2021 4F 6 A
5539 B 3

[ DA N e 3

Journal of Northwestern Polytechnical University

https://doi.org/10.1051/ jnwpu/20213930502

—fETF AP HMERN S /NS AR
2T MAC il

HETF, ik, AL, %

(PAE TR 5 B 2EBE, BRPY P92 710072)

 E AT T —RALE IR (wireless local access network, WLAN) 3 NX S B EHEZEFEEEY
F P, BB TS B AT KRR A A B2 SR T B P, 3 R — AR T EA R
Y 50K %R P AT % i AN (access point cooperation based multi basic service set multi-
user full duplex multiple access protocol, CMMFD) , &3t T —#F @ & £ & & £ X 33k & (station,STA)
#9458 TR B H k% F R P AT R (access control ,AC) X &I T &7 £ R IR P STA MN4ked b
Yo T A STA o-Bewl 5 4 fF=F #.4% & (buffer state and interference information , BI) B} BT 4% ) 694518
Pk %A T —FE TAENE (access point, AP) P F) & 3% fik & WOKC S PT A STA Bl 12 B 69 ¥ BURAR
STA M B kK M Z G R4 AC 5 BLtg {5 K RVAMER P HAAZE = £ 3L Bl 43 8 ;383 7 —#F
ETFARIH S IR SRAPEETRYBILE, ACARIEPTA AP L3R4 B /2.8, 5 Befs i F Rk A
B % PR P STA BT LTS AP AN I, GAZRAN.ESIVRELELZY T T, ML

June 2021
Vol.39 No.3

Mu-FuPlex #+, EnFD-OMAX #4i, CMMFD #3389 % % 5nk 542 T 29.6% .

x #
FE SRS TP393 MERFRERD A

b & B o B e 4 i Y 4 T K A Bk
(internet of things,loT) YPLH & JE . $2& T 55 %5 FE 56
By N M 2 RGMERRR AR T Lk 4% T I 1)
FE, 2MAT, LRI R (wireless local area
network , WLAN) E 2 JTE & E il 55 ) = B2
3, DAHAR F R 058 0 DA AR AR S5 R
IEAERAT B TP A R R BB R LR AR
HHE . [ 2016 4R F 2021 4F, 2RI B L
47% W E A IROR SURIBE K Hof WLAN fr & 2%
AELE T LU 2015 4F 1Y 42%38 2 2021 4E 11
49%'" . SR, et & A B TEEE 802.11ax £ AR K1
TR B AT 0 45 1 R R P AR JE ki
JEF—1 WLAN B% & 7k i AR e i 75 5K . R
I, IEEE ARifEZ B &7 2019 4F 5 H IEUaL T

%5 B #9:2020-10-22
(201955053002 ,20185553035) % Bl

W T —RAEZXBBF  BARBEAIZ R 0 ERXIA S SN ;AR T, % AP i
XEHE1000-2758(2021)03-0502-08

IEEE 802.11be TAEZL™  HAAR FAR AN 5 1
Wk AL, YR S SRR R AL SRS |
4k/8k M = IE A, L B AN A S =t B
575 S

H S IR Ak AR BOR AR, Z AR
(access point, AP) BME, 2245 47 2 A £ R ¥ TEEE
802.11be FR4N . IEEE 802.11ax 5] A T 3 T3
AR 55 % (basic service set, BSS) & (A F R KZ BSS
A AR T R e A k&, (B 40 SR A A 2o T
A S 25 ) 5 O BRI SR 3, B
JEEI R GEMERE . P, T —fU WLAN IEEE 802.
11be $&H T ILFN AP PMETF = B3804y 2 bt 42
A ( orthogonal frequency division multiple access,

OFDMA) BME 25 L PE . 0 A N Z 5 A 2 B iy

HEWMAB . HE B RBFHES (61771392,61771390, 61871322, 61501373 ) Fflfi 25 Bl £ 4>

YEE BN 23T (1984—) , PHdb Tl K=o A, FEMNE T —H WLAN 40U T Z a3 A s .
WEIEE EPVL(1983—) , PUdb Tk R2ERI B, F 2 F BN FHITCL ML H M P TTHSE . e-mail : zhjyan@ nwpu.edu.cn



o534

WEF, % . —FIET AP UMERZ/NX Z 20 T MAC B - 503 -

(multi input multi output, MIMO) #pE, DL $2 T 425 1]
FRECR, RSN ERAR T —Fpif N —
& WLAN B9 5T AP PR 2 00 82 A i 4 XL T
MAC PMSHESS , HEA AR i 0 m] i 4 v 0 R4 1) 3
i,

WA X T (in-band full duplex, IBFD) % RAE
N — ARG 5 b AR S [R] A ) A 4
ey, G TP — R A Ak S AR Bl
4 B A DR R R R Tl 3w sh b s e
AT AR A gt o B R 2 4 XU T B i &) L R
FE 55 AR 4 A4 ( media access control , MAC) 1}
WEARR L 2R T AL oK, Bt —F & s
ST MAC BMLE gL TSR 12 56,

HET, O A B4 8 T, MAC BMSUBFIE 3 R BR T
INK a1 SR [ 9 ] B HE — Rl X AR 4 L
T. AFD-MAC i, 7E 4% 58 51 4 X MAC P i KL fil
L5 AT AT (full duplex-busy tone, FBT ) fisi
H1 FD-RTS Mg 7 40T 8 BT, — i 22 4 00T
Bl PRI E (successive full-duplex link setup, SFLS) 5
WO R, SFLS B k% G2 1) RTS/CTS TAE
BL, $2 ) —FP7E ACK W57 BSI {5 B AT &, %
IRHES, X TR I 5e P8 . Liu S8 N ey
BT T JCE ) 355 I 5 2% i o R I 1) 5 T
IEPE T — ol I T BB % i 14 14 7 3 SR ) 42 X
T. MAC P03,

IREWUT. MAC 2 TARGE L P MAC PRk
T, e L N —18 WLAN £ 7 v H 3 5
It , Mu-FuPlex PR3 i i T —Fh 2T OFDMA
4T MAC B, B AP & 3% trigger T BE 3l 45
(station, STA) #EATHUH (& % . IFAE UL AN I A48
T4 UL A % %o B AR 32, 123 T PeMu-FuPlex
PR EnFD-OMAX B8 $ 1y 1 — Fof i 1) R
—f& WLAN )55 284 f il & 22 P 42 30T, MAC
WM STA &R I3 4 48 A\ {5 18 g7 23T
TLHSERR AT, iR T — R % B 5, STA
T4 pP g E AR (] T, GFDO S i T — At
TR OFDMA Z H 7 23U T. MAC P, i b
WO T2 BSR 15 B EARAILE], 55— zs 1]
5% DAMIE D SRS AL 7 W] 25 4R BSR {5 8 £ 5%
3k STA, 28 4%k STA AR WCEE Y BSR 15 2
PLRR#ESk STA M1 T4 45 2 Bl 2 AP, JZ AP
WRIEUSCAR A A5 B R B b/ R A7 28 AL B Bt T
L P4 T A PR AT

SRTM, B —4% WLAN IEEE 802.11be R 1%
AL AP Rt £ AP YR, Bt EHINE
P AT MAC PR E A 2 T —f0 WLAN £
AP EERE m YR ALK, W, A SR —
FEET AP PMERIZ/NX Z TP 20T MAC HRY,
MBSO PME L N 1) STA K1l 43 R T & 25 (o] 4 Fi AR
HES A, HEEAER (access control, AC) 15 £
Gerb A PMELLN STA L4l BI A5 B A0 T 4
i,

ARSCHY T ZTTHMESL T

1) T —F T AP UMERM Z /MK £
T Z hk$2 AL (AP cooperation based multi-
BSS multi-user full duplex multiple access protocol
CMMFD) , CMMFD P} AC £E 5 1 22 77 i+
. (buffer state and interference information, BI) 1 &,
Wtk , - JE EEEMELL N AP RIS R AR W] 758 2t
S A BT HERERT

2) $EH—FIMELL P BI A5 B ICAE {5 1E 52 R
SyPCEEEE AR B IR STA A7 R 52 4 T4k,
Pe i BI A SRR AERACR  [R]If $ H — PR IR 2 00T
HE BRI R

3) fHE NS2 FEAF 6, (5 H Y UE T CMMEFD
PML5 Mu-FuPlex P33 EnFD-OMAX B I £ 1
AE, ik T CMMFD P BU7E P 244 A {5 18 B9 19 s
BOTHA TR TE, KRG AL R AR T T
29.6%

1 ZREgHEE

CMMFD P % JE i 18] T —4% WLAN £/ X
PMEM 25, aniE 1 s

K1 Z/NXESEER

ZAME EE N /NIE N — A UMEL g,
1 T8y APL AP2 LK APn I — D IEA , T E



. 504 - [ A N AN

39 %

HNMFTA AP AL 5 AC #ar i 4% , SCk
[16] 42 Ty RIMA I AP 5 AC Z R pYiE (5
P, o025 SR T 2 G0 P A 7E 1 A B JE 1) N 22 B AE
iF, I A8 SEPR A RE - 5 E AL R8N A2
A AT A S B P I O, A AR SCER ) CMMFD
PSR S St 3t . R 1A AC PMEE
n NESEBN/NX, BT 1 AEA 2N
TREJIH AP Flm AXUT. STA , (BIE RS T8 7
PRI RN M kAR (resource unit, RU)

PMEALNI AP — B 5, AC AIKHE STA 1Y
HERA B B B STA Bl F] 2 4N 2 A
PIL AP B BIES Y AR R STA b 7404, 17
TFEEZ MW STA BHbRdh 1, FEESS
[EJZH B STA K HARIE N 0, Bl 1 KA X ES
A RO IX O AEES S MY, NE 1 HE
WO UMEAL AR B2 A4 N A STA X5 2 A8k
B AP A=A T4, B E S S 45 [MI41 N 1) STA 1] LU
FEARTE B RU BEU8 Y4 BI {5 BORUBRE 155, i
BT RGMIEARCE

CMMFD #r i AC & rh ¥ Hl U EA N i 24
AN MRS TR, AC T 5 UMEH N Y
AP ZHAF 8, WG4 )R STA FRRESF A, Bk
AC Gei LT B A2 WAL STA 50K S, IMEA
PETA STA FIAECN S, U] 5 A T H B 25 A

S
ZHIN STA B9 5 HUE .6 = S—g NI R  a  = e

[ 2H s i RU B .r =6 « ko 2 AC T AR
(1) Hafe i B 2 (A 4 A0 A 5 S 25 7] 4148 RE 4 i 3
RU %,
Lr] if re (0,1]

R = [r] if re (k-1,k] (D
Ko, koSS RGP KT H RU BRIEEAN B, 2
X (1) M ES2S EAL R RU SIS, M
AR AR B & A R4 RU BEIREE - R,
FEAF B S s M MR & 28 (M 41T 75 19 RU B8
BOE , m] S AR RU WUR, fi4k RU BEUR 3 Bl A
ZUMEA YR B, AR SCE SR MEA
W25 Y5, 45 th— AN T B ) RU B2 IR 40 e 7 12k DAt
2% A A A FE R % (2) X B 1E %
PR, DU S s () 2 A 0 B R AT 4 (3) X e i

o (2)

[R,.k) if R, <k 3
¢ if R, =k

2 itk

21 EXEBRHE

CMMFD BrSHEZR A 2 Fis . HA & 2 AN
Br . BI {5 B B B L Bk 4 0L T80 40 4% i I B
e, AC FEUME X 38k P9 Y STA Jl 43l 1 B 25 a1 41
STA FHEEZ s [A14 STA, I R HA LA (115 18
IR, HAR AC SRR EEPMEL N AP R B ZEAR
[F] ) RU BEURE I Ak 48545 9% I 43 B A5 2 () E-RTS
ot ik & A< /INX P STA 4 BT 5 B, 5 —,STA 7
U E) E-RTS W5 , 76 2 23 Be A9 5 8 %081 BEAL1E
£ 11 RU DIMER P Af5E LR BLEE A5
S0 STA ICRABIT STA B FHif5 B, W&,
AC KIEAFEUMEALNITA AP WLEERY BI 15 B 9K
PHE Z2 /N 22 FH P 4 ST s 15 4

RU Assign:
Owerlap Areacl~ §
Nonoverlap Areazi+1-k

[E-RTS] TES [ERTH] -
"

E-RTS [EC 5 ACK
"RU-1
RU=i+1 -
RU-+ R+ o)

F2 Z/NXZHP 4T MAC B HES

CMMFD P 5 IEEE 802. 11ax " i {5 A
T —50, UMELL N AP SR FE AL 58 — 3t il 1B B ML
KA AT, G — AP SRR, K 8 F RS
AC,H1 AC HUMELH NITH AP 43 EL RU %R, 45—
TECArACAHY RU BRI 1 & 3% E-RTS i, HK, WME
HWFTA AP 7E BI {7 B 76 UG I B4 AC,
AC IRIECAR B0 BL A5 B4 — R B 2/ NX HME 4 XL
TH R, IR EMELL P AP (AL B, R
Sy AP AR ARG AP B,
2.2 BIfEREUWE

STA 47 BI {5 BU&ESR, B STA FATRAA R
SR SR T HAE B R TE A ST AL B % i 56
RN BRI A BT BT ) %



o534

B2, SEIE BT BT A5 B 4 BT B X 12
fERTRY A, CMMED MY FE4r % 18 14T BI 5 B9
W, B, AC HEMEA N AP 43 FCANE Y RU %
VR A5 k45 A 18 BE U A B A B 3 5 B8 B-RTS
i ik &2 £ /NX H STA 4 BI {5 E . STA ZEULEI A
/NXAGERY E-RTS Wi A AT K89 STA IR
PRI A BAT R RSB R AL L 2= 1)
STA 4b FHASCIRES , EWT 4B JE STA &% E-CTS Wify
59 IRz E 5T, WERHEAGIER STA J§
FHRE2 AL, WAE AC B AHLA E B2 W4 RU ¥
VSR REPLER: 1 A RUBA(GE, HETIES
B2 [M41) STA 78 AC 4 LRy EE & 25 M1 41 RU
PR RIS 1 A RU EAfGIE, SREHEA
FIEHLEY STA ZECEREN RU L M Z 44 A7 1S
SORIAT SRR B A R A E-CTS i, HEA
BRI 1 R,
k1 BLfE BUCER
WA HERRME P, ,STA BB TESXE B,

JEES2 4 RU WIHER 3, , EARSHL RU KK

HH5 3,

iR,

Ir‘d(' =

PN, T AP IMEMZ/NX ZH P 3T, MAC PR - 505 -
BRI} GE I
2 P = Random[0,1]
3: IFP, > 1-PTHEN
4 IF B#iA%4E% THEN
5. IF B, W
6 &M R, = Random(Z,)
7 ELSE
8 kel R, = Random(Z%, )
9 ELSE
10; BRI R, =1/ BHEAS R as s g
11. ENDIF
12, PRI R, = -2 /) MAARKTEGHLL

AC 4Ed 1 SR SEIT R A7 (5 BN 1 5K J7 5 77 a5
[T Peam (s B, salich B, M1, ,an4),
(5)NFR, AP 7EASS BI {5 B8 52 iUE # gk
F B A5 B FE K4 AC, AC TEWLE] AP ¥ 4 1Y BI
HEJE, SIASTEE STA 5 s s B,

(STA, ,,STA, ,,,STA, ,)
(STA, ,,STA,,,---,STA, ,)
B, = ’ ; ' (4)

(STA, ,,STA, ,,--,STA, )

n,l 9

(STA, ,,STA,,),--+,(STA, | ,STA, ), (STA,,,STA, ,),--,(STA, ,STA, ), (STA, ,,STA, ), (STA, ,,STA, ),
(STAz,l ,STAz,z) [ y(STAZ,I vSTAz_w> 5 (STAz,z 7STA2,1 ) [ 7(STA2,ZSTA2,,,,) ,(STAz,m 7STA2,| ) [ a(STAz,m VSTAZ,m—l) 5

(STA, ,,STA, ,),-,(STA, ,,STA, ), (STA, ,,STA, ,),---,(STA, ,STA, ), (STA, ,, ,STA, ) ,---,(STA, , ,STA, )
(5)

K n FoRUMEHN/NX G5 h RRG5 N 1)
/NX N STA 95 5k a5 2 B9/NX P STA 4

v Sinat»Sisa € € Jh#1,HC FORH X Rivies
ﬂ‘j PU éﬁ% 7Rindex € [Oyk) 5141index %%%g&ﬂ%éxxiﬁ}ﬁ'j

Sl TR SR n /XN STA 45, W:STA, ERo S
v’ L
FRH 0 AVNKHGE N LB STA, 1, K AC Zid ; Wﬂ"; .,
M TR R, R g AP e T T
T AR Y =a=| 2N : index
BUSES A I ST 6 AR AC. JEh, T AL R b

(STA, ,,STA, ;) FoRGi 5 M1/ NG5 2 1Y C, Ty 14T STA RITFAF STA A%, 8 9HEH €. Couo
STA 5455 R 1 ) STA Z B H{E 53R, AC it 5. FORC,,i=12,n
PMELLNITA STA Z [ Bf5 55 B R —1 . T C; AP EAT STA
%/"J—i IEﬂ ?*fﬁﬁ’fﬁ%ﬁ\ %o 7: FOR Su/,h Jho=0,1,- ’Ci,ul
Bk 2 I A T B R R Wi C, A AT STA
HIA: Ry BUME S, , REH RU MK, BATEMTR RES 8: FOR Sy,, 1 = 0,1,-C 4
B, MTERFORESR D, , T BT HIRER B % gy I, 46 STA 4652 h L Z (A1 5 55
a1, ] T L5 S,
s BT HEBEEE T F s [Siiws S R 115 FHH, 9. IFsS,, >S5,

&

THEN



- 506 - ode Tk Kk % o R 539 %
10: IFR,, >=k Hr % pEE R 0.8 f10.21 ) HfthS 5k B W
11: Fle ++ 1R,

12 Ry =0 x1 PMESHEE
13. BRI F e s [t > Si st s Rien 1 SR ZHE
14 ELSE AP/ s 20
15: Ripgex T+ ?iﬁ%ﬂfﬂﬁ%ljﬂJ%E??/(Mb ° Sil) 6
SR IR SN I FRIN AP S AR WU 2R/ (Mb - s71) 54
16: ENDIF MAC 4343k KB 28
17. ENDFOR HER P 0.8
18. ENDFOR Sy/dB 3.16
19. ENDFOR DIFS K&/ us 34
23 REEEWIHEES SIFS K/ ps 16
CMMFD B B 1% K i £ By Bt 52 12 U HWH%{M o
. " TXOP K- Ji/s 0.003
AC G 4 LT B 5. 2%, D 404 NOP BRI/
5B 6/ MHz 20

A AP SERA/NX H) BI A5 B, 280 58 R
R AC, HR,AC FRECEIEME AL N AR R I 1
BSR {5 B APMELL N T4 STA 2 [a] i 45 &5 ] T4
SREEE R, I, AP KA I AE B Y BSR 15 B AT
ST R P A R R A XU T A A g,
JER DA 2 R,

AC T8 837 4 OUT & X, 196, AC ¥ 147
TRES B, , FATTREE D, VLR Iy s 15 5 m)
PR EFRAES 1, AR/ it o, H
W, LL BATRR RS B  ARIRTE /N X N AT 4 XL
TAEREXT, T CMMEFD B IR 5 B 5 6] 41 v] fifi
FHIE] RU #E47 BI WO, W) — WS4 o R v i £ 51
STA 1 BI {5 B Al A K F R4 & K RU B, N
CMMFED P SUAE B A% i B BE R FH 006 4 30T 4504
iy BVPMELLIN AP 2L &% TFS Wi 22 R B %
Pt i

3 MESXR

31 HEFERSHIZE

EAIE CMMFD BRI R Gibk e, 5 e T3 F
NS2 [WEE K- R G R — IR BT (FES =
Wi B 2B T /X, B/ IN X 7 55 1R
20 mx20 m, & 3 #iik T 4 UMELL N AP NECH 4,
BA/NX N STA 88 40 B 105 B3 5 i
STA 1E 52 SCHK ) AP 7 35 0 [ N B Lo 1, HLA&F
A/NXHEY STA NN 5 A TR KRR L 5 i
REA/NX T STA ANECH 40, 15 LI [H] 3 &
20 s, Fe Al LA N 10 Yo T E A B OF 2
8, {5EH 5 E 4 20 MHz, RU ME%E R 9,

[ oBSS1=BSS23BSS30BSS4
AAPIA AP AP3SLAPS

300 -

RS XA v Eh /m

T o4l /m
&3 NS2 i Bz seiic & F

32 RGEFHBENEEHSHT

AT BT YRERSIOR B 45 ) 42 LT A% i %o (1) 4
o T AT BL AR RIS BRI [E] Y STA P34 A
SHE T, WNE 4a) & 4¢) 7 LA H, EnFD-
OMAX Fp 5 Mu-FuPlex 3SR H OFDMA 2 A
2, /X STA BB Ik 51— 22 72 B B, S48 4 A
IR STA NE0HE 17 A5 . EnFD-OMAX B
e [ — i Z [ i) 5 4 2 AR 1) STA DK T Mu-
FuPlex P, S8R A STA ML /N T Mu-
FuPlex WM, 1 CMMFD BHpSCHE MELH Y STA 4334
L A X IFN 3E B S X3 STA, i AC 48— H:
OYBCAEIE R UR , HARE B X I STA Al LA FHAH [F {5
EHHIR 4 BSR fF B, it , 55 X3k STA XfdE
B X3 STA A AT, 514 AfFE A%



%34

LR S T AP DMERYZ/NX 2 TP 2T MAC B

- 507 -

L K F Mu-FuPlex #p i F1 EnFD-OMAX Ppi¥, 4K
1M, CMMFD thiSCR T P AERIEA 720 BEE STA #iL

BRI, [ I 58 4+ 5 18 19 STA ASECig i, 53507
R PSR OLT P AR BT,

7r B EnFD-OMAX 7 B EnFD-OMAX 7 B EnFD-OMAX
B Mu-FuPlex B Mu-FuPlex [ Mu-FuPlex
w6 I CMMED p=0.8 ® 6 ECMMED p=0.8 ® 6 E33CMMFD p=0.8
i N CMMFD p=0.2 < . CMMFD p=0.2 i B CMMFD p=0.2
w5 2§ oS
F = = |
|4 o 4 | 4
iz e b
< 3 < 3 < 3
g F g o
B B B
1 1 1
0 { 0 |, 0 L,
3 10 13 20 25 30 35 40 5 10 15 20 25 30 35 4 5 10 15 20 25 30 35 4
HMEAA BSS 43 EMEAA BSS ¥ 4L BSS A4
a) N=4f, AR STA AN % b) N=3If, B4~ K STA -3 ¢) N=20, AR K STA A8
K4 SR ECS MR N 28 FURL I OC &
33 REBFMHESW HPEAL CMMFD PR i) R GEPERE, 7390 % DA

RY AR TN MAC PRS0 B M
FehR . ASCHE 1B CMMFD BRisl, A7 ik 5 £ B ok
Ui AT S Ry S B Ak i AT, AR 2.2,2.3 /T
(AT R AT, — U A 4 A I TR E S BE AT 434 B AR B
WA I ) R4 XU KA A% i bsf 1], a1 5 P,
e BL AR SRR B E R . Ty, =T, + T, + 2+
Ty + Ty, X TEEAG S KBS T, T
CMMFD B R Gt m] AR (6) 5,

Backoffi | SIFS SIFS SIFS SIFS
TFS A-MPDU ACK
L
[e-c1d MPDU I MPDU 2

. |

Fl'5  CMMFD Bpisf&4abLi]

LU,pay]nad +L

T, +T, (6)

:T:t EFI : LU,payluad %‘%%Lﬁ?’fg% B‘Jﬁiﬁﬁﬁ ;LD,payluad %
7N AT S (0 A 8

D, payload

Elh =

HNATE 2,3,4 D/NXH N 43 St 5 5, A
6a) & 6¢) i, HERA/NX W4 50 i) STA M5
2| 40 AT T XTI, BT 6 FTLIE A SO
$EM CMMFD MMl EEZ/ N ESE E Y h KRS
it it K T EnFD-OMAX 33 Fl Mu-FuPlex P
W, CMMFD PR R G735 R U8 T 2 7
1 : CMMED W 30 18 X 5 & 25 [ 4 fAE & s
[ LA T oE RS E , ME L STA A BRAH A BRI
B IR, AR B AR IR] RU 2 A58 s 4 vh 58
W4T T BISERRCR ; @l T AC A& UMEA
P42 JRy STA ZZ (8] () 75 5 ] -0 58 B A5 B S H /N X
WNESS5IEEE XA STA /5 B, sl a7 4
TAR B R X R AL TR SRR AE BRI . B, R4
TERFUBLESE STA MM 28 5t rh  TERER p (HECR
BP-H1E A S IE 1Y STA N2/ EnFD-OMAX Pp
WA Mu-FuPlex PR, (B 1E R & &0k | CMMFD
IVSUTRAR T H A WML, K] 6a) 2 6¢) ATLLE Y,
EEXTEIMEZE P /N X SN0, EnFD-OMAX B T

80r 80 80r

7 S—s—=a—9pg mL’r © —t—§ s —ft—8—F  _
Ty 60F . "o 60F Y T 60 .
= = = = = o = N B _ i
S s0f S sof < sof
< 4. & CMMFDp=08 < 4| & CMMFDp=038 < 4 = CMMFDp=08
1 —o— CMMFD p=0.2 i) —e— CMMFD p=0.2 = —o- CMMFD p=0.2
H 30 —— Mu-FuPlex H 39 — Mu-FuPlex +H 30k —% Mu-FuPlex
el —#— EnFD-OMAX g —2— EnFD-OMAX ih —— EnFD-OMAX
& 20 8 20 ® 20
® ok ol W% ol

510 15 20 25 30 35 40 510 15 20 25 30 35 40 S 10 15 20 25 30 35 40
WMELLH BSS % HE4LP BSS A% P ELLA BSS A3

a) N=4f, AN XA STA M8

b)  N=3M, MR R STA A%

) N=2If, AN AT STA ¥

Ko FRGuarmta 5 PR A ALY 5 R



508 - Wodb T ok ok

L,

L
&3

L 55 39 %

K STA e HE 57 10 4 T AL e B X6}, 76 B /N X
STA AW G I, H R S GE S T Mu-FuPlex
W, PR Mu-FuPlex PHSCR A AP fili & & & BI 5 5.
e, HUMELL N AP AH B 55 , 5] — B o] A7 e
— AN EEACH,, B, fE L /NX STA B
%ﬂeﬁi%ﬁﬁ%w Mu-FuPlex JHAEZ /N X &5
Y5 h B AL T EnFD-OMAX P33, EnFD-OMAX
muﬁ STA & e #7420 T AL i i %o, A a7 B %)
PMEANITA STA 25554, 982/ N HEHE &
Yrgerh e e p o i), R Gt BRI

IEEES02.11be F AR R ML AP [1] £ AP 5
AR L) B s A s A A BOR Hbw . A SCFE 4%
24 TEEE802.11be H£2 AP DMECEEFL A $2 1 —
FhIET AP UMERIZ/NX ZH 20T MAC P,
W PMEA NI Z AP DME K UMELL N Y STA i
Fiov 4, 58— 4y B AR B 2R, BRI E & XA STA
Segrpse, DL AR S X STA BI{E T IR A
LR HUIR T T RS B A5 BCESCE, W T
%ﬁ%xﬁﬂ@ﬁi%%iﬁﬂ%% M T R G Ak,

B 45 R R B CMMFD B i 5 Mu-FuPlex i F1

4

EnFD-OMAX PRSUAHLE , RGN E 2T T 29.6% .,
Ji5 SR o) S Xl A A XA T B A Y 4y
LS EME N AP B B 5 AT AL, M 2t
— L RGAFIE

A5

% it

=A

BEXEF — M0 WLAN Ry & 25 4 38 2 K 4%,

SEH .

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

Cisco. Cisco visual networking index; global mobile data traffic forecast update, 2017-2022[ EB/OL]. (2020-03-09) [ 2020-02-
02]. https: // $3.amazonaws.com/ media.mediapost.com/uploads/ CiscoForecast. pdf.

IEEE 802.11be Task Group. Part 11; wireless LAN medium access control( MAC) and physical layer( PHY) specifications a-
mendment ; enhancements for extremely high throughput( EHT) [ EB/OL]. (2019-01-18) [ 2020-02-02]. hitps: // www.ieee802.
org/11/PARs/P802_11be_PAR_Detail.pdf.

LOPEZ Perez D, GARCIA Rodriguez A. IEEE 802.11be extremely high throughput: the next generation of Wi-Fi technology be-
yond 802.11ax[J]. IEEE Commun Mag, 2019, 57. 113-119

DENG C, FANG X, HAN X, et al. IEEE 802.11be-Wi-Fi 7: new challenges and opportunities| J |. IEEE Communications Sur-
veys & Tutorials, 2020, 22(4) . 2136-2166

IEEE802.11. HEW MAC efficiency analysis for HEW SG[ EB/OL]. (2020-02-03) [ 2020-02-03]. https: // mentor.ieee. org/
802.11/den/20/11-20-0107-01-00be-multi-ap-coordination-for-spatial-reuse. pptx

YANG M, LI B, YAN Z, et al. AP coordination and full-duplex enabled multi-band operation for the next generation WLAN .
IEEE 802.11be (EHT)[C]//2019 11th International Conference on Wireless Communications and Signal Processing
China, 2019; 1-7

IEEE802.11. HEW MAC Efficiency Analysis for HEW SG[ EB/OL]. (2018-09-11) [ 2020-02-03]. https: // mentor. ieee.org/
802.11/den/18/11-18-1225-00-00fd-technical-report-on-full-duplex-for-802-11-fd-architecture. docx

REISKARIMIAN N, DASTJERDI M B, ZHOU J, et al. Analysis and design of commutation-based circulator-receivers for inte-
grated full-duplex wireless[ J]. IEEE Journal of Solid-State Circuits, 2018, 53(8) : 2190-2201

KIRAN R, MEHTA N B, THOMAS J. Design and network topology-specific renewal-theoretic analysis of a MAC protocol for
asymmetric full-duplex WLANs[ J]. IEEE Trans on Communications, 2019, 67(12) ; 8532-8544

AHN H, PARK Y D, KIM D, et al. A full-duplex MAC protocol based on buffer status report for successive full-duplex link set-
up[ J]. IEEE Communications Letters, 2019, 23(9) : 1506-1509

LIU S, FU L, XIE W. Hidden-node problem in full-duplex enabled CSMA networks[ J ]
2020, 19(2) . 347-361

QU Q, LI B, YANG M, et al. MU-FuPlex; a multiuser full-duplex MAC protocol for the next generation wireless networks| C ]
//2017 IEEE Wireless Communications and Networking Conference( WCNC) , San Francisco, CA, 2017; 1-6

QU Q, LI B, YANG M , et al. Power control based multiuser full-duplex MAC protocol for the next generation wireless networks
[J]. Mob Netw Appl, 2018, 23. 1008-1019

M
, Xi'an,

. IEEE Trans on Mobile Computing,



5534 WEF, % . —FIET AP UMERZ/NX Z 20 T MAC B - 509 -

[14] PENG M, LI B, YAN Z, et al. A trigger-free multi-user full duplex user-pairing optimizing MAC protocol[ C] //5rd EAI Interna-
tional Conference on 10T as a Service, Xi’an, China, 2019 598-610

[15] PENG M, LI B, YAN Z, et al. A spatial group-based multi-user full-duplex OFDMA MAC protocol for the next-generation
WLAN[J]. Sensors, 2020, 20(14) . 3826

[16] SALDANA J, RUIZ-MAX J, FERNANDEZ-NAVAJAS J, et al. Attention to Wi-Fi diversity: resource management in WLANs
with heterogeneous APs[ J]. IEEE Access, 2021, 9: 6961-6980

[17] IVAN S, XU L. Loop-free hybrid single-path/flooding routing algorithms with guaranteed delivery for wireless networks[ J]. IEEE
Trans on Parallel and Distributed Systems, 2001, 12(10) ; 1023-1032

[18] LI'Y, LI B, YANG M, et al. Multiple BSSs association based spatial clustering group access protocol for next generation WLAN
[J]. Journal of Northwestern Polytechnical University, 2019, 37(4) ; 809-815

An multi-BSS multi-user full duplex MAC protocol based on
AP cooperation for the next generation WLAN

PENG Meiping, LI Bo, YAN Zhongjiang, YANG Mao

(School of Electronics and Information, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; Aiming at the problems of low efficiency of buffer information collection and sharp drop of system
throughput caused by the aggravation of conflicts in the multi basic service set ( BSS) high density deployment over-
lap coverage scenario of next generation wireless local access network (WLAN) , an access point cooperation based
multi-BSS multi-user full duplex multiple access protocol named as CMMFD is proposed. Firstly, a channel resource
allocation algorithm for stations (STA) in overlapping coverage area is designed, in which, the access control
(AC) equipment allocates the channel resources for all STA in response to buffer state and interference information
(BI) according to the proportion of STA in the overlapped coverage area. Secondly, a Bl information collection pro-
tocol process based on access point ( AP) cooperation sending trigger frame is designed to collect all STA informa-
tion. After receiving trigger frame, STA will access the channel and report Bl information in p-probability according
to the channel resources allocated by AC. Finally, a multi-BSS multi-user channel resource allocation algorithm
based on full duplex is designed. AC allocates channel resources according to all BI information reported by AP,
and schedules STA in the multi-BSS to carry out multi-user full duplex transmission over the sub-channel. Simula-
tion results show that the throughput of the CMMFD protocol improves by 29.6% , compared with Mu-FuPlex proto-
col and EnFD-OMAX protocol.
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