ung vdi cic séng
mang phu cia cung vi tri trong céc ky hiéu OFDM khéc nhau 1a khac nhau.
3. Phuong phép theo didm 1, trong d6 tit ca cic séng mang phu trong mdi ky
hiéu OFDM cua trudng thir nhat va trudng thir hai 1an lugt twong Umg véi cac
nhom dong khong gian khac nhau, cac nhém dong khong gian twong Ung voi
c4c séng mang phu cia cing vi tri trong céc ky hiéu OFDM khdc nhau la khac
nhau, va nhém dong khong gian bao gdm K dong khong gian; & trudong thir nhit,
sau khi trai qua bién ddi truc giao, K dong khong gian cia mbéi nhém dong
khong gian 1an luot duoc truyén nho st dung céc séng mang phu ma tuong tmg
véi nhom dong khéng gian va cia K ky hiéu OFDM thtr nhit; va & trudng tha
hai, sau khi trai qua bién ddi truc giao, K dong khéng gian clia mdi nhém dong
khong gian 14n Iuot duge truyén nho st dung c4c séng mang phy ma twong Umg
v6i nhdm dong khong gian va ctia K ky hiéu OFDM cuia trudong thir hai.
4. Phuong phép theo diém 1, trong d6 séng mang phu 1a séng mang phu ngoai

trir séng mang phu tan s khéng va séng mang phu bao vé ma duoc sir dung dé
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ngin ngira tén that kénh 1ién k& cua dai tAn truyén MIMO.
5. Phuong phép theo diém 1, trong d6 viéc thu nhén, nho sit dung trudng thu
nhét va truong thi hai & phin ddu, d4nh gi4 kénh th nhét, ciia mdi dong khong
gian, trén tit ca cic séng mang phu cia dai tin truyén da dau vao da dau ra
MIMO bao gdm céc budc:

thu nhan, nho st dung tin hiéu tham chiéu thir nhit dugc mang béi trudng
thir nhit, danh gi4 kénh, ciia mdi dong khong gian, trén song mang phu tuwong
Umg & truong tha nhat;

thu nhéin, nhd phép ndi suy, danh gid kénh thir hai, cua mdi dong khong
gian, trén tAt c4 cac séng mang phu ctia dai tin truyén MIMO;

giai diéu bién va giai ma, nhd st dung ddnh gid kénh tht hai, truong tha
hai dé thu nhan thong tin hitu dung dugc mang béi trudng thit hai;

m3 héa lai va didu bién lai, nho st dung so dd diéu bién va mi héa ma
gidng nhu so dd diéu bién va ma hoa duoc st dung trong céc thao tac giai didu
bién va gidi mé, thong tin hitu dung dugc mang bdi trudng thir hai, dé tao ra tin
hiéu tham chiéu tht hai tvong tmg véi mdi séng mang phy ciia mdi ky hiéu
OFDM cta truong tht hai;

thu nhan, nho st duﬁg tin hiéu tham chiéu thir hai twong tmg véi mdi séng
mang phy ctia m&i ky hiéu OFDM cta trudng tht hai, danh gié kénh, ciia mdi
dong khong gian, trén séng mang phy tuong tmg & trudng thir hai; va

thu nhén, bing cach két hop cac dénh gia kénh, ctia mdi dong khong gian,
trén cic song mang phu tuong tng & truong thu nhét va truong tha hai, danh gid
kénh tht nhéit, cia mdi dong khdng gian, trén tAt c4 cc séng mang phu ctia dai
tin truyén MIMO.
6. Phuong phép danh gia kénh bao gbm céc bude:

xé4c dinh phin diu trong goéi tin hiéu, trong d6 phin du bao gOm ft nhét
trudng thi nhit va trudng th hai, séng mang phy cua ky hiéu da hop phan chia -
theo tan sb truc giao OFDM clia trudng thi nhit dugc stir dung dé mang tin higu
tham chiéu thi nht, tin hiéu tham chiéu thir nhét 1a tin hiéu duoc xac dinh ma

duoc biét toi ca nit truyén thong thir nhit va ndt truyén théng tht hai, séng
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mang phu cta ky hiéu OFDM cua trudng thir hai duoc sir dung d& mang thong
tin hitu dung, va théng tin hitu dung 1a thong tin didu khién 16p vat 1y va/hoic dir
liéu; va

glri g6i tin hidu ma bao gdm phén ddu t6i nit truyén thong thit hai.
7. Phuong phap theo diém 6, trong d6 tAt cd c4c séng mang phu trong mdi ky
hiéu OFDM cia trudng thi nhit va trudng thi hai lan luot twong mg véi cac
dong khong gian khic nhau, va cadc dong khong gian twong ung véi cac song
mang phu cta cing vi tri trong céc ky hiéu OFDM khac nhau 1a khac nhau.
8. Phuong phap theo diém 6, trong d6 tht ca cic sbng mang phu trong mdi ky
hiéu OFDM ciia trudng thir nhét va truong thit hai 14n luot twong mg véi céc
nhom dong khéng gian khic nhau, cac nhém dong khong gian twong ung voi
c4c séng mang phu cta cuing vi tri trong cac ky hiéu OFDM khic nhau 1a khac
nhau, va nhém dong khong gian bao gdm K dong khéng gian; & trudng thit nhit,
sau khi trai quan bién dbi truc giao, K dong khong gian cuia mdi nhém dong
khong gian 1an lugt dugc truyén nho sir dung cdc séng mang phu ma twong Umg
v&i nhém dong khong gian va cua K ky hi¢u OFDM cua truong tha nhat; va &
truong tht hai, sau khi trdi qua bién dbi truc giao, K dong khong gian ciia mdi
nhém dong khong gian 1an lugt duge truyén nho st dung céc song mang phy ma
trong tmg véi nhom dong khong gian va cua K ky hiéu OFDM cua truong thi
hai.
9. Nut truyén théng thir hai bao gbm:

mo6dun thu nhén, dugc tao ciu hinh dé thu nhan phén dau trong go6i tin hi€u
duoc gii boi nit truyén thong thir nhét, trong d6 phin diu bao gdm it nhit
truomg thi nhét va trudng thit hai, séng mang phu cta ky hiéu da hop phén chia
theo tin sd tryc giao OFDM cila trudng thi nhét duoc sir dung dé mang tin hidu
tham chiéu th nhét, tin hiéu tham chiéu thr nhét 14 tin hiéu dugc xac dinh ma
duge biét téi ca nut truyén théng thir hai va nit truyén thong tha nhit, séng
mang phu ctia ky hiéu OFDM cta truong thir hai duge st dung dé mang thong
tin hitu dung, va thong tin hitu dung 14 théng tin didu khién 16p vét ly va/hodc dit

liéu; va
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modun danh gia kénh, dugc tao cAu hinh dé thu nhén, nhd st dung trudng
thit nhat va truong tht hai & phin dau duge thu nhin bdi médun thu nhan, d4nh
gi4 kénh thr nhét, ciia mbi dong khéng gian, trén tAt ca cac song mang phu cia
dai thn truyén da ddu vao da d4u ra MIMO.
10. Nut truyén thong thtt hai theo diém 9, trong d6 tt ca cic séng mang phu
trong mdi ky hiéu OFDM cua trudng thi nhit va truong thir hai 1an luot tuong
tmg v6i cdc dong khong gian khac nhau, va cac dong khong gian twong tmg voi
cac séng mang phu clia cung vi tri trong cdc ky hiéu OFDM khac nhau la khac
nhau.
11. Nt truyén théng thir hai theo diém 9, trong d6 tit ca cic séng mang phu
trong mi ky hiéu OFDM cila trudng th nhét va trudng thtt hai 1an lugt tuong
tmg véi cidc nhom dong khong gian khac nhau, cdc nhém dong khong gian
tuong tmg v&i cac sdng mang phu cia ciing vi tri trong céac ky hi¢u OFDM khac
nhau 13 kh4c nhau, va nhém dong khong gian bao gdm K dong khong gian; &
truong thi nhat, sau khi trai qua bién ddi tryc giao, K dong khong gian ctia mdi
nhém dong khong gian 1an lugt dugc truyén nh¢ sir dung cdc séng mang phu ma
trong Umg v&i nhom dong khong gian va ctiia K ky hiéu OFDM tht nhét; va &
truong thir hai, sau khi trai qua bién ddi truc giao, K dong khdng gian clia mbi
nhém dong khéng gian 14n lugt dugc truyén nho st dung cic séng mang phu ma
trong ng véi nhém dong khong gian va cia K ky hiéu OFDM cua trudng thir
hai.
12. Nut truyén thong thir hai theo diém 9, trong d6 séng mang phu 13 séng mang
phu ngoai trir séng mang phu tn s6 khong va séng mang phu bao vé ma dugc
stt dung dé ngin ngira ton that kénh lién k& cua dai tin truyén MIMO.
13. Nt truyén thong thir hai theo diém 9, trong d6 modun ddnh gia kénh duge
tao cdu hinh déc trung dé:

thu nhén, nh¢ st dung tin hi¢u tham chiéu thir nhét dugc mang bdi truong
thir nhét, d4nh gi4 kénh, ciia mdi dong khong gian, trén séng mang phu twong
{tng & truong thir nhat;

thu nhan, nhd phép nodi suy, danh gid kénh tht hai, cia mdi dong khong
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gian, trén tht ca cac séng mang phu cta dai tAn truyén MIMO;

giai didu bién va gidi ma, nhd st dung danh gia kénh thir hai, truong thir
hai d@é thu nhén thong tin hitu dung dugc mang bdi trudng thir hai;

m3 héa lai va didu bién lai, nho sit dung so db diéu bién va ma héa ma
gibéng nhu so dd diéu bién va ma hoa dugc st dung trong céc thao tac giai didu
bién va gidi m4, thong tin hitu dung dugc mang bai trudng thit hai, dé tao ra tin
hidu tham chiéu thtt hai twong tmg véi mdi séng mang phu cia mdi ky hiéu
OFDM cua trudng thi hai;

thu nhén, nh¢ st dung tin hiéu tham chiéu th hai tvong ing v6i mbi séng
mang phu cua mdi ky hiéu OFDM cua trudng th hai, danh gia kénh, cua niSi
dong khong gian, trén séng mang phu twong tmg & trudng thi hai; va

thu nh4n, bing cach két hop cic danh gi4 kénh, clia mdi dong khong gian,
trén cac séng mang phu twong ung & trudng thi nhit va truong thir hai, danh gid
kénh thr nht, cia mdi dong khong gian, trén tAt ca cac séng mang phu cta dai
tAn truyén MIMO.
14. Nt truyén thong thit nhét bao gdm:

mo6dun x4c dinh, dugc tao chu hinh d& x4c dinh phan d4u trong goi tin hiéu,
trong do phén dAu bao gdm it nhat trudng thir nhét va trudng thi hai, séng mang
phu cta ky hi¢u da hop phén chia theo tin s6 truc giao OFDM clia truong thi
nhét duoc st dung dé mang tin hiéu tham chidu thir nhéat, tin hiéu tham chiéu tht
nhét 13 tin hiéu duge x4c dinh ma duogc biét t6i ca nit truyén thong the hai va
ntt truyén thong thir nhéit, song mang phu ctia ky hiéu OFDM cua trudng thir hai
duoc st dung dé mang thong tin hitu dung, va thong tin hitu dung la thong tin
diéu khién 16p vat ly va/hoic dit lidu; va

modun gui, dugc tao chu hinh dé giri goi tin hiéu ma bao gbm phan dau t&i
nut truyén thong thi hai.
15. Nt truyén théng thi nhét theo diém 14, trong d6 tit ca cac séng mang phu
trong mdi ky hiéu OFDM cua trudng thi nhét va truong thir hai 1an lugt tuong
g v6i cic dong khong gian khéc nhau, va cac dong khong gian twong (g voi

céc séng mang phu ctia cing vi tri trong cc ky hiéu OFDM khac nhau la khac
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nhau.
16. Nt truyén thong thir nhét theo diém 14, trong d6 tAt ca cdc séng mang phu
trong mdi ky hiéu OFDM ciia trudng thir nhét va truong thi hai l4n lugt tuong
tmg vGi cac nhom dong khong gian khac nhau, cac nhém dong khong gian
tuong ng véi cac song mang phu cla cung vi tri trong cac ky hi¢u OFDM khac
nhau 13 khac nhau, va nhém dong khéng gian bao gdbm K dong khong gian; &
trudng thir nhat, sau khi trai qua bién dbi truc giao, K dong khong gian clia mbi
nhém dong khéng gian 14n lugt dwoc truyén nho st dung céc séng mang phy ma
trong Umg véi nhém dong khong gian va cia K ky hiéu OFDM cua truong thu
nhit; va & truong thtr hai, sau khi trai qua bién doi truc giao, K dong khong gian
ciia mdi nhém dong khong gian 1an lugt dugc truyén nhd st dung cic séng
mang phu ma tuong mg vdi nhém dong khong gian va cua K ky hiéu OFDM
cua trurong th hai.
17. Nut truyén théng thir hai bao gdm:

bd thu phat, dugc tao c4u hinh dé thu nhan ph?m dau trong goi tin hiéu dugc
gtri bdi nut truyén théng tht nhit, trong d6 phin déu bao gbm it nhét trudng thir
nhét va truong tht hai, séng mang phu ctia ky hiéu da hop phén chia theo tan sb
tryc giao OFDM cua truong thir nht dugc sir dung dé mang tin hiéu tham chiéu
thi nhét, tin hiéu tham chiéu thi nht 12 tin hiéu dugc x4c dinh ma duge biét t6i
ca nit truyén thong thir hai va nut truyén thong thir nhét, séng mang phu cia ky
hiéu OFDM cua trudng thi hai duoc st dung d&& mang thong tin hitu dyung, va
thong tin hitu dung 1a théng tin didu khién 16p vat ly va/hoic dit lidu; va

bd x1r ly, dugc tao c4u hinh dé thu nhan, nho st dung trudng thir nhét va
trudng thir hai & phan ddu duoc thu nhén béi bd thu phat, danh gia kénh thi nhét,
clia mdi dong khong gian, trén tit ca cic séng mang phu clia dai tan truyén da
dau vao da dau ra MIMO.
18. Nt truyén thong thir hai theo diém 17, trong d6 tAt ca cac song mang phu
trong mdi ky hiéu OFDM cuia truong thit nhét va truong thir hai 1an luot tuong
Umg vGi cac dong khong gian khac nhau, va cac dong khong gian tuong tmg voi

c4c séng mang phu clia cing vi tri trong cac ky hiéu OFDM khéc nhau 1a khac
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nhau.
19. Nt truyén thong thir hai theo didm 17, trong d6 tit ca cic séng mang phu
trong m3i ky hiéu OFDM ctia trudng thit nhit va trudng thit hai lan lugt twong
ung vol céc nhém dong khong gian khdc nhau, cdc nhém dong khong gian
tuong ng voi cac séng mang phy cua cung vi tri trong cac ky hiéu OFDM khac
nhau 13 khéac nhau, v nhém dong khong gian bao gdbm K dong khong gian; &
truomg tht nhét, sau khi trai qua bién dbi truc giao, K dong khong gian clia mdi
nhom dong khong gian 14n luot dugc truyén nhd sir dung céc séng mang phy ma
tuong tmg véi nhém dong khong gian va cia K ky hi¢u OFDM thir nhat; va &
truong thi hai, sau khi trai qua bién ddi truc giao, K dong khong gian cua mdi
nhém dong khong gian 1an lugt duge truyén nho sir dung céc song mang phu ma
tuong Ung véi nhém dong khong gian va cia K ky hiéu OFDM cua truong thir
hai.
20. Nut truyén théng thir hai theo diém 17, trong d6 séng mang phu 13 song
mang phu ngoai trir séng mang phu tin s6 khong va séng mang phy bdo vé€ ma
duge st dung dé ngin ngira t6n that kénh lién k& cia dai tin truyén MIMO.
21. Nit truyén thong tht hai theo diém 17, trong d6 b6 xit ly dugc tao ciu hinh
dic trung dé:

thu nhéin, nho st dung tin hi€u tham chiéu tht nhét duoc mang béi truong
thir nhét, danh gia kénh, ctia mdi dong khong gian, trén séng mang phu twong
ung & truong thir nhét;

thu nhan, nho phép noi suy, danh gid kénh thir hai, cua mdi dong khong
gian, trén tit ca cac séng mang phu ctia dai tAn truyén MIMO;

giai didu bién va giai ma, nhd st dung danh gid kénh thir hai, truong thir
hai dé thu nhén thong tin hitu dung dugc mang boi trudng thit hai;

inﬁ héa lai va diéu bién lai, nho st dung so dd diéu bién va m3 hoa ma
gidng nhu so dd diéu bién va ma hda duoc st dung trong céc thao tac giai didu
bién va gidi mé, thong tin hiru dyng dugc mang béi trudng thir hai, dé tao ra tin
hiéu tham chiéu tht hai twong tmg véi mdi séng mang phy cia mbi ky hidu

OFDM cua truong thi hai;
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thu nhén, nhe st dyung tin hiéu tham chiéu thtt hai tuong tmg v6i mdi song
mang phy ciia mdi ky hiéu OFDM ciia trudng th hai, danh gid kénh, ciia mbi
dong khong gian, trén séng mang phy twong tmg & trudng thit hai; va

thu nhan, bing cach két hop cac danh gi4 kénh, ctia mdi dong khong gian,
trén cac song mang phu tuong ung & truong thir nhét va trudng tha hai, d4nh gid
kénh thir nhét, ctia mdi dong khong gian, trén tit ca cac song mang phu cua dai
tAn truyén MIMO.
22. Nt truyén thong thir nhét bao gdm:

bo xit 1y, dugc tao cdu hinh d8 xé4c dinh phan dAu trong géi tin hiéu, trong
d6 phan dau bao gbm it nhit truong thir nhét va truong thir hai, séng mang phu
cua ky hiéu da hop phén chia theo thn sb truc giao OFDM cua trudng thi nhét
dugc st dung dé mang tin hiéu tham chiéu tht nht, tin hi¢u tham chiéu thi nhat
14 tin hidu dugc x4c dinh ma dugc bibt téi ca nit truyén thong thu hai va nut
truyén thong th nhét, séng mang phu cta ky hiéu OFDM cua truong thir hai
duoc st dung dé mang thong tin hitu dung, va thong tin hifu dung 1a thong tin
diéu khién 16p vat Iy va/hogc dit liéu; va

bo truyén, dugc tao cdu hinh dé giri géi tin hiéu ma bao gbm phin dau téi
nut truyén théng thit hai.
23. Nut truyén thong thir nhét theo diém 22, trong d6 tit ca cac song mang phu
trong m3i ky hiéu OFDM ciia truong thir nhét va trudng thir hai lan luot twong
ting v6i cac dong khong gian khac nhau, va cic dong khong gian twong g voi
céc séng mang phu clia cing vi tri trong cc ky hiéu OFDM khac nhau la khac
nhau.
24, Nut truyén thong thir nhét theo diém 22, trong d6 tit ca cac séng mang phy
trong mdi ky hiéu OFDM cua trudng thir nhét va truong thi hai 1an lugt tuong
mg v6i cac nhém dong khong gian khéc nhau, cdc nhém dong khong gian
twong Gmg voi cdc séng mang phu ciia ciing vi trf trong cdc ky hiéu OFDM khac
nhau 13 khac nhau, va nhém dong khong gian bao gébm K dong khong gian; &
trudng thir nhat, sau khi trai quan bién dbi truc giao, K dong khong gian cta mbi

nhém dong khong gian 14n luot duge truyén nhé st dung cc séng mang phu ma
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twong tmg v6i nhém dong khong gian va ciia K ky hi¢u OFDM cua truong tha

nhit; va & truong thit hai, sau khi trai qua bién ddi truc giao, K dong khong gian

ctia mdi nhém dong khong gian 1in luot duoc truyén nho st dung cic séng

mang phu ma tuong tng v6i nhém dong khong gian va cua K ky hiéu OFDM

cta truong thir hai.

25. Hé théng truyén thong bao gbm: ‘
nut truyén thong thtt hai theo diém bét ky trong sd cac diém tir 9 dén 13 va

nit truyén thong thir nhét theo diém 14.

-43-



26893

LTF-1 | LTF-2 | LTF-3 | LTF4

>  Thoi gian

O " ° o - ® Dong khong gian 1

~ B Dongkhong gian 2
o ‘“E-”D”': o B . . ‘ o
o : ' O  Dong khong gian 3
<3 :
= ] Dongkhong gian 4

[
FIG.1
201

S~

Thu nhén phin dau trong goi tin hiéu dugc giri béi nut truyén thong thir nhit, trong d6
phén d4u bao gdm it nhat trudng thi nhét va trudng th hai, ~song mang phu cua ky
hi¢u da hop phén chia theo tan sb truc giao cua trudng thir nhét dugc sir dung dé mang
tin hidu tham chiéu thir nhat tin hiéu tham chiéu thir nhét 13 tin hidu dugc x4c dinh ma
duoc biét téi ca nat truyén thong thir hai va nut truyén théng thr nhit, séng mang phu
ctia ky hidu da hop phan chia theo tin s6 truc giao ciia tradng thi hai dugc st dung dé
mang thong tin hitu dung, va thong tin hitu dung 14 théng tin diéu khién 16p vat ly
va/hodc dir liéu.
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Thu nhén, nho sir dung trudng thu nhét va trudng thir hai & phdn ddu, danh gia
kénh thr nhit, ciia mdi dong khong glan trén tit ca cc séng mang phu trén dai
tin truyén da dau vao da du ra
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Thu nhén phan dAu trong goi tin hidu dwgc giri béi nut truyén thong thir nhat trong d6 phin dau
bao gdm it nhat trudng thir nhét va trudng tht hai, séng mang phu ctia mdi ky hiéu da hop phén
chia theo tn sb truc giao ciia truomg thir nhét dwoc sir dung dé mang tin hi¢u tham chleu thir
nhét, tin hiéu tham chi€u thir nhét 12 tin hiéu dugc x4c dinh ma dugc biét ti ca nit truyén théng
thtr hai va niit truyén thong thir nhét, séng mang phu cia ky hiéu da hop phan chia theo tAn s6
true giao cta truong thir hai duge s dung dé mang thong tin hitu dung, va thong tin hitu dung 12
thong tin didu khién 16p vat 1y va/hodc dit liéu.

902

'

7

Thu nhén, nho str dung tin hiéu tham chiéu thir nhit dugc mang bdi trudng thir nht, danh
gia kénh, ciia mdi dong khéng gian, trén séng mang phy twong g ciia trrdng thir nhét

903

l

?

Thu nhén, nho phép ndi suy, danh gia kénh thir hai, cua mdi dong khdng gian, trén tit ca céc
séng mang phu cua dai tin truyén da diu vio da ddura

904

l

\

Giai didu bién va giai mi, nho sir dung d4nh gi4 kénh tht hai, truong thi hai dé thu nhin
thong tin hiru dung dugc mang béi trudng thir hai

905

'

7

M3 héa lai va didu bién lai, nho sir dung so db diéu bién va ma héa ma gibng nhu so dd diéu bién
va ma hoéa duge sir dung trong céc thao tic gidi dleu bién va giai ma, thong tin hitu dung dwgc
mang béi trudng thir hai, @& tao ra tin hiéu tham chleu thir hai twong ng v6i mdi séng mang phuy
ctia mbi ky hiéu da hop phén chia theo tan sb truc giao cla trudng thir hai

1 S~ 90

thu nhén, nh¢ st dyng tin hi¢u tham chiéu thir hai twong g v6i mdi song mang phu cua mdi ky
hiéu da hop phan chia theo tin s tryc giao clia truong thit hai, d4nh gi4 kénh, cia mdi dong
khong gian, trén séng mang phu twong ung cla truong thir hai

l /\/ 907

thu nhan, bing c4ch két hop céc danh gid kénh, cia mdi dong khong gian, trén cac song mang phu
twong Ung cua trudng thir nhét va trurong thir hai, danh gia kénh thir nhét, ciia mbi dong khong
glan trén tit ¢4 cac song mang phu ciia dai tin truyén da ddu vao da déu ra

FIG.13
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X4c dinh phin déu trong géi tin hidu, trong 46 phén dAu bao gdm it nhat truong thir nhét va
truong thir hai, séng mang phu ciia ky hi¢u da hop phén chia theo tin s truc giao cua trudng
thir nhét duoc sir dung ¢é mang tin hiéu tham chleu thr nhét, tin hiéu tham chleu thir nhit 1 tin
hidu dugc x4c dinh ma duge biét téi ca nit truyén thong thir nhat va niit truyén thong thir hai,
séng mang phu cua ky hiéu da hop phan chia theo tn s6 tryc giao cia trrong thir hai dugc sir
dung dé mang thong tin hitu dung, va thong tin hitu dung 14 thong tin diéu khién 16p vat ly
va/hodc dit liéu

1002
/\/

Gtri g6i tin hiéu ma bao gdm phin du t6i nut truyén thong thir hai

FIG14
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