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(57) Sang ché @& xuat phuong phap truyén va nhan tin hiéu, va cu thé hon 1a
phuong phap truyén, boi tram (STA) thir nhat, tin hiéu dén STA thit hai trong hé
théng mang cuc b khong day (WLAN), phuong phap bao gdm cac budc: tao ra
truong dao tao bao gém trudng con dao tao co ban cho ting ludng khéng gian-
thoi gian va trudng con dao tao cho timg ludng khong gian-thoi gian trén co s
tong sb ludng khong gian-thoi gian, trong d6 truong con dao tao co ban ddi voi
mdi ludng khong gian-thoi gian duoc tao thanh tir M (M 1a s6 tu nhién) ky hiéu
ghép kénh phan chia tan sé truc giao (OFDM) trén co so thong tin duge chi bao
boi trudng tiéu dé; va truyén tin hiéu bao gdm trudng tiéu dé va truong dao tao

dén STA tht hai thong qua luong khong gian-thoi gian tuong tng.
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Linh vwe k§ thuat dwgc dé cap

Sang ché dé cap dén phuong phép truyén va nhan tin hiéu béi mot tram trong hé
théng mang cuc bd (LAN) khong diy va thiét bi dung cho phuong phép nay.

Cu thé hon, cac phin md ta duoc dwa ra duéi ddy c6 lién quan dén phuong phap
dung cho tram hoat dong & ché do ghép kénh phan chia tan sd truc giao (OFDM-
Orthogonal Frequency Division Multiplexing) dé truyén va nhén tin hiéu bao gdm
truong dao tao va thiét bi dung cho phwong phép nay.

Tinh trang ky thuat cia sang ché

Tiéu chudn cho cong nghé LAN khong day dang dugc phat trién theo tiéu chuan
802.11 cua Vién K¥ su Dién va Pién tir (IEEE- Institute of Electrical and Electronics
Engineers). IEEE 802.11a va b str dung bang tdn khong dugc cip phép trong 2,4GHz
hodc 5GHz. Va, IEEE 802.11b cung cép téc do truyén 11 Mb/gidy (Mbps) va IEEE
802.11a cung cép téc d6 truyén 54 Mb/gidy. Va, IEEE 802.11g cung cap toc do truyén
54 Mb/gidy bang cach 4p dung ghép kénh phan chia tan sb truc giao (OFDM). IEEE
802.11n cung cip téc do truyén 300 Mb/gidy trén 4 ludng khong gian bang cach ap dung
nhiéu diu ra nhiéu dau vao OFDM (MIMO-multiple input multiple output-OFDM).
IEEE 802.11n hd trg bing thong kénh 1én téi 40 MHz va trong trudong hop nay, IEEE
802.11n cung cép tbc do truyén 600 Mb/giay.

Chuin LAN khong day (WLAN) dugc mo ta & trén trude diy duge xac dinh 1a
tiéu chun IEEE 802.11ac, sit dung bang thong t6i da 160 MHz, hd trg 8 ludng khong
gian va hd trg tdc d6 tdi da 1Gbit/s (gigabit/gidy). Va, cdc cude thao ludn hién dang dugc
thuc hién trén tiéu chuan IEEE 802.11ax.

Trong khi d6, hé théng IEEE 802.11ad diéu chinh viéc ting cudong kha ning cho

thong s6 téc dd cuc cao trong bang tin 60 GHz, va lan dAu tién, trong hé théng IEEE

-1-



45128 | 2/107

802.11ad dugc mod ta & trén, cic cudc thao ludn dang duoc thyc hién trén chuén IEEE
802.11ay dé ap dung cac k¥ thuat lién két kénh va MIMO.
Ban chit k§ thuit ciia sang ché

Sang ché dé xuét phuong phép truyén va nhan tin hig¢u bao gbm truong dao tao
boi tram hoat dong & ché dd6 OFDM va thiét bi dung cho phuong phéap do.

Dé giai quyét van dé trén, phuong phap truyén tin hiéu tir tram (STA) thir nhét
sang STA tht hai trong hé théng WLAN theo khia canh cua sang ché bao gdbm budc tao
ra truong dao tao bao gdm trudng con dao tao trén ludng khong gian-thoi gian dua trén
trrong con dao tao co ban trén ludng khong gian-thoi gian va téng s6 ludng khong gian-
thoi gian, trong d6 truong con dao tao co ban trén ludng khong gian-thoi gian dugc tao
cAu hinh tir/bao gdm M (trong d6 M 12 sb tw nhién) cac ky hiéu ghép kénh phan chia tan
s6 truc giao (OFDM) dua trén thong tin duge chi bao béi/dugc bao gbm trong trudng
tiéu dé; va truyén tin hidu bao gdm trudng tidu dé va truong dao tao dén STA thi hai
thong qua ludng khong gian-thdi gian twong tng .

Dé giai quyét van dé trén, thiét bi tram dé truyén tin hiéu trong hé théng WLAN
theo khia canh khéc cua sang ché bao gém bd thu phat c6 mot hodc nhiéu chudi tan sb
v6 tuyén (RF-Radio Frequency) va truyén va nhén tin higu dén va tir thiét bi tram khac;
va bd xir Iy dugc ghép nbi véi bd thu phat va xtt Iy tin hiéu dugce truyén va nhan dén va
tir thiét bi tram khéc, trong d6 bd xtt Iy dugce tao cAu hinh dé tao truong dao tao bao gém
truong con dao tao trén ludng khong gian-thoi gian dya trén trudng con dao tao co ban
trén ludng khong gian-thoi gian va téng s6 ludng khong gian-thoi gian, trong d6 trudng
con ddo tao co ban trén ludng khong gian-thoi gian dugc tao cAu hinh tir/bao gdm M
(trong d6 M 1a sd tu nhién) céc ky hiéu ghép kénh phan chia tan sd truc giao (OFDM)
dua trén thong tin dugc chi bao bdi/co trong truong ti€u dé; va dé truyén tin hiéu bao
gbm truong tiéu dé va truong dao tao dén STA thu hai théng qua ludng khong gian-thoi
gian tuong Ung.

Trong thanh phan trén, trudng con dao tao co ban trén ludng khong gian- thoi

-
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gian co thé dugc tao cAu hinh tr/c6 thé bao gém mot, hai hoac bbn ky hi¢éu OFDM dua
trén thong tin dugc chi bao bdi/dugc bao gdm trong treong tiéu dé.

Tai thoi diém nay, ky hiéu OFDM dugc bao g@)m trong mot, hai hodc bdn ky
hiéu OFDM c6 thé bao gdm mét khoang bao vé v6i do dai 72,72 ns hodc tién t6 tuin
hoan (CP- cyclic prefix).

Ngoai ra, truong tiéu dé c6 thé bao gdm truong do dai chudi truong dao tao da
huéng dao tao da gigabit dinh huéng nang cao (EDMG-enhanced directional multi-
gigabit) cho biét/bao gbm thong tin vé& do dai ky hiéu OFDM cua trudong con dao tao co
ban trén ludng khong gian-thoi gian.

Trong trudng hop nay, khi truong do dai chudi truong dao tao EDMG chi bao 0,
truong con dao tao co ban trén ludng khong gian-thoi gian co thé dugc tao cau hinh clia
hai ky hiéu OFDM; khi truong do dai chudi truong dao tao EDMG chi béo 1, truong
con dao tao co ban trén ludng khong gian-thdi gian co thé duoc tao ciu hinh cta bon ky
hiéu OFDM,; va khi truong do dai chudi trudng dao tao EDMG chi béo 2, truong con
d30 tao co ban trén ludng khong gian-thoi gian c6 thé duogc tao cAu hinh tir/cé thé bao
gb6m mét ky hiéu OFDM.

Ngoai ra, truong con dao tao trén ludng khong gian-thoi gian c6 thé duge tao
cAu hinh bang cach st dung/dua trén trudong con dao tao co ban trén ludng khong gian-
thoi gian dya trén quy tic duoc xéac dinh theo/dua trén téng sé ludng khong gian-thoi
gian.

Lay mét vi du, khi téng sb ludng khong gian-thoi gian 1a 1, truong con dao tao
trén lué)ng khong gian-thoi gian co6 thé duoc tao cdu hinh dua trén phuong trinh duoc
dua ra dudi day.

[Phuong trinh]

OFDM_TRN subfield 1 =[OFDM_TRN_basic_1,-OFDM_TRN_basic_1],

trong d6 OFDM_TRN subfield N dai dién/la truong con dao tao cho ludng
khong gian-thoi gian cho chi s6 N va OFDM_TRN basic N dai dién/la truong con dao
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tao co ban cho khong gian-ludng thoi gian cho chi sO N.

Mot vi du khéc, khi téng s6 ludng khong gian-thoi gian 1a 2, trudng con dao tao
trén ludng khong gian-thoi gian c6 thé duoc tao cdu hinh dua trén phuong trinh dugc
dua ra dudi day.

[Phuong trinh]

OFDM_TRN subfield 1=[OFDM_TRN basic_I, -OFDM_TRN_basic 1],

OFDM._TRN subfield 2 =[OFDM TRN_basic_2, OFDM_TRN_basic_2],

trong d6 OFDM_TRN subfield N dai dién/1a truong con dao tao cho ludng
khong gian-thoi gian cho chi s6 N va OFDM_TRN basic N dai dién/la truong con dao
tao co ban cho khong gian-ludng thoi gian cho chi sO N.

Mot vi du khac, khi téng s6 ludng khong gian-thoi gian 1a 3, trudong con dao tao
trén ludng khong gian-thoi gian c6 thé duoc tao cAu hinh dua trén phuong trinh duge
dua ra duéi day.

[Phuong trinh]

OFDM_TRN subfield 1 = [OFDM_TRN basic_1, -OFDM_TRN_basic 1,
OFDM_TRN _ basic 1],

OFDM_TRN subfield 2 = [OFDM_TRN basic 2, - wj *
OFDM_TRN basic 2, w2 * OFDM_TRN_basic_2],

OFDM_TRN subfield 3 = [OFDM_TRN basic 3, - w3 *
OFDM_TRN basic 3, wy * OFDM_TRN_basic_3],

trong d6 OFDM_TRN subfield N dai dién/la truong con dao tao cho ludng
khong gian-thoi gian cho chi s6 N, OFDM_TRN basic N dai dién/la trudong con dao
tao co ban cho ludng khong gian-thoi gian cho chi sO N, va w; = exp(- j*2*pi/3) dugc
ap dung.

Mot vi du khéc, khi tdng sb ludng khong gian-thdi gian 1a 4, trudng con dao tao trén
ludng khéng gian-thoi gian c6 thé duoc tao ciu hinh dua trén phuong trinh dugc dua ra

dudi day.
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[Phuong trinh]

OFDM_TRN subfield 1 = [OFDM_TRN_basic_1, - OFDM_TRN_basic_l,
OFDM_TRN basic 1, OFDM_TRN_basic_1],

OFDM._TRN subfield 2 = [OFDM_TRN_basic 2, OFDM_TRN_basic_2, -
OFDM._TRN basic 2, OFDM_TRN_basic 2],

OFDM._TRN subfield 3 = [OFDM_TRN_basic_3, OFDM _TRN_basic_3,
OFDM_TRN_basic_3, - OFDM_TRN basic 3],

OFDM._TRN subfield 4 = [- OFDM_TRN_basic 4, OFDM_TRN_basic_4,
OFDM_TRN basic 4, OFDM_TRN_basic_4],

trong d6 OFDM_TRN subfield N dai dién/la truong con dao tao cho ludng
khong gian-thoi gian cho chi s6 N, OFDM_TRN basic N dai dién/1a truong con dao
tao co ban cho ludng khéng gian-thoi gian cho chi s6 N.

Mot vi du khac, khi tong s6 ludng khong gian-thoi gian 12 5, trudng con dao tao
trén ludng khong gian-thoi gian c6 thé duoc tao cdu hinh dua trén phuong trinh dugc
dua ra dudi day.

[Phuong trinh]

OFDM_TRN subfield 1 = [OFDM_TRN_basic_1, - OFDM_TRN_basic_1,
OFDM_TRN_basiC_l , OFDM._TRN basic 1, OFDM_TRN basic 1, -
OFDM_TRN basic 1],

OFDM_TRN subfield 2 =[OFDM_TRN_basic_2, -w¢*OFDM_TRN_basic_2,
wZ*OFDM_TRN basic 2, wé*OFDM_TRN_basic_2, w¢*OFDM_TRN_basic_2, -
w2 *OFDM_TRN basic_2],

OFDM_TRN _subfield 3 =[OFDM_TRN_basic_3, -wZ*OFDM_TRN basic 3,
wé*OFDM_TRN basic 3, w¢*OFDM_TRN_basic_3, w¢*OFDM_TRN_basic_3 -
wa® *OFDM_TRN basic 3],

OFDM_TRN_subfield 4 = [OFDM_TRN basic 4, - we
*OFDM_TRN basic 4, w¢ *OFDM_TRN basic 4, w¢ *OFDM_TRN_basic_4,
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wi?*OFDM_TRN basic 4 - wi>*OFDM_TRN_basic_4],

OFDM_TRN subfield 5=[OFDM_TRN_basic_5,-wg *OFDM_TRN_basic_5,
w8*OFDM_TRN_basic 5, wi?*OFDM_TRN_basic_5, wg®*OFDM_TRN basic S -
w2*OFDM_TRN basic_5],

trong 6 OFDM_TRN subfield N dai dién/la truong con dao tao cho ludng
khong gian-thoi gian cho chi s6 N, OFDM_TRN basic_N dai dién/Ia trudng con dao
tao co ban cho khong gian-ludng thoi gian cho chi s6 N, va wy = exp(-j*2*pi/6) dugc
ap dung.

Mot vi du khac, khi téng s6 luéng khong gian-thoi gian 1a 6, trudng con dao tao
trén ludng khong gian-thoi gian co thé dugc tao cAu hinh dua trén phuong trinh dugc
dua ra duéi day.

[Phuong trinh]

OFDM_TRN subfield 1 = [OFDM_TRN basic_1, - OFDM_TRN_basic 1,
OFDM_TRN basic 1, OFDM_TRN basic 1, OFDM_TRN basic 1, -
OFDM_TRN basic 1],

OFDM_TRN subfield 2 =[OFDM_TRN_basic_2,-wg *OFDM_TRN_basic_2,
wZ*OFDM_TRN basic 2, w2*OFDM_TRN_basic_2, wg*OFDM_TRN basic 2, -
w2 *OFDM_TRN basic_2],

OFDM_TRN subfield 3=[OFDM_TRN basic_3,-wZ*OFDM_TRN_basic_3,
wg *OFDM_TRN_basic 3, wé*OFDM_TRN basic_3, wg *OFDM_TRN _basic 3 -
w2?*OFDM_TRN basic 3],

OFDM._TRN subfield 4 =[OFDM_TRN_basic_4, -wE*OFDM_TRN basic 4,
wé*OFDM_TRN basic 4, wg*OFDM_TRN_basic_4, wg>*OFDM_TRN basic 4 -
wiS*OFDM_TRN basic 4],

OFDM_TRN subfield 5=[OFDM_TRN basic_5,-wg*OFDM_TRN_basic_5,
w8*OFDM_TRN basic 5, wi?*OFDM_TRN basic_5, wg®*OFDM_TRN_basic 5 -
w2%*OFDM_TRN basic_5],
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OFDM_TRN subfield 6 =[OFDM_TRN_basic_6, -wg*OFDM_TRN_basic 6,
wa®*OFDM_TRN basic 6, wi5*OFDM_TRN_basic_6, wg®*OFDM_TRN_basic_6
- w25*OFDM_TRN basic 6],

trong d6 OFDN_TRN subfield N dai dién/le‘l truong con dao tao cho ludng
khong gian-thoi gian cho chi s6 N, OFDM_TRN basic_N dai dién/la truong con dao
tao co ban cho ludng khong gian-thoi gian cho chi sO N, va wg = exp(-j*2*pi/6) duoc
ap dung.

Mot vi du khac, khi tdng s ludng khong gian-thoi gian 1a 7, trudng con dao tao
trén ludng khong gian-thoi gian ¢ thé duoc tao cdu hinh dua trén phuong trinh dugc
dua ra dudi day.

[Phuong trinh]

OFDM_TRN subfield 1 = [OFDM_TRN basic_1, - OFDM_TRN_basic_1,
OFDM TRN basic 1, OFDM_TRN basic 1, OFDM_TRN basic 1, -
OFDM_TRN basic_1, OFDM_TRN basic_1 OFDM_TRN_basic_1],

OFDM_TRN subfield 2 = [OFDM_TRN basic 2, OFDM_TRN_basic_2, -
OFDM_TRN basic 2, OFDM_TRN basic 2, OFDM_TRN basic 2,
OFDM_TRN basic_2, - OFDM_TRN basic_2, OFDM_TRN_basic_2],

OFDM_TRN subfield 3 = [OFDM_TRN_basic_3, OFDM_TRN_basic_3,
OFDM_TRN basic 3, - OFDM_TRN basic 3, OFDM_TRN basic 3,
OFDM_TRN basic_3, OFDM_TRN basic_3, - OFDM_TRN_basic_3],

OFDM_TRN subfield 4 = [-OFDM_TRN_basic_4, OFDM_TRN_basic_4,
OFDM_TRN basic 4, OFDM_TRN basic 4, -OFDM_TRN basic 4,
OFDM_TRN basic 4, OFDM_TRN basic_4, OFDM_TRN_basic_4],

OFDM_TRN subfield 5 = [OFDM_TRN basic_5, - OFDM_TRN_basic_5,
OFDM TRN basic_5, OFDM_TRN basic 3, - OFDM_TRN basic 5,
OFDM_TRN basic 5, -OFDM_TRN_basic_5, -OFDM_TRN_basic_5],

OFDM_TRN subfield 6 = [OFDM_TRN_basic_6, OFDM_TRN_basic_6, -
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OFDM_TRN basic 6, OFDM_TRN basic 6, -  OFDM_TRN basic 6, -
OFDM._TRN basic_6, OFDM_TRN_basic_6, -OFDM_TRN _basic_6],

OFDM._TRN subfield 7 = [OFDM_TRN_basic 7, OFDM_TRN_basic_7,
OFDM_TRN basic 7, - OFDM_TRN basic 7, -OFDM_TRN basic_7, -
OFDM_TRN basic 7, -OFDM_TRN_basic_7, OFDM_TRN basic_7],

trong d6 OFDM_TRN _subfield N dai dién/la truong con dao tao cho ludng
khéng gian-thoi gian cho chi s6 N va OFDM_TRN basic N dai dién/1a trudng con dao
tao co ban cho ludng khong gian-thoi gian cho chi sO N.

Mot vi du khéc, khi tong sb ludng khong gian-thoi gian 1a 8, trudng con dao tao
trén ludng khong gian-thoi gian ¢ thé duoc tao cdu hinh dua trén phuong trinh dugce
dua ra dudi day.

[Phuong trinh]

OFDM._ TRN subfield 1 = [OFDM_TRN_basic_1, - OFDM_TRN_basic_1,
OFDM_TRN basic 1, OFDM_TRN basic 1, OFDM_TRN basic 1, -
OFDM._TRN basic_1, OFDM_TRN_basic_1, OFDM_TRN_basic 1],

OFDM._TRN subfield 2 = [OFDM_TRN_basic_2, OFDM_TRN_basic 2, -
OFDM_TRN basic_2, OFDM_TRN basic 2, OFDM._TRN basic 2,
OFDM._TRN basic 2, - OFDM_TRN_basic_2, OFDM_TRN basic_2],

OFDM _TRN subfield 3 = [OFDM_TRN_basic 3, OFDM_TRN_basic_3,
OFDM_TRN basic 3, - OFDM_TRN basic 3, OFDM_TRN basic 3,
OFDM._ TRN basic_3, OFDM_TRN_basic_3, - OFDM_TRN basic_3],

OFDM_TRN subfield 4 = [-OFDM_TRN_basic_4, OFDM_TRN_basic_4,
OFDM_TRN basic 4, OFDM_TRN basic 4, -OFDM_TRN basic 4,
OFDM._TRN basic_4, OFDM_TRN_basic_4, OFDM_TRN_basic_4],

OFDM_TRN subfield 5 = [OFDM_TRN_basic_5, - OFDM_TRN_basic_5,
OFDM_TRN basic 5, OFDM_TRN basic 3, - OFDM_TRN basic 5,
OFDM_TRN basic 5, -OFDM_TRN_basic_5, -OFDM_TRN_basic_5],
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OFDM_TRN subfield 6 = [OFDM_TRN_basic_6, OFDM_TRN_basic_6, -
OFDM_TRN basic 6, OFDM_TRN_basic_ 6, - OFDM_TRN_ basic_6, -
OFDM._TRN basic_6, OFDM_TRN_basic_6, -OFDM_TRN_basic_6],

OFDM_TRN subfield 7 = [OFDM_TRN_basic_7, OFDM_TRN_basic_7,
OFDM_TRN basic 7, - OFDM_TRN basic 7, -OFDM_TRN basic_7, -
OFDM_TRN basic_7, -OFDM_TRN_basic_7, OFDM_TRN basic_7],

OFDM_TRN subfield 8 = [-OFDM_TRN_basic_8, OFDM_TRN_basic_8,
OFDM_TRN basic 8, OFDM_TRN basic_8, OFDM_TRN basic_ 8, -
OFDM_TRN basic_8, -OFDM_TRN_basic_8, -OFDM_TRN_basic_8],

trong 46 OFDM_TRN _subfield N dai dién/la truong con dao tao cho ludng
khong gian-thoi gian cho chi s6 N va OFDM_TRN basic N dai dién/la truong con dao
tao co ban cho ludng khong gian-thoi gian cho chi sON.

Trong b6 cuc & trén, trudng con dao tao co ban trén ludng khong gian-thoi gian
c6 thé duoc tao cAu hinh/co thé bao gbm chudi c6 do dai khac nhau trong ving tan sd
theo s6 luong kénh tiép giap thong qua tin hiéu dugc truyén.

Dé giai quyét vén dé trén, phuong phép nhén tin hiéu cua tram (STA-station) thu
nhit tir STA thit hai trong hé thong WLAN theo khia canh khac cua sang ché bao gdm
nhan truong tiéu dé c6 trong tin hi¢u truyén di; xac dinh sb lurong ky hié¢u ghép kénh
theo tan sb truc giao (OFDM) ctia trudng con dao tao co ban trén ludng khong gian-thoi
gian dua trén thong tin duoc chi bao boi/duge bao gbm trong trudng tiéu dé; va nhan
truong dao tao bao gbm trudng con dao tao trén ludng khong gian-thoi gian dugc tao
cAu hinh dua trén trudng con dao tao co ban trén ludng khong gian-thoi gian dugc tao
cAu hinh cua téng s6 ludng khong gian-thoi gian va s6 lugng ky hiéu OFDM dugc xéac
dinh théng qua ludng khong gian-thoi gian twong tmg.

Dé giai quyét vén dé trén, thiét bj tram dé nhan tin hiéu trong hé thong WLAN
theo mot khia canh khac cia sang ché bao gb6m bo thu phét c6 mot hodc nhiéu chudi tan

s6 vo tuyén (RF) va truyén va nhan tin hiéu dén va tir thiét bi tram khac; va bo xtr ly
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duoc ghép ndi véi bo thu phét va xi Iy tin hiéu dugc truyén va nhan dén va tir thiét b
tram khac, trong d6 b xt ly dugc tao cAu hinh dé nhén truong tidu dé co trong tin hiéu
truyén di; d& x4c dinh sé lugng ky hiéu ghép kénh phan chia tan s6 truc giao (OFDM)
cua truomng con dao tao co ban trén ludng khong gian-thoi gian dua trén thong tin dwgc
chi béo bsi/duge bao gdm trong trudng tidu dé; va nhan truong dao tao bao gbm truong
con dao tao trén ludng khong gian-thoi gian dugc tao cAu hinh dua trén trudng con dao
tao co ban trén ludng khong gian-thoi gian dugc tao cAu hinh cua tong s6 ludng khong
gian-thoi gian va s6 ky hiéu OFDM dugc x4c dinh théng qua ludng khong gian-thoi
gian twong Ung.

Hiéu qua ¢co thé dat duoc tir sang ché khong chi gidi han & nhiing didu dugc mo
t4 & trén va can duge hiéu ro bai ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuat
ma sang ché dé cap vé cac hiéu qua khac ma khong duoc dé cap trong tai liéu nay c6 thé
dat duoc tir md ta dudi day.

Thong qua c4u hinh dugc mo t& & trén, tram hoat dong & ché @6 OFDM theo
sang ché co thé truyén va nhén tin hiéu bao gdm ca truong dao tao.

Cu thé, theo sang ché, tram co thé truyén va nhén tin hi€u bao gém truong dao
tao & ché do OFDM c6 thé duoc can v6i thanh phﬁn treong dao tao & ché do SC.

Hiéu qua co thé thu duge tir sang ché khong gidi han & cac hiéu qua dugc mo ta
& trén va cdc hiéu qua khac s& duoc hiéu boi ngudi c6 hiéu biét trung binh trong linh
vuc k¥ thuat tr mo ta sau.

MBS ta viin tit cac hinh vé

Céc hinh vé duoc nbi thém cia dac diém k§ thudt nay dugc trinh bay dé hiéu
thém vé sang ché va dugc két hop va tao thanh mot phan ctia tmg dung ndy, minh hoa
cac phuong an cua sang ché va phuc vu dé giai thich nguyén tic cia sang ché cing v6i
md ta cla sang ché.

FIG.1 13 so dd thé hién cAu hinh lam vi du ciia hé théng LAN khong day
(WLAN).
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FIG.2 14 so dd thé hién cAu hinh 1am vi du khéc cua hé thong LAN khong day
(WLAN).

FIG.3 14 so dd md ta kénh trong bang tAn 60GHz d& mé ta hoat dong lién két
kénh theo phuong an lam vi du cua sang ché.

FIG.4 13 so 6 md ta phuong phép co ban dé thuc hién lién két kénh trong hé
théng LAN khong day (WLAN).

FIG.5 12 so dd mé ta cAu hinh cia khoang méc bo.

FIG.6 12 so dd mo ta cAu hinh vat 1y cua khung vo tuyén ké thira.

FIG.7 va FIG.8 14 c4c so dd md ta cAu hinh cua truong tiéu dé cia khung vo
tuyén dugc thé hién trén FIG.6.

FIG.9 13 so dd thé hién cu tric PPDU c6 thé dugc ap dung cho sang ché.

FIG.10 14 so d thé hién cAu trac PPDU don c6ng c6 thé dugc ép dung cho sang

FIG.11 dén 30 minh hoa chudi EDMG-CEF hoic chudi dio tao trén ludng khong
gian-thoi gian ¢ thé dugc ap dung cho sang ché.

FIG.31 minh hoa céu trac trudng con TRN tuong tng v&i mdt ky hiéu OFDM.

FIG.32 va FIG.33 minh hoa c4u tric trudng con TRN tuong tng v6i hai ky hiéu
OFDM.

FIG.34 minh hoa cu trac truong con TRN tuong Gng v6i ba ky hiéu OFDM.

FIG.35 va FIG.36 minh hoa cu tric trudng con TRN twong (mg v6i bbn ky hiéu
OFDM.

FIG.37 minh hoa ciu tric trudng con TRN twong tmg v4i ndm ky hiéu OFDM.

FIG.38 minh hoa cdu tric trudng con TRN twong tng véi sau ky hiéu OFDM.

FIG.39 minh hoa phuwong phap truyén tin hiéu bao gbm truong TRN theo mot
phuong an cua sang ché.

FIG.40 14 so dd minh hoa thiét bi dé thuc hién phuong phap duge mo ta & trén.

M0 ta chi tiét sang ché
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Sau day, phuong an dugce wu tién cia sang ché s& dugc md ta chi tiét dwa vao
cac hinh vé& kém theo. Phin mo ta chi tiét sau day s& dugc boc 10 cung v6i cac hinh ve€
kém theo s& chi dugc cung cip dé mé ta phwong 4n lam vi du cta sang ché. Va, do do,
nén hiéu ring phuong 4n lam vi du dugc trinh bay & day sé khong dai dién cho phuong
4n duy nhat dé thuc hién sang ché.

MBO ta chi tiét sau day bao gdm céc chi tiét cu thé dé cung cip su hiéu biét day
du vé sang ché. Tuy nhién, rd rang véi bét ky ngudi ¢ hiu biét trung binh trong linh
vuc k¥ thuat réng séng ché ¢6 thé dugc thuc hién ma khong cin tham khao cac chi tiét
cu thé néu trén. Trong mot sd truomg hop, dé tranh bat ky sy mo hd nao trong khai niém
sang ché, cAu trac va thiét bi dugc tiét 10 ¢ thé duoc bo qua, hoac cAu tric va thiét bi.
duoc tiét 16 ¢6 thé duge minh hoa dudi dang so do khdi dua trén cac chiic niang cdt 16i
cua chuing.

Maic du cac hé théng thong tin di dong da dang 4p dung sang ché c6 thé ton tai,
hé théng.LAN khong day (WLAN) sau ddy s& dugc mo ta chi tiét duéi dang mot vi du
v& hé théng thong tin di dong nay.

1. Hé thong LAN khong day (WLAN)

1-1. Hé thdng LAN khong day (WLAN) chung

FIG.1 12 so dd thé hién cAu hinh lam vi du cta hé thong LAN khong day
(WLAN).

Nhu thé hién trén FIG.1, LAN khong diy (WLAN) bao gdm mét hogc nhiéu bd
dich vu co ban (BSS-Basic Service Set). BSS 1a mot tap hop (hodc nhom) cac tram
(STAs-stations) thanh cong dat dugc déng bd hoa dé lién lac v6i nhau.

La thuc thé logic bao gom diéu khién truy cp trung binh (MAC-Medium Access
Control) va giao dién 16p vét ly cho phuong tién khong day, STA bao gbm diém truy cap
(AP-access point) va tram khong AP. Trong s cac STA, thiét bi di dong (hoac thiét bi
dau cudi) duge van hanh boi ngudi dung twong tng voi tram khong AP. Va, do do, khi

thue thé duoc dé cap don gian 1a STA, STA ciing c6 thé dé cap dén t tram khong AP. 0
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day, tram khong AP cling co thé duoc goi 1a c4c thuat ngit khac, ching han nhu thiét bi
dAu cudi, thiét bi phatnhan khéng diy (WTRU), 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..

Ngoai ra, AP 1a thuc thé cung cip cho tram lién két (STA) quyén truy cip vao
hé théng phan phdi (DS-distribution system) thong qua phwong tién khong day. O day,
AP cling c6 thé dugc goi 1a bo didu khién tap trung, tram géc (B), nit-B, hé théng thu
phat co s& (BTS-base transceiver system), dich yu co ban ca nhén dat diém truy
cap/diém truy cap trung tdm (PCP/AP-personal basic service set central point/access
point), bo didu khién dia diém, v. v..

BSS ¢6 thé duoc phan loai 1a BSS co s& ha tang va BSS doc lap (IBSS).

BSS thé hién trén FIG.1 twong tmg v6i IBSS. IBSS dé cap dén BSS khong bao
gdm AP. V4, vi BSS khong bao gbdm AP, quyén truy cép vao DS khong duge cap phép
(hodc dugc phé duyét), va do do, IBSS hoat dong nhu mang doc lap.

FIG.2 14 so dd thé hién cAu hinh lam vi du khéc ctia hé thong LAN khong day
(WLAN).

BSS thé hién trén FIG.2 twong tmg v6i BSS co so ha tﬁng. BSS co sé ha tﬁng
bao gdbm mdt hodc nhiéu STA va AP. Theo quy dinh, mic du giao tiép gitta cac STA
khong phai AP duoc thiét 1ap bang cach chuyén qua AP, trong truong hop lién két truc
tiép duoc tao cAu hinh gitta cac STA khong AP, giao tiép truc tiép ciing c6 thé duoc thiét
1ap gitra cac STA khong AP.

Nhu duge thé hién trén FIG.2, nhidu BSS co s6 ha ting c6 thé duoc két ndi véi
nhau thong qua DS. Da s6 cac BSS duoc két ndi véi nhau thong qua DS dugce goi chung
12 bd dich vu mé rong (ESS-extended service set). Cac STA dugc dua vao ESS co thé
thue hién lién lac gitta nhau va STA khong AP c6 thé chuyén (hodc di chuyén) tir BSS
nay sang BSS khéc trong cung ESS trong khi thwe hién lién lac khong bi gian doan.

La co ché két ndi nhidu AP, DS khong nhét thiét phai twong tmg v6i mang. Mién
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12 DS ¢6 kha ning cung cip dich vu phan phéi duoc xac dinh trudce, khong co gioi han
trong cAu tric hodc cAu hinh cua DS. Vi du: DS c6 thé twong tmg v6i mang khong day,
ching han nhu mang lué6i hodc DS ¢6 thé tuong tmg véi ciu tric vat 1y (hodc thuc thé)
két ndi cac AP véi nhau.

Sau day, phuong phéap lién két kénh duoc thuc hién trong hé thong LAN khong
day sau diy s€ dugc mo ta chi tiét dua trén mo ta dugc trinh bay & trén.

1-2. Lién két kénh trong hé thdng LAN khong day (WLAN)

FIG.3 13 so dd mo ta kénh trong bing tAn 60GHz dé mé ta hoat dong lién két
kénh theo phuong an lam vi du cia sang ché.

Nhu thé hién trén FIG.3, 4 kénh c6 thé duoc tao cAu hinh trong bang tan 60GHz
va bang thong kénh chung c6 thé bang 2,16GHz. Bang tan ISM (57 GHz ~ 66 GHz), c6
sin d& st dung & téc do 60 GHz, c6 thé duge diéu chinh khac nhau tiry theo hoan canh
(hodc tinh hudng) ctia mdi qudc gia. N6i chung, trong sd cac kénh duoc thé hién trén
FIG.3, do kénh 2 c6 sin dé st dung 1a tAt ca cac ving, kénh 2 ¢6 thé dugc s dung lam
kénh mic dinh. Kénh 2 va kénh 3 ¢6 thé duoc st dung & hau hét cac khu vye trir Uc. Va
theo d6, kénh 2 va kénh 3 c6 thé duge sit dung dé lién két kénh. Tuy nhién, can hiéu
rz‘?mg cac kénh khac nhau c6 thé dugc si dung dé lién két kénh. Va, do d6, sang ché sé
khong bi gi6i han chi mot hodc nhidu kénh cu thé.

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

Vi du thé hién trén FIG.4 twong Gng v6i vi du vé viéc két hop hai kénh 20 MHz
va van hanh (hogc sit dung) céc kénh két hop dé lién két kénh 40 MHz trong hé thong
IEEE 802.11n. Trong truong hop hé thdng IEEE 802.11ac, lién két kénh 40/80/160 MHz
c6 thé dugc thuc hién.

Hai kénh méu ctia FIG.4 bao gdm kénh chinh va kénh phu va STA c¢6 thé kiém
tra trang thai kénh cua kénh chinh, giita hai kénh, bang cach st dung phuong phap
CSMA/CA. Néu kénh chinh khoéng hoat dong trong khoang thoi gian cho truyén
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(backoff) khong di va tai thoi diém ma s6 dém chd truyén (backoff) bang 0, néu kénh
phu khong hoat dong trong khoang thoi gian dinh truéce (vi du: PIFS), STA ¢6 thé truyén
dit liéu bang cach két hop kénh chinh va kénh phu.

Tuy nhién, trong truong hop thuc hién lién két kénh dua trén tranh chp, nhur thé
hién trén FIG.4, nhu dugc mé ta & trén, vi lién két kénh chi c6 thé duoc thyc hién trong
truong hop han ché khi kénh thi cip duy tri trang thai khong hoat dong trong khoang
thoi gian xédc dinh trude tai thoi diém ma s6 dém chd truyén (backoff) cho kénh chinh
da hét han, viéc st dung kénh lién két rat han ché (hodc han ché). Va, do do, c6 kho
khan trong do la cac bién phap khong thé duoc thuc hién linh hoat theo hoan canh (hoac
tinh hubng) ctia phuong tién.

Theo do, trong khia canh cua sang ché, giai phap (hodc phuong phap) dé thuc
hién truy cap dua trén 14p lich béng cach yéu cau AP truyén thong tin 14p lich cho STA
duoc dé xuét. Trong khi d6, ¢ khia canh khic cua sang ché, giai phap (hodc phuong
phap) dé thuc hién truy cap kénh dua trén tranh chép dua trén lich trinh dugec mo ta &
trén ho#c doc 1ap véi 14p lich trinh duge mo ta ¢ trén duogc dé xuét. Hon nita, trong khia
canh khac cua sang ché, phuong phap thuc hién giao tiép thong qua k§ thuat chia sé
khong gian dua trén tao tia duoc dé xuét.

1-3. Cu hinh khoang mdc béo

FIG.5 14 so dd m6 ta cAu hinh cta khoang méc béo.

Trong hé théng DMG BSS dya trén 11ad, thoi gian clia moi truong c6 thé dugc
chia thanh céc khoang mdc bao. Giai doan cép thap hon trong khoang mdc bao ¢b thé
duoc goi 1a khoang thoi gian truy cap. MBbi giai doan truy cip khac nhau trong khoang
mdc bao c6 thé c6 quy tic truy cap khac nhau. Thong tin nhu vay vé thoi gian truy cap
6 thé duogc truyén bdi AP hodc diém kiém so4t bo dich vu co ban ¢4 nhan (PCP-personal
basic service set control point) dén STA khong AP hoac khong phai PCP.

Nhu thé hién trong vi du cta FIG.5, mdt khoang mdc bao c6 thé bao gdm mot

khoéng tiéu dé mbc bao (BHI- Beacon Header Interval) va mot khoang truyén dit liéu

-15-



45128 16/107

(DTI- Data Transfer Interval). Nhu thé hién trén FIG.4, BHI c6 thé bao gdm khoang
truyén mbc bao (BTI- Beacon Transmission Interval), Pao tao tao chum hiép hoi (A-
BFT- Association Beamforming Training) va khoang truyén théng bao (ATI-
Announcement Transmission Interval).

BTI d cap dén khoang thoi gian (hodc phin hodc thai luong) trong dé c6 thé
truyén thém mot khung méc bdo DMG. A-BFT dé cdp dén mot khoang thoi gian trong
d6 dao tao tao chum dugc thuc hién boi STA, da truyén khung mbc bao DMG trong BTI
truée do. ATI dé cip dén khoang thoi gian truy cap quan ly dua trén yéu cau dap Ung
gitta PCP/AP va khong phai 1a PCP/khong phai AP STA.

Trong khi d6, khoang truyén dit liéu (DTI) dé cap dén khoang thoi gian trong do
viéc trao dbi khung duoc thuc hién giita cac STA. Va, nhu FIG.5, mot hodc nhiéu thoi
han truy cap dua trén sy tham gia (CBAPs-Contention Based Access Periods) va mot
hodc nhidu thdi han dich vu (SPs-Service Periods) ¢6 thé duge phéan b (hodc dugce chi
dinh) cho DTI. Mac du FIG.5 cho théy mot vi du trong d6 2 CBAP va 2 SP dugc phan
bd cho DCI, ddy chi 1a mAu. Va, do d6, sang ché khong nhét thiét chi gi6i han & didu
nay.

Sau day, cAu hinh 16p vt Iy trong hé théng LAN khong day (WLAN), trong d6
sang ché s& duoc 4p dung, s& duge mo ta chi tiét.

1-4. CAu hinh 16p vat Iy

Gia dinh rang hé théng LAN khong day (WLAN) theo phuong 4n lam vi du clia

séng ché c6 thé cung cp 3 ché d6 diéu ché khac nhau nhu dugc hién thi bén dudi.

[Bang 1]
PHY MCS Note
PHY diéu khién 0
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PHY séng mang don  |1...12 (PHY cong suét thap SC)
(SC PHY) 25..31
PHY OFDM 13..24

Céc ché do didu ché nhu vay c6 thé dugce st dung dé dap ung cac yéu cau khac
nhau (vi du: luu luwgng cao hodc do on dinh). Tuy thudc vao hé théng, trong sb céac ché
do diéu ché duoc trinh bay & trén, chi mot s6 ché do didu ché c6 thé dugce h tro.

FIG.6 12 so dd m6 ta cAu hinh vat 1y ctia khung vo tuyén ké thira.

N6 sé& duge gia dinh ring tat ca cac 16p da gigabit dinh huéng (DMG) thuong
bao gdm céc truong dugc thé hién bén duéi trén FIG.6. Tuy nhién, phuong phap quy
dinh cia tung linh vyc riéng 1€ va so dd diéu ché/ma hoa duge sir dung trong tirng linh
vue c6 thé khac nhau tuy thudc vao timg ché do.

Nhu thé hién trén FIG.6, phdn mé du ctia khung vo tuyén c6 thé bao gbm trudong
dao tao ngan (STF-Short Training Field) va du toan kénh (CE-Channel Estimation).
Ngoai ra, khung vo tuyén ciing c6 thé bao gdm tiéu dé va trudong dit lidu dudi dang tai
trong cua khung vo tuyén va co thé tily y bao gom trudng dao tao (TRN) dé tao tia.

FIG.7 va FIG.8 14 céc so dd md ta cu hinh cua truong tiéu dé cla khung vo
tuyén dugc thé hién trén FIG.6.

Cu thé hon, FIG.7 minh hoa truong hop sir dung ché do nhé don (SC-Single
Carrier). Trong ché d6 SC, tiéu dé ¢6 thé bao gdm thong tin chi bdo gié tri ban dau cia
su x40 tron, thong tin chi bdo so dd diéu ché va ma hoa (MCS-Modulation and Coding
Scheme) va do dai dit liéu, thong tin cho biét su hién dién hay vang mat cua don vi dix
liéu giao thirc vat Iy bd sung (PPDU-Physical Protocol Data Unit) va thong tin vé loai
g0i, thoi lugng dao tao, téng hop hoidc khong tong hop, su hién dién hay véng mit cia
yéu ciu dao tao chum, chi bdo cuong do tin hiéu nhan duoc (RSSI-Received Signal

Strength Indicator), cat ngin hozc khong cét, chudi kiém tra tiéu dé (HCS-Header Check
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Sequence), va nhu thé. Ngoai ra, nhu thé hién trén FIG.7, tiéu dé c6 4 bit danh riéng, va
trong md ta dugc trinh bay bén dudi, cac bit danh riéng nhu vy ciing co thé dugc sir
dung.

Ngoai ra, FIG.8 minh hoa cAu hinh chi tiét cia tiéu dé tuong tmg véi truong hop
ap dung ché do OFDM. tiéu dé c6 thé bao gdm thong tin chi bao gié tri ban dau cla su
x40 tron, thong tin chi bdo MCS va d¢ dai dir liéu, thong tin cho biét su hién dién hay
ving mit cia PPDU bb sung va thong tin vé loai gbi, do dai dao tao, tong hop hoidc
khong téng hop, sy hién dién hoac Véng mat cia yéu cau dao tao chum, RSSI cudi cung,
cit ngdn hodc khong c&t ngén, chudi kiém tra tiéu dé (HCS), v. v.. Ngoai ra, nhu thé hién
trén FIG.8, tiéu d& c6 2 bit danh riéng, va, gidng nhu trudng hop int cua FIG.7, trong
phan mb ta duoc trinh bay dudi day, cac bit danh riéng nhu vay cling c6 thé dugc s
dung.

Nhu d& mb ta & trén, 1An diu tién hé thoéng IEEE 802.11ay xem xét viéc ap dung
kénh lién két k§ thuat MIMO v6i hé théng 11ad cii. D& trién khai lién két kénh va MIMO,
hé théng 11ay yéu cdu cAu tric PPDU méi. N6i cach khéc, khi st dung cau triic PPDU
k& thira 11ad, c6 nhitng han ché trong viée hd trg thiét bi ngudi ding (UE) ké thira va
thuc hién lién két kénh va MIMO cing mot ltc.

Péi voi diéu nay, trudng méi cho UE 11ay co thé dugc x4c dinh sau truong tiéu
d8 mo dau va ké thira dé hd tro UE ké thira. Va, & day, lién két kénh va MIMO ¢6 thé
duogc hod tro bﬁng cach str dung truong dugce xac dinh méi.

FIG.9 1a so dd hién thi cAu tric PPDU theo phuong 4n duge uu tién cla sang
ché. Trén FIG.9, truc hoanh ¢6 thé tuong tmg v6i mién thoi gian va truc doc ¢6 thé twong
{rng v4i mién tan 5.

Khi hai hodc nhiéu kénh dugc lién két, dai tin c6 kich thudc dwoc x4c dinh trude
(vi du: bang tan 400 MHz) c6 thé ton tai gifra dai tan s6 (vi du: 1,83GHz) dugc st dung
gitta mdi kénh. Trong truong hop ché do hdn hop, phan m& dau ké thira (STF ké thira,

CE ké thira) dugc sao chép qua mdi kénh. V4, theo phuong 4n lam vi du cta sang ché,
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n6 c6 thé duoc coi 1a thuc hién viéc truyén (14p khoang trong) cta truong STF va CE
méi cung véi phin mo dau ké thira cing lic thong qua biang tdn 400 MHz gitta mdi
kénh.

Trong truong hop nay, nhu thé hién trén FIG.9, cdu trac PPDU theo sédng ché ¢6
chu tric truyén ay STF, ay CE, ay tiéu dé B va ay phu tai sau phan mé dau ké thira, tiéu
dé ké thira va ay tiéu dé A thong qua bing thong rong. Do do, cac trudng tai trong ay va
ay phu tai, duoc truyén sau truong tiéu dé, co thé duoc truyén qua céac kénh duogc su
dung & lién két kénh. Sau day, dé phan biét tiéu d& ay véi tiéu dé ké thira, Tiéu dé ay
c6 thé duoc goi 1a tiéu dé da gigabit dinh hudéng () dugc nang cao, va cac thuat ngit
tuong tmg c6 thé duoc sir dung thay thé cho nhau.

Vi du: tdng cong 6 kénh hoic 8 kénh (mdi kénh tuong g véi 2,16 GHz) c6 thé
tdn tai trong hé théng 11ay va ti da 4 kénh c6 thé duoc lién két va truyén dén STA don
cong. Theo do, tieu dé ay va tai trong ay c6 thé dugc truyén qua cc bing thong 2,16GHz,
4,32GHz, 6,48GHz va 8,64GHz.

Ngoai ra, dinh dang PPDU cua truong hop trong do phin m¢ dau ké thira duge
truyén di 1ap lap lai ma khong thuc hién dién vao chd trong dugc md ta & trén ciing c6
thé dugc xem xét.

Trong truong hop nay, do Gap-Filling khong duoc thue hién, PPDU c6 dinh
dang truyén ay STF, ay CE va ay tiéu dé B sau phin mé dAu ké thira, tiéu dé ké thira va
ay tiéu d& A ma khong c6 GF-STF va cac truong GF-CE, dugc minh hoa trong céc
duong chdm trén FIG.8.

FIG.10 1a so dd thé hién cAu frtlc PPDU don c6ng c6 thé duoc 4p dung cho sdng
ché. Khi tom tit ngin gon dinh dang PPDU dugc md ta & trén, dinh dang PPDU c6 thé
dugc minh hoa nhu thé hién trén FIG.10.

Nhur thé hién trén FIG.10, dinh dang PPDU 4p dung cho hé thdng 11ay c6 thé
bao gdbm L-STF, L-CEF, L-tiéu dé, EDMG-tiéu dé-A, EDMG-STF, EDMG-CEF,

EDMG-tiéu d&-B, dit liéu va cac truong TRN va céc truong duge dé cap & trén c6 thé

-19-



45128 20/107

duogc bao gém c6 chon loc theo dinh dang ctia PPDU (vi du: SU PPDU, MU PPDU, v.
v.).

3 day, phan (hodc phan) bao gdm cac truong tiéu d& L-STF, L-CEF va L-tiéu dé
c6 thé duoc goi 1a phan khong EDMG va phén (hodc phan) con lai ¢ thé dugc goi la
phin EDMG (hodc khu vurc). Ngoai ra, céc truong L-STF, L-CEF, L-tiéu dé va EDMG-
tidu dé-A c6 thé dwoc goi 1a cac truong dugc didu ché tru6c EDMG va céc trurdong con
lai c6 thé dugc goi 1a cac truong dugce diéu ché EDMG.

Loi mé dau 1a phin cia PPDU dugce st dung dé phét hién géi, AGC, wée tinh
bu tAn s6, ddng bd héa, chi bao diéu ché (SC hoic OFDM) va wde tinh kénh. Pinh dang
ctia phan mé dAu 14 phd bién cho ca g6i OFDM va géi SC. Loi mé dau duge tao cu
hinh gdm hai phan: trudng dao tao ngén va truong du toan kénh).

3. Phuong an ¢6 thé duoc ap dung cho sang ché

Trong phn tiép theo, phwong phap soan thao truong con TRN trong ché do
OFDM dya trén thanh phan da n6i ¢ trén (cu thé 1a trudng con TRN cho EDMG OFDM
PPDU) va phuong phap truyén va nhan tin hiéu bao gdm trudng con TRN dya trén
phuong phap soan thao s€ dugc md ta trong chi tiét.

Hién gio, cu tric truong con TRN trong ché 46 OFDM c6 thé dugc ap dung
cho sang ché s& dwoc mo ta chi tiét dau tién.

3.1 Trudong con TRN trong ché 46 OFDM

3.1.1. Chudi cua truong con OFDM TRN

Theo séng ché, trudng con TRN cho EDMG OFDM PPDU c¢6 thé dugc tao céu
hinh bing cach sit dung/dya trén EDMG CEF & ché 46 OFDM hodc EDMG STF & ché
do6 OFDM. Tuong tu, bang cach tinh dén hiéu suét ty 1& cong suit dinh dén trung binh
(PAPR-Peak to Average Power Ratio), truong con TRN cho EMDG OFDM PPDU c¢6
thé duoc tao cdu hinh béng cach st dung/dua trén chudi c6 hiéu suét PAPR t6t.

Pau tién, truong EDMG CEF c¢6 thé duogc ap dung cho sang ché s& dugc mé ta

chi tiét nhu sau.
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Chu triic cua truong EDMG-CEF phuy thudc vao sé lugng kénh 2,16 GHz lién
ké ma thong qua d6 PPDU EDMG duge truyén va sé luong, igrs, clia ludng khong gian-
thoi gian.

Pau tién, Seqistiy va Seqips.y chudi do dai N dugc sir dung dé dinh nghia
truong EDMG-CEF duoc x4c dinh nhu thé hién trén FIG.11 dén 30 tiy thudc vao gid
tri cia N. O day, N co thé c6 mot trong cac gia tri 176, 385, 595 va 804.

FIG.11 minh hoa Seq3r;17, mdi ludng khong gian-thoi gian, va FIG.12 minh

hoa Seq;ijp:17¢ moi luong khong gian-thoi gian.

FIG.13 va 14 minh hoa Seq[5 ;345 mdi ludng khong gian-thoi gian; va FIG.15
va 16 minh hoa SeqXrs; g5 mdi luong khong gian-thoi gian.

Céc hinh v& tir FIG.17 dén FIG.19 minh hoa Seql3f;sos mdi ludng khong gian-
thoi gian; va cc hinh vé& tir FIG.20 dén FIG.22 minh hoa Seq’ihy, so5 mdi ludng khong
gian-thoi gian.

Céc hinh v& tir FIG.23 dén FIG.26 minh hoa Seql5 :g0, m&iludng khong gian-
thoi gian; va FIG.27 dén 30 minh hoa Seqirs; g0, mOi ludng khong gian-thoi gian.

Tai thoi diém nay, dé truyén PPDU EDMG 6 ché 46 EDMG OFDM qua kénh

2,16 GHz, chudi EDMG-CEF trong mién tan s6 cho ludng khong gian-thoi gian thir i-

th ¢6 thé dugc xé4c dinh theo phuong trinh duéi day. Tai thoi diém ndy, Seqjyf;17¢ Va

Seqlrs; 176 ©6 thé duge xéc dinh nhu thé hign trén FIG.11 va 12.
[Phuong trinh 1]

EDMG-CEF'ss.1797.177 = [Seq"™ief. 176, 0, 0, 0, Seq™s™igns. 176], for ists=1,2,3,4,5,6,7, 8
Dé truyén PPDU EDMG 6 ché ¢ EDMG OFDM qua kénh 4,32 GHz, chudi

EDMG-CEF trong mién tan s cho ludng khong gian-thoi gian thit i-th ¢6 thé dugc xéac
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dinh theo phuong trinh du6i dy. Tai thoi diém nay, Seqlsfcsgs VA Seqiionsass 0 thé

duoc x4ac dinh nhu thé hién trén FIG.13 dén 16.
[Phuong trinh 2]

333333333333

Pé truyén PPDU EDMG & ché 6 EDMG OFDM qua kénh 6,48 GHz, chudi
EDMG-CEF trong mién tin s cho ludng khong gian-thoi gian thir i-th c6 thé duge xac

dinh theo phuong trinh dudi day. Tai thoi diém nay, S eqlf]ff‘ sos Va S eqﬁ;it‘sg s cothé

xac dinh nhu thé hién trén FIG.17 dén 22.
[Phuong trinh 3]
EDMG-CEFsts 596,506 = [Seq'swief 595, 0, 0, 0, Seq'srigns. 595], for ists=1,2,3,4,5,6,7,8
Dé truyén PPDU EDMG & ché 40 EDMG OFDM qua kénh 8,64 GHz, chudi
EDMG-CEF trong mién tin sd cho ludng khong gian-thdi gian thit i-th c6 thé duoc xac

dinh theo phurong trinh du6i day. Tai thoi diém nay, Seqisrigos VA Seqhontsos €O thé

xé4c dinh nhu thé hién trén FIG.23 dén 30.
[Phuong trinh 4]

EDMG-CEF" 05,805 = [Seq™iegs 04, 0, 0, 0, Seq™rsrigh soa], for ists=1,2,3,4,5,6,7,8

Khi tdc do 14y miu OFDM Fg 1a Ngg X 2,64 GHz, va thoi gian mdu Tg =
1/F;, dang song truyén cua truong EDMG-CEF trong mién thoi gian c6 thé duge xic
dinh béi phuong trinh duoc dua ra dudi ddy. O ddy Ngp dai dién/la s6 luong kénh tiép
giap hodc lién két (hodc két hop).

[Phuong trinh 5]

1
7\] . NrTone

4V srs  +Y EDMG-CEF

Sy

EDAG —CEF (‘JTs )= \/

)

w(qTS )

Vg Ngrs ) i
' Z Z [QA ]im-.is]-s [P EDMG—CEF LTS LEDMG - CEF;* exp (] 27k ¢ (CJTs = L5t 10mg ))1 Sns A@[ﬁ?fG—CEF

k==Ngp isrs=1

M3i tham sb trong phuong trinh trén c6 thé duoc dinh nghia nhu sau.
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[Phuong trinh 6]

I . .
Nipvic—cer = Ngp — Npc is the total number of active tones
Q, is the spatial mapping matrix per ” subcarrier

PED_A G—cer 1S the EDMG-CEF mapping matrix defined below

N, . . . . . .
N oniG—cer s the number of OFDM symbols in the EDMG-CEF for a given total number of space-time
streams Nszs defined below

th

[ ]m , 1s a matrix element from ™ row and 7™ column

W(qu ) is the window function applied to smooth the transitions between consecutive OFDM symbols.

Its definition is implementation dependent.

Trong phﬁn tiép theo, dé thuan tién cho viéc mo ta, mot cAu tric dugce dé xuit
theo séng ché s& duge md ta chi tiét voi tham chiéu dén vi du trong d6 chudi trudong
EDMG-CEF dugc st dung nhur chudi ctia truong con OFDM TRN. Tuy nhién, can luu
y rang theo phwong 4n khéc cla sang ché, chudi ‘EDMG-CEF theo nhitng gi sau day c6
thé dugc thay thé bing chudi khac (vi du, chudi EMDG-STF hogc chudi khac the hién
hiéu suit PAPR t6t).

3.1.2. o6 dai kv hiéu cua truong con OFDM TRN

Trong cac hé théng thong thuong, chi c¢6 truong con TRN & ché d6 SC thay vi
ché 36 OFDM duoc x4c dinh. Tai thoi diém nay, truong con TRN trong ché @6 SC c6
thé c6 chubi truong con TRN c6 d dai khac nhau tiy thudc vao gia tri cia TRN_BL.
Tai thoi diém nay, gia tri TRN_BL c6 thé dugce tao cAu hinh khac nhau tuy theo ‘truong
d6 dai chudi truong con TRN’ gia tri clia truong EDMG tiéu dé-A. Ly mot vi du, khi
truong do dai chudi truong con TRN cua EDMG-tiéu dé-A bang 0, TRN BL dugc dit
thanh 128; khi truong dd dai chudi truong con TRN ciia EDMG-tiéu dé-Alal, TRN BL
duogc dat thanh 256; va khi truong do dai chudi truong con TRN ctia EDMG-tiéu dé-A
la2, TRN BL dugc dat thanh 64. Tai thot diém nay, khi truong do dai chudi truong con
TRN ctia EDMG-tiéu d&-A bang 0, né c¢6 thé chi ra ‘binh thuong’ trong khi, khi né 1a 2,
n6 ¢6 thé chi ra ‘ngén’.

O day, chudi TRN trong ché do SC c6 thé dugc tao cau hinh ctia 6 chudi b6 sung

Golay Ga va Gb nhu trong phuong trinh dugc dua ra dudi day.
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[Phuong trinh 7]

TRNibasic = [GaiN, 'GbiN, GaLN, Gb]N, GaiN, 'Gb’N]

Trong phuong trinh trén, 1 ¢ thé biéu dién ludng khong gian-thoi gian hodc
chudi truyén.

Nhu duge mo ta & trén, dd dai cda truong con TRN ¢o6 thé duoc tao cAu hinh
khéc nhau tiry thudc vio truong do dai chudi truong con TRN cia EDMG-tiéu dé-A.
Theo do, thoi lugng cua chudi trudng con TRN cho timg trudng hop c6 thé duoc xac
dinh nhu sau.

- Khi truong do dai chudi truong con TRN ciia EDMG-tiéu dé-A 1a Khi truong
d6 dai chudi truong con TRN cia EDMG-tiéu dé-A1a 0, 6%128*T, =768*T.

- Khi truong do dai chudi truong con TRN cia EDMG-tiéu dé-A 12 Khi truong
d6 dai chudi truong con TRN cia EDMG-tiéu dé-Ala 1, 6¥256*T, = 1536*T.

- Khi truong do dai chudi truong con TRN caa EDMG-tiéu dé-A1a 2, 6%64*T,
=384*T¢.

G day, T, biéu thi tdc do chip cta ché do SC va ¢6 thé 12 0,57 ns.

Néu thoi han cta chudi truomg con TRN trong ché d6 SC duoc mo ta & trén duge
thé hién dusi dang T, tham s6 thoi gian mdu OFDM, né ¢6 thé dugc biéu thi nhu sau.
(T, = T *%,TS = 0,38 ns).

- Khi truong d6 dai chudi trudng con TRN cia EDMG-tiéu dé-A1a 0, 6¥128*T,
= 1152*T;

- Khi trudong d6 dai chudi truong con TRN cia EDMG-tiéu dé-Alal, 6¥256*T,
=2304*Ts

- Khi truong do dai chudi truong con TRN cia EDMG-tiéu dé-A1a 2, 6%64*T,
=576*Ts

Nhu d3 mo ta & trén, cac hé thong thong thuong khong xac dinh do dai ky higu

cua trrong con TRN trong ché 36 OFDM. V& vén dé nay, cac vi du co thé duoc st dung
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lam d6 dai ky hiéu cua truong con TRN trong ché &6 OFDM cho hé théng 11ay ma séng
chécéthéduqcdpdungséduocrnﬁtéchiﬁét

Hé théng 802.11ay ma sang ché c6 thé dwogc ap dung c6 thé hd trg truyén va thu
tin hiéu thong qua kénh dugce lién két véi mot dén bdn kénh. Do do, theo s6 lugng kénh
lién két, truong con OFDM TRN co ban, truong con OFDM TRN tuong Gng v6i mot
ky hiéu OFDM, c6 thé dugc ap duﬁg dé tao cho sang ché nhu sau.

(1) Kénh don cong

Trong trudng hop nay, tin sd miu Fy & ché do OFDM la 2,64 GHz, and sample
time T 130,38 ns (= Tc*2/3).

May phat ap dung bién ddi Fourier roi rac 512 diém (IDFT- Inverse Discrete
Fourier Transform) trén OFDM EDMG-CEF va chén tién t6 tudn hoan dé tao truong
con OFDM TRN.

Tai thoi diém nay, chiéu dai cia CP dwgc chén (hodc s6 lwong miu) c6 thé tuong
ung voi 48, 96, 192, 32, 64 hodc 128 mau. Néi cach khac, dd dai cia CP dugc chén
trong mién thoi gian c6 thé tuong tng véi 48*Tg, 96*Tg, 192*Ts (=72,72 ns), 32*Ts,
64*Tg, or 128*Ts. Trong truong hop nay, tdng s6 mau cho ky hiéu OFDM c¢6 thé 1a 560,
608, 704, 544, 576 hodc 640. Ngoai ra, trong truong hop nay, do dai cia mdi truomg con
TRN trong mién thoi gian c6 thé 1a 560*Tg, 608* T, 704*Ts, 544*Tg, 576*Ts, hodc
640*Ts.

(2) Lién két 2 kénh

Trong trudng hop nay, tin sd mau Fg & ché d6 OFDM 1a 5,28 GHz, va thoi gian
mau Tg 120,19 ns (= T¢/3).

May phat 4p dung IDFT 512 diém trén OFDM EDMG-CEF va chén tién t6 tuan
hoan dé tao trudng con OFDM TRN.

Tai thoi diém nay, do dai cua CP dugc chén (hodc sé lugng mau) c6 thé tuong
ﬁngv6i96,192,384,64,128h05c256Inﬁquéicédthéc,dédaicﬁaCI’duqcchén
trong mién thoi gian c6 thé twong tng véi 96*Ts, 192*T, 384*T; (=72,72 ns), 64*Tg,
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128*Ts, or 256*Ts. Trong truong hop nay, tdng s mau cho ky hiéu OFDM c6 thé 1a
1120, 1216, 1408, 1088, 1152 hoac 1280. Ngoai ra, trong truong hop nay, do dai cua
mdi truong con TRN trong mién thoi gian c¢6 thé 1a 1120*Ts, 1216*Tg, 1408*Tg,
1088*Ts, 1152* Ty, hodc 1280*Ts.

(3) Lién két 3 kénh

Trong trudng hop ndy, tin sé mau Fs trong ché 46 OFDM la 7,92 GHz, va thoi
gian miu Tg 130,13 ns (= 2*T,/9).

Mot méy phat ap dung IDFT 512 diém trén OFDM EDMG-CEF va chén tién t6
tudn hoan dé tao truong con OFDM TRN.

Tai thoi diém nay, chiéu dai ciia CP dugc chén (hoic sb lugng mau) co thé tuong
ung voi 144, 288, 576, 96, 192 hoac 384 mau. Noi cach khac, dd dai cua CP dugc chén
trong mién thdi gian c6 thé twong tng voi 144*Tg, 288*Tg, 576*Tg (=72,72 ns), 96*T,
192*Tg, hodc 384*Ts. Trong trwdng hop nay, tong s6 mau cho mot ky hiéu OFDM c¢6
thé 1a 1680, 1824, 2112, 1632, 1728 hoic 1920. Ngoai ra, trong trudng hgp nay, do dai
cia mdi truong con TRN trong mién thoi gian c6 thé 1a 1680*Ts, 1824*Ts, 2112*Ts,
1632*T, 1728*Ts, hodc 1920*T.

(4) Lién két 4 kénh

Trong trudng hop ndy, tin sé mau Fy trong ché 4o OFDM la 10,6 GHz, va thoi
gian mau Ts 120,09 ns (= T/6).

Mot mdy phét 4p dung IDFT 2018 diém trén OFDM EDMG-CEF va chén tién
t6 tudn hoan dé tao truong con OFDM TRN.

Tai thoi diém nay, chiéu dai cia CP duge chén (hodc 36 lugng mau) c6 thé twong
ung voi cac mau 192, 384, 768, 128, 256 hoic 512. N6i cach khac, do dai cua CP dugc
chén trong mién thoi gian c6 thé tuong tng véi 192* Ty, 384*Tg, 768*Tg (=72,72 ns),
128*Ty, 256*Tg, hodc 512*Ts. Trong trudong hop nay, tong sé miu cho mot ky hiéu
OFDM c6 thé 1a 2240, 2432, 2816, 2176, 2304 hodc 2560. Ngoai ra, trong truong hop

nay, do dai ctia mdi truong con TRN trong mién thoi gian c6 thé 1a 2240% Ty, 2432*T,
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2816*Tg, 2176*Ts, 2304* T, hodc 2560*Ts.

Theo sang ché, may phat c6 thé tao mot truong con OFDM TRN tuong tng v6i
mot ky hiéu OFDM bing cach sir dung cu trac CP + IDFT (OFDM EDMG-CEF)
theo/dya trén tong s6 mau CP duge mo ta & trén.

Ngodi ra, twong tw nhu treong hop ciia ché do SC, truong tidu dé-A cia EDMG
OFDM PPDU c¢6 thé bao gbm trudong (vi du: trudng d dai chudi truong con TRN) chi
bao do dai cua truong TRN. Trong phan tiép theo, phuong phép soan théo trudng con
TRN theo gia trj cta truong di noi o trén s&€ duge mo ta chi tiét.

Trong sang ché, truong con TRN theo gid tri cla trudng di ndi ¢ trén c6 thé
duoc tao cAu hinh d& lap lai truong con TRN co ban (CP + IDFT (OFDM EDMG-CEF)
mdt dén nam 1an. Do d6, trong phan tiép theo, twong tw nhu ché do SC, ciu tric trudng
con TRN (vi du: do dai ky hiéu cta truong con TRN) co6 thé dugc ap dung theo gia tri
'trudng do dai chudi truong con TRN' cia trudng EMDG tiéu dé-A s& duge mo ta chi
tiét.

1) Trudng hop trong d6 truong do dai chudi truong con TRN cua EDMG-tiéu
dé-A1a 0 (TRN_BL is 128, 1152*Ty)

FIG.31 minh hoa céu tréc truong con TRN tuong tmg véi mot ky hiéu OFDM.

Nhu thé hién trén FIG.31, néu trudng do dai chudi trudng con TRN cua EDMG-
tiéu dé-A bang 0, ciu tric truong con TRN twong tng c6 thé dugc tao cAu hinh ciia ciu
trac truong con TRN tuong ung voi mot ky hiéu OFDM (cu thé 1a cdu tric dugc tao ciu
hinh ctia mot trrong con OFDM TRN co bén).

FIG.32 va 33 minh hoa céu tric trudng con TRN twong tng véi hai ky higu
OFDM.

Nhu thé hién trén FIG.32 va 33, néu truong do dai chudi trudng con TRN cua
EDMG-tiéu dé-A bang 0, cau tric trudng con TRN tuong (mg ¢6 thé duoc tao cau hinh
ctia cdu tric trudng con TRN twong (mg v6i hai ky hiéu OFDM (cu thé 1a cdu tric dugc

tao cu hinh cta hai truong con OFDM TRN co ban).
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Tai thoi diém nay, CP c6 thé duoc st dung hai 14n nhu trén FIG.32 hodc chi mot
CP c6 thé duogc str dung trén hai ky hiéu OFDM nhu trén FIG.33.

FI1G.34 minh hoa cdu truc trudng con TRN twong tng v6i ba ky hiéu OFDM.

Nhu thé hién trén FIG.34, néu trudng do dai chudi truong con TRN cia EDMG-
tiéu d-A bang 0, ciu tric truong con TRN tuong tng c6 thé dwoc tao cAu hinh ciia ciu
tric treong con TRN tuong tng véi ba ky hiéu OFDM (cu thé 1a cAu trac duoc tao cau
hinh ctia ba truong con OFDM TRN co béan).

FIG.35 va 36 minh hoa cdu trc truong con TRN twong tmg véi bbn ky hiéu
OFDM.

Nhu thé hién trén FIG.36, néu truong do dai chudi truong con TRN cua EDMG-
Header-A bang 0, cu tric truong con TRN tuong (mg c6 thé dwoc tao cdu hinh ctia cdu
trac trrong con TRN twong Gmg vé1 bdn ky hiéu OFDM (cu thé 1a cu truc duoc tao cu
hinh cta bén trudng con OFDM TRN co bén).

Tai thoi diém nay, CP c6 thé duoc st dung bdn 14n cho mbi biéu tuong nhu trén
FIG.35 hoic chi hai CP ¢6 thé dugc str dung trén bdn ky hiéu OFDM nhu trén FIG.36.

2) Trudong hop trong d6 truomg do dai chudi truong con TRN ciia EDMG-tiéu
dé-Ala 1 (TRN BL 1a 256, 2304*Ts)

Néu truong d6 dai chudi truong con TRN ciia EDMG-tiéu dé-A 1 1, nhu thé
hién trén céc hinh v& tir FIG.31 dén FIG.36, truong con TRN tuong tmg ¢ thé duoc tao
c4u hinh cta cu tric truong con TRN tuong tng véi mot ky hiéu OFDM (day l1a chu
trac duge tao cdu hinh cia mot trudng con TRN OFDM co ban), cAu trac truong con
TRN twong tmg v6i hai ky hiéu OFDM (déy l1a cu trac dugc tao ciu hinh ctia hai trudng
con TRN OFDM co ban), cdu tric truong con TRN dugce tao c4u hinh cta ba ky hiéu
OFDM (d4y 1a cu tric cta ba trudng con TRN OFDM co ban) hogc cdu triic trudng
con TRN tuong tmg v6i bon ky hiéu OFDM co ban (d4y 1a cAu trac clia bbn trudng con
TRN OFDM co béan).

Ngoai ra, néu truong do dai chudi truong con TRN ctia EDMG-tiéu dé-A la 1,
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nhu thé hién trén FIG.37 hoic FIG.38, truong con TRN twong g c6 thé duoc tao cu
hinh cta cu tric truong con TRN tuong tng v6i ndm hodc sau ky hiéu OFDM.

FIG.37 minh hoa cu tric truong con TRN tuong tmg v6i ndm ky hiéu OFDM.

Nhu thé hién trén FIG.37, néu truong do dai chudi trudng con TRN cuia EDMG-
tiéu dé-A 1a 1, cAu triic trudong con TRN twong ting c6 thé duogc tao cdu hinh cta cdu tric
trrong con TRN tuong ing véi ndm ky hiéu OFDM (cu thé 1a céu tric duge tao cau
hinh cta nam treong con TRN OFDM co ban).

FIG.38 minh hoa ciu tric trudng con TRN tuong tmg v6i sau ky hiéu OFDM.

Nhu thé hién trén FIG.38, néu truong d6 dai chudi truong con TRN cia EDMG-
tiéu d8-A 1a 1, c4u trac truong con TRN tuong g ¢6 thé dwoc tao cAu hinh cia cdu tric
trrong con TRN tuong tng véi sdu ky hiéu OFDM (déy 14 ciu trac duoc tao cAu hinh
cta sau truong con TRN OFDM co bén).

3) Truong hop trong d6 trudong do dai chudi truong con TRN cia EDMG-
Header-A1a 2 (TRN_BL 1a 64, 576*T)

Néu truong do dai chudi truong con TRN ciia EDMG-tiéu dé-A 1 2, nhu thé
hién trén cAc hinh vé tir FIG.31 dén FIG.33, truong con TRN tuong tmg c6 thé dugc tao
cAu hinh cua céu tric truong con TRN twong tmg véi mot ky hiéu OFDM (d4u 1a cu
tric duge tao cdu hinh ciia méot trudng con OFDM TRN co ban) hodc cAu trac truong
con TRN tuong tmg véi hai ky hiéu OFDM (dy 1a cAu trac duoc tao cau hinh cia hai
cac truong con OFDM TRN co bén).

Trong phuong an dugc vu tién 4p dung sang ché, chu tric truong con TRN theo
gi4 tri cia trudng do dai chudi truong con TRN cua trudng EDMG tiéu dé-A (déy 1a chu
truc trong dé céu tric trudng con TRN co ban dugce ldp lai cho xac dinh sin s6 1an) co
thé duoc xac dinh dé duoc cin chinh véi truong con TRN cta ché d SC trong mién
thoi gian.

Trong mdt vi dy, trong trudng hop thong thuong (d4y 1a khi trudong do dai chudi

trrong con TRN ciia EDMG-tiéu dé-A bang 0), xem xét rang truong con TRN clia ché
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d6 SC duoc cin chinh véi truong con TRN ciia ché do OFDM trong thdi gian mién,
HudngconTTUQcﬁachédé()FDBAtuongﬁngvéiﬂubnghqpthéngthubngcéthéduqc
tao cAu hinh cta/co thé bao gdbm mot ky hiéu OFDM (704*Tg khi st dung khoang bao
vé dai (GI- Guard Interval) véi do dai 72,72 ns ) hodc 2 ky hiéu OFDM (1408*Ts khi
st dung khoang bao vé dai (GI) véi do dai 72,72 ns).

Tai thoi diém nay, twong tu nhu trudng hop ché @6 SC, dé d& dang tao truong
con TRN OFDM thanh cdu tric théng thudng/ngin/dai theo gia tri dugc chi béo
boi/duge bao gdm trong truong do dai chudi truong con TRN cua truong EDMG tiéu
dé-A, ciu tric trudng con TRN trong truong hop thong thuong co thé duoc tao cdu hinh
cua hai ky hiéu OFDM.

Noi cach khac, theo phuong an dugc uu tién ap dung sang ché, néu truong do
dai chudi trudng con TRN ctia EDMG-tiéu dé-A 12 0, truong con TRN c6 thé duge tao
c4u hinh cta ciu trac truomg con TRN twong tng v6i hai ky hiéu OFDM nhur thé hién
trén FIG.32; néu trudng do dai chudi truomg con TRN ctia EDMG-tiéu dé-A 1a 1, truong
con TRN ¢6 thé duge tao cdu hinh cia cu tric truong con TRN twong Gng véi bbn ky
hiéu OFDM nhu thé hién trén FIG.35; va néu truong do dai chudi trudng con TRN cua
EDMG-tiéu dé-A bang 0, truong con TRN c¢6 thé dugc tao céu hinh cta ciu tric truong
con TRN tuong tmg v6i mot ky hiéu OFDM nhu trén FIG.31.

Bang céach st dung thanh phan duoc mo ta & trén, kKhoang thoi gian cla trudng
con TRN ctia ché dd OFDM c¢6 thé dugc can chinh véi trudng hop cua trudng con TRN
ctia ché do SC trong mién thoi gian.

Nhu di m ta & trén, trong truong hop kénh don cong, IDFT 512 diém c6 thé
dugc ap dung; trong truong hop lién két 2 kénh, IDFT 1024 diém; trong truong hop lién
két 3 kénh, IDFT 1536 diém; va trong truong hop lién két 4 kénh, IDFT 2048 diém.
Ngoai ra, ) lugng mau CP c6 thé duge ap dung 1a 48, 96, 192, 32, 64 hoac 128 cho
trudng hop lién két kénh don; 96, 192, 384, 64, 128 hodc 256 cho truong hop lién két 2
kénh; 144, 288, 576, 96, 192 hoac 384 cho truong hop lién két 3 kénh; va 192, 384, 768,
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128, 256 hodc 512 cho truong hop lién két 4 kénh.

Trong sang ché, dé tao truong con TRN dua trén su ldp lai cAu truc truong con
TRN twong ung v6i mot ky hiéu OFDM, thir tu cua CP va IDFT (OFDM EDMG-CEF)
¢6 thé dugc thay dbi theo nhiéu cach khac nhau.

3.1.3. Chu triic trudomg TRN OFDM cho da ludng

Hé théng 11ay ap dung cho séng ché c6 thé hd tro tdi da 8 ludng khong gian-
thoi gian dé hd trg so dd nhiéu dAu ra nhidu ddu vao. Trong phan tiép theo, cu tric
truong con TRN OFDM theo/dua trén tdng s ludng duoc hd trg s& duge mo ta chi tiét.

Dé thudn tién cho viéc md ta, trong phén tiép theo, tin hiéu thu duoc br:ing cach
lap lai cAu tric trurdomg con TRN, twong tng véi mot ky hiéu OFDM thu duoc thong qua
viéc chén CP sau khi IDFT dugc ap dung cho OFDM EDMG-CEF cua ludng khong
gian-thoi gian i-th , mdt, hai hodac bdn 14n theo gia tri cua truong do dai chudi truong
‘con TRN ctia EDMG-tiéu dé-A duoc ky hiéu 1a OFDM_TRN basic i.

Theo d6, truong con OFDM TRN theo/dua trén téng sd ludng thoi gian khong

gian co thé dugc xac dinh nhu sau.

Nists=1(téng s6 ludng: 1)

OFDM_TRN subfield 1 =[OFDM_TRN basic 1]

hoac

OFDM_TRN subfield 1 =[OFDM _TRN basic_1, -OFDM_TRN_basic_1]
(2) Nsts=2(téng sb ludng: 2)

OFDM_TRN subfield 1 =[OFDM_TRN basic 1]
OFDM TRN subfield 2 =[OFDM TRN basic_2]

hoac

OFDM._TRN subfield 1 =[OFDM _ TRN basic 1, -OFDM_TRN_basic_1]

OFDM_TRN _subfield 2 = [OFDM_TRN basic 2, OFDM_TRN basic 2]
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(3) Nsts=3(tdng sd ludng: 3) (w3 = exp&- j*2%pi/3))

OFDM_TRN subfield 1 =[OFDM_TRN basic 1, OFDM_TRN_basic 1]

OFDM_TRN subfield 2 =[OFDM_TRN basic 2, OFDM TRN basic 2]

OFDM_TRN subfield 3 =[OFDM_TRN basic 3, -OFDM_TRN basic 3]

hodc

OFDM._TRN subfield 1 = [OFDM_TRN basic 1, -OFDM_TRN basic 1,
OFDM_TRN basic 1]

OFDM_TRN subfield 2 = [OFDM_TRN basic 2, - ws! *
OFDM_TRN basic 2, w3*> * OFDM_TRN basic 2]

OFDM_TRN _subfield 3 = [OFDM_TRN basic 3, - w33 *
OFDM_TRN basic 3, ws* * OFDM_TRN basic_3]

hoac

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM_TRN basic 1,
OFDM_TRN basic 1, OFDM_TRN basic 1]

OFDM_TRN subfield 2 = [OFDM_TRN basic 2, OFDM_TRN basic 2, -
OFDM_TRN basic 2, OFDM_TRN basic 2]

OFDM_TRN subfield 3 = [OFDM _TRN basic 3, OFDM_TRN_basic 3,
OFDM_TRN basic 3, - OFDM_TRN basic 3]

(4) Nsts=4(tdng sb ludng: 4) (wa = exp(- j*2*pi/4))

OFDM_TRN subfield 1 =[OFDM _TRN basic 1, OFDM TRN basic_1]

OFDM_TRN subfield 2 =[OFDM_TRN basic 2, OFDM TRN basic 2]

OFDM_TRN subfield 3 =[OFDM_TRN basic 3, -OFDM TRN basic 3]

OFDM_TRN subfield 4 = [OFDM_TRN basic 4, -OFDM_TRN basic 4]
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hodc

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM_TRN_basic_1,
OFDM_TRN basic_1, OFDM_TRN basic 1]

OFDM_TRN _subfield 2 = [OFDM_TRN basic 2, -w4! *
OFDM_TRN basic 2, ws> *OFDM_TRN basic 2, ws* * OFDM_TRN_basic_2]

OFDM_TRN subfield 3 = [OFDM_TRN basic_3, - wat *
OFDM._TRN basic_3, ws® * OFDM_TRN basic 3, ws® * OFDM_TRN_basic_3]

OFDM_TRN subfield 4 =  [OFDM_TRN basic 4, - w4 %
OFDM_TRN basic_4, ws® * OFDM_TRN basic_4, w4’ * OFDM_TRN_basic_4]

hoidc

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM_TRN_basic 1,
OFDM_TRN basic_1, OFDM_TRN basic 1]

OFDM_TRN subfield 2 = [OFDM_TRN basic 2, OFDM_TRN_basic_2, -
OFDM_TRN basic 2, OFDM_TRN basic 2]

OFDM_TRN subfield 3 = [OFDM_TRN basic 3, OFDM_TRN_basic_3,
OFDM._TRN basic 3, - OFDM TRN basic_3]

OFDM_TRN subfield 4 = [- OFDM_TRN basic 4, OFDM_TRN_basic_4,
OFDM_TRN basic 4, OFDM_TRN basic 4]

(5) Nsts=5(téng s ludng: 5) (ws = exp(- j*2*pi/5), We = exp(- j*2*pi/6) )

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, OFDM_TRN_basic_1,
OFDM_TRN basic_1, OFDM_TRN basic 1]

OFDM_TRN subfield 2 = [OFDM_TRN basic 2, OFDM_TRN_basic_2,

OFDM_TRN basic 2, OFDM_TRN basic 2]
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OFDM_TRN subfield 3 = [OFDM_TRN basic 3, -OFDM_TRN basic 3,
OFDM_TRN basic_3, -OFDM_TRN basic_3]

OFDM_TRN subfield 4 = [OFDM_TRN basic 4, -OFDM_TRN basic 4,
OFDM_TRN basic_4, -OFDM TRN_basic_4]

OFDM._TRN subfield 5 = [OFDM_TRN basic 5, OFDM_TRN_basic_35, -
OFDM_TRN basic 5, -OFDM_TRN_basic_5]

hoac

OFDM TRN subfield 1 = [OFDM_TRN basic_1, - OFDM_TRN basic I,
OFDM TRN basic 1,  OFDM TRN basic 1, = OFDM_TRN basic 1, -
OFDM _TRN basic 1]

OFDM _TRN subfield 2 - [OFDM_TRN basic 2, -
we'*OFDM_TRN basic 2, wg**OFDM TRN basic 2, wg*OFDM_TRN_basic_2,
we**OFDM_TRN basic 2, -we*OFDM_TRN basic_2]

OFDM_TRN subfield 3 = [OFDM_TRN basic 3, -
we2*OFDM_TRN basic 3, we*OFDM_TRN basic 3, we**OFDM_TRN_basic 3,
wes*OFDM_TRN basic 3 - we!*OFDM_TRN basic 3]

OFDM_TRN subfield 4 = [OFDM_TRN basic 4, -
we*OFDM_TRN basic 4, we®*OFDM _TRN basic 4, w¢’*OFDM_TRN_basic_4,
we!2*OFDM_TRN basic 4 - we!**OFDM_TRN basic 4]

OFDM_TRN _subfield 5 - [OFDM_TRN basic 5, ]
we*OFDM_TRN basic 5, we**OFDM_TRN basic 5, ws?*OFDM_TRN_basic_5,
w6'®*OFDM_TRN basic 5 - we?**OFDM_TRN basic_5]

hoac
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OFDM_TRN subfield 1 = [OFDM_TRN basic_1, - OFDM_TRN basic 1,

OFDM_TRN basic I, ~ OFDM TRN basic 1,  OFDM TRN basic 1,

OFDM_TRN basic_1, OFDM_TRN_basic_1, OFDM_TRN basic 1]

OFDM_TRN subfield 2 = [OFDM_TRN basic 2, OFDM_TRN basic 2, -

OFDM_TRN basic 2, OFDM_TRN basic 2, OFDM_TRN basic 2,

OFDM_TRN basic 2, - OFDM_TRN_basic_2, OFDM_TRN basic 2]

OFDM_TRN subfield 3 = [OFDM_TRN basic 3, OFDM_TRN_basic 3,

OFDM_TRN basic 3, - OFDM_TRN basic 3, OFDM_TRN basic_3,

OFDM_TRN basic_3, OFDM_TRN basic 3, - OFDM_TRN basic 3]

OFDM_TRN subfield 4 = [-OFDM_TRN basic 4, OFDM TRN basic 4,

OFDM_TRN basic 4, OFDM_TRN basic 4, -OFDM_TRN basic 4,

OFDM_TRN basic 4, OFDM_TRN basic 4, OFDM_TRN_basic_4]

OFDM_TRN subfield 5 = [OFDM_TRN basic 5, - OFDM_TRN_basic_5,

OFDM_TRN basic 5, OFDM_TRN basic 5, - OFDM_TRN basic 5,

OFDM_TRN basic 5, -OFDM_TRN basic 5, -OFDM_TRN_basic_5]

hodc

OFDM_TRN subfield 1 = [OFDM _TRN basic_1, - OFDM TRN basic 1,

OFDM_TRN basic 1, OFDM_TRN basic_1, OFDM_TRN basic 1]

OFDM_TRN subfield 2 = [OFDM_TRN basic 2,

ws'*OFDM_TRN basic 2, ws**OFDM_TRN basic 2, ws**OFDM_TRN_basic_2,

ws"*OFDM_TRN basic 2]

-35-



45128 36/107

OFDM_TRN subfield 3 = [OFDM_TRN basic 3, -
ws>*OFDM_TRN basic 3, ws®*OFDM_TRN basic_3, ws'*OFDM_TRN_basic_3,
wsS*OFDM_TRN_basic 3]

OFDM_TRN subfield 4 = [OFDM_TRN basic 4, -
ws?*OFDM_TRN basic_4, ws'“*OFDM_TRN basic 4, ws''"*OFDM_TRN_basic_4,
ws'2*OFDM_TRN basic_4]

OFDM_TRN subfield 5 = [OFDM_TRN basic 5, -
ws!3*OFDM_TRN basic_5, ws'*OFDM_TRN_basic_5, ws'>*OFDM_TRN_basic_5,
ws!®*OFDM_TRN basic 5]

(6) Nsts=6(tong s6 ludn: 6) (we = exp(- j 2*pi/6))

OFDM._TRN subfield 1 = [OFDM _TRN basic_1, OFDM_TRN_basic_1,
OFDM_TRN basic 1, OFDM_TRN_basic_1]

OFDM_TRN subfield 2 = [OFDM_TRN basic_2, OFDM_TRN_basic 2,
OFDM_TRN basic 2, OFDM_TRN_basic 2]

OFDM_TRN subfield 3 = [OFDM_TRN basic 3, -OFDM_TRN_basic 3,
OFDM_TRN basic 3, -OFDM_TRN_basic 3]

OFDM_TRN subfield 4 = [OFDM _TRN basic_4, -OFDM_TRN_basic 4,
OFDM._TRN basic 4, -OFDM_TRN_basic_4]

OFDM_TRN subfield 5 = [OFDM_TRN_basic_5, OFDM_TRN_basic_5, -
OFDM_TRN basic 5, -OFDM_TRN_basic_5]

OFDM_TRN subfield 6 = [OFDM_TRN_basic_6, OFDM_TRN_basic 6, -
OFDM_TRN basic_6,-OFDM_TRN basic 6]

hoac
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OFDM_TRN subfield 1 = [OFDM_TRN basic_1, - OFDM_TRN basic 1,

OFDM_TRN basic 1, OFDM_TRN basic 1, OFDM_TRN basic 1,
OFDM_TRN basic 1]

OFDM _TRN subfield 2 = [OFDM_TRN basic 2,

we'*OFDM_TRN basic 2, we*OFDM_TRN basic 2, we*OFDM TRN basic 2,

we**OFDM_TRN basic 2, -ws>*OFDM_TRN basic 2]

OFDM _TRN subfield 3 = [OFDM_TRN _basic 3,

we2*OFDM_TRN basic 3, we*OFDM_TRN basic 3, we*OFDM_TRN_basic 3,

wet*OFDM_TRN basic 3 - we!“*OFDM_TRN basic 3]

OFDM_TRN _subfield 4 = [OFDM_TRN basic 4,

we*OFDM_TRN basic 4, we®*OFDM TRN basic 4, ws**OFDM_TRN basic 4,

we!2*OFDM_TRN basic_4 - we'>*OFDM_TRN basic_4]

OFDM _TRN subfield 5 = [OFDM_TRN basic 5,

we"*OFDM_TRN basic 5, ws**OFDM_TRN basic_5, ws'>*OFDM_TRN basic 5,

we'®*OFDM_TRN basic_5 - we?**OFDM_TRN basic_5]

OFDM_TRN subficld 6 = [OFDM_TRN basic 6,

we*OFDM_TRN basic_6, we'®*OFDM_TRN basic 6, ws'**OFDM_TRN_basic_6,

w62’*OFDM_TRN basic 6 - we*>*OFDM_TRN basic 6]

hoidc

OFDM_TRN subfield 1 = [OFDM_TRN basic_1, - OFDM TRN basic 1,

OFDM_TRN basic I, ~ OFDM TRN basic 1, ~ OFDM TRN basic 1,

OFDM_TRN basic_1, OFDM TRN basic_1, OFDM_TRN basic 1]

-37-



45128 38/107

OFDM_TRN subfield 2 = [OFDM_TRN basic 2, OFDM_TRN_basic_2, -
OFDM_TRN basic 2, OFDM_TRN basic 2, OFDM_TRN basic 2,
OFDM_TRN basic 2, - OFDM_TRN basic 2, OFDM_TRN_basic_2]

OFDM_TRN subfield 3 = [OFDM TRN basic 3, OFDM_TRN_basic_3,
OFDM_TRN basic 3, - OFDM_TRN basic 3, OFDM_TRN basic_3,
OFDM._TRN basic_3, OFDM_TRN basic 3, - OFDM_TRN_basic_3]

OFDM_TRN subfield 4 = [-OFDM_TRN basic 4, OFDM_TRN_basic_4,
OFDM_TRN basic 4, OFDM_TRN basic 4, -OFDM_TRN basic 4,
OFDM_TRN basic 4, OFDM_TRN basic 4, OFDM_TRN_basic_4]

OFDM_TRN subfield 5 = [OFDM_TRN basic 5, - OFDM_TRN_basic_5,
OFDM_TRN basic 5, OFDM TRN basic_5, - OFDM_TRN basic_5,
OFDM_TRN basic 5, -OFDM_TRN basic 5, -OFDM_TRN_basic_3]

OFDM_TRN subfield 6 = [OFDM_TRN basic 6, OFDM_TRN_basic_6, -
OFDM_TRN basic 6, OFDM TRN basic 6, -  OFDM_TRN basic_6, -
OFDM_TRN basic_6, OFDM_TRN basic_6, -OFDM_TRN_basic_6]

(7) Nsts=7(tdng s6 ludng: 7) (w7 = exp(- j 2*pi/7))

OFDM_TRN subfield 1 = [OFDM TRN basic 1, OFDM_TRN_basic_1,
OFDM_TRN basic 1, OFDM_TRN_basic 1]

OFDM_TRN subfield 2 = [OFDM TRN basic 2, OFDM_TRN_basic_2,
OFDM_TRN basic 2, OFDM_TRN_basic 2]

OFDM_TRN subfield 3 = [OFDM TRN basic_3, -OFDM_TRN_basic_3,

OFDM_TRN basic 3, -OFDM_TRN basic 3]
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OFDM_TRN subfield 4 = [OFDM_TRN basic 4, -OFDM_TRN_basic 4,
OFDM_TRN basic 4, -OFDM_TRN basic 4]

OFDM_TRN subfield 5 = [OFDM_TRN basic 5, OFDM_TRN_ basic_5, -
OFDM_TRN basic 5, -OFDM_TRN basic 5]

OFDM._TRN subfield 6 = [OFDM_TRN basic 6, OFDM TRN basic 6, -
OFDM_TRN basic 6, -OFDM_TRN basic 6]

OFDM._TRN subfield 7 = [OFDM_TRN basic 7, -OFDM_TRN_basic 7, -
OFDM_TRN basic_7, OFDM_TRN basic 7]

hoac

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM_TRN basic 1,
OFDM_TRN basic 1, OFDM_TRN basic 1, OFDM_TRN basic 1, -
OFDM_TRN basic 1, OFDM TRN basic 1 OFDM TRN basic 1]

OFDM_TRN subfield 2 = [OFDM_TRN basic 2, OFDM_TRN_basic 2, -
OFDM_TRN basic 2, OFDM_TRN basic 2, OFDM_TRN basic 2,
OFDM_TRN basic 2, - OFDM_TRN basic 2, OFDM_ TRN basic 2]

OFDM_TRN subfield 3 = [OFDM TRN basic 3, OFDM _TRN basic 3,
OFDM_TRN basic 3, - OFDM_TRN basic 3, OFDM_TRN basic 3,
OFDM_TRN basic 3, OFDM TRN basic 3, - OFDM_ TRN basic 3]

OFDM_TRN subfield 4 = [-OFDM_TRN basic 4, OFDM _TRN basic 4,
OFDM_TRN basic 4, OFDM_TRN basic 4, -OFDM_TRN basic 4,

OFDM_TRN basic 4, OFDM TRN basic 4, OFDM TRN basic_4]
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OFDM_TRN subfield 5 = [OFDM_TRN basic_5, - OFDM_TRN_basic_5,
OFDM_TRN basic 5, OFDM_TRN basic 5, - OFDM TRN basic 5,
OFDM_TRN basic 5, -OFDM_TRN basic 5, -OFDM_TRN_basic 5]

OFDM._TRN subfield 6 = [OFDM TRN basic 6, OFDM _TRN_basic 6, -
OFDM_TRN basic 6, OFDM_TRN basic 6, -  OFDM_TRN_basic 6, -
OFDM_TRN basic 6, OFDM_TRN basic 6, -OFDM_TRN basic_6]

OFDM_TRN subfield 7 = [OFDM TRN basic 7, OFDM_TRN_basic_7,
OFDM_TRN basic 7, - OFDM TRN basic 7, -OFDM_TRN basic 7, -
OFDM_TRN basic_7, -OFDM_TRN basic 7, OFDM_TRN basic 7]

hoac

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, -
w7 *OFDM_TRN basic 1, w7?*OFDM_TRN basic 1, w7**OFDM_TRN basic 1,
w7*OFDM_TRN basic_1, - w7>*OFDM_TRN basic 1, w**OFDM_TRN basic 1]

OFDM_TRN subfield 2 = [OFDM_TRN basic 2, -
w7*OFDM._TRN basic 2, w7**OFDM_TRN basic 2, w7”*OFDM_TRN basic 2,
w7'"*OFDM_TRN basic_2, - w7""*OFDM_TRN basic 2, w7!*OFDM_TRN _basic 2]

OFDM_TRN _subfield 3 = [OFDM_TRN basic 3, -
w73*OFDM_TRN basic 3, w7'*OFDM_TRN basic_3, w7>*OFDM_TRN basic 3,
w7'9*OFDM_TRN basic 3, -w7'7*OFDM_TRN basic 3, w7!8*OFDM_TRN _basic 3]

OFDM_TRN_subfield 4 = [OFDM_TRN basic 4, -
w7?*OFDM_TRN basic 4, w7?°*OFDM_TRN basic_4, w7?!*OFDM_TRN basic 4,

w722*OFDM_TRN basic_4, - w,2*OFDM TRN basic_4, w7**OFDM_TRN basic 4]
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OFDM_TRN subfield 5 = [OFDM_TRN basic 5, -
w72*OFDM_TRN basic 5, w7?*OFDM_TRN basic_5, w7?”*OFDM_TRN basic 5,
w72*OFDM_TRN basic 5, - w7*OFDM_TRN _basic_5, w7°**OFDM_TRN basic 5]

OFDM_TRN subfield 6 = [OFDM_TRN basic 6, -
w7 *OFDM._TRN basic_6, w7*2*OFDM_TRN basic_6, w7>**OFDM_TRN _basic 6,
w7**OFDM_TRN basic 6, - w7*OFDM_TRN basic_6, w7°**OFDM_TRN basic 6]

OFDM_TRN subfield 7 = [OFDM_TRN basic 7, -
w7 7*OFDM_TRN basic_7, w7*¥*OFDM_TRN basic 7, w7***OFDM_TRN basic 7,
w7**OFDM_TRN basic 7, - w7*'*OFDM_TRN basic_7, w7**OFDM_TRN basic 7]

(8) Nists=8(tdng sb ludng: 8) (ws = exp(- j 2*pi/B))

OFDM_TRN subfield 1 = [OFDM _TRN basic 1, OFDM TRN basic 1,
OFDM_TRN basic 1, OFDM_TRN basic 1]

OFDM_TRN subfield 2 = [OFDM _TRN basic 2, OFDM TRN basic_2,
OFDM._TRN basic 2, OFDM_TRN basic 2]

OFDM_TRN subfield 3 = [OFDM_TRN basic 3, -OFDM_ TRN basic 3,
OFDM_TRN basic 3, -OFDM_TRN basic_3]

OFDM_TRN subfield 4 = [OFDM_TRN basic 4, -OFDM_TRN basic 4,
OFDM_TRN basic_4, -OFDM_TRN basic 4]

OFDM_TRN subfield 5 = [OFDM_TRN basic 5, OFDM TRN basic 5, -
OFDM_TRN basic 5, -OFDM_TRN basic 5]

OFDM_TRN subfield 6 = [OFDM_TRN basic 6, OFDM_TRN_basic 6, -

OFDM _TRN basic_6, -OFDM_TRN _basic_6]
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OFDM_TRN subfield 7 = [OFDM_TRN basic 7, -OFDM_TRN basic 7, -
OFDM_TRN basic_7, OFDM_TRN basic 7]

OFDM_TRN subfield 8 = [OFDM_TRN basic 8, -OFDM_TRN basic 8, -
OFDM TRN basic 8, OFDM_TRN basic 8]

hoac

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM_TRN basic 1,
OFDM_TRN basic 1, OFDM_TRN basic 1, OFDM_TRN basic 1, -
OFDM_TRN basic 1, OFDM_TRN basic_1, OFDM_TRN basic 1]

OFDM TRN subfield 2 = [OFDM _TRN basic 2, OFDM_TRN basic 2, -
OFDM_TRN basic 2, OFDM_TRN basic 2, OFDM _TRN basic 2,
OFDM_TRN basic 2, - OFDM_TRN basic 2, OFDM_TRN basic 2]

OFDM_TRN subfield 3 = [OFDM_TRN basic 3, OFDM TRN basic 3,
OFDM_TRN basic 3, - OFDM_TRN basic 3, OFDM_TRN basic 3,
OFDM_TRN basic 3, OFDM_TRN basic_3, - OFDM_TRN basic 3]

OFDM_TRN subfield 4 = [-OFDM_TRN basic 4, OFDM_ TRN basic 4,
OFDM_TRN basic 4, OFDM_TRN basic 4, -OFDM_TRN basic 4,
OFDM TRN basic_ 4, OFDM_TRN basic_ 4, OFDM_TRN basic 4]

OFDM_TRN subfield 5 = [OFDM_TRN basic 5, - OFDM_TRN basic 5,
OFDM_TRN basic 5, OFDM_TRN basic 5, - OFDM_TRN basic_5,
OFDM _TRN basic 5, -OFDM_TRN basic_5, -OFDM_TRN basic 5]

OFDM_TRN subfield 6 = [OFDM_TRN basic 6, OFDM_TRN basic 6, -
OFDM_TRN basic 6, OFDM_TRN basic 6, - OFDM TRN basic 6, -

OFDM_TRN basic_6, OFDM_TRN basic 6, -OFDM TRN basic 6]
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OFDM_TRN subfield 7 = [OFDM_TRN basic 7, OFDM_TRN_basic 7,
OFDM_TRN basic 7, - OFDM _TRN basic 7, -OFDM TRN basic 7, -
OFDM_TRN basic 7, -OFDM_TRN basic_7, OFDM_TRN_basic_7]

OFDM_TRN_subfield 8 = [-OFDM_TRN basic 8, OFDM TRN_basic 8,
OFDM_TRN basic 8, =~ OFDM TRN basic 8, = OFDM_TRN basic 8, -
OFDM_TRN basic 8, -OFDM_TRN basic_8, -OFDM_TRN _basic_8]

hoac

OFDM_ TRN subfield 1 = [OFDM_TRN basic 1, -
ws'*OFDM_TRN basic_1, wg>*OFDM_TRN basic 1, ws**OFDM_TRN_basic 1,
wg**OFDM_TRN basic 1, - wg®*OFDM_TRN basic 1, wg®*OFDM_TRN_basic 1,
ws"*OFDM_TRN _basic 1]

OFDM_TRN _subfield 2 - [OFDM_TRN basic 2, i
ws¥*OFDM_TRN basic 2, ws**OFDM_TRN basic 2, ws!*OFDM_TRN_basic 2,
ws!"*OFDM._TRN basic 2, - wg!?*OFDM_TRN _basic 2, wg!*OFDM_TRN _basic_2,
ws!**OFDM_TRN basic 2]

OFDM_TRN _subfield 3 - [OFDM_TRN basic 3, i
ws'>*OFDM_TRN basic 3, ws'®*OFDM_TRN basic 3, ws!”*OFDM_TRN basic 3,
ws'8*OFDM_TRN basic 3, - ws!**OFDM_TRN basic 3, ws?**OFDM_TRN _basic 3,
w2 *OFDM_TRN _basic 3]

OFDM TRN subfield 4 = [OFDM_TRN basic 4, -
we2*OFDM_TRN basic 4, ws3*OFDM_TRN basic_4, wg***OFDM_TRN _basic_4,
w2 OFDM_TRN basic 4, - we**OFDM_TRN _basic_4, wg?’*OFDM_TRN _basic 4,

ws??*OFDM_TRN basic 4]
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OFDM_TRN subfield 5 = [OFDM_TRN basic 5, -
ws2?*OFDM._TRN basic 5, ws®*OFDM_TRN basic_5, wg*!*OFDM_TRN basic 5,
weg2*OFDM_TRN basic_5, - ws**OFDM_TRN basic_5, ws***OFDM_TRN_basic_5,
wsP*OFDM_TRN basic_5]

OFDM_TRN subfield 6 = [OFDM_TRN basic 6, -
ws>0*OFDM._TRN basic_6, ws*’*OFDM_TRN basic 6, ws***OFDM_TRN _basic 6,
ws?*OFDM._TRN basic 6, - ws***OFDM_TRN basic_6, ws*'*OFDM_TRN basic 6,
ws*?*OFDM_TRN_basic 6]

OFDM_TRN _subfield 7 - [OFDM_TRN basic 7, ]
ws**OFDM_TRN basic_7, ws**OFDM_TRN basic 7, ws**OFDM_TRN basic 7,
ws**OFDM_TRN basic 7, - ws*’*OFDM_TRN basic_7, ws*®**OFDM_TRN basic 7,
ws**OFDM_TRN_basic_7]

OFDM_TRN subfield 8 - [OFDM_TRN basic 8, ;
ws*OFDM_TRN basic 8, ws’'*OFDM_TRN basic 8, ws>*OFDM_TRN basic 8,
ws>>*OFDM_TRN basic 8, - wg***OFDM_TRN basic 8, ws>*OFDM_TRN basic 8,
ws**OFDM_TRN basic_8]

Nhu duoc mé ta & trén, truong TRN dugc truyén bi may phat c6 thé duge xac
dinh 1a c6 @6 dai khac nhau theo/dua trén téng s6 luéng duoc truyén va gia tri cua trudng

d6 dai chudi truong con TRN cia truong EDMG tiéu dé-A.
3.1.4. Két luan

Theo vi du ma sang ché c6 thé duoc ap dung, truong TRN (hodc truong con
TRN) cua ché 4 EDMG OFDM c6 thé duoc tao nhur sau.

Dé truyén PPDU EDMG ¢ ché d6 OFDM EDMG qua kénh 2,16 GHz, chudi
OFDM TRN BASIC trong mién tin s6 cho ludng khong gian-thoi gian iTX-th c6 thé
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dugc x4c dinh theo phuong trinh dugc dua ra dudi day. Tai thoi diém nay,

LITX

S aqiT™ | el
Seq trai 176 v bbq phai 176 .‘)E(f’"ﬂ#ﬁ: 78

c6 thé tuong Ung véi va

A‘~j “'I;'j-c:"x 25 17
.SLQ’ pAALIT8 o0 FIG.11 va 12 néu trén.
[Phuong trinh 8]

TRN _COBANTY oo or = [Seq ™ i 7s. 0. 0L 0, Seq ™ jus 176]. cho Frr=1.2.3.4.5.6. 7.8

Pé truyén PPDU EDMG & ché d6 OFDM EDMG qua kénh 2,16 GHz, chudi
OFDM TRN basic trong mién tin sb cho ludng khong gian-thdi gian iTX-th c6 thé duoc

: : oy 32 SeqiT:{tréj_ 385
xac dinh theo phuong trinh dugc dua ra dudi day. Tai thoi diém nay, PoTe

: iTX T rydnie Y,
o o5eq s ses G g 3ss  Seq™pna 3ss
va co thé tuong ing voi va ’ ‘ cua

FIG.13 dén 16 néu trén.

[Equation 9]
TR\I_CU BAN’“-;:;}.,;., 1% = [Seq]‘q’_\;u_i 3835, ﬂ ﬂ ﬂ‘ Seqﬁf\: i, ;,g-_-ij‘(_{hg f}"_‘wjzli 3§ zh 4* 5., (‘ T R

Pé truyén PPDU EDMG & ché 46 OFDM EDMG qua kénh 6,48 GHz, chudi

OFDM TRN _basic trong mién tan s cho ludng khong gian-thoi gian iTX-th ¢6 thé duoc

iTX
Seq Mt 595y

xac dinh theo phuong trinh dugc dua ra dudi day. Tai thoi diém nay,
Seq"right. 95 5 thé twong tmg véi €Y T, 595 va S€q right, 595 cia FIG.17
dén 22 néu trén.
[Phuong trinh 10]
TRN_BASICT™ 506, 506 = [Seq Xett. 505, 0, 0, 0, Seq X ign, s0s], for irx=1,2,3,4,5,6,7,8
Pé truyén PPDU EDMG 6 ché 6 EDDM EDMG qua kénh 8,64 GHz, chudi
OFDM TRN BASIC trong mién tin s6 cho luéng khong gian- thoi gian irx-th c6 thé

dugc xac dinh theo phuong trinh dugc dua ra dudi day.
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[Phwong trinh 11]
TRN BASIC™ 05 505 = [Seq ™t 204, 0, 0, 0, Seq™sg s04], for iry=1, 2,3, 4, 5,6,7, 8

Khi tdc d6 14y miu OFDM Fg = N,p * 2,64 GHz, va thoi gian lay miu Ts =
1/Fs, dang séng truomg con OFDM TRN co ban cho chudi truyén irx-th (hodc ludng
khong gian-thdi gian) trong mién thoi gian c6 thé dugc x4c dinh boi phuong trinh dugce
dua ra duéi day.

[Phuong trinh 12]

\r ‘TX
A n, 7n _ —1).
]ZRN _BASIC ( ) Z . ( n l) (TDFT + TGI long ))

n=l1

where:
. \Z Proc |, TRN _BASICE exp(j27A, (gT, =Ty ML S0 < N2
f=—Ng ‘

Tai thoi diém nay, truong con TRN thong thudng, truong con TRN ngin va
trudomg con TRN dai theo gid tri cia truong dd dai chudi truong con TRN cua truong
EDMG tiéu dé-A c6 thé duoc xé4c dinh theo phuong trinh dugc dua ra duéi day.

[Phuong trinh 13]

7

iy . ‘_ c W A‘
Frpy  THONG (“f"s )‘_Ziu"f\ coa.iﬂ(q-l‘ (”Sl) ICOB-&\)

— THUONG
n=l

ET — 4Jt ’ |
TRV NGAN ((]T ) TRN com(Ql)

43.'4'»:"[ L i* '
’TR‘V_DAI (L]l ) ZITR\ COBAN ((]! (7"1) COBA\)

n=|

Trong cac phuong trinh néu trén, N.p dai dién/la sd luong kénh lién ké hozc

lién két (hoac Kkét hop) va cac tham s6 khac c6 thé duoc xac dinh nhu sau.
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[Phuong trinh 14]

\‘I%::;i- =Ng-Noc tong sb &m hoat dong
Fige 12 ma trén dnh xa TRN (xem bén dirdi)
Ry m: 1a sb ki higu OFDM trong tnrong con TRN cho tong so chudi truyén da cho
Nrv(xem bén dwrdd)
[ L , |amot phan tF ma tran fir m™ hang va o™ cot
wlgT, )la chiec nang civa s dirgce 4p dung ¢ lam min cac chuyén i gitva cac ke higu OFDM kién tidp:
dinh nghta cua né 1a dirge thiee thi riéng

¢ chi sé mén thai gian
Tczu1a khoang thoi gian cua trirdng con TRN co ban

Tur dinh nghia néu trén, Prrav (TRN OFDM ma tran 4nh xa) cé thé dugc dinh
nghia theo gia tri Nzx b6i phuong trinh dugce dua dudi day.
[Phuong trinh 15]

Ma trén dnh xa TRN OFDM Ny = | duoc dinh nghia nhw sau:

P]’R‘\f" = [—}- l — l] \’,\I‘YNEE _ 2

» + VIRV

[Phuong trinh 16]

Ma tran dnh xa TRN OFDM N7 = 2 duge dinh nghia nhw sau:

+1 -1
Py = b Ny =2
+1 +1 -

[Phuong trinh 17]
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Ma trdn dnh xa TRN OFDM N7y = 3 dugce dinh nghia nhw sau:

1 2 v TN 2
- 11‘5 1‘73 - 11’1 - é}&p(— 1]2/? / :’), i\ TR\Z‘ - —1
2 B

[Phuong trinh 18]
Ma tran dnh xa TRN OFDM cho N7y = 4dugce dinh nghia nhu sau:

[+1 -1 +1 +1
+1 +1 -1 +1}
141 41 -1
-1 +1 +1 +1

[Phuong trinh 19]

Ma tran anh xa TRIN OFDM cho Nry= 5. 6 dirge dinh nghia nhie sau:

1 -1 +1 41 +#1 =1 ]
o= wowl o ow owl -
i A G = LY
P..= +1 n-i ub " z n;}: W Zs W, = e:{p(:- j2r 6) \_‘F\: -6
+1 —wp owy ow, oW -y
+1 - wi ool owl® =

[Phuong trinh 20]
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Ma tran dnh xa TRN OFDM cho  NVpy = 7. 8 dugce dinh nghia nhw sau:

P, P,
i3 414 4xd A TN e -
]-?T?{‘C =E- ‘ = *X RN — 8
447 E‘P _ F EFi=a
L™ dxd dxd

Céc mo ta & trén tom tat nhitng gi da dugc boc 16 trong muc 3.1.1 dén 3.1.3, va
ngudi ¢6 hidu biét trung binh trong linh vue k¥ thuat hiéu ring cic mé ta trong phan
3.1.4 dugc bao gdm trong cic md ta dugc dua ra trong phan 3.1.1 to 3.1.3.

3.2. Phuong phap truyén va nhan tin hiéu bao gdm truong con TRN & ché d6 OFDM

FIG.39 minh hoa phwong phép truyén tin hiéu bao gom truong TRN theo mot
phuong 4n cua sang ché.

Dau tién, may phat (vi du: STA) tao ra truong dao tao bao gém tin hiéu duoc
truyén S3910.

May phat c¢6 thé tao ra truong dao tao bao gdm trudong con dao tao trén ludng
khong gian-thdi gian dua trén trudng con dio tao co ban trén ludng khong gian-thoi gian
va téng sb ludng khong gian-thoi gian. Tai thoi diém nay, truong con dio tao co ban
trén ludng khong gian-thoi gian ¢6 thé duoc dinh cdu hinh ctia M (trong d6 M 1a s6 tu
nhién) biéu twong ghép kénh phan chia tan sd truc giao (OFDM- Orthogonal Frequency
Division Multiplexing) dwa trén thong tin dwoc chi bao boi/duoc bao gdm trong truwdng
tiéu dé.

Cu thé hon, trudng dio tao bao gdm trudng con dao tao trén ludng khong gian-
thoi gian va truong con dao tao trén ludng khong gian-thoi gian c6 thé dugc dinh céu
hinh bing cach sit dung/dya trén truong con dio tao co ban trén ludng khong gian- thoi
gian dua trén quy tic duoc x4c dinh theo/dua trén tong sé ludng khong gian-thoi gian.

Lay mot vi du, khi téng s6 ludng khong gian-thoi gian 13 1, truong con dio tao

trén ludng khong gian-thoi gian c6 thé duge tao nhu sau. Trong nhing didu sau day,
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OFDM_TRN subfield N dai dién/Ia truong con dao tao cho ludng khong gian-thoi gian
cho chi s6 N va OFDM_TRN basic N dai dién/la trrdng con dao tao co ban cho ludng
khong gian-thoi gian cho chi sé N,
- OFDM_TRN subfield 1 =[OFDM_TRN basic 1, -OFDM TRN basic 1]
Vi du khéc, khi tong s6 ludng khong gian-thoi gian 14 2, truong con dao tao trén
ludng khoéng gian-thoi gian c6 thé duge tao nhur sau.
- OFDM_TRN_subﬁeld_lr =[OFDM_TRN basic 1, -OFDM_TRN basic 1],
- OFDM_TRN subfield 2 =[OFDM_TRN basic 2, OFDM TRN basic 2],
Nhu vi du khac, khi téng sb ludng khong gian-thdi gian 13 3, trudng con dio tao
trén ludng khéng gian-thoi gian ¢6 thé duoc tao nhu sau. Trong cac phuong trinh duéi

day, wg = exp(-j*2*pi/3).
- OFDM_TRN subfield 1 = [OFDM_ TRN basic 1, -OFDM_TRN_basic 1,

OFDM_TRN basic_1]

- OFDM TRN subfield 2 = [OFDM_TRN basic 2, - w3l *
OFDM_TRN basic 2, w3 * OFDM_TRN basic 2]

- OFDM TRN subfield 3 = [OFDM_TRN basic 3, - ws3® *
OFDM_TRN basic 3, w3* * OFDM_TRN_basic 3]

Nhu vi du khéc, khi téng sé ludng khong gian-thoi gian 13 4, truong con ddo tao

trén ludng khong gian-thoi gian c6 thé duge tao nhu sau.
- OFDM_TRN subfield 1 = [OFDM _TRN basic 1, - OFDM_TRN basic 1,

OFDM_TRN basic 1, OFDM_TRN basic 1]

- OFDM_TRN subfield 2 = [OFDM_TRN basic 2, OFDM TRN basic 2, -
OFDM_TRN basic 2, OFDM_TRN basic 2]

- OFDM_TRN subfield 3 = [OFDM_TRN basic 3, OFDM_TRN basic 3,

OFDM_TRN basic 3, - OFDM_TRN basic 3]
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- OFDM_TRN _subfield 4 = [- OFDM_TRN basic_4, OFDM_TRN basic 4,

OFDM_TRN basic 4, OFDM _TRN basic 4]

Vi du khéc, khi tong s lubng khong gian-thoi gian 14 5, truong con dao tao trén
ludng khong gian-thoi gian c6 thé duge tao nhu sau. Trong cac phwong trinh dudi day,

we = exp(-j*2*pi/6).
- OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM_TRN basic 1,

OFDM_TRN basic 1, ~ OFDM_TRN basic I,  OFDM_TRN basic I,
OFDM_TRN basic 1]

- OFDM TRN _subfield 2

[OFDM_TRN basic 2, -
we!*OFDM_TRN basic 2, we¢*OFDM_TRN basic 2, we¢*OFDM_TRN basic 2,
we**OFDM_TRN basic 2, -we*OFDM_TRN basic 2]

; OFDM_TRN subfield 3 - [OFDM_TRN basic 3, ;
we>*OFDM_TRN basic 3, we**OFDM_TRN basic 3, we¢®*OFDM TRN basic 3,
wes*OFDM_TRN basic 3 - we'*OFDM_TRN basic 3]

- OFDM_TRN subfield 4 = [OFDM_TRN basic 4, -
we*OFDM_TRN basic 4, ws*OFDM _TRN basic 4, we*OFDM _TRN basic 4,
we!2*OFDM_TRN basic 4 - we!>*OFDM_TRN basic 4]

- OFDM_TRN subfield 5 = [OFDM_TRN basic 5, -
we'*OFDM_TRN basic 5, we®*OFDM TRN basic 5, we'>*OFDM_TRN basic 5,
we!®*OFDM_TRN basic 5 - we’**OFDM_TRN_basic_5]

Vi du khéc, khi tong s6 ludng khong gian-thoi gian 14 6, trudng con dao tao trén

ludng khong gian-thoi gian ¢6 thé duoc tao nhu sau.
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- OFDM_TRN _subfield 1 = [OFDM TRN basic 1, - OFDM _TRN basic 1,

OFDM_TRN basic 1, ~ OFDM TRN basic 1,  OFDM TRN basic 1,
OFDM_TRN basic 1]

; OFDM TRN subfield 2 = [OFDM TRN basic 2, ;
we'*OFDM_TRN basic 2, we>*OFDM_TRN basic 2, we*OFDM_TRN basic 2,
we*OFDM_TRN basic 2, -we*OFDM_TRN basic 2]

; OFDM _TRN subfield 3 - [OFDM_TRN basic 3, i
we>*OFDM_TRN basic 3, wes**OFDM _TRN basic 3, we**OFDM TRN basic 3,
we*OFDM_TRN basic 3 - ws!®*OFDM_TRN basic_3]

- OFDM_TRN subfield 4 = [OFDM_TRN basic 4, -
we*OFDM_TRN basic 4, we**OFDM_TRN basic 4, we’*OFDM_TRN basic 4,
we!2*OFDM_TRN basic 4 - we!**OFDM_TRN basic 4]

] OFDM_TRN subfield 5 - [OFDM TRN basic 5, ;
we**OFDM_TRN basic 5, we*OFDM TRN basic 5, we'>*OFDM_TRN basic 5,
we!®*OFDM_TRN basic 5 - we??*OFDM_TRN basic 5]

] OFDM_TRN subfield 6 = [OFDM TRN basic 6, i
we *OFDM_TRN basic 6, we'"*OFDM_TRN basic 6, ws'>*OFDM_TRN basic 6,
we2?*OFDM_TRN basic_6 - we2>*OFDM_TRN basic 6]

Nhu vi du khac, khi tng s6 ludng khong gian-thodi gian 1a 7, truong con dao tao

trén ludng khong gian-thoi gian c6 thé dugc tao nhu sau.
- OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM_TRN basic 1,

OFDM TRN basic 1, OFDM_TRN basic 1, OFDM TRN basic 1,

OFDM TRN basic 1, OFDM TRN basic 1 OFDM_ TRN basic 1]
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- OFDM_TRN subfield 2 = [OFDM_TRN basic 2, OFDM_TRN basic 2, -
OFDM_TRN basic 2, OFDM_TRN basic_2, OFDM_TRN basic 2,
OFDM_TRN basic 2, - OFDM_TRN basic 2, OFDM_TRN basic 2]

- OFDM_TRN subfield 3 = [OFDM_TRN basic 3, OFDM TRN basic 3,
OFDM_TRN basic 3, - OFDM_TRN basic_3, OFDM_TRN basic 3,
OFDM_TRN basic 3, OFDM_TRN basic 3, - OFDM_TRN basic 3]

- OFDM_TRN subfield 4 = [-OFDM_TRN basic 4, OFDM_TRN basic 4,
OFDM_TRN basic 4, OFDM_TRN_basic_4, -OFDM_TRN basic 4,
OFDM_TRN basic_4, OFDM_TRN basic 4, OFDM_TRN basic 4]

- OFDM_TRN subfield 5 = [OFDM_TRN basic 5, - OFDM_TRN basic 5,
OFDM_TRN basic 5, OFDM_TRN basic_5, - OFDM_TRN basic 5,
OFDM _TRN basic_5, -OFDM_TRN basic 5, -OFDM _TRN basic 5]

- OFDM_TRN subfield 6 = [OFDM _ TRN basic 6, OFDM_TRN basic 6, -
OFDM_TRN basic 6, OFDM_TRN basic 6, -  OFDM _TRN basic 6,
OFDM_TRN basic_6, OFDM_TRN basic 6, -OFDM_TRN basic 6]

- OFDM_TRN subfield 7 = [OFDM_TRN basic 7, OFDM TRN basic 7,
OFDM_TRN basic 7, -  OFDM_TRN basic 7, -OFDM_TRN basic 7, -
OFDM_TRN basic 7, -OFDM_TRN basic_7, OFDM_TRN basic_7]

Vian 14 vi du khac, khi téng sb ludng khong gian-thoi gian 13 8, trudong con dao

tao trén ludng khong gian-thoi gian c6 thé duge tao nhu sau.
- OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM TRN basic 1,

OFDM_TRN basic 1,  OFDM_TRN basic I, ~ OFDM_TRN basic I, -

OFDM_TRN basic_1, OFDM _TRN basic_1, OFDM_TRN basic 1]
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- OFDM_TRN subfield 2 = [OFDM_TRN basic 2, OFDM TRN basic 2, -
OFDM_TRN basic 2, OFDM_TRN basic 2, OFDM_TRN basic 2,
OFDM_TRN basic 2, - OFDM_TRN basic 2, OFDM_TRN basic 2]

- OFDM_TRN subfield 3 = [OFDM_TRN basic 3, OFDM_TRN basic 3,
OFDM_TRN basic 3, - OFDM_TRN basic_3, OFDM_TRN basic 3,
OFDM_TRN basic 3, OFDM_TRN basic 3, - OFDM_TRN basic 3]

- OFDM_TRN subfield 4 = [-OFDM_TRN basic 4, OFDM_TRN basic 4,
OFDM_TRN basic 4, OFDM _TRN basic 4, -OFDM_TRN basic 4,
OFDM_TRN basic 4, OFDM_TRN basic_ 4, OFDM_TRN basic 4]

- OFDM_TRN subfield 5 = [OFDM_TRN basic 5, - OFDM_TRN basic 5,
OFDM_TRN basic 5, OFDM_TRN basic 5, - OFDM_TRN basic_5,
OFDM_TRN basic 5, -OFDM_TRN basic 5, -OFDM_TRN basic 5]

- OFDM_TRN subfield 6 = [OFDM_TRN basic 6, OFDM TRN basic 6, -
OFDM_TRN basic 6, OFDM TRN basic 6, -  OFDM TRN basic 6, -
OFDM._TRN basic 6, OFDM_TRN basic_6, -OFDM_TRN basic 6]

- OFDM_TRN subfield 7 = [OFDM_TRN basic 7, OFDM_TRN basic 7,
OFDM_TRN basic 7, - OFDM _TRN basic 7, -OFDM TRN basic 7, -
OFDM_TRN basic_7,-OFDM_TRN basic 7, OFDM TRN basic 7]

- OFDM_TRN subfield 8 = [-OFDM_TRN basic 8, OFDM_ TRN basic &,
OFDM_TRN basic 8, OFDM_TRN basic 8, OFDM_TRN basic_8, -
OFDM_TRN basic_§, -OFDM_TRN basic 8, -OFDM_ TRN basic 8]

Ngodi ra, trudng con dio tao co ban trén ludng khong gian-thoi gian co thé dugc

tao cAu hinh/c6 thé bao gém mét, hai hodc bdn ky hiéu OFDM dua trén thong tin dugc
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chi bao béi/duoc bao gdm trong truong tidu dé.

Tai thoi diém nay, mot ky hi¢u OFDM dugc bao gém trong mdt, hai hoac bdn
ky hiéu OFDM c6 thé bao gdm khoang bao vé ¢6 do dai 72,72 ns hodc tién t6 tuan hoan
(CP).

Ngoai ra, trudng tiéu dé c6 thé bao gdm truong d6 dai chudi truomg con dio tao da
gigabit dinh huéng (EDMG) duge nang cao chi bao/bao gdm thong tin vé do dai ky hiéu
OFDM cta trudng con dao tao co ban trén ludng khong gian- thoi gian.

Nhu mot vi du, khi trudng do dai chudi trudng con dao tao EDMG chi bdo 0, truong
con dao tao co ban trén ludng khong gian-thoi gian c6 thé duge tao ciu hinh cua hai ky
hiéu OFDM; khi truomg do dai chudi trudong con dao tao EDMG chi béo 1, truong con
dao tao co ban trén ludng khong gian-thdi gian c6 thé dugce tao ciu hinh ctia bn ky hiéu
OFDM; va khi truong do dai chudi truong con dao tao EDMG chi bdo 2, trurdng con
dao tao co ban trén ludng khong gian-thoi gian co thé duoc tao cdu hinh/c6 thé bao gdbm
mot ky hi¢u OFDM .

Ngoai ra, trudng con dao tao co ban trén ludng khong gian-thoi gian c6 thé duoc
tao cdu hinh/c6 thé bao gdm chudi c6 do dai khac nhau trong mién tan sb theo s lugng
kénh tiép giap ma tin hiéu dugc truyén qua.

Nhu mot vi du, khi sé luong kénh tiép gidp ma tin hiéu dugc truyén di 1a 1,
truomg con dao tao co ban trén ludng khong gian-thoi gian c6 thé duge tao cau hinh/co
thé bao gdm chudi c6 do dai 355 trong mién tan sb. Tai thoi diém nay, IDFT 512 diém
6 thé duoc ap dung cho chudi.

Vi du khéc, khi sb lugng kénh tiép giap ma tin hiéu duoc truyén di 1a 2, truong
con dio tao co ban trén ludng khong gian-thoi gian c6 thé dugc tao cau hinh/co thé bao
gb6m chudi c6 do dai 773 trong mién tan s6. Tai thoi diém nay, IDFT 1024 diém co thé
duoc 4p dung cho chudi.

Nhu vi du khéc, khi s6 luong kénh tiép giap ma tin hiéu duoc truyén di 1a 3,

trudng con dao tao co ban trén ludng khong gian-thoi gian c6 thé duoc tao ciu hinh/co
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thé bao gbém chudi c6 d6 dai 596 trong mién tan sb. Tai thoi diém nay, IDFT 1536 diém
¢6 thé duoc 4p dung cho chudi.

Van 1a vi du khéc, khi sb luong kénh tiép giap ma tin hidu duoc truyén di 1a 4,
truong con dao tao co ban trén ludng khong gian-thoi gian ¢ thé duoc tao cAu hinh/co
thé bao gdm chudi c6 d6 dai 805 trong mién tin sd. Tai thoi diém nay, IDFT 2048 diém
céthéduqcépdungchochuéi

Tiép theo, may phét truyén tin hiéu bao gdm trudng dio tao duge tao nhu néu
trén va truong tiéu dé dén bo nhan thong qua ludng khong gian-thdi gian tuwong tmg
S3920.

Tai thoi diém nay, khi tin hiéu duoc truyén thong qua nhidu kénh, may phét c6
thé truyén tin hiéu qua ludng khong gian-thoi gian twong tng trong da s6 cac kénh.

pé dap Ung v6i viée truyén, dau tién, bd nhan nhin truong ti€u dé c6 trong tin
hiéu truyén. Tiép theo, bd nhan x4c dinh sb luong ky hiéu ghép kénh phan chia tan sb
truc giao (OFDM) cua truong con dao tao co ban trén ludng khong gian-thoi gian dwa
trén thong tin duoc chi bao bai/duge bao gdm trong trudng ticu dé. Tiép theo, bo nhan
nhan dugc truong dao tao bao gdm trudmg con dao tao trén ludng khong gian-thoi gian
duge tao cdu hinh dya trén trudmg con dio tao co ban trén ludng khong gian-thoi gian
duogc tao ciu hinh cua téng sb ludng khong gian-thoi gian va sd lwong ky hiéu OFDM
duoc xé4c dinh, théng qua twong tmg ludng khong gian-thoi gian..

Tai thoi diém nay, bd thu c6 thé thuc hién do kénh trong mién tin s trong
khoang thoi gian ky hiéu ma théng qua d6 truong dao tao dugc truyén thong qua truong
dao tao.

Thong qua céu tric nhu md ta néu trén, cac truong con dao tao cho cac ludng
khong gian-thoi gian twong Gmg c¢6 thé dugc giit truc giao 14n nhau.

4. CAu hinh thiét bi

FIG.40 1 so d6 minh hoa thiét bj dé thuc hién phuong phap duge mo ta & trén.
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Thiét bi khong day 100 cia FIG.40 c¢6 thé twong tng véi STA truyén tin hiéu
duge md ta trong mé ta néu trén va thiét bi khong day 150 c6 thé twong tmg v6i STA
nhan tin hiéu dugc mo ta trong mo ta néu trén.

Trong truong hop nady, tram phat tin hidu c6 thé tuong tng véi PCP/AP hoic
thiét bj dau cudi 11 ay hd trg hé théng 11 ay va tram nhén tin hiéu c6 thé twong tmg véi
thiét bi dau cudi ké thira (vidu: thiét bi dau cudi 1 lad) khong ho tro hé théng 11 ay cling
nhu PCP/AP hoic thiét bi diu cubi 11 ay hd tro hé théng 11 ay.

Sau ddy, dé thudn tién cho viéc mo ta, STA truyén tin hiéu dugc goi 1a thiét bi
truyén 100 va STA nhén tin hiéu duoc goi 14 thiét bi nhan 150.

Thiét bi truyén (100) c6 thé bao gbm bd xtt 1y (110), bd nhd (120) va thiét bi
truyén/nhan (130) va thiét bi nhan (150) ¢6 thé bao gdm bo xir Iy (160), bd nhd (170)
va thiét bi truyén/nhén (180). Thiét bi truyén/nhén (130, 180) truyén/nhém tin hi€u vo
tuyén va ¢6 thé dugc van hanh trong 16p vét ly cla chuin IEEE 802.11/3GPP, v. v.. Bo
xu ly (110, 160) c6 thé duoc van hanh trong 16p vat ly va/hodc 16p MAC va cé thé duoc
két nbi hoat dong v6i thiét bi truyén/nhan (130, 180).

Bo xtt Iy (110, 160) va/hodc don vi truyén/nhan (130, 180) c6 thé bao gdm mach
tich hop danh riéng cho tng dung (ASIC), bd vi mach khac, mach logic va/hoac bd xir
Iy dit liéu. Bo nhd (120, 170) c6 thé bao gdm bd nhd chi doc (ROM), bd nhé truy cép
ngiu nhién (RAM), bd nhé flash, thé nhé, phuong tién hwu trit va/hodc don vi luu trit
khac. Khi cac phuong an duoc thyc thi bang phan mém, cac k§ thuat (hoic phuong phéap)
dwoc mo ta trong tai lidu nay c6 thé duge thyuc thi bang cac mé-dun (vi du: quy trinh,
chirc nang, v. v.) thuc hién céc chirc nang dugc mo ta trong tai liéu nay. Cac mo-dun céd
thé duoc luu trit trong bd nhd (120, 170) va dugce bd xi ly thuc hién (110, 160). B nhé
(120, 170) c6 thé dugc trién khai (hodc dinh vi) trong bd xir Iy (110, 160) hodc bén ngoai
bd xtr Iy (110, 160). Ngoai ra, bd nhd (120, 170) c¢6 thé duge két nbi hoat dong véi bo
xtr Iy (110, 160) théng qua cac phuong tién khac nhau duoc biét dén trong tinh trang k§

thuat.
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Nhu dd mé ta & trén, mo ta chi tiét v& phurong 4n 1am vi du cia sang ché dugc cung cap
d& ngudi c6 hiéu biét trung binh trong linh vuc k§ thuat déu c6 thé thuc hién va thuc
hién sang ché. Trong phin mé ta chi tiét dugc trinh bay & ddy, mic du sang ché duge
md ta c6 lién quan dén phuong 4n 1am vi du cta sang ché, nhung bat ky ngudi c6 hiéu
biét trung binh trong linh vuc k¥ thut déu c6 thé stra doi, thay dbi va bién thé da dang
sang ché. Do d6, pham vi va muc dich ciia sang ché s& khong chi gi6i han & cac phurong
an 1am vi du cia sang ché duoc néu trong tai liéu nay. Do d6, né chi nham cung cap
pham vi va tinh thn ctia cdc yéu cau bao ho ctia sang ché twong duong véi cac nguyén
tic dugc boc 16 va cac dic trung méi cia sang ché.
Kha nang &p dung cong nghiép

Mic di sang ché da duoc mb ta chi tiét theo gia dinh ring sang ché c6 thé dugc
épdungchohéthéngLfﬂQkhéngdﬁy(VVLAQﬁ)duaﬂénchuén802Jl,nhungséngché
hién tai s& khong chi gidi han & didu nay. Pidu nay s& duoc hiéu ring sing ché co thé
duoc ap dung cho cac hé thong khong day da dang c6 kha ning thuc hién truyén dit lidu
dua trén lién két kénh bang cach sit dung cing mdt phwong phap nhu duge trinh bay &

day.
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YEU CAU BAO HOQ
1. Phwong phép truyén, boi tram (station, STA) thir nhat, tin hiéu dén STA thir hai trong

hé théng mang cuc bd khong day (wireless local area network, WLAN), phuong phéap

nay bao gom cac budc:

tao ra trudong dao tao bao gém truong con dao tao, truong con dao tao dua trén
treong con dao tao co ban va tong s6 ludng khong gian-thoi gian (S3910), trong do6
trrong con dao tao co ban bao gdm chudi thir nhat, chudi khong (zero) tiép giap véi
chudi thir nhit va chudi thi hai tiép giap véi chudi khong (zero), trong d6 chudi khong
(zero) dugc tao cAu hinh dua trén {0, 0, 0}, trong d6 trurong con dao tao dugc tao ra dua
trén sy 1ap lai clia trudng con dio tao co ban cho mdi ludng trong s cac ludng khong

gian-thoi gian,

trong do su 1ap lai cua trrong con dao tao co ban dugce xac dinh dua trén truong
tiéu d, trong d6 truong tiéu dé bao gém trudng do dai chudi trudng con dao tao da
gigabit dinh hudéng dugc nang cao (Enhanced Directional Multi Gigabit, EDMG), bao
gbm thong tin vé d6 dai ky hiéu OFDM ciia trudng con dio tao co ban; va

truyén tin hidu bao gdm trudng tiéu dé va truong dao tao bao gdm truong con
dao tao dén STA thir hai théng qua cac ludng khong gian-thoi gian (S3920).
2. Phuong phép theo diém 1, trong d6 truong con dao tao dugc tao cAu hinh tur mot, hai,

hodc bon trudng con dao tao co ban dua trén truong ti€u de.

3. Phuong phap theo diém 2, trong d6 mot ky hiéu OFDM c¢6 trong trudong con dio tao
co ban bao gébm khoang bao vé v6i d6 dai 1a 72,72 ns hodc tién t tudn hoan (cyclic

prefix, CP).

4. Phuong phap theo diém 1, trong d6, khi gia trji cua truong d6 dai chudi trudng con
dao tao EDMG 1a 0, trudong con dao tao dugc tao cAu hinh tir hai lan 1ap lai cia truong

con dao tao co ban;
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khi gia tri ctia trudng do dai chudi trudng con dao tao EDMG 1a 1, trudng con

dao tao dugc tao cau hinh tir bon lan 1ap lai ctia truong con dao tao co ban; va

khi gié tri cia truong do dai chudi treong con dao tao EDMG la 2, trudng con

dao tao duoc tao cAu hinh tir mot truong con dao tao co ban.

5. Phuong phap theo diém 1, trong d6 truong con dao tao dugc tao céu hinh dua trén
trudng con dao tao co ban dwa trén quy tic duoc xac dinh béi tbng s6 ludng khéng gian-
thoi gian.
6. Phuong phap theo diém 5, trong d6, khi tong sd ludng khong gian-thdi gian 14 1,
trrdng con dao tao cho ludng khong gian-thoi gian d6i véi chi s6 1 duge tao cau hinh
dua trén phuong trinh dugc dua ra dudi day.

[Phuong trinh]

OFDM_TRN subfield 1 =[OFDM_TRN basic 1, -OFDM TRN basic 1],

trong d6 OFDM_TRN_subfield N dai dién cho truong con dao tao cho ludng
khong gian-thdi gian ddi voi chi s6 N, va OFDM_TRN basic N dai dién cho trudng
con dao tao co ban cho ludng khong gian-thdi gian dbi véi chi s N.
7. Phuong phap theo diém 5, trong d6, khi tong sd ludng khong gian-thdi gian 14 2, cac
trudng con dao tao cho cac ludng khong gian-thoi gian d6i vai chi s6 1 va chi s6 2 dugc
tao cau hinh dya trén phuong trinh duoc dua ra duéi day.

[Phuong trinh]

OFDM_TRN subfield 1 =[OFDM_TRN basic 1,-OFDM TRN basic 1],

OFDM_TRN subfield 2 =[OFDM_TRN basic 2, OFDM TRN basic 2],

trong d6 OFDM_TRN _subfield N dai dién cho truong con dao tao cho ludng
khong gian—th(‘yi. gian d6i vai chi s6 N, va OFDM_TRN basic N dai dién cho truong

con dao tao co ban cho luong khong gian-thoi gian doi véi chi so N.
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8. Phuong phap theo diém 5, trong d6, khi tong sd ludng khong gian-thoi gian 1a 3, cac
truong con dao tao cho cac ludng khong gian-thoi gian ddi véi chi sb 1, chi s6 2 va chi
s6 3 dugc tao cAu hinh dua trén phuong trinh dugc dua ra dudi day.

[Phuong trinh]

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, -OFDM_TRN basic 1,
OFDM_TRN basic 1],

OFDM_TRN_subfield 2 = [OFDM_TRN basic 2, - wi *
OFDM_TRN basic 2, w? * OFDM_TRN basic 2],

OFDM_TRN _subfield 3 = [OFDM_TRN basic 3, - w3 *
OFDM_TRN basic 3, wi * OFDM_TRN basic 3],

trong 46 OFDM_TRN subfield N dai dién cho trudng con dio tao cho ludng
khong gian-thoi gian d6i véi chi s6 N, OFDM_TRN basic N dai dién cho truong con
dao tao co ban cho ludng khong gian-thoi gian d6i voi chi sd N, va w, = exp(- j*2*pi/3)
duogc 4p dung.
9. Phuong phép theo diém 5, trong do, khi tong s ludng khong gian-thoi gian 13 4, cac
truong con dio tao cho cac ludng khong gian-thoi gian ddi vai chi sb 1, chi s6 2, chi sb
3 va chi s6 4 dugc tao cAu hinh dua trén phuong trinh dugc dua ra dudi day.

[Phuong trinh]

OFDM_TRN subfield 1 = [OFDM _TRN basic 1, - OFDM_TRN basic 1,
OFDM_TRN basic_1, OFDM_TRN_basic 1],

OFDM_TRN subfield 2 = [OFDM_TRN basic 2, OFDM_TRN basic 2, -
OFDM _TRN basic 2, OFDM TRN basic 2],

OFDM_TRN subfield 3 = [OFDM_TRN basic 3, OFDM_TRN basic 3,
OFDM_TRN basic_3, - OFDM_TRN basic 3],
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OFDM_TRN subfield 4 = [- OFDM_TRN basic 4, OFDM_TRN_basic 4,
OFDM_TRN basic 4, OFDM_TRN basic 4],

trong 46 OFDM_TRN subfield N dai dién cho trudng con dio tao cho ludng
khong gian-thoi gian ddi véi chi s6 N, va OFDM_TRN basic N dai dién cho trudng

con dao tao co ban cho ludng khong gian-thoi gian do6i vdi chi so N.

10. Phuong phap theo diém 5, trong d6, khi téng s6 ludng khong gian-thoi gian 13 5, cac
truong con dao tao cho cac ludng khéng gian-thoi gian ddi véi chi sé 1, chi s6 2, chi sb

3, chisd 4 vachisb 5 duoc tao cAu hinh dua trén phuong trinh dugc dua ra dudi day.
[Phuong trinh]

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM _TRN basic 1,
OFDM TRN basic I, ~ OFDM TRN basic I, ~ OFDM TRN basic 1, -
OFDM _TRN basic 1],

OFDM_TRN subfield 2 =[OFDM_TRN basic 2, -wi*OFDM_TRN basic 2,
w? *OFDM_TRN basic 2, wg *OFDM_TRN basic 2, w *OFDM_TRN basic 2, -
w¢*OFDM_TRN basic 2],

OFDM_TRN subfield 3 = [OFDM_TRN basic 3, -w¢*OFDM_TRN basic 3,
w¢ *OFDM_TRN basic 3, w¢ *OFDM_TRN basic 3, wg *OFDM_TRN basic 3 -
w® *OFDM_TRN basic 3],

OFDM_TRN subfield 4 = [OFDM_TRN basic 4, - wi
*OFDM_TRN basic 4, w¢ *OFDM_TRN basic 4, w? *OFDM TRN basic 4,
wiz*OFDM_TRN basic 4 - wi**OFDM_TRN basic 4],

OFDM TRN subfield 5 =[OFDM TRN basic 5, -w¢*OFDM_TRN basic 5,
wé *OFDM_TRN basic_5, w2 *OFDM_TRN basic 5, w® *OFDM_TRN basic 5 -
w2°*OFDM_TRN_basic 5],
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trong d6 OFDM_TRN subfield N dai dién cho trudng con dao tao cho ludng
khong gian-thoi gian ddi véi chi s6 N, OFDM_TRN basic N dai dién cho truong con
da0 tao co ban cho ludng khéng gian-thoi gian ddi v6i chi s6 N, va w, = exp(-j*2*pi/6)

duogc &p dung.

11. Phuong phap theo diém 5, trong dé, khi téng s6 ludng khong gian-thdi gian 13 6, cac
trudmg con dao tao cho cac ludng khong gian-thoi gian dbi véi chi sb 1, chi sb 2, chi sb
3, chi sb 4, chi s§ 5 va chi s§ 6 dugc tao ciu hinh dua trén phuong trinh dugc dua ra
duéi day.

[Phuong trinh]

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM TRN basic 1,
OFDM_TRN basic 1,  OFDM TRN basic 1, =~ OFDM TRN basic 1, -
OFDM_TRN basic 1],

OFDM TRN subfield 2 =[OFDM_TRN basic 2, -w¢*OFDM_TRN basic 2,
wZ *OFDM_TRN basic 2, w *OFDM_TRN basic 2, w¢ *OFDM_TRN basic 2, -
we*OFDM_TRN basic 2],

OFDM_TRN subfield 3 =[OFDM_TRN basic 3, -w2*OFDM_TRN basic 3,
wg *OFDM_TRN basic 3, w¢ *OFDM_TRN basic 3, w¢ *OFDM TRN basic 3 -
wi**OFDM_TRN basic 3],

OFDM _TRN subfield 4 =[OFDM _TRN basic 4, -w¢*OFDM_TRN basic 4,
wé *OFDM_TRN basic 4, wg *OFDM_TRN basic 4, w2 *OFDM_TRN basic 4 -
wiS*OFDM_TRN basic 4],

OFDM TRN subfield 5=[OFDM TRN basic 5, -w¢*OFDM_TRN basic 5,
wg *OFDM_TRN basic 5, wi?*OFDM_TRN basic 5, wi *OFDM_TRN basic 5 -

w2*OFDM_TRN basic 5],

OFDM_TRN subfield 6 =[OFDM_TRN basic 6, -wi*OFDM_TRN basic 6,
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w2 *OFDM_TRN basic_6, w2*OFDM_TRN basic 6, w2°*OFDM_TRN basic 6 -

w2S*OFDM_TRN basic 6],

trong 6 OFDN_TRN subfield N dai dién cho truong con dio tao cho ludng

khong gian-thoi gian dbi vé6i chi s6 N, OFDM_TRN basic N dai dién cho truong con

dao tao co ban cho ludng khéng gian-thoi gian ddi véi chi s6 N, va w, = exp(-j*2*pi/6)

duogc 4p dung.

12. Phuong phap theo diém 5, trong do, khi tong sb ludng khong gian-thdi gian 14 7, cac

truong con dao tao cho céc luong khong gian-thoi gian doi véi chi so 1, chi s6 2, chi s6

3, chi s 4, chi s 5, chi sb 6 va chi s6 7 duoc tao cAu hinh dua trén phuong trinh duoc

dua ra dudi day.

[Phuong trinh]

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM _TRN basic 1,

OFDM_TRN basic I, ~ OFDM_TRN basic I, = OFDM TRN basic I,
OFDM_TRN basic_1, OFDM_TRN basic 1 OFDM_TRN basic 1],

OFDM_TRN subfield 2 = [OFDM _TRN basic 2, OFDM_ TRN basic 2, -

OFDM_TRN basic 2, OFDM_TRN basic 2, OFDM_TRN _basic 2,

OFDM_TRN basic 2, - OFDM_TRN basic 2, OFDM_TRN basic 2],

OFDM_TRN subfield 3 = [OFDM_TRN basic 3, OFDM TRN basic 3,

OFDM_TRN basic 3, -  OFDM TRN basic 3,  OFDM TRN basic 3,

OFDM_TRN basic 3, OFDM_TRN basic 3, - OFDM_TRN basic 3],

OFDM_TRN subfield 4 = [-OFDM _TRN basic 4, OFDM_TRN basic 4,

OFDM_TRN basic 4, OFDM_TRN basic 4, -OFDM_TRN basic 4,

OFDM_TRN basic 4, OFDM_TRN basic 4, OFDM_TRN basic 4],

OFDM_TRN subfield 5 = [OFDM_TRN basic 5, - OFDM TRN basic 5,

OFDM_TRN basic 5, OFDM_TRN basic 5, -  OFDM TRN basic 5,
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OFDM_TRN basic 5, -OFDM_TRN basic 5, -OFDM_TRN basic 5],

OFDM_TRN subfield 6 = [OFDM_TRN basic 6, OFDM_TRN basic 6, -
OFDM_TRN basic 6, OFDM_TRN basic 6, - OFDM _TRN basic 6, -
OFDM_TRN basic 6, OFDM_TRN basic 6, -OFDM_TRN basic 6],

OFDM_TRN subfield 7 = [OFDM TRN basic 7, OFDM TRN basic 7,
OFDM _TRN basic 7, - OFDM TRN basic 7, -OFDM TRN basic 7, -
OFDM_TRN basic 7, -OFDM_TRN basic 7, OFDM_TRN basic 7],

trong d6 OFDM_TRN _subfield N dai dién cho truong con dao tao cho ludng
khong gian-thoi gian ddi véi chi s6 N, va OFDM_TRN basic N dai dién cho truong

con dao tao co ban cho luong khong gian-thoi gian doi voi chi so N.

13. Phuong phap theo diém 5, trong d6, khi tong s6 ludng khong gian-thoi gian 14 8, cac
truomg con dao tao cho cac ludng khéng gian-thoi gian dbi voi chi sb 1, chi s6 2, chi sb
3, chi s6 4, chi s6 5, chi s6 6, chi s& 7 va chi sb 8 duoc tao cAu hinh dua trén phuong

trinh dugc dua ra dudi day.

[Phuong trinh]

OFDM_TRN subfield 1 = [OFDM_TRN basic 1, - OFDM_TRN basic 1,
OFDM_TRN basic 1, OFDM _TRN basic 1, OFDM_TRN basic 1, -
OFDM_TRN basic 1, OFDM_TRN basic 1, OFDM_TRN basic 1],

OFDM_TRN subfield 2 = [OFDM _TRN basic 2, OFDM_TRN basic 2, -
OFDM_TRN basic 2, OFDM_TRN basic 2, OFDM_TRN basic 2,
OFDM_TRN basic 2, - OFDM_TRN basic 2, OFDM_TRN basic 2],

OFDM_TRN subfield 3 = [OFDM _TRN basic 3, OFDM_TRN basic 3,
OFDM_TRN basic_3, - OFDM_TRN basic_3, OFDM_TRN basic_3,
OFDM_TRN basic 3, OFDM _TRN basic 3, - OFDM_TRN basic 3],
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OFDM_TRN subfield 4 = [-OFDM_TRN basic 4, OFDM TRN basic 4,
OFDM_TRN basic 4, OFDM_TRN basic 4, -OFDM_TRN _basic 4,
OFDM _TRN basic 4, OFDM_TRN basic_4, OFDM_TRN basic 4],

OFDM_TRN subfield 5 = [OFDM_TRN basic 5, - OFDM_TRN basic 5,
OFDM_TRN basic 5, OFDM_TRN basic 5, -  OFDM _TRN basic 5,
OFDM_TRN basic 5, -OFDM_TRN basic_5, -OFDM_TRN basic 5],

OFDM_TRN subfield 6 = [OFDM_TRN basic 6, OFDM _TRN basic 6, -
OFDM_TRN basic 6, OFDM TRN basic 6, -  OFDM TRN basic 6, -
OFDM_TRN basic 6, OFDM_TRN basic 6, -OFDM_TRN basic 6],

OFDM TRN subfield 7 = [OFDM_TRN basic 7, OFDM_TRN basic 7,
OFDM TRN basic 7, - OFDM TRN basic 7, -OFDM _TRN basic 7, -
OFDM TRN basic 7, -OFDM TRN basic_7, OFDM_TRN basic 7],

OFDM_TRN subfield 8 = [-OFDM _TRN basic 8, OFDM_TRN basic 8,
OFDM_TRN basic_8, OFDM_TRN basic 8, OFDM _TRN basic 8, -
OFDM_TRN basic 8, -OFDM_TRN basic 8, -OFDM_TRN basic 8],

trong @6 OFDM_TRN _subfield N dai dién cho trudng con dao tao cho ludng
khong gian-thoi gian ddi véi chi s6 N, va OFDM_TRN basic N dai dién cho trudng
con d4o tao co ban cho ludng khong gian-thoi gian di véi chi sé N.

14. Phuong phap nhan, béi tram (STA) thir nhét, tin hiéu bao gdm truong tiéu dé va
truong dao tao, trudng dao tao bao gdm truong con dao tao tir STA thir hai trong hé
thong mang cuc bd khong diy (WLAN), phuong phap nay bao gdm cac budce:

nhan trudng tiéu dé tir STA tht hai;

x4c dinh su lp lai cla trudng con dao tao co ban cho moi luéng trong sb cac

ludng khong gian-thoi gian dya trén truong tiéu dé; va
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nhan truong con dao tao, trong dé truong con dao tao dugc tao ra dya trén su lap
lai cua truong con dao tao co ban, trong d6 truong dao tao dugc tao ra dya trén truong
con dio tao co ban va téng sd ludng khong gian-thoi gian,

trong d6 truong con dio tao co ban bao gdm chudi thir nhét, chudi khéng (zero)
tiép giap voi chudi thir nhét va chudi thi hai tiép giap véi chudi khong (zero), trong d6
chudi khong (zero) duoc tao cau hinh dua trén {0, 0, 0}, va

trong d6 trudng tiéu dé bao gdbm truong do dai chudi truong con dao tao da
gigabit dinh huéng dugc nang cao (EDMG) bao gdm thong tin vé& do dai ky hiéu OFDM

cua truong con dao tao co ban.
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FIG. 7
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FIG. 8
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FIG. 9
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FIG. 10
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FIG. 11

Chudi Seq i , 176(k), dwoc truyén tir trai sang phai, tir trén xubng

g A A T T H A G L LA A LT 4 LA - LA L -1 4 -D -
1411541 -1545 -1 HGH -1 HHH L 4+ 45141 JH-LGH -1 HGHH G111 454

RIRIEFE DR RE TSR INE RTINS NSNS JUR R VS NE I JUS (NEN QUR INEREEENE DESEEE SR R EE RS A R R |

HH A L G A L LT AL 4 A A+ LA L-1-L-T 4+ -
+]-j—l+j-j+j-l+l+j-1-1-j+j+1-j+j-j+l-1-j+1+1+j+1-j-1+1-1~j+j-1-j-j+1+l-j~1+1-1-j+j-] 54
+l+1-j-1+1-1-j+j-1-j-j+1-1+j+1-1+l+j-j+14j+j-l-j-1+j-j+j-1+1+j-1-1-j-j-1+j-j+j-1+1+j-1-1-j

Chudi Seq *i , 176(k), dwoc truyén tir trai sang phai, tir trén xubng

L HH GHAH A DG L L L 41 H 1§+ -1+ L H AT A 441+
A H G HH DH DG H A 1 H A LD H 414115511+
o1 1 H 1 LT LA A L 4 H 44 LT H 4 1 ]+ L 44 41+ 14
FHL 4+ T L4 14 H A H LD 4L L+ 44414

Chudi Seq 3gi , 176(K), dwogc truyén tir trai sang phai, tir trén xubng

oL+ oLl 4 -1 1 LA 1 G 1 HL L4 L+ L1444 LT+ 4 4 L 4 -1 4 -1
FLH G H GG DG LD G H DG 144 -+ A A G+ L T 4 4+ -
FAH LG 44 A

1oL+ ol L4441 1] o+ 4 41T T+ -L L1144 -1 -1 -1+ 4 G411+ -1

Chubi Seq i , 176(k), dwoc truyén tir trii sang phai, tir trén xubng

F1H L A4 G1H 4L LGH A G4 1 GH 14 114 fH A G H L4
FH A H 1 H G H A A G4 LD H LG4 L A L4

FLH L 1] 11 H 4 L 4§14 =114+ 4141 T+ 144+ 4] 414 =14 L4 4]
F1 Ll H 44 11 T+ 4§+ 4 L LA H L 4 D o111+ 4
1]

Chudi Seq "trai 176(Kk), dwoc truyén tir trai sang phai, tir trén xudng

Gel 4L H Ll 44 LD H L 4 H 1 4L H L1 G 51D 4+ -L+L
Gl TG4 1 G-l 1L LT LA LT 4 L LD 4+ 4+ -
LH 1415 §H L H HHH L H -1+ 114 G4 -1 L1+ L+ -1 4+ +HL -
JHAH G H A LD HHH GH G HH A ALl 1144114

Chudi Seq 8ai , 176(k), dwge truyén tir trai sang phai, tir trén xudng

AH TG 11GHGH AT DD HH A H GG H A G FH A+ 11511441
H1-TH G4 5+ 4T HH 1 H L 1144 4414141 LT+ 414
F1HL L H G4 HH L GG 4 -1+ T+ L L4 -1+ T 41 1141144 -1
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FIG. 12

Chudi Seq puii , 176(k), duwge truyén tir trdi sang phai, tir trén xubng

1 AT A LT A4 1L A G TH T 4L - A A
T4l -4 14 4 LA H A H A 4D G4 -1 4 1 L1 5
HAH A HH G HHH G511 G511+ L4515 HH 411155414
41 G T+ L H L4 L H 1L G+ H 4 14 1L L+ -+ =114 4 4 -1

Chubdi Seq 2pnit , 176(K), dwoc truyén tir trai sang phai, tir trén xudng

L4 H AL AL LA L1 A H L AL A L AL L A L A L

Chubi Seq *pni , 176(K), dugc truyeén tir trai sang phai, tir trén xudng

ATl L AL LG 11+ T+ AL AT L -1 H AL LT HH G454
11T 4+ 4 A 41T 44 H A4 LT 114 4T
HGHGH TG HAH GG H L1 G 1HH L G H LA DA G-
H -1+ H L T H G H LT G H D 4T -1 4 4 14 41 -1

Chudi Seq *pnai , 176(Kk), dwge truyén tir trai sang phai, tir trén xudng

H G141 H LG+ -1 HH T G4 -1 GH G H A 111441+ -1 A 44 141
H1 -1 H L L H 1T HH D 4 441§ H G+ -1+ - 5111
HAHH GHAL A H 11D H 441G H 41 H1H -1+ -+ L 44+ 4
H g -TH gL L+ H A+ Gl G4 G H A4 G4 -1 G H A+ L4 H 14 44+
+1

Chubi Seq puii , 176(k), dwgc truyén tir trai sang phai, tir trén xudng

L HL-LHHH GG 1L G 4G+ T+ L+ A o+ 4 L A4 L4 -
144140141 L4 T+ 4441
HgHH gLl G H A L G H GG G H A L4 1

H11H T HHH 111§ H 4 H A T+ T+ G144 L1+ 4+ -1+

Chudi Seq Sphai , 176(K), dwgc truyén tir trai sang phai, tir trén xudng

DG A GHH 1 H D T H LA 51 T4 JH 4 44 H 4+

G4l A GH GGG A G LT AH DG T LT AL+ H
HAH G HH T G GHH D H A L T4 -1 4 A 414 14 14

Chuai Seq 7puit , 176(k), duoc truyén tir trii sang phai, tir trén xudng

L G LG L 1 4 1L D A A LA 4 1
A4 G G Ll 1L+ 14 DL L] 4 4 L4 4§ 4
LT 4 A L L 1] L 4 4L A 1L 4+ 4
HHL 4 FH LG H AT HH 11D L LA ALl 5L -4

Chudi Seq 3pnit , 176(k), duwgc truyén tr trai sang phai, tir trén xuéng

A LG H A HHHH A H1 GG HHH G414 H A G+ A+ 411 i<

LH T HH 4 HH G A DTG LD H L
L1+ 14 G H L 144 G H AL L 41 -1 LT 41 -1 -1 4+ -1 441
LA A G T G T H T D GH T HHH GHH L A1 HH 15414
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FIG. 13

Chubi Seq 'trii , 385(k), 'duw_rc truy?n tir trii sang phii, tir trén xudng

-1-1+j-1+1+1-1+j+1+j+j+j-j-j-1-j-ij+j-j+1-j+1+1+1-1-1+j-1+l+l-l+j+1+j+j+j-j-ij+1+j-j-j+j-
141111+ G+ -1 -1 H ol G H HH A G4 L4 LT -1 H T H LU+ H 4 4+
Ao Gt T LDl L4 1T+ D A A+ 4 L A A+ H AL AL L4 -1+ -4+ 4
HH4H+H54-14-1 Tl A AL L LA T G G H AL AL L 4L -
TH 1554 G114+ GHHTH L1445 -1 11T HT 1+ -L-LH A+ 444
AGHH 1AL LA A H LGl G LA AL AL+ A1l AL
9t 91944141 -1-1+1-1+jA1+1+1-1-j-1-j-j-j+j+j+1+j-j-j+j+l-j+1+1+1-1—1+1'-1+1+1-1
GG G G AL A L A A A A AL
R R L PR PR P B DEREEEL

Chudi Seq i , 385(K), dwoc truyén tir trai sang phai, tir trén xubng

GH LT L LA+ L 4 o H L AL LT A G 4 A -1 L
11411+ L1 -1fH HH AL 44 G 14 -1 AL+ -L-L-L 4 -1 4 1 4
HH A T AT D111 H A G H AL L1141 444
HH 4 5 HH AT H L LA 1 HH A4 A DA L4111+ 4
H A G -1 G HH 51911 A 51T H AT T - L4 441454
HAHH A H LD THTH AT H H H A -1 GH G55 -15-1HFTH GH -THH 14-14444
A H g G-1 G TH T+ G L H T T4 5 H A A H 4 H 4 111414114
1 H -1 HHHH HA -1 -1+ -1 +1-1-1 41 GHLHH 1 L1 -1+
AT H A A LG H o -1 LT+ 1T HL L4 L < < 4 41

Chudi Seq 3wt » 385(K), dwoc truyén tir trii sang phai, tir trén xudng

F1 14 141 L4 H 4 G+ G H LA L H A oL H G4 D414+ A -1 141 41 4L
HH A -1 H A LT 1 4 H AL LA H HH 5411 H A A 444 -1
HAHH 1 GG H A LG H GH T4 L LA H G L4 -1 -1 -1
GGG AT T+ G G4 4 1L+ D444 54 H D114 444
F1AT 1 H 444 51T H A H T+ 4 H A H GHH GH 15515 H G HH G4 -
115+ 41+ 41 H A H A H G H A H G54 G411+ 11 H 1 4414 -]
F1HL 1 H G4 -1 1 H 1T+ A 4G+ A LT 4 LT 114D 441 44+ 4 4+
H1GH L HHH AL L4 1ol 1+ G+ AL G o1 G-+ AT T+ L G4 o 4
HH L+ H 44 G4 4 HH L H DG H 4+ LA L4554

Chudi Seq *ws1 , 385(K), dwrgc truyén tie trai sang phii, tir trén xudng

A1 T H A AL L4 -1 H GH A LD 111D+ 44 4 L4 L4 -1
JHAL A A1 G-1-1H 1G4 L1141 H H L A1+ -1 4 H 1+ LA+ 141114
AGAG-1-1H G541 H-1HH A4 -1 G515+ G H A+ 411+ -] H-lHH H+1+H -1
GH T H GHAHH G TH A H GH A FH AL LD 111141 44 H A+ 4]
oA LT 1111 G H A 14T A1 14T L4 A1 4 4+
HlH -1 HH 11141 HH A H AL L4 T4 Lol =1L 4 -1 -1 4 -1 4 -1 -]
14l Gl Gol-TH AL G141 -1 T HL G+ H 14 -1 G4 F1H1 -1 -1 45 -1 4 145 +1 41
Al GHAHH G-+ H G4 G111 H HH G+ 1 H 41114 4 G4 F1 441
GHAHGGH D11l H 5451514155+ -1-1+]
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FIG. 14

Chudi Seq Sii , 385(Kk), &trqc rruy?n tir trii sang phai, tir trén xudng

Gl 4L H A GG H GGG H LD H H L5 G454 4114
L H AL LT LT G H -1 H AL Ll H D11+ L 4

G-l AL L H H HH GHHH LD DAL -L- L H A 4 -1+ A+ -1 -]
AH A LA GH GGG AL AT H AL A T H A
114111+ 1=l H G HH G H A G+ -1 -1 4 -1 41 G+ -1+ -1+1 5

H1 =14 -1 -1 H L HH AL G H AL H AT G H AL H G4 15141
HGH AT GH LT HH H 1AL H A -1 114 -1 4 H HHHH-1H-1-14-1-14-1+1

G -1+ -1 H 144 GH L GH A+ H HH A HH G H LA
1141 H GH A A 1T GHH AT H -1+ GH AT GH G+ -1 55415

Chudi Seq Swii , 385(k), duge truyén tir trai sang phai, tir trén xudng

H1H 1 H A A H AL G141 o111 L1141 -1 G4 H 4 L4 14+
F 14111 LA LA LA G 1 o] 41 414 -1 41 41 4 D4 114 1§ -1

H AL A H G H A A L A L A L L I H g H 4 AL
A4 GGG LD G A H A LG A LA AL
G4 L H 4 51514 1 H A GH A H L1 HH 1411415151 415154
F1H A+ GH A A LG A GH 1L G G- G G-+ L 44+ -1-1-1 41 H1 44 +1 -]

Ao o L L L] H LD 4 4 L4+ A 4 -1+

Chudi Seq "wit , 385(k), dwge truyén tir trai sang phai, tir trén xudng

A L1 H L+ LA+ L H A T T 4 14T +H A4+
HH AL H A L H G HHH LT 44 L LA G A L4 -1 -1+ -
JH L LA A A H S LA A 1A GH LG 11415151
H1 1G4 4 ol GH GH L A H G GH TG HHH T4 -1+ H 414
F1H Gl 4114 GHHH A H G -1 H DD GH AL H A+ 1114
Al H GHAHH HH GH T G-I THH AL GHH LA GHH 144541 -1
GH A AT L AT L1411 G141 AL+ A+ -1 -1 4 =141 41
GHH A LA G H 11 LA D11 L G+ A H A AL A+ -1 A -1+
Gt 41 H G -1 T LG -1 -l T4 L -1+ 4 -1 4L

Chubi Seq 8 , 385(k), dwgc truyén tir trii sang phai, tir trén xudng

1+ GH 1+ GH A H A LA G111 -1 14 -1+ 4+ 114§+
A1 HH LA HLH LG+ L1 fHHH LD G+ G+ A+ 1§11+ 4]
GHH L H AT H -1 LA HH G AT H AL+ 1T 1+ 4 L4 =14+
HH 1141 A GG H G+ 11411 H 144 -LH A 4141515415
51 THH G HH LD G -1 G-1H T G-1GH GH A GG+ T4 -1 H +H -1+
H TGl L LA A A 4 DT ol T4l oL A A o+ LD -1+ 4 -1
1+ el L4 L4 -1+ 4 4L L LA L+ LA A4 o+ L1 44 +1 -1 -
HH AT LG -1l -14 -1 H LA L+ L 1L+ LA L1
HH 11 A Ll 114 -1 -1+ 4144 -1 41 4]
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FIG. 15

Chubdi Seq !puai , 385(k), dwge truyén tir trdi sang phai, tir trén xudng

AL T H LT L H 5414114 L 1 4 -1
FHA GH H AT L H LT G144+ 4 L LU AL+ L4 414 4
HAHH 4941111 L4414 LD L 44 4451
LT AT H AL L5 G A G4 H AT L 4154
G511 H 4L AL LG GG 44414 HH G H A 4L 4
FH H A A T DT L G544 H LT T
SRR ENEE R R BT R EEEEFEE L

Chudi Seq Zphii , 385(k), dwoc truyén tir trai sang phai, tir trén xudng

TH AT H G G551 55451 G 114 LA L1 G H 4 44 54414
F1eL 41 a1l oL 455 H 44 4 H AL H LT T L4454 L4 4 5 54
4 AHH DA THHHGH A1 FFHH -1 H AL GH T HHH A 514
GHH LA LD AL LD LA H LA A LT AL 4 4
SRR RN R R R L e R e R e R L R E R E N EEERE
JHAHHGH I DH1HGFHHGH G511+ H G T 114 5 H+H 4 4
G -THLH H G411 414 G4+ 4 451514 41414 5
FH A4 G5 1 G A G T A AT H T4 HH 4 AL L1441 41
F1GHH 1 45551 -1 H A H A H LT H 444

Chubi Seq *phai , 385(k), dugc truyén tir tréi sang phii, tir trén xudng

F1HH G L ol oL L=l -1 -1l 14 L L4 =1 -1 -1+l H1+1 G+ 155 -1
G T H 4 G4 A LT LD+ 4 5 G L+ L T4 4 44+ 41T+ -
GGG 1411 LA H A L4111 -1 HL L H A LA
F1A HL L GH + 4 G4 G H L H T4 G H 45 T T4 44 44 -1 +-11
FLGH G4 A G4 H T+ H 1 LG+ 4 T H GH G G141 H G+ 41541
T H GH 1 HH AT AT H GH A+ HH D1 TH A4 5 G4 1T H AL 54
HH G L L1 G4 44 LD AT AT 4 1411 G4+ 4 -1 L+ -1 4 +H
4] 4 LA A oL 14 L A H L LU 4T T 4 1L+ L
GHHH 1L H L -1 A+ 4 -1 A H 1 H 544

Chudi Seq *phai , 385(k), dwoc truyén tir trai sang phai, tir trén xudng

144 G-14-1-141HH G 5-15+H G H1 H 4 -1-1+1 14 -1+ +1 4 +1 H-1§5 44+ H-14-1554
HH -1 HHAHH GH HH GH AT H G H A A H AL - 515145 - J44-1-141-14-14
A1 H GGHH G G151 H G- H H A 5-1-141 41+ G-lg-1-1+41H 454
A H H A H AT H GG AH 1G4 DD D411 -1 4 5151451455411
H1-14-15-15-1-141 554 5-1 5+ 5+ HH G114 14 -14+1 4 +1 4] g+ 415444
Gel-lHL 14T A H L H -1 GHH G HH A H A T4 A -1 G141 4 LT+ HL G414
A H L G114 1G4 1L+ -1+ - 4 -1 L+ L L LA+ - < 4
+j+1+j-1+j-1-j-j+j+1+1-1+1-j+1-j-l-j-l-l+1+j+j-j-1+j-1-j-l-j-1-l+1-j-jﬁ+j+1+j+1-j+1+j+j-j
AT G H A H L AL LG -1 -1 -1 5411415
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FIG. 16

Chudi Seq “phai , 385(k), dugc truyén tir trai sang phai, tir trén xudng

H LD LT HH A FH 4 DLl LD AT G g 4 H -1
el HL L H DA H S -TH ALl DL+ 41 41 -1 -1 GJHH Y9541
G-l ALl A -l H AT 4T LA A H g HHH L1414
AT 4 H G T4 G4 LA T - 5 444 55454
H1-1-1-141 1+ -1 -1+ LD 4 HH L -1-DH -1 +L 4+ +] HH L H -1+ G+ -145-1-1
HelH H H A LA H AL GH AL G H L LT L1 L4+ -1 L4 -
A T H L HH A HH A DT -1 -1+ G H AL G H T4 -1 H
-1 HH HHH A -1 -TH -1 H GH L+ H G+ 4+ 4] Hj-l--14-14-1-14-1-1
414 H AT -1 H LA -1+ 114 -1 H G4+ 41 -1 55 - 54

Chudi Seq Sphai , 385(k), au’qc truyén tir trii sang phai, tir trén xudng

F1GH TG G Gl ol ol ATl o141+ 4+ H L L L4 4
LA A G oL T L+ o -1 T+ A A LA L4411 -1
A+ G HAHAH GG H L DH G+ LD LT LT 551 A 1414
LA A H A A LD 4 LA A LA 5 514
HLGHH G 9L G L L oL 4 L L 11 L4
HA G4 G L LT H 4 G4 T G G4 4T 111415 -1 5
1411 o L H 1 G4 G144 4 514141 T+ 4 44114
oA 4 LD LD H oD g A L 4 4 4 o+
1 H A L 4 T H 4 -1+ 4 4 4 4

Chubi Seq Tput , 385(K), dwoc truyén tir trii sang phai, tir trén xubn
q ‘pl 0 ) g g

AL GHHTH H G HH A G-l H A G111 15141514
41§ HHH 114 GG -1HLH AT AL 5 JH-1-1-14 -1 -1+ 1+ -1 -1 45 4]
HH GH 1L A1 4 G U GHH LA G4 L1411 -1 -1
GH GH 1 GH GH GHH L GGG H LD GHAH T -1 T T H A
LGl GH A A GHAHH T L AT H G4 114+ -1+ H L4541 4
A1 A A H G H G GH DTG+ -L T4 G H A T H 455514
o -1+ +L 4+ HH G H T GH G4 4141 Hl 4o+ 114 -1 1+ 5+ H +1
L G L LAl A L L LG+ T LA+ T4 4 -1 44 -1+ +L 44
A H A LGl L T4 - 4 4 114

Chudi Seq $puii 5 385(k),-du’q’c truyén tir trai sang phai, tir trén xudng

AL H A A1 H L GHHH L4 G+ GH 4 H A4 G151 H -+ 4 -1+
HA G151 HH A -1H-1G-1GH LD+ 114 G H GH A H AL G+ -1 5141+
HAH-TH G H H 114 -15-1+1-1-1 GHHTHH GHH-1H L1+ 5+ 5-145-1
H A GHHH LD HHH GH G G-TH TG GH 11 GH AT HH G HH 14 -1+ 5+ 5
-14-1 +l+1-j+j+j+l-1~l-j-l-j+j+j+14j+1-j+1+j+l+j-1+j-1-j+j-ij-1+1 HHHH -1 HHL 414
A H A GH G LA L G-l -1 -1 -1+ L 4+ -1 4 = -1 141
A Lol f-l 4 T4 -1 1441 -1 -1 Gel-1 414+ H-14 -1+ -1+ +1 4551
H14] o1 AL H A L G+ GHH L 114 G+ T4+ 4+ 4L+ H 4 11
G L L4 L L 14 1 -1 L+ H 14141 4]
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FIG. 17

Chubi Seq st , 595(k), dwge truyén tir trdi sang phai, tir trén xudng

HH L+ 4L 14 4 L1 H A o L H 4 LT A4 4 A 1411 41+

HHHHH 1544 5+ GHH D H GHATH 15545154 G4 G H L1
H49 1 H 11T+ H G D A A 41 HH G 1T+ L L H A 51 55 54
Gl H 4111 H ] L LD AL 4 A G+ 1+ G+ T H T4 -1
A 4 LA D H DA LA A 1A A G H AL -4 L LT A 4 4 4
Hf g LA oL ed L4 4 A 1D+l o H A H A 14 1114114 T+ T4 4 4 4
T H A G414 L1 H A G4 4 H AT DL+ A L L A H H A4

AGHH A AL LA T L

Chubi Seq %t , 595(k), duge truyén tir trii sang phai, tir trén xubng

A4 G L H LT L H A L G L L G H A G T T4 11
Al HHAG1GG-15HH G191 -1 -1 -1+ G+ -14-1-14 114 -1+ 4141
HAL G H GG HHH G114 1G5 191G G HH T T4
44 HLH LT LD L AT L H LA L 4 44 H 44
GAHFGGH GG -1-TH H A L1 LT AT+ -1 -1 -1+ LT+ LD 4L 4L 4L -1 -1+ L]
GH A GH LA AH T G-1GHH A G G5 -1 HH A G151 5515141+ 414
DA 1L L H G H G H G H 1 H A L LT 1514454
A HH GGG H G4 AT H A LD A A T A LT T H T H T+ 14
HiG 4 HHHSHHAHH GG TAH T4 11 A LTI -4 H A1 -+ -4 -
LA LT A T4 114 114 T H AL GH A H -1 H A4+ 4 -1+
HHH A HHAHH G H L1 G GH A GH D11 LTl H -1 H
T HHHHHHHHH G GHGHII TSI HHSHH G H LT H A
A AL LT G IS SN H A I LA
+1-1H1 4+ T+ LT -+ -1+ -

Chudi Seq 3wii , 595(k), dwrge truyén tir trii sang phai, tir trén xubng

GGt G FHHH A AL GH A AL GH G 14151541+ 145
G114 T4 H AL 14141 GH G DDA G -1 -D L4 A+ H -1+ 5114
A-1H G411 HHH G511 G HHH L H AT 515141+ G 515145 -1
G115 H GHAHHHH G H A GH 1514115 GHH AL -1 H G+ +1-1-1-1H A H
F1H T HH G554 A+ THHGH AT TG4 -1-14 4+ 4 -1 -1 H 4 41 4L
GH GG H GHAH A J-LGH GH G111+ -1 H GHATH A H L1541
AL LT A T T H GG A A G LT AT ] 4+ A D A 4L -1+
GH Gl HH A AL GG+ A A GH L 14 T A4 A L -1+ 41+ ]
AHH Gl T A G4 LA =1 -1 H H A T4 1T 4 4 4 1411 45+
H A G A H A G H Ll -T4 1141+ D=L -l 14 T4 1 4 -1 145 -1 5
A Ll H GG LT G H AL LA 1111 -T 4+ - A+ HH 9941
AH G GHHALHH LA G111 GH -1 -1 115 -1 G H L4144 41+
GH GG oL 1A H 4 AL 4 444 4+ 14 4
141141 H 141 -1+ 454
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FIG. 18

Chudi Seq *wii » 595(k), duwoc truyén tir trii sang phai, ti trén xubng

1 H 114 ol L -l G4+l H L+ L LA H A A H L G H T 44+ -
HHAHH GH AL GGG 541D A T LAl G-l 151451114+ 45 -
ALl L H G H A L L DL G4 G A LA -1 14 DL+

H GGG 1T H A A H AT G A4 4 111D LA 4+ 4 -1 -1 -
AL -1 H G H-1-TH AL LG+ AL+ H 4 4 L1+ LT+ 44+ =145 -1 -]
HlHH A A 11+ LU 4 -1 14 LA -1 G4 AL 4 4 1L -1
HFGHH GH G155 H-THH 15544 AL HH AT LT H A G L
-1+j+l+j-l+j-1+l-j+1-j-l<j+j+j-j-1-1+1+1+1-1-j-j+j-1+j-l+j+1+j+j+1+j-l+j-l+1+l-] G444
GHH T H A1 L H G G-l G4 G111 4] -1 4 -1 -1 4+ HHH H-14j-1+1 41
g HHLH HL HH HLA H -j+1+1+1-1+j+j-j+j+j-j+1+1-1+j+1+j+[-j+1-1+j-1
Gl Ll HH A L HH G141 G151 5141114 G H G 541145 -1 5145 -1 41
-j+1+j+l+j+j+j-j+1+1-1-1-1+1-j-jﬁ+1-j+l+j+1+j-j-1-j-l+j-1+1+1-1+j+j-j-j-j+j-1-1+1+j+1
HH AL 4 L L 4L L L L 4
A AL A A AL G A A 1D LT

Chudi Seq Sirsi , 595(k), duge truyén tir trdi sang phai, tir trén xubng

G 1 H G-l H LA AT L AT A L1 L DL H A 4 11
Al HH Al GH G H AL A1 -] H+H G HHGHHJHHH -1+ 11411 -1 +1 41
H1-1-1-1H 114 1L+ T4 -1 AL 4414 -1+ 4 -1 H 1L+ -1+ 4
HI4dHHFHHHHAFAFFAGF19-1H-1H GHAGHHFH A+ 4L
R N R N B e B B R R R R R O R R R R EE L E R R
GHH LA 1 L LT H G H L L H A H A L4 L
110 H AT HH GHH GG HHH G515 -1 HF-15-14-1-14-141 §+1-14-1
GHHH GG G LA A A L ] 1AL A L H - A A
A A 11T H LU L 44 454 A A4 1 -
1HL o +LH 1L+ AL L L4 14 L 4 4 A 15514+ 41
GHL A A G L L H L G H G H L AL T L L4 -1 -1 -
+1 5+ L L F A 4 L4 L AL L L 4
G155 1551141 GH A G GH G4 H GGG FHA AL+ -
TH AL -1 H H A G H A G HHHH -1 G5-155-15

Chudi Seq it , 595(k), dugc truyén tir trdi sang phai, tir trén xudng

+1 G+ H G HH LG -1 4 A D1 LT 4 L4 -1 14 44 -1 H LA 14+
14111 §HH L L H 4G G115 -1 -1 414 -1 H -1 G+ G HL-LHH -+ 4 41
FHAHHHH GG HAT LG H GH A4 G111 H 414151545 5L
H A HHH AT H GHH LG5 GHHH LD -1H G H G H LA 114 -
LG HH GH GG H4H LA G114 1T+ -1 L4+ A+ 111
A 1 LG HH AT HAH GG H DL L1 1T H A G+ G114 4 4
HH H HHH GH A H L L LA H AL G HH G H A A L1+ -1+
G A LGl G G H T A H DLl A DL+ -1 - 141
HH AL A L G5 H DA AL 44+ 414 4141
1l 14 -1+ -1 AL L A4 44 -1 H A H AL -] L4414 14+
HgH 1111 L4 5 -1+ H -1 G+ G+ D G H A G A A -1+ 1 -1
HLH H LT G-l 11 -1+ H AL -1 -1 4 LA+ H A L4 DI+ 4
R R R N e R e e e R R E R B R E e A A A R b
HlHH G1§-1H-1-141+H H 551414414
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FIG. 19

Chubi Seq 7evii 5 59é(k), dwoe truyén tir trai sang phai, tir trén xudng

HoH LT A LG -1 HL LI LA A 4 GG H - H GG+ 11+ =114
HH g LA AL L L A G HH DAL -D L =L+ L1 4 -
JAHL-LL-LHH G HH A GGG HH - LD AL AT G -1 -1 4 14 -1 4]
GHAH L1 G-15+ GH A G+ H G+ 14 -1+ + -1 G HH H A+ -1 -L -1 -1+ 5+
AL A AL AL G TG -1 LG LA T LA -LL L L4 44 5
G4+ LD LA 4 LT L 4 454 441+ 4

H 1T H AT HATAH GG H G H AL T HH GHHH - HH G HH-TH AL H 4+
-1 5-144+H 41§+ +1-14-1 G-lj-1-j+1+1 41 GHHL G115 L4+
HAH LA L4 1+ G+ T4 L4+ A -1+ H 4 -1 -1 -1 4414145141

GH L H H L GG LA T+ 4 4T H AL -L 4141

ot H g H L LA -1-L 1 L T H A H 4L L 4 4 H L L4 G4 4 L4+ 4 -]
L 14l 141+ 4 oL 4+ o L o LG+ 1+ G+ LA -1 G4 -1 4 +1 4 =145 -1
DL A A 4

Chubi Seq 8 , 595(k), dwgc truyén tir trai sang phai, tir trén xudng

AHHH A LG4 1§14 4 -1 H AL DL LH A H 555141411551 4
44 L L L] 1 H A 4+ L G+ 1 H 44 1 H T A H A -1+
A1 LT H AL L G+ G T4 L+ A -1 41T G 4 4 L4 -1 -

LA -1 G+ G4 14T+ 1 ] D14 G GG 14T+ L4+ 44111+ 4
GGHH LA TH G 1G5 HAHH GG H HH DDA HHHHH GH A GH HH 54

Gl HHL A L L DL 44+ HL L+ 4+ H 4 A H 14 -
Ll -1 Ll Aol 4 G G4 +L LT 1Ll L4+ 4 L4 -1+ 41+ 1D +1 =114 § 45 -
G-l L G+ G-l LA LT 4T H 1L A 1 G AL AL A A A A 4 445 -
141+ L L L4 A4 H L+ H A g+ 1L 1L -1 4+ 4 L4 -1+ 541 -1
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FIG. 20

Chudi Seq Lphai , 595(K), dwgce truyén tir trai sang phii, tir trén xuéng

Gl LA LT H L LA H A G -1 4 LA -L-LL 414 T4 L L
GHHH GGG H A GH A A LD T H L5414 -1 -1 -1 -1+ 14 -1 +1+ -]
H G GH LA LT G111 A A A 1A 114114 L LA AT 4 4
A GG A LT H G4 LD H 1 GG A 414 -1-1-1 14141 -1 -1+ -1
G gL GG AL LA L A A LA 4 LT
H -l HG-154H4+ GHAHH L HH G HH AT+ 11414141 14-144-H4+1
4G A A D G LD A A A A A AT A
HHHHH G T GHH L LA AT Lol A+ A 4+ 4T LD 14
14 Dl g1 G-1GHH G-I H 111+ -L4 T4 L1 G H L -1+ -1 44
14 1Ll LA AL 11T+ -1 G-+ L §+1 41 411 g+l -L-1+ -1+
GHAH A G G4 LT L T LA 4 4 L LT
141 H 4 -LH L H L -1

Chudi Seq 2pbai , 595(K), dwgc truyén tir trai sang phai, tir trén xudng

Gelegej-lgg-lgHH 4515414445114 -1-14-1-145-L+L G+ AT GHL AL H1-1 4§ -
H G H A A A G 14 A A LA A1 LD L L 41 4
GHL T4 L+ L DL L L AT LD D L LD AT LT H L 4 4 5 14
HgHH GGG HHH DAL AL 1L T AL -LH AL -LHTH AL - 4
FHHFIIHGAH 9945449954+ 5 GGG L 1 4]
G-l -1H 1 HHHHHHTH -1 54+ 4-14-1-1 H-L14 141+ -1 4114141 541 -]
415145151 A TG4
HAH A L H A H LU LT LT LT A 4+ 4 54
4G H T 14T LT LT LA A AT LT H A AL L -l -l 1 H
411 L Aol Gl 4Ll 4T L+ AT+ +HHL 114141 L H H A+ +1 4 4
HAH -1 HH HHHH L H+H 14 L1 Ll 141 G L+ H 1 14 -1+ 141+
A AL LA A AL LD A A A L A LDl H A AL G H HH G514
H G AT+ AL D4 LD A H L AL L L H S
HHH G154 -141-1-14-145-1+141-1+1 55 +1

Chudi Seq 3puii , 595(k), dwgc truyén tir trai sang phai, tir trén xubng

H o H HH A A GH ol 1T Ll G414 1114 LA 4T 4 -1 =14 1 -1
+1 541111 -l LA H A H A 14 4 -1+ -1 -1+ 4L+ 4 541
H1 GG H AL L 14 G HH A H AT LA H A A+ L -1 -1 514 -]
AT HAH GHAH A L1 GG DA H L 41T H 51141
4114+ -1-1H H A 1+ T4 4 < -1 4154 G141 A H A HH AL H A H T4 -1+ 541
HH AL A G H H A GH A DA A H 4 411+ 41+
AH A A GH A LG G H AL H A1 114 T4+ 1]
Hel Gl g L+l ] 4 A L L G+ D14 o GH LT A L+ =111 414
H G AT 4 5 H AL LA A G H T AL 41T g L4 -1 14 -1+ 4
HH A H A DL H G G 1 H A G H A L4 1+ AL L4
14114 4 LT H GG LA - G -1 4 LD A+
1411514 -1+ 41114 -1 -1 G5 -1 L HATH AT H GHIH G G114 151
-j.j.jﬁ+1+1—1+j+j-j+1+l-l-l-l+1+j+j-j+l+1-1ﬁ+j-j-j-j+j+1+1-l+j+j-j+1+l-l+1+1-1-j~j+j-l
AH AL LG LA L
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FIG. 21

Chudi Seq *puii , 595(k), dwgc truyén tir trdi sang phai, tir trén xudng

H1 ] 4 H AL H L H T T H A L L 414 4 G-Il 4-1-1+1 41
LT 4 A H 4 4L 4 o 44 AL 15
4111 H AL L4 4§ H1 G H 41§ 1T AT G 4L L+ A+ H 4
4j+1+j-j-jﬂ'-l-l+1-l-1+1-j-j+j-l+j-1-j-1-j+j+1+j+l-j+1-1-l+1-j-j+jaj+j-j+1+1-1-j-1 §-14-1
11 H4 G H AT+ L -1 1L =L -l -1-L-TH 441D+ -1 -]
H-1H fH A DL 1 LU L -1 -1 4 4 L1+
A1 TH GHAHH HHHGH A LT+ G414 -1 -1+ +1 4+ GH-T-1H S H 45
1411 1 14114 -1 144 LT H AT T4+ H A A L L4 1+ 414 4
e LT A AL G G4 G A LT L LA D g T 1411
+1-jH-jH-1-141 -j-1-j-1+j-1+1-j+1+j+1+j+j+j-j+1+l-1-1-1+1 G4 -1H-14-19-15-14-1
AL+ 4 A LA ol 1 LG A A A+ G LT 4 =14 -1 -1 4+ 4
A1 -1-1 4 HHH G+ L1145l A1l AT L -1 A 4 AL
4l Gl -l H LD G-l L+ A AT +L A A LA A -1 -1+ L1+ 4 -
1H+H 4 -1+ H L H A+ L

Chudi Seq Spnat , 595(K), dwge truyén tir trii sang phii, tiv trén xudng

114111 L H S H G HH G- -1 41514 =114 -1+ +]
Al HHGHH G H4 G5 H 1D DDA LD+ L4 -1 4 LA A =1L -1
HHH 1L AT LT H A S G119 5-19H 5+
A4 1141 H LG HHH G55 HFHHH L -L-LH A AT L LD -1+ AL+ 4
1 HAHHHHH AT AL LA LT 4§ GG H A4+
Gl HHAHH GHH GHAHAH GHE GGG GH G HHAHHTHH DA AT
H1H] 5 4114 L+ G4 H A A4 14 H A+ 1D T LD L 4 H 4 444
GHH A 1A A A A H A A H G 4 A 4 1T -
A1 LT A H G D LT L L L4 4 1 -1 -l 141 41 T+ 41114141 -1 -
HgGH GG A9 GH4H A LA GHALGH T 4 459
44 -1 H1H L+ 1141 H L1 1] 4 T4 L+ 1A 1 4 4 -1 4 4144111
HHH L G H G S 1 HH A H A1 L G+ 4L
4G5 GG G491 H A LT+ A A H G T LU L 15
D11+ LA G TG HL AL+ 4 4

Chudi Seq Sphat » 595(k), dwgc truyén tir trii sang phai, tir trén xubng

H-1-1GHH 1 H L H LA AL GH T H A 1 G+ -1+ -1 1 H 4
HAH G A G -1 H 1 GH A A H G HH G H A GHHH 114414141141
G H AT H GHH A L1451 HH A1+ T 4§ H
144 L A A H L H LG HH L+ AL L1 -1+ L1 A+ -4+ -1 -1
HH HH GHA TG HHH GH 15 -TH H A G H G+ -1 GH GG+ 11114141 -1-1
GHH-LHAHH HHGGH 11511414441 -1 -1 HHH L1+ 1114 -14-15
Hegg-1HH G-I 5H GHH 1145514151 G4 -1-14j 55+ GHAHHHGHGH 1-15-14
H1 G+ D LG4 1 H 11 4 H+ 111+ L4 5 +1 -] AHHHA G T 4 G
G141 H A HH LA G114 LT A G -1 -TH L A T 14 4 G+ G154
GH G114l L4 L LA 4 4L L4 LA L4 4 -1 4
A+ 11 gl -l G LA L -l A LT T L -1 H LT 4+
HH A GHAHH A G-I H G LA 14 LGl G+ -1 LG H G4 G5+ -1-]
HH A H G H A G111 G141 -1 AT -1 14 4+
HHTH 4L+ H A T+ HH A H 4
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FIG. 22

Chudi Seq "puii » 595(k), dwgrc truyén tir trii sang phai, tir trén xudng

G L AL L L DL+ L H A A 4 414
TH L H Ll L H G H A4 G T L1 4411111141114

41+ H AL LD+ L G HH 441 H A LT - -1 4 5
THHHL1H G5 HHHFGH G5 H ATH LI G 1 -1 HH H 145 H
AT H A A LA LA T A DL AL -1 G L+ H AL -1 LT T 4 -
H 1 H A 1L 114 A H L H A 1+ L -1+ 4 -1+ -1
LT AL H A G H H L A A H H A G4 5 -1+ + L+ H 1L 4L 4
GGG H AL L o 44 LA AT AL L4 4 1 4L
A1 1 L G H T 11 H A 4+ G H A A G114 -1+ 5+
H1 ] H o H A H L4 LG H L G L DL A A+ A A+ G+ =14 -]
Gl HH AL L H A H L1 G-I+ HHL-L 44+

Chudi Seq 7pmii » 595(k), dwgc truyén tir trai sang phai, tir trén xudng

GHHA G H LT H AL HH A HH AL L4 L1 LD 4 1 A1+
-1-j-j-l-j-l+1+1-1+1+1+j-j-j+j-j.j+1-j+1-1+j-1-j-1-jﬁ+1+j+j-j-j+j-j-j-1+1+1-1+1+1-j-1 i1
FUHH L A4 GG FH LA L1151+ JH A GH LA H LT 55544
H1GH H H 151G+ -1-14H-1-1 4+ G HH-14-1+] GHHH LG H55HG5-1+1+]
AATH LA A H G LA H LT H A G A L5144
A AL LT A G H A HH G G4 H G A T H L H A 14+ 145 -]
A+ H L AL G 4 HHH G LA 11 L 44§ H A+
14 HH G 1 AT H LT H A LA G 4 -+ 141D -1
FH A 1A L G T H G4 4 A G 4L H 1 H A4 5411114
FLHH A+ H T4 1 T4 LD T4 4+ L G L -1 -1+ 4114141
HGg g gt H LA -1l A A G -1 AL L -1 LA+ -1 L4 5
R EREE R R P L L DL C O EDEERE
11T LD 4 4 A H L L H A 14 1 1T H LA 14 A
H1 14 14 L AL -TH] D44 LD+ T H
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FIG. 23

Chudi Seq i , 804(k), dwgre truyén tir trai sang phai, tir trén xudng

G AL LA L 1 A LA A A LD+ LA 4 -1 T4 L L4 4 4T 4414 4 4
4l -l H A AT A LD L+ 1A AL A L4 -1 H 4L =LA -1 -1 414
A Ll L GH AL A A LT T 4 L -1 4 =114 -1 < -1 4 4 4]
H AT HT-TH -1+ L HH LA D G4 -1 -1+ G114 -1 -1 4 H T 14 -]
DT LA A D G AL A G H G G A L 14 A AT 4 - -
H L H AL L H G H L -1 511 HHH GH -1-1-1 5+ 1+ 41 -1+ < +
H1AHH D H G4 155155511415 -1HGHH A1 H D H -4+ 4114
H1-1H] -1 LA 1L+ 4 LT LD+ T A4 H A G+ 1 14 4 H A
R RN ERE L B L R P L R L L P L ER R R
AL L4 AL H L+ LA Al L G -1-D G H AL G4 -1 -1 +1 4114 -1+
AHHH AT THH L G+ HH LG HH A+ G4 L1414 D14 -1+ -1
Ao A L H ALl G451 -1 G HHH G411 LD L1 41414
A1 HH LGl G G111 -1H G -TG I+ G+ T H LA LD+ T H 5
GHA A LG 14 1 AL+ L+ T 441
A1 G-I HH AL L1+ -1+ A4 -1 D LT AT A+ LA
L4 -1 14 4T D GHL AL G+ H A LT+ -4 LA 14+ H
HHH -1 HA-1-1 4T LA -1 GH G -TH-L 444 -1 - GH-1-1GHHHH
He-T-141 4111+ -4 H A L1+ -1 41 G HHHHHH A G H H A G451
A ALl LT 4

Chubi Seq 2trai » 804(k), dwge truyén tir trai sang phai, tir trén xuéng

11 H 41141511411 H AL LD FLH H 1+ G H L 114 +1 4 -1 -
HH -l -1 GHAHHH-1GH L G HH LD HHHHH A1 -1-1 1415+ H-1-1 4 +1-141
GAHAHGGGHFATGH G111+ G114 G4 A1+ 4 H AT L4 -1+ -
HHHGHHH GHG-1-14H -1+ -1 41 dHHGH GG 1411414
AL H AL A A A LA - DAL
H1-1 4 H HHH -1 -1-1 L A1+ H 1T H AL -1 H -1+ 4 -1 -1 4+ -1 -1+
AH L L H A L H A G A A L -+ 4 4 A AL L 4 -1 -1+ -1+
DL A G A AT LD A 114 A A A T A LT 41
H G HHHH G HH A A LT LG H A G4 -1 -1+ -1 G+ AL+ AL T4 -1
G414 HHH GHF-1-1545-1-1-1H-1HH -1+ L+ 4 H 51154 §-L-141 -1 41 41 -1
HggGHG-1-1H G HH AT+ -1 H L4 G4 114 JH 1+ LD+ LT+ -1
A1 HH G H G141 -1 H A -L-LHH A 1144 -1 514 -1 55 -1-1§ H +L+14
-4 H A HH A 1A DT 41+ G 4 H 4 LG 514 G H AL A 4 1+
AH L GG HH G H AL T T A H A G4 11D
HH A H GG HGHH HGH 11T G5-1+H T4+ 11414 -1 14 H A+ 5]
A L1 G H -1 G+ H GG H A HH GH A H LT D G414 -1 -1 L4 4 H
A AL GH A DDA L LA H G 1141114114 4 -1+ -1+ 44 -1 L
LT L G AL G4 LD G LA L4 14114 A A -1 -1 A+ H
SHL-1H A 14 4
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FIG. 24

Chudi Seq 34 , 804(k), dwge truyén tir trai sang phai, tir trén xudng

Gel-1-14-144-1454+ 1G4 H 1+ 4 H A A A L T LT -1 41 -1 4 4
411+ L 1 HH G 5114 41414 L H G H A H AL A -1
AHGH AL AL H LT L4+ H A L AL L+ LD+ 14 =114+ -1
199414 14 44 H AL AL 1411+ 41141
1AL G H A G111+ GH T+ T+ G-I+ -TH 4+ -1 14 54
A141 1 H AL fH T4 G -1 -1 G -1-LGH A G4 G-L-1-1 G+ H1 -1+ L4+ 4 -1
Gl LT 114 T T L T T H A H G4 -1 -1 -1+ L+ -
H1 G HA 4 A D14 441411 L4 A 414 441 4
F14 114 -1+ L4+ L4 114+ 141 H A A HL G4 LTI -1 -4 T4 -1+ 4+ 4
HH HGHH H AL -1 G+ 4 114 - JH A A1+ -1 HL L+
AH G H LT HH A L 1AL L L A L -1 4 -1 -1
GH AL LA L G H A AL G L1l L4 1L T 4=l -1 4 =114 -1 -1 4]
GHAL A1 H -1 HH DA G411 oL L1 A 114 -1+ -TH A L L4 -1 41 =14 4
41 G144 HH H A H-1-1H -1+ -1 HH G H A H G HHHH -1 G514 G+ -1 4141
G HH A5G4 11D AL H A1 AL AL 4 H A4+ 4 L
A LA A HHH L G154 5114114 GHHHH 411441 -1+ 4 -1
A4 -1 H A LT T T 4 -1 H -1 -1 4 454514 A HH AL -4 -]
HHJHHHHHGHH A H 1515 GHHH -1+ 5141 AHHH-LG4-1445-1-1-15+1
141 -1+ -4

Chubdi Seq *uii , 804(k), dugc truyén tir trai sang phai, tir trén xudng

A4 L5141 515G 1L L4 A T4 5L
H A G HH 1L HH L H -1 -1 HH -1 -1 G HH+H G4 5114 GH L+ -1+ 4145 -1
GH AL L H I HH T H A HH 1 G-1H -1 G-I HH FH GH A A H 15514
Hej-T-14 4+ L4114 -1 H G+ T4 - -1 -L 44+ HHH GHHHHH G4 H
HH LA LD LT 1144 L] T4 414 114 -1 4141 -1+ T4 441
DA H A AL LA H L GG LT A LT T+ 4T+
AL AT H 4514 5141 L LA 4 A 4 L1 4+ 4
4l Il H T HH 4 D H G L1411 GHG-1-154F-1-1-L -+ +1 -1 +1 41 41
I AL L G LA LA L T4 111 -1+l -L A 4 4 -1 -1 HL A A+ 4 -1 -1
AL HH 1AL L T4 T LA 4 114 L L A 41414 4414
FH A 11 4 -L L4 LA AL T L HL L 414 -1 114 4 -1 414
L HALH L4 G414 A JHH 4 144 H 4 H 44141
G414 HH G4 5-1-1-15+H +1 5+ 45 -1-1 4+ A4 GG-1H T H A H AL A+
H 11111+ H -1 G4+ T T H D H DG H A 141G+ -1+ 5
AH A1 HHHHGH A A GH G111 GH AL -1 GH AT+ 1+ 41141 5
G FLA A A LA H AL A G+ 1A A AT L T4+ G4 5111541
G H 11 H A D+ -1 H T H G+ HH L G HH G4 L1 G4 5-1-1-1 54141 -1
141 -1+ -1 414 - H AL LD -1 G+ L 4L+ -1 41T H 4 -l -1+l 4 4+
HjH+ 14 -1-1
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FIG. 25

Chudi Seq Sersi , 804(k), duge truyén tir trai sang phai, tir trén xudng

Gl G Ll GH AL H A Ll G4 G+ GG+ 14 -1 -1+ 41 +1 -1 -1 -1
GHAH HA G A GH A GHH LT G -1 14 -1+ -1+ 4141 -
HH-LH HH 1 LG5 -1 L L4114 -1 -1 H 4+l G H -1 41 -1 541 -1 4]
A LA T4 LA L1 L 4 H 4 L4 114 414145
H-T-1 5 G HLH L 41411 H AL LoD 4 L 4+ 4+ 41
GHH LA GH A G114 G- G+ H -1+ 4 -1+ -4 4 L L4 4 -1+ -1 LT+ -
G111 G G-THF HHH GHHLH L H D L T4 A -1+ -1 H 4+ -
5414+ +j+1 GHLHHH G H L 14+ -1+ A4 T+ -1 L1 4-144-14
FIHHHL LT H AT LG 4L G+ -1 G H T H L G114 -1+ -14
Al HH A AL A A AL A 1L LD AL A LT 4 L4 =L 4+ 4L
AH A HGH LD A A G AL A GG AL L LT G L L 41 -1 +]
H G L A T L L L H AT H L L L L 41 411414
41+ LA LD L4 LD L AL L A AL A A AL -1 Ll 4
AL H AT G G AL LA 1 GH AL -1 LT 4L LD 4 fH AL+ 4 L L4
114G L LA G H AL G L4 D14+ 41T H A A A -1+ -1 4 -1 HL -1+ -1+ 44 -]
H 11 141G -1H A1 HH -1 L H AT LT+ -1+ 41 -1+ 4144
H-19-14-199-1H -1 -1 HH+HLH 1+ 454141 HH-1-1§HH-1-14+14-1-1
HH 1 TH AL G+ H -1 H 14 4 -1 -1 4 G HL AL L LA 4 +1 4 -4 =114+ S+
141+ +1+-1

Chudi Seq S , 804(k), duge truyén tir trai sang phai, tir trén xubng

ot +H L A H GG LD GG 14 H A G H A+ G114 H L1441 -1 51441

Al H A G 1T G111 H T+ G T H G+ 1A T+ -1 -1 -1 4
HH T H T H A G T DG G+ T H 1D H G H 4T T H GG H o114

AHTH HHH G HH D GGl 4 11 H A1 H+H 1§ -1 G+ 1151441+
HGHHH L1 H 4 4 5§+ D H 4 L+ D14 4 4 -1 L 4 4 -1 14+
HHH L G G AL GG 1114 G+ G 1454 -1+ -1 4141 4
GHHHAH DG4 H GG FH LA HGHHHTH TG54 HH 514 4
HH G H L 1 H I HHH G4 HH L4554 T 1454
4141 1 H LA A 4 T+ DL L -1 144 - -4 4D =14 -1

+1-1+1+1H 44
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FIG. 26

Chubi Seq 7tri , 804(Kk), dwge truyén tir trai sang phai, tir trén xudng

+j-j-1-1-1-1-j+j-j+1+1+j-j+j+l+j+j+l-j+l+j+j+1-j-j-j+]-1+1+j+j-1+1-1+j-1-l+j+1+j-l-l+j+l
HHTH TG+ -1 H GHH G-I GHH -1 HHH G4 LD 451G F-14 -1 -1 45541 -1 4]
G-l H AL H G H A Ll 1L G H A -1 14 -L-L 4114+
HHH G114 AT H L A LT H AL 1 A LA -1 -1 4 -
G154 141§ #1-1+L G+ +1 51§+ #1141 AT A4 T+ -L 4L L4+ 4 114+
-l HH A G H A HH G H A GHH L LA T L -1 LT H L
GHHAH A GH TG -1HH A HH GH H A A G4 -1 5144 HHHGHH-1+1-144
L1 A 14 LT L1 T H A A A L -1+ 44141 -1
Hl-1HH L1 AL LG+ 1+ G+ L1+ -1+ 414 4 -1 -] 4 -14-1
4ol el 4+ L4 G L+ 41T+ G+ =1L D4 oL L4 H A4 4L -1 -1
LA H 1G4 HAHHH G-1G5-1H G- 4L+ LT 1 141 -1+ -1
A4 1 H L4 LD H A 1T AT 4 L4 -1 -1 -1 141141+ 4
FH LA HL A4 4 L L LT L T ]
G-l AL HH A f 5+ L+ 11 H A LD 1+ -1 +L 141§+ 1414 -L-1 4+
GH AL L HHH G HH A GH DG -1HHH LG5 §H LT H T+ -LH 1L+ -1 -L
HHH H A+ -1-1 GH-1g--14-155-14-1-1 JHH AL GHH H 4] JHHHH G HH -1
-1 H T H -1+ 1 T4+ HAgHH 11 HH HHH G5+ -1+ 94
11414 -1-1H A+ G+ 1 -1+ -1 41 41 -1 41 4 -1 A G 1 H AL H A 4
H-1--1H+1 4+l

Chudi Seq 3rsi , 804(k), dwge truyén tir trai sang phai, tir trén xudng

LHH LA 1A A L+ T AL LD 14 -1 14 4 -1 -1 44141
A A 1 4 LA LD AT AL G4 - 44 L+ -1 T 4 414 -
G HGH HH A GH A T HHHH 15514 G+ -1-1-1 54454 -1 41 -1
G T D14 G HHHH GG G4 LT HH A H AL GH 4 1T AT+ H A

AL A Gl LA L LA Ll A 1 A A L LD L -1
G-l LA A H A L L4 L+ LT T H A 4 LU+ LT 4
14 A A LG H G L4 G HH LA L G H -1 441 -1 -1+ G414
A1 GHGHHAH A FH T LD H G H AL GG 14T HH A A HH G+
GH GG L G H D H D H A H A AL L H 11 L4 -1+ 1114

G141 L G4 A LD o+ L 1L 414 44 41144141
F1 1 H 444 GGG H LT H AL 4§+ A LT AT 4+ G -1 -1 4 4
11441
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FIG. 27

Chubi Seq pnai s 804(k), dwge truyén tir trai sang phai, tir trén xudng

GH A GH LT+ AT T L LA T+ 4 L g -1+ -] A+ HHH
GGl GH AL G L+ LA A T4 T4 4 LA LA+ +1 4] GH HHH 451
B R R R L e R B L FE R R R R E LR i e R |
+j-1+1-1+j+j+1+j-1-14j+1-1+1-j.j+j-1-j-j-l-j+j-j-1-1-1-j+1+1-j-l+1-1+j+j+j-l-j-j-l-j+j-j-1
L H HHH GH T AL L4 T 4 L4141 -1+ T4 44 - Gg-194--1-14-14
A HAH AL G GH LA L H A T LA A T 1 g DL A A+ 4 -
AT A LA A A A A LT A A A H G A G114
A1l LA 4 -1 L AHHH-1G4-1544-1-1 GHHHH GH-1-1+1 H-1-14-1+]
AHH LG H G T H L -1 G4 -1 =14 114G H 11 -1+ +1 41 -1 41 -1+
HH -1+ LA Al -1+ G-1-1 G+ HH H 4§ L1+ 45 -1-145-1+41 A 11+
A A A G A A A LA A L LT A A A LA L
A AL GH A GG H LT AL L G4 -l G 11 G H L4 -1 11+ 41
F1-1 41 -1 H L L4 -1 G HLHH AL H L A HH L G4 -1 -1-1+1 1+ -1 414
GHH-L-LHH L H L5154 5-1-14-1 G4-1HGH A H-L-14 -1+ -1+ H 411
HH T G4 LG G DL AL 4 -1 44
+1-1GH A GH L H G+ A 11+ -1+ G+ HHH A H LA G HH+H 45 -1-14+14
LT L A T4 L A H A A G H A AT T H A +H
F1-1H -1 H H -1 T HH L5154 5114 -1 -1 H G4 H+ -1 H L+ -141
S+ +14-1

Chubdi Seq Zpnai , 804(k), duge truyén tir trai sang phai, tir trén xudng

GH A 151G A 1T 4 L -1+ AL AL+ L1 4144
H1 4 HHH AT H AL L4114 -1 1414 -1 T+ 4 =114 -1+ -1 4 +1 -1
H GG HGHH A GH G111+ 1+ -1+ 5G4 5-1-14 G+ +1 +1 -1+ 41+ -1H 4
Hog1-1GHG-1-1-TH 1 HH-TH T HHHGHHHAHGH A DG H GH T4 -
GHAHHHH 11451 GHH G415 5-1GHAHH DG AL G154+ HHH JH 44
H A1 11 HH A 1T H A H A G H A H G H AL G4 -1 -1+ -1 -4 T4 4
HH H G oL-L-1H =14 H LD+l H A L4+ LT+ L4 4 -1+ T4 44 G H 1 4L
HjHH H AL L G+ 14 L H AT AL H LT 4 -1 -1 G+ H 4 1414 =114 -1 +1 4]
G115 HHHH -1 GH A G141+ GG+ 41 H H+ 4141 45 -1 AL 4
A FHHALGH LT L 445 L
AH G HGHH A H GHH AL L+ T G A H G H AL+ -1
GHHHHH TG GH A GH AT H LG G AL G L1 14
HH GHHHHHH -1 HH DT -14 -1 -1 H -1+ 4114 -1+ -1 4 4]
GH AT+ T HH DL LA H - HH A H A -1+ H G H 4
1411 H AL A H 1 1+ T -1 -1+ 4 -] AHH LIl S-1 414
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FIG. 28

Chudi Seq 3pnii , 804(k), duge truyén tir trai sang phai, tir trén xudng

+14j-1 -1+j+1-l+1-j-j+j-l-j-j-l+j-j+j+1+1-1-j+1+1-j+1-l+1-j-j-j+1ﬁﬁ+l+j-j+j+1+1-j+l+j
HH G-l A G-I TG G HH A G HH A DG+ T -1+ -1
14 HH L=l HH AL 41145 - 1+ -1 4 < +] HHH HjH L H 4151454+
A1+ L+ L HH L -1 H 1L LA+ -1+ T+ A+ 41141451
AL LA GG TG 1A LD T 4L G DL -1+ AL L+ T AL -1 4
AT -1 G LA DAL A T -1 G -L -1 -1 -1 4+ L+ -1 T4+ -1+ 5541
HHH A GHAH H DG H AL GH T H G H A LT T H 4 -1 -1 H A L1 -
1L -1 441G -1 G H -1 -1 -1 AL+ -1+ -1 4 o+ HHH G4 1D+ 1141411454
Hl Gl el -1 L LA+ LA A LD+ T4 4 -1 -1 4 -1 -1+ 4 -1 -1 4
A DA LD L G L A LD L LA Al T =1L
GH A A GH G111 LD HH -1+ o+ H 1 fH AL H LD -1+ 144 -1+
+ 14 T AL H A LT AL L 4 L -1 4 o =114 =15 -1 4 4
AT AL L LA L+ -l oL 4 L D14 -1 4 LD L A 14 LT+ -1+ +
HHH GH G111 GH H G H L H GG 415145 -1-1GH A+ 4 1L+ 4 -1 -1+ +1
A G HAHHH G H A A L L L A G 1L 114+ -1+
GH-19G-1G45-1-1-T 41+ G+ A+ -1+ H -1+ -TH G+ -1 5 -1 H+1 1 -] 5+ +l
GHTH G G415 9-1GHF-1-T4 -1 -LHGHHHH A1+ -TH G+ H H A H
HAAGH A GH I GG A HT-THH -1 4155141+ 4141 H-l-14H -1+ 1444 -1
Gejel-jHjg-1-1-1+1-14

Chudi Seq *phai , 804(K), dwge truyén tir trai sang phai, tir trén xudng
P S

H A 1141 -1 L LT 415 -1 G+ 41144+ A4 -1
AH-lg5-1HF-1-1545-1-1+14-1-14+14j-1-14j-1 H-14H-1H T HHH-155-154 4
FHGHH A GH G211 LD LT H G T - L -1+ 4L -1 4141 -1+
144141 14+ 44 +1 GHHHH GH-1-154-1-1 JHAHHH 41 G9-14-4H+L+ -
H G H 1141+ -1+ T H 4 A D+ G H A LD H -1 DL 41414
4 -+l HHH G+ HH+H 45+ + FlHJH+H 1+ H-1-14 -1+ +1 G141 -1+ -1 44 5+]
A Lol -1-1H o+ H L -1 4L L4 GH H AL A+ L1+ L -1 5
A -1+ T4 H L4 T4 LG H AT 1T L+ -1 T 4 H A+ 4 =L 5 -1
g H H G 11 H HH AL GH A HH A G LA G H AL H 141+ 41141
G+ AL+ GG H A G111 FH AL G AL H A 114 T+ T4 4+ -
H GG+ T LD T G+ T4 15 14 -4+ 4+ L
FH AL L1+ L+ L4 A4 L 4 4 1L 44
GHAHHAHGHH AL JH AT GH A -1+ AL -1 G+ -1+ 4+ +H A -1
G141 -1 GHH -1 GH A GHH 14D LT H 14114 +H 4114541 -
HGGH-1H G414 5-14-155-1H G HH A HFHH A G+ HH 41551 HjHH+1 44
G-l H A LD -1+ -1+ D441+ 14 LT 14 114 L4 -4 4 -1+ T4 4
.j+1+j+j+1-j+1+j+j+1+j.j+j+1+1+j.j+j+1+1+1+j-1-1+j-1-j+1+1-j+1-1+1-j-j-1+1-1+j+j-j+1+j
HH ALl G411l =141 L TG G111+ -1
H 411+ -1 441+ -1 H+1+ -1 5
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FIG. 29

Chudi Seq Spnai , 804(k), dworc truyén tir trii sang phai, tir trén xudng

HFH HHH AL G- L GG H HGHA L1 HH L -+ L =14 -1 -1 4 +1 4] +1 4
GH-T-lG4g-l-1g44-1-1 5G4 +1H G-14-1-1H+1 4 -1 -1 +1 4 -1 -1 144 -1 41 -1 4j 4 -1
B B IS I R I B B B 0 I 0 I I O I I A B B B e O B B B B T O e O B B
AT LA H A L -1 A G AL+ -] -+l -1+ 44 -141-1
AT A A GH AT HH -1 -1 H A G DAL LA -1 T4 4 -
AL L H A+ LA H L AL 4 4114 4
AT HH A AHH H-TTHH GH A GIH A 1G4 H A H A+
AHATTHA GH A 1A -1 G+ -TH S+ L+ 44 -1+ -1+ A H AL LY
HH 11 H L A 1 G+ -LH H 4T+ L 1+ -1 4 L4 L1 -1+ 4 4 +H 41
HHH GH A HH L G H A L H 4 G4 -1 -1+ 54 -1 -1 HH4j-1-1H+1H-1-14
+l-j+1+1-j-1+1+1+j-j+j-1-1-j+j-j+1+l+j-j+j+1+1+j-j+j-j+1+1-j-1+j-l-1+j+1-j+1+1-j-l-j+1
-1 H A H AL 4 -L-L 4+ 4 G4 LD LA LD+ 1+ L1144
HH HGH Ll -1 -1 G411 H G+ G141 -THHL 4 -1 -1 1 4] -1 -LHj 144§ -1 41
-1ﬂﬁ-1+1-l+j+j-1+1-1-j-j+1-1+l-l-j-j-l+j-1-j-j-lﬁ-l-j-j-1+j+14j+j+1-j+j+j-1+1-1-j-j+1-1
A DL 1 D44 L A H G4 L L4414
1141 HH L4 -1 141 -1+ 4+ -1 -1 4 -1+ -1 5+ -1+ G4+ -141 44
AL A4 1 1411 L 111 41T L4 A A 44
G141 H -1 GHH G-14H-1-1HH 114G H A+ GH-1-T5H5-1-154 5+ -1 Sl H S+
Gel4-1-1H+1H-1-1+H+ -1 +1+1

Chudi Seq ®phai » 804(K), dwgc truyén tir trai sang phai, tir trén xudng

A g-THH-L-1HH AT HH L G4 -1-1H+H G+ G-1-1 55 -1 44 -1 411 H-1-154 4

AH A GH 1L GH GG A TG H G HH T H T H-1-LHH A HH GG H H G141
HH -1 G-14H 411 H HHH 41T H A4 T H T H A G4+ 4 -1+ -1 -1 - -
114 G HH 1+ 1114 § G+ T -1+ H L4 4+ o L+ 14 =114+
Al G-l ol ALl o A T+ LD 4 4 L1 -1 L LDl 44
41+ L L A 1T+ A A L+ 41 G-I+ L -1 =114+ H1 4 4+

114+ G-L A1 HHH G H AL G141 T4+ -l -1 4§+ +H -1 Agg-lH-1-1454
GGG -TH -1l GH G HH-LH -1+ -1+ -1-1-1 54 4 -1 41 -1 +] HHH-1949-1H4H-1-1
HHHHHHGH-1-THH GHH 1155154 -1-1 4+ -1 55 -1H-1-1 54 54+ -1 +1-1-1-]
GHGGGH A GGH T T-1 G4 G -TH AL AL G4+ H -1+ 4 GH-1-14+1+41

LA 14§ H A H L+ 1L A 4 H G4 LT 4 L1 144 LD+ G4 41 -1+ 4+ 4 -
A HHL A A H G H A L DA H A -1 H G+ LG 4+ L4
114144141
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FIG. 30

Chudi Seq "phai » 804(k), dwoc truyén tir trai sang phai, tir trén xudng

AT+ LG+ 4 G+ L AL AL L LA+ A+ LI+ -1 L4
GH AL GHHHHH G HHHH GHH 1 DG GH D GH A1 H G111 451415
H G H A H G-l G-1HH 4 -LH L 4 1L L+ ] T4 LT+ 1141+ -1 +1 45 -
AH A G AL G A A H LG A A L1
g1 H A H D AT G L A H D 41T AT A1+ -1 41+ -]
141 H 114 -1 5514155 -1HHH -1+ -1 HH -1+ -L G+ 1514 -1 -LH 11+ 45
HHAH GGG 1H+HHHH 11 GH G115 GHAHHH G114 G+ -1+ G5+ -1
F1 =114+ H - 41T+ 44 14 14 -1 A4 11+ L 41141
G141l H ALl -1 -1H -1 -1 4 G+ -1 +] HAH -1+ -1 H-1-14+ H-1
H LA A G H A A H L T 44+ G+ LA G+ T+ 4 L1+ 414 -1
41+ T HH L H G H L4 L L4+ Ll -1 H L L1441 -
1A H -1+ L4 LD A 4 LA AL H A 4 -L-LfH -1 -1 4 -1 114144 -1 -1
Al g-1H-1g5-14 G+ 1+ HH L H 1411 H A1 -L-LH AT AL L A+ L4 4 -1
G1HH HHH GGG+ L -1+ H 11+ AL 41+ -1 AT+ -T 4 -1+ -1 41415 -
H1-THH AT H -1 HHHHH 1551 HH A HH 11555155 -14 1551454
414 - H T AT T H L G144 T4 T+ T+ T4 -1 41 H -1+ 4
11 GH G151 LG F-LHHH 1+ THAHTH D GH A G111 HH AL 4+ 414
GH-1-1HH 1 HH+H §-1-154-1 AGHGHHHH G114 -1 541141 +H-1-1
HH G+ -1445-14

Chudi Seq ®pnai , 804(k), dwge truyén tir trai sang phai, tir trén xudng

FLHLH 4 1T A 4 LD A4 A4 L G H AL -1 -1 -1 L+ 44 444 -
1+ o H T H AT G HH A HH Ll 41T+ L -1+ 51141 -1 -1 544
Ad 4 GHHAH AT H A AHH L GHHH A GG H A 1 H D H 114 41414
GHGGH A GH A G- TH H AL ] -1 H 4 A4 -1+ -1 5+ -1+
14 -1 +H HHH GH HHH G4 L1+ LD GH -1 LA 1+ 1+ L4+ +L 4 4
H1 G H A ol -1l -1 114 G445 -1+ LG+ L+ -L-L 4 -1 5144 -1 -1
GlHH A GLHHHHHH-LH D141 115551514 G+ -1+ +1 5141
HAH L A -1+ L H AL HH A G4+ -TH AL LD 14 -1 - 144 -1 -1 4]
A1 HHAH DG GH T+ DL+ -1 -1 H-1-1H5H GH +T -1 -155-14§5+1-1+41
HHHGH LG5 H-TH GH A -1+ H L -1 - 14§41+ G-lH 1 HjHH4-1+1
AHH L TG4 -1 -1 HGH A -1 GHH T A G4 4 LT H 4 441+

AHHHH G A Ll L L LA A A LT A -1+ -1 4] H A+ HHH 55+
-l +1 =114 -14-1-14-1
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FIG. 31

CP

IDFT(OFDM EDMG CEF)
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FIG. 32

CP

CP | IDFT(OFDM EDMG CEF)

IDFT(OFDM EDMG CEF)

CP

IDFT(OFDM EDMG CEF)

CP

IDFT(OFDM EDMG CEF)
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FIG. 33

CP

IDFT(OFDM EDMG CEF

hodc chudi PAPR tbt) CP

IDFT(OFDM EDMG CEF
hoic chudi PAPR tét)
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FIG. 34

["CP | IDFT(OFDM EDMG CEF) | CP [ IDFT(OFDM EDMG CEF) | CP | IDFT(OFDM EDMG CEF) |
[CP | IDFI(OFDMEDMG CEF) | CP [ CP | IDFT(OFDM EDMG CEF) | IDFT(OFDM EDMG CEF) |
[ CP | IDFT(OFDM EDMG CEF) | IDFT(OFDM EDMG CEF) | CP | CP | IDFT(OFDMEDMG CEF) |
["C [ CP | IDFT(OFDM EDMG CEF) | IDFT(OFDMEDMG CEF) [ CP | IDFT(OFDM EDMG CEF) |
["CP | CP [ IDFT(OFDMEDMG CEF) | CP | IDFT(OFDM EDMG CEF) | IDFT(OFDM EDMG CEF) |
[cp ] CP | CP | IDFT(OFDM EDMG CEF) | IDFT(OFDM EDMG CEF) | IDFT(OFDM EDMG CEF) |
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[ (290 ONGE NQHO)LAAI | 40 | (40 DN WAA0)LAQL | (480 OWGE WAH0)LAAT | (40 DNAA NQI0)LAI oo ][]
[ (42) DNQE WAHO)LA | (38 DWAH WAHOMLAAT | &) | (60 SWAE WAA0)L4dl | (480 ONGH WAHO)LAI | &0 FIE
[ (1) DWQE NQO)LAQI | (380 HWGA NAAOMAAT | (380 DWGE WQI0)Ldl | &0 | (4D ONGE WQHO)LAdl | 4D o]
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[ ({80 DNGE NQ0)LA | &0 | &0 | (80 DWQE WGHO)LAAT | (4 DAE WAH0)LI [ (8D OWAE NGH0)LAdl | dD | D |
({80 DNQA NQ0)LAC | &0 | (480 DG NGHOMLAAT | 40 | (4 DINGT KAH0)LAI [ (80 OWAE NGA0)LA | 0 [ D |
[ (480 DNGE N0)LI | (40 DGE WAH0MAM | &0 | 40 | (40 DA WaH0)L4cll [ (80 DWAE NGH0)LA | d0 [ &0 |
[ (490 HNGE NQO)LAAT | &0 | (480 DINGE WAA0)LAAT | (80 OWAH NA0)14al | 4D | (460 DNGE WQHO)LAI EIEN
[ (420 HWAE NQ40)L4@ | (49 HWAE WGA0)LAT | 40 | (380 ONAT RQH0)LAAI [ &0 | (460 DWGE QA0 | &0 | 0|
[ (420 DA NQ40)L4a | (3 OWAE WAA0)LAQ | (48 DWAE Wa0)1al [ 4D [ &0 | (480 ONGA WaA0)LAal | &0 [ |
[ (130 ONQE NQIO)LAQI | (480 DINGE WAAOMAQT | (30 OWQE WAH0)LAAT [ &0 [ 4D [ 4O [ (4D ONH WQHO)LAH | O |
[ (420 NG NA0)LAdI | 40 | (480 DWNGE WQHO)L4all | (380 DWAE NQO)LA [ 4D [ 4O | (40 DINQT WAA0)Ll | O |
(420 DWQE Q)L | (45 DWAE NAA0)LAQ | 4O | (480 DA NaH0)Laal [ &) | 40 [ (480 DaE Wad0)Laat | O |
[ (480 ONGE WQIO)LAAI | 40 | &0 | (80 DINGH WAHOMLAAI | (40 DWGE WAH0)LAdl [ &0 [ (480 NG WaH0)Ldat | 0 |
[ (490 NI NQ0)LAdT | (38 OWNGE WaHO)Laa | &0 | &0 | (80 ONAE WaH0)LAdl | 4D | (40 DINQE NAH0)Ldl | 0|
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FIG. 40
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