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(57) Sang ché dé cap dén phuong phap va thiét bj dé truyén khung phan hdi trong hé thong

mang cuc b khong day (WLAN-wireless local area network). Cu thé, tram (STA-station)

thir nhat tao ra khung phan hdi trén co sé tao chum nhiéu nguodi ding (MU-multi user)
nhiéu dau vao nhiéu dau ra (MIMO-multi _input multi output). STA thur nhat truyén khung
phan hoi dén STA thir hai. Khung phan hdi bao gém thong tin lién quan dén bd mang con
phan hdi lién quan dén dai tan s duoc dat trude va truong bao céo tao chum cho tao chum

MU-MIMO. B mang con phan hdi bao gom b mang con thir nhat dugc truyén trude tién

trong bd mang con phan hoi va bd mang con thr hai dé xac dinh chi s6 bd mang con trén

co s gia tri nhom lién quan dén khoang bd mang con. Trudng bao cdo chum bao gom ty 16

tin hiéu d6i véi tiéng 6n (SNR-signal to noise ratio) thir nhat ctia b mang con thir nhét va

SNR khac biét thir nhat ctia bd mang con thir hai. SNR khac biét thir nhat 1a khac biét SNR

giita cac bd mang con lién ké nhau dugc bao gém trong bd mang con phan hoi.

( bt dau )

|
tao ra, boi STA thir nhat, khung phan hoi, dya trén quy
—S$1710

trinh tao chitm MU-MIMO

|
truyen. bon STA thir nhat.
khung phan hoi 1é1 STA thir hai — 51720

!

| két thiie }




36873

Linh vuc k¥ thuit dwoc dé cap

Sang ché dé cap dén k¥ thuat truyén / nhéan tin hi€u trong hé théng mang cuc
bo (LAN-local area network) khong ddy va cu thé hon 1a phuong phap va thiét bi dé
truyén khung phan héi bang cach thuc hién sy tao chiim nhiéu dau vao va nhiéu dau ra

(MIMO-multi input multi output).

Tinh trang ky thuit ciia sing ché

Tiéu chudn cho céng nghé LAN khéng day dang dugc phat trién theo tiéu
chuan 802.11 cua Vién Ky su Dién va bién tir (IEEE-Institute of Electrical and
Electronics Engineers). IEEE 802.11a va b str dung bang tin khong dugc cap phép
trong 2.4. GHz hodc 5 GHz. V4, IEEE 802.11b cung cip toc do truyén 11 Mb / gidy va
IEEE 802.11a cung cép tdc d6 truyén 54 Mb / gidy. Va, IEEE 802.11g cung cap toc do
truyén 54 Mbps bing cach ap dung ghép kénh phan chia tan sb truc giao (OFDM-
orthogonal frequency-division multiplexing). IEEE 802.11n cung cép toc do truyén
300 Mbps trén 4 ludng khong gian bang cach 4p dung nhiéu du vao va nhiéu dau ra-
OFDM (MIMO-OFDM). IEEE 802.11n hd trg bang thong kénh 1én t6i 40 MHz va
trong truomg hop nay, IEEE 802.11n cung cép tdc do truyén 600 Mbps.

Chuén LAN khéng day (WLAN) nhu mé ta & trén trude day duge dinh nghia
la tiéu chuin IEEE 802.11ac, sir dung bang théng t6i da 160 MHz, hd tr¢ 8 ludng
khong gian va hd trg toc do tdi da 1Gbit / s. V4, cac cudc thao ludn hién dang duoc
thuc hién trén tiéu chuan IEEE 802.11ax.

Trong khi d6, hé théng IEEE 802.11ad diéu chinh viéc ting cudng kha ning
cho Iuu luong siéu téc d6 & bang tin 60 GHz, va lan thir nhét, trong hé théng IEEE
802.11ad dugc mé ta ¢ trén, cac cudc thao ludn dang dugc thuc hién trén IEEE

802.11ay dé théng qua cac k¥ thuat lién két kénh va MIMO.
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Bin chit k§ thuit ciia sing ché

Sang ché d& cap dén phuong phap va thiét bi dé truyén khung phan hodi bang
cach thuc hién su tao chum nhiéu diu vao va nhiéu diu ra (MIMO) trong hé théng
mang cuc bd khong day (WLAN).

Séang ché dé cap dén phuong phap va thiét bj dé truyén khung phan hdi dé thue
hién su tao chum MIMO.

Phuong an d& xuat phuong phap dinh cAu hinh truong bao cao bd sung cho tao
chim MU-MIMO trong quy trinh phan héi tao chtim nén trong quy trinh tao chim lai.
Théng thudng, truong bao cdo dugc thém vao bao g@)m khac biét giira ty 1€ tin hiéu
déi voi tiéng dn (SNR-signal to noise ratio) trén mdi b mang con phan hoi va gia tri
SNR trung binh. Tuy nhién, phuong an hién tai dé xuat mot phuong phép giam s6 bit
cho phan hdi bing céch bao gdm SNR khéc biét (differential SNR), ddy la diém khac
biét gifta cac bd mang con lién ké.

Thit nhat, tom tit cac thuat ngit, tram (STA-station) thir nhét c6 thé twong (mg
v&i bd phan hdi dé thyc hién sy tao chum MIMO va STA th hai c6 thé twong tmg v6i
bo khéi tao dé thuc hién su tao chum MIMO. Do tao chum MIMO dugc md ta trong
phuong an hién tai lién quan dén tao chim nhiéu ngudi dung (MU-multi user) -MIMO,
nén c6 thé c6 rat nhidu STA thi nhét. Bd mang con c6 thé trong img véi tong.

STA thir nhét tao ra khung phan héi dya trén tao chum nhiéu nguoi dung (MU)
nhiéu diu vao nhidu ddu ra (MIMO). Tao chim MIMO c6 thé bao gdm quy trinh &m
thanh dé truyén / nhan géi (hodc khung) giao thirc sang loc chum hoédc pha sang loc
chum (BRP-beam refinement protocol / beam refinement phase).

Khung phan hdi duoc truyén dén STA thtt hai.

Khung phan héi ¢6 thé duge dinh nghia nhu sau.

Khung phan hdi bao gdm thong tin lién quan dén b6 mang con phan héi cho
dai tin sb duge xac dinh trudce va trudng bao céo tao chum cho tao chum MU-MIMO.

B6 mang con phan hdi bao gdm bd mang con thu nhit duoc truyén trude tién

trong bd mang con phan hoi va bd mang con thir hai ma chi s6 b mang con cua n6
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dugc xac dinh dua trén gia tri nhém lién quan dén khoang cach b mang con. B
mang con thtr hai c6 thé 1 by mang con phan héi trir b mang con thit nht.

B6 mang con thir nhat dugc dit thanh mot trong bd mang con mép trai hodc bd
mang con mép phai cua dai tn s6 dugc xac dinh trudc.

Trudng bao co tao chim bao gdm ty 1¢ tin hiéu ddi véi tiéng on (SNR) thi
nhét cho bd mang con thi nht va SNR khéc biét thit nhat cho bd mang con thtr hai.

SNR khac biét thit nht 1a khac biét SNR giita cac bd mang con lién ké c6
trong bd mang con phan hdi.

Nghia la, SNR thit nhdt cho bd mang con thi nhit khong thé dugc dit thanh
SNR khac biét do bd mang con thir nhét khong c6 muc tiéu so sanh. Do do, gia tri
SNR c6 thé duge phan hdi cho bd mang con thir nhat va SNR khéc biét ¢6 thé dugce
phan hdi tir by mang con thir hai 1a b mang con phan héi trir bd mang con thtr nhét.
Nghia la, bd mang con phan hdi bao gém c6 trong bd mang con thi hai dugc sir dung
dé phan hdi khéc bit SNR giita cdc bd mang con lién ké, do d6 lam giam s6 luong bit
phan hoi.

Cu thé, SNR tht nhét c6 thé c6 duge cho ludng khong gian-thdi gian béng
cach sir dung phuong trinh dudi day.

W, eeamcoVsciaeioil
D_SNRgiaxoi =10l0g15 (————E L e ‘i )

Hician0) ¢6 thé 1a kénh MIMO wéc tinh cho bo mang con thir nhat.

Vscidx(0),i €O thé 1a cot i ctia ma trin tao chum V cho bd mang con thir nhét.

i c6 thé 1a chi s6 cua ludng khong gian-thoi gian.

N c6 thé 1a cong sudt tiéng On cong nhifu trung binh (average noise plus
interference power), dugc do tir STA thir nhat.

scidx(0) 14 chi s6 bo mang con thir nhét c6 thé dugc biéu thi dudi dang chi sb
bo mang con 1 va c¢6 thé 1a chi s6 b mang con ctia by mang con thir nhit.

SNR thir nhét c6 thé c6 do chi tiét 0,25dB, gia tri tdi thicu 1a -8dB, va gia tri
t8i da 14 55.75dB. SNR thi nhét c6 thé duge luong tir héa véi 8 bit dua trén do chi tiét,
gid tri t6i thidu, va gia tri t6i da. SNR thit nhat c6 thé dugc biéu thi bang gi4 tri trong
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pham vi tir -8 dB dén 55,75dB véi budc 0,25dB béng cach sir dung 8 bit.
SNR khac biét thu nhat ¢6 thé c6 duge cho ludng khong gian-thoi gian dua

2
Hi 1V 1
)_ Joa (u i )

k ¢6 thé 1a chi s0 bd mang con ctia b mang con thir hai.

Hi c6 thé 1a kénh MIMO ude tinh cho b mang con phan hoi k.

trén phuong trinh dudi day.

”Hka,zHZ
N

DSNRk‘i = 10log10<

Vkico thé 1a cOt i ctia ma trdn tao V cho bd mang con phan hdi k.

i c6 thé 1a chi sé cua ludng khong gian-thoi gian.

N ¢6 thé 13 cong suét tiéng dn cong nhidu trung binh, duge do tir STA thir nhat.

SNR khac biét thir nht c6 thé c6 do chi tiét 1a 1dB, gia tri t6i thicu 1a -8dB, va
gia tri t6i da 1a 7dB. SNR khac biét thit nhat ¢6 thé dugc luong tir héa véi 4 bit dua
trén d6 chi tiét, gi tri t5i thiéu, va gia trj t6i da. SNR khac biét thir nhat 6 the duoc
bidu thi bing mot gid tri trong pham vi tir -8 dB dén 7dB véi budc 1dB bang cach sir
dung 4 bit

Phuong én ctia SNR khéc biét thir nhat duge md ta chi tiét dudi déy phuong
4n ctia SNR khac biét thir nhat dugc mo ta chi tiét dudi day.

Néu chi sb bo mang con cua by mang con thur nhét 1a 1, thi bd mang con thtr
hai ¢6 thé bao g6m mot bd mang con thtr ba ma chi s6 bd mang con cua no la 2 va bd
mang con thur tr ma chi s6 bo mang con ctia n6 1a 3.

SNR khéc biét thtr hai cho bd mang con thir ba cé thé 1a khac biét SNR giita
bd mang con thr nhat va bd mang con thit ba. SNR khac biét thir hai c6 thé c6 duoc
dua trén phuong trinh trén khi k = 2. Phuong trinh trén c6 thé 1a phuong trinh 3 hodc 4.
Cu thé, SNR khéc biét thir hai c6 thé dugc dat thanh gia tri khac biét SNR gilta SNR
thir nhat va SNR thit hai cho bd mang con thit ba. Tuy nhién, gia tri khac biét SNR co
thé bi gi¢i han trong pham vi gia tri t5i thiéu (-8dB) dén gi tri t6i da (7dB).

SNR khéc biét thtt ba cho bd mang con thir tir c6 thé 1a khéc biét SNR gifra bd
mang con thir hai va bd mang con thit ba. SNR khac biét thir ba co thé c¢6 duge dua

trén phuong trinh trén khi k = 3. Phuong trinh trén c6 thé 1a phuong trinh 3 hodc 4. Cu
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thé, SNR khac biét thi ba c6 thé duoc dit thanh gia tri khac biét SNR gitta SNR thir
hai va SNR thit ba cho bd mang con thit tu. Tuy nhién, gia tri khac biét SNR ¢ thé bi
061 han trong pham vi gia tri ti thiéu (-8dB) dén gié tri t6i da (7dB).

B6 mang con thi tu co thé 14 b mang con phan hdi duge dat cach ra tir bo
mang con thir ba theo gia tri nhém.

Nghia 14, trong b mang con phan hdi c6 khoang cach gitta gia tri nhom, SNR
c6 thé duoc do cho mdi bd mang con. Nghia 1, trong b mang con phéan hdi ¢6
khoang cach gifta gia tri nhém, SNR ¢6 thé dugc do cho mdi bd mang con. Gia tri
SNR c¢6 thé duoc phan héi truc tiép cho bd mang con thu nhit duoc truyén trude tién
trong s cac bd mang con phan hdi va khac biét SNR giita cac bd mang con lién ké co
thé duoc phan hoi bt dAu tir bd mang con thir hai.

Dai tAn s6 dugc xéc dinh trude c6 thé dugce dat cho mot kénh, hai kénh lién két,
ba kénh lién két hodc bén kénh lien két,

Gia tri nhém c6 thé duoc dat thanh mot trong cac gia tri 2, 4, 8 va 16.

Theo phuong 4n dugc dé xuét trong sang ché, do SNR khéc biét 1a khac biét
SNR gifra cac bd mang con lién k& dugc phan héi trong truong bao céo tao chum ddc
quyén MU dugc cAu hinh cho MU-MIMO, s bit can thiét cho phan hdi ¢6 thé giam,
va théng tin trang thai kénh c6 thé duoc phan hdi mot cach hiéu qué trong quy trinh

tao chum.

MBS ta vén tit cac hinh vé

FIG. 1 1 so dd thé hién cAu hinh mau ctia hé théng LAN khong day (WLAN).

FIG. 2 1a so dd thé hién cAu hinh miu khac ctia h¢ théng LAN khong déy
(WLAN).

FIG. 3 14 so db m6 ta kénh trong bang tAn 60GHz dé mo ta hoat dong lién két
kénh theo phuong 4n ctia séng ché.

FIG. 4 1a so dd md ta mot phuong phap co ban dé thuc hién lién két kénh
trong hé thong LAN khong day (WLAN).

FIG. 5 12 so d mé ta cAu hinh ctia khoang mdc bao.
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FIG. 6 1a so d m6 ta cAu hinh vat 1y ciia khung radio ké thira.

FIG. 7 va FIG. 8 1a c4c so dd md ta cAu hinh ctia trudong tiéu dé ctia khung
radio dugc thé hién trong FIG. 6.

FIG. 9 14 so dd thé hién cAu trac PPDU ¢6 thé duoc 4p dung cho sang ché.

FIG. 10 la so dd thé hién cAu tric PPDU don gian c6 thé duge 4p dung cho
sang ché.

FIG. 11 la so dd thé hién hoat dong dé thuc hién sy tao chum trén mot kénh
theo phuong an miu muc ctia sang ché.

FIG. 12 cho théy vi du vé quy trinh dao tao tao chum c6 thé duoc ap dung cho
sang ché.

FIG. 13 va FIG. 14 la so db thé hién cac vi du vé giai doan quét mirc khu vuc
(SLS-Sector Level Sweep).

FIG. 15 thé hién quy trinh tao chum lai SU-MIMO theo phuong an cta sang
ché.

FIG. 16 thé hién truong diéu khién Fbck k¥ thuét s6 theo phuong 4n cua sang
ché.

FIG. 17 1a so dd thé hién quy trinh trong d6 thiét bi truyén phat khung phéan
hdi d thuc hién su tao cham MIMO theo phuong 4n séng ché.

FIG. 18 1a so dd thé hién quy trinh trong d6 thiét bi nhan nhén dugc khung
phan hdi dé thuc hién su tao chum MIMO theo phuong an sang ché.

FIG. 19 thé hién quy trinh truyén khung phan héi dé thuc hién sy tao chum
MIMO theo phuong 4n cua sang ché.

FIG. 20 1a so dd mo ta thiét bi dé thuc hién phuong phap duge mé ta & trén.

FIG. 21 thé hién thiét bi khéng day chi tiét hon dé thyc hién phuong 4n cua

sang che.

M ta chi tiét sang ché
Sau day, phuong an dugc uu ti€n cua sang ché s& dugc mé ta chi tiét v6i tham

chiéu dén cac ban v&. Mo ta chi tict sau day s& duge boc 16 cling vdi cac ban v€ duge
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ndi thém s& chi duoc cung cap dé mé ta mot phuong an chudn cua sang ché. Va, do do,
nén hiéu ring phuong 4n nay dugc trinh bay & déy s& khong dai dién cho phuong an
duy nhét dé thyuc hién cac dac diém k¥ thuat clia sang ché.

M ta chi tiét sau ddy bao gdm cac chi tiét cu thé dé cung cap k¥ thuat mot
cach diy du vé sang ché. Tuy nhién, 1& rang véi ngudi co hiéu biét trung binh trong
linh vuc k¥ thut c6 thé duoc thuc hién ma khong cin tham khao céc chi tiét cu thé
néu trén. Trong mot sé trudng hop, dé tranh bat ky sy mo hd nao trong khéi niém vé
sang ché, cAu tric va thiét bj duge tiét 16 c6 thé duge bé qua, hodc cdu tric va thiét bi
duoc tiét 16 c6 thé duoc minh hoa du6i dang so dd khéi dua trén cac chire nang cdt 16
cua ching.

Mic du cac hé théng thong tin di dong da dang 4p dung sang ché ¢ thé ton tai,
hé théng LAN khong day (WLAN) sau ddy s& dugc mé ta chi tiét nhu mot vi dy vé hé
théng théng tin di dong nhu vay.

1. Hé théng LAN khéng day (WLAN)

1-1. Hé thdng LAN khéng diy (WLAN) chung

FIG. 1 1a so dd thé hién cAu hinh mAu ctia hé théng LAN khong day (WLAN).

Nhu thé hién trong FIG. 1, LAN khong day (WLAN) bao gdm mét hodc nhiéu

tap hop dich vu co ban (BSS-Basic Service Set). BSS 1a mot tap hop (hodc nhom) cac
tram (STA) thanh cong dat duoc déng bo héa dé lién lac véi nhau.

La mot thuc thé logic bao gdm diéu khién truy cdp phuong tién (MAC-
Medium Access Control) va giao dién 16p vat ly cho phuong tién khong day, STA bao
gdm diém truy cap (AP-access point) va tram khéng AP. Trong s6 cac STA, mot thiét
bi di dong (hodc thiét bi d4u cudi) duoc van hanh boi nguoi dung tuong tmg v6i tram
khéng AP. Va, do do, khi mot thuc thé dugc dé cap don gian 1a STA, STA cfing ¢6 thé
dé cap dén mot tram khong AP. O day, tram khong AP cling c6 thé duoc goi la céc
thuat ngit khac, ching han nhu thiét bi diu cudi, thiét bi phat / nhan khéng day
(WTRU-wireless transmit/receive unit), thiét bi nguoi dung (UE-user equipment),
tram di dong (MS-mobile station), thiét bi dau cudi di dong, don vi thué bao di dong,

V.V..
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Ngoai ra, AP 1a thuc thé cung cip cho tram lién két (STA) quyén truy cdp vao
hé thdng phén phéi (DS-distribution system) thong qua phuong tién khong day. O day,
AP cling co thé duogc goi la bo diéu khién tap trung, tram géc (B), Node-B, hé théng
thu phat co s (BTS-base transceiver system), diém truy cdp / diém trung tAm tap hop
dich vu co ban ca nhan (PCP / AP-personal basic service set central point/access
point), bo didu khién trang web, v. v..

BSS ¢6 thé dugc phan loai 1a BSS co 56 ha tang va BSS doc 1ap (IBSS).

BSS thé hién trong FIG. 1 twong tmg voi IBSS. IBSS d cap dén BSS khong
bao gdbm AP. V4, vi BSS khong bao gdbm AP, quyén truy cdp vao DS khong dugce cap
phép (hodc dugc phé duyét), va do do, IBSS hoat dong nhu mang ddc 1ap.

FIG. 2 1a so dd thé hién cAu hinh mAu khac cta hé théng LAN khong day
(WLAN).

BSS thé hién trong FIG. 2 tuong tng v6i BSS co s¢ ha tang. BSS co s& ha
tAng bao gdm mot hozc nhiéu STA va AP. Theo quy dinh, mic du giao tiép giita céac
STA khéng phai AP dugc thiét 1ap bang cach chuyén qua AP, trong truong hop lién két
tryc tiép duge cau hinh gitta cac STA khong AP, giao tiép truc tiép ciing co thé duge
thiét 1ap gitra cac STA khong AP.

Nhu thé hién trong FIG. 2, da sb cac BSS co so ha téng c6 thé dugc két ndi
v6i nhau théng qua DS. Da sb cac BSS dugce két ndi v6i nhau thong qua DS duge goi
chung 1a tap hop dich vu mé réng (ESS-extended service set). Cac STA duge bao g@)m
trong ESS c6 thé thuc hién lién lac gifta nhau va STA khong AP c6 thé chuyén (hoic
di chuyén) tir BSS nay sang BSS khéc trong cung mét ESS trong khi thuc hién lién lac
khong bi gian doan.

La thiét bi két ndi da sé cac AP, DS khong nhét thiét phai tuong tmg v6i mot
mang. Mién la DS c6 kha nang cung cép dich vu phan phéi duge xéc dinh trude,
khong c6 gidi han trong ciu triic hodc cAu hinh cua DS. Vi du: DS ¢6 thé twong tmg
v6i mang khéng ddy, chang han nhu mang lugi hodc DS ¢6 thé twong tmg véi cau truc
vat Iy (hodc thuc thé) két nbi cdc AP v6i nhau.

Sau day, phuong phép lién két kénh dugc thuc hién trong hé théng LAN
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khéng diy sau day s&€ dugc mo ta chi tiét dva trén mé ta dugc trinh bay & trén.
1-2. Lién két kénh trong hé théng LAN khong day (WLAN)
FIG. 3 14 so dd md ta kénh trong bing tAn 60GHz dé mé ta hoat dong lién két

kénh theo phuong 4n ctia sang ché.

Nhu thé hién trong FIG. 3, 4 kénh c¢6 thé dugc cau hinh trong bang thong
60GHz va bing thong kénh chung co thé bing 2,16GHz. Bang théng ISM (57 GHz ~
66 GHz), c6 sin dé sir dung & tdc d6 60 GHz, co thé dugc diéu chinh khéc nhau tuy
theo hoan canh (hodc tinh hudng) cia mdi qudc gia. N6i chung, trong s6 cac kénh
duge thé hién trong FIG. 3, vi kénh 2 c6 sin dé sir dung 1 tat ca céc ving, kénh 2 ¢6
thé duoc sit dung lam kénh mic dinh. Kénh 2 va kénh 3 c6 thé duge sit dung & hau hét
cac khu vuc trir Uc. Va theo d6, kénh 2 va kénh 3 c6 thé dugc st dung dé lién két
kénh. Tuy nhién, cin hiéu ring cac kénh khic nhau c6 thé duge st dung dé lién két
kénh. V4, do d6, sang ché s& khong bi gi6i han chi ¢ mot hodc nhiéu kénh cu the.

FIG. 4 13 so b mo t& mot phuong phap co ban dé thuc hién lién két kénh
trong hé thdng LAN khéng day (WLAN).

Vi du thé hién trong FIG. 4 twong tmg véi vi du vé viéc két hop hai kénh 20
MHz va van hanh (hodc st dung) cac kénh két hop dé lién két kénh 40 MHz trong hé
théng IEEE 802.11n. Trong truong hop hé théng IEEE 802.1lac, lién két kénh
40/80/160 MHz c6 thé dugc thyc hién.

Hai kénh mAu cta FIG. 4 bao gdm kénh chinh va kénh phu va STA c6 thé
kiém tra trang thai kénh ctia kénh chinh, gitta hai kénh, bang cach st dung phuong
phéap CSMA / CA. Néu kénh chinh la nhan 10i trong khodng thoi gian lién tuc backoff,
va, & thoi diém ma dém backoff 1a bang 0, néu kénh tht cip 1a nhan rdi trong thoi
gian nhat dinh cta thoi gian (vi du, PIFS), cdc STA c6 thé truyén dit liéu bing cach két
hop kénh chinh va kénh phu.

Tuy nhién, trong trudng hop thuc hién lién két kénh dua trén tranh chap, nhu
thé hién trong FIG. 4, nhu dugc mo ta & trén, vi lién két kénh chi c6 thé dugc thuc
hién trong truong hop han ché khi kénh thtt cép duy tri trang thai khéng hoat dong
trong khoang thoi gian dinh trudc tai thoi diém ma s6 lugng backoff cho kénh chinh
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da hét, viéc sir dung kénh lién két rat han ché (hoic han ché). Va, do do, 6 kho khan
trong d6 1a cac bién phap khong thé duoc thuc hién linh hoat theo hoan canh (ho#c
tinh hudng) ctia phuong tién.

Theo do, trong khia canh cta sang ché, giai phép (hodc phuong phap) dé thuc
hién truy cép dua trén 1ap lich bang cach c6 AP truyén thong tin lap lich cho STA dugc
dé xuit. Trong khi d¢, & khia canh khac cta sang ché, giai phap (hoic phwong phap)
dé thuc hién truy cap kénh dua trén tranh chép duva trén 1ap lich dugc mod ta ¢ trén
hodc doc 1ap véi lap lich duge mo ta & trén dugc dé xuét. Hon nita, trong khia canh
khéc cua sang ché, phuong phap dé thuc hién giao tiép thong qua k¥ thuat chia sé
khong gian dua trén tao chim dugce dé xuat.

1-3. Khoang mdc bao ciu hinh

FIG. 5 13 so dd mé ta cAu hinh ctia khoang méc béo.

Trong hé théng DMG BSS dya trén 1lad, thoi gian cia méi trudong co thé
dugc chia thanh cac khoang mdc bao. Mot khoang thoi gian clp thip hon trong
khoang méc bao c6 thé dugc goi la mot khoang thoi gian truy cép. MOi giai doan truy
cép khac nhau trong mot khoang mdc bao co thé c6 mot quy tic truy cap khac nhau.
Théng tin nhu vAy v& thoi gian truy cap c6 thé duge truyén boi AP hodc diém kiém
soat tap hop dich vu co ban ¢4 nhan (PCP) dén STA khong AP hogc khong PCP.

Nhu thé hién trong vi du vé FIG. 5, mot khoang mébc bao cé thé bao gém
khoang thoi gian tiéu d& tin hiéu (BHI-Beacon Header Interval) va khoang thoi gian
truyén dit liu (DTI-Data Transfer Interval). Nhu thé hién trong FIG. 4, BHI c6 thé
bao gdm khoang thoi gian truyén tin hiéu (BTI-Beacon Transmission Interval), dao
tao tao chum két hop (A-BFT-Association Beamforming Training) va khoang thoi
gian truyén théng bao (ATI-Announcement Transmission Interval).

BTI @& cap dén khoang thoi gian (hoic phin hoac thoi lugng) trong d6 c6 thé
truyén thém khung tin hiéeu DMG. A-BFT dé cép dén khoang thoi gian trong d6 dao
tao tao chum dugc thuc hién boi STA, da truyén khung tin hiéu DMG trong BTI trudc
d6. ATI @ cap dén khoang thoi gian truy cap quéan ly dua trén yéu cau dap tmg gitta
PCP / AP va khong PCP / khong AP STA.
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Trong khi dé, khoang thoi gian truyén dit liéu (DTI) dé cap dén khoang thoi
gian trong do viéc trao ddi khung dugc thuc hién gitta cac STA. Va, nhu FIG. 5, mot
hodc nhiéu chu ky truy cép dua trén sy tham gia (CBAP) va mot hodc nhiéu chu ky
dich vu (SP) co thé duoc phéan bd (hodc duoc chi dinh) cho DTI. Mac du FIG. 5 cho
théy vi du trong d6 2 CBAP va 2 SP dugc phan bd cho DCI, day chi 1a mu. Va, do do,
séng ché khong nhit thiét chi giéi han & dieu nay.

FIG. 5 thé hién cAu tric cua giai doan dich vu TDD (SP). TDD SP bao gdm
mdt hogc nhiu khoang TDD lién tiép va lién ké (khoang TDD 1, khoang TDD 2, ...,
khoang TDD Q) duoc hién thuc héa boi yéu 6 cau truc khe TDD. Khoang TDD bao
gdm mot hodc nhidu khe TDD. Cac khe TDD lién ké dugc thé hién trong FIG. 5 phai
duoc phan tach tam thoi theo thoi gian bao vé (GT) duge xac dinh boi thanh phéan tir
cAu trac khe TDD (theo FIG. 5, cac khe dugc phén tach tam th(‘ji theo GT1, GT2,
GT3). Néu tAt ca cac hoat dong STA giéng hét nhau, viéc truyén va nhan cac khe
TDD lién k& duoc phan bd cho cung mot cap STA cé thé duoc tiép tuc gifta cac khe
TDD lién ké.

STA ¢6 y dinh truyén dit liéu thong qua hoat dong tao chum dugc goi 1a bd
khoi tao va STA nhan dit lidu duoc truyén tir bo khdi tao duge goi 1a bd phan hoi.
Theo FIG. 5, bd khéi tao ¢6 thé truyén dit liéu (hodc khung) dén bd phan hoi trong
khe TX TDD (khe TDD 0, khe TDDI, ..., khe TDD i) va bd phan hdi ¢6 thé nhén dit
liéu (hodc khung) bo khoi tao trong khe RX TDD (khe TDDi + 1, khe TDDi + 2, ...,
khe TDDM).

Sau ddy, cAu hinh 16p vat ly trong hé théng LAN khéng diy (WLAN), trong
d6 sang ché s& dugc ap dung, s& dugc md ta chi tiét,

1-4. C4u hinh 16p vt 1y

Gia dinh ring hé théng LAN khéng day (WLAN) theo phuong 4n méu cua

séng ché ¢6 thé cung cép 3 ché do diéu ché khac nhau nhu dugc thé hién bén dudi.
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[Bang 1]

PHY MCS Chay

PHY diéu khién 0

bd mang don PHY 1...12 (cong sudt thap SC
(SC PHY) 25..31 PHY)

OFDM PHY 13..24

Cac ché do didu ché nhu vay c6 thé duoc sir dung dé dap umg céc yéu cau khéc
nhau (vi du: luu lugng cao hodc do 6n dinh). Tuy thudc vao hé théng, trong sb cac ché
6 didu ché duoc trinh bay & trén, chi mot s ché do diéu ché c6 the duge hd trg. FIG.
6 12 so dd mé ta cAu hinh vat 1y ctia khung radio ké thira.

N6 s& duoc gia dinh ring tit ca cac 16p vat ly da gigabit dinh huéng (DMG)
thuong bao goém céc truong dugce thé hién bén dudi trong FIG. 6. Tuy nhién, phuong
phap quy dinh ctua timg linh vuc riéng 1€ va so dd didu ché / ma hoa dugc sit dung
trong tung linh vuc co thé khac nhau tiry thudc vao timg ché dd.

Nhu thé hién trong FIG. 6, phan m& dau cta khung vo tuyén c6 thé bao gém
truong dao tao ngin (STF-Short Training Field) va du toan kénh (CE-Channel
Estimation). Ngoai ra, khung vo tuyén ciing c6 thé bao gbm tiéu dé va truong dit liéu
dudi dang tai trong ctia khung vo tuyén va c6 thé tiry y bao gdm trudmg dao tao (TRN)
dé tao chum.

FIG. 7 va FIG. 8 1a c4c so dd m6 ta chu hinh cta trudng ti€u dé clia khung
radio duoc thé hién trong FIG. 6.

Cu thé hon, FIG. 7 minh hoa truong hop st dung ché d6 bd mang don (SC).
Trong ché d6 SC, tiéu dé c6 thé bao gdm thong tin chi sb gia tri ban dau clia sy xdo
tron, thong tin chi s6 so db diéu ché va ma héa (MCS) va d dai dir liéu, thong tin cho
biét sy hién dién hay ving mat ciia don vi dit liéu giao thuc vat Iy bo sung (PPDU-

Physical Protocol Data Unit) va thong tin vé loai 201, thoi lugng dao tao, té)ng hop
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hoac khong téng hop, su hién dién hay Véng mat cua yéu cAu dao tao chum, chi sb
cuong do tin hiéu nhan dugc (RSSI), cit xén hodc khong cit xén, trinh tu kiém tra tiéu
d& (HCS-Header Check Sequence), v. v.. Ngoai ra, nhu thé hién trong FIG. 7, tiéu dé
c6 4 bit danh riéng, va trong md ta dugc trinh bay bén dudi, cac bit danh ri€éng nhu
vay cling cé thé dugc st dung.

Ngoai ra, FIG. 8 minh hoa c4u hinh chi tiét cta tiéu dé twong tmg v6i truong
hop 4p dung ché d6 OFDM. Tiéu dé c6 thé bao gdm thong tin chi s6 gid tri ban dau
cta sy x40 tron, thong tin chi s6 MCS va d6 dai dit liéu, thong tin cho biét sy hién
dién hay Véng mit cta PPDU bb sung va thong tin vé loai 201, thoi luong dao tao,
téng hop hodc khong téng hop, su hién dién hodc véng mat ctia yéu cAu dao tao chum,
RSSI cudi cung, cit xén hodc khong cit xén, trinh ty kiém tra tiéu dé (HCS), v. v.
Ngoai ra, nhu thé hién trong FIG. 8, tiéu dé ¢6 2 bit danh riéng, va, giéng nhu trong
truong hop ctia FIG. 7, trong phan md ta dugc trinh bay dudi déy, cac bit danh riéng
nhu vay cling c6 thé dugc str dung.

Nhu d3 mé ta & trén, 1An tht nhat hé thong IEEE 802.11ay xem xét viéc ap
dung kénh lién két k§ thuat MIMO v&i hé théng 11ad ké thira. D& trién khai lién két
kénh va MIMO, hé thdng 11ay yéu ciu cau tric PPDU moi. Néi cach khéc, khi str
dung cAu trac PPDU ké thira 11ad, c6 nhing han ché trong viéc hd tro thiét bi nguoi
dung ké thira (UE) va thuc hién lién két kénh va MIMO cung mt luc.

Péi voi diéu nay, mdt truong méi cho UE 1lay co thé duoc xac dinh sau
trudng tiéu d& mé dau va ké thira dé hd trg UE ké thira. Va, & day, lién két kénh va
MIMO c¢6 thé dugc hd trg bang cach st dung truomg duge xac dinh méi.

FIG. 9 la so db thé hién cdu tric PPDU theo phuong 4n dugc uwu tién cta séng
ché. Trong FIG. 9, truc hoanh c6 thé twong ung voi mién thoi gian va truc doc 6 thé
tuong Ung v6i mién tan so.

Khi hai hodc nhiéu kénh duoc lién két, bang thong tan s6 c6 kich thude duoc
xéc dinh truge (vi du: bang théng 400 MHz) c6 thé ton tai gilta bang thong tan s6 (vi
du: 1,83GHz) duge st dung gitta mdi kénh. Trong truong hop ché d hdn hop, phan
m& dau ké thira (STF ké thira, CE ké thira) duoc sao chép qua timg kénh. Va, theo
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phuong 4n mau cia sang ché, né c6 thé duge coi 1a thuc hién viée truyén (lap khoang
cach) cta truong STF va CE mdi cung voi phin m& dau ké thira cing luc thong qua
bang théng 400 MHz gitra mdi kénh.

Trong truong hop nay, nhu thé hién trong FIG. 9, cdu tric PPDU theo sang
ché c6 céu tric truyén ay STF, ay CE, ay tiéu d2 B va ay tai trong sau phan m& dau ké
thira, tiéu dé k& thira va ay tiéu d& A qua bang thong rong. Do do, cac trudng tai trong
ay va ay tai trong, dugc truyén sau trudng tiéu dé, co thé dugc truyén qua cac kénh
duoc str dung d lien két kénh. Sau dy, dé phan biét tiéu dé ay vdi tieu dé ké thura,
titu d& ay co6 thé dugc goi la tieu dé da gigabit dinh huéng (EDMG-enhanced
directional multi-gigabit) dugc dinh hudng nang cao va cac thuat nglt twong tmng co6
thé duoc sir dung thay thé cho nhau.

Vi du: tbng cong 6 kénh hodc 8 kénh (mdi kénh tuong tng v6i 2,16 GHz) co
thé tn tai trong hé théng 1lay va t6i da 4 kénh c6 thé duge lién két va truyén dén
STA don. Theo do, tiéu dé ay va tai trong ay c6 thé duoc truyén qua bang thong cia
2,16GHz, 4,32GHz, 6,48GHz, va 8,64GHz.

Ngoai ra, tao PPDU cua truong hop trong do phdn mé dau ké thira dugc
truyén lap di ldp lai ma khéng thuc hién dién vao chd trong dugc md ta ¢ trén cling ¢6
thé dugc xem xét.

Trong truong hgp nay, do Gap-Filling khong duoc thuc hién, PPDU c¢6 tao
truyén ay STF, ay CE va ay tiéu dé B sau phin m¢ dau ké thira, tiéu dé ké thira va ay
tiéu d& A ma khong c6 GF-STF va céc truong GF-CE, dugc minh hoa trong cac duong
cham trong FIG. 8.

FIG. 10 1a so db thé hién cAu tric PPDU don gian c6 thé dugc ép dung cho
sang ché. Khi tém tit ngén gon tao PPDU dugc mo ta ¢ trén, tao PPDU cé thé dugc
minh hoa nhu thé hién trong FIG. 10.

Nhu thé hién trong FIG. 10, tao PPDU ép dung cho hé théng 11ay c6 thé bao
gdm L-STF, L-CEF, L-tiéu d&, EDMG-tiéu dé-A, EDMG-STF, EDMG-CEF, EDMG-
tieu dé-B, dir liéu va TRN céc truomg va cac truong duge dé cap ¢ trén co thé duoc

bao g?)m ¢6 chon loc theo tao cua PPDU (vi du: SU PPDU, MU PPDU, v. v.).
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O day, phan (hodc phin) bao gdm cac truong ti€u d& L-STF, L-CEF va L-c6
thé duge goi 1a phin khong EDMG va phén (hodc phan) con lai ¢ thé dugc goi la
phan EDMG (hodc khu vyc). Ngoai ra, cac truong L-STF, L-CEF, L-tiéu dé va
EDMG-tiéu dé-A c6 thé duoc goi 1a cac truong duoc diéu ché truéc EDMG va céc
truong con lai co thé duoc goi 1a cac truong dugce diéu ché EDMG.

L&i mo dAu (ké thira) 6 thé 1a phin cia PPDU duge st dung d€ phat hién goi,
didu khién khuéch dai tu dong (AGC), ude tinh bu tn s6, dong bo hoa, chi sé diéu
ché (SC hodc OFDM) va uéc tinh kénh. Tao cua phin mo& dau c6 thé chung cho ca goi
OFDM va goi SC. Trong truong hop nay, phén mé dau c6 thé bao gdm truong dao tao
ngén (STF) va uéc tinh kénh (CE) nam sau STF.

2. Quy trinh tao chiim 4p dung cho sang ché

Nhu d3a mé ta & trén, cdc phuong phdp nhu lién két kénh, tip hop kénh,
FDMA, v. v., truyén dir licu béng cach su dung nhiéu kénh cing mot luc ¢é thé duoc
ap dung trong hé thong 11ay c6 thé ap dung cho sang ché. Dac biét nhit, vi hé thong
Ilay c6 thé ap dung cho sang ché st dung tin hi€u cua dai tan sb cao, hoat dong tao
chum c6 thé duoc ap dung dé truyén va / hodc nhén tin hiéu & muc do tin cly cao.

Tuy nhién, trong hé thng k¥ thuat 11ad ¢ lién quan, phuong phép tao chum
cho mét kénh chi duoc tiét 16 va khong c6 ham ¥ nao dbi véi bat ky phuong phap tao
chum nao c6 thé ap dung cho nhiéu kénh. Theo dé, sang ché dé xuit mot quy trinh tao
chum ap dung cho phuong phap truyén dit liéu dang dugc thyuc hién thong qua nhiéu
kénh (vi du: lién két kénh, tap hop kénh, FDMA, v. v.) theo hé théng 11ay.

Cu thé hon, sau day la phuong phap thuc hién sy tao chum cho chi mét kénh
(muc 3.1.). Va phuong phéap thuc hién sy tao chum cho nhiéu kénh lién tuc hoic
khong lién tuc (muc 3.2.), dugc STA thuc hién trude qua trinh truyén dit liéu dé thuc
hién viéc truyén dit liéu théng qua tao chum, mdi cai s& duoc mb ta chi tiét.

2.1. Thuc hién su tao chum chi cho mét kénh

FIG. 11 1a so dd thé hiénhoat dong dé thuc hién sy tao chum trén mot kénh
theo phuong 4n miu cua sang ché. P& cap dén FIG. 11, STA ¢4 y dinh truyén dit lidu
thong qua hoat dong tao chum duoc goi 1a bo khoi tao va STA nhén dit liéu tur bo khaoi
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tao duogc goi la b phan hdi. Ngoai ra, mac du chi co téng cong 2 kénh (vi du: CHI,
CH2) dugc thé hién trong FIG. 11, cAu hinh cua sang ché cling co thé duoc ap dung
rong i cho lién két kénh, téng hop kénh, v.v., thong qua 3 hogc nhiéu kénh.

Nhu thé hién trong FIG. 11, quy trinh tao chum theo phuong an mau clia sang
ché ¢6 thé duge ciu hinh cua pha quét mirc khu vie (SLS), pha thiét 1ap lién két kénh
va pha truyén lién két kénh. Sau day, cac dic diém cua ting giai doan s& dugc mo ta
chi tiét.

2.1.1. Pha SLS

Trong bang thong 60 GHz hd trg hé théng 11ay, c6 thé 4p dung sang ché, dé
cung cép dit liéu, thong tin diéu khién, v. v., & mic d6 tin cdy cao, phuong thirc truyén
theo hudng chtr khong phai phuong thirc truyén omni 4p dung.

La quy trinh dé thyc hién tmg dung do, cac STA ¢6 y dinh truyén va / hodc
nhan dit liéu c6 thé c6 kha nang biét mot khu vue 6t nhat Tx hodc Rx cho b khoi tao
va b tra 101 thong qua quy trinh SLS.

Dé biét mo ta chi tiét hon & trén, cic cAu hinh &p dung cho pha SLS sau déy s&
duoc mo ta chi tiét voi tham chiéu dén (cac) hinh vé di kem.

FIG. 12 cho thay vi du vé quy trinh dao tao tao chum c6 thé duoc 4p dung cho
sang ché.

Trong dao tao BF dugc tao ra trong phan b6 ddo tao tao chum két hop (A-
BFT), AP hodc PCP / AP tr¢ thanh b khoi tao, va khong AP va khong PCP / AP STA
fr(’y thanh bo tra 10i. Trong dao tao BF dugc tao trong qua trinh phan b6 SP, STA ngu@)n
(EDMG) ctia SP tr¢ thanh bd khai tao va STA dich cta SP tr¢ thanh b tra 16i. Trong
dao tao BF dugc tao trong phan bd co hdi truyén (TXOP), chi s¢ hitu TXOP tr¢ thanh
b6 khéi tao va bo tra 101 TXOP tr¢ thanh bg tra 1o1.

Lién két tir bd khoi tao dén bo tra 10i duoc goi 1a lién két bo khdi tao va lién
két tr bo tra 101 dén b khoi tao duge goi la lién két bo tra 16i.

Viéc dao tao BF duogc bt dau cung vai quét mice khu vue (SLS) tir bg khéi tao.
Déi tugng cua pha SLS 1a cho phép thiét 1ap giao tiép gitta hai STA trong 16p PHY

kiém soat hoic MCS cao hon. Dic biét nhét, pha SLS chi cung cép viée truyén dao tao
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BE.

Ngoai ra, néu bd khoi tao hodc bd tra loi dua ra yéu cau, giao thirc sang loc
chum hodc pha sang loc chim (BRP) c6 thé tuén theo pha SLS.

Muc tiéu cta pha BRP 1a cho phép sang loc ldp lai vector trong lwgng ang ten
(AWV-Antenna Weight Vector) clia tat ca cdc mdy phét va may thu trong tat ca céc
STA. Trong s6 cac STA tham gia dao tao chum, néu mdt STA chon chi sir dung mot
mau ing ten truyén, thi viéc dao tao tiép nhén c6 thé dugc thuc hién nhu mot phén cua
pha SLS.

Nhu md ta chi tiét hon vé pha SLS, pha SLS c¢6 thé bao gdm bén yéu t6 dugc
liét ké bén dudi: quét khu vuc khoi tao (ISS-initiation sector sweep) dé dao tao lién
két bo khdi tao, quét khu vuc b tra 161 (RSS-responder sector sweep) dé dao tao lién
két b6 tra 101, phan hdi SSW, va ACK SSW.

B0 khéi tao khdi tao pha SLS bang cach truyén (cac) khung cta ISS.

B phan hdi khong khoi tao viée truyén (c4c) khung cua RSS trude khi ISS
dugc hoan thanh thanh ¢ong. Tuy nhién, truong hop ISS dugce tao ra trong BTI co thé
12 sy mién trir.

B0 khdi tao khong khoi tao phan hdi SSW trude khi pha RSS dugce hoan thanh
thanh c6ng. Tuy nhién, truong hop RSS dugc tao ra trong A-BFT ¢6 thé dugc mién trr.
Bo tra 1oi khong khoi tao ACW SSW cua bg khai tao trong A-BFT.

B0 tra 101 khéi tao ACW SSW ctia bo khdi tao ngay sau khi hoan thanh thanh
cong phan hdéi SSW cuia bd khoi tao.

Trong pha SLS, khung BF duoc truyén boi bo khoi tao 6 thé bao gbm khung
tin hiéu (EDMG), khung SSW va khung phan hdéi SSW. Trong pha SLS, khung BF
dugc truyén boi bo phan hdi c6 thé bao gdm khung SSW va khung SSW-ACK.

Trong SLS, néu mdi bd khéi tao va bo tra 1oi thyc hién quét truyén phat
(TXSS), vao cubi pha SLS, mdi b khdi tao va bo tra 161 s& hiru khu vuc truyén phat
riéng. Néu ISS hoic RSS sir dung (hoic st dung) quét khu vuc nhan, thi mdi botra 101
hodc bd khai tao sé¢ hitu khu vuc nhén riéng cua minh.

STA khong thay ddi (hodc thay dbi) cong sudt phat (hodc cong sudt van
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chuyén) trong qua trinh quét khu vuec.

FIG. 13 va FIG. 14 1a so db thé hién cac vi du vé pha SLS.

Trong FIG. 13, nguoi khoi xudng cod nhiéu linh vuc va ngudi phan hdi c6 mot
khu vuc truyén va mdt khu vuc nhan, duge s dung trong RSS. Theo d6, b phan héi
truyén tit ca cac khung SSW ctia bd tra 101 thong qua cing khu vuc truyén va dong
thoi, bd khoi tao chuyén dbi ang ten thu.

Trong FIG. 14, bd khéi tao c¢6 nhidu linh vuc truyén tai va bd tra 101 ¢ linh
vuc truyén tai. Trong truong hop nay, viéc dao tao nhan cho bd khai tao ¢6 thé duoc
thue hién trong pha BRP.

Nhu SLS ¢6 thé duoc mo ta nhu duge trinh bay dudi day.

La mdt giao thirc thuc hién phat hién lién két trong hé théng 802.11ay c6 thé
ap dung trong sang ché, SLS twong ung véi phuong phap dao tao chum, trong d6 cac
nut mang truyén lién tuc va / hodic nhan cac khung bao gbm cuing thong tin bang cach
chi chuyén huéng ctia chum, va chon, trong s6 cac khung nhan thanh cong, hudng
chiim c6 chi s8 t8t nht (vi dy, tin hiéu 61 Ratio (SNR), nhan cudng do tin hiéu chi s
(RSSI), va v. v.) cho thiy kha nang ctia nhan lién két kénh.

Sau day, BRP c6 thé dugc md ta nhu dugc trinh bay dudi déy.

La giao thire didu chinh chinh xac huéng chiim c6 thé t6i da héa luu luong dit
liéu tir hudng chum, duge xac dinh boi SLS hodc phuong tién khéac, BRP ¢co thé duoc
thuc hién khi can. BRP nhu vay thuc hién dao tao chum béng cach st dung khung
BRP, dugc xéac dinh cho giao thirc BRP va bao gém théng tin dao tao chum va thong
tin bao cdo két qua dao tao. Vi dy, BRP tuong ung voi phuong phép dao tao chum,
trong d6 khung BRP dugc truyén va / hoic nhan bang cach sir dung chum dugc xéc
dinh bdi hudn luyén chum trude d6 va trong d6 thuc hién dao tao chum béng cach st
dung chudi dao tao chim, dugc bao gém trong phan cudi ctia khung BRP dugc truyén
va / hodc nhan thanh cong. BRP khac vo1 SLS & chd SLS sir dung chinh khung dé dao
tao chum, trong khi BRP chi str dung chudi dao tao chum.

Pha SLS nhu vdy c6 thé duoc thuc hién trong khoang thdi gian tiéu dé tin hiéu
(BHI) va / hodc khoang thoi gian truyén dit liéu (DTI-Data Transfer Interval).

-19-



36873

Thu nhét, pha SLS duogc thyc hién trong BHI ¢6 thé giéng va&i pha SLS, dugc
xac dinh trong hé théng 11ad cho su tdn tai ctia né véi hé théng 11ad.

Sau do6, pha SLS, dugc thuc hién trong khi DTI dang duoc thue hién, c6 thé
duoc thuc hién trong trudmg hop dao tao tao chum khong duge thuc hién gifta bd khéi
tao va bo tra 10i hodc trong truong hop mét lién két tao chum (BF). Tai thoi diém nay,
néu bd khai tao va bd tra 101 twong tng vai STA 11ay, bd khoi tao va bd trd 1oi c6 thé
truyén khung SSW ngan thay vi khung SSW cho pha SLS.

Trong tai liéu nay, khung SSW ngén c6 thé duge dinh nghia 1a khung bao gdm
061 SSW ngén trong truong dit liéu ciia ché do diéu khién DMG PHY hodc ché do
didu khién DMG PPDU. Tai thoi diém nay, tao chi tiét ctia g6i SSW ngan ¢6 thé dugce
cAu hinh khac nhau theo muc dich (vi du: I-TXSS, R-TXSS, v.v.) ma géi SSW ngén
dang dugc truyén di.

Céc dac diém cta pha SLS dugc md ta ¢ trén cling ¢6 thé duogc ap dung cho tat
ca cac pha SLS sau day s& dugc mo ta.

2.1.2. Pha thiét 1ap lién két kénh

Tham khao t6i FIG. 11, cac STA (vi du, bd khai tao, tra 101, va v. v.) ma cd y

dinh dé thuc hién truyén dit liéu trong giai doan mo ta ¢ trén, co thé truyén va / hoac
nhan thong tin didu khién cho ché d6 ghép kénh, hop kénh, truyén FDMA, va nhu vy,
trong khi gtti va nhan RTS (khung thiét 14p) va DMG CTS (khung phan hoi) dén va tir
thong tin khac. Tai thoi diém nay, théng tin cho phuong thirc truyén st dung nhiéu
kénh, ching han nhu lién két kénh, tong hop kénh, truyén FDMA, v. v., trong d6 théng
tin bao gdm thong tin kénh, bang thong kénh, v. v., ¢6 thé duogc ap dung khi thong tin
duoc truyén di va nhan va tir thong tin khac.

Trong phuong an mau nay, viéc dao tao tao chum cho mét kénh (vi du: kénh
chinh) d4 duoc thuc hién thong qua pha SLS duoc mé ta ¢ trén, va theo do, b khoi
tao va bd tra 11 ¢ thé cho rang ap dung dong déu két qua chum( vi du: hudéng khu
vuc tot nhat) cho mot kénh dén cac kénh khac. Theo do, khi bd khéi tao va bo tra 10
truyén RTS va DMG CTS qua nhiéu kénh, RTS va DMG CTS ¢6 thé dugc truyén
bang cach ap dung hudéng khu vuc t6t nhat, duoc quyét dinh trudc d6 qua giai doan
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SLS, nhu duge mé ta & trén, cho tat ca cac kénh.
2.1.3. Pha truyén lién két kénh
Nhu thé hién trong FIG. 11, sau khi nhan dugc DMG CTS, tuong tng vdi tra

107 véi RTS duoc truyén, bo khoi tao ¢ thé truyén dir liu thuc t& qua nhiéu kénh
nhan rdi bing cach st dung hinh thanh théng tin trén kénh dugc dam phan véi bo tra
101 va thong tin khac, nhu bang thong kénh va v. v..

Cu thé hon, bd khéi tao c¢6 thé truyén va / hodc nhan RTS va DMG CTS thong
qua giai doan thiét 1ap lién két kénh dugc md ta & trén va cd thé truyén va / hodc nhan
thong tin vé kénh thyc & ma phuong phap lién két kénh (hogc tong hop kénh) dugc ap
dung.

Vi du, mic du né khong duoc thé hién trong FIG. 11, mac du b khoi tao da
truyén RTS qua téng cong 4 kénh, bo khéi tao c6 thé nhan DMG CTS cho 2 kénh tur
b6 tra 16i. Didu nay 1a do bd tra 1oi da xac dinh rang 2 kénh con lai hién dang & trang
thai ban hogc trong trang thai khong c¢6 sin dé sir dung,

Br?xng cach st dung phuong phéap dugc mé ta ¢ trén, b khdi tao va bd tra 101
c6 thé thu duoc thong tin trén kénh thuc t& c6 thé duge st dung cho dit liéu dugc
truyén va b0 khéi tao ¢co thé truyén dit liéu qua cac kénh thuc su co thé dugc st dung.

Tai thoi diém nay, do bd khdi tao va bd tra 101 da thyc hién dao tao tao chum
cho chi mdt kénh (vi du: kénh chinh), bd khoi tao va bo tra 16 c6 thé truyén va / hodc
nhén tin hiéu dir liéu bang cach ap dung két qua dao tao tao chum (vi du: hudng khu
vuc tot nhat), duoc mua tir mdt kénh, cho tAt ca cac kénh.

Mic du FIG. 11 chi thé hién hoat dong duoc thuc hién boi bo khoi tao dé
truyén dit liéu béng céch st dung lién két kénh, bo khdi tao cfing c6 thé truyén dir lidu
bang cach sir dung phuong phap tong hop kénh.

Dé dap umg diéu nay, bo phan hdi ¢6 thé truyén khung ACK théng qua cung
kénh duge str dung bi b khoi tao dé truyén dit liu. Tai thoi diem nay, khung ACK
c6 thé duge nhan déi va truyén qua timg kénh, dugc st dung dé truyén dit liéu hoic
khung ACK c¢6 thé dugc truyén sau khi thuc hién lién két kénh.

3. Trudng bdo cdo tao chum nén VHT
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O day, truomg bao cdo tao chum nén luu luong rat cao (VHT) duoc dé xuit
trong 802.11ac s€ dugc md ta.

Truong bao céo tao chum nén VHT dugc s dung dé truyén thong tin phan hoi
0 rang dudi dang géc cho biét tin hiéu nén bang phan hoi tao chum nén VHT. Géc
cho biét ma tran phan héi tao chim nén V dugc st dung boi may tao chum truyén dé
x4c dinh ma tran lai Q.

Thong tin bao cdotao chim nén VHT bao gém yéu t6 ma tran kénh duoc 1ap
chi muc béi goc ma tran theo thir tw dugc thé hién trong Bang 4 duoc mé ta dudi day
va dugc 1ap chi muc béi chi s6 bd mang dit liéu, tir tan s6 thap thir hai dén tan sb cao
nhat.

Thoéng tin bao cdotao chum nén VHT cé cAu truc va tht tu duoc xac dinh
trong bang sau. Trong tai liéu nay, Na la s6 goc duge st dung trong truong con ma

tran phan hdi tao chtim nén (xem bang bén dudi).
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[Bang 2]
Trzong Eich thwoe ¥ nekia
[its)
SNE trung binh ciia udng khéng gian 1 8 5 12 nhifu tin hify tai o chim 1
N cheo ledng khéns zizn 1 trens binh

tran b3t o ong meng & life
Nam biaz 3-71

SNR trung binh cta ludng khang gian M & ¥ 12 aihitu tin hifs tai 20
chim che ludng khéns sian

ma trin ghan héis tzg chim nsn cho b2 Ny, b2

FHINE 2O K= seidai)

mz trin phin héi tzc chiwn nin Vcha ba Nasih b2

manzeon & 5 8

ma trin phin héi tze chim nin Feho +3 Nauih o B2

manzg con & = sofel 2]

mz trin phin héi tao chim nén Fcho B8 T R

mang con & = sefdfrivy— 1)

CHUY —sevelvyy 12 2o dink tronz bing 370

Ns 1a s6 luong bo mang con trong d6 trudng con ma trn tao chum dugc nén
duoc truyén tro lai chum. Tao chum c¢é thé giam Ns bang cach str dung phuong phap
goi la nhém trong dé chi c6 ma trdn phan hdi tao chum nén dugc bao cdo cho mdi
nhém bd mang con lién k& Ng. Ns 1a bang théng kénh ciia truomg didu khién VHT
MIMO va chirc nang cta truong con nhom. Thir tu ma N, chi s6 bd mang con chinh
Xac va truong con ma tran phan hdi tao chum dugc nén duoc truyén di duge liét ké
trong 802.11-2016. Ngay ca trong truong hop tuong ing véi cac bd mang con khac
nhau, khong c6 phan dém gitta cac gbc ctia thong tin bao cdo tao chum nén VHT. Néu
kich thudc cta tao chum nén VHT thong tin bédo cdo khong phai la boi s6 cua 8 bit, t6i
da 1a bay s6 khong thé dugc thém vao cudi cta linh vuc nay d& 1am cho bdi s6 nguyén
cua 8 bit.

Trong Bang 2 & trén, SNR trung binh cta ludng khong gian-thoi gian i la s6

nguyén bd sung 8 bit 2°s.
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[Bang 3]

SHE trung binh cua lugng khing gisn | reone SR,

com
—17% < —jodl
17 -8.75 di
“136 -93dB
120 33548
+127 =33.734d1

Trong Béang 3 & trén, AvgSNR; thu dugc bang cach tinh SNR trén mdi bd
mang con theo don vi dexiben (dB) cho mdt bd mang con trong dé trudng con ma trdn
phan hdi tao chim nén va sau d6 bing cach tinh trung binh s hoc cta gi tri tuong
tmg (trude khi duoc tinh trung binh). M&i gia tri SNR trén mdi &m clia ludng i twong
ung voi SNR duogce lién két v&i cot i cia ma tran phan hoi dang tao chum V dugc xac
dinh trong chum. Mdi SNR tuong tng véi SNR duge du doan trong chum khi chum
ap dung tat ca cac cot clia ma trén V.

Theo Bang 3 ¢ trén, SNR trung binh cua ludng khéng gian-thoi gian i duge
bao gdm trong dai dB trong d6 gia tri tdi thiéu 1a -10dB va gid tri toi da la 53,75dB va
gia tri SNR dugc bao gom trong mot pham vi tuong tmg c6 mét bude 0,25dB. Téng
sb gia tri SNR trung binh ctia ludng khong gian-thoi gian i 1a 256 va c6 thé dugc biéu
thi bang 8 bit (2 8). Tuy nhién, vi ludng khong gian-thoi gian SNR trung binh i duge
biéu thi bang 8 bit cho mdi 4m, nén c6 nhuge diém 1a nhidu bit duge st dung.

Tiép theo, truomg bao cdo tao chum ddc quyén MU s& dugc md ta.

Truong bao cdotao chum doc quyén MU dugc str dung bdi phan hdi chim nén
VHT dé mang théng tin phan hdi 16 rang dudi dang delta SNR. Théng tin trong
trudong bao cdo tao chum nén VHT va truong bdo cdo tao chum doc quyén MU c6 thé
duoc str dung béi chim MU truyén dé xéc dinh ma trén 14i Q.

Thong tin bao cdotao chum doc quyén MU bao gém cac trudng con SNR delta
cho cac ludng khong gian-thoi gian tuong tmg tlr 1 dén Nc clia tap hop con clia cac bd

mang con dugc dit cach ra béi 2Ng. O day, Ng dugc bao hiéu trong truong con nhém
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ctia truong diéu khidn VHT MIMO, bét ddu tir b mang con tan s6 thép nhét va tiép
tuc dén bo mang con tan s cao nhat. Khong c6 phan dém nao xuat hién gitta A SNRy;

trong truong bdo cdo tao chum doc quyén MU, ngay ca trong trudng hop tuong ting
voi cac bd mang con khac nhau. Tap hop con ctia cac bd mang con dugc bao gbébm
duoc x4c dinh bdi cac gia tri cua d6 rong kénh va nhém truong con cua trudng diéu
khién VHT MIMO nhu dugc liét ké trong Bang 5 dugc md ta bén dudi.

DPéi véi mdi bd mang con dugc bao gém, dd 1éch dB cua SNR cuia bd mang
con d6 cho mdi cot ciia V so véi SNR trung binh ctia ludng khong gian-thoi gian
twong tmg duoc tinh bang phuong trinh dudi day

[Phuong trinh 1]

i

SHEF BT
ASNH, = winmarirouad e t:—i‘"—— E —SNE) -8 T §2-23
N, ' A
trong do
s lichizd bé manscon trons phem wi secdedoil), |, wscieh Vs'= )
i 12 chiza lu:;tng ichéng sizn-thoi mian tronz gham i 1, ., N
L 13 kénh LAk Io woe tinh etz b manzcon &
(A 13 odt § cta ma trin tzo chivn Fetz B8 manzcon k&
Ay 1z ohife treng binh cfns woi cénz it nhily, droe do binztan chim, droe o duaz i
tinh S,
NAF 13 8NE trens binh cia luéng khéns sizn-thii gizn i bic edo trong VEHT thing tin bin zio

) tzo chim nin {(8NE trunz binh trong ludng khéng zizn-thod zizn tosns i)

M3i truong con SNR delta bao gdm A SNRy;, may tinh da tinh toan st dung

Phuong trinh 1 & trén va duge lugng tir hoa voi 4 bit trong pham vi trr -8 dB dén 7 dB
theo don vi 1 dB. Cau tric cta trudng bdo cdotao chum ddc quyén MU duoc xac dinh

nhu trong bang sau.
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[Bang 4]

kich thwsc

(Bits) Y nghia

Treome

INE daltz cn fud

bg mazzoon ko aseedyill

aE Eian-thaigiza loo 4 AR fupmns tinn (3215

e zze $inh o

IWE daltz cho ludng ki o, o e i teons phuen s bk (541

b maszena b ascidi (i)

ENFdalt: cho ludnz Khdnz siea-thdi gizn 1 cho 4 ASNR | shirmic dinh tronE phaas e (30
e R T TS T B =T

bd mzzosm o seevd

INE daltz cho fudnz khing slan-tidi sizn Nocho 4 ARNE L e, S dind mons pheeng i (341

hdimamz ooz e F)

4 ASNE, en 1, TEFECMiNR tong phuwns e (5-1)

: ASMNE e |1, 5 TRIFEEC Jinh trong phudas tah 5210

bg TR il A

CHITY —saricl | 12252 dink tonz

Trong Bang 4 & trén, Ns'la s6 lugng bd mang con ma truong con SNR delta
duoc gui lai cho bg tao chum. Bang sau day cho thay Ns', cac chi s bd mang con

chinh x4c va thir tu ctia ching ma SNR delta dugc gui lai.
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B rone - g } Bi mang con ma oroime con SR delta dwee gl soeiduill), sesidv( ), ...
kénl el B st A1)

BRI
W1 4 o
T
CHUTL —swedelv) |12 mic i
CHUTI — b8

| tnichisd ba men

4. Phuong 4n c6 thé ap dung duoc cho céc sang ché

Sang ché dé xuét truong doc quyén MU bb sung cho MU-MIMO trong phén hoi
tao chim k¥ thuét s6 802.11ay.

Sau day, tao chum lai s& dugc mo ta.

EDMG STA c6 kha ning tao chim lai. Cu thé, ¢6 thé tao chum lai khi mét (hodc
ca hai) truong con dugc h6 tro tao chum lai va SU-MIMO dugc bao gém trong yéu 0
kha ning EDMG cua STA va truong con tao chum lai va trudng con dugc hd trg MU-
MIMO c¢6 trong yéu t6 kha ning EDMG ctia STA 1a 1.

Ngoai ra, khi trudong con tao chum lai va truong con duge hd tro SU-MIMO 1a 1
trong yéu t6 kha ning EDMG cua STA, STA c6 kha nang tao tao chiim lai la kha ndng
tao chum lai va SU-MIMO. STA cé kha nang tao chum lai c6 thé co6 kha ning dinh
tao chim lai va MU-MIMO khi truong hop tao chum lai va truong con hé trg MU-
MIMO ctia tao chiim lai va yéu t6 kha ning EDMG cua STA 1a 1.

STA c6 kha nang tao chim lai hd trg giao thic tao chum lai

Tao chum lai biéu thi viéc truyén / nhan cac ludng da khong gian st dung két hop
gifta tao chum tuong tu (bang cach xéc dinh AWB thich hop) va tao chum k¥ thuat 56
(bang cach x4c dinh ma tran 4nh xa khong gian phtl hop) gitta bd khoi tao c6 kha nang
SU-MIMO va bd tra 161 ¢6 kha ning SU-MIMO hodc gitta m¢t bd khdi tao c6 kha
nang MU-MIMO va it nhét bo tra 10i ¢6 kha ning MU-MIMO. Ma trdn anh xa khong
gian dugc xac dinh dua trén cAu tric ang ten DMG dugc chon do két qua cua giao

thtrc tao chum SU-MIMO hodc MU-MIMO
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Giao thitc tao chim lai hd trg dao tao co s k§ thudt s6 va phan hoi thong tin
chum lai cho truyén dén tao chuim lai tiép theo.

Tao chumlai co thé duoc sur dung dé hd tro truyén luéng khong gian duy nhét st
dung ang ten da-DMG cung v6i su két hop giita tao chum tuong tu va tao chim k§y
thuat s giita bo khoi tao c6 kha ndng SU-MIMO va b tra 10i ¢6 kha ndng SU-MIMO.

AWYV cua ang ten DMG ¢6 thé duoc chon bé‘lng cach str dung giao thuc tao chum
SU-MIMO hoic giao thirc tao chum MU-MIMO, cho phép xéac dinh cAu tric ang ten
d truyén ddng thoi ludng don hodc da khong gian tir bo khoi tao dén bé tra 10i (cach
khéc ciing c6 thé x4y ra trong truong hgp SU-MIMO).

Trong giao thirc tao chum lai, thiét bi truyén thu nhén théng tin tao chum lai dua
trén phan héi tir thiét bi nhan, dugc tao ra tir huéng kénh gitta thiét bi truyén va thiét
bi nhan.

FIG. 15 thé hién quy trinh tao chum lai SU-MIMO theo phuong 4n ctia sing ché.

Dé cap dén FIG. 15, tao chum lai bao gbm pha thong bdo, pha 4m va pha phan hdi.
Pha théng bao c6 thé duoc bo qua khi céu hinh tao chum dugc xac dinh trudc.

Yéu t6 diéu khién phan hdi MIMO dugc dé xuét trong phuong anctia sang ché
duoc stt dung dé truyén théng tin cAu hinh cho yéu t6 phan hdi do kénh, yéu t& phan
hdi do kénh EDMG va / hodc yéu 6 phan hdi tao chum k¥ thudt s§. Yéu t6 diéu khién
phan hdi MIMO bao gbm truong diéu khién Fbek k§ thuat sb.

FIG. 16 thé hién truong diéu khién Fbek k§ thudt sb theo phuong an cta sang ché.

Dé cap dén FIG. 16, truong diéu khien Fbck k¥ thuat s6 bao gbém cac trudng con
ctia Nc chi sb, Nr chi sb, ang ten MaxkTx, Ncb, nhom, thong tin mé sach, loai phan
hoi, sb luong ma trin phan hdi hodc nut phan hdi. Mbi khung con c¢é trong trudng

didu khién Fbck k¥ thuat sé duge mo ta trong bang sau.
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Eifa thi inz ten Ts dror bio cha irong vée th phin héi BF I kit st & kées Nu C51 cho dngies Trie bac zém
troms vew 12 phio bot BY b7 thudt of i ko, bit o5 treag oidu duF ten T dooe ditthank L Mt kbie bitio frons
min ing tes Tx dzgc d3t thank §

Meh

Bifa thid levng kich 2 16 CH: lifn 8 3 phip de dut thes bifo J8 tro di mak:
dgnikanh O chel 15 GHx
dat thanh 1 cho 431 GHs
dinebaeh T cheS 43 GHr
@it thanh ¥ cho 5S4 GH:

Whom

Bifathiobim bd masycen Np of dooyma trin phic b dek desg chim
&3iikank @ che Nz =3

it tbanh 1 cho ¥z=d
1 thiank 3 cha Na =B

ii! thanh @ cho nhém dios; dank ritng efn nhim dinz khinz Srec b tra

Mt trvdns con bién phis k211 0, redes con ehém 1o danh ritos

Thing finsich o

Eifa thi lick thwse cia mec sach ed T

Nia tredns SUAMT trone viu 18 duf khide phie kL1 1t
o  EitwbEThOchodbichs o ABitcho o

#®  giainlladieh rifasg
i trrkns ST trans vio th dufy Lhife phis k2L 15 G:
s  ddttkachOckofbitche f  Thitchs o

® Eid tri 1 15 danh risg

Kifu plie b3 Eita thi lozi phis kbi S7c cunz cdp D3t thank U cho phis bai din dany chim kbdeg nés trong mitn 7 gisn
yehé @5 EDLMIG 8 vh duec 441 thinh | 8 nén bing cick vf des vosy vhos wrens mifn the of (cbi 45 EDMIG
OFTRL

58 leome s ma trimphin | trofee nay dege ikd hids b bids N - )

ki bzde ni phin b3

Nia trudms con bode phie b 15 0, Woe (G of Issng o4t phis kAL che el vie tf ol ma trie phis kéi 50
%o tredms con kifo phas ki 13 1 va tredns con ehem ebs bom & Ve dror sac dink b bing 28

néa brwdns con 1ol phin kSi1a 1 va troves con chim ché bos 3, Nos chi disk sf loveg B8 mass concd trang
tredus thise tin phin hii dans chrm kF thude 16 oia vée tf phin b BF & thedt o trir @i mét

Yéu t& phan hdi tao chim k¥ thuat s (BF) dugc truyén trong khung phan hoi
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MIMO BF va truyén théng tin phan hdi dudi dang ma tran phan hoi tao chum va cac
SNR khéc biét. Thong tin phan hdi ¢6 thé duge st dung boi tao chum truyén trude dé
xéc dinh ma tran didu chinh BF k¥ thuat s6 Q. Khi yéu t6 phan hdi BF k¥ thuét s
duoc truyén trong khung phan hdi BF MIMO, truong SNR trong yéu t6 phan hdi do
kénh duoc hiéu theo SNR trung binh dong.

Kich thuéc va céu hinh cua yéu 8 phan hdi BF k¥ thuat sé khac nhau tuy
thudc vao gia tri trudng co trong yéu t§ didu khién phan hoi MIMO dugc truyén trong
cung mot khung truyén yéu t6 phan hdi BF k¥ thuat sd. Theo d6, mot tham chiéu cua
tAt c& cac truong hién c6 trong yéu t6 didu khién phan héi MIMO dai dién cho mot
yéu t§ dugc truyén trong cung mot khung truyén yéu t6 phan hoi BF k¥ thuat s0.

Khi trudmg con loai phan hdi trong truong diéu khién Fbek ky thuat s6 bing 0,
truomg thong tin phan hdi BF k§ thuat s6 cta yéu t6 phan hdi BF k¥ thuét s6 bao gom
ma trin tao chum k¥ thuat s6 Nsc. Khi Nsc> 1, truomg do tr& nat cho biét nut tuong
umg voi timg ma tran tao chum k¥ thuat sb s& xuét hién thém. Thong tin tao chum k¥
thuat sb trong mién thoi gian c6 thé duge biéu dién bang ham ma trén V.

Yéu té phan hdi BF k§ thudt s c6 thé duge xac dinh boi bang sau.
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Eoich thess

Files

Tit

P
it

i eRi= i 5 bt i 1
it

-33-



36873

Theo Bang 7 & trén, chi s6 bo mang con khac biét chi ton tai khi Ng duoc dat
thanh gi4 tri dai dién cho nhom dong. Khi nhom dong duoc st dung, khoang cach
gifta bat ki b mang con lién ké nao khac véi bd mang con canh hodc bd mang con
DC 1a mot trong céc gia tri dugc chi dinh trong truong nhom.

Khi trudng con nhom trong truong didu khién Fbck k§ thuat s6 nho hon hodc
béng 2, céc chi sb bo mang con duoc tinh todn ma tran tao chum duogc xéac dinh trong
Bang 8. Khi truong con nhém trong truong diéu khién Fbek k§ thuét s6 1a 3, BF k¥
thuat s6 yéu t& phan hdi bao gdm truong chi s6 bd mang con khac biét danh diu sb
luong bd mang con gifta mdi hai bd mang con lién ké trong bao céo phan hoi. Bo chi
s6 bd mang con dugc xay dung sao cho né la tdp hop con ctia bo chi s6 bd mang con
dugc xac dinh cho Ng = 2 va NcB tuong Gng trong Bang 4, sao cho cac by mang con
canh va bd mang con c6 chi s6 -2 va 2 xuét hién trong bao cdo phan hdi va khoang
céach gifta cac b6 mang con trong bdo cdo phan hdi 1a mot trong cac gia tri trong {1, 2,
4,8,16,32}.
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496,-494,-492 -490 -488,-486,-484 -482 -480,-478,-476,-474,-472,-470,-468 -466,-464 -
462,-460,-458,-456,-454,-452 -450,-448 -446,-444,-442 -440,-438,-436,-434,-432 -430 -
428,-426,-424,-422 -420,-418,-416,-414,-412,-410,-408,-406,-404,-402 -400,-398,-396 -
394,-392,-390,-388,-386,-385,-383,-381,-379,-377,-375,-373,-371,-369,-367,-365,-363 -
361,-359,-357,-355,-353,-351,-349,-347,-345,-343,-341,-339,-337.-335,-333,-331,-329.-
327,-325,-323,-321,-319,-317,-315,-313,-311,-309,-307.-305,-303,-301,-299,-297,-295 -
293,-291,-289,-287,-285,-283,-281,-279,-277,-275,-273,-271,-269,-267,-265,-263,-261 -
259,-257,-255,-253,-251,-249,-247 -245,-243,-241,-239,-237,-235,-233,-231,-229,-227 -
225,-223,-221,-219,-217,-215,-213,-211,-209,-207,-205,-203,-201,-199,-197,-195.-193 -
191,-189,-187.-185,-183.-181,-179,-177,-176,-174,-172.-170,-168.-166,-164,-162 -160,-
158.-156,-154,-152,-150,-148,-146,-144,-142,-140,-138.-136,-134,-132,-130,-128 -126 -
124.-122,-120,-118,-116,-114,-112,-110,-108,-106,-104,-102,-100,-98,-96,-94,-92 -90,-
88,-86,-84,-82.-80,-78,-76,-74,-72,-70,-68,-66,-64,-62,,-60,-58 -56,-54,-52,-50,-48,-46 .-
44.-42,-40,-38,-36,-34,-32,-30,-28,-26,-24,-22,-20.-18,-16,-14,-12 -10,-8,-6,-4 -
2,2.4,6,8,10,12,14,
16,18,20,22.24,26,28,30,32,34,36,38,40,42,44,46,48,50,52,54,56,58,60,62,64,66,68,70,7
2,74,76,78,80,82,84,86,88,90,92,94,96,98,100,102,104,106,108,110,112,114,116,118,12
0,122,124,126,128,130,132,134,136,138,140,142,144,146,148,150,152,154,156,158,160
,162,164,166,168,170,172,174,176,177,179,181,183,185,187,189,191,193,195,197,199,
201,203,205,207,209,211,213,215,217,219,221,223,225,227.229,231,233 2352372392
41,243245,247,249,251,253,255,257,259,261,263,265,267,269,271,273,275,277,279,28
1,283,285,287,289,291,293,295,297,299,301,303,305,307,309,311,313,315,317,319,321
,323,325,327,329,331,333,335,337,339,341,343,345,347,349,351,353,355,357,359,361,
363,365,367,369,371,373,375,377,379,381,383,385,386,388,390,392,394,396,398,400.4
02,404,406,408.410,412,414,416.418,420,422.,424,426,428.430,432,434,436,438,440,44
2,444 446 ,448,450,452,454,456,458,460,462,464,466,468,470,472,474,476,478,430,482
,484,486,488,490,492,494,496.498,500,502,504,506,508,510,512,514,516,518,520,522,
524,526,528,530,532,534,536,538,540,542,544,546,548,550,552,554,556,558,560,562.5
64,566,568,570,572,574,576,578.580,582,584,586,588,590,592,594,596

302

-596,-594,-590,-586,-582,-578,-574,-570,-566,-562 -558,-554,-550,-546,-542,-538 -
534,-530,-526,-522,-518,-514,-510,-506,-502,-498,-494,-490,-486,-482 -478,-474,-4770,-
466,-462,-458 -454 -450 -446 -442 -438 -434,-430,-426.-422 -418,-414,-410,-406,-402 -
398.-394,-390, -386, -385,-381,-377,-373,-369,-365,-361,-357,-353,-349,-345 -341 -
337.-333,-329,-325.-321,-317,-313,-309,-305, -301, -297,-293,-289,-285,-281, -277.-
273,-269,-265,-261,-257 -253,-249,-245,-241,-237,-233,-229,-225,-221,-217, -213, -
209,-205,-201,-197,-193,-189,-185,-181,-177,-174, -170,-166,-162, -158,-154,-150 -
146.-142.-138,-134,-130, -126,-122,-118,-114,-110,-106,-102,-98,-94,-90,-86,-82,-78 -
74,-70,-66,-62,-58,-54,-50,-46-42 ,-38,-34,-30,-26,-22, -18 -14, -10,-6 -
2.2.6,10,14,18,22, 26,30,34,38, 42, 46,50,54,58,62,66, 70,74,78,82,86,90, 94,98,102,
106, 110,114, 118, 122,126, 130, 134,138,142,146,150,154,158,162,166,170,174, 177,
181,185,189,193,197,201,205, 209,213, 217, 221, 225,229,233,237,241, 245 249, 253,
257.261,265,269,273,277,281,285,289,293,297,301,305,309, 313,317,321, 325, 329,
333, 337,341,345,349, 353, 357,361,365,369,373,377,381,385, 386, 390,394,398,
402,406,410,414, 418,422, 426 430,434,438,442.446, 450,454 458, 462, 466,470, 474,
478, 482,486, 490,494,498,502,506,510,514,518,522,526, 530,534,538,542, 546,550,
554, 558,562,566,570,574, 578,582,586,590,594, 596

-596,-594,-586,-578,-570,-562,-554,-546,-538,-530,-522,-514,-506,-498,-490,-482 -
474 ,-466,-458,-450.-442 -434 -426 -418 -410,-402,-394, -386, -385,-377,-369,-361 -
353,-345,-337,-329,-321,-313,-305, -297.-289,-281,-273,-265,-257,-249,-241 ,-233 -
225-217, -209,-201,-193.-185, -177,-170,-162, -154,-146,-138,-130, -122,-114,-106,-
98,-90,-82,-74,-66,-58,-50,-42,-34,-26,, -18, -10,-2,2,10,18, 26,34, 42, 50,5862, 70,78,
86, 94,102, 110, 118, 126, 134,142,150,158,166,174, 177, 185, 193,201, 209,217, 225,
233241,249,257,265,273,281,289,297,305, 313,321,329, 337,345,353, 361,369,377,
385, 386,394,402.410, 418, 426,434,442, 450, 458, 466, 474, 482, 490,498,506, 514,
522,530,538,546,554, 562,570, 578,586,594, 596

808

-805.-804,-802.-800,-798,-796,-794,-792,-790,-788 - 786,-784,-782,-780,-778 - 776 -

774 -772,-770,-768,-766-764 - 762 -760,-758,-756,-754,-752,-750,-748,-746 ,-744 - 742 -
740,-738,-736,-734,-732,-730,-728,-726,-724,-722 -720,-718,-716,-714,-712,-710,-708,-
706,-704,-702,-700,-698,-696,-694,-692,-690,-688 -686,-684,-682,,-680,-678,-676,-674,-
672,-670,-668,-666,-664,-662,-660,-658 -656,-654,-652,-650,-648,-646 -644,-642,-640 -
638,-636,-634,-632,-630,-628,-626,-624,-622,-620,-618,-616,-614,-612,-610,-608,-606 .-
604,-602,-600,-598 -596,-594,-592,-590,-588,-586,-584,-582,-580,-578,-576,-574,-572 -
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570,-568,-566,-564,-562,-560,-558,-556,-554,-552,-550,-548,-546,-544,-542 - 540 ,-538 .-
536,-534,-532,-530,-528,-526,-524,-522,-520,-518,-516,-514,-512,-510,-508,-506 -504, -
502,-500,-498,-496,-494,-492_-490,-488,-486,-484,-482,-480,-478 -476,-474 -472 -470, -
468,-466,-464,-462 ,-460,-458,-456,-454,-452,-450,-448,-446,-444,-442 -440,-438,-436 .-
434 ,-432 -430,-428 -426 -424,-422.-420,-418,-416,-414,-412,-410,-408 -406 ,-404,-402 -
400,-398,-396,-394,-392,-390,-388,-386,-385,-383,-381,-379,-377,-375,-373,-371,-369,-
367.-365,-363,-361,-359,-357,-355,-353,-351,-349,-347,-345,-343 -341,-339,-337 -335 -
333,-331,-329,-327,-325,-323,-321,-319,-317,-315,-313.-311,-309,-307.-305.-303,-301 -
299,-297,-295,-293,-291,-289,-287,-285,-283,-281,-279,-277,-275,-273,-271,-269,-267 -
265,-263,-261,-259,-257,-255,-253,-251,-249,-247 -245,-243,-241 -239 -237 ,-235,-233 -
231,-229,-227,-225,-223,-221,-219,-217,-215,-213,-211,-209,-207,-205,-203,-201,-199.-
197,-195,-193,-191,-189,-187,-185,-183,-181,-179,-177,-176,-174,-172 -170,-168,-166 .-
164,-162,-160,-158,-156,-154,-152,-150,-148,-146 -144,-142,-140,-138 -136,-134,-132 -
130,-128,-126,-124,-122.-120,-118,-116,-114,-112,-110,-108,-106,-104,-102,-100,-98,-
96,-94,-92.-90,-88 -86 -84,-82.-80,-78.-76,-74,-72.-70,-68,-66,-64,-62 -60,-58.-56 -54 -
52,-50,-48,-46,44 -42 -40,-38,-36,-34,-32,-30,-28.-26,-24,-22,-20 -18,-16,-14,-12 -10 -
8,-6,-4,-2,2,4,6,8,10,12,14,16,18.20,22,24,26, 28,30,32 34,36, 38,

404244 46.48,50,52,54,56,58,60,62,64,66,68,70,72,74,76,78,80,82,84,86,88.,90,92,94.,9
6,98,100,102,104,106,108,110,112,114,116,118,120,122,124,126,128,130,132,134,136,
138,140,142,144,146,148,150,152,154,156,158,160,162,164,166,168,170,172,174,176,1
77,179,181,183,185,187,189,191,193,195,197,199,201,203,205,207,209,211,213,215,21
7,219,221,223,225,227,229,231,233,235,237,239,241,243,245,247 249,251,253 255,257
1239.261,263,265,267,269,271,273,275,277,279,281,283,285,287,289,291,293,295,297,
299,301,303,305,307,309,311,313,315,317,319,321,323,325,327,329,331,333,335,337,3
39,341,343,345,347,349,351,353,355,357,359,361,363,365,367,369,371,373,375,377,37
9,381,383,385,386,388,390,392,394,396,398.400,402,404,406,408,410,412,414,416,418
420,422 424 426 428,430,432,434,436,438,440,442,444 446,448,450,452,454,456 458,
460,462,464,466,468 470,472, 474 476,478,480,482,484,486,488,490,492,494,496,498.5
00,502,504,506,508,510,512,514,516,518,520,522,524,526,528,530,532,534,536,538,54
0,542,544,546,548,550,552,554,556,558.560,562,564,566,568,570,572,574,576,578,580
,582,584,586,588,590,592,594,596,598,600,602,604,606,608,610,612,614,616,618,620,
622,624,626,628,630,632,634,636,638,640,642,644,646,648,650,652,654,656,658,660,6
62,664.,666,668,670,672,674,676,678,680,682,684,686,688,690,692,694,696,698,700,70
2,704,706,708,710,712,714,716,718,720,722,724,726,728,730,732,734,736,738,740,742
[ 744.746,748,750,752,754,756,758,760,762,764,766,768,770,772,774,776,778,780,782,
784,786,788,790,792,794,796,798,800,802,804,305

409

-805, -804,-800,-796,-792,-788,-784,-780,-776,-772,-768,-764,-760,-756,-752 - 748 -
744.-740,-736,-732,-728,-724,-720,-716,-712,-708,-704,-700,-696,-692 -688 .-684 -6 80 -
676,-672,-668,-664,-660,-656,-652,-648,-644,-640,-636,-632,-628,-624,-620,-616,-612 -
608 -604,-600,-596,-594,-590,-586,-582,-578,-574,-570,-566,-562,-558,-554,-550,-546 -
542.-538,-534,-530,-526,-522,-518,-514,-510,-506,-502,-498,-494,-490-486,-482 -478 -
474 -470,-466,-462 ,-458 -454,-450,-446,-442 438 -434,-430,-426,-422,-418,-414,-410-
406,-402,-398,-394,-390, -386, -385,-381,-377,-373,-369.-365,-361,-357,-353,-349,-
345,-341,-337,-333,-329,-325,-321,-317,-313,-309,-305, -301, -297,-293,-289,-285,-
281,-277,-273,-269,-265,-261,-257,-253,-249,-245 -241,-237,-233 ,-229,-225,-221,-217, -
213, -209,-205,-201,-197,-193,-189,-185,-181, -177,-174,-170,-166.-162, -158,-154.-
150,-146,-142,-138,-134,-130, -126, -122,-118,-114,-110,-106,-102,-98,-94,-90.-86 .-
82,-78,-74 -70,-66,-62 -58 -54,-50,-46,-42 -38 -34,-30,-26,-22,, -18,-14, -10,-6 .-
2,2,6,10,14,18,22,26,30,34,38, 42, 46,50,54,58,62,66, 70,74,78,82,86,90,
94,98,102,106, 110,114, 118, 122,126, 130, 134,138,142,146,150,
154,158,162,166,170,174, 177, 181,185,189,193, 197,201,205, 209,213, 217, 221,
225229, 233,237,241, 245,249,253,257,261,265,269,273,277,281, 285,289,293,
297,301,305,309, 313, 317,321, 325,329, 333, 337,341,345,349, 353 357,361,365,
369,373,377,381,385, 386, 390,394,398,402, 406 410414, 418,422,426 430, 434,438,
442,446, 450,454,458, 462 466,470, 474,478, 482,486, 490,494,498,502, 506,510, 514,
518,522,526,530,534,538,542,546,550, 554, 558,562,566,570,574, 578,582,586,
590,594, 596, 596,600,604,608,612,616,620,624,628,632,636,640,644,648, 652, 656,
660,664,668, 672.676,680,684,688.692,696,700,704,708, 712,716,720,724,728, 732,
736,740,744,748, 752,756,760,764, 768, 772,776,780,784,788,792, 796,800,804, 805

209

-805, -804,-796,-788,-780,-772,-764.-756,-748,-740.-732 -724,-716,-708 -700,-692 -
684 ,-676,-668,-660,-652,-644,-636,-628,-620,-612,-604, 596,-594,-586,-578,-570,-562 -
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554,-546,-538,-530,-522,-514,-506,-498,-490,-482,-474 -466,-458 -450,-442 -434,-426 -
418.-410.-402,-394, -386, -385,-377,-369,-361,-353,-345,-337,-329,-321,-313.-305, -
297,-289,-281,-273,-265,-257,-249,-241,-233,-225,-217, -209,-201,-193,-185,-177.-
170,-162, -154,-146,-138.-130, -122,-114,-106,-98.-90.-82,-74,-66,-58,-50,-42,-34,-26, -
18,-10,-2,2,10,18, 26,34, 42, 50,58,62, 70,78,86, 94,102, 110, 118, 126,
134,142,150,158,166,174, 177,185, 193,201,209,217, 225, 233,241,249,257,265,
273,281,289,297,305, 313,321,329, 337,345,353,361,369,377,385, 386,394,402.410,
418, 426,434,442, 450, 458, 466,474, 482,490,498,506,514,522,530,538,546,554,
562,570, 578,586,594, 596,604,612,620,628,636,644, 652, 660,668, 676,684,692,
700,708, 716,724,732,740,748, 756,764, 772,780,788, 796, 804, 805

Trong Bang 8 ¢ trén, truong hgp Ng =16 ¢o6 thé duoc thém vao. Trong trudng
hop Ng = 16a, chi s6 cua bd mang con phan hdi c6 thé duoc xac dinh nhu sau.

4.1) Trong trudng hop xem xét cau triic 16ng nhau ctia lién két kénh

Truong hop nay la phuong phéap xac dinh chi s6 bd mang con mdt cach thuén
loi vé& mit trién khai CTNH. Céc chi sb bd mang con 4CB bao gém cac vi tri ctia bd
mang con cua tat ca cac yéu t6 lién két kénh véi cAu tric 10ng nhau, trong d6 cac chi
s6 bd mang con cuia kénh don dugc bao gbm trong cac chi s6 bo mang con 2CB, 2CB
dugc bao gbém trong 3CB va 3CB dugc bao gbm trong 4CB.

Vi DC nim & -1, 0, 1, nén didu nay duogc loai trir khi xac dinh céc chi s6 bd
mang con phan héi. Ngoai ra, dé uéc tinh kénh cua phan ndy, viéc nhém bat dau tir
cac bo mang con -2 va 2.

<1CB>

[-177,-162,-146,-130,-114,-98,-82,-66,-50,-34,-18,-2,2,18, 34, 50,66,82,
98,114,130, 146, 162, 177]

Trong truong hgp cua kénh don, cac bd mang con -178 va 178 khong thé duoc
st dung do cac bd mang con dit lieu -177 dén 177 ¢6 mit. Mic du khoang cach cua 16
bd mang con khong dugc duy tri, cac b mang con-117 va 177 duge stt dung dé noi
suy.

<2CB>

[-386, -385,-369,-353,-337,-321,-305, -289,-273,-257,-241,-225, -209,-193,
-177, -162,-146,-130,-114,-98,-82,-66,-50,-34,-18,-2,2,18, 34, 50,66,82, 98,114, 130,
146, 162, 177,193,209, 225, 241,257, 273,289,305, 321, 337,353,369,385, 386]

Sau khi cac chi s bd mang con ctia kénh don dugce dua ra, phan hdi dat dugc

v6i khoang cach 16 bd mang con d6i v4i bd mang con -177 va 177. Tuong tu, cac bd
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mang canh -386 va 386 dugc st dung lam bd mang con trong dé dat duge phan hoi
ndi suy.

<3CB>

[-596,-594,-578,-562,-546,-530,-514,-498,-482,-466,-450,-434,-418 ,-402, -386,
-385,-369,-353,-337,-321,-305, -289,-273,-257,-241,-225, -209,-193, -177, -162.-
146,-130,-114,-98.-82,-66,-50,-34,-18,-2,2,18, 34, 50,66,82, 98,114, 130, 146,
162, 177, 193, 209, 225, 241,257, 273,289,305, 321, 337,353,369,385, 386, 402,
418, 434,450, 466, 482,498,514,530,546, 562, 578,594, 596]

Déi voi cac chi sb bo mang con ctia 2CB, da c6 phan hdi v6i khoang céch la
16 b mang con ddi voi bo mang con -386 va 386. Tuong tu, bd mang con canh -596
va 596 dugc st dung 1am bd mang con trong d6 phan hdi dat duge cho phép noi suy.

<4CB>

[-805, -804,-788,-772,-756,-740,-724,-708,-692,-676,-660,-644,-628,-612, -
596,-594,-578,-562,-546,-530,-514,-498,-482,-466,-450,-434,-418,-402, -386, -385,-
369,-353,-337,-321,-305, -289,-273,-257,-241,-225, -209,-193, -177, -162,-146,-
130,-114,-98,-82,-66,-50,-34,-18,-2,2,18, 34, 50,66,82, 98,114, 130, 146, 162,
177, 193, 209, 225, 241,257, 273,289,305, 321, 337,353,369,385, 386, 402, 418, 434,
450, 466, 482, 498,514,530,546, 562, 578,594, 596, 612,628,644, 660,
676,692,708,724,740, 756, 772,788, 804, 805]

Déi véi cac chi s6 bd mang con ctia 3CB, mot phan héi dat duoc v6i khoang
cach 8 bo mang con dbi voi bo mang con -596 va 596. Tuong tu, bd mang con canh -
805 va 805 duoc st dung lam b mang con trong d6 phan hdi dat dugc cho phép nodi
suy.

4.2) Trong trudong hop khéng xem xét cau tric 16ng nhau ctia lién két kénh

Khéng giéng nhu trong truong hop 4.1), cac chi s6 bd mang con phan hoi
duoc xay dung cho timg yéu t6 lién két kénh ma khéng st dung c4u tric 16ng nhau.
B& mang con phan héi duoce xac dinh béng cach xem xét bo mang con DC va b mang
con canh.

<1CB>
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[-177-162-146-130-114-98-82-66-50-34-18-
221018263450668298114130146162177]

<2CB>

[-386-370-354-338-322-306-290-274-258-242-226-210-194-178-162-146-
130-114-98-82-66-50-34-18-
221018263450668298114130146162178194210226242258274290306322338354370
386]

<3CB>

[-596-594-578-562-546-530-514-498-482-466-450-434-418-402-386-370-
354-338-322-306-290-274-258-242-226-210-194-178-162-146-130-114-98-82-66-50-
34-18-
221018263450668298114130146162178194210226242258274290306322338354370
386402418434450466482498514530546562578594596]

<4CB>

[-805-802-786-770-754-738-722-706-690-674-658-642-626-610-594-578-
562-546-530-514-498-482-466-450-434-418-402-386-370-354-338-322-306-290-
274-258-242-226-210-194-178-162-146-130-114-98-82-66-50-34-18-
221018263450668298114130146162178194210226242258274290306322338354370
386402418434450466482498514530546562578594610626642658674690706722738
754770786802805]

Nhu dd mé ta ¢ trén, truong doc quyén MU tén tai cho MU-MIMO trong
802.11ac. Trong truong hop nay, gid tri SNR cho mdi am bao duoc xéc dinh cho timg
am phan hdi. Gid tri nay duoc sir dung dé phan héi thong tin bo sung.

Trong truong hop MU-MIMO, lién quan dén théng tin dugc cung cap thém,
delta-SNR dugc dinh nghia 1a SNR trung binh trén luéng khéng gian-thoi gian trong
thong tin bao cdo tao chum nén VHT va gia tri SNR trén mdi 4m ciia mdi 4m phan hdi,
va gi tri nay dugc phan hdi.

Trong 1lac, Ng 1 yéu t6 nhém 4m cho mét am phan hdi (Ng = 1, 2, 4). Néu

Ng 1a 1, sé€ co6 phan hdi cho tit ca cac 4m va néu Ng la 2, thi phan hdi s& dat dugc voi
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khoang 2 am.

Trong truong hop delta-SNR, thong tin bd sung dugc cung cip lai cho MU-
MIMO voi khodng 2 * Ng.

Trong trudng hop 11ax, théng tin bd sung dugc phén héi cho MU-MIMO véi
khoang Ng.

Sang ché dé xuét truong doc quyén MU cho MU-MIMO trong 802.11ay. Thay
vi st dung phuong phap delta-SNR duge st dung trong 11ac thong thuong, phuong
phap SNR khac biét duoc dé xuét.

5. Phuong &n dé xuét

SNR theo timng 4m duoc xac dinh trude trong 802.11ac nhu sau. D6 1a, SNR trén
mdi Am cho bd mang con k va ludng khéng gian-thdi gian i ¢6 thé thu dugc bang
phuong trinh duéi day.

[Phuong trinh 2]

2
SNR, , =10log,, [KI{%]””—J

O day, Viila cot i ctia ma tran tao chum phén hi tai bd mang con k va N la cong
suét tiéng 6n cong nhiéu, dugc do bang mot dang tao chum.

Delta-SNR 14 phan héi bang cach xac dinh delta-SNR la khéac biét gitra gia tri
SNR trén mdi 4m va gia tri SNR trung binh cta ludng khong gian-thoi gian. 4 bit
duoc st dung va phan hdi dat dugc véi bude 1dB trong pham vi tir -8dB dén 7dB.

Nghia 13, delta-SNR c6 trong thong tin bao cao tao chum doc quyén MU dugce xac
dinh trong 802.11ac c6 thé dugc xac dinh trong Bang 4 bén dudi.

Phuong phép trong do truong doc quyén MU dugc thém vao cho MU-MIMO
cling dugc dé xuét trong 802.11ay.

Trong phuong phép duoc dé xuit, mic du SNR theo am dugc st dung twong tu
nhu 1lac, thay vi st dung khac biét gitra gia tri va gia tri SNR trung binh, khac biét
gitta cac am lién k& dugc xéc dinh 1a SNR khac biét va khac biét duge phan hoi.

V6i phuong phap xem xét khac biét cua kénh 11ay, trong truong hop kénh 1lay,
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d6 chon loc tin s cua kénh ting 1én do khac biét phan xa.

Vi du: khi gia dinh rang SNR trung binh ctia ludng khong gian-thoi gian 12 10dB,
c6 thé xay ra truomg hop gia tri SNR trén mdi am ctia mdi 4m dit lidu bi giam xudng
duédi 2dB hodc tang 1én 16n hon 17dB.

Phuong phép cta 802.11ac khong thé bao gdm cac truong hop da néi & trén.

Trong truong hgp nay, co thé xem xét phuong phép cung cap lai khac biét SNR
cho mdi 4m gifta cac am lién ké thay vi str dung phuong phéap 802.11ac.

SNR khéc biét dai dién cho khac biét twong dbi trén mdi Am-SNR gifta cac 4m lién
ké c6 thé thu duoc bing phuong trinh dudi day.

[Phuong trinh 3]

? 2
HicVi HeaVy s
Dy, = 10l0gs0 (H—ka—LL> —10log, <_”k_1]\;‘__§i)

O day, k 1a chi sé bd mang con phan hdi, i la chi s6 ludng, H la kénh udc tinh,
V 1a ma trdn tao chum va N 1a cong suét tiéng on cong nhiéu trung binh.
SNR khac biét c6 thé thu dugc bang phuong trinh dudi day. Phuong trinh 3 va
phuong trinh 4 ¢6 thé 1a cing mt phuong trinh.
[Phuong trinh 4]

O ENR,, = min{max{round(10og ¢
1,

trong da:
& 1ichi i ¢ ;mang tronz pham i SCIN{TR L SCdNC Ve - D)
% lichisé b¢ mang trong pham vi scidsiihy, . oseadsi e — 23
i 13 chi =& khéns sizn-thdd sian trong pham i 1. ... &

i 12 kinh MO uoe tinh ofz b manzconk
15113 o6t { otz ma tedn tzo chim Fche b mang con k

At .z . . L. z L e . L. ..
N3 nhifv treng binh edng w6l céng suat nhidv, do dwec tir bg khei tao

Trong tai liéu nay, gid tri SNR trén mi 4m ctia am dit lidu thir nhét c6 thé duoc
xéc dinh khac nhau tir khi khong c6 muc tiéu so sanh (vi tri ctia am dit liu thu nhét c6

thé 1a bo mang con ngoai cing bén trai hodc b mang con ngoai cing bén phai trong
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bang chi s& am cta tinh trang k§ thudt trude do). Gia tri 61 thiéu c6 thé dugc dat
thanh -10dB, gia tri t5i da c6 thé dugc dat thanh 53,75dB va sau d6 gid tri c6 the dugc
xéc dinh bing bude 0,5dB bang cach sir dung 8 bit. Cac gia tri t5i thicu va ti da co
thé duoc thay dbi va budc c6 thé duge dit thanh budce 1dB.

Do d6, gia tri SNR trén m&i am ctia 4m dit liéu tht nhat phai dugc biéu thi bing
cach phan bé 8 bit twong tu v6i gia tri SNR trung binh cuia luong khong gian-thoi gian.

Gia tri SNR trén mdi 4m cua am dit liéu thu nhét c6 thé duoc tinh theo phuong
trinh dudi day.

[Phuong trinh 5]

1 o ¥ scigas -,féés\
D_SMRiciai =1010g1 (—————E e } )

Truong bao cédo tao chum doc quyén MU chuyén théng tin phan héi 18 rang
dudi dang SNR khac biét duoc bao gém trong truong con SNR khac biét. Truong bao
c4o tao chum doc quyén MU duge bao gdm trong yéu t6 phan héi BF k¥ thuat s6 khi
truomg SU / MU ciia yéu t6 diéu khién phan hdi MIMO 1a 1 (truyén MU) va truong
con loai phan hdi ctia truong didu khién Fbck k¥ thuat s6 14 1 (ché 6 EDMG OFDM).

Trong truong bao céo tao chum doc quyén MU, tap hop con ctia b mang con
duoc dit cach ra boi Ng bao gém céc truong con SNR khéac biét cho mdi ludng khéng
gian-thoi gian (1 dén Nc). Ng 1a gia tri cta trudng con nhom cia truong diéu khién
Fbck k¥ thuét s6 trong yéu té diéu khién phan hdi MIMO va dugc st dung véi khoang
cach b mang con tir by mang con tan sb thip nhat dén bd mang con tan s6 cao nhét.
Ngay cé trong trudng hop twong tng v6i cac by mang con khéc nhau, khong co phan
dém gifta D_SNRy i trong trudong bao cdo tao chum doc quyén MU.

Tap hop con cua cac bd mang con duge dat cach ra bdi Ng duge xac dinh boi
gia tri cua bang 8 ¢ trén. Déi véi mdi bd mang con duge bao gdm trong tap hop con,
dd 1éch dB cta SNR cta bd mang con cho mdi cOt cia ma tran V dbi véi cac bd mang
con lién k& dugc dit cach ra boi Ng cta ludng khong gian-thoi gian twong tmg c6 thé
duoc tinh bang cach sir dung phuong trinh 4 6 trén.

M3i truong con SNR khac biét bao gdm D_SNRg.i dugc tinh theo phuong trinh
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4 va duoc luong tir héa véi 4 bit trong pham vi tir -8dB dén 7dB véi d6 chi tiét 1a 1dB
(tuy nhién, loai trir truong hop chi s6 bd mang con k = scidx (0)). Khi k = scidx (0),
D_SNRscidx)i dugc tinh bang cach st dung phuong trinh 5 & trén va dugc lugng tir
hoéa voi 8 bit trong pham vi -8dB dén 55,75dB véi do chi tiét 0,25dB.

Khi str dung phuong phéap nay lam phuong phap sir dung khac bi€t ¢ chd trong
d6 SNR theo am giita cac 4m lién ké khong thay d6i ddng ke ngay ca khi do chon loc
tan s tang, ¢ thé cung cap lai cac gid tri phan hdi khéng thé che trong truong hop
trén.

1) Nhu trong truong hgp thong thuong, 4 bit co thé duoc phan bd cho phan
hdi cua budc 1dB trong pham vi tir -8dB dén 7dB hodc bude 1dB trong pham vi tir -
7dB dén 8dB.

2) Ngoai ra, 3 bit c6 thé duoc phan bd cho phan hdi cia bude 2dB trong pham
vi -4dB dén 3dB hodc budc 1dB trong pham vi tir -3dB dén 4dB. Mot cach thun loi,
c6 thé giam chi phi phan hdi khi phan bé 3 bit.

3) 4 bit ¢6 thé duoc phan b cho phan héi ctia bude 0,5dB trong pham vi tir -
4dB dén 3,5dB. Mot cach thuan loi, SNR trén mdi Am c6 thé dugc bao cao chinh xac
hon khi dat dugc phan hdi bang cach giam khoang cach bude.

Phuong phap cua truong hop 1) duoc mo ta chi tiét nhu sau.

Gia dinh ring bd mang con phan hdi bao gdm am tht nhat, 4m thi hai, 4m thir
ba, 4m tht tu hodc twong tu. O day, nguoi ta cho ring SNR ctia am thit nhét 1a 10dB,
SNR ctia 4m thtt hai 12 18dB va SNR ctia 4m thir ba 1a 15dB va SNR cua am thir tur 1a
20dB.

Theo phuong 4n trén, do Am thir nhét 1a 4m dit liéu thit nhat, nén khong thé
x4c dinh SNR khéc biét. Do d6, gia tri SNR trén mdi &m cua am dit liéu thur nhét co6
thé duoc bidu thi bing cach phan bd 8 bit twong tu véi gia tri SNR trung binh cua
ludng khong gian-thoi gian va cé thé duogc tinh bang phuong trinh 5 & trén.

SNR khac biét déi v6i 4m trude c6 thé duge 1y bat dau tir 4m tht hai. Khac
biét gifta SNR cua am tht hai va SNR ctia am thir ba la 8dB. Vi gi6i han trén la 7dB
theo truong hop 1), SNR khac biét c6 thé dugc dat thanh 7dB. Do d6, SNR khac biét
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c6 thé duogc biéu thi bing cach cung cép lai khac biét SNR cho mdi am gitta cac am
lidn k& bing cach phan bd 4 bit va ¢6 thé duge tinh bing phuong trinh 4 ¢ trén.

Khéc biét gitta SNR cua am th ba va SNR ctia am thir hai la 3dB. Vi 3dB
duoc bao gdm trong pham vi gi6i han trén va dudi theo truong hop 1), SNR khéc biét
c6 thé duoc dit thanh 3dB. Do d6, SNR khac biét co thé duge biéu thi bang cach cung
chp lai khac biét SNR cho mdi am giita cdc 4m lién k& bang cach phan bo 4 bit va co
thé duoc tinh bing phuong trinh 4 & trén.

Khéc biét gitta SNR ctia 4&m thir tu va SNR ctia am thir ba la 5dB. Do 5dB
duoc bao gdm trong pham vi gi6i han trén va dudi theo truong hop 1), SNR khac biét
c6 thé dugc dit thanh 5dB. Do d6, SNR khac biét c6 thé duge biéu thi bang cach cung
cAp lai khdc bist SNR cho mdi am giita cdc 4m lién k& bang céch phan bo 4 bit va co
thé dugc tinh bang phuong trinh 4 & trén.

Khoang d&m cho phép do SNR duoc dé xuét nhu sau.

Khi dat dugc phan hdi tao chum lai trong ché 6 OFDM, gia tri nhém Ng
duoc xéac dinh dé cung cAp lai ma tran tao chum voi khoang cac am Ng (Ng=2, 4, 8).

Am dit liéu dé bao cao mdi &m SNR c6 thé st dung Ng da ndi & trén.

Chi s6 ctia am dir lidu co thé st dung chi s6 bo mang con dugc mo ta trong
bang 8 ¢ trén.

i) Phuong phép ¢6 thé duge xem xét trong d6 m&i am SNR duge do bang
khoang Ng va sau d6, khac biét v& mdi am-SNR ctia céc 4m lién k& dugc phan hoi.
M0ot cach thuén loi, mdt tham s duge xac dinh trude co thé duoc st dung ma khong
can thém yéu t6 nao cho mdi am SNR .

ii) Phuong phap c6 thé dugc xem xét trong d6 khac biét SNR trén mdi am
duoc do véi khoang 2 * Ng va sau do, SNR trén mdi am khéc biét duoc phéan hoi. Mot
cach thuan lgi, c6 thé giam chi phi phan hdi bang cach tang khoang thoi gian khi
khong c6 thay dbi dang ke.

Vi du: néu Ng = 2, khi SNR trén mdi 4m dugc do bang khoang Ng, chi s6
duoc stt dung cho mdi lién két kénh cho truong hop Ng = 2 trong ky thuét thong
thuong. Khi SNR trén mdi am duge do voi khoang 2 * Ng, chi sb dugc xac dinh trong
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bang cho mdi lién két kénh dugc st dung néu Ng = 4.

Néu Ng = 8, khi SNR trén mdi 4m duoc do bing khoang Ng, chi s6 dugc st
dung cho mdi lién két kénh cho truong hop Ng = 8 trong k¥ thuat thong thudng. Khi
SNR trén mdi 4m duoc do véi khoang 2 * Ng, chi sb dugc x4c dinh trong bang cho
mdi lién két kénh duoc st dung néu Ng = 16.

iii) Ngoai ra, ngoai cac phuong phap trén, phuong phap c6 thé dugc xem xét
trong d6 SNR theo 4m dugc do va bdo cao cho tat ca cac am dit liéu.

Mot cach thuan loi, thong tin SNR ctia kénh ¢6 thé duge phan hdi chinh xéc
hon khi SNR trén mdi am duoc do va duoc phan hdi cho tat ca cac 4m dit liéu trong
tinh hudng kénh kém.

FIG. 17 1a so dd thé hién quy trinh trong d6 thiét bi truyén phét khung phan
hdi d& thuc hién tao chum MIMO theo phuong 4n sang ché.

Phuong 4n hién tai d& xuAt mot phuong phap dinh c4u hinh trudng bao céo bd
sung cho tao chum MU-MIMO trong quy trinh phan hdi tao chim nén trong quy trinh
tao chum lai. Thong thudong, trudng bao cao dugce thém vao bao gbém khéc biét gifta
SNR trén mdi bo mang con phan hdi va gia tri SNR trung binh. Tuy nhién, phuong an
hién tai d& xuét phuong phép giam sb bit cho phan héi bang céch bao gdm SNR khac
biét, ddy la diém khac biét giita cac bo mang con lién ke.

Thir nhét, t6m it cac thuat ngit, STA thir nhat c6 thé twong tmg véi bd phan
hdi dé thuc hién tao chum MIMO va STA thir hai c6 thé tuong tmg v6i mot b khoi
tao dé thuc hién tao chum MIMO. Do tao chum MIMO dugc m6 ta trong phuong an
hién tai lién quan dén tao chim da nguoi ding (MU) -MIMO, nén ¢6 thé xuét hién rat
nhiéu STA thit nhit. B4 mang con c6 thé twong tmg véi 4m.

Trong budc S1710, STA thir nhét tao khung phan hdi dua trén tao chum nhiéu
nguoi dung (MU) nhidu du vao nhiéu dau ra (MIMO).Tao chum MIMO c6 thé bao
gébm mot quy trinh &m thanh dé truyén / nhan goi (hodc khung) giao thirc sang loc
chum hodc pha sang loc chum (BRP-beam refinement protocol / beam refinement
phase).

Trong bude $1720, khung phan hdi duge truyén dén STA thi hai.
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Khung phan hdi c6 thé dugc xé4c dinh nhu sau.

Khung phan héi bao gbm thong tin lién quan dén bd mang con phan héi cho
dai tAn sb dugc xac dinh trudce va truong bao céo tao chum cho tao chum MU-MIMO.

Bo mang con phan héi bao gdm bo mang con thir nhit dugc truyén trude tién
trong by mang con phan hdi va bd mang con thit hai ma chi s6 bo mang con ctia n6
duoc x4c dinh dua trén gia tri nhém lién quan dén khoang cach bo mang con. B
mang con thit hai c6 thé 1a b mang con phéan héi trir bd mang con thit nhat.

B6 mang con thit nhat duge dit thanh mot trong bd mang con mép trai hodc bo
mang con mép phai cua dai tan sb duoc xac dinh trudc.

Trudng bao céo tao chim bao gbm ty 1¢ tin hidu ddi voi tiéng on (SNR) thu
nhat cho bd mang con thir nhit va SNR khac biét thir nhat cho bd mang con thit hai.

SNR khac biét thir nhat 1a khéc biét SNR gitta cac bd mang con lién ké c6
trong by mang con phan hoi.

Nghia 18, SNR thtt nhét cho by mang con thir nhat khong thé dugc dat thanh
SNR khac biét do bd mang con thir nhét khong ¢6 muc tiéu so sanh. Do do, gia tri
SNR c¢6 thé duoc phan hdi cho bo mang con thir nhét va SNR khac biét c6 thé duoc
phan héi tir b mang con thir hai 12 b mang con phan héi trir bd mang con thir nhét.
Nghia 13, b mang con phan héi c¢6 trong b mang con tht hai dugc sir dung dé phan
hdi khac biét SNR gifta cac bd mang con lién k&, do d6 lam giam s6 luong bit phan
hoi.

Cu thé, SNR tht nhét c¢6 thé ¢6 duge cho ludng khong gian-thoi gian bang
cach str dung phuong trinh dudi day.

5,

. Hsciascosciaxions]
D_;S]\‘R:c[zir{()l, i :1.{}10(910 ( =l ’gc — i )

Haciax0) ¢6 thé 1a kénh MIMO wdc tinh cho by mang con thi nhat.

Vseiax(0).i €0 thé 1a cdt i ctia ma tran tao chum V cho bd mang con thu nhat.

i ¢6 thé 1a chi sé ctia ludng khong gian-thoi gian.

N c6 thé 1a cong suét tiéng dn cong nhidu trung binh, dugc do tir STA thir nhat.

scidx(0) 1a chi s6 bo mang con thit nht c6 thé dugc biéu thi dudi dang chi s6
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bd mang con 1 va co thé 1a chi s6 bd mang con ctia bd mang con thir nhét.

SNR thtr nhat c6 thé ¢6 do chi tiét 0,25dB, gia tri t6i thicu la -8dB, va gia tri
t4i da 1a 55,75dB. SNR thir nhit c6 thé duoc luong tir hoa voi 8 bit dua trén do chi tiét,
gia tri t6i thidu, va gid tri t6i da. SNR thir nhét c6 thé dugc biéu thj bang gia tri trong
pham vi tir -8 dB dén 55,75dB v&i bude 0,25dB bing céch st dung 8 bit.

SNR khéc biét thit nhét c¢6 thé ¢ duge cho ludng khong gian-thoi gian dua
trén phuong trinh dudi day.

2 2
iV i HeaVies
Dsr,; = 1010g10 <“_}‘1\;‘_L“.) —10logy, <ﬂ.’%li>

k ¢6 thé 1a chi s6 bd mang con ctia b mang con thir hai.

Hic6 thé 1a kénh MIMO udc tinh cho b mang con phan hoi k.

Vikicod thé 1a cot i ctia ma tran tao chum V cho bd mang con phan hdi k.

i ¢6 thé 1a chi s6 ctia luéng khong gian-thoi gian.

N c6 thé 1a cong suét tiéng on cong nhiéu trung binh, dugc do tir STA thir nhét.

SNR khéc biét thir nhét c6 thé c6 do chi tiét 1a 1dB, gia tri tdi thicu 1a -8dB, va
gid tri t5i da 12 7dB. SNR khéc biét thit nhat c6 thé dugc lugng tir héa voi 4 bit dua
trén do chi tiét, gia tri 51 thidu, va gié tri t6i da. SNR khéc biét thir nhat co thé duge
bidu thi bing gid tri trong pham vi tir -8 dB dén 7dB véi budc 1dB bing cach sir dung
4 bit

Phuong 4n ciia SNR khéc biét thir nhat duge mo ta chi tiét du6i day.

Néu chi sb bd mang con cua by mang con thir nhét 1a 1, thi bd mang con thu
hai c¢6 thé bao gdbm mdt bo mang con thir ba ma chi s6 b mang con cua né 1a 2 va bd
mang con thir twr ma chi s6 bd mang con ctia né 1a 3.

SNR khac biét thir hai cho bd mang con thit ba ¢ thé 1a khac biét SNR giita
bd mang con thur nhét va bd mang con thit ba. SNR khac biét thir hai c6 thé c6 duoc
dua trén phuong trinh trén khi k = 2. Phuong trinh trén c6 thé 1a phuong trinh 3 hoéc 4.
Cu thé, SNR khéc biét th hai c¢6 thé dugc dat thanh gia tri khac bigt SNR gilta SNR
thir nhat va SNR thi hai cho bd mang con thr ba. Tuy nhién, gia tri khac bi€t SNR ¢o
thé bi gi¢i han trong pham vi gia tri t6i thiéu (-8dB) dén gia tri t6i da (7dB).
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SNR khac biét thi ba cho bd mang con thir tu ¢ thé 1a khac biét SNR giita bd
mang con thtt hai va bd mang con thir ba. SNR khac biét thtt ba ¢6 thé c¢6 duoc dua
trén phuong trinh trén khi k = 3. Phuong trinh trén ¢6 thé 1a phuong trinh 3 hogc 4. Cu
thé, SNR khéc biét thir ba c6 thé duge dit thanh gia tri khac biét SNR gitta SNR thu
hai va SNR tht ba cho bd mang con thit tu. Tuy nhién, gia tri khac bi€t SNR co thé bi
0i6i han trong pham vi gi4 tri t6i thiéu (-8dB) dén gia trj t0i da (7dB).

B6 mang con thtr tu ¢co thé 1a bo mang con phan hoi duoc dat cach ra tir bd
mang con tht ba theo gia tri nhém.

Nghia 1a, trong by mang con phan hdi c6 khoang cach giita gid tri nhém, SNR
c6 thé dugc do cho mdi bd mang con. Nghia 13, trong by mang con phan hoi co
khoang cach gifta gid tri nhém, SNR ¢o thé dugc do cho mdi bd mang con. Gia tri
SNR c6 thé duoc phan hdi truc tiép cho bd mang con thur nhét duoc truyén trudce tién
trong sb cac by mang con phan hdi va khac biét SNR gifta cac bd mang con lién ké co
thé dugc phan hdi bat dau tir b mang con thir hai.

Dai tAn s duoc xéc dinh trude c6 thé duge dat cho mot kénh, hai kénh lién két,
ba kénh lién két hodc bdn kénh lién két,

Gia tri nhém cé thé duoc dat thanh mot trong cac gié tri 2, 4, 8 va 16.

FIG. 18 1a so dd thé hiénquy trinh trong d6 thiét bi nhan nhan dugc khung
phéan héi dé thuc hién tao chum MIMO theo phuong én sang ché.

Phuong 4n hién tai d& xuAt phuong phap dinh cu hinh truong bao cdo bd sung
cho tao chum MU-MIMO trong quy trinh phan hdi tao chum nén trong quy trinh tao
chum lai. Thong thuong, trudmg bao cao duge thém vao bao gbm khac biét gitra SNR
trén mdi bd mang con phan hdi va gid tri SNR trung binh. Tuy nhién, phuong an hién
tai d& xuAt phuong phép giam s6 bit cho phan héi bang cach bao gdbm SNR khac biét,
day 1a diém khac biét gitta cac bo mang con lién ke.

Thir nhét, tom tit cac thuat ngft, STA tht nhit c6 thé twong img véi bd phan
hdi dé thuc hién tao chimm MIMO va STA thit hai c6 thé tuong tng véi b6 tra 1o dé
thuc hién su tao chum MIMO. Do tao chum MIMO dugc mo6 ta trong phuong an hién

tai lién quan dén tao chim da nguoi ding (MU)-MIMO, nén c6 thé xuat hién rét nhi¢u
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STA tht nhit. Bd mang con c6 thé twong img véi am.

Trong bude S1810, STA thu nhét nhan dugc tir STA th hai, khung phéan hoi
dugce tao dua trén tao chum nhiéu nguoi ding (MU) nhiéu ddu vao nhiéu dau ra
(MIMO). Tao chim MIMO c6 thé bao gdém quy trinh 4m thanh dé truyén / nhan goi
(hoac khung) giao thirc sang loc chum hodc pha sang loc chum (BRP-beam
refinement protocol / beam refinement phase).

Trong budc S1820, STA thir nhat truyén dit liéu dén STA thr hai dya trén
khung phan héi.

Khung phan hdi ¢6 thé duoc xéac dinh nhu sau.

Khung phan hdi bao gbm thong tin lién quan dén bo mang con phan hdi cho
dai tAn sb dugc xac dinh trudce va truong bao céo tao chum cho tao chum MU-MIMO.

B6 mang con phan hdi bao gbém bd mang con thi nhit duoc truyén trude tién
trong by mang con phan hdi va bo mang con thtt hai ma chi s6 bd mang con clia nd
duoc xac dinh dua trén gia tri nhém lién quan dén khoang cach by mang con. B
mang con thtr hai c6 thé 1a bd mang con phan hdi trir bd mang con thir nht.

B6 mang con thir nhét duoc dit thanh mot trong bd mang con mép trai hodc bo
mang con mép phai cua dai tn s6 duoc xac dinh trude.

Trudng bao cdo tao chim bao gdm ty 1& tin hiéu déi véi tiéng on (SNR) thix
nhat cho bd mang con thit nhét va SNR khac biét thir nhat cho b mang con thtr hai.

SNR khéc biét th nhét 1a khac biet SNR gifta cac bo mang con lién k& c6
trong bd mang con phan hoi.

Nghia 1, SNR thir nht cho b mang con thi nhét khong thé duge dat thanh
SNR khac biét do bd mang con thir nhat khéng c¢6 muc tiéu so sanh. Do do, gia tri
SNR c6 thé duoc phan hdi cho bd mang con thir nhit va SNR khéc biét c6 thé duoc
phan héi tir bd mang con thir hai 1& b mang con phan héi trir bd mang con thir nhat.
Nghia 14, by mang con phan hdi ¢6 trong bo mang con thir hai dugc str dung dé phan
hdi khac bist SNR gitta cdc bd mang con lién ké, do d6 lam giam s6 lugng bit phan
hoi.

Cu thé, SNR tht nhét ¢6 thé cé duoce cho ludng khong gian-thdi gian bang
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cach str dung phuong trinh dudi day.

: Hociawo¥sciaxioill
<D_SNRxmqu=191G§10(iji"lﬂif_ifﬁj'

Hciax(0) ¢6 thé 1a kénh MIMO udc tinh cho bo mang con thit nhat.

Vseidx(0).i €0 thé 1a cot i clia ma tran tao chum V cho bd mang con thir nhét.

i ¢6 thé 1a chi sé ctia ludng khong gian-thoi gian.

N ¢6 thé 14 cong suét tiéng 6n cong nhiu trung binh, dugc do tir STA thir nhat.

scidx(0) 1a chi sé bd mang con thi nhét c6 thé dugc biéu thi dudi dang chi s
bd mang con 1 va co thé 1a chi sb bd mang con cua bd mang con thir nhét.

SNR thtt nhit c6 thé c6 do chi tiét 0,25dB, gia tri tdi thiéu la -8dB, va gia tri
t81 da 12 55,75dB. SNR thir nhét c6 thé dugc luong tir hoa vai 8 bit dua trén do chi tiét,
gid tri t5i thiéu, va gia tri t8i da. SNR thir nhét c6 thé dugc bicu thi bing mot gia tri
trong pham vi tir -8 dB dén 55,75dB véi bude 0,25dB béng cach str dung 8 bit.

SNR khac biét tht nhit c6 thé c6 duge cho ludng khong gian-thoi gian dua
trén phuong trinh dudi day.

: 2
HiVi.i HeaVy_y |
Dengy; = 10l0g10 (“L;_JL) —10logy, (“_klNk;““>

k ¢6 thé 1a chi s6 bo mang con cua bd mang con thir hai.

Hyc6 thé 1a kénh MIMO wéc tinh cho bo mang con phan hdi k.

Viico thé 1a cot i ctia ma trin tao V cho bd mang con phan hdi k.

i ¢6 thé 1a chi s6 cua ludng khong gian-thoi gian.

N ¢6 thé 1a c6ng sudt tiéng 6n cong nhiéu trung binh, duge do tir STA thw nhét.

SNR khac biét thit nhét c6 thé c6 do chi tiét 1a 1dB, gia tri t&i thiéu 1a -8dB, va
gia tri t6i da 1a 7dB. SNR khéc biét thit nhét c6 thé duoc luong tit hoa véi 4 bit dua
trén do chi tiét, gia tri t6i thidu, va gia tri t8i da. SNR khac biét thit nhat ¢6 thé duge
bidu thi bing gid tri trong pham vi tir -8 dB dén 7dB véi budc 1dB bang céch sir dung
4 bit

Phuong an ciia SNR khac biét thir nhét dugc mo ta chi tiét dudi day.

Néu chi s6 bd mang con cua bd mang con thir nhét 1a 1, thi b6 mang con thi
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hai ¢6 thé bao gém mot bd mang con thir ba ma chi s6 bd mang con cua no la 2 va b
mang con thir tu ma chi s6 bd mang con ctia n6 1a 3.

SNR khac biét ther hai cho bd mang con thir ba ¢o6 thé 1a khac biét SNR gifta
b6 mang con thur nhét va bd mang con thir ba. SNR khéc biét thu hai c6 thé co duogc
dua trén phuong trinh trén khi k = 2. Phuong trinh trén ¢6 thé 1a phuong trinh 3 hodc 4.
Cu thé, SNR khéc biét thir hai c6 thé duge dat thanh gia tri khac biét SNR gitta SNR
thtr nhat va SNR tht hai cho bd mang con thtt ba. Tuy nhién, gia tri khac bi¢t SNR ¢
thé bi gi6i han trong pham vi gia tri t6i thiéu (-8dB) dén gia tri t6i da (7dB).

SNR khac biét thir ba cho bd mang con thir tu ¢ thé 1a khac biét SNR gitta bd
mang con thu hai va bd mang con thir ba. SNR khéc biét thir ba co thé c6 duoc dua
trén phuong trinh trén khi k = 3. Phuong trinh trén c6 thé 1 phwong trinh 3 hogc 4. Cu
thé, SNR khac biét thir ba c6 thé dugc dit thanh gia tri khac biét SNR gifta SNR thu
hai va SNR thir ba cho bd mang con thit tu. Tuy nhién, gi tri khac biét SNR co6 thé bi
gi6i han trong pham vi gia tri t6i thiéu (-8dB) dén gia tri t0i da (7dB).

B6 mang con thtr tu ¢ thé 1a b6 mang con phan hoi duogc dat cach ra tir bd
mang con thit ba theo gia tri nhom.

Nghia la, trong by mang con phan hdi c6 khoang cach giita gia tri nhém, SNR
¢6 thé dugc do cho mdi bd mang con. Gia tri SNR ¢6 thé duogc phan hi truc tiép cho
bo mang con thir nhat duoc truyén trudc tién trong sb cac bd mang con phan hdi va
khac biét SNR gifra cac by mang con lién ké c6 thé dugc phan hdi bt dau tir b mang
con tht hai.

Dai tAn s6 duge xéc dinh trude c6 thé duge dat cho mdt kénh, hai kénh lién két,
ba kénh lién két hodc bén kénh lién két,

Gié tri nhom c6 thé duoc dat thanh mét trong cac gia tri 2, 4, 8 va 16.

FIG. 19 thé hién quy trinh truyén khung phan hdi dé thuc hién tao chum
MIMO theo phuong &n cua sang ché.

Thit nhit, tom tit cac thut ngft, STA thtr nhit c6 thé twong Ung véi 150 déap
ung dé thuc hién su tao chum MIMO va STA thir hai ¢6 thé twong ung voi bo khéi tao
100 d thuc hién sy tao chum MIMO. Tao chum MIMO dugc mé ta trong phuong
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ancta sang ché c6 thé tuong tmg v6i tao chum don (SU)-MIMO néu c6 mot STA thu
nhat va c6 thé twong @mg véi tao chirm nhidu ngudi ding (MU)-MIMO néu c6 nhiéu
STA thir nhat.

Trong budc S1900, STA thw nhét thuc hién quy trinh tao chum MIMO cling
vai STA thtr hai. Quy trinh tao tao chum MIMO cé thé bao gém cac budc S1910 va
S1920.

Trong budc S1910, STA thu nhit tao khung phan héi dva trén quy trinh tao
chum nhiéu dau vao nhiéu dau ra (MIMO). Quy trinh tao chum MIMO c¢6 thé bao
gdém quy trinh 4m thanh dé truyén / nhan goi (hoac khung) giao thic sang loc chum
hodc pha sang loc chum (BRP-beam refinement protocol / beam refinement phase).

Trong bude $1920, STA thir nhét truyén khung phan hoi dén STA thi hai.

Trong budc S1930, STA thw nhét truyén / nhan tin hiéu dua trén quy trinh tao
chum MIMO.

Khung phan hdi c6 thé duoc xac dinh nhu sau.

Khung phan hoi bao gbm thong tin lién quan dén bo mang con phan héi cho
dai tin sb dugc xac dinh trudce va trudong bao cao tao chum cho tao chum MU-MIMO.

Bo mang con phan hdi bao gbém bd mang con thir nhit duoc truyén trude tién
trong b6 mang con phan hdi va bd mang con thit hai ma chi s6 bo mang con ctia nd
duoc xac dinh dua trén giad tri nhom li€n quan dén khoang cach bo mang con. Bo
mang con thit hai ¢6 thé 1a bo mang con phan hdi trir bd mang con thir nhAt.

B6 mang con thir nhét duoc dit thanh mot trong bd mang con mép trai hodc bd
mang con mép phai cua dai tan s6 duoc xac dinh trude. '

Truong bdo cdo tao chim bao gdm tin hiéu ddi véi tiéng on (SNR) thi nhat
cho bd mang con thur nhét va SNR khéc biét thir nhét cho bd mang con thit hai.

SNR khac biét thir nht 1a khac biét SNR gifta c4c bd mang con lién ké c6
trong bd mang con phan hoi.

Nghia 13, SNR thit nhét cho b mang con thit nhat khong thé dugc dat thanh
SNR khéc biét do bd mang con thur nhat khéng c6 muc ti€u so sanh. Do do, gia tri
SNR c¢6 thé duoc phan hdi cho bd mang con thir nhit va SNR khac biét co thé dugc
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phan héi tir b mang con thir hai 12 bo mang con phan hdi trir b mang con tht nhat.
Nghia 1a, by mang con phan hdi ¢6 trong b mang con tht hai dugc st dung dé phan
hdi khac biét SNR giita cac bd mang con lién k&, do d6 lam giam ) lugng bit phan
hoi.

Cu thé, SNR thtr nhit ¢ thé ¢6 duge cho ludng khong gian-thoi gian bang
cach str dung phuong trinh dudi day.

5,

v EH gy ""-"ys::' et :2
D_SNRiciaxo.i =10log,, (_iwi_w_»’_ﬁﬁi_i_)

Haciax(0) c6 thé 1a kénh MIMO wdc tinh cho by mang con thir nhat.

Vscidx(0),i €O thé 14 ot i cia ma tran tao chum V cho bd mang con thir nhét.

i ¢6 thé 1a chi s6 cua luéng khong gian-thoi gian.

N c6 thé 1a cong suét tiéng on cong nhiu trung binh, dugc do tir STA thir nhét.

scidx(0) 1a chi s6 bd mang con thir nhat ¢6 thé duoc biéu thi dudi dang chi sb
bd mang con 1 va co thé 1a chi s6 bd mang con ctia b mang con thir nhat.

SNR thir nhét c6 thé c6 do chi tiét 0,25dB, gia tri ti thicu la -8dB, va gia tri
t8i da 1a 55.75dB. SNR thir nhat ¢6 thé duoc luong tir hoa voi 8 bit dya trén d6 chi tiét,
gia tri t6i thiéu, va gia tri t8i da. SNR thtt nhét c6 thé dugc biéu thi bang gié tri trong
pham vi tir -8 dB dén 55,75dB véi budc 0,25dB bang cach st dung 8 bit.

SNR khac biét tht nhit ¢ thé c6 duoc cho ludng khong gian-thoi gian dua
trén phuong trinh dudi day.

z 2
BV, i He iV, .
DSNRk,i = 10log,o <“—kN£i> — 10log,, <”LN£_1;“>

k ¢6 thé 1a chi s6 bd mang con ctia bd mang con thir hai.

Hi c6 thé 1a kénh MIMO uéc tinh cho bo mang con phan hdi k.

Vkicod thé 14 cot i ctia ma trdn tao chum V cho by mang con phan hoi k.

i c6 thé 1a chi s6 cta ludng khong gian-thoi gian.

N ¢6 thé 1a cong suét tiéng dn cong nhiu trung binh, dugc do tir STA thir nhat.

SNR khac biét thir nhit c6 thé c6 do chi tiét 1a 1dB, gié tri t6i thiu la -8dB, va
gid tri t5i da la 7dB. SNR khac biét thit nhat ¢ thé dugc luong tir hoa voi 4 bit dya
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trén do chi tiét, gia tri t4i thidu, va gia tri t6i da. SNR khac biét thir nhét c6 thé dugc
bidu thi bing gid tri trong pham vi tir -8 dB dén 7dB véi budc 1dB bang cach sir dung
4 bit

Phuong an ciia SNR khéc biét thir nhét duge mo ta chi tiét dudi day.

Néu chi s6 bd mang con cua by mang con thir nhét 1a 1, thi bd mang con thir
hai c6 thé bao gdbm mot b mang con thit ba ma chi s6 bd mang con cua né 1a 2 va bd
mang con thtr tur ma chi s6 bo mang con cta né 1a 3.

SNR khéc biét thir hai cho bd mang con thtr ba c6 thé 1a khéc biét SNR gifta
bd mang con thir nhat va bo mang con thir ba. SNR khac biét thir hai c6 thé c6 duge
dua trén phuong trinh trén khi k = 2. Phuong trinh trén ¢6 thé 1a phuong trinh 3 hodc 4.
Cu thé, SNR khéc biét thr hai c6 thé dugc dat thanh gia trj khac biét SNR gitta SNR
thir nhat va SNR thir hai cho bd mang con thit ba. Tuy nhién, gia tri khac biét SNR ¢
thé bi gi6i han trong pham vi gia tri t6i thiéu (-8dB) dén gié tri t6i da (7dB).

SNR khac biét thir ba cho bd mang con thir tu c6 thé 1a khéc biét SNR gifta bd
mang con thtr hai va by mang con thir ba. SNR khac biét thit ba c6 thé c6 duogc dua
trén phuong trinh trén khi k = 3. Phuong trinh trén c6 thé 1a phwong trinh 3 hodc 4. Cu
thé, SNR khéc biét thir ba c6 thé duoc dat thanh gia tri khac biét SNR giita SNR thir
hai va SNR thir ba cho bd mang con thir tu. Tuy nhién, gia tri khac bi€t SNR co thé bi
gi6i han trong pham vi gi4 tri t6i thiéu (-8dB) dén gia tri t0i da (7dB).

B6 mang con thtr tu ¢6 thé 1a bd mang con phan hdi duge dat cach ra tir bd
mang con thir ba theo gia tri nhom.

Nghia 13, trong bd mang con phan hdi ¢6 khoang cach giita gid tri nhém, SNR
¢6 thé duoc do cho mdi bd mang con. Gia tri SNR ¢6 thé dugc phan hdi truc tiép cho
b6 mang con thir nhat dugce truyén trudc tién trong sé cac bd mang con phan héi va
khac bist SNR giita cac bd mang con lién ké c6 thé duge phan hoi bat dau tir by mang
con tht hai.

Dai tAn sé duoc xac dinh trude c6 thé duge dit cho mot kénh, hai kénh lién két,
ba kénh lién két hodc bén kénh lién két,

Gia tri nhom c6 thé duoc dat thanh mot trong céac gid tri 2, 4, 8 va 16.
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6. Chu hinh thiét bi

FIG. 20 1 so dd mo ta thiét bi dé thuc hién phuong phép dugc mé ta & trén.

Thiét bi khong day (100) ctia FIG. 20 c6 thé tuong g vi STA bd khoi tao,
truyén tin hidu duoc mo ta trong phin mé ta & trén va thiét bi khong day (150) c6 the
twong tmg v6i STA bg tra 101, nhan tin hiéu dugc m6 ta trong mo ta & trén. Tai thoi
didm nay, mdi tram c6 thé twong tmg voi thiét bi 11ay (hodc thiét bi ngudi ding (UE))
hodic PCP / AP. Sau day, dé don gian trong md t ctia sang ché, bd khoi tao STA truyén
tin hiéu dugc goi la thiét bi truyén (100) va STA bd tra 101 nhan tin hiéu duge goi 1a
thiét bi nhéan (150).

Thiét bi truyén (100) ¢6 thé bao gdm bé xir Iy (110), bd nhé (120) va thiét bi
truyén / nhan (130) va thiét bi nhan (150) 6 thé bao gdm bd xtr Iy (160), bd nhé (170)
va don vi truyén / nhan (180). Thiét bi truyén / nhan (130, 180) truyen / nhan tin hi¢u
v6 tuyén va c6 thé duoc van hanh trong 16p vét Iy ctia chuan 802.11 / 3GPP, v. v.. Bo
xtt 1y (110, 160) c6 thé duge van hanh trong 16p vat Iy va / hodc 16p MAC va c6 thé
duoc két ndi hoat dong vai thiét bi truyén / nhan (130, 180).

Bo xit Iy (110, 160) va / hodc don vi truyén / nhan (130, 180) c6 thé bao gom
mach tich hop danh riéng cho tng dung (ASIC), chipset khac, mach logic va / hoac bd
xir Iy dit liéu. B nhé (120, 170) c6 thé bao gém b nhé chi doc (ROM), bd nhé truy
cap ngau nhién (RAM), bo nh¢ flash, thé nhé, phuong tién luu trir va / hoac don vi
Iuu trit khac. Khi cdc phuong 4n duge thuc thi bang phan mém, céc k§ thuét (hodc
phuong thirc) dugc mo ta trong tai liéu nay co thé dugc thyc thi bang cac mo-dun (vi
du: quy trinh, chitc néng, v. v.) thuc hién cac chirc nang duge mo ta trong tai liéu nay.
Cac mo-dun c6 thé duoc luu trit trong b nhd (120, 170) va duge bd xur ly thuc hién
(110, 160). Bo nh¢ (120, 170) co thé duogc trién khai (hodc dinh vi) trong b xur ly
(110, 160) hoic bén ngoai bo xit ly (110, 160). Ngoai ra, bd nhé (120, 170) 6 the
duoc két ndi hoat dong vai bd xir Iy (110, 160) thong qua cac phuong tién khac nhau
duoc biét dén trong k¥ thuat.

Bo xtt Iy (110, 160) c6 thé thuc hién cac chic ning, quy trinh va / hodc
phuong thire duge dé xuét trong sang ché. Vi du, bd xir ly (110, 160) co thé thuc hién
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thao tac noi trén theo phuong an hién tai.

Bo xir Iy 110 ctia thiét bi truyén phat hoat dong nhu sau. B¢ xu Iy 110 cua
thiét bi truyén phét tao khung phan hdi dya trén tao chim nhiéu nguoi ding (MU)
nhiéu dau vao nhiéu ddu ra (MIMO) va truyén khung phéan hoi.

B6 x1r 1y 160 cua thiét bi nhan hoat dong nhu sau. Bo xir Iy 160 cia thiét bi
nhan nhan khung phan hdi dugc tao trong thiét bi truyén va truyén dir liéu dua trén
khung phan hdi.

FIG. 21 thé hién thiét bi khong day chi tiét hon dé thuc hién phuong 4n cta
sang ché. Sang ché duge mo ta & trén cho thiét bi truyén hodc thiét bi nhan co the
duoc ap dung cho phuong an nay.

Thiét bi khong day bao gdm bo xir Iy 610, mo-dun quéan ly ngudn 611, pin 612,
man hinh 613, ban phim 614, mo-dun nhan dang thué bao (SIM) thé 615, bo nhé 620,
b6 thu phat 630, mot hodc nhiéu ang ten 631, loa 640 va micro 641.

Bo xtr ly 610 ¢o thé duoc cau hinh dé thuc hién cac chirc ning, quy trinh va /
hoac phuong phéap dugc dé xuét trong mo ta nay. Céc 16p cua giao thurc giao dién v
tuyén c6 thé duoc trién khai trong b xtt Iy 610. B xtt Iy 610 c6 thé bao gom ASIC,
chipset khéc, mach logic va / hodc thiét bi xtr ly dir liéu. Bo xtr Iy 610 co thé 1a bo xur
Iy tmg dung (AP). Bé xtt Iy 610 ¢6 thé bao gdm it nhat bd xir 1y tin hiéu s6 (DSP), bo
XUt Iy trung tam (CPU), b xir ly db hoa (GPU), modem (bd diéu bién va b giai ma).
Mot vi du v& bo xir 1y 610 c6 thé dugc tim thay trong loat bd xir Iy SNAPDRAGON™
duoc san xuét bdi Qualcomm®, loat bo xit Iy EXYNOS™ do Samsung® san xuét, mot
loat bd xtr ly duogc san xudt boi bd xt ly Apple®, loat bd xtr ly cta HELIO™ do
MediaTek®, loat ATOM™ san xuét duogc san xuét boi Intel® hogc bo xir Iy thé hé tiép
theo tuong ung.

M6 dun quan ly ngudn 611 quéan ly nang luong cho b xir Iy 610 va / hodc bd
thu phat 630. Pin 612 cung cap ning luong cho médun quéan ly ngudn 611. Man hinh
613 thé hién két qua duoc xit ly boi bd xir Iy 610. Ban phim 614 nhan dau vao dugc
sit dung béi b xit Iy 610. Ban phim 614 c6 thé dugc the hién trén man hinh 613. Thé
SIM 615 12 mdt mach tich hop nhim luu trit an toan s6 nhan dang thué bao di dong
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quéc té (IMSI) va khoa lién quan cua nd, duge st dung dé nhan dang va xac thuc thué
bao trén céc thiét bi dién thoai di dong (nhu dién thoai di dong va may tinh). Ciing c6
thé luu trit thong tin lién lac trén nhiéu thé SIM.

Bo nhé 620 dugc két hop hoat dong voi bg xir ly 610 va luu trik nhiéu thong
tin khac nhau dé van hanh b xtt Iy 610. Bd nhd 620 c6 thé bao gobm ROM, RAM, b
nh¢ flash, thé nhé, phuong tién luu trit va / hoac thiét bi luu trit khac. Khi cdc phuong
an duoc trién khai trong phﬁn mém, cac k¥ thuit dugc md ta trong tai liéu nay c6 thé
duoc trién khai véi cac mo dun (vi du: quy trinh, chitc nang, v. v.) thuc hién cac chuc
nang dugc md ta trong tai liéu nay. Cac md dun co thé duoc luu trit trong bo nhé 620
va dugc thuc hién bdi bd xtt Iy 610. B6 nhd 620 c6 thé dugc trién khai trong b xur 1y
610 hodc bén ngoai bo xit Iy 610, trong trudng hop ching c6 thé duge ghép ndi véi bo
xut Iy 610 thong qua cac phuong tién khac nhau nhu da biét trong k¥ thuat.

B6 thu phét 630 duoc két hop hoat dong vai bd xit 1y 610, va truyén va / hodc
nhén tin hiéu vo tuyén. B6 thu phat 630 bao g?)m mot may phat va mot may thu. B
thu phat 630 c6 thé bao gdm mach co s¢ dé xtt Iy tin hidu tan s6 v6 tuyén. Bo thu phat
630 didu khién mot hodc nhiu ang ten 631 dé truyén va / hogc nhan tin hiéu radio.

Loa 640 cho ra két qua lién quan dén am thanh duge xtt ly bdi bd xr Iy 610.
Micrd 641 nhan cac dau vao lién quan dén am thanh dugc sir dung boi bo xtt Iy 610.

Trong trudmg hop thiét bi truyén, b xit Iy 610 tao khung phan hoi dua trén tao
chim nhiéu nguoi ding (MU) nhiéu dAu vao nhidu dau ra (MIMO) va truyén khung
phan hoi.

Trong trudng hop thiét bi nhén, bd xt 1y 610 cla thiét bi nhan s& nhan khung
phan hdi dugc tao trong thiét bi truyén va truyén dit liéu dya trén khung phan hoi.

Khung phéan hdi c6 thé duge xac dinh nhu sau.

Khung phan hdi bao gém thong tin lién quan dén bo mang con phan héi cho
dai thn sb duge xac dinh trudc va trudng béo céo tao chum cho tao chum MU-MIMO.

B6 mang con phan hdi bao gbm bé mang con thir nhat dugc truyén trude tién
trong bd mang con phan hdi va by mang con thtt hai ma chi s6 bo méng con cua no

duoc xac dinh dua trén gia tri nhom lién quan dén khoang cach by mang con. Bo
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mang con thit hai c6 thé 12 b mang con phéan héi trir bd mang con thir nhat.

B6 mang con thur nhét dugc dit thanh mot trong bd mang con mép trai hodc bd
mang con mép phai cua dai tan sb dugc xac dinh trudc.

Trudng bdo c4o tao chum bao gdm ty 18 tin hidu déi véi tiéng on (SNR) thir
nhit cho bd mang con thi nhit va SNR khac biét thit nhét cho bd mang con thir hai.

SNR khéc biét thi nhét 1a khac biét SNR gifta cic by mang con lién ké c6
trong bd mang con phan hoi.

Nghia 1a, SNR thir nht cho b mang con thi nhat khong thé dugc dit thanh
SNR khac biét do bé mang con thir nhét khéng c6 muc tiéu so sanh. Do do, gia tri
SNR ¢6 thé duoc phan hdi cho bd mang con thir nht va SNR khéc biét ¢6 thé dugc
phan hoi tir bd mang con thir hai 1a b6 mang con phan hdi trir bd mang con thi nhét.
Nghia 1a, by mang con phan hdi ¢6 trong bo mang con thtt hai dugc sir dung dé phan
hdi khac bist SNR gitta cac bd mang con lidn k&, do d6 1am giam s6 luong bit phan
hoi.

Cu thé, SNR thtr nhit c6 thé c6 duge cho ludng khong gian-thoi gian bang
cach stir dung phuong trinh dudi day.

v seiasoFsciaxinl
D_SNReiao.i =19logw(—*———""—“E L e ‘i )

Haciax(o) c6 thé 1a kénh MIMO udc tinh cho bd mang con thu nht.

Vseidx(0).i €6 thé 14 c¢dt i ctia ma tran tao chum V cho bd mang con thi nhét.

i c6 thé 1a chi s6 cua ludng khong gian-thoi gian.

N ¢6 thé 1a cong suét tiéng dn cong nhidu trung binh, dugc do tir STA thir nhét.

scidx(0) 1a chi sé bé mang con thir nhét c6 thé duge biéu thi dudi dang chi sb
bd mang con 1 va co thé 1a chi s bd mang con ciia bd mang con thir nhét.

SNR thir nhét c6 thé c6 do chi tiét 0,25dB, gia tri toi thicu la -8dB, va gia tri
t8i da 1a 55,75dB. SNR thtt nhét ¢6 thé duoc lugng tir hoa véi 8 bit dua trén do chi tiét,
gid tri t8i thidu, va gia tri t6i da. SNR thtt nhét c6 thé duoc bitu thi bing gia tri trong
pham vi tir -8 dB dén 55,75dB véi budc 0,25dB bang cach sir dung 8 bit.

SNR khac biét tht nhit c6 thé c6 duoc cho ludng khong gian-thoi gian dua
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trén phuong trinh dudi day.

2 2
Vi He iV, . .
Dsngy; = 1010910 <“ k}\;‘"” > — 10logy, (ll_ill\lk;“”)

k c6 thé 1a chi s6 bd mang con ciia bd mang con thir hai.

Hi c6 thé 1a kénh MIMO uée tinh cho b mang con phan hdi k.

Viic6 thé 1a cot i ctia ma tran tao chum V cho bd mang con phan hdi k.

i ¢6 thé 12 chi s6 ctia ludng khong gian-thoi gian.

N c6 thé 1a cong suét tiéng 6n cong nhiéu trung binh, dugc do tir STA thir nhat.

SNR khéc biét thit nhit c6 thé c6 do chi tiét 1a 1dB, gia tri téi thiéu 1a -8dB, va
gia tri t6i da 1a 7dB. SNR khac biét thit nhat ¢6 thé dugc luong tir hoa voi 4 bit dua
trén d6 chi tiét, gia tri ti thidu, va gia tri t6i da. SNR khéc biét thir nhat c6 thé duoc
bidu thi bang gia tri trong pham vi tir -8 dB dén 7dB véi budc 1dB bang céch sir dung
4 bit

Phuong 4n ctia SNR khéc biét thtr nhét duge mo ta chi tiét dudi day.

Néu chi sb bo mang con cta bd mang con thur nhét 1a 1, thi bd mang con thir
hai ¢6 thé bao gém mot bd mang con tht ba ma chi s6 bd mang con cua no la 2 va b
mang con thtt tu ma chi s6 b mang con ctia nd 1a 3.

SNR khac biét thtr hai cho b mang con thir ba c6 thé 1a khac biét SNR giita
b6 mang con thir nhat va bo mang con thtr ba. SNR khéc biét thir hai ¢6 thé c6 dugc
dua trén phuong trinh trén khi k = 2. Phuong trinh trén ¢ thé 1a phuong trinh 3 hodc 4.
Cu thé, SNR khac biét thr hai c6 thé dugc dit thanh gia tri khac biét SNR gitta SNR
thtr nhat va SNR thtr hai cho bd mang con thit ba. Tuy nhién, gia tri khac biét SNR c6
thé bi gi6i han trong pham vi gia trj t6i thiéu (-8dB) dén gié tri t6i da (7dB).

SNR khac biét thir ba cho bd mang con tht tu ¢6 thé 1a khéac biét SNR giita bd
mang con tht hai va by mang con thir ba. SNR khac biét thir ba c6 thé co dugc dua
trén phuong trinh trén khi k = 3. Phuong trinh trén c6 thé 1a phuong trinh 3 hodc 4. Cu
thé, SNR khac biét thir ba c6 thé dugc dit thanh gia tri khac biét SNR gifta SNR thir
hai va SNR thir ba cho bd mang con thir tu. Tuy nhién, gia tri khac biét SNR co thé bi
gi6i han trong pham vi gi4 tri t6i thiéu (-8dB) dén gia tri t6i da (7dB).
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B6 mang con thtr tu ¢ thé 1a bd mang con phan hoi duoc dat cach ra tir bd
mang con thir ba theo gia tri nhom.

Nghia 13, trong by mang con phan hdi c6 khoang cach gifta gia tri nhém, SNR
c6 thé duoc do cho mbi bd mang con. Gié tri SNR ¢ thé duoc phan hdi truc tiép cho
b6 mang con thir nhat dugc truyén trudc tién trong s6 cac bo mang con phan hdi va
khac biét SNR giita cac bd mang con lién ké c6 thé duge phan hdi bat dau tir bd mang
con thtr hai.

Dai tAn sb duoc xéc dinh trude ¢6 thé duge ddt cho mdt kénh, hai kénh lién két,
ba kénh lién két hodc bén kénh lién két,

Gia tri nhém co thé duoc dat thanh mot trong cac gid tri 2, 4, 8 va 16.
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YEU CAU BAO HQ
1. Phuong phép truyén khung phan héi trong hé théng mang cuc bd khong day
(wireless local area network, WLAN), phuong phap nay bao gém cac budc:

tao ra, bdi tram (station, STA) thtr nhét, khung phan héi dua trén su tao chum
nhidu ngudi ding (multi user, MU)-nhiéu d4u vao nhiéu dau ra (multi input multi
output, MIMO); va

truyén, boi STA thir nhat, khung phan héi dén STA thi hai,

trong d6 khung phan hdi bao gém théng tin lién quan dén bd mang con phan héi
cho dai tn sé duogc xéac dinh trudc va trudng bao céo tao chum cho su tao chim MU-
MIMO,

trong d6 bd mang con phan hdi bao gdm bd mang con thir nhat duge truyén trude
tién trong bd mang con phan héi va bé mang con thir hai, trong d6 bo mang con thir
hai va bd mang con thtr nhat duoc dit cach ra boi gia tri nhom,

trong d6 b mang con thir nhat dugc dit thanh mot trong bd mang con mép trai
hodc bd mang con mép phai clia dai tan s dugc xé4c dinh trude,

trong do trudng bao cdo tao chim bao gdm ty 18 tin hiéu dbi voi tiéng 6n (signal
to noise ratio, SNR) thi nhét cho bd mang con thir nhit va SNR khac biét thir nhat cho
bd mang con thit hai, va

trong d6 SNR khéc biét thi nhét 1a khac biét SNR gifta cac bd mang con lién ké
dugc bao gdbm trong bd mang con phan hdi. |
2. Phuong phap theo di¢m 1, trong &6 SNR thtt nhét ¢6 dugc cho ludng khong gian-
thoi gian dua trén phuong trinh:

E‘Hscz‘ g x{0) e
D_SNRscidx(w,i =1810g10 (L&@%ﬂufi)

trong d6 Hcidx(0) 12 kénh MIMO uérc tinh cho bd mang con thir nhit,

Viscidx(0),i 1a ¢0t 1 cua ma tran tao chum V cho b§ mang con thx nhit,

-62-



36873

i 1a chi sb cta ludng khéng gian-thoi gian, va

N 14 cong suét tiéng dn cong nhidu trung binh, duge do tir STA thir nhat.
3. Phuong phép theo diém 2,

trong d6 SNR thit nht c6 do chi tiét 1a 0,25dB, gia tri tdi thicu 1a -8dB, va gia tri
t61 da 1a 55,75dB, va

frong d6 SNR thtt nhit duoc lugng tir hoa véi 8 bit dua trén do chi tiét, gia tri 6
thiéu, va gia tri t6i da.
4. Phuong phap theo diém 1, trong d6 SNR khac biét thir nhét cé duge cho ludng
khong gian-thoi gian dua trén phuong trinh:

H z 2
D = Vi i He 1V
snry; = 1000g10 <” RI\;('L” > —10logye <H_k-%1—l“—>

>

trong d6 k 14 chi s6 bd mang con ctia bd mang con thir hai,

H 12 kénh MIMO udc tinh cho bd mang con phan hdi k,

Vi la cot i cila ma trin tao chum V cho b mang con phan hoi k,

i 1a chi s6 cua ludng khong gian-thoi gian, va

N 14 cong suét tiéng dn cong nhidu trung binh, dugc do tir STA thi nhat,
5. Phuong phap theo diém 4,

trong d6 SNR khac biét thir nhit c6 do chi tiét 1a 1dB, gié tri t6i thicu 1a -8dB, va
gid tri toi da 1a 7dB, va

frong d6 SNR khac biét thir nhit dugc lugng tir héa véi 4 bit dua trén do chi tiét,
gia tri t6i thiéu, va gié trj t6i da.
6. Phuong phap theo diém 4,

trong d6 néu chi s6 bd mang con cua bd mang con thi nhat la 1, thi b mang con

thi hai bao gdbm bd mang con thit ba ma chi s6 bd mang con cua no 1a 2 va bo mang
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con thtr tr ma chi s6 b mang con ctianoé la 3,

trong d6 SNR khéc biét thir hai cho bo mang con thir ba la khac biét SNR giita bo

mang con thir nhat va bd mang con thir ba,
trong d6 SNR khéc biét th hai ¢6 duoc dua trén phuong trinh khi k=2,

trong d6 SNR khac biét tht ba cho b mang con thir tur 1a khac biét SNR gilia bo

mang con thir hai va bd mang con thir ba, va
trong d6 SNR khéc biét thi ba ¢6 dugc dya trén phuong trinh khi k=3.

7. Phuong phap theo diém 6, trong d6 b mang con thir tu 1a bd mang con phan hoi

duoc dit cach ra tir bd mang con thir ba béi gia tri nhom.
8. Phuong phép theo diém 1,

trong d6 dai tin sé dugc xac dinh truéc duge dat cho kénh don, hai kénh lién két,
ba kénh lién két, hoac bon kénh lién két,

trong d6 gia tri nhom duoc dat thanh mot trong cac gia tri 2, 4, 8, va 16, va
trong d6 bd mang con thtr hai 1a by mang con phan héi trir bd mang con thit nhét.

9. Tram (station, STA) dé truyén khung phan hdi trong hé théng mang cuc bd khong
day (wireless local area network, WLAN), STA bao gbm:

bo nhd;
bd thu phat; va

b6 xit Iy dugc ghép ndi hoat dong véi bd nhé va bd thu phat, trong d6 b xtr ly

duoc cau hinh dé:

tao ra khung phan hdi dua trén su tao chum nhiéu ngudi dung (multi user, MU)-

nhiéu dau vao nhiéu dau ra (multi input multi output, MIMO); va
truyén khung phan hdi dén STA thir hai,

trong d6 khung phan hdi bao gdm thong tin lién quan dén bd mang con phan hoi

cho dai tan sd duoc x4c dinh trudc va truong bao céo tao chum cho su tao chum MU-
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MIMO,

trong d6 bd mang con phan hdi bao gdm bd mang con thi nhat dugc truyén trudc
tién trong b mang con phan hdi va bd mang con th hai, trong d6 bd mang con thi

hai va bd mang con thir nhét duogc dit cach ra béi gi tri nhom,

trong d6 bd mang con thir nhéit dugc dit thanh mot trong bd mang con mép trai

hodc bd mang con mép phai cua dai tan so duoc xac dinh trude,

trong dé trudng bao céo tao chum bao gbm ty 1¢ tin hiéu d6i voi tiéng on (signal
to noise ratio, SNR) thtt nhit cho bé mang con thir nhdt va SNR khéc biét thit nhat cho

bd mang con thtr hai, va

trong d6 SNR khéc biét thit nhét 1a khéc biét SNR gitta cac bd mang con lién ké
dugc bao gébm trong bd mang con phan hoi.
10. Tram theo diém 9, trong d6 SNR thtr nhét ¢6 dugc cho ludng khong gian-thoi

gian dya trén phuong trinh:

BH o avcoVssigatonil
LLSNmemm=1emgle(ifﬁ&gﬁfgiﬁfi)

trong d6 Haciax(o) 1a kénh MIMO wdc tinh cho b mang con thir nhét,

Viscidx(0)i 1a ¢t i ctia ma trén tao chum V cho b mang con thi nhét,

i 1a chi s6 ctia ludng khong gian-thoi gian, va

N 14 cong suét tiéng &n cong nhidu trung binh, duge do tir STA thit nhét.
11. Tram theo diém 10,

trong d6 SNR thir nhit c6 do chi tiét 1a 0,25dB, gié tri t6i thiéu 1a -8dB, va gia tri
tbi da 1a 55,75dB, va

trong d6 SNR thit nhat duoc luong ti hoa voi 8 bit dua trén do chi tiét, gid trj t6i
thiéu, va gia tri t6i da.

12. Tram theo diém 9, trong d6 SNR khac biét thir nhét c6 duoc cho ludng khéng
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gian-thoi gian dya trén phuong trinh:

2
He1 Vi1
)_ o (n it >

trong d6 k 1a chi s6 bd mang con ctia bd mang con thir hai,

2
H,V, .
DSNRkji = 10log,, (H k}\;“”

>

Hi 14 kénh MIMO ude tinh cho bd mang con phan hdi k,

Vi la cot i cia ma trdn tao chum V cho bd mang con phan hoi k,

i 1a chi s6 cua ludng khong gian-thoi gian, va

N 1a cong sut tiéng dn cong nhidu trung binh, duge do tir STA th nhat.
13. Tram theo diém 12,

trong d6 SNR khéc biét thir nhét c6 do chi tiét 1a 1dB, gia tri t6i thicu 1a -8dB, va
gia tri toi da 12 7dB, va

trong d6 SNR khéc biét thir nhit dugc lugng tir héa véi 4 bit dua trén do chi tiét,
gia tri t6i thidu, va gia tri t6i da.
14. Tram theo diém 12,

trong d6 néu chi sb bd mang con ctia bd mang con thir nhéat 1a 1, thi bd mang con
thr hai bao gdm bd mang con thtt ba ma chi s6 bd mang con cua né 1a 2 va by mang

con thir tu ma chi s6 bd mang con cta né la 3,

trong d6 SNR khéc biét thit hai cho bd mang con thir ba 1a khac biét SNR gitra bd

mang con thtt nhit va bd mang con thi ba,
trong d6 SNR khéc biét thi hai ¢6 dugc dua trén phuong trinh khi k=2,

trong d6 SNR khac biét thi ba cho bd mang con thir tur 1a khac biét SNR gitta bd

mang con thtr hai va b mang con thir ba, va
trong d6 SNR khéc biét thi ba c6 dugc dua trén phuong trinh khi k=3.

15. Phuong phap nhan khung phan hdi trong hé théng mang cuc by khong day
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(wireless local area network, WLAN), phuong phap nay bao gbm cac budc:

nhan, boi tram (station, STA) thur nhét, khung phan hdi dugc tao ra dua trén su
tao chum nhiéu nguoi ding (multi user, MU)-nhiéu dau vao nhiéu d4u ra (multi input
multi output, MIMO) tir STA thtr hai; va

truyén, boi STA tht nhit, dit liéu dén STA tht hai dua trén khung phan hoi,

trong d6 khung phan héi bao gbm thong tin lién quan dén bo mang con phan hdi
cho dai tAn sd duoc xac dinh trude va truong béo céo tao chum cho sy tao chum MU-
MIMO,

trong d6 bd mang con phan hdi bao gém bd mang con thir nhét duogc truyén trudce
tién trong bd mang con phan hdi va bd mang con thtt hai; trong d6 bd mang con thir
hai va bd mang con thir nhat dugc dit cach ra béi gid tri nhom,

trong d6 bd mang con thir nhét duge dat thanh mot trong by mang con mép trai
hodc bd mang con mép phai cua dai tan sb duoc xac dinh trudc,

trong d6 truong bao cdo tao chum bao gbm ty ¢ tin hiéu d6i voi tiéng 6n (signal
to noise ratio, SNR) thtt nhét cho bd mang con thit nhét va SNR khac biét thir nhat cho
b6 mang con thir hai, va

trong 6 SNR khéc biét thir nhét la khac biét SNR gitta cdc bd mang con lién ké

duoc bao gébm trong bd mang con phan hdi.
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FIG. 4
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FIG. 6
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