2024 42
A2 B5 1

[ DA N e 3

Journal of Northwestern Polytechnical University

Feb. 2024
Vol.42 No.1

https.//doi.org/10.1051/jnwpu/20244210084

HEERLIYFZHRENBENEIE
2y % k3 N 1Y

XNE, Bk, i, A

(PEAE Tl R~ 7 B Be, BV 154 710072)

i E.ELPOCTH ERNE P TRALERR LA LS IR SRR L5 B A #5040 B 2 5 IR 5 R
# (quality of service,QoS) & K, 124 WM& fi HAEF B, b R B4 5 A% /F3X 2 b 509 F KA L
BRI de TR Z 2009 % M BA M DOAMRIER B AP X LS5 0IRS R E R EFLNHR T &, 1514
FTRAMARARIE QoS 49 E-&75 ik A2 IAAZE R HA A £ AP L SIS0 B HFXARBE RS R EEH
Koo W Lk TUAF 20 R TR 2 A g, WA A LR B T — A @ &) £ F AL b SR e 1518 TR
MAC P ( differentiated service guarantee adaptive reservation mechanism, DSGARM) , ¥ 4% & & 48 2
SExAEAT Ak 504 25 B A T R P 5 R DUAR B 2 AR S, DU il A e B AR T B
& Fok R Al R AT E T KGR AR, AR ARE M K O B 1E IR B A E 0 TR SRR
B — R S0 e E R, 47 AL RN T RIS AA R K EIREL,

x &
HE 45 ES  TP393 ERAREAG: A
TETCER A QU A Z2 R i o3 A7 U A 7
FE My BIINTE B 2 MK E Y 55515
vz N AR Ad Hoe RIS, A S F —A% Wi-Fi. ¥
I (internet of things, IoTs) .mesh P 4% 553755, K
Eigractial S e X6 T i TV AU LN S € 7
S AR QMBS A TR AL SRR (virtual
reality , VR ) & ELAT /™A% I 48 55 5K A9l 55, 3 260l 55
DORSEE 2V ivt &3 €/ LN ST AN =R 5 i 2
ARl 95 A2t aod R EL A AN [ 4 i 55 I 1t 50K 191 dn
e fr BT BT S Al Ay AL 95 AN 5 2 S RAE
fE 2 RAAFE BRI K, X 2l 55 HA IER
T — 2 SR A A A S A% i L) T 2% AT
R AR 2B 55 e k22 AL I 55 . H AT MAC
PrsCrf CSMA/CA HLH R TR 3E T b0 9 iy
et 2 iz RO (HBEE P26 TR N e h TR
PS5 AL B o S A5 I 28 PR R B IR S0l 55

4% B 88 :2023-03-01

ESWE . HK A REl2AEL4 (61871322,61771390,61771392) ¥ H)
PEZ R A X0 (1999—) il L 584E

i%.fg'ﬂ;%*ﬁ*ﬁ( 1984—) , R #4% e-mail ; yangmao@ nwpu.edu. cn

1 : Ad Hoc W% ;4318 TR LG HLH] ; £ AL b SR
X E S :1000-2758(2024)01-0084-08

TR TCIER BN 2 . T SR FEDE S5 QoS 73K,
IEEE 802.11ax BRSCR 8 5 B 43 A3 245 18 U7 17 (19
4 2 HL ] ( enhanced distributed channel access,
EDCA) , 8 52 AN [6) 2 AU 14l 55 P 4 N 5 4 7 11
SEICSEI X I3 AHAE 55 4R R 35 3 5 v i A AR
55 BRI /N AR 3k 1 2 3G A AR 5 (A5
USRI ) R 1 256 R G i, AR 228 M 55 M R S i
TR,

TEIA WIS b, SCp e AR R % 18 2
FRI% . SCHER[ 1 ]l 8 o el S5 31 CW 7
F G EDCA BLA 52 322 5 AL 22 il , {H i S ML i
T BRI 5 0 T R AR
S, B e 1) PR AR SR A AR AL i i I X DA AR
BT I Ml 5575 2K

DA [ iE ) — A i S PR T B - S B e
52, DRI — 6 SRR 7 e R G T R T2
DA/ T8 e 5 4 19 0 Al 30 N 15 08 T2 MAC T
L HRIE TR B LS P R A
55538 2 28, 0t H I G 55 547 R 2Y - SCHik
(4T B& M T BT 0T Ao S 50RO 55 1 T2y LA, I S i



51

X A5 T i) 2 5 Al 55 DR R 1Y) 1 3 V75 1 2% 22 Hl e A pivi -85 -

TR P #9435 308 B 5L B v AT 255 SCHk [ 5] 4
T —Fh ZAEE LB, BRI 7 5 2 4507 1l
e Y ek € P EN kg Y DY =y 105 i S TEAT L))
il P B 1 LSl 55 PE BE , (FCRE AR IE B 7 1l
T Z2A/NGEIRG , 75 5 045 44 a1 18] 4 7 16 S B0
PR, I HLIR & A e g ilk 55 R R4 AN Rl /Y
55 TR AEAE L] LA X o3, R 1E T
ISR XS 22 Mol 55 0 il AT 22 S AR T2, SCHR
[ 6] R FH— Ml 5 1~ 1 sl i 29 AL, BV 7E AL 4R
PHEIEE L2 G AP A5 R A JC o 5% [#]
SE IR L, 38 1 S A [ 9 Ml 55 2 TR SE AN ()3 L Y
[ 5 1B R (EL LA SE BRI S 2, BEAE S B AN R e
M55 22 5 i 55, 4B i oll 55 £ 18 7 3 sl R AT >R
EDCA RIZHCE AR E , AN BEARYE L PR g 57 oK it
FrsE i 1R b P24 14 77 3000 12 PRAIE IR 228 3 2
iR

PR AT B TEAFAE B TR R D2 BB Yy
R SCHIRBEAT X B2 Ml 55 BEAT 2 S A PR e, Todk
AR 55 10 22 S AR 55 B Rt R . @/ Bk
XA IR 55 X3 e e Bl 2, (H X Le L 77 72
B, 22 AL S BCE R IL S AR E | B R R
55 B R 2R BLA L — Pl 55 T 28

BEXFLL L AR, AR SCH 1 —Fif 22 S Al 55 &
WA 35 0 A5 T P2 2 A DML, B0 JEAE
et Al 55 7Y 2 2 I SE T 5K A A ST Y 22
PCTRAZHLE -2 B i B I OC R B RORL,
HHY T R AR T I S SR el 55
WAZHL,

1 RGEE

H e — AN TCH T L BTG s i AR S
$2 T CSMA/CA ¥ R 15 1B A ML K AR
B HAHFE AR IE , PR B X 3 T AR
AR B I e B R P 2 ) R A3 e 28 D T
TN BN AN s A AT R, BRI 55 B AR
IR 55 o B 2K

R M 2% Hh LR K, B G528, Horp b,
Fifill 5 2 R ELAT A% (R B SE 75 R, b2l 45420 I
H R AE— g i ] AL B X A A T A&

TG R ARl 55 MR A AR A X A R
oo, , BE BB 55 HE RS, A SGH T
M 55 B S8 A5 FH T e A2 AURR Y 55 B B JE T R AR A T

Zi BRI 55 AEAE T AR R LE L A L B A 2
FFZE L), 240V 45 ¢ ™= A B A% i 28 X6 g Jor 5 15 4iE
Ty /T LI IR AS UAL i 15 B 1 S5 0t 2 1
55 T R s i B IE KT LMEANF LB AR
ARUAL i A 15 3 ok B 1) s A T SR ABATY SR A 905
LI IE R T L B A AR AL i i B TCAL
Tl 55 B A2 5 3550 FH O R AR T 1 1o FH 37 e it
TFVPAL 55 i X B AR s B i U /o, B A 3
BRI Z BB R | BB ST T F S 28 20 I %iE
B 1, 8 T RS A SR N 0, %25
AP 2R REAS 1A AR B SRl 45 7 K, B O —
i ) JE AR AR B R R (RO A 0) KT — /2
Vi) s F T e i) 2 o A 2 D 380 DX B 3k 81 Wl
A S 2R (X RERCH R 1), 76 DL 2 25 2B 4iE
Z ] 25 A% i ol S B AR B AT . PR AR SR %
FAURG M2k R % R B 2R BRI AR SCR
S5 TR RS, B S5 AR RO AR A (1) X3

1 Tdelay = L;ni"
| (Thay)? = (™) :
UL — l,l. y - : : Tdelay c (L;nm ’L;nax>
(L:Hm) _ (L;ndx)
O Tdelay > L;“w(
(D)
1
B
B
#
=
R
=
L;nin L;nax
IS

Pl 55 I SESSOH] 5 I AE G R

2 DSGARM i ig

2.1 DSGARM il EXRRRE

ASCHEH Y DSGARM PRS0 R FH el F 1) 11 24 AL
il HE A AR A E T SR A s A AR 45 R F T4
J5 2, XTI B A% T oK Y 55 58 i
CSMA MLl &5,

2 R T A58 L BLGI 0 SEA R . X



. 86 - [ A N AN

¥ 542 %

LY R TR R B RIS IR AL fin 4
TR BB AT A7 7 1 A2 i 5040 6, D) & S 24, 7 o
WA BE 7 (1, ,0,) Jo, AR TUZY IF BT 4 i 8] F1
FREEI [A] 4 246 75 17 B PRSI B TT (reservation
instruction MAC protocol data unit, RSV MPDU) Jf-4d
YRR B, X TR E T AL R
LY 10 s H 2 I B, IR I [R] DR
R T v A B L sy, o T IR H AT R SRR P2y
Wi 72 ACK Hfi Ai% RSV MPDU #7754 % , fil
P TR 1 BRI i BE A% B B T2 B

A-MPDU PRAETHIR
e (RN
. N i ’v‘r(ll ,tz)A‘
B | RIE 3
W | s A-MPDU R FEie
KL AL
Srg| | S
T2y H A5 2 ACK . U R

K2 fEIEWAHEA

P 3 JE7R 1A SCER R P AIL ] b 2 i B HE
F77 3 A T TR S 4] S 24 e B AR AL 5
Frivt B, B F T I A SOOI 558 5 T2 B A
JE#FE T HEHLSE 4, TL a3 el D LA 2, 2 M52
— AR 4[] 25 05 B0 B4 8 S T 4 ) ]
PEATRIAL . g LIRAGEIRFT 5 LN &y, , i L
H 5 0 2% T A BT RO Il 55 e DR SR R O e i
WAGTRER G e, HEATERE, BRI 2 Fe i e Al
N &, WFEEGE T2, LB kA58 5 IR0
PLSedol g5 se 4 il . 1 R L irb A R B2y
JEIAITAG I 8] , 9465 v B A 30 il i 12 A R R 20
ATRL SRS AR ]

70y G LL
n
‘—"ﬁfﬂtﬁ%w&—»

K3 ey BeRs) 75

TG LI BEREAL LI 204 5 7= He e Ak
[P R, 2% P) R 1 2 A 208 2 A T 24 I i) B A7 7E 1] B

RN BN, T80 B i) PN G 72 38 ok Bl AL A5
B — R IEAE Ay, 1 B 7 Aot 0] 4 38 B R R 9%, [
WK T 24 st B 32 S HE 51 DA T U/ T3 24 st B ot B AL 5
it BEAE R R AR R

FRIE & o B0 72 T2 S B2 A 4 WK fifE FH A 73
LRFSE I T AR A SR L A AT R AR B
23R 55 2 RUX B B TRZY 5 11K/ N,
BRI A AR AL S TR N, A TRZ B B rh Bl
BB A B, Gz 80 © 78 BAS SRR K
T, PR 5 K 28 22 B S 3 R I s f B i 0 24
PRSI IR] | EN A543 78 48 1 b 51 25730 B %) fim 4% 1) 1]
USRI % DA R, XTI fE bl e bk
WL g I 1) B, A %k 17 B ) 3] 2k LA AT LA SE 5
CSMA #2AfFIE, QAR 58 TR 2945 5 ) A7 e T A3 A5
TE TR , V0I AT L 306 Tt 24 BT g S XoF oy T 249 R,

R T AR T T BN AR IR T 2 ) Bt
KA S| AT AR T, , 1 AR 3
FEAL TR AT, /N T — R IR AL S ], Y
SOAHF B ML 2 00 KR AL S i, WA R A&
T A AT s L s B, I L 5 i 1 950 24 15 [ /)N
T T, WIS 48 0% 30 40 s [ R A7 A5 B, 49 A 7E
IR L5 B, NI i B R 1D SR B
B, LA B 5 i R AL EWUh e R AR R
TR TE LY JE A o X R 19 P 24 B B, <R
R O 58 B TR A& S 48 7 1D A5 A T
AT BB RN . AR R A TR 2 B[] 4
JIE AT 80 93T 24 £ i EsF B T 4 R 285 S ) sF i 5
L] 2R 355 0 5 Xof g T 240 B () BB U 0 4 SR sf [, G
T BT, R AN 2 X6 00 240 i % B[] 7= A A
KM,
22 MASERRMVRRE

T2 S E TR Ik RRAR I Rl 55 %55 7 3 24 A
o T 2.3 5 FIE MR L 55 2% 2L AE T R AR FE
a5l 55 2 AR AR ST & 1E 3 A2 I A R
AL R0, T AR I 1A R BT A Rl 55 18
ORITES S AN NI

7 A5 R TR o} T LA 4 Al 55 2 B RIAR YR
PR TRAAN AR B, G 17 o5 44 0 BR AR JE 17 25 AL
FINF, A ER)E T S AL 2Rl 55 SRR sy
SRR S R AME B, M T, B R H
A X Y 55 28 AU T2 45 SR I 40 F DI BR
A E S Fe PR, 2T BRAR FE Y 5 5 R ALK
it €, B, BRGSO SRR



51

X A5 T i) 2 5 Al 55 DR R 1Y) 1 3 V75 1 2% 22 Hl e A pivi - 87 -

B 55 BRI L 0 L RN T, TRE T i
R AR 1 i 51 R A ] B, A 1 B R
T (S T s 1] LA R G PR g 2 TR 53K
T BRARSE Y MM BR . €, 5 550k DR SR R &L FAUAH
O, N FH AR Al 4 5 5 8 ) 1 T R SR VA FR I 1Y
AR
23 ERUMASHEEIRE

25 AR T2 S HR L AR AR R AN Al
R L B 1 KN, A 22 5 X6 Wl 55 A R %K
I EIEL o SO F, AR UE R AL 55 70 2 O F% B[R]
SRS IR SR PR 2 LA 25 08 Bl 55 A
R BN T Bl B TR B 1 KN, A5 R
LYLL B EaE . For T2 (R Hsf T L P2 L AR 4l
LB JE T AT T RN i 25 AL T S HR R T
L ST LU T ) SR 024 B B v o R T
T2 A 5 T ], JesR I AN 25 5 R i i 4y
BB R A 28 KM 55 B0RT A AT T2 L2 015
SRRy 2 N B, SRR Sy TR T A IR
o AR B RN T 2 A AR AU TE S AR 4

TLA T 11 [ 0 e Bk 0 2 e i B ol 55
TR TR DL R A5 10 305 BR AR 8 T 2445 B 81 3, 115
BERIOIL S5 AU R A B RN N, = /e, Horfr
S PRL T R 3 VR R e (AT T2 2 A
BRI A L R PRy o ZBEIRERE R
WAV RERL K, X T — 2538 R 6 R 1)
WA E HRD 3l 5 22 AL T2 S5 R 5
X SHCT RIRZA L), i TR0 % R8s
ST LA AL A S 60 AF DG | HR 2 AR P A R X
AV L IS UN Lk S AN 6 S S e AV 2B IS
TR HARE

TR TR AR S T 4R TR R
T L AL 55 B SE TR SR A TRAA R R %, T4
ROl 55 R ECE 58 R 55 7 Lh B 2 B AT RE R
B A AE BB i S 1 e A A () A7 O, R b FH B
FERG B BRI SE L™ = AL VRN TR R R R
HANE, ZEE AR A 4 FR

TR 55 DL SE GPEAl 45 RAE AW AL E &R
AR TIBURITES R I BriE = o B7 g = X5 N | QP VB (TEA)
7 R/ NL R TR RS B A0 SR 2 1sf 92 it e B o1
254 TSR FHZA . 28 B500T 1o R R 45 SR 5 5 DU i
b 55 07 T 24 B 11 AR A, BT L S5
VIl A R RERR K . Yl A O R R
b 55 R B FRZAN . FR AT, R BE A R 45 R

IR AAL TR R R, Ml 55 I3 KA A S

!

AR BIL 6 DR, HHRERY &
xR ARl 45 TZ 5 0 R/

i

2 AT L 2 B R T FLAERL 55
B RS

ARl 559 2 T
AR RR

i JORBIAAR AL ¢ 0

|

K4 BARCE R BB R

A oll 55 LT o B A1 g BR
AAFEHER

TERHAE A Ml 55 95 R e K
FARARIERK?

S5 0
WHAE R IR ME

i

VABERT Ml 55 7R B

GEHL, M 55 K5 176 R 7 i A IR S I S ) e K
ke Zingi

3 ERUMASHER

31 HBEEATE

TR 2 7 1 a5 b AR TR 80 1R/ N, 19
2 P TR ZIBLAR Y BO8 m, B AR 55 55
RVEE 595 s AL R L= BB )5, BRI AF A 15 1%
ol 55 I AR B 2, ORI R S
B SR TL B 1 /N, 3207 s B T2
P ¥ i BLAYAE R AL 24 i B o5 T e

HI Tk ATRIEARSE N, + m - TR
1] B e e zs IR Bz, F Hoal e m - 1A mFER
E AT L, DRI AT B e 5 1) 24 I B
TWHEAREN, +m - 1PN, & W R R
R R L3265 14 Bt B L A I 1) T2 8 11 0 P B
AEIE i — RPN I [ TR 2 11 PP s Beadb A7 R B
Kk Semt B A5 SO AT BB 1, N R i)
TLY % 15 5 m I OB N, + m - 2 F
N, +m = 1, FiEFAE 08 i ADRBOE XN T,
Je ) BT VA j AN BEE SON T, GE—Fs K i
[ AL 0 1145 55 [0 U2 T 1422 R T] WP HE 371 Sy S 78
2% 1, BVS W B2y 68 E b g s A Bt RO
AT
MRIETAL B H TR E I (W 5) |, B e B
LA BES J5 ) 99024 B 11 Fp R S 1 R B T DA

_pNp+tm=2+j
=T, 11 o



. 88 - [ A N AN

¥ 5842 4

T 1) T2 18 10 HC ALY P OSB3
B A REAEL - 3l e R S [ Al DA T 1) 249 7 11O B
SR BN ZE TR MU AT 1] T 249 7 11 451 I BLigk %
Xof O LA I B MR, A B [ T2 B 1 P A%
AT BEE B2 AR T T e 1) P
HAEAN I B B2 i Be e

Ngm=2 Ntm—1
1 o |NAm=2| 0 1 - |Netm-1
v 7 t
RABAEND  YEiEE JamTiZE 0

Fl5 e OREDRE R

32 HREBEEKRRE

T P2y B B B 2 AT Toid e i, T AE T
[] P4 1 11 g A B G A AR 1 A 70 24 A R AR
S5 LA A TERT 0] 70024 % 1 900 By B 220 A5k A
1) P24 B BB Ak T i 1) 924 7 1 R B B AR
1/(N, +m-1),

B SCY [V R B0 R ) P2 B A ¢ AR
Af BB T BT Ak TRZYAOMESR A RE K LA ES
AN B AR A ] 5 S B R R S, WA

S—I—ZR’”—I—R (2)

Fﬁﬁﬁj‘lﬁﬁﬂiMﬁuﬁ?ﬁ?’J’@ F iR 20455, 2 i
[ A B R 1) L B 100565 ¢ AN BER ) i Be
WE R BT 0 b T AR R S PI(T Y,
T/ WRERERERT B T, 1AL B, i B i
THFBE T, G [ T2 O A BE 77 Ak T4
LPRASERIG I B A RE R B T Ak TR
YPRASHER R e LATERERT BE T, /E A LR A48
., KA LU 2t A 2sor
Rf+jl = RM + R“ Pf( Tlau,Tjan)
k (3)
R =1/(N, +m -2)
Aorpr. j FORIEEER B AT B ;b R0 15 5
fAjeli+l,i+N, +m-1]ke[l,m] B—F&
IS F o B R BRI S TR,
DLURSRARXT T 45 5 19 8k, TE SRR B T2
I, IS BRI 1 Ji 1] 924 7 10 v 328 BB %1 ) B
YER TR BEARESAE . R T 7R 5 1) T2 1 4%
AT B E R SR A 1, B

s+Np+m—1

Z Pf(T;llsT

d=s+1

:11>: 1 (4)

HRAEPEFE ST 1) LY 14 11 Hh 254> B BOAE 3 5 X0 T

B Bt 2s THAESR B IE L, DL S (4) AT 75

s+Np+m—1

T4 =87 3, S (5)

z=s+1

R T R T8 RN N, B
R ARG 29 % R N, +m — 2B KK
B4 (3) RI(S) 2 BEAN T 0T I R B
DN SR 2 DR B 214 i A I B 16
LT 1 v AN Bl B2 o5 A 38 %M %
SEARA(S) TSR L EERR 5 [ T 29 B 101 4% 1)
BB IES By = [ Phoy, o, PR

I b (1) 275 M7 BER o A2 Ak T4
L BESCRENLIE L, 2R A I BERCh 1 I, A
[ TR 1 B e T — B35k | IR &%
75 A 3R 4% T 249 P B

Pf( T;ll ’

TR IR B, R AR
i WIRERR b, RUHARAE 1] 6 XF RpRASH L K AR
AR T WA E LK R N, 5 SR8 LR R

{@.=1ﬂﬁvbl+-bﬁl,i e [I,N, +m - 1]

_ Nyp+m—1
bN;L+m—l - PRSV b]

(6)

Ko FpmLn BECREHHK

Np+m—1

WA Y b, = 1 AR AL T
ARSI

Np+m—1 Npt+tm—=1 Np+m-1

z PJRSV/ Z z PJRSV (7)

=1 =k

HF b(1) = 1 XT «U(j‘jﬁﬁé’]f’?%m& i
by AT G AL T IR RIS AR X L ) F- 2
TL2A i A% o B B B

Epey = 1/b, (8)

XTI A RFEET KO Ty, TRZATBEIR 5 4
RIEE BN engy I FIEITRAMB IS KT, ., =
Epsy T/ Exsy o

DBl 7 e WA e 0 N, BT
STRAYFBE S L, % T8 5k ARALL A SOR i 15
FIZAT AT LA Py o BT A5 5] 10

Y MRS R Pes, = Y P
k=1



51

X A5 T i) 2 5 Al 55 DR R 1Y) 1 3 V75 1 2% 22 Hl e A pivi - 89 -

3.3 MNEREMEOFHESM

XFT IR S A B, AR S m, T2
KN K N, AT B PSS AL ST 5 B 8] & 4% B R
O(N’m) , X TFHREMEESR, APk A
BF O A T B AL S T T T 3 O
A PE R T ol D 4% 2% 1) 2o A v B I 60 B B 1) 2
HREEYIN O(N/A)  RIZetEmf[a] 2% %

XF oS M 420, BUA (5 T T2 7 S350 5%
LB JE T S IR S . FIEBUSMEAIT A AR IR
%ﬁéﬁik%déﬂ‘“{ L PR EAE S, L 55 2

SRR F BN 105/ 2 95,
*%Zf.ﬁfrﬁjiﬁtlﬂfﬁiﬂﬁll I AR RO,
TS AR TP SR AR RS SR RE PR
XTS5 ECH m BTSN, 2SR 24 0(m)

XT? CIYMSOIT#S . S0 A7 T8 S A Uk
2l 55 K BUE D5 JRACE AR B, B9 2 it b LA
AR R ST EC 3, X S T A i T2
i, ERLIEG 5 | ABA D I 85 o A 2y ot rh 3 3
KNG B WU L AT DL 2

DR I A SC R H A IS st i) 5 2 2 () R 2
DL zs LSO 40

4 (FEHERSH

4.1 IS
ASCHIA LT ZH00 M HEREHEATIPAS . E X

AP FEE SRR 55 AR - 227 s 428 %% F ( weighted average

delay utility, WADU) , Ff§5 U, F/m %0 U, 115

U, = 2 a,U/ 2 a, (9)
ﬂZXﬂéﬁfJﬂi‘Xﬁxﬁlﬁﬂi%H R a BUR S

b 55 (A EE DA R AL s8I b 55 7 ik 2R 4 T A Ak
BB S @ SR /0 B R
kyoa=1
H, =Y oUH
42 HEXtEH=
PFESHECE NE 1 iR, B M% R ETE 4
Ml %5 E, E,E, 1 Ey, W55 10%,20%,
30%,40% , HoH E) FE,| b 55 A B I I SERR K,
E, Rl E, 5528l 55, ASCHEET—> NS3 #5 4
7 B 578 B4R H A9 DSGARM Fi £y il %t
Fb T 2€ SCRP ML 230 A7 B4t s i) — b ity

(10)

P TR 388 2 Ay A0 B S8 ol 55 790 249 O i it 28Il 55
PERE ;802.11ax HMX " K FH EDCA LI} 15 4 35 4
% 1 SEECE 4 FPlk 5553 7% 1 VO VI BE fil BK
N =i

£1 HEHBRIESH

HESH ZHUE HESH ZHUE
SIFS B/ s 40 R A/ Byte 1500
Slot I/ s 20 REHE 3

15 ELATH /s 100
Mac 23k /bit 272

fEH AR/ (Mbit - s7') 21
Phy #¢3%/bit 128

L™/ ms 29 L™ /ms 60

L™ /ms 80 L™ /ms 120
a, 1.68 a, 1.12
@, 0.64 a, 0.56
A 0.85 Py 0.85

P EZERWME 7~10 P, B 7 JBR T B it fg
BOL 55 Eg 55 E, k55 I SE | & 8 SR TN
FOERIHIERL ] . 802.11ax MMXAER 4 37 5 rh it 4E
K, PR FL A A P i PR R IEA T LA 10 RIS
(TR BELIE T B R, Y77 s A > 45 Fil
Ml 55 Bf FIE P BE XA FE T, DSGARM. IRy &% Rl 55
AYEE T ORI e G, BRAIE T A SE AU 55 e AR Y
IFEEPERE, MM SO 2 K, L 55 IS5 i
WA L AE TSR I, DSGARM B30 1o [ 33 7 74
BSPUREZ 55 B I T 5K, Bz PR sUn BT
A IERY HTE R B2 7 5 h R 4574 1; SCRP 1 802.11ax
PIMUSCHE T A B I 30 43 ) 0 Ul 55 ANl J2 25 22
A JE T R 0 AP 357 ek 0E 354 P 32 7 A1, HEop 802.
1lax PSR T R B
——DSGARM-EO
0.5t —=—SCRP-EQ'*] »
—e-802.11ax-E0"” .
-o-DSGARM-E1

-=-SCRP- El[‘”[ 0
—e-802.11ax-El

Ao S AR L 45 F- H I A

~10 30 50 70 90

BT I SERURROD 55 - 2 ] S X KAk B



- 90 - e Tk KR ¥ Ei ke
1.0 = 10 T IQM—Q———Q———.
B s £ £
3y 0.6 >~ 6 =
g ~e-DSGARM bl ~-DSGARM 8 ~e-DSGARM
B 04f —=-sCrpY $4 —=—SCRPM] & —=—SCRPM]
gﬁ- ~e-802.11ax[ R —e-802.11ax?  ® ~e-802.11ax[
0.2 S 2 fra
0 ;;?n Py . ° § 0 ~
10 30 70 90 10 30 70 90 10 30 70 90

50
W%

P8 R L 55 A i SE R R fE

9 A 10 B T 2% 3l 45 10 Ak
PEREFUMACHE it M RE . T 802.11ax EDCA
LT SR FH SR ) A8 a7 11, AT ok 35 38 Wl 45 i R A SR
BERAGTE B, DSGARM AL 75 A 3538\l 55 1% F AL
SRS, 5 R AR ) b BEAH L SCRP AL G
— BT, X T MACA & i i DSGARM & T 5
Hb 2 FHLEILE Y o T2 A YRR PR T T 2

VI A5 R A SCHE 9 DSGARM PR
REUS AR AR TR B g e T, AR S IR = I A ik o
BT R B JE T 2K 0 55, i o 4 A B BE S
HERR T A 35 N S BRI LS 55 QoS 5%t
LT ZI AL SCRP PR AL SE1 802.11ax WMMAH L
A BB 25, 3T HAH LT SCRP HLH AE A AR

50
Rils

Ko Mgl 55 B AT ik PR RE

50
Rifas o

K10 MZ A St i PEfE

5 & it

N T RAEAS R 2R B 55 14 iR 55 i oK, AR 3
Pl T — PP T 22 Skl 55 PR B 00 A TE T PIL
AR TR X R [ TR ST M 28 g
AT M MR 7 R RUAR Y T B XA [ 5526
T2 AR BESE | RERE AR I b 55 5 20 I A 75 5K AN
NS BRINALE STEA 2 /SR LA REI VAR RS
SCER (R B PIh , PFHAE R Az L A
B PRLLEI A LB AT S, TR R TR
T A AR R 2 P B AR DRAIE I 45
255 i A PP AR T %, (RIE LT 2

Yl 55 75 SRE e 1 3 5 B A AL AR AL 55
iR, A5 R A BE A el 55 B PERE

SCHEEANSZ L L3 AR e A B 207 1, IR AR ST
S A TR DA S5 22 e ol 5 S 5

SEH .

[1] ABU-KHADRAH A I, ZAKARIA Z, OTHMAN M, et al. Enhance the performance of EDCA protocol by adapting contention
window[ J ]. Wireless Personal Communications, 2017, 96(2) . 1945-1971

[2] LIB, LIW, VALOIS F, et al. Performance analysis of an efficient MAC protocol with multiple-step distributed in-band channel
reservation[ J]. IEEE Trans on Vehicular Technology, 2009, 59(1) : 368-382

[3] LIUZ, LIB, YANG M, et al. An adaptive channel reservation mac protocol based on forwarding traffic of key nodes[ EB/OL ].
(2023-05-10) [ 2023-06-25]. hitps ; // arxiv.org/abs/2306.06425

[4] CHENG J, LI B, YANG M, et al. Soft channel reservation towards latency guarantee for the next generation WLAN; IEEE 802.
11 be[ C] //International Conference on Internet of Things as a Service, Cham, 2021 450-461

[5] LEE J. An efficient reservation-based MAC protocol for multi-priority traffic in slotted multi-channel distributed cognitive radio
networks[ J . IEEE Access, 2020, 8. 185830-185841

[6] LEIJ, TAO J, HUANG J, et al. A differentiated reservation MAC protocol for achieving fairness and efficiency in multi-rate
IEEE 802.11 WLANs[J]. IEEE Access, 2019, 7. 12133-12145

[7] KUMAR A, ABDELHADI A, CLANCY C. A delay-optimal packet scheduler for M2M uplink[ C] /2016 TEEE Military Com-
munications Conference, 2016 295-300

[8] QU Q, LI B, YANG M, et al. Survey and performance evaluation of the upcoming next generation WLANs standard-IEEE 802.
11 ax[J]. Mobile Networks and Applications, 2019, 24(5) : 1461-1474



5511 X A5 T i) 2 5 Al 55 DR R 1Y) 1 3 V75 1 2% 22 Hl e A pivi - 91 -

[9] 802.11 Working Group of the IEEE LAN/MAN Standards Committee. IEEE standard for information technology-telecommunica-
tions and information exchange between systems local and metropolitan area networks-specific requirements part 11 wireless lan
medium access control (MAC) and physical layer(PHY) specifications amendment 1; enhancements for high efficiency WLAN
[S]. IEEE Std 802.11ax2021 ( Amendment to IEEE Std 802.11) , 2021

[10] LI B, SUN K, YAN Z, et al. Idea and theory of particle access[ EB/OL]. (2023-05-15) [ 2023-06-25]. hitps: // arxiv.org/abs/
2203.1519

[11] LI B, YANG M, YAN Z. Theory of network wave[ EB/OL]. (2023-04-21)[2023-03-01]. https: // arxiv.org/abs/2203.05241

Adaptive channel reservation multiple access protocol based
on differentiated traffic guarantee

LIU Ze, LI Bo, YANG Mao, YAN Zhongjiang

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

Abstract: Ad Hoc network is widely used because of its distributed flexibility, in which nodes may generate differ-
ent types of traffic, and some high-priority traffic requires lower delay and other Quality of service ( QoS) require-
ments. However, as the load of traffic increases, the probability of conflict increases significantly, which makes it
difficult to guarantee the requirement of these traffic. It is significant to design the efficient multiple access protocol
to ensure the quality of different kinds of traffic. Channel reservation mechanism is an important method to ensure
QoS. However, the existing channel reservation mechanism does not fine-adjust reservation parameters according to
the QoS when dealing with various traffic differently, and the differentiation mechanism is rough. In addition, it is
difficult to ensure the performance of common services when low-latency services are met. Therefore, a
differentiated service guarantee adaptive reservation mechanism ( DSGARM) to solve the above problems is pro-
posed. The core idea of the protocol is to provide differentiated services in detail according to the delay tolerance re-
quirements of each business. Absolute reservation mechanism is used to guarantee delay-sensitive services, and rel-
ative reservation mechanism is used to service relatively delay-insensitive services. In the protocol, a model is estab-
lished to design an adaptive algorithm to quantitatively calculate reservation parameters that meet the delay require-
ments. On the premise of prioritized reservation for various services, appropriate reservation parameters can be ad-
justed according to network conditions to ensure the delay tolerance requirements of each type of service. The pres-
ent work can be widely applied to scenarios with differentiated business requirements. The simulation results show

the advantages of the present protocol and have great practical significance.

Keywords: Ad Hoc networks; channel reservation mechanism; traffic differentiation

SIEC N, FR, BE, F GRHEFNELFREN GELEETLGEZHEAGXT]. BT WA FFR, 2024,42
(1): 84-91
LIU Ze, LI Bo, YANG Mao, et al. Adaptive channel reservation multiple access protocol based on differentiated traffic
guarantee[ J |. Journal of Northwestern Polytechnical University, 2024, 42(1) : 84-91 (in Chinese)

© 2024 Journal of Northwestern Polytechnical University.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (hitp://creativecommons.org/licenses/by/4.0) , which

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.





