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Abstract: In this paper two Service Specific Queue Sorting 
Algorithms (SSSA) are proposed for Real Time (RT) and 
Non Real Time (NRT) streaming video traffic, respectively. 
The proposed SSSA is implemented in a QoS aware dynamic 
Packet Scheduling Architecture (PSA) for Long Term 
Evolution-Advanced (LTE-A) networks and aims at 
improving the support of QoS guarantee and maintaining 
the overall system throughput and user fairness at a good 
level.  Multiuser diversity is exploited both in the Time 
Domain (TD) and Frequency Domain (FD) to achieve 
effective resource utilization. The simulation results show 
that SSSA has reduces average delay, delay viability and 
Packet Drop rate (PDR) of RT traffic and fulfils throughput 
requirements of NRT streaming video traffic while keeping 
the system overall throughput and fairness among users at a 
good level.   

Keywords-Packet Scheduling (PS); OFDMA; Quality of 
Service (QoS); LTE-A.  

I.      INTRODUCTION 
      LTE-A is an all-IP based future wireless 
communication network which aims at supporting a wide 
variety of applications and services with different QoS 
requirements. To guarantee the support of QoS of 
different traffic types, efficient Radio Resource 
Management (RRM) is very crucial. Packet scheduling 
being one of the core functionalities in RRM plays an 
important role in optimizing the network performance and 
it has been under extensive research in recent years such 
as in [1-6]. The classic PS algorithms including MAX C/I 
and Proportional Fairness (PF) algorithms [1] aim only at 
improving resource utilization based on channel 
conditions of users; The QoS requirements, e.g. delay 
requirements of RT traffic or minimum throughput 
requirements of NRT traffic , are not considered in the 
classic PS algorithms.     
      The current work related to PS in OFDMA systems 
such as LTE-A takes into account Channel State 
Information (CSI) as well as Queue State Information 
(QSI) to effectively use available radio resources. In [2], 
for example, a PS framework is presented which classifies 
mix traffic in service specific queues, selects a pool of 
users from these queues in the time domain and allocates 
radio resources to these users in the frequency domain. 
However it lacks of service specific queue sorting 
algorithms and it cannot improve QoS of different traffic 
types.  
      Several QoS-aware PS algorithms are developed 
based on Modified Largest Waited Delay First (M-LWDF) 
[3]. M-LWDF aims at improving the packet delay and 
PDR of RT traffic and the minimum throughput 

requirement over long interval of time for NRT traffic. 
This algorithm serves a user with the maximum product of 
Head of Line (HOL) packet delay, channel condition and 
an arbitrary positive constant. This arbitrary constant is 
used to control the packet delay distribution for different 
types of users. In [4], the exponential (EXP) rule is 
presented for scheduling multiple flows that share a time-
varying channel. The EXP rule is applied in M-LWDF as 
one of the parameters that equalizes the delays of different 
RT packets to reduce the PDR of RT traffic. M-LWDF 
algorithm is applied in a frequency domain multiplexing 
(FDM) system to optimize sub-carrier allocation in 
OFDMA based networks [5]. In sum waiting time-based 
scheduling (SWBS) algorithm [6], M-LWDF is modified 
by updating the queue status after every sub-carrier 
allocation. It prioritises users of RT and NRT traffic types 
based on the product of sum waiting time of packets and 
channel conditions of users. The SWBS algorithm aims at 
improving QoS of RT and NRT traffic in OFDMA-based 
systems and shows an improved QoS for RT and NRT 
traffic as compared to M-LWDF. Theses algorithms [3-6] 
improve QoS of RT and NRT traffic however do not 
improve system overall throughput and fairness among 
users at the same time. 
      System throughput and fairness among users can be 
maintained at good level along with improving the 
provision of QoS to different traffic types by using 
efficient queue sorting algorithms which are adaptive to 
the achieved QoS of these traffic types.  
      In this paper service specific queue sorting algorithms 
(SSSA) are proposed for RT and NRT streaming video 
traffic types. Waiting time, queue length, average 
achieved throughput and channel conditions information 
of users is used to prioritise users in the queues. The 
rationale behind using this information is to achieve 
proportional fairness along with improving QoS to 
different traffic types. Multiuser diversity is exploited 
both in the TD and FD by updating priority metrics during 
each transmission time interval (TTI). 
      The rest of this paper is organized as follows. Section 
II presents system model and its performance metrics.  
Section III gives an overview of Packet Scheduling 
Architecture (PSA) and a detailed description of the 
proposed SSSA for RT and NRT streaming video traffic. 
The simulation model and results are presented in section 
IV. Finally, conclusions and future work are presented in 
section V.   
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II. SYSTEM MODEL AND PERFORMANCE METRICS 
      An OFDMA system is considered in which minimum 
allocation unit is one Physical Resource Block (PRB) 
containing 12 sub-carriers in each TTI of 1ms duration. 
There are K mobile users and M PRBs. The downlink 
channel is a fading channel within each scheduling drop. 
The received symbol ������� at the mobile user 	 on sub 
channel 
 is the sum of White Gaussian Noise and the 
product of actual data and channel gain, as given in (1). 

           ������� � ������������� � ��������             (1) 

      Where,
 ( )tY mk , is  data symbol from eNodeB to user 	 

at sub channel 
, ������ is the input, ����������  is the 
complex channel gain of  sub channel 
 for user�	, and �������  is the complex White Gaussian Noise [8]. It is 
assumed, as in [4-7], that the power allocation is the same, ����� � � ��

 
on all sub channels. Where, �  is the total 

transmit power of eNodeB, �����is the power allocated at 
channel 
 and M is total number of sub channels. At the 
start of each scheduling drop, the channel state information ������� is known by the eNodeB. 
      The achievable throughput of user 	 on sub channel 
 
can be calculated by (2) as   used in [6] and [8]. 

             ������� � ����� �� � � !�"�#��$
%$& �����'�        (2) 

      Where, � is the bandwidth of each PRB, 2σ is the 
noise power density and ( � )�* �+�,-� ��+�  is the SNR 
gap determined by Bit Error Rate (BER). 
      The performance of the proposed SSSA is analyzed 
under the performance metrics of system throughput, user 
fairness and QoS of RT and NRT traffic types. For QoS of 
RT traffic, average delay, delay viability and PDR of RT 
traffic are used for performance measure and for NRT 
traffic performance is measured by long-term minimum 
throughput of NRT users. 
      The PDR is calculated by the ratio of number of 
packets dropped to the total number of RT packets as 
given in (3) as used in [6]. 

                            .�/01 � 2!34566732!8589: �                          (3) 

      Where .�/01is the PDR,  *�;<=>>?;  is total number of 
dropped packets by RT user 	 and *�#=#@A is total number 
of packets generated by RT user 	 . And the delay 
violation probability is given by (4), as used in [6]. 

          BC�DE�FGDHG�G�E � IJK�L1MN.�/01O�            (4) 

      Where .�/01 is the PDR of RT user 	. The long-term 
minimum throughput is taken as the minimal throughput 
among all NRT streaming video traffic users and is given 
by (5) [6], 

                           P�Q2RSTU!LVWX <!�                   (5) 

      Where PY  is the throughput achieved by NRT 
streaming video traffic user 	. 
       The system overall throughput is the sum of average 
throughput across all users. To measure the fairness 
among users, Raj Jain fairness index is adopted that is 
given in (6)  [1][8]. 

                                ZDGP*C[[ � �\ 1!]!̂_` �$
Y \ �1!]�$!̂_` ��                 (6) 

      The value of fairness index is 1 for the highest fairness 
when all users have same data rate. In (6), K is the total 
number of users and -��a is the time average throughput of 
user k.   

III. SERVICE SPECIFIC QUEUE SORTING 
ALGORITHMS (SSSA) 

      The proposed SSSA is implemented in a QoS aware 
dynamic Packet Scheduling Architecture (PSA) presented 
by the author of this paper [9].   
      The PSA consists of Traffic Differentiator, TD 
scheduler and FD scheduler as shown in Fig. 1. The traffic 
differentiator classifies mixed traffic in service specific 
queues and sorts users in the queues, TD scheduler picks a 
pool of users from these queues and FD scheduler 
allocates PRBs to the users. 

 
Figure 1.  Packet scheduling architecture 

      Mixed traffic is classified in four queues; Control 
(control information), RT queue   (voice), NRT queue 
(video file download) and Best Effort (BE) queue (email, 
SMS) that cover four different QoS requirements.  The 
proposed SSSA is implemented in the Traffic 
Differentiator of the PSA. 
      The control traffic is the most important traffic type so 
it is put into one dedicated queue and served before other 
traffic types. Users are sorted by Round Robin (RR) 
algorithm in this queue because control information of all 
users is equally important. The BE queue represents the 
best effort traffic and does not have any QoS requirements. 
These queues represent users demanding the QoS 
requirements related to the traffic type and each user has a 
separate queue of packets to be transmitted. The queues 
are prioritised from top to the bottom. 
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A. Real Time Traffic 
      The QoS requirement for RT traffic is defined as b� c B��  where b� is delay of user k , B�1M  is the delay 
budget which is the upper bound of delay for RT traffic.    
In RT queue, a delay dependent queue sorting algorithm is 
used to sort the RT users. This algorithm is the product of 
normalised waiting time of each user and its channel 
conditions and the product is added into the queue length 
of the user. The updated waiting time of users equalizes 
the delay of users and improves fairness among users. It 
also keeps users’ delay lower than the threshold by 
normalising it with the DB of RT traffic. The queue length 
equalizes the delay of packets in each user’s queue by 
putting the packets with longest delay into the front of 
queue. As a result, it prioritises packets with longer delays 
to reduce PDR due to time out. In this way the priority 
metric can effectively reduce the delay, delay viability and 
PDR of RT traffic along with improving fairness among 
users at the same time. System overall throughput is 
improved by exploiting multiuser diversity when channel 
gain of users is updated during each TTI and used in 
queue sorting algorithm. 
      The priority of an RT user k at time t, pk (t) is give by 
(7) below.    

        ����� � dM!e9f8fgh0iWX ��� j k��1M���l�m � kn����l�.     (7) 

      Where, o�p@Q#Q2qis waiting time of RT user 	, B�1Mis 
delay budget of RT traffic, RT

KkH ∈ is the channel gain of 
user k and n���� is queue length of user 	 at time �.   
B. Streaming Video Traffc 
      The QoS requirement for NRT streaming video traffic 
is defined as���P���� r o� , where P��#�� is the instantaneous 
throughput of user 	  at time �  and o�  is throughput 
requirement of NRT user 	. The priority metric used for 
NRT queue is the product of normalised waiting time, a 
ratio of minimum required throughput and average 
achieved throughput, and channel conditions of each user. 
The normalized waiting time improves fairness among 
users by equalising their waiting time and reduces delay, 
the ratio of minimum required throughput and average 
achieved throughput increases the priority of users 
achieving low throughput and tries to map minimum 
throughput to each user. This is achieved by dividing 
average achieved throughput with minimum throughput 
requirements of each user. Multiplication of channel gain 
helps improving the overall system throughput by 
exploiting multiuser diversity as in (7). 
      The priority of a NRT user k at time t, pk (t) is given in 
(8) below. 

                     ����� � M!e9f8fgh
i0VWX j M!�#�

1!�#� j ����2�
�
.              (8) 

      Where o�p@Q#Q2q  is waiting time of NRT users 	 , B�1Mis the delay budget of NRT streaming video traffic 

which is taken equal to B�1M  in this work, o���� is 
minimum required throughput of user 	  at time �  and -���� is the average achieved throughput of user 	 at time �  . Average achieved throughput is updated by the 
following formula (9) as used in [10] and many other 
papers. 

           -��� � �� � s� ) t
#uv -���� � t

#u \ P������w��� .     (9) 

      Where ct is the length of time window to calculate the 
average throughput, � �x�   is called the attenuation co-
efficient with the widely used value 0.001, P������ is the 
acquired data rate of user 	  at PRB 
  if 
is allocated to 
k else it is zero.  
      The BE traffic has no QoS requirements so priority is 
given to users based only on channel conditions. However 
to maintain some amount of fairness among users in the 
BE queue, the proportional fairness (PF) algorithm [5] is 
used as the queue sorting algorithm. 

      The priority of a BE user k at time t, pk(t) is  given in 
(10) below. 

                               ����� � <!
1! .                                (10)  

      Where P� is the instantaneous and -� is average 
achieved throughput of user 	.  
      In the proposed scheduling algorithm, users are served 
by one of the differentiated queues depending on their 
requirements. For example packets of RT users must not 
exceed their delay budget for RT traffic. Packets exceeding 
delay budget, are dropped from the user’s queue. The NRT 
users must achieve their minimum throughput and there 
should be fairness among BE users. In each TTI, user with 
the highest priority value is sorted at the front of the queue 
followed by users with priority value in descending order. 
In the TD fair scheduling is used to pick users from the 
queues which pick users one-by-one from top to the 
bottom queue. These users are allocated radio resources in 
the FD. Users with empty queue are not considered in FD 
scheduling. 
      At a given time t, PRBs are allocated to users by the 
following algorithm. 
      Step 1: Initialize queues for all traffic types and the 
number of PRBs. 
      Step 2: Sort users in these queues according to the (7), 
(8) and (10). 
      Step 3: Pick prioritized users from the queue by using 
fair scheduling. 
      Step 4: Allocate PRB to the user with the highest 
priority. 
      Step 5: Remove the allocated PRB from the PRB list 
and the allocated user from the user list. 
      Step 6: Go to step 4 if the PRB list is not empty else go 
to next TTI. 
      Resource allocation is completed when all PRBs are 
allocated.  
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IV. SIMULATION MODEL AND RESULTS 

A.         Simulation Model 
      In this work, a single cell with one eNodeB and total 
system bandwidth of 10 MHz is considered. The 
minimum allocation unit is 1PRB having resolution of 
180 kHz in the FD and 1 ms in the TD. Total system 
bandwidth is divided into 55 PRBs. 
      The wireless environment is typical Urban Non Line 
of Sight (NLOS) and the LTE system works with a carrier 
frequency of 2GHz. The most suitable path loss model in 
this case is the COST 231Walfisch-Ikegami (WI) [11] as 
used in many other papers on LTE. Users are assumed to 
have a random distribution and the total number of RT 
users is assumed to be equal to total number of NRT users 
as in [6]. The delay budget for RT traffic is 40ms in 
OFDMA-based networks [6] [12] and the required 
throughput by NRT traffic is taken 240kbps as in [6]. 
Total eNodeB transmission power is 46dBm (40w) and 
BER is 410 − for all users. The simulation parameters used 
for system level simulation are based on [13] and these 
are typical values used in many papers. These parameters 
are listed in Table 1. 

TABLE 1.  SIMULATION PARAMETERS 

Parameter Value/comment 
Cell topology Single cell 
Cell Radius 1 km 
UE distribution Random 
Smallest distance from UE to 
eNodeB/m 

35 m 

Path Loss model COST 231 Walfisch-
Ikegami (WI) model 

Shadow fading standard 
deviation/dB 

8 dB 

System bandwidth/MHz 10 MHz 
PRB bandwidth/kHz 180 kHz 
Carrier frequency/GHz 2 GHz 
BS transmission power 46dBm(40w) 
Traffic model Full buffer 

   

B. Simulation Results 
      The performance of SSSA is compared with QoS 
aware SWBS algorithm [4]. SWBS presents one of the 
resent QoS aware packet scheduling algorithms and 
presents improved PS performance as compared to the 
existing algorithms. As the work presented in this paper is 
also on effective design of PS algorithm so SWBS is the 
most relevant work for analysing performance of the 
proposed work. The total number of active users is varied 
from 40 to 100. 
      Fig. 2 depicts the average delay of RT traffic versus 
total number of active users. 
      The SSSA reduces average delay of RT traffic at 
higher system loads, however at lower system load; 
SWBS algorithm shows slightly lower delay as compared 
to SSSA.  This is because the SSSA allocates a fair share 
of radio resources to all traffic types at all system loads 

and prevents extra allocation to RT traffic at lower system 
load. At lower system loads SSSA allocates spare 
resources to NRT traffic types such as BE while keeping 
the RT packets’ delay and PDR under the thresholds. 

 
Figure 2.  Average delay of RT traffic. 

      Fig. 3 shows the delay viability of RT users achieved 
by SWBS and SSSA. 
      Delay viability of RT users increases with total 
number of users for both algorithms. However the 
proposed SSSA significantly reduces delay viability as 
compared to SWBS. This is because SSSA prioritises 
packets with longer delays reducing PDR of RT users due 
to time out. It is done by updating each user’s queue size 
during queue sorting.      

 

Figure 3.  Delay viability of RT users. 

      Fig. 4 shows average PDR of RT traffic versus total 
number of active users. 
      Average PDR increases with number of users for both 
algorithms, however SSSA shows lower PDR as 
compared to QoS aware SWBS algorithm. When the total 
number of user is 100, its value for the SSSA is 0.3 and 
for SWBS it is 0.4. This is because SSSA takes into 
account each user’s updated queue length during each TTI 
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to take scheduling decisions. This results in bringing 
packets with the longest delay at the front of queue thus 
reducing PDR due to time out. 

 
Figure 4.  Packer drop rate of RT traffic. 

      Fig. 5 shows the long-term minimal throughput among 
all NRT streaming video users versus total number of 
users. 
      SSSA and SWBS both meet the NRT users’ minimum 
throughput requirements (higher thano� � yz{	H|[). The 
minimal throughput achieved by SSSA is lower than 
SWBS because SSSA allocates just enough resources to 
meet throughput requirement which is the design of this 
algorithm. This is achieved by taking user’s waiting time 
and throughput requirement o� into account while 
prioritising users in the NRT queue.  

 
Figure 5.  Minimum throughput of streaming video traffic. 

      Fig 6 shows average achieved throughput by SSSA 
and SWBS for BE traffic which does not have any QoS 
requirements. At higher system load, SSSA shows lower 
throughput because SSSA prioritises RT and NRT queue 
users to improve QoS support to these traffic types. 
However it also prevents the BE traffic from starvation by 
allocating it any spare resources whenever available. This 
is realised by frequent updates to the priority metrics and 

adaptively allocating radio resources among different 
traffic types. In this way just enough radio resources are 
allocated to RT and NRT queue and rest of the resources 
are allocated to BE queue. 

 
Figure 6.  Throughput of BE traffic 

      Fairness among users is calculated and has been 
shown in Fig. 7. Fairness achieved by SSSA is improved 
significantly as compared to SWBS. SWBS does not take 
into account a fair share of resources among users and is 
concerned only with QoS of RT and NRT traffic. SSSA 
however, by updating waiting time of all users during 
each scheduling decision, allocates a fair share of radio 
resources among all users and improves QoS at the same 
time. 

 
Figure 7.  Fairness among users. 

      Fig. 8 shows system throughput versus total user 
number.  The SSSA algorithm shows the higher system 
throughput which is improved by 5Mb/s as compared to 
SWBS. The reason is that SSSA exploits multiuser 
diversity both in the TD and FD by updating priority 
metrics during each scheduling decision and makes better 
resource utilization.  
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Figure 8.  System throughput. 

      From above figures, it is shown that the proposed 
SSSA can improve the support of QoS guarantee to RT 
traffic and satisfies minimum throughput requirements of 
NRT traffic while still improving system throughput and 
fairness among users which is the designed goal of this 
work. 

V.   CONCLUSION AND FUTURE WORK 
      In this paper, novel service specific queue sorting 
algorithm (SSSA) is proposed for RT and NRT streaming 
video traffic respectively. The proposed SSSA is 
implemented in a QoS aware PSA for the LTE-A 
downlink. The SSSA reduces average delay, delay 
viability and  PDR of RT traffic and satisfies minimum 
throughput requirements of NRT streaming video traffic 
by slightly decreasing the throughput of BE traffic. It 
allocates a fair share of bandwidth to users of all traffic 
types thus improving fairness among users and improves 
the system throughput as compared to SWBS. 
      Future work intends to integrate Artificial Intelligence 
(AI) in the TD scheduler of PSA to intelligently pick users 
from the queues to further improve the QoS of different 
traffic types and overall system performance in terms of 
system throughput and fairness among users.   

ACKNOWLEDGMENT 

      We thank to AMJ student association created by the 
founder of this community section for their valuable 
sponsorship to carry out this work. 

 

 

 

 
 

 

REFERENCES 
[1] B. Chisung, and C. Dong, “Fairness-Aware Adaptive 

Resource Allocation Scheme in Multihop OFDMA 
System”, “Communication letters, IEEE, vol.11,pp.134-
136,Feb.2007.  

[2] Jani P., Niko K., Tero H., Martti M. and Mika R., “Mixed 
Traffic Packet Scheduling in UTRAN Long Term 
Evaluation Downlink” IEEE 2008, pp 978-982.  

[3] M. Andrews, K. Kumaran, K. Ramanan, A Stolyar and P. 
Whiting,”Providing Quality Over a Shared Wireless Link” 
IEEE communications magazine, February 2001. 

[4] S. Shakkottai, A.L. Stolyar,”Scheduling for Multiple Flows 
Sharing a Time-Varying Channel: The Exponential Rule” 
Bell Labs, Lucent Technologies, NJ 07974. 

[5] P. Parag, S. Bhashyam, and R. Aravind, “A subcarrier 
allocation algorithm for OFDMA using buffer and channel 
state information”, Vehicular Technology Conference, 
2005.VTC-2005-Fall.2005 IEEE 62nd, 2005, pp.622-625. 

[6] Jun Shen, Na Yi, An Liu and Haige Xiang, “Opportunistic 
scheduling for heterogeneous services in downlink 
OFDMA system,” School of EECS, Peking University, 
Beijing, P.R.China, IEEE computer Society 2009,pp.260-
264.  

[7] G. Song et al, “Joint channel-aware and queue-aware data 
scheduling in multiple shared wireless channels”, 
Communication Magazine,IEEE, vol.39,2001,pp.150-154. 

[8] Lin Xio, Laurie Cuthbert. “Improving fairness in relay-
based access networks,” in ACM MSWIM, 
Nov.2008,pp.18-22.  

[9] R. Kausar, Y.Chen, KK.Chai, L. Cuthbert, J.Schormans, 
“QoS aware mixed packet scheduling in OFMA-based 
LTE-Advanced networks, “ in UBICOMM, Oct 2010. 

[10] Stefania Sesia, Issam Toufik, Matthew Baker.LTE, “The 
UMTS Long Term Evolution Forum Theory to Practice”, 
2009 John Willey & Sons,Ltd.ISBN: 978-0-470-69716-0.  

[11] Harri H., Antti T., “LTE for UMTS OFDMA and SC-
FDMA Based Radio Access”, John Wiley and sons ltd 
2009, pp 181-190. 

[12] Ekstrom H., Furuskar A., Karlsson J., Meyer M., parkvall 
S., Torsner J.,and Wahlqvist M.,”Technical Solution for 3G 
LTE,”IEEE Communications Magazine”, vol. 44,March 
2006, pp.38-45.  

[13] 3GPP TSG-RAN, “TR25.814: Physical Layer Aspects for 
Evolved Utra”. Version 7.0.0,June, 2006.  

0

5

10

15

20

25

30

40 50 60 70 80 90 100

Sy
st

em
 th

ro
ug

hp
ut

 (M
b/

s)

Total number of active users

SSSA

SWBS

121


