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Abstract—In order to ensure fair access and efficiency of band- efficiently incorporating and coordinating the heteroggnef
width usage in wireless integrated networks, resource allocation different networks. However, some of the resource allocati
algorithms should be well designed. In this paper, we briefly g-pames from homogeneous networks have been modified and

discuss the complete sharing, complete partitioning and Hybrid . . ) .
resource sharing approaches and their shortcomings in WiMax- tested in the integrated environment. Few of such adapatio

WiFi integrated networks. To overcome these shortcomings we t0 integrated network are discussed in [7]-[11] but their
propose the Prioritized Resource Sharing algorithm for WiMax-  discussions are for general heterogeneous networks and not

WiFi integrated networks. In this algorithm, the channels arepri-  specific to WiMax-WiFi integrated networks. This paper is

oritized for different traffic classes rather than strict reservation 4\ motivated to focus specifically on WiMax-WiFi integrdt
or open access. The prioritized resource sharing algorithm is then architectures

extended to multiple integrated networks. Finally, we analyze

the proposed algorithm by modeling it using two dimensional ; ; ; ;
continuous time Markov chains. The simulation results indicate Loose and tight coupling are the two widely studied

that the Prioritized Sharing model achieves the best system W!Max-_WiFi i”tegration architegtqres. In a tightly couple
utilization compared to other algorithms. It is also observed that WiFi-WiMax architecture, the WiFi users connect to Intdérne

due to heavy traffic of one class of users, other class of usersear through WiMax core network using a WiMax-WiFi bridge.

not starved unlike in complete sharing. The WiMax base station sees the WiFi-WiMax bridge as
I. INTRODUCTION another subscriber station. Since each WiFi-WiMax bridge

accomodates many WiFi users, the average traffic generated b

The architecture for the next generation of wireless neis/or . . . . .
. . . . the bridges are higher compared to WiMax subscriber station
aims to integrate multiple networks and benefit from theltesu . ; : S )
@s a result, WiMax subscriber stations traffic will expeden

ing synergy. The most commonly studied integrated networks . ;
include cellular network combined with WLAN. AI,[houghresource starvation. So controlled resource sharing legtwe

2.5 and 3G cellular data services offer wide area Intern\é\{”:I bridges and WiMax subsriber stations is required inhsuc

connectivity, these services do not provide the broadbaﬁa architecture. [12] and [13] have addressed this issuedbas

) . on game theoretic approach focusing more on optimal pricing
speeds to which users have .become accustom(_ad. W'Maxe?Hcientresource sharing, but the complexity of the model i
the other hand, can provide high speeds along with the g{ualr'ugh and it has dependencies between the different levels

of service. Service providers can offer their subscrlbersiﬁ hierarchy which could be a drawback interms of delay,

more complete suite of broadband services in more plac . .
L . - ; 4] and [15] propose partial resource sharing for the same
by combining WiMax and WiFi technologies. However, du . : : .
- I architecture but do not consider the starvation problemirso
to the limited availability of spectrum and shared naturg. ) .
. : . - is paper we address the above mentioned issue by,
of wireless medium, design of efficient resource (channe
allocation mechanisms to provide the crucial quality-efvice . o ) . )
(QoS) requested by the subscribers is a major issue involve¢ Proposing @rioritized Sharing (PS) algorithm for tightly
in the integration of both these networks. coupled WiMax-WiFi architectures, _ _
Although, multiple resource allocation schemes have beens Modeling the algorithm using two-dimensional continu-
devised and studied, most of it deals with homogeneous ©US time Markov chains, _ . _
networks [1]-[5]. The previous work includes various sclesm and. extending thPr|or|t|zgd Sharlng algorithm to _mu|t|-
such as Complete Sharing (CS) , Complete Partitioning (CP), ple integrated networks with tightly coupled architecture
Hybrid Sharing (HS), etc. Hybrid sharing has been studied to
be more efficient than complete sharing and complete parti-The rest of the paper is organized as follows: In section
tioning schemes by providing a trade-off between quality ¢F, the system model and therioritized resource Sharing al-
service and channel utilization. But hybrid channel altmra gorithm for tightly coupled WiMax-WiFi integrated netwark
scheme is affected by unbalanced loads although it's not &® explained. The algorithm is then extended for mutiple
sensitive to load imbalance as fixed channel allocation [6]. integrated networks. The analytical modeling using Markov
Direct application of the above mentioned schemes @hains is presented in Section Ill. Section IV shows the
integrated networks involve greater challenges in terms sifnulation results and Section V concludes the paper.



Il. SYSTEM MODEL number of channels assured for a particular class of uges, t

For our system model we consider a tightly coupled af’€re is no QoS guarantee in this scheme. _
chitecture based on WiMax and WiFi networks as shown in 1€ CP allocation scheme (Fig. 2b) is a variant of CS
Fig. 1. In this architecture there is a WiMax base statioffheme, where different resource utilization thresholds a
encompassing multiple WiFi hotspots. The WiMax BS cor?-‘S_S'Q“ed o WIFi and WiMax users based on each 'Frafflc
nects to the Internet and acts as the backbone to the WRECH Y. Higher number of channels are reserved for higher
network. The WiMax subscribers referred to as subscripBHOrity users, in this case WiMax users. QoS is achieved by
stations, communicate directly to the WiMax Base StatidifS€rving channels for each class of users.
(BS) whereas the WiFi users have to use a special accestlS scheme (Fig. 2c) is a combination of CS and CP
point (AP) to communicate with the WiMax BS. This specia§chemes. There are a set of common channels which can be
access point is named ¥$Fi -WiMax Bridge (WWB) in this shared by both the class of users and the rest of the channels
paper. The WiMax interface is used for communicating witfl'® "€Served according to the priority of the class of users.
the BS, and WiFi interface for communicating with WLANIN Fig. 2¢, WiMax and WiFi are allocated three and two
stations. Since the range of WiFi users are much smaller tHf}annels respectively and the rest three channels are commo
the WiMax counterparts and the access mechanism of Wﬁg}d are allocated on first come first serve basis. In this type
(random) and WiMax (time slotted) are different, the WWE?f allocation, there is a trade-off between channel utiliaa
acts as a link for WiFi users to reach the WiMax BS. Thand Q0S.
WWB aggregates all the WiFi user traffic and requests thg Prioritized Sharing

WiMax base station for a service. The traffic from WiFi- The problem with the above schemes is that, in CP scheme

Wimax bridges are just referred t_o as WIFi usersitraffic &in he un-utilized channels of one class can not be used by other
they forward the aggregated WIiFi requests and the tra fass of users and therefore the capacity is wasted. In CS,

from WiMax subcriber stations is referred t0 as WIMaxy \ing ynbalanced loads, the class of users with low traffic
users/traffic. In the current work, the important issue waufo suffer resource starvation. In HS scheme the QoS for each

on is the prioritization of these two different traffics arfbt class is guaranteed but this is achieved at the expense of

corresponding changes in channel utilization and blocking inefficient total system utilization. Our proposed Priaed
traffic. We assume that each cell has a totaNofhannels. The Sharing (PS) takes these two problems into account

admission control residing in the BS manages the resalirce

between the two types of traffics. .
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WiFiuser  WiFTuser e Fig. 3. Prioritized channel allocation Model.
Fig. 1. System Model of WiMax and WiFi integration. In PS scheme as shown in Fig. 3, both the WiMax and WiFi

users are allowed to access all the channels if they are free
) on first come first serve basis like in CS scheme. This allows
A. Channel Allocation Schemes the users to use the full capacity of the system. In PS scheme,
In this section the proposed Prioritized Resource Shari@uality of Service is achieved bprioritizing the channels
algorithm in WiFi and WiMax integrated networks is descdbeto WiMax and WiFi users according to their respective QoS
and modeled. Then the algorithm is extended to multiplequirements rather than strict reservation. In Fig. 3, &M
integrated networks. Before describing this model, alyeathas seven prioritized channels and WiFi has three, but all th
existing allocation algorithms which are Complete sharingn channels can be accessed by any user if they are available
(CS), Complete Partitioning (CP) and Hybrid Sharing (HSJhe calculation of number of prioritized channels for vaso
schemes are briefly explained below. class of users based on the given QoS requirements is out
In CS allocation (Fig. 2a), WiFi and WiMax have their owrof the scope of this paper and will be considered as a future
gueues and both of them share all the available channelse Theork.
is no prioritization and the users are served on first come firs It is important to note the difference between the terms
serve basis. If quality of service is defined as the minimushared, reserved andprioritized. Shared means that the chan-
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Fig. 2. a) Complete Sharing, b) Complete Partitioning, c) lty&haring.

nels can be accessed by anyone on a first come first serv8uppose there are K networks represented as

basis. reserved means that the channels are allocated to {a, x2.., xx} With {m1,7m2..,mx} number of prioritized

particular class and no use of any other class can access theimannels respectively anfw;,ws,..,wx} be the number

prioritized means that the channels can be accessed whnchannels occupied by the respective class of users. The

they are free but a user can be terminated and queuedpsmedocode for the channel allocation procedure of PSfor

accommodate other class of users if certain pre-definegtierit networks is shown in Table I.

is met. Channel reservation or prioritization does not nthah TABLE |

particular channels (band) are allocated to a class of ulters PSEUDOCODE FORPRIORITIZED RESOURCESHARING FOR K

means that a certain number of channels are allocated and not INTEGRATED NETWORKS

any band in specific.
The criteria for call admission and forced termination for For a Channel Allocation Request from Network

WiMax users in Prioritized resource sharing algorithm éted If Zfil w; <N
as follows: Allocate the free channel

1) A WiMax call is admitted if the atleast one channel is wi =wi+1
free. Elself w; < n;

2) If all the channels are full but the number of channels G = {xjlw;j >n;} '
occupied by WiMax users is less than the number of Queue the most recent request among the networks in
prioritized channels, then the WiFi user who has been Blse _
most recently admitted is forced to terminate and is The request is blocked.

gueued back until the next channel is free. End

3) If all the channels are full and if the number of channels
occupied by WiMax users is already greater than or The analytical model of PS algorithm is discussed in the
equal to the number of prioritized channels the call i®Illowing subsection.
blocked. - ' ._II. ANALYTICAL MODEL AND PERFORMANCEMEASURES
The same procedure holds for WiFi traffic also. Since, ) ) o
the WiMax and WiFi are allocated a predefined number of TWO dimensional Markov chain is used to model PS algo-

prioritized channels, those many channels are assureceat {fiM- The corresponding Markov state diagram is illustaat
least in any traffic conditions. Hence, QoS of service {

0 Fig. 4. Each state, in the Markov chain represents the
achieved as in CP case as will be observed in the simulatiBdmPer of occupied channels of whichand j represent
results. number of WiMax and WiFi users respectivelf(i, j) rep-
resents the probability of WiMax users andj WiFi users
C. Prioritized Sharing for Multiple Networks in the system. The WiMax and WiFi traffics are assumed to
Prioritized sharing (PS) channel allocation model can Wellow a Poisson arrival process with mean raigs; /.. and
easily extended to more than two networks. A service request,; »; respectively. They have a negative exponential service
from a classi network is admitted if the atleast one channaime distribution with mean ratd /uwirra. @and 1/ uw.ir;
is free. If all the channels are full, but the number of ch&snerespectively. For the sake of clarityyy;are. and Ay ;r; are
occupied by users oft" class is less than the number ofepresented as, and )\, respectively in the figure and the
prioritized channels for that class, then the user who has bdollowing equations. There are a total &f channels of which
most recently admitted among those classes of networkshwhic are prioritized to WiMax traffic and the rest to the WiFi
have exceeded their prioritized channels, is forced toiteate traffic.
and is queued. If all the channels are full and if the number By applying the flow-equilibrium analysis on the model in
of occupied channels by classisers is greater than or equaFig. 4, the state probability(i, j) can be derived as shown in
to the number of its prioritized channels, the call is blatke Eqg.1 with the initial condition as shown in Eq.2.




and the expression for Blocking probability of WiFi users is

Bwiri = Awiri Z p(i, j) 4)
(4,5)€EHwiri
Channel utilization is the measure of how efficiently the
band is shared using the specified allocation algorithms It i
defined as the average number of occupied channels and can
be derived as,

Fig. 4. Markov Model of WiMax and WiFi integration using pritized Urotar = N x 100 Z (z —l—j)p(i,j) (5)
channels. (if)es

The percentage of occupied channels shared by WiMax
users and WiFi users are referred to as WiMax Channel
utilization and WiFi Channel Utilization respectively aade

TABLE I
DEFINITIONS OFBOOLEAN VARIABLES

Conditi Bool iable val ) : .
”(;n:'(')on 63°i%a2|§:;f:elvaues derived as shown in Eq. 6 and 7. Such a measurement is
Ifj=0 54 =0 elsed, = 1 important to see if one class of traffic is chocked due to the
If (i+7)#N 51=0,065=0 heavy traffic of other class of users.
fl+))=N&& i<s 01=10=0 Percentage of WiMax Channel Utilization,
f(i+j)=N&& i>s 01=006=1
f(i+j)=N&& i= S1=1,80=1 N x 100 .
(Z+J) (3 S 1 2 UWiMam _ -~ Z ’Lp(l,_]) (6)
(i,)€S
Percentage of WiFi Channel Utilization,
N x 100 L
plin) =Ip (7 — L)X+ 8ip(i = L + D] b Uwirs = —7— > ip(i.d) @)
+[ ))\a+62p(2+ 1a] - 1))‘11} 64 (i,j)GS

+[(+ 1) G+ 1, )+ G+ Dpli,§ + Dpa] (1= 67) Tlhetpetrrzormance p;ralmet_frr]s V\_/illtze usef[J in sti_mulations to
(1= 62)/ a1 = 61) + Ao (1 — 82) + jta + i) evaluate the proposed algorithm in the next section.

(1) IV. SIMULATION RESULTS

In this section, the Prioritized Sharing scheme is compared

wheredy, 32, 03, 44 are Boolean variables defined in Table Wiyith complete sharing, complete partitioning and hybridrsh

N N—i ing. The blocking probabilities and the channel utilizatiof
p(i,j) =1 (2) these allocation schemes are studied. The definitions eethe
i=1 j=1 performance parameters are provided in Eq.3 to Eq.7.

A. Smulation Parameters

WiMax and WiFi network integration architecture is con-
Th ; " N luate th si%(;ared as shown in Fig. 1. The traffic from WiFi-Wimax
€ performance parameters to evajuate the propo ges are just referred to as WiFi traffic and the traffic

ch?mﬁ. are Blgcll;l_?tg probabmty and fChagn?I Ut|||_zat|o;f1. féom WiMax subcriber stations is referred to as WiMax traffic
ocking probability is a measure of QoS of service offere s mentioned earlier. Both the traffics are assumed to have

by the allocation algorithm. Suppose that the Setontains Poisson arrivals with average arrival rates Mfy;» and

a:: the Ipossmle_ Sf;f"ltec?st T/v_l\{/l(i’jt)‘(%_j) \?VJI:/I[} Sl_r|1|ce if Awinaz fOr WiFi and WiMax traffic respectivelyAy; z; and
channels are prioritized to WiMax trafmc, Wiiax will su erAWlMaz are varied from 0 to 1. The average service rates

blocking only in those states in which WiMax users hav € twir: — fwinras — 0.005 all through the simulations.

occupied more than channels. Suppose, all the states Whel:Fhe total number of channelsy is equal to 10. Channel

WiMax users ;'Jﬁir bIochr:E arte trepreﬁent?:l/}é@mw :ﬁ accessiblity for WiMax and WiFi traffic for the simulations
{(@,7)|(2,7) € 5,i > s} and the states where WiFi users suffef; o\, 1\ arised in Table. 11, ‘Shared channels’ mean that the

blocking are’HWiFi - {(Z’.J.)'(Z’J) € 5,i < s} L channels are accessible by any type of users. ‘Reserved chan
Then th? Blocking probability of WiMax users is given by th‘?1els mean that the channels are allocated for a particldasc
expression, of users and others can’t access them. ‘Prioritized chahnel
mean that the channels are accessible by all users buttpriori
BwiMaz = A\WiMaz Z p(i,7) (3) is given to the particular type of users to whom the channels
(G.5)EHwirtas are prioritized as discussed in Section II.

Performance Parameters



TABLE Il

CHANNEL ALLOCATION _ 09 "Prioritized Sharing —+— r

,ELL 0.8 |- Complete Sharing ffxff « . —[

Allocation Algorithm | WiMax Accessible | WiFi Accessible = 07r Complﬁﬁbﬂﬁrgmmg ?: " 5

Channels Channels % 06 - g

Complete sharing 10 shared 10 shared S 05} B

Complete Partitioning| 7 reserved 3 reserved E’ 04 R

Hybrid Sharing 4 reserved, 3 reserved, § 03 | B

3 shared 3 shared E 0.2 - N

Prioritized Sharing 10 shared, 10 shared, S 01f g
7 prioritized 3 prioritized 0

0 0.2 0.4 0.6 0.8 1

B. Results and Discussion Fig. 6.

1) Blocking probability: The first graph, Fig. 5 shows the
blocking probability of WiMax users with varying WiFi users
traffic. WiMax arrival rate, A\yyinqe iS Set to 0.5. It can
be observed that the blocking probability of PS scheme is
the least. In CS scheme, as the WiFi traffic increases, more
channels are allocated for WiFi traffic and the so the WiIMAX
user traffic suffers higher blocking. In CP Scheme, as the
seven reserved WiMax channels can not be accessed by the
WiFi users, the blocking probablity remains constant arisl th
scheme is considered to provide ideal QoS by assuring seven
channels for WiMax users. Since, PS scheme also assures

Blocking probability of WiFi Users with varying WiRiser traffic.
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seven channels for WiMax traffic if needed, the blocking
probability is almost the same as CP scheme. It is infactrlow'g_
than in CP, because the WiFi channels are also accessiblé'to

WiMax user traffic, Aiyax

7. Blocking probability of WiFi Users with varying WiMauser traffic.

WiMax users when needed. So PS scheme assures QoS better

than other allocation methods.
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Fig. 8 shows the blocking probability of WiMax users as
their traffic is varied keeping the WiFi traffic constant. Aga
CS should have provided the least blocking because all the
ten channels are accessible to the WiMax users. But, due to
prioritization of channels in PS allocation, PS schemersffe

the least blocking than any other allocation method.

WiMax Blocking Probability, Byynax
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Fig. 5. Blocking probability of WiMax Users with varying Wifaser traffic. é o1 b i
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The second graph, Fig. 6 shows the blocking probability of 0 0.2 04 0.6 0.8 1

WiFi users for varying WiFi traffic and constant WiMax traffic WiMax user traffic, Ayjyax

In this case CS should provide the least blocking, beca e
all the channels can be used by the WiFi users. SinceLE
allocation also allows the WiFi users to access all the chkznn
and also since they have priority over three channels, it has?) Channel Utilization: In this section, the total percentage
lesser blocking than CS scheme. Similarly, as WiMax traffic thannel utilization and the WiMax, WiFi channel utilizatio
varied and WiFi traffic is constant, PS offers least blocking as defined in section Il are studied. Fig. 9 shows the Total
WiFi users as shown in Fig. 7. In both these cases, CP has thannel utilization of the channels as WiFi user traffic ised
highest blocking because only three channels are acoessiid WiMax traffic constant. As was discussed, total channel
by WiFi users. utilization of CS scheme is ideal since all classes of users

. 8. Blocking probability of WiMax Users with varying Wik user
raffic.



can access all channels. Since, PS carries the same propeatydwidth usage and fair access to all the participating
that any channel can be accessed by any class of users wieorks. In this paperPrioritized Sharing (PS) algorithm
they are free, the channel utilization is exactly equal ta C8& proposed for resource sharing in WiMax-WiFi integrated
Complete partitioning has the least channel utilizatiocaose networks and later extended to application in multiple -inte
free channels of one class of users can not be utilized by otigeated networks. The Complete Sharing (CS) approach which

class of users and hence they lay idle. is well studied in literature offers best channel utilipati
and Complete Partitioning (CP) approach assures minimum
100 uali servi Ss in terms s
. . . . ality of service to each class in terms of allocated chisnne
S 95 Prioritized Sharing algorithm is designed such that the best of
T 90 the two algorithms is achieved. The algorithm was modeled
5 g and analyzed using two dimensional continuous time markov
g 80 chains. It is observed through simulations that PS resource
S_—S 75 sharing algorithm offers least blocking probabilities dngh-
S ol | est channel utilization for WiMax and WiFi users compared
[
g 65 L Prioritized Sharing —+— | to other models.
< Complete Sharing ---x---
$ 604 Complete Partitioning - REFERENCES
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