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Distributed Cross-layer Load Control for
Wireless Multi-hop Networks

OYUNCHIMEG SHAGDAR,! MEHDAD N. SHIrAZI, !
Sunua Tana,™ Ryutaro Suzuki™ and SApao OBANAT!

Throughout the history of packet communications, congestion has been one
of the problematic issues, which adversely affects network qualities, in terms of
delivery ratio, delay, throughput, and so on. In the internet, congestion is con-
trolled by the end-to-end approach of Transmission Control Protocol (TCP).
In wireless multi-hop networks, due to the channel dynamics caused by mo-
bility, multi-path fading, the end-to-end congestion control does not operate

well. In this paper, we propose a distributed cross layer scheme that detects
and avoids congestion by queue length monitoring, inter- and intra-node rate
signaling, and upper/lower layer rate control at individual nodes. Because the
scheme operates as a hop-by-hop manner, it can promptly react to the sudden
changes of the wireless channel condition. Furthermore, the proposed scheme
can be used not only as congestion avoidance, but also as delay suppression.
Simulation results show that the scheme can significantly improve traffic per-
formance in terms of delivery ratio and delay. Specifically, packet delivery ratio
can be increased by up to 80%, and end-to-end delay can be decreased from
few seconds to few hundred milliseconds.
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Fig.1 Simple topology.
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Fig.2 System structure.

gobooooooooooooooooooooooobooooooooooooDooboo
00 00000000000000000000000000
goooooooooooobooooooboooooooobobooboooooDboooooo
gooooobooodoooooooooooooboboooobob0obooooobooDobo
gooooooobooooooboooobooobooooooooooboboooobobooo
goooobooboobooooooobooooooobooooobobooooDboboOoOoobo
goooooooboooooooooooooooooooooooooooooooboo
goboboooooooooboboooodoooboboooooooooooooooboOoo
goooobooodoooooooooooOoooooOoboOoOoooooOoboOoooooooObooo
gooobobobooooobooobooooobobooOoooboooooOobooobooooOoOooo
goooooooooooooboooooobooooooooooobooboooooooboobo

goboooooooobooboooobooooobooooOoOooOooboOoOoOOoOoOooOooOobOOoOoooOoo

goooooooooooooooooooooboobooooooboooboooDooboobobo
gboboooboooboooocoboooooboooboobooooDooobOoboboobOoboboOoDo
0000000 1mo1)iooooooooooU0oUooooooUoooooooo
gobooboooooooobooooooboooooboooooobooooooooboooooooo
gooobooooooooooooooooboooooooOooboooooobooooooobooon

00o0oooooog Vol 50 No. 2 814-828 (Feb. 2009)

I FILEN (L — IR L FULG -

03 DoUoooooo
Fig.3 Flow chart of load monitoring operation.
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Table 4 Performance of each scheme for mesh topology.
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Fig.11 Star topology.

gooooooobooooobooboooooboooooobooo0ooooboo0ooo 11oo0on
voooooooooooooooooboooooooooooooooooooobo
goooooobD M1IOM1OOOO 60000 M2OM7ODOOODODOOOODDO 1200
gooMsOMooooooMsOMIOoooooooooooooooooooMio
M7OO 11oooooooooooobooooooboooMIOoOoooooOooOoOooogo
gooooooooooooooooboooooobooooboobooobooooooDooo
gdooboodooobooooboooooooogeoboboboOoOoboOOObOObODOOOO
OO0 512Kbps 00 00000C0OCOOOOOOOO0O0O0OOOOOOOOODOOOOOO
20000000000O00C000DOO0OO
ugsbbbodoboooooboooooboooooboboooooooooobooooooOoo
O00o0o00o0o0oO0oo0ooobo0o0oooooooooooD 4%0000o0oo
O0000000o0o0o0oUOoo0ooooooO 8w uooooooooooooooa
gboooobooooobooobooooboooobooooboboOoobOboOobOoOooODOo
goooobooooooooboooooboOobooooooooooobooooooDon
OODO0OOOOO0OD0O0OD0OD 3/KbpsO0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0OO0OOOO
l1o0000000coooboooooobo 2000000000000 0OOOOOOODOOn
gobooboooooooooobooboooobo4000000D00O000O0OOCOOO0ODODODOO

(© 2009 Information Processing Society of Japan



825 O0O0OO0OO0OOOOO0OO0OO0OO0OOOOCOOOO0OO0OO0O0O0OOOOOOO

05 O00000000DOOO0OO0O0ODOOOO0O
Table 5 Performance of each scheme for star topology.

FHEEE ori(FIFO)  ori(RR)  Proposed
PRy MEER 0.04 0.04 0.88
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Table 6 Performance evaluation of cases where conventional nodes exist in network.

=2 Wy NRRER SEEREE [B)]
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