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Abstract: Multi-packet reception (MPR) technique can effectively increase throughput of wireless networks.
We establish a suitable cross-layer design model for a wireless mesh network. It is a mixed integer programming
model, which cannot be solved within polynomial time in general. We then propose a near-optimal solution to
be solved in polynomial time. In this solution, integer variables are released into the space of a real number field,
and the original mixed integer programming model becomes a linear programming model. We can obtain the
near-optimal solution by iteration. Compared with optimal solutions without MPR, we show that throughput
is increased by about 300% when using MPR.
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Figure 1 System model of the wireless mesh network
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Figure 2 Interference set of the three cases
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Table 1 Optimal objective value with and without

MPR

%féiﬁﬁ Eﬁ hay  EETE ﬁéﬁ% MPR # S 1%

HH  $H MK AFHWKE
10 2 205.63 533.11 259.25
10 3 263.34 503.10 191.05
10 4 299.62 636.70 212.51
10 5 330.23 598.53 181.25
15 2 149.97 482.20 321.53
15 3 195.28 427.73 219.04
15 4 217.96 623.78 286.19
15 5 261.64 518.89 198.32
20 2 115.27 494.50 428.99
20 3 148.53 568.45 382.71
20 4 174.63 550.84 315.43
20 5 188.84 545.36 288.79
25 2 94.18 477.41 506.90
25 3 129.59 480.33 370.64
25 4 144.70 574.60 397.09
25 5 165.60 492.63 297.48
30 2 82.57 436.76 528.96
30 3 102.86 529.15 514.44
30 4 126.24 482.53 382.23
30 5 134.34 491.02 365.51
35 2 73.78 504.12 683.29
35 3 94.84 401.84 423.72
35 4 107.29 433.50 404.06
35 5 112.03 461.83 412.25
40 2 65.44 531.25 811.79
40 3 79.69 448.49 562.82
40 4 93.88 398.19 424.15
40 5 114.44 470.38 411.03
45 2 57.13 490.58 858.64
45 3 76.10 476.72 626.43
45 4 84.56 427.64 505.71
45 5 94.99 406.23 427.66
50 2 51.31 487.38 949.79
50 3 69.61 489.51 703.18
50 4 78.85 412.32 522.93
50 5 83.60 392.93 470.03
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Figure 3 Performance between the traditional solution and the MPR solution in the different number of routers

5 & i

AR SCAR B P -THRBE R T T 7 2 el & 1
AT R A A B R O, AL T RE A
1 HH 2% RN 28 i 1) T5 26 mesh W 4% 1) 5 JE AR A Y. 1%
B JE — AN 0-1 VR A SRR LRI, O T Rext itk
PR GEAT PRER AR, vk T —Fh 22 I ) 52 A% B 1)
AL B ACA TS . B Jm 45 AL Bt )7 56 N RIAR ST it
B I JT 2R MR Jah R, i it Rk
SR e I PR T I g PERE. A sEPriz F b, mrRLiE
1% SRS AE mesh 4 A1 2% [ S2H0.

AL A A SR WS e 37 7T PR TG 26 mesh 9 4% 4570
IR B 2 A EOTAE KR T Bk &%, ke
HTZ B4 M e it 2 s JZ i %, 21—
I TAE.

% k-

[1] AxviLpiz I F, Wang X. A survey on wireless mesh
networks [J]. IEEE Communication Magazine, 2005,

2]

3l
4]

5]

[6]

7l

(8]

43(1): 23-30.

Lanc Tong, QING Zhao. Multipacket reception in
random access wireless networks: from signal pro-
cessing to optimal medium access control [J]. IEEE
Communications Magazine, 2001, 39(11): 108-122.

CoviEr T M. Broadcast channels [J]. IEEE Trans-
actions on Information Theory, 1972, 18(1): 2-14.

ZuaNG R, SipirorouLos N D, Tsatasnis M K. Col-
lision resolution in packet radio networks using rota-
tional invariance techniques [J]. IEEE Transactions
on Communications, 2002, 50(1): 146-155.

GHEZ S, VERDU S, SCHWARTZ S. Stability properties
of slotted Aloha with multi-packet reception capa-
bility [J]. IEEE Transactions on Automatic Control,
1988, 33(7): 640-649.

GHEZ S, VERDU S, SCHWARTZ S. Optimal decentral-
ized control in the random access multi-packet chan-
nel [J]. IEEE Transactions on Automatic Control,
1989, 34(11): 1153-1163.

Touwmpis S, GoLpsMITH A J. Capacity regions for
wireless ad hoc networks [J]. IEEE Transactions on
Wireless Communications, 2003: 736-748.

Su W, Lim T L. Cross-layer design and optimization
for wireless sensor networks [C|//Software Engineer-



%33

A5 ZORRTIL Mesh 24 10155 )2 040 233

ing, Artificial Intelligence, Networking, and Parallel/
Distributed Computing, 2006: 278-284.

[9] SHI Yi, THOMAS H Y. Cross-layer optimization for
multi-hop cognitive radio networks [M]//Cognitive
Radio Communications and Networks. [S.L]: Princi-
ples and Practice, USA, 2009, 329-331.

[10] ByoungHOON K, Suncwoo T. A Communication
framework supporting cross-layer design for wireless
networks [C]//Ubiquitous Multimedia Computing,
2008: 232-237.

[11] SmakkoTTAI S, RAPPAPORT T S, KARLssoN P C.
Cross-layer design for wireless networks [J]. IEEE
Transactions on Communications, 2003, 41(10): 74-
80.

[12] QING Zhao, LANG Tong. A multi-queue service room
MAC protocol for wireless networks with multi-
packet reception [J]. IEEE/ACM Transactions on
Networking, 2003, 11(1): 125-137.

[13] WaNG Z, SADJADPOUR H R, GARCIA-LUNA-ACEVES
J J. The capacity and energy efficiency of wireless
ad hoc networks with multi-packet reception [C]//
Special Interest Group on Mobility of Systems, Users,
Data and Computing, ACM, 2008: 179-188.

[14] KB, WHE, MK =, &RW]. —FPIEE Mesh [ 4%
LT R AE ) 2 RO [T) T A R
%, 2010, 32(5): 1200-1204.

[15]

[16]

[17]

7ZHU Yun, PAN Chengkang, XU Youyun, CAI Yuem-
ing. A multi-packet reception method based on co-
operative communication for wireless mesh networks
[J]. Journal of Electronics and Information Technol-
ogy, 2010, 23(5): 1200-1204. (in Chinese)

WA, FAh. Ad hoc W 4% b — s (K 38 T T 24130
J& FI MPR. B 8 k2 N Fs il S0k (3] VS0 H
4%, 2008, 25(6): 1872-1876.

YANG Shuangmao, Guo Wei. New reservation
scheduling MAC algorithm based on multi-packet re-
ception in Ad hoc networks [J]. Application Research
of Computers, 2008, 25(6): 1872-1876. (in Chinese)

SH1 Yi, THomas HY, KoMPELIA S. How to correctly
use the protocol interference model for multi-hop
wireless networks [C]//International Symposium on
Mobile Ad Hoc Networking and Computing, ACM,
2009: 239-248.

THAT M T, PARDALOS P. The handbook of optimiza-
tion in complex networks: theory and applications
[M]. [S.L]: Springer Publisher, 2011: 135-150.



