%46 B 71 1) S I Vol.46 No.Z1
2025 410 A Journal on Communications October 2025

JEEF1 WLAN A % %28 EDCA RITH3R B A4 58 73 47

Apasl, X FE, Bk, Hig’
QAR R T 5 B SIBE R, Wb BRI 430074; 2. FHF R T 515 B TR, L 201804)

OB XEHEMAEL RSN (WLAND 28 om0 oA sUE RN (EDCAY BhSGEAT T &1 rIHEGE 4
M, BRI PR MRS N T RS IR A TRERET A, BN ERRE R B E S
[Ty R A REERELE, 122 RS ZR T IR WETHH 88 N T B SNSRI R A N N ZE A . kA, 2R SE
G707 55 10 25 18] 43 A1 R FH BEATL LRI AE 28 mp (R IE s i i R AT B, MO 3t —ASB A  5E T Mk 45 25 A (1 4
MR AL T TR E B B SUE S PR IR E S AN (AC) R R IR
IR . i BRI, 2k AP 2 BERE U4 130 B % H AR T8 J5 oK 0.25 M & HARSRIRE /N T35 dB I, 4
SRR T e Rl 4 N 6 PR A1 8.06%,  FEKG i e g AC TR ik B 92 151 40% DL Lo X L6 A IEEE 802.11be M 4 K
WLAN R4 (1 [ 38 S EDCA 230 B 2 7] W 26 BRI B2 41 748 5

KR MR A UEE RN S WLAN; B RATREEEAL; FENLILAT: 3R JEEANL 4
FESZES: TP393.0

NEKFRERD: A

DOI: 10.11959/j.issn.1000—436x.2025240

Capture-aware performance analysis of multi-link EDCA in
unsaturated WLAN

ZHONG Yi', BI Wanglinfeng', GE Xiaohu', HUANG Yi*

1. School of Electronic Information and Communication, Huazhong University of Science and Technology, Wuhan 430074, China
2. School of Electronic and Information Engineering, Tongji University, Shanghai 201804, China

Abstract: A comprehensive performance analysis of multi-link enhanced distributed channel access (EDCA) was pre-
sented in unsaturated wireless local area network (WLAN), with a focus on capture-aware transmission dynamics. To ac-
curately model the backoff behavior under non-saturation conditions, the traditional Markov chain framework was ex-
tended by introducing an idle state, capturing the probability of deferral when no external collisions occurred at a zero
backoff counter. Furthermore, the spatial distribution of multi-link contention nodes was modeled using a Poisson point
process within a stochastic geometry framework, allowing for the derivation of a novel, traffic-class-specific capture
probability model. This model quantified the impact of interference, deployment density, access point coverage radius,
and capture thresholds on the transmission success probability of each access category (AC). Simulation results demon-
strate that, when the deployment density of non-AP multi-link devices is below 0.25 devices/m? and the capture threshold
is less than 35 dB, the capture effect can reduce collision probability by 8.06% and improve high-priority AC throughput
by more than 40%. These findings provide guidelines for adaptive EDCA parameter tuning and spatial network planning
in IEEE 802.11be and beyond WLAN systems.
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