Call Admission Control for Mobile Agent Based
Handoff in Wireless Mesh Networks

Bo Rond, Yi Qian?, Kejie Lu?, and Michel Kadoch
I Department of Electrical Engineering, Ecole de Techn@dgjiperieure, University du Quebec, Canada.
2 National Institute of Standards and Technology, USA.
3 Department of Electrical and Computer Engineering, Umsitgrof Puerto Rico at Mayaguez, USA.

. e Ty Wireless Mesh
Abstract—In wireless mesh network (WMN), it is important Backbone

to provide an efficient handoff scheme, due to the frequent s
mobility. To address this issue, we propose a mobile agent (N)
based handoff approach, where each mesh client has a MA
residing on its registered mesh router. To guarantee qualit of
service (QoS) and achieve differentiated priorities durig the
handoff, we develop a proportional threshold structured ogimal
effective bandwidth policy for call admission control (CAC) on
the mesh router. Simulation study shows that our proposed
CAC scheme can obtain satisfying tradeoff between differeimted
priorities and statistical effective bandwidth in WMN hand off
environment.

|. INTRODUCTION < Internet >
One of the most important issues in the design of wireless o~

mesh network (WMN) [1], [2] is how to efficiently support

mesh client handoff among different mesh routers, since Fig. 1. An example of wireless mesh network.

wireless users in WMN are free to move to anywhere at

anytime. To address this issue, we propose a mobile agent

(MA) based handoff approach for WMN. In this approactRropose a mobile agent based handoff approach in Section Il
each mesh client has a MA residing on the attached mdshSection IV, we develop a proportional threshold struetur
router. If a mesh client moves to a new location and changetimal effective bandwidth policy as well as the corregpon
its mesh router, the mobile agent migrates as well. Paaityyl ing GA approximation scheme. In Section V, we evaluate the
if the mesh client intends to make a handoff, the client MRerformance of our proposed CAC scheme in WMN handoff
will move to the new mesh router beforehand and pre-set@pvironment through simulation study. In the end, Section V
a new communication channel for the handoff call. Then, t@ncludes the paper.

mesh client will accomplish the handoff process and use the
new channel to resume the call.

For the MA based handoff in WMN, it is very important
to employ the call admission control (CAC) mechanism in As shown in Fig. 1, a WMN consists of two types of nodes:
the mesh router. First, call admission control is a critktafp mesh routers and mesh clients. The mesh routers form an
for the provision of QoS guaranteed service because it cafrastructure of mesh backbone for mesh clients. In génera
prevent the system capacity from being overused. Secoiid, taesh routers have minimal mobility and operate just like a
admission control can give handoff calls higher prioritath network of fixed routers, except being connected by wireless
new calls. links through wireless technologies such as IEEE 802.11. We

In this paper, we develop a proportional threshold strgcturcan observe from Fig. 1 that, the WMN can access the Internet
optimal effective bandwidth policy for CAC on the meslthrough a gateway mesh router, which is connected to the IP
router, which adopts threshold structure and gives handoffre network with physical wires.
calls and new calls different priorities. Since it is inti@ale In WMN, every mesh router is equipped with a traffic
to exactly locate this policy, genetic algorithm (GA) wileb aggregation device (similar to an 802.11 access point) that
utilized as the fast computational approach to achieve & neiateracts with individual mesh clients. The mesh routeaysl|
optimal solution. Moreover, the performance of our progbseggregated data traffic of mesh clients to and from the IP
CAC scheme is evaluated by extensive analysis and simnlat@ore network. Typically, a mesh router has multiple wirsles
study. interfaces to communicate with other mesh routers, and each

The rest of the paper is organized as follows. We firgtireless interface works on one wireless channel.
introduce the WMN handoff challenges in Section II. We then Mesh clients achieve Internet access through mesh routers.
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Il. HANDOFF CHALLENGES IN WIRELESSMESH
NETWORK



Handoff is indispensable for connection continuity, as aime MA of mc, S MA ofme,

client moves from the range of one mesh router to that of e '”‘ A

another. Ideally, the handoff should be completely trarema Aﬁv fwlﬂQ}

to mesh clients. That is, there should be no interruption )‘

in network connectivity, and the communication protocols [N

involved should follow the standards deployed in regular g @ @N g Q % )

wireless devices. In this paper, we define a WMN that offers

above handoff function as seamless handoffed WMN.
While cellular networks solve the handoff problem [3] using (O 1 Wireless mesh router

signaling embedded in their low-level protocols, there are

only limited studies on efficient seamless handoff in IEEE

802.11 based WMN. Most WMNSs today require specially

modified clients to transfer connectivity from one mesh eout Fig. 2. Mobile agent based handoff in WMN.

to another. Even though some of them give the appearance of

continuous connectivity to a roaming client, the handofagle

can be as long as several seconds [4]. This delay is too Id&gMobile Agent Based Handoff

for real-time applications, such as interactive voice direor To provide seamless handoff, we apply mobile agent tech-

video conferencing. nology to WMN. As shown in Fig. 2, in our solution each
This paper develops an MA based handoff scheme, whiotesh client is assigned a “client MA’. The mesh client places

offers seamless and fast handoff to support VoIP and othits client MA in the mesh router that it registers with. If the

real-time applications. In our new scheme, all the handadf amesh client moves from the range of one mesh router to that

re-routing logics is done solely by the MA, and only standamaf another mesh router, the client MA migrates too.

MAC and IP protocols are used. Therefore, it is compatible We study the scenario that a mesh client moves from the

with any 802.11 mobile device that supports DHCP regardlessge of one mesh router to that of another mesh router during

of the vendor or architecture. The entire mesh network ia se& call. When a mesh client intends to handoff, it will inform

as a single and omnipresent access point, which gives ttse current mesh router first. Then the current mesh router

‘:% Wireless mesh clients

mobile clients the illusion that they are stationary. transfers the client MA of handoff mesh client to the mesh
router in neighborhood. To achieve seamless handoff, tbetcl
I1l. M OBILE AGENT BASED HANDOFF IN WMN MA will pre-setup a substitute session channel on the new

mesh router. The session channel pre-setup usually irsolve
resource reservation, network layer rerouting, and so oceO
A mobile agent is an executing program that can migrage new session channel is established, the mesh clienbevill
during execution from machine to machine in a heterogeneaistified to accomplish the handoff process and resume the cal
network. In other words, the agent can suspend its exegutigi new channel.
migrate to another machine, and then resume execution onn this paper, we assume that Session Initiation Protocol
the new machine from the point at which it left off. On eaclsIP) is deployed in WMN to support QoS guaranteed mul-
machine, the agent interacts with stationary agents aner otimedia communication. This assumption is motivated by the
resources to accomplish its task. fact that many researchers advocate SIP as a feasiblelsignal
Mobile agents have several advantages in distributedlution for VoIP applications [6] and SIP has been selected
information-retrieval applications. By migrating to anfan  as the call control protocol for 3G IP-based mobile networks
mation resource, an agent can invoke resource operati@pecifically, we suppose the client MA in Fig. 2 is equipped
locally, eliminating the network transfer of intermedialata. with a SIP signaling module to support call handoff.
By migrating to the other side of an unreliable network link,
an agent can continue executing even if the network link V- CALL ADMISSION CONTROL SCHEME FORWMN
goes down, making mobile agents particularly attractive in HANDOFF
mobile-computing environments. Most importantly, an d@gen It is a challenging task to provide mobile users with QoS
can choose different migration strategies depending on geaaranteed service, especially when the traffic load in WMN
task and the current network conditions, and then changeigsheavy. Many researchers believe that CAC plays a critical
strategies as network conditions change. role to overcome this challenge. Traditionally, CAC aims to
There are many mobile agent platforms currently existingyaximize the number of admitted sessions or the amount of ef-
such as Aglets from IBM, Voyager from Recursion Softwardective bandwidth while guaranteeing their QoS requiretsien
Jumping Beans from Jumping Beans Inc., and so on [5]. Hiowever, in WMN handoff environment we have to consider
is an appropriate approach to deploy mobile agents in mobilee issue of differentiated priorities as well. That is, thaif
ad hoc network and WMN, because they share the naturecafls have to be given more preference than new calls in the
“mobility”. We outline below the solution of seamless haffdo CAC process, since users are much more sensitive to call
for WMN. dropping than to call blocking.

A. Introduction to Mobile Agent



In the rest of this section, we design a proportional threshadenoted by(2, as an arbitrary subset dbcg. Given (2, a
structured optimal effective bandwidth policy, which atbop connection request will be accepted if and only if the system
threshold structure to implement CAC, gives handoff callstate vector remains ift after the connection being accepted.

and new calls different priorities, and offers high effeeti ) ) )
bandwidth. B. Proportional Threshold Structured Optimal Effective Band-

width Policy

A. System Model 1) Requirement of Differentiated Priority: Call admission

A system model for the CAC in handoffed WMN cancontrol for high-speed wired networks has been intensively
be formulated as follows. We assume there afeclasses studied in previous works [7], [8]. Due to user mobility, CAC
of traffic loads in the network. On a given mesh router, alecomes much more complicated in wireless networks. An
the traffic loads share the overdl units of physical access accepted call that has not completed in the range of current
bandwidth, and each class of traffic load consists of both nemesh router may have to be handed off to another mesh router.
calls and handoff calls. With regard to the classaffic, we During the process, the call may not be able to gain a session
assume that channel in the new mesh router to continue its service becaus

(1) the requests arrive from a random process with arf the limited resource in WMN, and this will lead to the call
average rate\" for new calls andk?f for handoff calls; dropping. Thus, the new calls and handoff calls have to be

(2) the average connection holding timeligu;"* seconds treated differently in terms of resource allocation. Inesth
for new calls andl/u?f seconds for handoff calls; words, handoff calls are usually assigned higher prioritgro

(3) the bandwidth requirement of a connection are fixed tbe new calls, since users tend to be much more sensitive to
b = b?f = b;, whereb?" and b?f represent the bandwidthcall dropping than to call blocking.
requirements of classnew call and handoff call respectively; 2) Requirement of Maximal Statistical Effective Bandwidth:

Then, the CAC on mesh router is responsible to acceptlor general, mesh clients want to maximize the network
reject connection requests based on the state informalien, throughput and have the Internet access of broadest batdwid
type of connections (new call or handoffed call), and the QoBherefore, they prefer a CAC policy that has the maximal

requirements of connections. statistical effective bandwidth. For a given CAC policy?, we
Let the bandwidth requirement vector be define the statistical effective bandwidth that it can aohias
b= (b1, b2, e bags bar1, Darsas oory o) O Bp(Q) =Y (i - b)Pa(7), (4)

= (07, b5, 0h by bs T ) nee

the traffic intensity vector be where P (77) is the steady state probability that the system is

in stateri.
P = (P15 P2, s PM, PMA15 PM425 -5 P2M ) It is noted that, if a policyQ satisfies the coordinate
_ ﬁ ﬁ M AM4+1 AM42 Ao convex condition and the arrival and service processeS(_Hre b
w2 e maret mmaz’ Ham o memoryless, the,(77) can be calculated by (as shown in [9])
hf h ,
:(p?wapgwa---apﬁaplfvafa“'ap]\/f) . 1 2M th ~
_(/\?w Apw )\K/vfﬂ g )\th ﬁ) Psl(n):m;l il e (5)
- nw’® ,nw’"  nw?’ hf’ hf'" hf/)? =
o FAL ™ Har where
and the system state vector be 2M
] GQ) =Y [[r/ni (6)
= (1,12, oy M MM A1, MM 425 -5 V20 ) ReQi=1
_ nw , nw nw hf _hf hf (3)
= (7", ny", ... nyf,ny ng’, . nyg),

and uv = u?f.

Wheren’zﬂ’w andn,};’f are the numbers Of Clagmew Ca”s and Moreover, the blOCking prObablllty of théh traffic load

handoff calls on the mesh router respectively. We define the< i < 2M) is

ith traffic load as the traffic load characterized by parameter G(Q)

set(b;, pi,n;). Clearly, theith traffic load belongs to new call Pb;(Q2) = G(QZ) , (7)

traffic if 1 < ¢ < M, belongs to handoff traffic i/ + 1 <

i < 2M. Moreover, both théth and M + ith traffic loads are where Q¢ = {ii|ii € Q & 7+ ¢& ¢ Q} and¢; is a 2M-

categorized into classtraffic. dimension vector of all zeros except ith element, which is
Based on above discussions, we can further debipe as one.

the set of all possible system states, which can be exprassed 3) Tradeoff Between Differentiated Priorities and Maxi-

Qcs = {flii-b < B}. Under this definition, the subscript CSmal Statistical Effective Bandwidth: As stated above, hand-

stands for “complete sharing”, which means that an incomirdf requires differentiated priorities while mesh clients-

connection will be accepted if sufficient bandwidth resesrc quires maximal statistical effective bandwidth. To baknc

are available in the system. We can now define a CAC poli@abhove two requirements, we propose a proportional thrdshol




structured optimal effective bandwidth policy. This pglicis only the second half ofV,,. However, the first half

adopts proportional threshold structure, which can be définof Ny, i.e., (N{’HN%", o
in two steps In the first step, we apply threshold vectQN}\’;H,NMH,...
NQM) where straint. In addition, the searching space]tﬁg‘h follows the

Ni = (NP NEh, . N NI NG

,Nth) can be derived from
Nih ) by the proporuonal threshold con-

Nt < B/b; as the upper bound to system state veetoso scope of N} < B/b;.

thatn <N (i=1,2,..,M,M +1,..2M). In the second

To solve the statistical effective bandwidth optimization

step, to give handoff calls more priority than new calls, wgroblem above, we define genetic operators as follows:

introduce the following proportional threshold consttain
NM—H} (i=1,2,...M), (8)

where0 < z <1 is the proportlonal factor.

N = min{B/b;, s ———
PM+

Oncex is determined by the network administrator, there
are a set of proportional threshold structured policies] an 2)

each policy is associated with a certain threshold vedtor
Then, the proportional threshold structured optimal eifec
bandwidth policy is the proportional threshold structu€aC
policy that produces maximal statistical effective bardttvi

1) Selection Operator: “Roulette” is chosen as the selection

operator for statistical effective bandwidth optimizatio

In “Roulette”, the chance of a chromosome getting
selected is proportional to its fitness. This is where the
concept of survival of the fittest comes into play.
Crossover Operator: “one point crossover” is employed
for statistical effective bandwidth optimization. The ‘®n
point crossover” randomly selects a crossover point
within a chromosome then interchanges the two parent
chromosomes at this point to produce two new offspring.

Consider the following two parents which have been
selected for crossover. The”“symbol indicates the
randomly chosen crossover point.

C. Genetic Algorithm for Near-Optimal Solutions

Any proportional threshold structured CAC policy can be
determined by and only by the second half of threshold vector

Sy o Parenta: (N, . (a),|Nt. . (a),..., N:% (a
N, which is denoted byV,}; - = (NJ 1, N o, NER). . Parenth ((Nf’}:((b)) ||N1t\]’;w:22((b)) N;’j;w(%);)

In this respect, the set of aII possible proportional thoégh ] !
structured CAC policies can be described as a space of all After interchanging the parent chromosomes at the
possibleN,!/. As a result, the task of finding the proportional crossover point, the following offsprings are produced:

threshold structured optimal effective bandwidth poliepnde o Offspringa: (N}, (a),|Ni, o (b),..., NIt (a))
modeled as a optimization problem, whose goal is to optimize « Offspringb: (N}, (b), Ni,5(a), ..., Nih, (b))

the value ofN/}/ so as to achieve optimal statistical effective 3) Mutation Operator: We utilize “Gaussian Mutation” for
bandwidth. To solve this optimization problem, a straightf statistical effective bandwidth optimization. “Gaussian
ward method is to employ brute-force search. However, the  Mutation” adds a unit Gaussian distributed random value
method of brute-force search usually has tremendous compu-  to the chosen gene. The new gene value is clipped if it
tational complexity, although it can obtain the exact opiim falls outside of the user-specified lower or upper bounds
solution. Correspondingly, we employ genetic algorithnAJG for that gene. To make it clear, an example is given
to search for the near-optimal solution [10]. below:

A genetic algorithm is an adaptive heuristic search program P

genetic algorithm ptive _ prog « Before Mutation:(N%, |, Nit ..., Nik))

that applies the principles of evolution found in nature- Ge After Mutation: ( N't" ffset N'ih Nith

: ; . ) ) o After Mutation: (Nj7, , + offset N} o, ..., N33,),
netic algorithm combines selection, crossover, and nurtati where “offset” is Gaussian random variable

operators with the goal of finding the solution of best fithess o s ”
) Termination Method: We use “Fitness Convergence” as

to a problem. Here, fithess is a special GA term, which the terminati thod. which st " uti h
refers to the objective function of the optimization prable € terminaltion method, which stops the evolution when
the fitness is deemed as converged.

In our application, fitness is defined as the statisticalctiffe
bandwidth function in Eq. 4.
A genetic algorithm searches for the optimal solution until
a specified termination criterion is met. The solution to a In this section, we present numerical results to demorestrat
problem is called a chromosome. A chromosome is made e performance of our CAC scheme in WMN handoff envi-
of a collection of genes which are simply the parameters tonment. As shown in Table |, we assume that five classes of
be optimized. A genetic algorithm creates an initial popiata  traffic share a total 03601/bps physical access bandwidth on
(a collection of chromosomes), evaluates this populatiern  a mesh router, and each traffic class includes both new calls
it evolves the population through multiple generationsgsi and handoff calls.
the genetic operators in the search for a good solution far th Using the genetic algorithm discussed in Section IV-C, we
problem at hand. first demonstrate the performance of our CAC scheme in Fig. 3
Considering the CAC policies of proportional threshand Fig. 4, while varying proportional factdr < 2 < 1.
old structure, the searching space can be described bydere, each numerical result (statistical effective bauilwand
vector of M variables ]Vt};f = (N4, N o, ., NS, blocking probability) is achieved from a near-optimal siuin
which also serves as the chromosome in the persp&dtien the genetic algorithm reaches convergence. Moreover,
tive of genetic algorithm. In fact(Ni}, ., N ., ..., Nii,)  Fig. 3 and Fig. 4 utilize the concepts of normalized statisti

V. PERFORMANCEEVALUATION



TABLE |

TRAFFIC LOAD CONFIGURATION ON A MESHROUTER

Bandwidth Requiremen{ Arrival Rate of New Calls| Arrival Rate of Handoff Calls| Service Time
Traffic Class 1 64Kbps 1100 (calls/hour) 400 (calls/hour) 25 (min./call)
Traffic Class 2 200Kbps 350 (calls/hour) 100 (calls/hour) 1 (hours/call)
Traffic Class 3 500Kbps 550 (calls/hour) 100 (calls/hour) 25 (min./call)
Traffic Class 4 1500Kbps 150 (calls/hour) 50 (calls/hour) 25 (min./call)
Traffic Class 5 2500Kbps 16 (calls/hour) 8 (calls/hour) 1 (hours/call)
calls, yielding a solution of good differentiated prioesi but
g %7 the lowest statistical effective bandwidth. In fact, wheris
£ equal to zero, the system accepts only handoff calls whereas
g< ol all new calls are blocked. By contrast, when= 100%, our
'ég scheme gives new calls and handoff calls the same priority,
52 yielding a solution of the highest statistical effectivabavidth
E “ w0l but the worst differentiated priorities. As a result, todrale
S the considerations of differentiated priority and statat
effective bandwidth, we should choose an appropriate value
30 : : : : : for z, such asr = 50%.
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Fig. 3. Statistical effective bandwidth while varying posfional factorz
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Fig. 4. Average blocking probability of new calls and harideflls while

varying proportional factor

effective bandwidth and average blocking probability ofvne

calls and handoff calls, which are defined as follows.
Normalized statistical effective bandwidth of poli€y

B (Q) = Br(Q)/B. 9)
Average blocking probability of new calls:
M
1 bipi Pb;(Q
P (@) = S L) (10
Zizl bipi
Average blocking probability of handoff calls:
S e bipi Pbi(Q)
Pyl (@) = =220 : (11)

M
D i1 Dipi

As illustrated in Fig. 3 and Fig. 4, whem = 0%, our

VI. CONCLUSION

In this paper We propose a mobile agent based handoff
approach for WMNSs. In our approach, each mesh client has
a MA residing on its registered mesh router. If a mesh
client makes a handoff to another mesh router, the mobile
agent moves with it too. To further improve the performance
of mobile agent based handoff, we develop a proportional
threshold structured optimal effective bandwidth poligy f
the CAC on mesh router. Numerical results show that our
CAC scheme can give handoff calls and new calls different
priorities, while achieving high statistical effectiverimhwidth.
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