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Tém tit

Sw gia tang nhanh chéng cia cdc thiét bi khéng ddy va dich vu bang théng cao
da thiic day xu hwdng trién khai day déc cdc diém truy cdp WiFi, dan dén nhiéu nghiém
trong gitta cing dich vu. Khi d6, ky thudt danh gid kénh trong (Clear Channel
Assessment - CCA) dwoc dé xudt trong hé thong chudn IEEE 802.11dé ddanh gia nhiéu
tir cdc tram lan cdn va wéc lwong hiéu ndng qud trinh truyén tin. Bai bdo nay dé xudt
phwong phdp két hop thudt todn Double Deep O-Network (Double DON) véi kj thudt
phdn bé cong sudt Water-Filling nham toi wu héa dong thoi nguong phat hién sw chong
lan gitta cdc ving dich vu co ban (Overlapping Basic Service Set - OBSS) va cong sudt
phat trong mang WiFi. Trong dé, tic tir hoc ting cwong sdu dong vai tro diéu chinh
nguong danh gid kénh trong (nguéng CCA) cho trong cdc ving dich vu (Basic Service
Set - BSS), trong khi Water-Filling phdn bé cong sudt toi wu dwa trén trang thai kénh
tirc thoi. Két qud mé phong cho thdy phirong phdp dé xudt dat mikc cdi thién thong lirong
mang trung binh khodang 30% so véi co ché tiéu chudn cia IEEE 802.11ax.

Tir khoa: Double DON, IEEE 802.11ax, Water-Filling
Abstract

The rapid growth in the number of wireless devices and high-speed services has driven
the dense deployment of WiFi access points, which results in a surge of interference. To
address this issue, the Clear Channel Assessment (CCA) technique was introduced in
the IEEE 802.11 standard to evaluate interference from neighboring stations and
estimate transmission performance. This paper proposes a method that combines the
Double Deep Q-Network (Double DQON) with the Water-Filling power allocation
technique to jointly optimize the detection threshold for the Overlapping Basic Service
Set (OBSS) and the transmit power in WiFi networks. In this approach, the DON agent
adjusts the CCA threshold for each Basic Service Set (BSS), while the Water-Filling
algorithm allocates optimal transmit power based on instantaneous channel conditions.
Simulation results show that the proposed method improves the average network
throughput by approximately 30% compared with the standard IEEE 802.11ax
mechanism.
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1. MO PAU

Trong bdi canh su bung nd cia cac dich vu doi hoi bang thong 16n nhu truyén phat video do
phan giai cao, thuc té do/ting cudng (VR/AR), nhu ciu vé hiéu suit mang khong dy cuc bd
(WLAN) ngay cang tang cao [1]-[3]. Pé dap tng nhu ciu nay, cac diém truy cap (Access Point
- AP) duoc trién khai ngay cang day dic, tao thanh cac mang WLAN day dic (Dense WLAN).
Tuy nhién, khi mat 46 AP ting, kha ning chong 14n cua ving dich vu (BSS) ngay cang cao.
Diéu nay gy ra sy gia ting manh cta nhiu dong kénh va 1am suy giam hiéu suit mang téng

thé [4], [5].

Chuan IEEE 802.11ax (WiFi 6) da gi6i thiéu co ché tai sir dung khong gian (Spatial Reuse -
SR) nham ting s lugng tram dugc phép tuyén dan dong thoi trong cac ving dich vu chong 1an
(OBSS) [6]. Co ché SR hoat dong théng qua hai k¥ thuét chinh: phét hién ving chdng 1an OBSS
dwa trén ngudng cong suat (OBSS/PD-based SR) va tai sir dung khong gian tham sé hoa (PSR).
Trong d6, OBSS/PD-based SR cho phép thiét b truyén dong thoi khi cong suét tin hiéu nhan
dugc tir ving dich vu 14n can thap hon ngudng OBSS/PD cho trude, thay vi tri hodn truyén dan
nhu co ché truyén théng [7]. Tuy nhién, chuan IEEE 802.11ax chi quy dinh gi4 tri bién cho
ngudng OBSS/PD ma khong cung cip huéng dan cu thé vé cach tdi wu héa tham sé nay [8].
Viéc Iya chon ngudng khong phit hop ¢ thé dan dén hai hé qua trai nguoc: ngudng qua cao
lam tang nhiéu do nhiéu truyén dan ddng thoi, con ngudng qua thap han ché kha ning tai su

dung khong gian.

Nhiéu cong trinh nghién ctru di dé xuit cac phuong phap tdi vu tham sé SR trong WLAN.
Thuét toan COST (Control OBSS/PD Sensitivity Threshold) [9] diéu chinh ngudng OBSS/PD
dya trén muc nhiéu va cuong do tin hiéu nhén dugc, dat murc cai thién thong luong 1én tdi 57%
s0 v6i cau hinh OBSS/PD ¢ dinh. Tuy nhién, COST hoat dong theo nguyén tic phan tng tinh,
khong c6 kha ning hoc hoi va thich tmg véi sy bién doi phirc tap ctia méi truong mang. Trong
[10], tac gia dé xuat phuong phap tap trung dua trén Multi-Armed Bandit (MAB) két hop
Gaussian Mixture Sampling dé tim kiém cau hinh TX_PWR va OBSS/PD t4i uu cho toan b
WLAN. Phuong phap nay cho thiy hiéu qua trong viéc phan b cong bang tai nguyén vo tuyén,
nhung doi hoi khong gian kham pha 16n khi s6 luong AP ting.

V6i sy phat trién cta hoc ting cuong siu (Deep Reinforcement Learning - DRL), nhidu nghién
clru gan day da ap dung cong cu nay vao bai toan ti wu SR. Szott va cong su [11] d4 trinh bay
téng quan vé viéc ung dung hoc may dé cai thién hiéu suat IEEE 802.11, trong do nhan manh

tiém ning cua DRL trong t6i wu tai sit dung khéng gian va quan Iy nhiéu. Tai liéu [12] dé xuit
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stt dung Deep Q-Network (DQN) véi hai ché d6 hoc dé lwa chon dong thdi ngudng CCA va
cong suit phat. Két qua mo phong chi ra ring phuong phap dé xuit c6 thé dat muc cai thién
thong lwong trung binh 62.4% so véi thudt toan diéu khién truyén théng. Nhom tac gia Jung va
Baik [13] dé xuit so @6 OTOP tdi wu cong suit phat cho OBSS/PD-based SR dua trén phan
tich hinh hoc ngau nhién, cho phép tdi da hoa xac suét truyén thanh cong. Gan day, nghién ctru
tai str dung khong gian phdi hop da tram thu phat cho mang sau thé hé WiFi 7 bat dau mo ra

huéng tiép can mai vé phdi hop tap trung giita cac tram [14].

Maic du cac nghién ctru néu trén da dat duoc két qua dang ké, hau hét chi tap trung vao viéc
diéu chinh riéng 1¢ ngudng CCA hodc cong suit phat, ma chua két hop dong thoi tbi wu ca hai
tham s6. Viéc sir dung hoc may dé t6i vu dong thdi ngudng CCA va cong suat phat nhu trong
nghién ctru [12] ¢6 thé dan dén st mé rong cta khong gian hanh dong va lam cho qua trinh hoi
tu cia chuong trinh hoc may dién ra cham hon. Ngoai ra, DQN chi lam viéc véi cac hanh dong
o1 rac, trong khi dai cong suét kha thi cta cac tram phat 1a gia tri lién tuc. Do do, viéc st dung

DQN dé giai bai toan cong sudt tdi uu c6 thé chua phu hop.

Bai bao nay dé xuat phuong phap két hop Double DQN véi ki thuat Water-Filling dé dong thoi
t6i vu ngudng OBSS/PD va phan bo cong suét phét trong mang WiFi day dic. Cu thé, DQN
dam nhan vai tro t6i wu tham s6 CCA roi rac va Water-Filling giai bai toan phan bd cong suat
lién tuc. Ngoai ra, phuong phép dé xuat thiét ké ham thuong da thanh phan gitp can bang giira
thong lwong mang, quan 1y nhiéu, hiéu qua ning luong va dam bao chit lugng dich vu (QoS).
Trong bai bao nay, mé hinh hé théng dugc trinh bay trong phan 2. Phan 3 trinh bay thuat todn
t6i wu. Két qua phan tich hiéu nang dugc trinh bay trong phan 4. Cac két luan duogc trinh bay

trong phan cubi ciing.
2. MO HINH HE THONG

Bai b4o nghién ctru mé hinh mang WiFi day dic bao gdm B AP dugc bd tri ¢d dinh trong ving
dich vu. Trong d6, m&i AP quan Iy mot BSS va phuc vu K ngudi dung (Station - STA) phan b
ngau nhién trong ban kinh phu song ctia AP d6 nhur duge mé ta trong Hinh 1. Trong mo hinh
nay, cac AP hoat dong trén cung dai tan s6 va tao thanh cac ving dich vu chong 14n OBSS. Khi

d6, mdi STA nhan tin hiéu mong mudn tir mét AP nhung chiu nhiéu tir cac AP 1an can.
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—> Tin hiéu mong mudn

= = 2 Tin hiéu nhiéu

Hinh 1. Mo hinh hé théng
M5 hinh suy hao dudng truyén duoc xay dung dya trén khuyén nghi ITU-R P.1238 cho moi
truong trong nha [15], bao gém thanh phan suy hao theo khoang cach va hiéu tng che khut
(shadowing). Cu thé, suy hao dudng truyén (tinh bang dB) giira thiét bj phat va thu cach nhau
khoang cach d dugc tinh theo cong thire sau:

1
PL(d) = 40.05 + 201og,, <2f—c4) + 20 loglo(min(d. dbp)) M

d
+35logq (E) 1(d > dy,) + Ly, + X,
p

trong d6 f, 13 tan s6 song mang, dy,;, 1a khoang cach diém gy (breakpoint distance), L,, 13 suy
hao do vat can, X 13 bién ngiu nhién Gauss v6i d6 1éch chuan . Ham chi thi 1(-) nhén gia tri
1 khi di€u kién ding va 0 trong truong hop nguoc lai.

MG hinh truy nhép kénh CSMA/CA xac dinh tinh dugc ap dung. Cu thé, AP b dugc phép truyén
(active) khi va chi khi tong nhi€u tir cac AP 1an can thap hon ngudng CCA tuong ting:

active(b) = 1 Z P,...- G(b,b") < CCA, (b) 2)
b'#b

trong d6 G(b, b") 1a 46 loi kénh gitta cap AP (b, b"), Pq, cOng suét phat tdi da, va CCA,, (b)
1a ngudng CCA ctia AP b tinh bang watt. Rang budc ndy dam bao rang chi nhitng AP khong
gy nhifu vuot ngudng méi dugc truyén dong thoi, phan anh ding nguyén tic hoat dong cta
OBSS/PD-based SR.

Khi AP b duoc kich hoat truyén, ty s6 tin hiéu trén nhiéu cong tap am (SINR) dugc tinh:
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Pphpp (3)
Yb'%b, active(b”) Pp' Hp pr + G2

Yb =

trong d6 py, 1a cong suat phat cia AP b danh cho STA b’; hy, 12 A0 loi kénh trung binh tir AP
b dén cic STA b; hy, p 1a 36 loi kénh nhiéu tir AP b’ giy ra tai cic STA cua AP b, va o? 1a
cong sut tap Am nhiét.

Thong luong cua mdi BSS Rpva thong luong tong cia mang R dwoc xac dinh theo dinh 1y
Shannon:

5 4
Ry=W-log;(1+7,), R=) R,
b=1
trong d6 W 1a bang thong kénh.
Khi @6, bai toan t6i wu tong thé dugc phat biéu nhu sau:
(6)
max R = z Ry
CCAp
b=1
véi cae rang bude:
(@) Rp =Ry, Vb (6a)

(b) 0<pp <Paxr Vb (6b)
c) CCA,€C Vb (6¢0)

trong do rang bugc (6a) dam bao QoS t6i thiéu cho mdi BSS, (6b) gii han cong sut phat, va
(6¢) yéu cau ngudng CCA thudc tap roi rac cho phép C. Bai toan (6) 1a bai toan t01 wu hén hop
101 rac-lién tuc, trong d6 bién CCA rdi rac va bién cong suit lién tuc. Hon nita, quyét dinh CCA
ctia cac BSS anh huong qua lai thong qua mé hinh CSMA/CA trong biéu thic (2), khién bai
toan tr& thanh NP-hard. Phan tiép theo trinh bay thuat toan dé xuat dé giai quyét bai toan nay.

3.MO TA THUAT TOAN

De giai bai toan (6), bai bao dé xuat phan tach thanh hai pha: Tai pha 1, hoc tang cuong DQN
t6i uu ngudng CCA rdi rac, va Water-Filling t6i uu phan bd cong suit lién tuc tai mdi budc
thot gian.

Thuat toan 1: Tdi wu tai sir dung khong gian dya trén Double DQN két hgp Water-Filling

Pau vao: Cau hinh mang WiFi (B AP, K STA/BSS), tap ngudng CCA C, Pax
Dau ra: Chudi ngudng CCA tdi wu, phan bd cong suat p*, thong lugng mang

1: Khéi tao replay buffer D dung lugng Ny, b0 dém n-step

2: Khoi tao mang hanh vi Q(s, a; ) va mang muc tiéu Q(s,a; 07)

3: for episode = 1: E do
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4: Khoi tao méi trudng WiFi , nhan trang thai ban dau s4

5: fort = 1: Tdo

6: Chon hanh dong phdi hop a, biang e-greedy tir Q(s,, a; 0)
7: Giai ma a; thanh hanh dong CCA cho tirng AP

8: Cap nhat ngudong CCA, xac dinh tdp AP hoat dong theo (2)
9:  Ap dung Water-Filling tinh cong suit téi wu p* theo (5)
10: Tinh SINR theo (3), thong lugng theo (4)

11: Tinh thuéng da thanh phan 7, theo (7)—(8)

12: Luu (84, @, T, Sg41) VAo bo dém n-step

13: if bd dém n-step di n mau then

14: Tinh loi nhuan n-step G; theo (12), luu vao D

15: endif

16: if D = Ny, then

17: LAy mau batch tir D theo PER (11)

18: Tinh gia tri myc tiéu y; theo Double DQN (9)

19: Cap nhat @ bang gradient descent vi ham Huber loss

20: Cap nhat mém 0~ theo (10)

21: end if

22: end for

23: end for

3.1. M6 hinh qua trinh quyét dinh Markov

Bai toan diéu chinh ngudng CCA dugce mo hinh hoa dudi dang qua trinh quyét dinh Markov
(MDP) v6i céc thanh phan sau:

Khong gian trang thai: Tai m6i budc thoi gian t, trang thai bao gdm vector dic trung cuc bd
cta timg BSS, dugc ghép ndi thanh trang thai toan cuc s; = [f1(t), f2(¢), ..., fg(t)]. Mbi
vector fp,(t) chira: do loi kénh chuan hoa theo thang logarit, mirc nhidu trung b1nh chuan hoa,
gia tri nguong CCA hién tai, muc tai hang doi, ) lugng nguoi dung chuén hoa, va trang thai
hoat dong cua cac BSS 1an c4n. Khong gian trang thai ¢6 sb chiéu B X doe, V01 djgeq) = 5 +
(B—-1).

Khoéng gian hanh dong: Téc tir tip trung lya chon hanh dong phdi hop cho toan bo $B$ AP
dong thoi. Mdi AP ¢6 3 hanh dong giam ngudong CCA mdt bac, gilt nguyén, hodc ting mot
bac. Khong gian hanh dong phéi hop co kich thude |A| = 3B. Viéc sir dung tac tir tap trung
thay vi nhiéu tac tir phan tan cho phep phdi hop toan cuc giita cac BSS, tranh xung dot trong
qua trinh diéu chinh tham sb.

Ham thuong: Ham thuong dugc thiét ké da thanh phan, két hop giita hiéu suat cuc bd va toan
cuc:

ry() =a-R,—B-I,—v -Pp+ 6 -1(Rp = Rypin)\tag7 (7)

B
1 (8)
r(t) = EZ[WIOC -1 (8) + Wp - Tgiobal ()| \tag8
b=1
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trong do R?, la thong luong chuéin héa ctia BSS b, I, 1a nhidu ma BSS b giy ra cho cac BSS lan
can (chuan hoa), py, 1a cong sut phat chuan héa, 1(Rp = R,,;,) thanh phan thu’O‘ng QoS,
Tglobal (£) phan dnh hi¢u sut tong thé mang, va a, B, v, 8, Wi,e, Wyiop 12 cdc hé sO trong so.

3.2. Chién luoc Double Deep Q-Network

Double DQN [} 5] duoc st dung nham khéc phuc nhugc diém ude luwong qua cao gid tri Q trong
DQN tiéu chuén [18]. Trong Double DQN, mang hanh vi (behavior network) dugc dung dé
chon hanh dong tot nhat, con mang muc ti€u (target network) danh gia gia tri cua hanh dong
do:

y] = 1']- + yg' . Qtarget (S]'+1, arg m;lx Q(Sj+1, a,; 9), e_) (9)
trong do O va 0~ lan luot 1a tham sb mang hanh vi va mang muc tiéu, y4 1a hé s6 chiét khAu,

va n 1a s6 budce trong co ché n-step returns.

Kién tric mang no-ron bao gém: 16p dau vao véi kich thude bang sb chiéu trang thai; 16p a an
thi nhét véi ham kich hoat ReLU; 16p chuan hoa (Layer Normalization) giup 6n dinh qua trinh
huan luyén; 16p an thi hai; va 16p dau ra voi sO no-ron tuong g kich thuéc khong gian hanh
dong. Mang muc ti€u dugc cap nhat mém (soft update) voi hé so T:

0 1-0+(1—1)-0" (10)

Cap nhat mém cho phép mang muc tiéu thay ddi tir tir, tranh dao dong manh trong qua trinh
huan luyén so véi cach cdp nhat cung (hard update) theo chu ky co dinh.

3.3. B nh¢ kinh nghiém uu tién va N-step Returns

B6 nh¢ kinh nghiém uu tién (Prioritized Experience Replay — PER) [19] dugc ap dung nham
tang hiéu qua str dung dir liéu huan luyén. Thay vi 1dy mau ngiu nhién déu, PER gan xac sut
lay mau ty 1é v&i sai s6 TD (Temporal Difference):

Soer (11)

P = < Oper
(D) = G

trong d6 p; = |8;| + 1a d6 uu tién ctia kinh nghiém thir i, o, di€u chinh mic d6 uu tién, va €
1a hang s6 nhé ddm bao moi kinh nghiém déu c6 xac suat duong.

Co ché n-step returns duoc két hop nham giam phuong sai trong u6c luong gia tri va tang toc
do lan truyén tin hi¢u thudng:

(12)

n-1
_ k
G, = Z Yd " Te+k
k=0
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3.4 K¥ thuat Water-Filling

K§ thuat Water-Filling duoc ap dung dé tdi wu phén bd cong sudt phat cho tap cac AP dang
hoat dong. Nguyén 1y Water-Filling phan bd nhiéu cong suat hon cho cac kénh c6 chit luong
t6t va it cong suat hon cho cac kénh kém. Cu thé, cong suat tdi uu cho AP b la:

o152 0)- o)
pp = min| max|pu— , 0, Poax
hpp

(13)

trong d6 p la mirc nuge (water level) duge xac dinh thong qua tim kiém nhj phan dé thoa man
rang budc cong suat, va I, 1a nhicu tong tai AP b tur cac AP khac.

4. PANH GIA HIEU NANG

Pé danh gi4 hiéu ning cua thuat todn dé xuat Double DQN két hop Water-Filling va so sanh véi
co ché OBSS/PD tiéu chuan cua IEEE 802.1 1ax, kich ban mé phong dugc xay dung gém 3 tram
AP dugc dit tai 3 dinh cua tam gidc déu canh 50 m. Trong mdi AP, cac STA dugc phan bd mot
cach ngau kién theo phan b6 déu. Cac tham s6 mé phong chinh dugc mé ta trong Bang 1.

Bang 1: Tham s6 mo phong

Tham s6 Gia tri
S6 lugng AP (B) 3
S6 lugng STA trén mdi BSS (K) 5-40
Bang thong kénh (W) 20 MHz
Tan s song mang (f.) 5 GHz
Suy hao do vat cén (L) 7 dB
Cong suit phat tdi da (Pygy) 0.1 W (20 dBm)
Tdc d6 tdi thieu QoS (Rpyin) 5 Mbps/BSS
Do 1éch chuan shadowing 1.5dB
Kich thudc vung phuc vu 50m x 50 m
Téap ngudng CCA (C) {—82, =78, =74, =70, —66, —62, —58} dBm
Ngudng CCA mic dinh —82 dBm
Toc do hoc (Ir) 0.001
S episode huan luyén (E) 200
S6 budc mdi episode (T) 720

4.2. Két qua mé phéng va thao luin

Hinh 2 minh hoa sy thay ddi cta théng lwong hé thong trong qué trinh huin luyén cia
thuat toan Double DQN két hop Water-Filling trong mang WLAN day ddc véi s6 luong ngudi
dung trén mdi BSS 1a K =5, 10 va 15. Trong giai doan dau ctia qua trinh huan luyén (episode
trong khoang 1-20), thong lugng ting nhanh do tac tir hoc ting cudng bat dau kham pha khong
gian hanh dong va dan tim duoc cac ciu hinh ngudng CCA phu hop két hop véi phan bo cong
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sut Water-Filling. Khi sb episode ting, tbc do cai thién thong luong giam dan va cac dudng

cong tr¢ nén mugt hon, cho théy chinh séch hoc duogc dan én dinh.

470
—8— Users =5

Users = 10
== lJsers = 15

460

450 +

440

430 1

420 +

Théng lugng hudn luyén

400 +

390 ~

100

[=p
%]
(=]
I
o
=]
(=]
oo
(=]

Episode

Hinh 2. Thong luong mang trong qué trinh huan luyén

Sau khoang 70-80 episode, cac dudng cong gan nhu hoi tu va chi dao dong nho quanh gia tri
trung binh, phan anh tinh 6n dinh ctia qua trinh huan luyén. Diéu nay cho thiy tac tir hoc ting
cudng di tim duogc chinh sach diéu chinh ngudng CCA phu hop va duy tri phan bd cong suit
hiéu qua thong qua co ché Water-Filling. Nho d6, hé thong dat duoc sy can bang giita tang
thong luwgng mang, kiém soat nhidu lién BSS va dam bao cac rang budc QoS trong mdi truong

WLAN day dic.

Hinh 3 so sanh thong luong mang trung binh gitra thuét toan co s¢ OBSS/PD [6] va thuat toan
dé xuat DQN két hgp Water-Filling vé6i s6 luong nguoi dung trén mdi BSS lan lugt 1a K = 5,
10, 15 va 20. Trong d6, phuong phap OBSS/PD sir dung ngudng CCA cb dinh dé danh gia dé
tinh tréng cua kénh truyén. Két qua cho théy thuat toan dé xuit ludn dat hiéu nang vuot troi so

v6i phuong phép co sé trong tit ca cac trudng hop cua sb luong ngudi dung dugce xem xét.
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400 4

300 -

200 +

Théng lugng mang (Mbps)

100 A

K=5 K=10 K=15 K=20
S8 lugng STA (K)

Hinh 3. Thong lugng mang trong qué trinh kiém tra

Cu thé, khi K = 5, thong lugng ting tir 347.17 Mbps 1én 435.16 Mbps, tuong dwong mirc cai
thién khoang 25.4%. Vi K = 10, thong lugng tang tir 351.55 Mbps 1én 464.89 Mbps, tuong
ung 32.2%. Trong truong hop K = 15, thong lugng tang tir 348.70 Mbps 1én 457.83 Mbps,
tuong duong 31.3%. Cudi cung, khi K = 20, thong luong dat 458.85 Mbps, cao hon khoang
32.2% so v&i 347.10 Mbps ctia thuat toan co so. Nhitng két qua nay cho thay phuong phap dé
xuét c6 kha nang ti uu hiéu qua ngudng CCA va phan bo cong suat phat, tir d6 khai thac tot

hon tai str dung khong gian va giam nhiéu giita cac BSS trong mang WLAN day dic.

5. KET LUAN

Bai bao dd dé xuat phuong phap tbi vu tai sir dung khong gian cho mang WLAN day dic dya
trén Double DQN két hop k¥ thuat Water-Filling. Trong d6 DQN tdi uu tham s ngudng CCA
ro1 rac, Water-Filling thyc hién phan bd cong suét lién tuc theo chat lugng kénh. Co ché hoc
tang cuong két hop véi thiét ké ham thudng da thanh phan cho phép can bang giira thong luong
mang, kiém soat nhidu va dam bao rang budc QoS. Két qua md phong cho thay thuat toan dé
xuét dat qua trinh huan luyén 6n dinh va hoi tu nhanh, véi théng luong ting khoang 30% so véi

co ché OBSS/PD tiéu chuan ctua IEEE 802.11ax.
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