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Abstract — Wireless mesh networks are Transmission Control Protocol, usually performs
expected to provide wireless broadband access

to Internet. Multitier wireless mesh () (t9)

architecture provides a lar ge-scale deployment. é EX

However, the popular congestion-controlled  —U— U™+

protocol, TCP, performs badly in such CD C} ® ®

networks. Many studies have revealed this &@ &@}&@ &Q@)

performance drawback. Recent paper even ™
discovers the starvation of TCP flows in a
specified wireless scenario, called the basic é
scenario. Some TCP flows will starve even ® © ) Gateway
with a TCP flow coming into this basic & & ®
scenario. This paper proposes a new way to @3 @} ] e
improve this critical issue. Comparing to C@ C},
previous solution, it just uses a routing way, &Q@ @é@
called extending routing path here, without
modifying TCP and it also solves the
starvation of TCP flows and achieves fairness Fig. 1. The multitier wireless mesh
among TCPflows. architecture.
badly in such wireless networks. Although
Keywords : wireless mesh network, starvation ofsignificant progress has been made for improving
TCP flows, extending routing path. TCP performance[?][S], the starvation of TCP
flows still occurs under some network scenario.
Starvation of some TCP flows leads to severe
1. INTRODUCTION performance degradation and unfairness.
Previous studies have been found that TCP and

Wireless mesh networks are expected ®AC mechanism are key points to lead to
provide wireless broadband access to Intern&nfaimess, eg. binary backoff and carrier sense.
Multitier wireless mesh architecture provides &€NCE; SOme proposals just try to tune backoff[9)]
large-scale deployment. Figure 1 shows th@nd handshake[10] mechanisms. The parameters

multitier wireless mesh architecture. Severd&asoz'll are also redesigned in order to achieve
researches develop well-designed solutions RETer performance of flows. However, these

overcome several possible issues in wireleé'Et?thOds do not solve the starvation of TCP flows.

mesh networks. Some important issues are jusgerefore, some researchers develop other ways
om the view of TCP mechanism. By tuning

like interfaces and channels assignment proble = - X -
eg. multi-interfaces and  multi-channels! CP transmission window, and determining the

assignment[2][3][4], gateway placement[5][6]cauSes Of packet loss, TCP can adapt itself to
etc. However, a well-know transport protocoIW're"eSS network much better than before. Variant

TCP mechanisms are developed thereafter.
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Recent study try to analyze the origins o&énd hence it is feasible.
starvation of TCP flows in wireless mesh 2. We provide a new view to improve TCP in

TCPang wireless mesh network. The following study can
keep looking for other ideas base on this work.
TCPsq In this study, we show this newly-developed

solution still can solve the starvation of TCP

flows in a basic scenario. We provide extensive
Q simulations to verify our proposed solution.

Q The remainder of this paper is organized as

follows. Section Il describes discussion

A B G including of various solutions to improve TCP

performance in wireless mesh network and

explanation of possible ways to improve TCP

behavior in basic scenario. Section Ill gives
etails of our proposed solution for starvation

Fig. 2. Two flows in a basic network scenario

networks. It dl.s.cover.s the starvatyon of Tcgroblem of TCP flows in wireless mesh network.
flows in a specified wireless scenario, called th

basic scenario and some TCP flows will starv Section IV, several simulations are provided.

even with a TCP flow coming into this basicz\/e give the fultucrje Wﬁrk in Section V. Finally,
) ; . . . ection VI concludes the paper.

scenario. Figure 2 shows this basic scenario. This pap

basic scenario always exists in any mes, D

networks. This architecture just comprises threg: ISSCUSSION

nodes and one of them is gateway (eg. Node G in

Figure 2) and the other two nodes (eg. Node A TCP performance usually suffers from many

and B in Figure 2) should transmit their Tcp/ncertain factors in wireless mesh networks.

flow to gateway. In Figure 2, G and Node A ar(g,)ifferent from the wired network, the cause of

hidden mutually and Node A must transmits itgagket loss is not just due to conge.stion. Wireless

TCP traffic via Node B. Node G transmits trafficenvironment and MAC mechanism lead to

to Node A via Node B similarly. Node B canseveral TCP packet losses. Many studies analyse

communicate other two nodes and plays the rofg® performance of TCP in wireless mesh
forwarding traffic from Node A and G.. Due tohetworks to understand relation between TCP
the fact that Node A and G are hidden mutualljp"d |EEE 802.11. Furthermore, there are many
Node A and G usually interfere with each otheptudies to develop mechanisms to counteract the
Recent study[l] uses an analytical model igegradation of TCP performance in wireless
discover the cause of starvation of TCP flows if"€Sh networks. These researches usually need to
such network scenario. It describes that t81edify TCP including some new TCP-friendly

understand the interaction between TCP arffotocols and enhanced TCP. The first one

MAC mechanisms is important to propose a walicludes Split TCP and redesign TCP parameters.

to solve this issue. The solution in [1] is to se he other one usually includes variant proposals

Minimum contention window in TCP flows in {0 enhance TCP, for instance, available

node B much larger than original setting®@ndwidth estimation TCP and loss cause
etc. However, in wireless mesh

However, to modify MAC mechanism is usuallyPrediction, .
not practical. network, these researches are not able to improve

This paper develops a new solution based 5he starvation of TCP flows in a basic scenario

the modification of routing path in Node B. Thiscompletely. The main reason is due to the

opinion is very different from previous solutionscharacteristic  of = TCP  feedback  loop.
We replace common opinion, the modification O1:J_nfortunate|y, this basic scenario must embed in
TCP or IEEE 802.11, with a new view, routingiré/ess mesh network. , .
path modification. Hence, the main contributions Recent study[1] tries to show interaction
of this paper are listed as follows. between TCP and IEEE 802.11 and find the
1. Without the modification of TCP and IEEEONgIn of TCP starvation in a basic scenario, just
802.11 MAC, starvation of TCP flows in a basidiké shown in Figure 2. It explains that the

scenario still can be solved. For improving TCpteraction between MAC and TCP leads to

performance, it is really important advancebistability. Hence, flows originating from node A

Furthermore, our solution is easy to implemeriti@rve even if only one flow from Node B to G.
To achieve the goal that TCP flows in Node A
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can survive,TCP flows in Node B should slow MAC parameter, C\W,, needs to modify IEEE
down its increasing rate. Therefore, it proposes 802.11b and it is not usually a practical way. In

Tgﬂ'}“ff}‘“ Table 1. Definition of parameters used in this
Node Ao U N pape’
P o Items Definition
‘ Lgsg The link of node B to G
TCP Agent in TCP Agent in "I;"(('l});‘::l:lr;[ Gateway LA'>G The Ilnk Of nOdeA 10 G
Node A chBE Node B TCPy>c TCP flows from Node A to G
R TCP;.c TCP flows from Node B to G
N P NeLg) The nodes apart one hop from Node G
TCPagent in Ne1g ~ The nodes apart more than one hop
Node A !
from Node G
Fig. 3 Two TCP transmission loops. Nt The nodes apart two hop from Node G

solution to improve starvation of TCP flows in this paper, a new solution is given and it also
such scenario. In short, the idea of its solution igproves the fairness issue and starvation of TCP
to set a large minimum contention window foflows in basic scenario. This new solution is

flows whose source nodes are apart one hop frgfgveloped based on modifying routing path of
gateway. Here, we try to deeply discuss TCBome nod and is much more practical.

behaviour and discover possible difficulty in

previous work. In Figure 2, we assume that the® PROPOSED SOLUTION

are two TCP flows and they originates from node

| B and A, respectively. TCP flow in node B does 2.2First, we describe the initial idea of eur - {#3® (il ' {{¥ is

not interference with hidden nodes but one igolution. Previous works [1] often focus on
Node A does. modification of TCP or MAC protocol to

In Figure 2, while TCP flows in Node A, Bimprove TCP in wireless mesh network, which
transmit their TCP packets to G and G transmitre not possibly practical. Hence, this paper
ACKs to node A and B, respectively, two TCRjevelops a new solution in the view of routing
transmission loops are formed. Figure 3 showsath. It does not modify any network protocols
two TCP transmission loops. TCP transmissioand just changes the routing path of some flows.
loop formed by Node B, G, defined agd-, Routing protocol is also not our concern here and
captures more network resource thaisL The hence any routing protocols are still allowed to
reason is Node A and G interfere with each othefe employed in wireless mesh networks.
Hence, TCP packets(ACKs) in Node A(G)arg{owever, AODV routing protocol is employed
usually dropped due to interference from G(A)nere. Then, we use some analysis to explain our
Successful transmission in Node A(G) can wispinion and thereafter this paper focuses on TCP
wireless media usage for a period of time. Nodows in a basic scenario, just like in Figure 2.
A and G occupy wireless media alternatelyTable 1 show the network parameters defined in
called bistability in [1]. Reader can refer to thehis study.
details of analysis in [1]. Node B can sense the Based on discussion in Section 2, EGP
transmission from Node A and G and hence TCiibws can operate normally due to the fact that
in Node B can transfer normally. Based on thigjode B can sense the communication of G.
observation, TCP flow in Node B should obtairHence, TCP transmission window can increase
more network resource than one in Node Aast. For TCR.¢ flows, its transmission window
Those flows in Node A even starves under thigsually decreases and keeps low because of that
imbalance resource distribution. [1] proposes A and G are hidden mutually. Soonsds is full
solution that adjusts minimum contentionof TCP packets and ACKs of TCP flows in Node
window of node B. The idea behind this solutiolB and TCP flows in Node A starve. It shows that
is to constrain the increasing rate of TCACP,.q flows can survive only if TCR.g slow
transmission in Node B and TCP flow in node Ajown its increasing rate. To achieve this goal, this
has more opportunity to transmit its traffic. Thigpaper use different way that lets TCP flow in
solution indeed improves unfairness betweeNode B route the similar routing path of TCP
TCP flows in Node A and B. However, to adjusflow in Node A. This reason is as follows. As
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validation of [1], TCR. flows and traffic from
G usually get network resource alternatively,

which they call it as bistability. We observe glRouting tablein Node B Routing table in Node A

flows passing through Node A must experiencEntry | Destination| Next | Entry | Destination| Next
this circumstance of bistability exception to Nodeumber hop | number hop
B. The proposed solution in this paper is o 1 Node G G 1 Node G B
change the routes ofdy) The procedure of our——> Node A A 2 Node B B

mechanism is listed as following.
1. All nodes run their routing protocol to
discover routing path.

Table 2: routing tables in Node A, B

2. To indicate N, g the way is to look up the
next hop item in routing tables in those
candidate nodes. It should be G in the next
hOp |tem Receiving TCP
3. Then, to find the nodes, called as transit packets and prepure
nodes and denoted them ag Mpart two

hops from G, the routing tables i}y give No
the solution. Because those nodes must fimadeio
apart one hop from @ in downstream
direction.

4. Re-Setting the next hop of the route to Node
G in the routing table of Mg is one of

Is it Forwarded by
corresponding N: before
now?

Is this packet from Nj;t0 G ?

Looking up
routing table

transit nOdeS in Step 3 and forwarding
5. Transit nodes forward traffic from
corresponding RN to the gateway with the > end

use of routing table in transit nodes.
) o Fig. 4. The flow chart of forwarding TCP packets
We provide an example to explain. First, Node in NeLg)
A and B discover their routing path with the use '
of routing protocol. The simplified routing tables
in Nodes A, B are listed as Table 2. As shown i
Table 1, the next hop item of routing table inB" SIMULATIONS

node B is gateway for the path to gateway, which In this section, the performance of two TCP

means Node B is one of g\, Furthermore, flows in a basic scenorio is investigated. Here
exception to the path to gateway, nodes in nek? . ) 9 : ’
e use ns2 simulator to simulate network

hop item are transit nodes for some paths. NeXt‘sE:enario Our proposed solution is compared with
changes the path to gateway, just replacing the ; prop P

original next hop item with corresponding one O*he solution in[1]. The following simulations are

N; and then that chosen transit node forwar(ﬁgg: A'\naﬁﬁsg tfa?r?:r%'lto gfféf;efo Itr;leFlg;tre?/vaz.
traffic based on its routing path to gateway. Al P 9 y

) . - . ode. We make four simulations.
things in our mechanism have been explaine imulationl : First, we show the starvation of
However, there is a possible issue in o ’ ’

. C CP flows in basic scenario. The parameters of
descriptions, which is there should be a loo .
route existing between one of gy and its CP and 802.11 MAC are set as default value in

corresponding transit node. To see the Figure SCszIme(Iji\t,osr{a'r:\l,gszrgnz ?l_gvs ﬂtg\i r(‘:glt]iwr?lch
the route of the flow to gateway must be a lOOprietV\?ng( throuahnut Fo?G 9 thegir
which the flow originating from node B must ghput. &y .

. o ; erformance must suffer from this starvation
arrives at original node B again. Node B shoullaSsue
drop it to avoid traffic looping between B and A. imullation 2: In this simulation, we perform the
Then no traffic can arrive at destination, G, finall : ’ P

Hence, node B should let TCP traffic go if it is simulation with our solution. Figure 6 show the

from B’s corresponding transit node and itfewlgz'cr\(/evaesgsn'lfgs th%é%;o:tﬂrggtn C)t];aTr‘]‘(;’fE; r
source is B. And at this moment, the route shouf’ ) o

use original one. We use flow chart to describ
this procedure.

s TCP traffic steadily. Furthermore, A and B
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share bandwidth equally. The results of simulation demonstrateuthptoposed
solution achieves fairness between two flows and

avoids the starvation of TCP flows.

Simulation 3: Then, we continue the simulations

with proposed solution in [1]. In simulation 3,
MAC mechanism in node B adopts Gy#128.
From Figure 7, we can see that this simulation
shows that the throughput of Node B can increase
than before and is similar to the result of Node B
in simulation 2. But it still exist unfirness relation
between TCR.c andTCPs.c flows. Although
the sum of their throughputs is higher, being

not fair enough and modifying C¥{ parameter  Fig. 5. The starvation of TCP lows in a basic

3000
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2000

2
2

1000

TCP Throughput (Kbps)

in 802.11 make its solution doubtable. secnario in Fig.2.
Simulation 4: In Simulation 4, we set GW!to
512 and the result is shown in Figure 8. We can 5
find the sum of throughput of both flows .
become low and it is still unfair. 3
Based on these simulation, our solution and %
proposed one in [1] can improve the starvation of ; i
TCP flows efficiently. However, our solution can g
simultaneously achieve fairness between two
flows. ’ . e
5. FUTURE WORKS Fig. 6. The throughput of two TCP flows with

. o our proposed solution.
This study observes the starvation issue of

TCP flows in wireless mesh network and 1200 -

provides a new way to improve it. Section 3 give 1200
our solution and make several simulations to 1000 -
verify its performance. Based on our solution, it L
exactly improves the starvation issue. However, .
other network scenarios like more.l\, nodes .
A->G 3-5G

TCP Throughput (kbps)

should also be simulated. Furthermore, the reason .
behind this solution should be validated with
compact theory. A mathematical study is indeed
needed to prove it. We leave it as the future
work and try to find more evidence to confirmFig. 7. The throughput of two TCP flows with
our solution. CWpin=128.

Furthermore, in addition to the view of routing
path modification, we also try to solve the
starvation issue with other ways. Active Queu 700 -

Management may play an important role t 600 -
manage flows from plg) and Ns1 ) respectively. 500 |
The possible way may be like to distinguish % aco

CWmin=128

protected flows from flows in g and design

300 -
schemes to improve the starvation issue. We w| £ 4 |
keep studying in this field in the future. 100 |
0
A>G

TCP Throughput Kbps

B->G
CWmin=512

Fig. 8. The throughput of two TCP flows with
CWnin=512.
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3995-4004, Nov. 2008
6. CONCLUSION [4] A. Hamed Mohsenian Rad, Vincent W.S.

In this paper, we discuss well-know drawbacks Wong, “Congestlon_-aware Channel
of TCP flows in wireless mesh networks. assignment for multi-channel wireless
Related researches focus on modification of TCP mesh  networks,Computer  Networks,
and MAC protocol for improving TCP  Vol. 53, Issue 14, 1&p. 2502-2516 Sep.
performance. However, it is usually not practical 2009
and cannot solve the starvation of TCP flows i[5] Benyamina, D., Hafid, A., Gendreau, M.,
basic scenario due to TCP's nature, control l00 " "«optimal placement of gateways in multi-hop
Recent study tries to tune minimum contentio  yjreless Mesh Networks: A clustering-based
window and it achieves better performance th:  5pnr0ach,1EEE 34th Conference on Local

before. But it needs to modify the parameter «  computer Networks, pp. 625 - 632 Oct. 2009,
MAC. This paper provides a new view tc

improve extreme unfairess among TCP flows [6] Smadi, M.N., Ghosh, S.C.,  Farid, A.A.,

a basic scenario. The proposed scheme tries 10dd, T.D., Hranilovic S.,*  Free-Space

change routing paths of 4\, to avoid the Optical Gateway Placement in Hybrid

modification of original network setting.  Wireless Mesh Networks,” Lightwave

Extensive simulations confirm feasibility of our ~ Technology, Journal of , Vol. 27 Issue 14, pp.

proposed scheme. Further, the most importe 2688 —2697July15, 2009

thing is that we provide another view to improvi[7] Karlsson, J., Kassler, A., Brunstrom, A.,

TCP performance. “ Impact of packet aggregation on TCP

performance in Wireless Mesh Networks,”
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