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ABSTRACT  

This study attaches the downlink radio resource allocation problem in the LTE-Advanced system by introducing 
an enhanced cross component carrier proportional fair algorithm. The importance of the study comes from the fact that 
almost all prior studies were not able to create a balance between the throughput and fairness of the system to optimize its 
efficiency. Therefore, this study attempts to overcome this difficulty by proposing an enhanced cross component carrier 
proportional fair algorithm in order to maximize the system throughput while at the same time maintaining fairness of 
radio resource allocation among all UEs. The simulation results show that the proposed algorithm exceeds the previous 
studies, which involves that the enhancement of the algorithm manages to guarantee a balance between increasing the 
average system throughput and maintaining good fairness among all UEs. 
 
Keywords: LTE-Advanced, component carrier, carrier aggregation, and radio resource scheduling. 

 
INTRODUCTION  

One of the main aims of the Long Term 
Evolution (LTE)-Advanced standard is to achieve a peak 
data rate of higher than 1Gbps in the downlink (DL) and 
500Mbps in the uplink. The LTE-Advanced standard 
introduces a Carrier Aggregation (CA) as a new feature 
that will increase system capacity to support wider 
bandwidth up to 100 MHz [1-2]. The CA technology 
enables user equipments (UEs) to be scheduled on 
continuous and non-continuous Component Carriers (CCs) 
[3]. Moreover, UEs with different terminal classifications 
in the LTE-Advanced network may have access to only 
one CC or multiple CCs. Therefore, achieving the optimal 
throughput and maintaining fairness in a backward 
compatible LTE-Advanced system, where LTE-Advanced 
UEs should be able to coexist with the LTE UEs is 
considered the majority challenging task when it comes to 
packet scheduling algorithm. 

Most of the prior studies suppose only one type 
of UEs [4-5]. However, one of the distinctive features of 
the LTE-Advanced system is the fact that it is backward 
compatible. Therefore, other studies have examined the 
packet scheduling algorithm in LTE-Advanced system 
with two types of UEs [6], mainly the LTE UE, which is 
constrained to accessing only one CC and the LTE-
Advanced UE, which can simultaneously access multiple 
CCs. However, it can be observed that analytical modeling 
in such studies has so far either focused on giving priority 
for LTE UEs [4, 7-8] or providing priority for LTE-
Advanced UEs. In contrast, the aim of this study is to 
strike the fairness between LTE-Advanced UEs and LTE 
UEs. 

In order to enhance the system throughput 
without reducing the system fairness, an enhanced PF 

(EPF) algorithm based on Cross-CCs PF is proposed. In 
this study, the linear balance factor is proposed to balance 
between LTE UEs and LTE-Advanced UEs system 
throughput in order to outperform the fairness between 
different categories UEs. The simulation results prove that 
the system performance of the proposed EPF algorithm 
can achieve better average system throughput without 
decreasing the fairness compared to the original Cross-
CCs PF algorithm and improved Cross-CCs PF    
algorithm [6].   

The rest of the paper is organized as follows. 
Section 2 presents the system model to be used in the 
LTE-Advanced network. Next, Section 3 provides the 
environmental settings of our simulation, as well as 
compares the simulation results of the proposed approach 
with the Cross-CC PF algorithm and improved algorithm 
[6]. Finally, conclusion is stated in Section 4. 
 
SYSTEM MODEL  

The system model that is employed in this paper 
includes two types of UEs, mainly LTE-Advanced UEs 
and LTE UEs. LTE-Advanced UEs will be assigned more 
than one CC simultaneously to maximize throughput and 
increase the UE experienced performance, whereas LTE 
UEs can only be assigned one CC. The structure of 
multiple CCs LTE-Advanced networks is shown in   
Figure-1. 

The downlink non-continuous CCs LTE-
Advanced system model consists of K UEs, L non-
continuous CCs, and M Physical Resource Blocks (PRBs). 
The model in this study, each CC is located on a different 
frequency band with different radio nature (i.e. path loss 
and Doppler frequency shift). Thus, UEs which are located 
in different positions can be assigned various numbers of 
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CCs. This means that each LTE-Advanced UE can 
aggregate multi-CCs and each CC has the same bandwidth 
of physical resource blocks (PRBs). Therefore, an efficient 
radio resource scheduling algorithm is necessary in order 
to optimize system performance.  

In this section, first the concept of the traditional 
Independent-CCs PF [7] and Cross-CCs PF algorithm [5] 
will briefly be demonstrated. Next, an EPF algorithm 
based on the Cross-CCs PF criterion will be presented.  
The PF algorithm in LTE-Advanced system can be 
implemented in two ways: Independent-CC and Cross-CC. 

 

 
 

Figure-1. The structure of cell with non-contiguous inter band Multi-CCs scenario. 
 
Independent packet scheduling per CC 

The objective of the PF PS algorithm is to 
maximize system performance via maximizing the 
performance of the index metric as shown below [7]: 
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where Metric k,l,m is the PF performance index metric that 
is used to select the UE Kl,m on the lth CC at the mth 
physical resource block (PRBs) by maximizing it. Rk,l,m 

and 
lkR ,

~
 are the estimated throughput and the average 

delivered throughput for UE Kl,m respectively. tc is a time 
constant. The main limitation of this algorithm is the fact 
that it is identical to the packet scheduling algorithm used 
in a single carrier aggregation. Therefore, the poor 
performance of the Independent-CC comes from the 
critical unfairness between LTE-Advanced and LTE UEs. 
 
Cross CCs packet scheduling algorithm 

The Cross-CCs PF algorithm overcomes the 
drawbacks of independent CCs PF algorithm by using 
statistic average to maximize the system performance as 
shown in Equation (4) [5]: 
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 However, the main disadvantage of the Cross-
CCs method is constraining the LTE-Advanced UE, since 
it will deal with its average data rate in the same way as 
dealing with one CC UE. In contrast to the above-
mentioned studies, this study attempts to analytically 
examine the packet scheduling algorithm for different 
types of UEs with the aim of conducting verifying 
simulations to create a balance between average system 
throughput and fairness. 
 
Proposed EPF PS algorithm 

Our enhanced PF algorithm attempts to strike a 
balance between the conventional PF and improved 
approaches [6]. This study introduces a new metric 
formula to assign UEs to CCs by using a linear balance 
factor to balance between system throughputs and fairness 
as follows: 
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where Nk is the number of CCs assigned to UEk and it is 
varied based on the number of CCs that user actually 
operates on. Ni is the number of CCs that are available and 
it’s varied based on the transmission channel 
characteristics such as distance and interference level for 
each CC. 
 
SIMULATION RESULTS 

This section evaluates the performance of the 
EPF scheduling algorithm and benchmarks it against the 
results of the standard cross-CC PF algorithm, and the 
improved Cross-CC PF algorithm [6].  In simulation, there 
are two CCs which belong to different frequency band 800 
MHz and 2.1 GHz. The percentage of the LTE-Advanced 
UEs form 50% of the total number of UEs. Most of the 
simulation parameters are based on the 3GPP LTE 
specifications [9] and summarized in Table-1. The 
Simulation results will express the major weaknesses of 
the afore-mentioned algorithms 

In terms of average cell throughput, Figure-2 
shows the average system throughput of EPF and 
abovementioned algorithms plotted against the LTE-
Advanced UEs 50 percent based on a different number of 
UEs per cell. According to Figure-2, if the system adopted 
improved algorithm [6], the throughput of LTE-Advanced 
UEs are far larger than LTE UEs. On the other hand, if the 
system uses EPF algorithm, LTE UEs’ throughput are just 
slightly less than that of the LTE-Advanced UEs. These 
results clearly show that the EPF algorithm strikes more 
balance between LTE UEs and LTE-Advanced UEs when 
compared to the improved [6] algorithm. 

Figure-3 shows that both the enhanced EPF and 
Cross-CC PF algorithms outperforming improved Cross-
CCs PF algorithms [6] in terms of fairness. In this regard, 
the simulation clearly shows that the novel EPF algorithm 
was able to remarkably outperform the improved PF 
algorithm [6]. This result further confirms the superiority 
of the proposed EPF PS algorithm. The fairness index [10] 
is defined as follows: 
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where Rk denotes the individual UE mean 

throughput and FI is the fairness index, which takes a 
continuous value between 0 and 1. 
 

Table-1. System simulation parameters [9]. 
 

Parameter Settings 

Test scenario 7 hexagon cells 

Cell distance 500 m 

CC configuration 
2 CCs at 800MHz and 

2.1 GHz frequency, and 
5 MHz per CC. 

Number of PRBs per CC 25RB each CC 

UE location 
Uniformly dropped in all 

cells 

UE speeds of interest 3km/h 

Path Loss 
58.83 + 37.61 log(10 Rn) 

+ 21 log (10 fn) 

Shadow fading type Lognormal 
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Figure-2. System throughput using EPF as compared to other PF algorithms with different 
numbers of UEs equally divided between LTE and LTE-Advanced UEs. 

 

0.99964

0.99966

0.99968

0.9997

0.99972

0.99974

0.99976

0.99978

0.9998

0.99982

EPF Improved Cross‐CCs

FI

 
 

Figure-3. Fairness of the system using EPF as compared to other PF algorithms. 
 
CONCLUSIONS 

The study has proposed a new radio resource 
scheduling algorithm for downlink LTE-Advanced 
networks by introducing a linear balance factor which is 
used to strike the balance between system throughput and 
fairness. The comparison of the proposed EPE Cross-CCs 
with other algorithms is carried out regarding average 
system throughput and fairness. The results have shown 
that the EPF algorithm can essentially balance between 
LTE UEs and LTE-Advanced UEs to outperform the 
fairness between different categories UEs. 
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