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Modeling and Performance Analysis of the CSMA/CA Access Mechanism for IEEE 802.15.6
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(School of Computer Science and Technology, Zhejiang University of Technology, Hangzhou 310023, China)
Corresponding author: LI Yan-Jun, E-mail: yjli@zjut.edu.cn

Abstract: Wireless body area network (WBAN) is a network of wearable or implanted sensors around or inside human body. In 2012,
the IEEE 802.15 Working Group developed a new communication standard IEEE 802.15.6 specifically for WBAN. The primary medium
access control technique defined in this standard for narrow-band communication is slotted CSMA/CA mechanism supporting
differentiated QoS service. To understand the intrinsic nature of this mechanism, the backoff procedure under saturation condition is
modeled by Markov chain so that throughput, successful packet delivery rate, and delay are analyzed. Simulation results confirm the
accuracy of the model analysis. Both analysis and simulation results show that this standard provides differentiated service for different
priorities, however, also indicates that under saturation condition the medium is mostly preempted by the highest priority while starving
other priorities.

Key words: IEEE 802.15.6; CSMA/CA; Markov chain; differentiated QoS service; wireless body area network
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Fig.1 Illustration of the beacon period
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Table 1 Contention window bounds for different priorities
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Fig.2 Virtual collision handling mechanism inside a node
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Fig.3 State transition diagram for the node of UP i
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AT AR TR A 4T (¥ 1A R 4SS T 4 LR Y, 2 [ TEEE 802.15.6 ARifECIEAT T SR E,
HARSHOLE 2.5 e A1 BRI R 2537 5H 2 1 > WBAN PR 2RI 8 ANAS IR0 46 202 0 4 55 20 B S ZR 4 4,
B PSR 55 4 B AL IR LAEANE b5 U P B EAPL L RAPT AR 0 4, HR I B BES o 0.4 2
2 BB 5 B2 G (physical layer protocol data unit, f&iFx PDUY WK 4 iR AR X QDA (22). B 4 FiE 2,

IRE S W HAT 2 T, T, /0 T

Table 2 Simulation parameters
*2 iESHEE

Parameters Values Parameters Values
PHY preamble 90bits Data rate 242.9kbps
PHY header 31bits ACK payload 3bytes
MAC header Tbytes ACK timeout 30us
Data payload 100bytes SIFS 75us
FCS 2bytes Slot time 145us
Symbol rate 600ksps Retry limit 2 for UP<5, 4 for UP=6

% 3 BIR,2 EAPI=RAP1=0.5s I %3 2

EAP1=RAP1=0.5s
% 3 EAPI=RAPI1=0.5s I, #Fit 5. IR F R GEIR (B 0 | a5 )

WE S 543 3 UPO~UPT RG4S E ks, I %
FOFEIRIX 3 AN PERETE AR ) T8 S5 45 . %% 4 B8 T EAP1=0.1s,RAP=0.5s I #H 3 ) 45 B, HoAl S R FF AL
MR 3 FIZ 4 AT LU W05 B 25 B 5 #1004 B 45 IR Ak 5 H2 0, 300 T B8 2 A ) v vk

Table 3  Analysis and simulation results for throughput, successful packet delivery ratio and delay,

UP Throughput Success probability Delay (s)
Analytical Simulation Analytical Simulation Analytical Simulation
0 0.001 548 11 0.001 710 72 0.134 243 0.138 825 2.127 45 1.928 85
1 0.001 548 11 0.001 648 68 0.134 243 0.133 348 2.127 45 2.001 05
2 0.003 262 94 0.003 532 98 0.147 008 0.148 959 1.009 37 0.933 946
3 0.003 262 94 0.003 581 82 0.147 008 0.151 056 1.009 37 0.921 259
4 0.007 317 67 0.007 687 68 0.176 689 0.174 095 0.450 079 0.429 241
5 0.007 317 67 0.007 782 72 0.176 689 0.176 131 0.450 079 0.423 990
6 0.011 1376 0.012 020 6 0.313 373 0.317 759 0.295714 0.274 516
7 0.413 561 5 0.416 895 0.844 627 0.878 675 0.007 963 83 0.007 915 66
Table 4 Analysis and simulation results for throughput, successful packet delivery ratio and delay,
EAP1=0.1s, RAP1=0.5s
% 4 EAP1=0.1s, RAP1=0.5s I FF 0, oot S RUEIR 1) PR 5 1) BL 45 R
UP Throughput Success probability Delay (s)
Analytical Simulation Analytical Simulation Analytical Simulation
0 0.002 580 19 0.002 843 94 0.134 243 0.137 787 1.276 47 1.159 74
1 0.002 580 19 0.002 846 58 0.134 243 0.137 906 1.276 47 1.159 23
2 0.005 438 23 0.005 879 94 0.147 008 0.148 439 0.605 626 0.561 086
3 0.005 438 23 0.0058311 0.147 008 0.149 176 0.605 626 0.565 849
4 0.012 196 1 0.012 902 3 0.176 689 0.174 523 0.270 047 0.255 76
5 0.012 196 1 0.012 868 7 0.176 689 0.176 815 0.270 047 0.256 423
6 0.018 562 6 0.019 868 6 0.316 337 0.314 757 0.177 428 0.166 082
7 0.191 023 0.193 157 0.678 765 0.683 118 0.0172415 0.017 084 6
B 5 AN 6 BE— 2D ay T vk L SOt A RS AR B Y s R I AR A B0, A T R AN ) AR IR

S T B BEEITE e R i K EAERE S 7,6 5 EAP1=RAP1=0.5s,"] 6 7 EAP1=0.1s,RAP1=0.5s,
HAb HBH SR 2 — B AR E N BB 45 AN B 45 B BUS T AR % I i — 30k
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0, anal.
< 0, sim.
1, anal.
+ 1, sim.
2, anal.
> 2, sim.
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