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Abstract 
 

Energy efficiency has become an important feature in communication systems due to the 

problem of global warming and lack of energy resources. The impact on global warming 

caused by wireless communication industries has been gradually increasing, so it is obvious 

that developing the green communication is significant. In particular, energy consumption 

in the base stations and downlink transmission are the major areas where significant 

conservation can be achieved. Thus, the objective of this study is to investigate the 

performance of the packet scheduling algorithms in the downlink transmission and the 

energy consumption for video and Voice over IP (VoIP) applications in Long Term Evolution 

(LTE) systems. In this work, four different scheduling algorithms were analysed namely the 

Channel and Quality of Service Aware Proportional Fair (CQA_PF), CQA Frequency Fading 

(CQA_Ff), Priority Set Scheduler Proportional Fair (PSS_PF), and PSS Carrier Over Interference 

to Average (PSS_CoItA) based on the performance metrics of throughput, delay, energy 

consumption ratio (ECR) and fairness. The results showed that the CQA algorithm for both 

methods (CQA_PF and CQA_Ff) outperformed the other algorithms since it has the highest 

throughput with an increase of up to 25%. Meanwhile, for delay and ECR, the CQA 

scheduler was the lowest of up to 20% as compared to the PSS scheduler. Thus, it can be 

concluded that CQA is the most energy efficient algorithm to schedule the video and VoIP 

applications. 
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1.0 INTRODUCTION 
 
One of the most serious challenges faced by 

telecommunications network operators worldwide is 

energy consumption reduction as their networks grew 

in size, complexity, density, increased energy 

consumption and thereby increasing energy related 

Operational Expenditures (OPEX) [1]. The OPEX 

reductions can be achieved by decreasing the base 

station (BS) energy consumption [2]. The paper of [3] 

states that reducing energy consumption is also 

important to develop green communication besides 

the strategies of improving user Quality of Service 

(QoS). As reported by [4], the total energy consumed 

by wireless access networks in mobile communication 

network operators is 80%. International 

Telecommunication Union (ITU) confirmed that the 

global mobile phone users reached 6 bilion in 2012. 
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The impact on global warming caused by wireless 

communication industries has been gradually 

increasing, so it is obvious that developing the green 

communication is significant [5]. 
The theoretical basis of an energy-efficient 

scheduling policy is mainly due to low transmit power 

from the base station and user equipment (UE). The 

bandwidth, channel quality and modulation mode are 

among of the factors that are influencing the amount 

of transmit power. In order to minimize the transmit 

power, the system throughput and fairness among 

users should be considered as well. In [6], the 

framework for measuring the energy efficiency is 

proposed where the power consumption to the 

throughput ratio was proposed as an Energy 

Consumption Rate (ECR) metric as in equation (1), 

 

                           (1) 

 

The ECR is defined as the energy per delivered 

application bit (Joules/Bit), where  is the energy 

required to deliver  application bits over time , 

 is the data rate in bits per second and  is the 

power.  
The ECR is low if the total transmit power is reduced. 

Thus, high energy-efficiency can then be achieved. 

An efficient downlink packet scheduler in the evolved 

Node-B (eNB) is needed to achieve the best 

performance metrics of throughput, delay, ECR and 

fairness.  

There are few researchers that focus in reducing the 

energy consumption at the eNB. This can be achieved 

by investigating the packet scheduling strategies to 

achieve better energy efficiency (EE). The researches 

in [7] have proposed two allocation stages where 

spectrum efficiency (SE) is traded for EE and QoS . The 

first stage take care of provisioning the QoS and the 

second stage is used for improving the EE.  In [5] EE is 

achieved by increasing user’s required bandwidth for 

given data rate under non-full load conditions by 

trading with SE while authors of [8] have proposed an 

energy efficient algorithm for low-load conditions. 

Issues to be taken for Long Term Evolution (LTE) 

downlink resource allocation is explained in [9] and 

Energy Reduction Gain [ERG] is the metric used to 

improve EE.  

The spectral efficiency, fairness, and throughput 

performance of dynamic packet scheduling protocols 

in the Universal Terrestrial Radio Access Network 

(UTRAN) LTE has been studied extensively in [10]. 

However, the performance for energy consumption 

was not thoroughly considered. The authors in [11] 

have improved the system gain by exploiting the 

multiuser diversity gain using the adopt resource 

scheduling algorithms which can be converted to 

energy saving. In [12] the authors have proposed a 

proportional-fair-energy policy available for both low 

and high load conditions. According to [13], the 

circuit-level model has been introduced to analyze the 

effect of the bandwidth, power and modulation 

schemes on energy efficiency under different channel 

conditions.   

In this paper, the real-time traffic deployment in the 

downlink transmission was considered since the QoS 

requirements are stringent. Furthermore, with a large 

variety of smart mobile devices in the market recently, 

it is important to study the performance in the 

downlink because a lot of activities occurred in the 

downlink transmission. This paper focuses on the 

Channel and QoS Aware (CQA) and Priority Set 

Scheduler (PSS) schedulers.  

 

1.1  Channel and QoS Aware (CQA) Scheduler 

 

The Channel and Quality of Service Aware (CQA) 

scheduler is based on the channel and QoS aware 

algorithm which performs the Time Division (TD) and 

Frequency Division (FD) scheduling [14]. CQA sorts the 

traffic’s priority according to the channel condition, 

head of line (HOL) delay, and Guaranteed Bit Rate 

(GBR).  

In the FD, for each resource block group (RBG) k = 1, 

..., K, the CQA scheduler assigns the current RBG to  

user j that has the maximum value of the FD metric: 

 

        (2) 

 

The  is defined as: 

 

 

                   (3) 

 

  is the bit rate specified in the EPS bearer of the 

flow j,   is the past averaged throughput 

calculated with a moving average,  is the 

throughput achieved at the time t, and α is a 

coefficient such that 0 ≤ α ≤ 1. 

The purpose of  parameter is to add the 

channel awareness to the system in order to maximize 

the capacity by assigning the resources to the flows 

that can use them more efficiently. Two different 

metrics were considered: and  in the 

calculation of . The is the Proportional Fair 

metrics which is defined as [15]: 

 

                                        (4) 

 

where is the estimated achievable throughput 

of user j over RBG k was calculated by the Adaptive 

Modulation and Coding (AMC) scheme that maps the 

channel quality indicator (CQI) value to the transport 

block size in bits.  

The other channel awareness metric is  [16] 

which represent the frequency selective fading gains 

over RBG k for user j and is defined as [15]: 

 

                                (5)                 
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 is the last reported CQI value from user j for 

the kth RBG.  

 

1.2  Priority Set Scheduler (PSS) 

 

The Priority Set Scheduler (PSS) [16] is a channel-aware 

scheduler that guarantees a predefined bit rate to 

each user. This scheduler combines the Time Division 

(TD) and Frequency Division (FD) scheduling in order to 

increase the spectral efficiency and system capacity. 

 In the FD scheduler, it allocates a RBG to the 

UE with the largest metric. In this context, two 

algorithms have been considered in this work: 

 

 Proportional fair scheduled (PFsch) 

 

                (6) 

 

 Carrier over interference to average (CoIta) 

 

                     (7) 

 

where  is similar to the past average throughput 

of UE j, with the difference that it is updated only when 

the UE is actually served.  is an estimation of the 

signal to interference plus noise ratio (SINR) on the RBG 

k of UE j. Both PFsch and CoIta are for decoupling the 

FD metric from the TD scheduler.  

 

 

2.0  METHODOLOGY 
 

Figure 1 shows a generalized model of the packet 

scheduling algorithm in the downlink Third Generation 

Partnership Project (3GPP) Long Term Evolution (LTE) 

system as illustrated. From this model, each user is 

assigned a buffer at the serving evolved Node-B (eNB). 

In packets transmissions, their arrivals into the buffer are 

time stamped and queued for transmission based on a 

first-in-first-out (FIFO) basis. The packet scheduler 

determines which users are to be scheduled in each 

Transition Time Interval (TTI), based on a packet 

scheduling algorithm. At each TTI, there is a possibility 

that a user may be allocated zero, one or more than 

one RBs [17]. 

 
 

Figure 1 Model of Packet Scheduling in the Downlink LTE [18] 

Two traffics, Voice over IP (VoIP) and video are 

deployed in the network in order to analyse the 

performance of the scheduling algorithms under 

consideration. The video application is an MP4 video 

streamed using Evalvid Server Helper. EvalVid is an 

open-source project that supports trace file generation 

of MPEG-4 as well as H.263 and H.264 format videos 

[18]. In this simulation, the module uses the 

st_highway_cif.st as the trace file for video traffic. 

Meanwhile, the VoIP traffic is modelled as ON and OFF 

duration. ON is the duration of time when the users 

spend on talking whereby constant packets are 

transmitted at regular intervals. The OFF duration is the 

time where the user stops talking and packets are not 

transmitted [19]. In this simulation, the G.711 encoder 

was used where it does not perform any compression 

to ensure the best voice quality. . Table 1 show that the 

LTE downlink simulation parameters. 

 
Table 1 LTE Downlink Simulation Parameters 

 

Parameter Value 

Simulation duration  50 sec 

EnodeB  1 

Transmission power for eNB 46dBm 

Transmission power for UE 23dBm 

Frame structure  FDD 

Bandwidth 50 RB (100MHz) 

Packet Interval 20ms 

Radius 200m 

UEs number From 20 to 100 users 

User speed Constant velocity (3 km/h 

from the Extended Pedestrian 

A (EPA) model) 

Qos Services -GBR Conversational VoIP 

-GBR Conversational 

video 

VoIP codec G.711 

VoIP guaranteed bit rate 12.2 kbps 

Video file St_highway_cif (MPEG-4) 

Video Guaranteed bit rate 64kbps 

Pathloss Model Cost231 (Hata Model PCS 

extension) 

Scheduling algorithm CQA_Pf, CQA_Ff, PSS_Pf, 

PSS_CoItA 

 

 

3.0  RESULTS AND DISCUSSION 

 

The simulation was performed using the NS-3 real-time 

simulator along with the LTE-EPC Network Simulator 

(LENA) module. This simulator was able to emulate the 

entire protocol stack of the Long Term Evolution (LTE) 

standard and most of the wireless network protocols 

[20]. Four scheduling algorithms were evaluated 

namely the Channel and Quality of Service Aware 

Proportional Fair (CQA_PF), CQA Frequency Fading 

(CQA_Ff), Priority Set Scheduler Proportional Fair 

(PSS_PF), and PSS Carrier over Interference to Average 

(PSS_CoItA). 
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The performance metrics of throughput, delay, energy 

consumption rate (ECR) and fairness were analysed 

while a single cell with multiple user equipment (UE) 

were considered. It must be noted that the inter cell 

interference is neglected in this study. The fading 

scenario considered is Extended Pedestrian A (EPA) 

model in which the user moves with a 3km/h speed 

[11].  

 

 
 

Figure 2 Video Downlink Throughput 

 

 
 

Figure 3 VoIP Downlink Throughputs 

 

 

Figure 2 shows the video throughput. It can be 

observed here that when the user is set between 80 

and 100, the throughput for both CQA schedulers; 

CQA_PF and CQA_Ff increased significantly than PSS 

schedulers. This is because the CQA schedulers were 

getting more resources in order to meet the 

requirements of the mixed traffic and hence proved 

that traffic with tight Quality of Service (QoS) 

requirement will be given higher priority. 

There was no significant variation of throughput 

delivered for the VoIP flows as shown in Figure 3. This is 

mainly because the packets associated with voice 

traffic must be given very high priority and assigned to 

a guaranteed bandwidth channel in order to ensure 

that the packet delivery is within an acceptable delay 

limit [20]. 

 

 
 

Figure 4 Video Downlink Delay 

 

 
 

Figure 5 VoIP Downlink Delay 

 

 

Figures of 4 and 5 demonstrate that video and VoIP 

flows have longer latency when there are more UEs in 

the cell. It is obvious here that the delay suffered by 

both flows is higher when the number of user exceeds 

20. In Figure 4, the CQA_Ff scheduler has a 27% lower 

delay in comparison to the PSS_CoItA when the 

number of user is set to 100. Meanwhile, the delay for 

VoIP is shown in Figure 5 where the CQA_Ff scheduler 

has a 17% lower delay as compared to the PSS_CoItA. 

The CQA algorithm considers the Head of Line (HOL) 

delay in allocating the resource block (RB) to the UE 

thus contributing to a lower delay delivery. However, 

the delay for PSS_Pf was low when it reaches to 60 

users up to 80 users and was not changed until 100 

users. This is mainly due to the lowest throughput 

delivered which is 1.6036 Mbps (Refer toTable 2) which 

is contributing to low delay. 
 

 
 

Figure 6 Video Downlink ECR 
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Figure 7 VoIP Downlink ECR 

 

 

The ECR of video and VoIP are shown in Figures 6 

and 7 respectively. Figure 6 shows that the ECR in the 

CQA algorithm drops drastically which was up to 20% 

when there were 100 users in the network as 

compared to the PSS scheduler. This is in accordance 

to the trade-off between throughput and energy 

consumption. When the throughput was high, ECR will 

then decrease. Hence, it can be seen that when ECR 

value is low, the power efficiency improved. The 

values for ECR for VoIP in Figure 7 are similar since all 

algorithms are delivering comparable throughput.  

 

 
 

Figure 8 Fairness index comparisons for video 

 

 
 

Figure 9 Fairness index comparisons for VoIP 

 

 

 

The fairness value of four algorithms for video and VoIP 

flows are shown in Figures 8 and 9 respectively. The 

Jain fairness index was used to measure fairness [21]. 

Figure 9 shows that the fairness index for CQA_Pf and 

PSS_Pf for VoIP flows increases significantly as 

compared to CQA_Pf and PSS_Pf in video flow. This is 

mainly because the VoIP flows are given the highest 

priority all the time. Table 2 is summarizes the 

throughput, delay and ECR values for 100 users. 

  

Table 2 Simulation Results Summarization 

 

Metrics Algorithm Video  VoIP  

Throughput 

(Mbps) 

CQAPf 2.0083 0.7784 

CQAFf 2.0112 0.7776 

PSSPf 1.6036 0.7805 

PSSCoItA 1.618 0.779 

  Video  VoIP  

Delay (ms) 

CQAPf 0.786 26.902 

CQAFf 0.717 27.084 

PSSPf 0.786 28.457 

PSSCoItA 0.982 32.589 

  Video  VoIP  

ECR 

(mJ/Bit) 

CQAPf 0.0199 0.0514 

CQAFf 0.0199 0.0514 

PSSPf 0.0249 0.0512 

PSSCoItA 0.0247 0.0513 

 

 

4.0  CONCLUSION 

 

This paper evaluates the performance of two packet 

scheduling algorithms in Long Term Evolution (LTE) 

cellular networks. The performance metric of 

throughput, delay, energy consumption rate (ECR) 

and fairness were analysed for the video streaming 

and Voice over IP (VoIP) applications. The results from 

simulation showed that the Channel and Quality of 

Service Aware (CQA) algorithm outperformed the 

other algorithms in video and voice flow since it has 

the lowest delay and ECR, delivers higher throughput, 

and has the highest value for fairness. Hence, it can be 

concluded that CQA algorithm is the most suitable 

algorithm to schedule video and VoIP flow. Future 

research is to include the transmission power of the 

base station as the scheduling decision in allocating 

the resources. This is being done by adjusting the 

power accordingly to the number of users in the 

network. Higher power will be set when there are more 

users in the network. On the other hand, low power of 

transmission is being deployed when there are lower 

numbers of users in the cell. 
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