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 Nowadays, mobile communication is growing rapidly and become an 
everyday commodity. The vast deployment of real-time services in Long 
Term Evolution (LTE) network demands for the scheduling techniques that 

support the Quality of Service (QoS) requirements. LTE is designed and 
implemented to fulfill the users’ QoS. However, 3GPP does not define 
the specific scheduling technique for resource distribution which leads to 
vast research and development of the scheduling techniques. In this context, 
a review of the recent scheduling algorithm is reported in the literature. 
These schedulers in the literature cause high Packet Loss Rate (PLR), low 
fairness, and high delay. To cope with these disadvantages, we propose an 
enhanced EXPRULE (eEXPRULE) scheduler to improve the radio resource 
utilization in the LTE network. Extensive simulation works are carried out 

and the proposed scheduler provides a significant performance improvement 
for video application without sacrificing the VoIP performance. 
The eEXPRULE scheduler increases video throughput, spectrum efficiency, 
and fairness by 50%, 13%, and 11%, respectively, and reduces the video 
PLR by 11%. 
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1. INTRODUCTION 

In conjunction with the continuing rise of multimedia, File Transfer Protocol (FTP) and non-real- 

time (NRT) services, the LTE wireless standard have emerged to efficient resource management [1]. 

The main features of LTE are low delay, high data rate as well as better packet optimization. One of the key 

features of LTE is the Radio Resource Management procedure which raises the system performance up to 

the Shannon limit [2]. Packet scheduling mechanisms, in particular, are a corner stone of LTE, since they are 

responsible for choosing, with proper time and frequency resolutions, how to distribute the available radio 

resources among the stations with taking into account the channel condition and QoS requirements [3]. 

For the QoS requirements for real-time (RT) and NRT are varied in term of delay and data rate, 
it is necessary to develop an efficient scheduling technique to achieve the QoS requirements [4-6]. 

Third Generation Partnership Project (3GPP) is the main body that developed LTE, however, it does not 

define the unified scheduling algorithm. For this reason, scheduling development has been given vast 

research concern [3]. In order to satisfy various QoS requirements in LTE, a trade-off between the fairness, 

packet loss rate, and average throughput must be accomplished. There are two main traffic categories: 

RT and NRT, which demand different QoS. 3GPP categories them as guarantee bit rate (GBR) and 

non-grantee bit rate (non-GBR). Video and Voice over IP (VoIP) traffics are in RT category. Constant bit 

rate and best-effort traffics are categorized as NTR traffics [7]. When it comes to QoS in LTE downlink 

system, there are a variety of factors that influence the system performance, including users’ channel quality 
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and resource allocation technique. In LTE, the transmission resource is divided into frames, which each 

frame contains 10 sub-frames. Each sub-frame can be segmented into two slots which each slot is equal to 

0.5 ms as depicted in figure 1. One of the features that implemented in LTE is the flexible channel bandwidth 

and there are a variety of channels with different bandwidth. The number of physical resource blocks (RB) 

depends on the channel bandwidth. In general, a resource block is composed of 12 subcarriers whose 

bandwidth is equal to 15 kHz. Each RB is equal to a slot duration as illustrated in Figure 1 [8-14]. 

 

 

 
 

Figure 1. LTE frame structure [9] 

 

 

When it comes to the resource allocation using QoS scheduling, there are several factors that 

affecting the distribution mechanism such as the number of RBs available, the number of active users, 
the size of flow buffer, the average past throughput, the maximum flow delay, the Packet Lose Rate (PLR), 

and the Channel Quality Indicator (CQI) which periodically reported by User Equipment (UEs) [9] to 

the base station. The base station of LTE, Evolved NodeB (eNodeB) is responsible for resource allocation 

determination at its Medium Access Control (MAC) layer [14]. The distribution is different corresponding to 

the different scheduling mechanisms.  

The scheduler in the LTE system is a sequence process that calculates a metric for each application 

and to allocate the resources effectively by comparing the metric value of each UE among the existing UEs. 

The i-th UE will be allocated the j-th RB if the i-th UE has the maximum metric value. The RB allocation is 

decided by this metric, which based on different QoS needs. The metric value is usually computed from 

the relevant information, for instance, the number of RBs available, the size of flow buffer and delay 

threshold, the average past throughput and PLR values [15]. 
 

 

2. LTE SCHEDULERS  
The following are the description of the LTE schedulers that used in simulation which are 

Proportional Fair (PF), Modified Largest Waited Delay First (MLWDF), Exponential PF (EXP/PF), 

Exponential Rule (EXPRULE), Logarithm Rule (LOGRULE), and the proposed scheduler eEXPRULE. 

 

2.1. Proportional fair (PF) scheduler 

The PF scheduler provides the tradeoff between the system throughput and fairness by taking into 

account the ratio between the instantaneous flows available for i-th flow and the average flow rate. 

This scheduler is suitable for non-real time traffic [16]. The transmission metric for this scheduler is as 

follows: 
 

𝜔𝑖,𝑗 =
𝑟𝑖,𝑗

𝑅𝑖
 (1) 

 

Where 𝑟𝑖,𝑗 is the rate assigned to i-th flow during the k-th Transmission Time Interval (TTI) and 𝑅𝑖 denotes 

the average estimated data rate. 
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2.2.  Modified largest weighted delay first (MLWDF) scheduler 

The MLWDF scheduler is designed to support mixed RT and NRT traffics. It calculates 

the transmission metric by taking into account the instantaneous channel variation and head-of-line 

delay [17]. The equation is shown as follows:  

 

ωi,j = αiDHoL,i
ri,j

Ri
 (2) 

 

where ωi,j is the transmission metric for RT applications, DHoL,i  is the head-of-line delay of i-th UE, 𝑟𝑖,𝑗  is 

the rate assigned to i-th flow during the k-th TTI, 𝑅𝑖 denotes the average estimated data rate, and 𝛼𝑖 is given 

in (3). 

 

𝛼𝑖 = −
log 𝛿𝑖

𝜏𝑖
 (3) 

 

where 𝜏𝑖 is the i-th user delay threshold. 

 

2.3.  Exponential PF (EXP/PF) scheduler 

The EXP/PF scheduler was developed to support multiple types of traffic by giving priority to RT 

traffic by computing the transmission metric using equation 4 while for NRT traffic use PF scheduler [18]. 

 

𝜔𝑖,𝑗 = exp(
𝛼𝑖𝐷𝐻𝑜𝐿,𝑖−𝑋

1+√𝑋
)
𝑟𝑖,𝑗

𝑅𝑖
 (4) 

 

where X is given as: 

 

X =
1

Nrt
∑ αiDHoL,i
Nrt
i=1  (5) 

 

Where 𝑁𝑟𝑡 denotes the number of active UEs for RT traffics. 

 

2.4.  Exponential rule (EXPRULE) scheduler 

This scheduler takes into account the head-of-line packet delay and CQI, which frequently reported 

by UEs, to support the delay sensitive traffic such as VoIP [19]. The transmission metric is computed based 

on equation 6 which improved in term of delay and throughput compared to EXP/PF [3]. 

 

𝜔𝑖,𝑗 = 𝑏𝑖exp(
𝛼𝑖𝐷𝐻𝑜𝐿,𝑖

𝑐+√(
1

𝑁𝑟𝑡
) ∑𝐷𝐻𝑜𝐿,𝑖

)Γ𝑘
𝑖   (6) 

 

where Γ𝑘
𝑖 is the spectrum efficiency for i-th user on k-th sub-channel. 𝛼𝑖 and 𝑏𝑖 are given as follows, which 

c is equaled to 1: 

 

𝛼𝑖 ∈ [
5

(0.99𝜏𝑖)
,

10

(0.99𝜏𝑖)
] (7) 

 

𝑏𝑖 =
1

𝐸[Γ𝑖]
 (8) 

 

2.5.  Logarithm rule (LOGRULE) scheduler 

The LOGRULE scheduler aims to contribute an efficient QoS support to the network by 

maintaining the average delay in the system. The transmission metric in some degree is identical to 

the  EXPRULE scheduler, the variance is that this scheduler impalement the logarithm function approach 

which is the inverse of exponential function [20]. The scheduler for NRT transmission uses the PF scheduler 

and for the RT the transmission metric is calculated based on (9).  
 

𝜔𝑖,𝑗 = 𝑏𝑖 . ln(𝑐 +𝛼𝑖𝐷𝐻𝑜𝐿,𝑖)Γ𝑘
𝑖  (9) 
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2.6.  Enhanced exponential rule (eEXPRULE) scheduler 

The proposed eEXPRULE try to reduce the head-of-line delay by computing the transmission 

metric for each traffic separately, which leads to an increment in the UE’s throughput. The transmission 

metric for each type of traffic are as follows: 

Transmission metric for best effort traffic: 

 

𝜔𝑖,𝑗 =
𝑟𝑖,𝑗

𝑅𝑖
 (10) 

 

transmission metric for VoIP traffic: 

 

𝜔𝑖,𝑗 = exp(
(𝛼𝑖𝐷𝐻𝑜𝐿,𝑖)

𝑐+√(
1

𝑁𝑟𝑡
)∑𝐷𝐻𝑜𝐿,𝑖


𝑟𝑖,𝑗

𝑅𝑖
) (11) 

 
transmission metric for video traffic: 

 

𝜔𝑖,𝑗 = exp(
(𝛼𝑖𝐷𝐻𝑜𝐿,𝑖)

𝑐+√(
1

𝑁𝑟𝑡
)∑𝐷𝐻𝑜𝐿,𝑖

)𝑟𝑖,𝑗 (12) 

 

where 𝛼𝑖 is given as follow, in which 𝑐 is equaled to 1: 
 

αi ∈ [
5

(τI)
,
10

(τI)
] (13) 

 

the proposed eEXPRULE algorithm. 
 

 

Algorithm for eEXPRULE 

1 Initialization: 

2   define R as list of RBs at TTI; 

3   define F as list of selected flows to be scheduled at each TTI; 

4   set M[i][j] = 0, max M[i][j] = 0; 

5   set 𝐷𝐻𝑜𝐿 = 𝐷𝐻𝑜𝐿,𝑖; 

6   set �̅�𝑖(𝑡 + 1) = (1 − 𝛼)�̅�𝑖(𝑡) + 𝛼𝑟𝑖(𝑡) ; 
7   set TTI=0; 
8   on each TTI do 

9      for j = 1 to R do 

10        for i = 1 to F do 

11              update: 𝐷𝐻𝑜𝐿 =
1

𝑁
∑ αiDHoL,i
N
i=1  

12              update 𝑅; 

13              if (i ∈ BE flow) then 

14                  compute M[i][j] based on 𝜔𝑖,𝑗 =
𝑟𝑖,𝑗

𝑅𝑖
; 

15              else if (i ∈ VoIP flow) then    

16                  compute M[i][j] based on 𝜔𝑖,𝑗 = exp(
(𝛼𝑖𝐷𝐻𝑜𝐿,𝑖)

𝑐+√(
1

𝑁𝑟𝑡
)∑𝐷𝐻𝑜𝐿,𝑖


𝑟𝑖,𝑗

𝑅𝑖
); 

17              else if (i ∈ video flow)   

18                  compute M[i][j] based on 𝜔𝑖,𝑗 = exp(
(𝛼𝑖𝐷𝐻𝑜𝐿,𝑖)

𝑐+√(
1

𝑁𝑟𝑡
)∑𝐷𝐻𝑜𝐿,𝑖

)𝑟𝑖,𝑗;    

19              end; 

20         end;    

21     end; 

22  end; 
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3. RESULTS AND DISCUSSIONS  

This paper studies the relevant performance of the aforementioned schedulers as well as 

the proposed scheduler. The simulation is carried out in a single cell scenario without interference. Multiple 

UEs which set to the free motion model with random position within the cell and connected to an eNodeB. 

The simulation works are carried out using the open source simulator LTE-Sim [15]. Table 1 summarizes 

the simulation parameters used in the simulation.  

 

 

Table 1.. Simulation parameters 
Parameters Values Parameters Values 

Simulation duration 100 s Number of UEs 100 
Flow duration 15 Bandwidth 10 MHz 
Frame structure FDD Number of RBs 50 
Cell radius 1 km Maximum delay 0.1 s 
UE speed 3 km/h, Random Direction Video bit-rate 242 kbps 

 
 

3.1.  Traffic model 

In this simulation, there is a single eNodeB in a single cell that communicates with UEs in 10 MHz 

bandwidth. One video, one VoIP and one best effort flow are carried out in parallel by each UE. 

For the video flow, a trace-based application that emits the packets based on a realistic video trace file with 

a rate of 242 kbps is used. For VoIP, a G.729 voice stream with a maximum delay of 0.1 s is used [21]. 

G.729 is an audio codec with the lowest bit rate that squeezes digital conversation in the packets of 10 ms 

length. Due to the low bit rate it presents the chances for important augment in bandwidth consumption in 

the existing technology [22]. The voice flow is a burst application that is modelled with an ON/OFF Markov 

chain [15]. We run the simulation with multiple UEs in the range of 10 to 100 UEs with a step increment of 

10 using the Frequency Division Duplex (FDD) mode. 
 

3.2.  Performance measurement 

The performance evaluation of the schedulers is based on throughput, fairness, spectrum efficiency, 

and delay. Throughput is calculated as the total number of bits that successfully transmitted from eNodeB to 

UE over the total simulation time [23]. 
 

𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 =
𝑡𝑜𝑡𝑎𝑙𝑑𝑎𝑡𝑎𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑𝑏𝑦𝑈𝐸

𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑡𝑖𝑚𝑒
 (14) 

 

The spectrum efficiency is calculated based on equation 15: 
 

𝑆𝑝𝑒𝑐𝑡𝑟𝑢𝑚𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑔𝑜𝑜𝑑𝑝𝑢𝑡 𝑡𝑖𝑚𝑒⁄

𝑏𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ
 (15) 

 

One of the key factors to evaluate the performance of the scheduler is fairness. Fairness is 

a measurement of the equal distribution of the system resources among the UEs [24]. We used the Jain 

Fairness Index to measure the fairness of the schedulers [25]. It states that if a system allocates a resource to 

n users with its share its i-th throughput (𝑇𝑖) than the fairness index can be calculated as: 
 

𝐽𝑎𝑖𝑛𝐹𝑎𝑖𝑟𝑛𝑒𝑠𝑠𝐼𝑛𝑑𝑒𝑥 =
[∑ 𝑇𝑖

𝑛
𝑖=1 ]2

𝑛∑ 𝑇𝑖
2𝑛

𝑖=1

    (16) 

 

3.3.  Simulation results 
In this section, the simulation results are highlighted in order to evaluate the performance of 

the proposed scheduler using LTE-Sim open source simulator. The simulator supports the single and multi-

cell environments, multi-user, and QoS management, which is developed based on 3GPP specifications [26]. 

The performance analyses are mainly focused on the RT traffic, i.e. video and VoIP. In order to evaluate 

the performance of eEXPRULE, we compared the performance of eEXPRULE with the second-best 

scheduler at 100 UEs. The eEXPRULE separates each traffic type of metric computation which leads to 

the increment of the spectrum efficiency by 13% compared to the LOGRULE, MLWDF, and EXP/PF which 

have the same and higher spectrum efficiency among the existing schedulers as it can be seen in Figure 2. 

Compare to the existing schedulers which they categorize the traffic to the RT and NRT traffic. The spectrum 

efficiency of eEXPRULE increases as the number of UEs increases while in the other schedulers they tend 

to decrease.  
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Figure 2. Spectrum efficiency 
 

 

As it mentioned in the literature, in order to fulfill the QoS required by each user, the scheduler 

should provide an optimal trade-off between fairness and spectrum efficiency, which can be further extended 

to throughput and delay. Figure 3(a) illustrates the video fairness index, which calculated based on Jain’s 

fairness index as formulated in (16). Since in the proposed scheduler, we separate the traffic metric 

calculation, the fairness improved by 11% with respect to the FLS scheduler which has the highest fairness in 

this application. Figure 3(a) depicts that the proposed scheduler has a lower drop rate among the exciting 

schedulers as the number of UEs increase. The VoIP fairness is illustrated in Figure 3(b) which is maintained 

at 0.32 for all schedulers when the number of UEs is more than 40. 

 

 

  
 

(a) 

 

(b) 

 
Figure 3. (a) Video fairness index; (b) VoIP fairness index 

 

 

For the RT traffic, the Packet Loss Rate (PLR) is a critical factor for QoS satisfactory. PLR depends 

on the scheduler delay threshold; which means a higher delay threshold gives a lower PLR. As shown in 

Figure 4(a), the video PLR values increased once the number of UEs increased that contributed to the long 

packet queuing time. The eEXPRULE has outperformed over the existing schedulers by 11% improvement 

for video application. The eEXPRULE has 40% PLR for 100 UEs in a video application. Figure 4(b) 

illustrates the PLR for VoIP application which is highly fluctuating. This ripple is about 1% for the worst 

scenario. The proposed scheduler has less than 0.2% PLR for all UEs.  
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(a) 
 

(b) 

 

Figure 4. (a) Video PLR; (b) VoIP PLR 

 

 

Figure 5(a) depicts video performance throughput with respect to the number of UEs. The proposed 

scheduler significantly outperforms over the existing schedulers which only consider the instantaneous data 

rate in the transmission metric. It has 50% improvement compared to the FLS scheduler for 100 UEs. 

The video throughput of eEXPRULE is gradually increasing as the number of UEs increasing. 

This increment can be related to the improvement of the spectrum efficiency in the proposed scheduler as it is 

depicted in Figure 2 while the video throughput of the exciting schedulers tends to decrease gradually. 

Figure 5(b) depicts all schedulers have the same performance for the VoIP application, which can be 
understood that eEXPRULE improved the video application performance and maintained the VoIP 

application performance. 

 

 

  
 

(a) 

 

(b) 

 

Figure 5. (a) Video throughput; (b) VoIP throughput 

 

 

As shown in Figure 6(a), the eEXPRULE has a lower video delay for the number of UEs less than 

40. However, it grows gradually to 0.07 second for 100 UEs. Figure 6(b) illustrates the VoIP delay, which is 

a critical factor in this specific application. In the proposed scheduler, we interrelate the delay factor with 

the channel data rate as formulated in (12). As the FLS and eEXPRULE have a constant delay while 
the eEXPRULE outperforms over FLS scheduler. 
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(a) 

 

(b) 

 

Figure 6. (a) Video delay. (b) VoIP delay 

 

 

4. CONCLUSION  

This paper studies the performance of the existing schedulers, EXPRULE, EXP/PF, MLDWF, FLS, 

and LOGRULE using LTE-Sim simulator as well as proposing an enhanced scheduler, eEXPRULE for RT 

traffic. The proposed scheduler is the enhanced EXPRULE scheduler. It separates each traffic metric 

computation based on the critical factors in each traffic flow. Extensive simulations are carried out and 
the results are promising that indicate the eEXPRULE has better performance over the existing schedulers as 

well as EXPRULE. The proposed eEXPRULE improves the video traffic performance in term of throughput, 

PLR, and fairness by 50%, 11%, 11% respectively while the VoIP performance maintained. 
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