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Abstract- The demand for high speed broadband wireless systems 
is increasing rapidly. In this context, the IEEE 802.16 standard 
defines the wireless broadband access technology called WiMAX, 
which introduces several interesting advantages including 
variable and high data rate, last mile wireless access, point to 
multipoint communication, large frequency range and QoS for 
various types of applications. However, the actual version of the 
standard does not define a MAC scheduling architecture in 
uplink as well as downlink direction. Efficient scheduling design 
is left for designers and developers and thus providing QoS for 
IEEE 802.16 BWA system is a challenge for system developers. 
The scheduling architecture must ensure good bandwidth 
utilization, maintain the fairness between users and respond to 
the constraints of some applications (i.e. video, voice). 
In the literature, a good number of articles are available to 
analyze the performance of the standard; however few studies 
describing the scheduling algorithm are to be appreciated. To 
analyze these studies, a classification based on the scheduling 
mechanism or method used in the different propositions is 
presented in this paper. Some studies are based on traditional 
algorithms and other studies use new methods and mechanisms 
that are proposed for the new standard in order to provide QoS.   
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I. INRODUCTION 
The basic IEEE 802.16 architecture consists of one Base 
Station (BS) and one (or more) Subscriber Station (SS). BS 
acts as a central entity to transfer all the data from SSs in a 
PMP (Pont to multipoint) mode. Transmissions take place 
through two independent channels: Downlink Channel (from 
BS to SS) and Uplink Channel (from SS to BS). Uplink 
Channel is shared between all SSs while Downlink Channel is 
used only by BS. 
The standard defines both Time Division Duplexing (TDD) 
and Frequency Division Duplexing (FDD) for channel 
allocation.  
The IEEE 802.16 is connection oriented. Each packet has to be 
associated with a connection at MAC level. This provides a 
way for bandwidth request, association of QoS and other 
traffic parameters and data transfer related actions. 
The standard supports four different flow classes for QoS and 
the MAC supports a request-grant mechanism for data 
transmission in uplink direction. The standard does not define 
a slot allocation criterion or scheduling architecture for any 
type of service. A scheduling module is necessary to provide 

QoS for each class. IEEE 802.16 defines the following four 
types of service flow with distinct QoS requirement:  

- Unsolicited Grant Services (UGS): designed to 
support Constant Bit Rate (CBR) services such as 
voice applications. 

- Real-Time Polling Services (rtPS): designed to 
support real-time services that generate variable size 
data packets on a periodic basis, such as MPEG 
video. 

- Non-Real-Time Polling Services (nrtPS): designed to 
support non-real-time and delay tolerant services that 
require variable size data grant burst types on a 
regular basis such as FTP. 

- Best Effort (BE): designed to support data streams 
that do not require any guarantee in QoS such as 
HTTP. 

Actually, the standard provides specification for these 
different services, but does not specify any scheduling 
architecture. There have been few scheduling architectures 
reported in the literature. In this paper we propose a 
classification of these architectures based on the mechanism or 
method used in these different propositions.   
The reminder of this paper is organized as follows:  Section II 
presents our classification of the uplink scheduling algorithm 
in IEEE 802.16. Section III shows a comparison between these 
algorithms, in term of advantages and inconvenient. Finally, 
Section IV concludes this paper and presents our future works.  

II. THE SCHEDULING ARCHITECTURES 
As mentioned before, the scheduling architecture can be 
classified into two categories: traditional methods, based on 
classical scheduling algorithms (FIFO, Round Robin, etc) and 
new methods that are developed for the new standard based on 
new techniques for the scheduling. This classification is 
illustrated in Figure 1. 
A. Traditional methods 
Most of the mechanisms proposed for the scheduling in IEEE 
802.16 are based on algorithms and methods used in other 
type of networks (i.e. wired network). There are mechanisms 
that use these algorithms with a simple way and other 
mechanisms that modify the structure of these algorithms in 
order to have a more complex architecture that can respond to 
the standard needs in term of QoS. 
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Figure 1. Scheduling methods classification 

1) TS1- Simple mechanisms 

Usually, the traditional methods are not very proposed in its 
simple scheme without modification of the principal 
architecture. Examples of such methods: FIFO, Fair Queuing, 
Round Robin. In Figure 2 we illustrate a scheduling 
architecture based on a simple mechanism. 

 
Figure 2. IEEE 802.16 scheduling based on Fair Queuing 

2) Hierarchical mechanisms 
This type of mechanisms is the most proposed for the IEEE 
802.16 scheduling. In fact, these mechanisms respond the 
most to the class structure of the standard and can serve to 
maintain fairness between the classes and to differentiate 
between them. However the problem with this kind of 
mechanisms is their complexity in the implementation. Some 
examples are presented as follows. 
TH1 - Enhanced packet scheduling algorithm [1]: The idea 
behind this algorithm is to divide the traffic into three 
categories (Figure 3): (i) Hard-QoS; (ii) Soft-QoS; (iii) BE. 
The scheduling consists of four parts: (i) scheduling of  Hard-
QoS server; (ii) scheduling of Soft-QoS server; (iii) scheduling 
of BE server; (iv) co-scheduling between the above three 
servers.  

Uplink

Hard-QoS Soft-QoS BE

UGS traffic rtPS traffic nrtPS traffic BE traffic  
Figure 3. Enhanced packet scheduling algortihms 

The four servers implement WFQ (Weighted Fair Queuing) in 
their queues; for the first three servers a virtual finish time for 
each packet has to be calculated. The weight must be the 
weight of the packet and the packet having the smallest time is 
put at the head of the queue. The co-scheduling server 
calculates a virtual finish time too but here the weight should 
be the weight of the queue and the packet with the smallest 
time is served firstly. 
TH2 - Hierarchical model with modification of the QoS 
architecture of the standard [2]: This is a method based on a 
hierarchical distribution of the total bandwidth. First, the total 
bandwidth is distributed among the four classes with a strict 
priority, and then each class distributes its allowed bandwidth 
among the packets waiting in its queue. 
Each class decides to use the algorithm that fits its constraints. 
For example, UGS class distributes the bandwidth in a fixed 
manner but other classes choose to use other scheduling 
algorithms. With this new structure, a modification of the QoS 
architecture in the IEEE 802.16 standard takes place. This 
modification is illustrated in Figure 4. 

 
Figure 4. New QoS architecture 

Here is a brief description of the different steps in this new 
QoS architecture: 

- At the beginning of each time frame, the Information 
Module collects the queue size information from the 
BW-Requests received during the previous time 
frame. The Information Module will process the 
queue size information and update the Scheduling 
Database Module. 

- The Service Assignment Module retrieves the 
information from the Scheduling Database Module 
and generates the UL-MAP. 

- BS broadcasts the UL-MAP to all SSs in the 
downlink subframe. 

- BS’s scheduler transmits packets according to the 
UL-MAP received from the BS. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. EBSA scheduling architecture 
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TH3 - EDF-BWA scheduling algorithm (EBSA) [3]: The 
UGS, rtPS and nrtPS have specific requirements. For instance, 
UGS and rtPS have deadline, (jitter), and late packets that miss 
the deadline will be useless, but these two services can tolerate 
packet loss. However, for nrtPS packet loss is not permitted 
but accommodates larger delays. In order to guarantee these 
three types of service requirements, this algorithm is 
implemented to match CBR-like and VBR-like traffic. For all 
types of service, when a request for bandwidth is received at 
the BS, the QoS policy of the SS is first analyzed to make sure 
it is not violating the QoS contact. For all types of request, 
EBSA will provide to the SS a UGS, rtPS, nrtPS or BE service 
using classifiers as illustrated in Figure 5. 
If the request is for UGS service, EBSA will provide periodic 
grants to the SS. These grants are allocated in a UGS queue 
using the EDF (earliest deadline first) principle. If the request 
is for rtPS or nrtPS, EBSA will provide periodic unicast 
transmission opportunity (utxop) to the SS. These utxop are 
allocated in an rtPS or nrtPS queue, respectively, and ordered 
using EDF. For the BE requests, the grants are ordered using a 
FIFO scheme. 

B. New methods developed for ieee 802.16 
In the literature, the studies on new scheduling techniques are 
not considerable. We find some studies treating all classes 
together in one scheme, and other studies that treat only one 
class and propose a scheduling algorithm that fits its 
characteristics. 

1) Methods treating all classes 

NA1 - CAC and packet scheduling using Token Bucket [5]: 
The operation process of 802.16 is shown in Figure 6. The 
blocks drawn with dotted line are the parts undefined in the 
standard. This method presents an uplink packet scheduling 
with call admission control that is token bucket based. 

 
Figure 6.  802.16 operation process 

NA2 - Ensuring the QoS requirements in 802.16 Scheduling 
[6]: This proposed solution is capable of allocating slots based 
on the QoS requirements, bandwidth request sizes, and the 
WiMAX network parameters. In other words, this is an 
algorithm at the BS that translates the QoS requirements of 
SSs into the appropriate number of slots. The algorithm 
comprises three major stages: 

- Allocation of the minimum number of slots 

At this stage, the task of the BS is to calculate the minimum 
number of slots for each connection to ensure the basic QoS 
requirements. 

- Allocating free slots 

If there are unused slots, it makes sense to allocate them to 
other connections. The reason is that the frame has the fixed 
size. As explained earlier, if we do not allocate unused slots to 
some connections, then the WiMAX BS will have the non-
work-conserving behavior. Having analyzed the service 
classes, it is possible to arrive at the conclusion that it makes 
sense to allocate unused slots to the rtPS, nrtPS, and BE 
connections. 

- Order of slots 

When the BS calculates the number of slots for every 
connection, it can specify an order of slots. The simplest 
solution is to put all the slots consecutively. However, a better 
approach is to interleave the slots to decrease the maximum 
jitter and delay values (Figure 7). 

 
Figure 7. Non-interleaved and interleaved slot order 

2) Methods treating one class 

NO1 - TCP-aware Uplink Scheduling for IEEE 802.16 [4]: 
This scheduling algorithm treats the BE traffic because it is 
difficult to estimate the amount of required bandwidth due to 
dynamic changes of the sending rate of this traffic. The 
sending rate of a TCP flow is changed over time due to the 
AIMD (Additive Increase Multiplicative Decrease) feature in 
a short-term period and also to changes of the available 
bandwidth in a long-term period. The objective of the 
proposed scheme is to realize the max-min fairness in 
bandwidth allocation among BE flows while maintaining high 
link utilization. The scheme measures the sending rate of each 
flow and allocates bandwidth based on the measured sending 
rate. 
Here the used algorithm in NO1.  

Algorithm-  
Step 1: Calculate the sending rate. 
Step 2:    If       sending rate < allocated bandwidth 
               Then   demand = sending rate 
Step 3:    If       sending rate = allocated bandwidth  

 Then   demand=a*(allocated bandwidth) /  a>1 
Step 4:    If       sending rate > allocated bandwidth  
               Then   increase the bandwidth until the sending  
rate becomes stable 

 



 

III. COMPARAISON BETWEEN THE STUDIED 
ALGORITHMS 

 
In order to illustrate the main difference between the studied 
algorithm, we draw Table 1 that shows the advantages and 
inconvenient of these algorithms.  
 

Table 1.  Advantages and inconvenient of the studied algorithms 

Study Algorithm Advantages Inconvenient
TS1 FIFO - Simple - No QoS guarantee

TH1 WFQ

-QoS guarantee
- Fairness

- Delay performance -  Complex

TH2 Strict Priority +
EDF + WFQ

- QoS guarantee
- CAC + scheduling -  Complex

TH3 EDF + FIFO +
WFQ

- QoS guarantee
- Fairness -  Complex

NA1 Token Bucket
- CAC + scheduling

- QoS guarantee - Need estimation
model

NA2 Translat ing
QoS

- Simple
- QoS guarantee - Multiple a lgorithms

NO1 TCP-Aware

-no need for
request

-QoS guarantee

- Used for one class
- Bottleneck

 

IV. CONCLUSION 
In this paper, we presented a classification of the uplink 
scheduler in IEEE 802.16 networks. We based our 
classification on the method and mechanism used in the 
scheduling algorithms. Our future work will focus on 
implementing this algorithm and compare their performances 
in term of delays, throughput and packet loss.  
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