
  

  
Abstract — In this paper we present comparison analysis 

for packet scheduling algorithms for HSDPA (High Speed 
Downlink Packet Networks). In particular, we analyze the 
round robin, max C/I and FCDS packet scheduling 
algorithms in HSDPA by comparing the average throughput, 
delay and fairness of the users, changing the number of the 
users in pedestrian and vehicular environment. The results 
have showed that the number of the users in a given coverage 
area is very important when choosing which packet 
scheduling algorithm for HSDPA networks. These results 
will be very useful for choosing the adequate scheduling 
algorithm in HSDPA network with aim to satisfy the desired 
quality of service for the mobile users. 
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I. INTRODUCTION 
HE High Speed Downlink Packet Access (HSDPA) 
was introduced in release 5 of Universal Mobile 
Telecommunications Systems (UMTS) in order to 

support the increasing demand for multimedia applications 
that require high data rates. In HSDPA [1], a high-speed 
downlink data channel is shared by multiple users within 
the same cell to offer peak rates exceeding 10 Mbps. 
HSDPA relies on new technologies that make it possible 
to achieve such high data rate. These new technologies 
include: Adaptive Modulation and Coding (AMC), Hybrid 
Automatic Repeat Request (ARQ), fast Packet Scheduling, 
and fast Physical Layer. One of the most important 
features of HSDPA is fast packet scheduling. 

One of the basic principles for HSDPA is the use of 
channel-dependent scheduling [2]. The scheduler in the 
MAC controls what part of the shared code and power 
resource is assigned to which user in a certain TTI. It is a 
key component and to a large extent determines the 
overall HSDPA system performance, especially in a 
loaded network [3-8]. At lower loads, only one or a few 
users are available for scheduling and the differences 
between different scheduling strategies are less 
pronounced. 

Although the scheduler is implementation specific and 
not specified by 3GPP, the overall goal of most schedulers 
is to take advantage of the channel variations between 
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users and preferably schedule transmissions to a user 
when the channel conditions are advantageous. Several 
scheduling strategies are possible. However, efficient 
scheduling strategies require at least information about the 
instantaneous channel conditions at the UE, and 
information about the buffer status and priorities of the 
data flows. 

The purpose of Packet Scheduling is to distribute 
resources among users in a fair and efficient way to 
maximize the system throughput. In order to achieve the 
highest possible throughput, another parameter has been 
added to the scheduling decision, which is the channel 
condition of the users, but this raises the issue of fairness. 
Different packet scheduling algorithms have different 
impacts on the performance of the system in terms of 
system throughput, packet delay, packet lose, fairness etc.  

This fact is used as a motivation in this paper to 
simulate different scenarios in one cell changing the 
number of users, distance from the Node B (base station) 
and propagation environment for three scheduling 
algorithms (round robin, max C/I and FCDS). The results 
are given in instant throughput, average throughput and 
average delay. In this paper we provide analysis of 
throughput, fairness and packet delay for different 
scheduling schemes for HSDPA by using simulated 
scenarios in one cell. The main goal is to provide results 
that will help in the design process of HSDPA mobile 
networks, aiming to get better throughput and fairness for 
the users.  

The paper is organized as follows. Section II describes 
the fast packet scheduling algorithms which are used in 
the simulations. Section III describes simulation 
conditions, scenario schemes and traffic model. 
Simulation results are presented in section IV. Finally, 
Section V concludes the paper. 

II. PACKET SCHEDULING SCHEMES 
In this paper we perform analysis of three different 

packet scheduling algorithms for HSDPA: round robin, 
max C/I and FCDS.  

Round Robin scheduler (RR): Users in round robin 
algorithm are served in a round robin (i.e. cyclic order) 
manner. The scheduler selects the user that has not been 
served for the longest time. Although this algorithm 
doesn’t make any use if the instantaneous channel quality 
of the users and hence may suffer from low throughput, it 
is fair in the sense that each user gets the same amount of 
resources in terms of time slots.  

Maximum C/I Scheduler (Max C/I): Probably the most 
straightforward and aggressive advanced packet scheduler 
is the maximum-throughput or maximum C/I packet 
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scheduler, which always schedules the user with the best 
instantaneous channel quality. The main drawbacks of this 
scheduler are mainly its inherent unfairness and coverage 
limitations. This scheduler essentially ranks all the users 
according to their instantaneous carrier-to-interference 
(C/I) ratios. This scheduler is optimal in obtaining the 
maximum network throughput. In this case, the UE in 
favorable positions will have the highest throughput, but 
system services may be unavailable to the users in 
unfavorable positions. Max C/I is a kind of channel-
dependent scheduler since the variations of radio channel 
condition are used for scheduling. 

Fair Channel-Dependent Scheduler (FCDS): It is a 
more practical scheduler which has a strategy that 
incorporates the RR method and the Max C/I method, i.e. 
it uses variations of the radio channel conditions to 
improve system capacity while implementing a degree of 
fairness. Thus, it can be concerned as a trade-off between 
the two extreme scheduling methods.  

III. SIMULATION PARAMETERS 
The performance evaluation of the RR, the Max C/I and 

FCDS was based on a discrete event simulations using 
Network Simulator 2 (NS2), version ns-2.30 [9]. 
However, NS2 by itself does not support UMTS and 
HSDPA. Therefore an extension to NS2 was used in the 
evaluation process called EURANE (Enhanced UMTS 
Radio Access Network Extension for NS2). The simulated 
environment consisted of one cell where Node B is located 
in the middle of that cell. The user is connected to Node B 
on the downlink by HS-PDSCH channel that is shared 
among all users and by HS-DPCCH on the uplink, which 
is dedicated for each user.  

Two propagation environments have been used in these 
simulations, which are recommended by the International 
Telecommunication Union: Pedestrian A and Vehicle A 
environments. Table 1 gives the created simulation 
scenarios for this paper, i.e. changing the number of users 
and distance from the Node B for the two propagation 
environments. For the simulated scenario with 20 users on 
500 m distance from the Node B, two users are placed on 
every 50 m distance from the Node B. 

As a traffic source we have used FTP traffic generators. 
All cell users initiate traffic simultaneously. Additionally, 
all users are Category 5 users (we use 5 parallel codes per 
HS-DSCH) with achievable maximum data rate of 3.6 
Mbps. Users are uniformly distributed in the cell. In 
Pedestrian A environment users move with a speed of 3 
km/h on their orbits in respect to Node B, and in Vehicular 
B environment users move with a speed of 120 km/h. 
Simulations trace files were generated using Matlab pre-
processing/generation of input trace files for the Eurane 
simulator of ns-2 tool.  

IV. SIMULATION RESULTS 

A. Pedestrian A propagation environment 
In figure 1 are presented results for average throughput 

and average delay for 10 and 20 users uniformly 

distributed on every 50 meters till 500 meters distance 
from the Node B. 

 
            TABLE 1: SIMULATION SCENARIOS 

Propagation 
environment 

Number of 
users 

Distance from the 
Node B (meters) 

Pedestrian A 10 500 
Pedestrian A 10 1000 
Pedestrian A 20 500 
Pedestrian A 20 1000 
Vehicular B 10 500 
Vehicular B 10 1000 
Vehicular B 20 500 
Vehicular B 10 1000 

 
 In Fig.1c and Fig.1d we show two plots for average 
throughputs and average delay because in the simulations 
every two users have been set on the same distance from 
the Node B, on every 50 meters.  
 We can conclude that the round robin scheduler is less 
sensitive when changing the number of the users. The 
fairness of the users is the best when this scheduler is used 
in scenarios with different number of users. Average 
throughput has very similar values for the users that are on 
the same distance from the Node B for the all three 
schedulers (Fig.1c). This is not the case if we compare the 
average delays. In fig.1d one can notice that the values for 
average delay are similar just for the round robin 
scheduler for the users that are on the same distance from 
the Node B, but they differ a lot if we look at the other two 
schedulers. With max C/I and FCDS scheduler, the delay 
is higher with adjacent users on every 50 meters. Round 
robin scheduler gives the best results for average delay.   

B. Vehicular propagation environment 
The number of the users in vehicular propagation 

environment is important factor when getting the results 
for average throughput and average delay for the three 
packet schedulers for HSDPA analyzed previously for 
Pedestrian environment.  

When the number of the users is lower we have better 
results for average throughput of the users when we use 
max C/I scheduler and FCDS scheduler. This is not the 
case when the number of the users gets higher. Then, only 
users that are very close to the Node B have high 
throughput and the others have not. The fairness is very 
bad when the number of the users is higher using max C/I 
scheduler. The same situation is with FCDS scheduler as 
well. The best scheduler for vehicular environment for 
getting the best fairness of the users is round robin 
scheduler. However, the results with average delay are 
similar to Pedestrian environment. The best results for the 
average delay of users give the round robin scheduler. The 
results in Fig.2c and Fig.2d are very similar for average 
throughput and average delay. That was not the case for 
max C/I and FCDS schedulers when comparing average 
delay in Pedestrian environment. The average delay is less 
sensitive in Vehicular environment for max C/I and FCDS 
scheduler when there are more users on the same distance 
from the Node B. 
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a. Average throughput for 10 users 

 

 
b. Average delay for 10 users 

 

 
c. Average throughput for 20 users 

 

 
d. Average delay for 20 users 

 
Fig.1. Simulation results for average throughput of 10 and 
20 users on 500 m cell radius for RR, max C/I and FCDS 

scheduler in Pedestrian environment. 

 
a. Average throughput for 10 users     

 

 
b. Average delay for 10 users 

 

 
c. Average throughput for 20 users 

 

 
                           d. Average delay for 20 users 

 
Fig.2. Simulation results for average throughput of 10 and 
20 users on 500 m cell radius for RR, max C/I and FCDS 

scheduler in Vehicular environment. 
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Fig.3 shows similar behavior observed earlier in 
Pedestrian environment in Fig.2 for the RR, PF, and Max 
C/I algorithms in terms of cell average throughput. 
However, the overall cell throughput for all three 
algorithms is much less than Pedestrian environment 
because the path loss and multi-path fading effects are 
higher in Vehicle environment since the mobile speed is 
higher. According to the results Max C/I can offer much 
better system throughput than other scheduling schemes. 
Although Max C/I give much higher throughput to a few 
users, it fails to give any throughput to the majority of 
users whose channel qualities are not good.  

The results from Fig.3 for different cell sizes and 
average of 20 active users (simultaneously downloading 
content from Internet) pointed out scheduling schemes that 
should be selected for different cell sizes. For smaller 
HSDPA cells, the priority should be given to Max C/I 
scheduling scheme since in smaller cells more users 
experience good radio channel conditions (i.e. good C/I 
ratio). However, our simulation results pointed that for 
macro cells, larger than several hundreds of meters, the 
best average results for users can be provided by using 
round-robin scheduling scheme for HSDPA mobile 
network, or combination of max C/I scheduling for users 
which are closer to the Node B, and round-robin 
scheduling for users that are distant from the base station. 

V. CONCLUSION 
In this paper we have analyzed the influence of number 

of users in Pedestrian and Vehicular environment in 
HSDPA networks regarding the average throughput, 
average delay and fairness for different packet scheduling 
algorithms i.e. round robin, max C/I and FCDS. The 
results showed that number of the users in a given HSDPA 
cell influences the performances of the packet schedulers 
in average throughput and average delay. 

From the results we can conclude that round robin 
scheduler is the best when talking about the fairness of the 
users no matter how many users we have in the cell, but 
when we want to have better throughput for the users, max 
C/I scheduler and FCDS scheduler give better results for 
the users although not for all of them. 
 When the number of the users is higher, lower number 
of users get better throughput with each one of the three 
schedulers. When we are talking about fairness, the 
number of the users has impact in max C/I and FCDS 
scheduler which have worse fairness when the number of 
the users is higher, but it is not the case for round robin 
scheduler. This scheduler has the same fairness no matter 
how many users are scheduled in the cell. 
 Finally, regarding the distance between the user and the 
base station in HSDPA mobile network, the results 
outlined max C/I as better option for smaller cells and for 
users which are closer to the base station, while round-
robin scheduling is better for distant users. However, a 
combination of these two may provide the best results in 
overall throughput in HSDPA cell. 
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a) Case 1: 20 users in HSDPA cell with radius 500 m 
 

 

 
 

b) Case 2: 20 users in HSDPA cell with radius 1000 m 

Fig.3. Instant and average throughput in HSDPA cell for 
different cell sizes 
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