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ABSTRACT

Two broader categories of the services are intrediuic the paradigm of WiMAX. In IEEE 802.16 stardiar
has added these services and called them as CoBst&tate (CBR) and Variable Bit Rate (VBR). Bath
these services designed for real time and nontireal traffic. As per literature available thereaigjap to
provide additional resources to fulfill the requirservice class from the user. In this paper wegse a
Service Based Fair Resource Allocation Model (SbWRAfor evaluating the required service from
Subscriber (SS) along with the channel conditionr @roposed model evaluates, for providing the iregu
service to SS how much additional resource wilréguired. In this model we introduced Priority Qeeu
Scheduling Methodology for providing additional sasces as per channel condition. In this paper we
made comparison with and without proposed moddiath traffic, CBR and VBR. We experiment that our
proposed model manages the user request by prgvidam extra resources as required for satisfaction
Their request handled in Priority Queue Schedubiaged mechanism. Results shows, that we achieve
improvement by providing the additional resource fair scheduling basis. To achieve the required
performance for fairness we have to compromisesbayd

Keywords. Resource Allocation, SNR, CBR, VBR, Priority Queue

1. INTRODUCTION Scheduling algorithms for a particular network need
to be selected based on the type of service ratjuire

WIMAX is a 4G wireless network technology. by users in the network and its QoS requirements.
This system is designed for the metropolitan are@or real time application such as video
network. Wireless network are generally lessonferencing, voice and streaming delay or jitter
efficient and unpredictable as compared to wiredlay a most important role in QoS requirement. A
network. This is because resources in the wirelesask of scheduling algorithm in a multi-class tiaff
networks are always limited. Management ofs to categorize the users in one of the pre-ddfine
available resources is a critical issue [1]. Toviife classes. Each user is assigned a priority of ciss,
the quality of service in a wireless environment isvell as ensuring that fairness between the users is
major focus area in current research. To handfe thinaintained [5].

challenge WIMAX provides strong contender for Scheduling algorithm is implemented both side

broadband wireless technology.In WiMAX when afﬁr uplink and downlink in WiMAX network. The

new. Sl_Jbscrlber requests _fo_r . Fhe SETVICE 8 Cabcus of the scheduling is allocation of bandwidth
admission control process is initiated. Accordiag t : .

: . . <. to the subscriber. A subscriber may get separate
the procedure Base S_tanon (BS) ‘monitors eXIStml%source for each application, if the scheduling
resources for the provision of service for new gserg#;orithm s not implemented ’at e ganeng

Which ensures that the system have the enou . . . .
resources to accommodate the services required fant per Subscriber Station (SS) is applied then

newly requesting user. Performance of thgaﬁeduling algorithm at SS needs to decide the

. ; : S llocation for each connection [6].To control the
lsec\?e?%t;lggsayzgo;ithms can satisfy the mlnlmunilcheduling mechanism in WiMAX network it is

necessary to maintain efficient mechanism on the
Scheduling is a critical process for allocatingBase Station. Number of issues arises at the time o

shared resources [4]. The process involvasplink. To manage the resource optimally and

allocating bandwidth among the contended usersfficiently the scheduling algorithm at BS

s
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coordinates with the scheduler on the Subscribarchitecture. The overhead of the system will be
side [7]. more than the actual efficiency of the system. The

In different scheduling mechanism multiplemaln comparison in this paper is made based on the

ecT;]rant per subscriber and grant per connection
approaches are used for resource managem

L. .

Most common schedulers are FIFO, WFQ, EDl@naIy(z;eldeCQn(tj recorp:jnelndgdtr:hat ?PCkCt |sff_better
and EDF which are used at SSs for rtPS class. 16 N terms ot defay in the network fraftic.
handle the scheduling of non-real time Polling After consultation the available literature on
Service Weighted Fair Queue is adopted. Whereassource allocation using different scheduling
for providing the resource to Best Effort servicesnechanism for different type of classes. We
FIFO method is adopted [8]. Considering propeobserved that there is deficiency of an algorithm
quality of service framework, a low class prioritywhich can handle wireless traffic based on the
service will provide additional required resouraes fairness factor and allocates the resources
priority scheduling paradigm. considering the requirement of the users. WiMAX
have multiple classes, with respect to those ctasse

scheme, multiple adaptive modulation and coddinrnUItipIe scheduling mechanism are required. To
» multip P . . ndle this situation an efficient algorithm is
methodologies are used. In wireless enwronmenﬁ . -
X o required to compute and allocate the existing
modulations schemes synchronization play an

important role for additional resources with res*.pecresources on the bases of the requirement. That

to the service and modulation scheme [9]. J. Lin gtlgorlthm ShOUIq be able 0 handle the mobile as
.well as the user in hard location.

al, proposed the uplink fair scheduling structure i
WIMAX network [10]. This structure describes the In WiMAX minimum resource allocation can be
factor of throughput and the delay handling in imultmade by slot permutation allocation methodology
class’s traffic. This structure introduced thdg16]. Four Types of permutation are used in
Modified Weighted Round Robin mechanism inWiMAX, partial usage sub channelization (PUSC),
BS. The approach is to handle the scheduling issfidl usage sub channelization (FUSC), adaptive
at the subscriber side and allocation is made en timodulation and coding AMC and tile usage sub
bases of number of users. SS is handling UGS antannelization TUSC. In [13] a new algorithm is
real time polling service with MWFQ. To handleproposed which is based on the channel condition
non real time Polling Service MWFQ is used anénd the buffer capacity. This cross layer approach
for BE traffic FIFO is used. in WIMAX shows that wireless link effects the
To allocate bandwidth on priority bases to all thgerformance of system. To _|mplement scheduling
mechanism at the base station can produce better

subscribers in the system a hybrid SChedu“nq%sults. Main focus of this work is to get maximum

mechanism is introduced by M. Settember at . . .
[11]. WII?R blaséd scrlljedulingytechnique is used f‘%{ roughput and fair scheduling among the service

WIMAX is not based on a static modulation

bandwidth allocation to SSs, for rtPS and nrtP OWs, b.Ut Is not considering the channel status fo
o cheduling.

classes on priority bases. Rest of resourcés

allocated to BE classes by using (RR) round robi. PROPOSED FAIRENESS MODEL

mechanism. Drawback of this approach is, if there

is a low priority classes required additional Figure 1. shows the proposed Service Based

. . . . Fairness Resource Allocation Model (SbFRAM),
resources then it have to will wait for long periafd : .
time [12]. we developed an adaptlv_e resource allocatl(_)n
model by evaluating the service. When user submits
In [13] WFQ approach is used for SS of botta request for a particular service, the proposed
nrtPS and BE classes. The standard is not requiri®ipFRAM model checks the required service along
any specific quality of service requirement for thawith the channel condition. In this model we have
Best Effort traffic [14]. To apply a complex introduced two sub model; Service Evaluator and
architecture for the management of resources f&esource Manager. In our proposed model we
the BE traffic is not feasible for practicalconsider both services Constant bit Rate (CBR) and
implementation due to resource hungryariable Bit Rate (VBR).
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Required + { First Priority (Fp) GL»
CBR SERVICE . =
Service (Rs) Required
+ i‘> Resource (Rr) = Second Priority (Sp)
Channel
VBR SERVICE Condition (CC) Available ( Third Priority (Tp) ej
=
Resources (Ar)
v
Queue
Scheduler (Qs)

Figure 1. Service Based Fairness Resource Allocation Model (ShFRAM)

2.1 Constant Bit Rate Service When a user request for a service Rs identify the
CBR is data traffic that keeps the bit rate sameequired Service whereas Cc will evaluate the
throughout the process, in real time data streamingdpannel condition from where the service is
with fixed size data packets. The quality of sesvicrequired. After evaluating these parameters we got
class required by the user helps to determine fixetie final valuen.
bandwidth requirement at the time of connection
setup. The data can be sent in a steady stream. CBR Resour ce M anager
service is often used when foxed rate uncompressedResource Manger receive the value ofand
video is transmitted. Quality of service parameteestimate the further resource required for proygdin
includes call delay variation and call transferagel the required service to the user. After finalizthg
in order to to transfer uncompressed voice anBr the Resource Manager evaluate how much
video using CBR. CBR is designed to for ATMreserve resource it have and how much it can
virtual circuit where statistically constant amowoiit allocate the user for the Rs. Then Resource
bandwidth is required for the duration of activeManager forwards the result to Queue Scheduler Qs
connection. CBR service class is designed for realhich will place that request in the three avaiabl
time application [18]. queues, First Priority Fp, Second Priority Sp, and
Third Priority Tp.
2.2 VariableBit Rate Service
VBR is the term used in telecommunication and
computing that relates to the bit rate used in the
sound and video encoding. VBR files vary from
amount of output data per time segment. VBR Channel Condition (Cc)
allows a higher bit rate and therefore requiresemor
storage to be allocated to complex segment of
media files. The disadvantage of VBR is, that it
may take more time to encode as the process i
more complex. VBR may also pose problem during
streaming when the instantaneous bit rate exceeds
the data rate of the communication path. Bits
available can used more flexibility to encode sound
or video data [18].

Required Service (Rs)

Figure 2. Service Evaluation

Let Cc and Rs be the random variables
representing the input and output of the channel,

2.3 Service Evaluator respectively.  LeFR,|C.(R.[C.) be the

In WiMAX Services are generally categorize inconditional distribution function of Rs given Cc,
five main classes. In our proposed model Servicdhich is an inherent fixed property of the
Evaluator is responsible for receiving user reque§mmunications channel. Then the choice of the
form any of the five required service. Servicemarginal distribution P C_.(C_) completely

Evaluator is consisting of two main features. ldetermines the joint distributicfi C., R.(C.,R_.)
Required Service Rs and Channel Condition Cgye to the identity.

s
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According to the channel status Queue Scheduler
places the desired request in the first, second and

Which in turn induces mutual third queue a}c_cordlng to the required service and
channel condition.

informationI {R_; C_). The Overall Channel
Condition along with SNR is described as

PC_R.(C.R)=PR_C,(R,|C.PR.(R,)

First Priority (Fp): Queue Scheduler evaluates
and places all those requests which required 10 to
15% additional resources for fulfill the required

_ SUp ]
Ochannst = PR;ERQI (Rs: o) request. All those request place in the Fp.

A sh th ¢ . Second Priority (Sp): Our proposed model based
S per annon heorem for €every requwe_(gueue scheduler place all those request in Sp which

service there IS a channel capacity. Th"?‘t '3re required 15 to 25% additional resources for
maximum - requirement fo.r providing requ'redflﬂfillment to required service.
service. On the bases of this theorem our propose
model calculates the channel capacity. Third Priority (Tp): In the last queue all those
users which requires more then 25% to 50%
additional resource has been placed. The users
which required more than 50% additional resources
are not selected because that decreases throughput
Secondly every channel has some noise ratimf the network.Our queue scheduler is based on
which is called Signal to Noise Ratio (SNR). Insthi priority queue scheduling, so after certain pebd
equation we denote it as with ando > 0 and Rc < time every required user got place in the next Sp
Cc for the required service Rs, as per the existirand Fp.
code for Rs should be > Rs as per coding algorith
and for the Rs the maximal probability of the SNR™ SIMULATION AND RESULTS
should be <. To evaluate our proposed model we developed a
five node based WIMAX scenario in NCTUns
2.5 Queue Scheduler version 6.0 simulator. Simulation is executed for
In our proposed model we usedPriority Queuenultiple times with respect to the services. Fa@ th
Scheduling Methodology (PQSM) for providing both services we used the following parameters.
resource as per the requirement of the user service

0 =

Channel

PF}E{SI [:Rs': Cc]

Table 1. Subscriber Station sustain rate detail

Service

Sustain
Rate SS3

Sustain
Rate SS4

Sustain Rate
SS5

Sustain
Rate SS6

Sustain
Rate SS7

CBR

500

500

500

500

500

VBR

1000

1000

1000

1000

1000

rs

)

DR

6 ®

&

Figure 3. Five SSbased scenario of WIMAX

The Figure 3 shows the real simulation screen
shot of five nodes based SS scenario with one Base
Station and one Host. In the first assumption every
node demands the CBR service from Base Station
and Base Station which is equipped with SbFRAM
evaluate the demand service and its channel. Then
the proposed SbFRAM initiate and received the
request from user and provide the required service
accordingly.

We run the simulation for 100Sec and our
proposed model place on Base Station; received the
real time request from user form different services
Figure 4 shows the user demanding the CBR
service from the base station.
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Figure 4. SS communication with Base Station for Required Service
3.1 Simulation Scenario 1 In this simulation every SS is using the 802.16e

protocol along with some additional predefined

In simulation scenario we experiment ourparameters. In the first run has the capability to
proposed model from only five nodes basedubmit required for all of traffic i.e. UGS, rtPS
WIMAX network. In which the assumption wasnrtPS and BE. In this study we evaluate the
that every user is demanding CBR service withesource allocation to user with and without
variable channel condition. We experiment thaSbFRAM and monitor the performance of
how proposed model place the user request in ttBbFRAM.
specified queue and how it mange the required
resource for satisfying required service. The stree
shot of the simulation has been presented in Figure
3and 4.

CBR Service Without (SbFRAM)

25

20

= m 15
T Ew @
28355¢ & CBR
Egs5 2 Service
oaFZe Without
(SbFRAM)

TV

1 2 3 4 5 5] 7 8 9 10
Subscribers

Figure 5. CBR Service without Additional Recourse
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Figure 5 shows the real picture of the 10 S$he required resource the proposed model SbhFRAM
along with their channel condition, below explainplace the user request according to the prescribed
on line user required extra resource for fulfileth Queue Scheduler.
required service whereas above explain on line user
has required the minimum resources. By evaluating

CBR Service With (SbFRAM)
25

; ~

with
Additional

4 CBR Service
With
{SbFRAM)

Channel
Position
Resources

1 2 3 4 5 6 7 8 9 10

Subscribers

Figure 6. CBR Traffic with SOFRAM

Figure 6 presents the proposed model fairnesalditional resource but with some delay. In this
resource methodology and according to thetudy our prime focus is to provide the user
requirement SbFRAM provides the requiredrequired services but we are compromising on
resource and all users got the service witdelay.

CBR Service With and Without {SbFRAM)

25
20
_ =9 15 4 CBR Service
g5 E£8 With
cE=2E£85 (SbFRAM)
mE=35 @
6a 28
2 ®- CBR Service
10 Without
V {SbFRAM)
5
0

1 2 3 4 5 6 7 8 9 10

Subscribers
Figure 7. Performance Analysis of SoFRAM
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Figure 7 presents the overall performance of thg.2 Simulation Scenario 2
SbFRAM, in which user 2,3,4,7,8 and 10 required

more additional resource whereas only 1, 5 and 9T0 evaluate and getting more conﬁdgncg we
channel condition is according to the require(?v"’lluate our proposed model on VER traffic, in this

. : - .scenario the assumption is based on 10 users with
service, so without additional resource their ~~ -~ ) : : .
requiring multiple service with multiple channel

required service has been pr_ovide immediateI)J/F ndition. In this assumption any user can demand
Whereas rest of the user place in the Fp, Sp and aﬁy service like rtPS, nrtPS, ertPS and BE. In our

accordlng to thelr_channel condition. I_3ut afte_r %Jrevious work CbRAM [17], we presented the
certain period of time every user got its require ; ; " .
service services along with the channel condition. So is th

model the parameters are same as previous but
Resource Manager will place the service in Queue
Scheduler as per the requirement.

ertPS
25

. N

w

15 h

11]/

W ertPS

Channel

Pasition

without
Additional
Resourceas

1 2 3 4 5 5] 7 g g 10

Subscribers
Figure 8. Additional Required resource for ertPS service

Figure 8 shows that all 10 subscribers requireBResource Manger then Base Station provide them
the ertPS service but 1,5 and 10 channel conditiche required service.
is not as per the equired parameter, so they falce
their respective queues for additional resource and
when their required has been provided by the
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nrtPS Service Position without SbFRAM
25

20 'H‘

o
o o
S8 3 & nrtPS
Dy 3o
a8

1 2 3 4 5 6 T 8 9 10
Subscribers
Figure 9. Channd Condition for nrtPS Service

With the same channel condition we experimernfigure 10 we evaluate on rtPS service and marked
by changing the other service nrtPS. Figure 2, 3, 5, 7 and 8 for requiring additional resources
presents that in proposed model user 2, 3, 8, 9 ak¢hereas in Figure 11 only 1, 8 and 9 required more
10 required additional resources for providing theesource for BE service.
required service. We experiment our proposed
model on every service and we found that for
different user required additional resources. In

rtPS Service Position without SbFRAM

25
20 A
15
= m
338 \/ L
CESE
5SS D & 1PS
DEl o
T

1 2 3 4 5 (5] 7 8 9 10
Subscribers

Figure 10. Channel Condition for rtPS Service
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BE Service Position without SbFRAM
25

20 A

| S
. ]

\/ = BE

Service
Required
Additional
Resources

1 2 3 4 5 ] 7 8 9 10
Subscribers

Figure 11. Channel Condition for BE Service

Figure 12 presents the summariesed picture at Bid service. The solid trend line presents thatyev
level where multiple services are demanded by thgervice how much additional resources required and
SS and SbFRAM has been queued all thossur proposed model provide the required resource
services which required additional resources. Aftesis per the pre-set periority on the bases of the
providing the required resource every SS entertamssumed service priority scheduling mechanism.
with that service. In this process those user which
required more than 25% additional resource has
been compromised on bit delay for providing the

== =
e

A LY —_ tPS

. \ /// | "\} _::PS
\Vz =

- Fxpon

Crwverall Required Resource Allocation

25

Service
Trend

0

User User User User User User User User User User
1 2 3 4 5 5] 7 8 9 10

Subscribers
Figure 12. Overall Peroformance of SbFRAM for VBR Traffic
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4. CONCLUSION 5]

In this paper we propose a SbFRAM using
channel status. After studying the problem of fair
resource management our proposed mechansim
allocates based on the status of channel fairly arjg]
user satisfication level is achieved. Simulation
shows the improvemnt in allocation of resouces in
terms of fairness. Which shows that the user with
low SNR value have been allocated with additional
resource to achieve minimum satisfication. Our
experiments shows that both constant bit rate and
variable bit rate traffic gets improvemnte in fass [7]
and level of user acceptance. This mechanism also
improves wait time for low prioity classes. To
provide fair and desired servcie to all the user
without affecting the quality of servcie up to the
maximum availbility of resources. This mechanism
will not perform effieciently if the no of users thi
low SNR will be more.
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