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This paper is divided into three sections. Some 

introductory application and characteristic areas of 

WiMAX technology are presented in Section 1followed 

by Section 2 that presents the previous research work 

on different QoS scheduling schemes of WiMAX 

technology, challenges and their mitigation schemes 

and finally, the conclusion is reported in Section 3.

II. CHALLENGES AND MITIGATION METHODS 

IN WIMAX QOS SCHEDULING

With the rollout of the third generation cellular 

networks, the aim is already set towards the next 

generation. Future generation networks will be 

characterized by variable and high data rates, QoS 

services and seamless mobility both within a network 

and among different networks. The rapid growth of 

wireless communications is mainly attributed to their 

ease of installation in comparison to fixed networks 

[11–13]. QoS more barely refers to meeting certain 

necessity typically, packet delivery ratio, packet error 

rate, jitter, SNR (Upstream/Downstream) and delay 

associated with a given application and various 

demonstrations has been provided [14–16]. WiMAX 

networks must support a diversity of applications, such 

as video, voice, multimedia and data and each of these 

has different traffic patterns and QoS necessity and 

allows a better QoS handling [17]. QoS in WiMAX 

broadly divided in two parts, User-Centric in which the 

collective effect and services information performances 

work out how much user satisfaction is within the 

service and Network-Centric QoS and Network-Centric 

QoS comprises the systems that provide network 

managers and chance to manage this combination of 

bandwidth, delay, variances in delay (jitter) and packet 

reduction in the network to capable of deliver a network 

service [18]. In MANET, due to frequent variations in 

mobility of nodes in terms of speed, direction and rate, 

the structure of the network varies dynamically and 

unpredictably over time and causes route failures, 

which effects its QoS [19–20]. Whereas, in WiMAX the 

QoS is granted on the basis of type of application and 

service under consideration. For example, an user 

sending an email needs no real-time data stream like 

another user having a Voice over IP (VoIP) application. 

To provide the service parameters respectively, the 

traffic management is necessary. There are four main 

service classes named as UGS, rtPS, nrtPS, BE but 

there is a fifth type QoS service class which is added in 

802.16e standard, named as extended real-time Polling 

Service (ertPS). Within all these scheduling resources 

are allocated to manage and satisfy the QoS of higher 

priority services [21–22]. Table 1 broadly classifies 

various service classes defined in WiMAX and its 

applications. 

TABLE I QOS CLASSES IN WIMAX [14] 

Service Classes Description Applications 

Unsolicited Grant 

service (UGS) 

For constant Bit rate 

and delay dependent 

applications 

VoIP

Real Time Polling 

Service (rtPS) 

For variable rate and 

delay dependent 

applications 

Streaming audio, 

video 

Extended Real time 

Service (ertPS) 

For variable rate and 

delay dependent 

applications 

VOIP and Silence 

Suppression 

Non real time polling 

service (nrtPS) 

Variable and non real 

time applications 

FTP 

Best Effort (BE) Best effor Email, Web 

Traffic 

III. IMPACT OF QOS SCHEDULING 

AND ITS MITIGATION

IEEE 802.16 has five QoS classes which 
Unsolicited Grant Service (UGS) is design to support 
real time service flow which generates the fixed size 
data packet periodically. In this algorithms BS assign 
fixed size grant to the subscriber station. The grants 
assign are basically of two type i.e. grant size and grant 
period. When voice session is initialized then these 
values are conciliated. These grants are sufficient for 
sending data packets. UGC service minimize the MAC 
overhead and uplink access delay which are caused 
when SS make request to the BS for bandwidth request 
to send the voice data packets, but UGS assign fixed 
size grant for sending voice data packets but voice user 
do not always have voice data packet to send because 
they have period of silence and it cause a waste of 
uplink resources. Real time polling service (rtPS) is 
designed to support real time services, which generally 
generates variable size data packets periodically. BS 
assign uplink resources to the SS when voice session is 
initialized then these values are conciliated. In this 
algorithm the SS request the BS for bandwidth of 
suitable size grant so that the rtPS can transport data 
more efficiently as compare to UGS algorithms. 
Because the SS always made a request for Bandwidth to 
the BS which in turn can cause more MAC overhead 
and uplink access delay as compare to UGS algorithms 
[23–24]. Extended Real Time Polling Services (ertPS) 
algorithm is proposed in order to remove the 
shortcomings of both UGS and rtPS algorithms. The 
UGS approach allows BS to assign fixed size grants to 
voice users which leads to wastage of uplink resources 
during the silent period when voice users do not have 
any data to send. Meanwhile rtPS although meant for 
variable size data packets consumes much of the time in 
polling process and also account for MAC overhead. So 
ertPS is designed for applications with variable size 
data packets because it does not have much MAC 
overhead and access delay. Thus the approach will be 
suitable for real-time applications like VOIP [25–26]. 
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In ertPS algorithm whenever voice users have to 
increase their bandwidth users inform their BS by 
sending Bandwidth Request Header while setting BR 
(Bandwidth Request) bits to 1 in order to distinguish 
them from general BR bits. In this case, BS assigns 
uplink resources according to the requested size until 
user requests for another change in bandwidth. Whereas 
if users want to decrease the bandwidth users inform 
their BS by sending Grant Management sub-header 
while setting PBR (Piggyback Request) bits to 1 in 
order to distinguish them from general PBR bits. Again, 
BS assigns uplink resources according to the requested 
size until user requests for another change in bandwidth 
[27–28]. The ertPS only follows the request made by 
users periodically to assign the uplink resources, thus 
the rate drops to half the original rate and again it 
remains the same till voice user requested yet another 
decrement in the requested bandwidth and so on. Thus 
ertPS proves to be a better approach than UGS and 
RTPS for dealing with data transfer in real-time 
services more efficiently and it does not include any 
overheads also [29–30]. The non real time polling 
service (nrtPS) approach allows BS to assign variable 
size grants to the voice users on regular basis. This 
service basically supports those applications which 
require high throughput like FTP (File transfer 
Protocol) but can bear delay. In this algorithm the BS 
station assign uplink resources to the SS station same as 
rtPS algorithms but the resources are provided at the 
longer intervals. This will ensure that during the 
network congestions the SS station receives the request 
opportunities [31–34]. Best Effort (BE) service 
approach is used to support with the purpose of data 
stream where no minimum service level is required and 
it is provide efficient service to best effort traffic. These 
flows served by contention slots [35].

IV. CONCLUSION

A comprehensive review of research in the area of 
WiMAX QoS scheduling and challenges that exist 
within WiMAX performance and strategies to mitigate 
these various impairments to enhance the overall link 
performance is presented in this work. The main focus 
of this work is to put attention towards the realization of 
future high performance WiMAX networks, integrated 
with mobile broadband distribution and access networks 
by reviewing the past few year efforts in the area of 
impairments associated with WiMAX links and its 
mitigation techniques. 
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