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ABSTRACT 
 
The traffic of multimedia service in wireless network increases by exponential as the number of applications 
increase. Since the weakness of proportional fair algorithm in meeting the Quality of Service (QoS) such as delay 
and packets loss, it is not so widely used in modern wireless communication. This paper proposes a scheduling 
algorithm that based on QoS utility function in which a parameter is introduced to improve priority mechanism for 
overcoming such weakness. Simulation results show that our scheduling algorithm can meet the QoS requirements of 
real-time traffic; and the whole system transmission performance has been markedly improved. 
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INTRODUCTION 
 
With the rapid development of wireless network, the contradiction between wireless network resources and data 
service demand increases sharp [1-5]. With the reason of wireless network resources not being increased, wireless 
resource scheduling algorithm has become a progressive direction [4-6].  
    
Currently, the classic scheduling algorithms are mainly Round scheduling (Round Robin, RR) algorithm [7], the 
maximum Carrier to Interference scheduling (Max Carrier to Interference, Max C/I) algorithm [8], Proportional Fair 
scheduling (Proportional Fair, PF) algorithm [10]. RR algorithm takes turns to scheduling various business on time 
slice, which have the same scheduling priority system in all business, to guarantee equal opportunity for all business 
distribution system in the same amount of resources, such as time or bandwidth. Then the users are in turn to 
scheduling according to some sort of agreement, until after all the business is scheduled to the next scheduling cycle. 
Max C/I algorithm is a kind of scheduling emphasis on system throughput. It sorts descending all users in the system 
according to the channel SNR, system priority scheduling SNR of big business, until the end of the scheduling.  
 
For user's largest fairness, RR algorithm sacrifices the system throughput, however, Max C/I scheduling algorithm 
for maximum system throughput and fairness at the expense of the users. They are only in accordance with a certain 
performance indicators for scheduling, but ignoring the other performance indicators, which restricts their 
application in the actual system. In order to improve this problem, PF scheduling algorithm was proposed by Jalali. 
The algorithm considers both the real-time channel state of the business and the fairness between business 
transmission rate. The initial time of each business priorities are attached to the same value, and scheduling is 
always priority scheduling priority every time. But with a good quality business channel continuous scheduling, the 
average throughput will increase, resulting in reducing its scheduling priority. It makes the original low priority 
users can get more chances of scheduling, increasing the fairness of scheduling algorithm. Scheduling priority of PF 
algorithm defined as： 
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ir  as the instantaneous channel signal-to-noise ratio of the channel i , iR  as the average throughput of the 

business [9] 

Update formula of iR [10]： 

                                                    （2） 
t c as the balance of time parameters. 
 
Although the PF algorithm is better than that of the RR algorithm and Max C/I, in recent years, a series of improved 
algorithm appeared that was shown in table 1.  

 
Table 1 the improved PF algorithm 

 
algorithm name improve direction Scheduling priority Parameter meaning 

scheduling algorithm of 
Data rate control index 
(DRC) [11] 

The fairness of the PF 
algorithm 
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scheduling algorithm of 
Adaptive proportional fair 
(APF) [12] 

The throughput of the 
PF algorithm 
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parameters 

Based on the QoS of 
proportional fair algorithm 
[13] 

PF algorithm adapted to 
the business rate 
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M-LWDF algorithm[14] 
PF algorithm 
adaptability to business 
time delay m a x
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= ×  iT  for the existing delay，

m axT  for 

the maximum time delay 

M-PF-1 algorithm[15] 
PF algorithm 
adaptability to business 
packet loss rate  

 for the predicted values 
for packet loss rate，a  as the index 
of control factors 

 
Although PF and improved algorithm have good compromise on system throughput and fairness, it is widely used in 
the actual system. But, in recent years, as a result of multimedia services as exponential growth in wireless networks, 
PF improved algorithm can not meet the various aspects of Quality of Service (QoS, Quality of Service) demand on 
business. When there is a business of QoS value close to the maximum QoS threshold scheduling, priority change 
trend is not obvious, so that the business can not be timely scheduling causing delay timeout affect the Quality of 
business communication. So, in this paper, some parameters based on the utility function of QoS factors, such as 
delay, packet loss rate and delay jitter business QoS requirements collection, are introduced in the scheduling 
priority of PF algorithm. When the multimedia service QoS factor is closed to the QoS threshold, the parameter can 
be rapidly increased business opportunities for scheduling, to ensure the quality of the communication of multimedia 
business. 
 
2 A Proportional Fair Scheduling Algorithm Based on service quality utility Function 
PF algorithm can't guarantee well multimedia QoS requirements, mainly does not take into account QoS factors 
affect business operation. In order to improve this problem, this paper introduced QoS in PF scheduling priority 
factor parameters to ensure the QoS of multimedia business communication requirements, established on the QoS 
factor parameters of the utility function model. 
 
Utility function is the characterization of the economic benefits of people occupies a certain assets of function in 
economics. The introduction to the wireless network is used to characterize wireless scheduling after receive the 
subjective satisfaction degree function. In general, the utility function on resource allocation problem is a function of 
Z [7].Therefore, this article defined the “t” for the current business QoS factor, and it indicates the business of the 
sensitive degree of QoS. Therefore, when the task QoS factor is small, the emergency degree of task scheduling is 
small, being remembered to 0 (minimum of utility function); When the task QoS factor is close to or more than the 
current business allowed maximum QoS threshold, the emergency degree of task scheduling is high, being 
remembered to b (maximum of utility function). In breif, this paper puts forward the following utility function: 
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Among them, α  shows the tilt of function, and its value represents the sensitive degree of utility function on QoS 
requirements; c  shows a turning point of function, and its value can tolerate maximum QoS on behalf of the 
business. 

         
Figure 1 α  for the influence of the ( )U t             Figure 2  c  for the influence of the '( )U t  

 
From figure 1, it shows that the larger is in the value of α , and the faster is in change when utility function in the 
QoS factors is close to the biggest business of QoS threshold, which can make the business scheduling priority 
increased dramatically, to ensure the business QoS demand;  
 
From figure 2, it shows that the larger is the right of extreme value point of the value curve, the larger is in the 
maximum tolerable by QoS, which is easier to guarantee the QoS of the business needs. 
 
In this paper, based on the above reasons (PF - A) algorithm, PF - A algorithm of scheduling priority is defined as: 
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ir  as the instantaneous channel signal-to-noise ratio of the channel i , iR  as the average throughput of the 

business. '( )iU x as the derivative of ( )iU x ， iQoS for the QoS requirements of the corresponding businesi，

( '( ), '( ),..., '( ))i i iU t U d U cΠ  the product of the QoS factors account for the business i。 

 
In this paper, PF - A algorithm considering the business delay and packet loss rate and other QoS factors influence 
on task scheduling, task scheduling priority values related to service quality utility function, the channel state. 
Finally update expressions of formula (4) was as a priority. At the time delay and packet loss rate is close to the 
maximum QoS value, the corresponding task scheduling priority has increased dramatically, so as to ensure the QoS 
requirements of the business. To sum up, this paper proposes the PF - A job scheduling algorithm steps are as 
follows: 

 
(1) Business will sent generate data to the respective buffer, and change the scheduling priority of the business 

1
[ ]P i

N
= ;  

(2) according to the real-time channel SNR, formula (2)、formula （3）respectively update business ir、 iR 、 '( )U t   

(3) According to the formula (4) calculating scheduling priority of the business, according to the formula (5) 
calculating the largest scheduling priority, and according to the descending order; 
(4) Scheduling priority of the largest business in turn until after the allocation of resources; (5) repeat steps (2) to (4), 
until the schedule is complete. 
 
3 Simulation and analysis  
This paper use Matlab to simulation experiment, of which the data model for the voice (VoIP) business. VoIP 
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business is composed of sudden periods and the quiet period in wireless network, which QoS factors is less than 300 
ms for time delay and packet loss rate is less than 3%. So, this article proposed in the utility function '( )U t  

=300ic ， 1,2,.....,i N= ，in the packet loss rate of the utility function '( )U d =0.03ic ， 1,2,.....,i N= 。 and 

breaking period can produce 9.3 KBPS voice data at the same time, but silence does not produce data [8]. Based on 
the literature [8], sudden period and quiet period are expressed with two state markov process, which they are 
independent and the conversion process obey the exponential distribution at the same time, rate parameters of 
a =2.841， respectively, b =1.538. 

 
Figure 3 VoIP business model 

 
The instability of the wireless channel will bring transmission delay and delay jitter. To make it easier to measure 
the time delay, the wireless channel model is with FSMC channel. FSMC channel state is only allowed in the 
adjacent state transitions. 0S for no channel noise, 1S  for channel noise stronger state, 2S strongest state to 
channel noise. Based on literature [8] = 0.09, = 0.3. 

 
Figure 4 wireless channel model 

 
In order to verify the advantages of PF - A algorithm in real-time business service (VoIP service) in this paper, the 
PF algorithm and PF - A algorithm based on service quality utility function are comparison the performance in 5 
aspects of the overall performance from fairness, system throughput, delay, packet loss rate, and the scheduling 
algorithm 
 
Figure 5, figure 6 and figure 7 and figure 8 statistics of several scheduling algorithm of fairness, throughput, delay 
and packet loss rate.  
 
Figure 5 shows when the scheduling period is more than 100, FA values are greater than 0.9, which shows that 
fairness is of PF - A algorithm is acceptable, although slightly smaller than other PF algorithm.  
 
Figure 6 shows that PF - A throughput is higher than PF algorithm, PF - A system throughput increase 3.7% of the 
algorithm. 
 
Figure 7 shows that PF, DRC, APF three algorithms can not meet the requirement of the VoIP minimum delay (300 
ms), and the maximum delay of PF - A algorithm is less than 300 ms, meeting the demand of VoIP business the 
minimum delay. It proves that PF - A algorithm suitable for VoIP business with delay limit. 
 
Figure 8 four scheduling algorithm can be obtained the average packet loss rate is respectively: 0.62% (PF), 0.64% 
(DRC), 0.63% (APF), 1.34% (PF - A). Although PF - A algorithm of packet loss rate is greater than other PF 
algorithm, but also meet the minimum requirements of VoIP business (less than 3%). It proves that PF - A method is 
applicable to a packet loss limit of VoIP business. 
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Figure 5 fairness                                     Figure 6 through put 

            
    

     Figure 7 time delay                                    Figure 8 packet loss probability 
 

Although through the above experiments demonstrated that PF -a algorithm is suitable for the specific QoS 
requirements of VoIP business, the algorithm is at the expense of the system's fairness and packet loss rate. The 
same as the improved algorithm, the QoS optimization goal is better than the original algorithm, but in other ways 
worse than the original algorithm. So, this paper introduce parameter Q to represent the overall performance of the 
scheduling algorithm, and through the analytic hierarchy process (AHP) to find the reasonable optimum value, direct 
description so as to achieve the purpose of scheduling algorithm performance. 
 
In order to better describe the overall performance of the scheduling algorithm, this paper defines: 
 

( * * * )delay i iQ a T b C c FA= + +∑                                                           （8） 

 

Q as the overall performance of the scheduling algorithm， delayT as the business time delay， iC  as the system 

throughput， iFA as system tables fairness， a、b、 c  as weight coefficient。 

 
In this paper, the AHP is applied to the optimal solution, the steps are as follows: 
(1) according to the demand of the actual system, the most important is the influence of time delay of the system, so 
the time delay of importance to 1; Secondly, attaches great importance to the throughput, the throughput of 
importance for 3; Finally, it is fairness, fairness of importance for 5.  

(2)To construct judgment matrix,
1 3 5

1 5
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3 3
1 3

1
5 5
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(3)To calculate weight business： a =0.6522,，b = 0.2174，c = 0.1304。 
 
(4)Consistency check 
i.To calculate CI ：CI =0 

ⅱ. To find RI ：RI =0.58 

ⅲ. To calculate CR： CR ==
CI

RI
=0，CR < 0.10，So the consistency of judgment matrix is reasonable, the 

weight coefficients of the business is acceptable. 
 
(5) Computing algorithm the overall performance Q 
Figure 9 shows the algorithm overall performance curve, from which, the overall performance of the proposed PF - 
A algorithm parameters Q than PF and APF algorithm and fairly with the DCR method, but stability than DCR 
algorithm. 

 
 

Figure 9 Algorithm performance 
 

CONCLUSION 
 
This paper proposes a PF - A algorithm based on service quality of the utility function, and the simulation results 
show that the algorithm can meet the VoIP business through the utility function to solve time delay and packet loss 
rate, the specific QoS requirements such as algorithm. Of course, the algorithm is also at the expense of the other 
properties such as part of the equity. The examples show that the PF - A algorithm through custom optimal solutions, 
can look for QoS satisfaction with the best compromise between system losses.  
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