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Abstract— Long Term Evolution struggles to provide better 

Quality of Service (QoS) for multimedia applications in meeting 

their requirements. To ensure QoS, several quantitative 

parameters such as delay, jitter, packet loss, bandwidth, etc., 

must be looked into. There are several problems which occur 

while enhancing the QoS in resource allocations. Scheduling 

poses the biggest issue during resource distribution, and it is 

designed by taking certain parameters both from the user side 

and from the network side. If a channel is corrupted while 

processing the resource, the user generates false report and sends 

back to the base station. Communication is established between 

user and base station through reference signals. Reference signals 

are converted into Channel Quality Indicator (CQI) which is fed 

back to the base station, which then assigns the resource blocks. 

If the users misbehave by producing false reports, the base 

station offers the resources wrongly which leads to poor 

assignment and also to wastage of the resources, such as 

bandwidth and energy. Consequently, it affects the perfect user 

to lose their chances of accessing resources because of the 

depletion of the total energy. The main aim of this paper is to 

develop a new scheduling algorithm for saving the energy by 

effectively assigning the resources. By classifying the 

transmission range and CQI, the proposed algorithm eliminates 

the imperfect users from the list of available users and uses the 

energy only for the perfect users, which in turn increases the 

throughput and enhances the QoS.    

 

Index Terms: Scheduling, Round Robin, Best CQI, Voice 

over Internet Protocol, Long Term Evolution, Hybrid Automatic 

Repeat reQuest and Quality of Service.    

 

I. INTRODUCTION 

Fourth Generation is an upgrade to the third Generation 

technology along with large numbers of features like operating 

speed, wider bandwidth, greater capacity, seamless 

communication and so on. It is also called Heterogeneous 

Networks [1]. Heterogeneity denotes several existing 

technologies such as, Wireless LAN, Universal Mobile 

Telecommunication System (UMTS), Wideband Code 

Division Multiple Access (WCDMA) and Global System for 

Mobile Communication (GSM) to form a standard network 

which offers the soft handoff. Long Term Evolution (LTE) 

and Long Term Evolution Advanced (LTE-A) are the popular 

mobile technologies of fourth generation network. It handles 

different types of applications at different times, and every 

application has a distinctive characteristic in nature. LTE 

technology ha s a simplified architecture with the cost 

effectiveness of third generation technology many times over. 

Also, it accepts various radio access technologies to provide a 

continuous service for the customers. It follows the Evolved 

Core node architectures which increase the number of 

accessing users from one millions to several billions.  

The scheduler plays an important role in base stations for 

increasing the system capacity. Here, scheduling decides the 

network performance in terms of system capacity, bandwidth 

usage, spectrum allocations, etc. Scheduling is done in two 

ways. One is a downlink type and other is an uplink type. For 

performing the downlink, only one scheduler is required; but, 

in order to perform the uplink two schedulers are used one 

from user side and the other from base stations. Orthogonal 

Frequency Division Multiple Access (OFDMA) scheme is 

used for downlink and Single Carrier Frequency Division 

Multiple Access (SC-FDMA) is used for uplink [2]. QoS is a 

measurement of network quality and users’ experience. 

Demand-predicted resource allocation method reduces the 

resource block wastage as well as admits more number of 

users in the coverage area.  Resource distribution is a tedious 

task in heterogeneous wireless networks. It comprises of the 

previous existing wireless cellular networks into access. Also, 

the presence of several types of applications and their different 

amount of demands leads to a slowing down of the 

performance of scheduler. So, what is needed for scheduling 

in Heterogeneous Networks is an effective methodology, 

which grants the resources in requested time taking the 

demands into consideration.  

Radio Resource Management (RRM) is an essential 

mechanism which connects several users by assigning the 

resources. Scheduling is defined as the provision of services 

for users with respect to time- and frequency-based resources. 

Sometimes, scheduling is affected by some of the factors like 

fake report generation [3], mismatched CQI, error CQI, etc.   

This paper is organized as follows. Section 2 explains the 

Review of literature and Section 3 describes the ESA – QoS 

for saving the energy dissipation by avoiding the imperfect 

CQI values. Section 4 discusses the Results and Discussion 

part to describe the strength of proposed algorithm and Section 

5 elucidates the Conclusion. Finally, references are listed in 

section 6. 
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II. REVIEW OF LITERATURE 

 

This section illustrates the related papers that discuss the 

importance of the energy parameter while designing the 

scheduling algorithm. Energy is the key metric for the 

scheduler due to uses of various applications and 

requirements. Several existing algorithms are mainly focused 

on energy saving issue by predicting the speech and silence 

packets through enabling the Discontinuous Reception (DRX) 

mechanism. It discusses the energy distribution of the real-

time applications during the resource allocation in every 

scheduling interval.  Mohammad Reza Sabagh et al., [4] 

surveyed the importance of energy consumption towards the 

design of scheduler which shows the adjustable method of 

energy saving parameters during resource allocations. 

Ziaul Hasan et al., [5] discussed the energy saving 

methods in LTE on how the network in Heterogeneity should 

be configured by the way of setting up the low-power and 

high-power base stations in order to achieve green computing.  

Torres et al., [6] described the effectiveness of the imperfect 

CQI in enhancing the QoS, types of feedbacks they used, and 

practical limitations of the uplink scheduler. Simulation report 

shows that more number of control channels restricts several 

numbers of users accessing from the resources.  

Onkar Dandekar et al., [7] developed a new channel 

indicator method which increases the throughput and where 

the overhead is limited. It is achieved by using hybrid Haar 

compression scheme and changing the user speeds. Ayaz et al. 

[8] discussed the importance of the CQI for allocating the 

resources while adapting channel variation. Also, they 

analyzed the CQI imperfection in conventional algorithm 

which reveals a better robust performance. It is done by using 

the CQI adaptation.  

Gilberto et al., [9] investigated the importance of 

multiuser diversity gain along with scheduling features. They 

also discussed the key differences between OFDMA and SC-

FDMA techniques, their advantages and disadvantages, new 

100 MHz bandwidth configurations, Peak to Average Power 

Ratio (PAPR), etc. Calduwel et al., [10] proposed An 

Innovative Technique (ANINTECH) for eliminating the 

average waiting time of the real-time applications especially to 

the Voice over Internet Protocol (VoIP) users which is 

handled by prioritizing the user applications.   

Alexander et al., [11] analyzed the impact of 

imperfect CQI usage in both adaptive and non-adaptive mode 

transmission schemes for evaluating the throughput in 

multiuser diversity. The outcome shows that the adaptive 

mode produces a better performance than the non-adaptive 

mode, even though more number of users existed in the 

transmission range. Ahmed et al., [12] investigated the impact 

of CQI feedback delay using joint and separated algorithms 

for evaluating the throughput performance. Also, they showed 

the CQI measurement important to the Carrier Aggregation.  

Aknit et al., [13] developed an algorithm to reduce effect 

caused by the feedback delay for multiuser system while on 

assigning the resources. They addressed the overhead issue 

through velocity-based user categorization in closed loop 

beam forming transmission. Achankeng et al., [14] analyzed 

the model of channel imperfect knowledge due to the frequent 

variations in multicarrier systems. They simulated a new load 

algorithm to know user location changes and the error 

probability of Signal Noise Ratio. Yue et al., [15] explained 

the problem of channel state estimation at the receiver. They 

also studied the impact of imperfect feedback results for 

adaptive power and modulation techniques.  Manhaz et al., 

[16] introduced a novel scheduling algorithm for increasing 

the fairness value which is done by predicting the average 

throughput of each user.  

Muhamad et al., [17] proposed an algorithm which 

comprises both Round Robin and Best CQI to assign the 

resources. It is fully dependent on the channel quality of each 

user at every interval. There is no prediction mechanism for 

identifying the false CQI reports.  Mohammad T. Kawser et 

al., [18] introduced the description of (Hybrid Automatic 

Repeat reQuest) HARQs and its features in the design of 

scheduling algorithm. Resources get wasted when producing 

more number of re-transmissions due to its asynchronous 

access in downlink. HARQ is a combination of Acknowledge 

(ACK) and Forward Error Correction (FEC) bits in 

transmission and happens at any scheduling interval which 

restricts several higher priority users during the allocation of 

resources. 

The proposed ESA – QoS considers the user who 

produces the exact CQI values by standing in the specified 

region in correct time of scheduling interval and not 

requesting the HARQs requests more than three times, defined 

as Perfect CQI users. A user who violates this rule is called as 

Imperfect CQI users. This classification helps to avoid more 

number of re-transmissions along with resource saturation 

while allocation.  

The ultimate aim of this paper is to develop a new 

algorithm for avoiding the imperfect users accessing resources 

from the base station. Providing the highest level of QoS to 

the mobile users in packet switching is a tedious task. Fourth 

Generation technology offers higher speed to access the data 

but fails to limit the packet loss. Even some of the scheduling 

algorithms waste the resource blocks without assigning to 

users which also leads to energy dissipation. Channel unaware 

scheduling algorithms grant the resources to the users without 

having the knowledge of channel quality, for example, RR, 

Blind Equal Throughput (BET) and Weighted Fair Queuing 

(WFQ), etc. Therefore, an effective scheduling algorithm is to 

be designed carefully to solve the existing problems. It is done 

in this proposed ESA – QoS algorithm. 

III. ESA-QOS: A PROPOSED ALGORITHM 

Initially, the CQI feedback is collected from each 

user in matrix format then it is classified based on their 

transmission ranges. The proposed Algorithm ESA – QoS is 

designed to save the energy consumption during the 

assignment of resources. It classifies the users and their CQI 

values for identifying the perfect users which also avoids the 

resource loss and satisfies the user demands. It helps to 

accommodate more number of users and reduces the resource 

wastage. A user could generate false CQI values in a 

particular Transmit Time Interval (TTI) or more than one 

user could produce false CQI reports in a TTI which both 

causes wrong resource block assignment as well as affects 

the performance of the scheduler. Usually, a lot of wrong 
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CQIs reach the base station due to mismatching of user’s 

location and their generated report. That is, standing in longer 

distance and sending the highest CQIs which pose the 

scheduler to offer resources inappropriately.  It should be 

identified before transmitting the resources. If a scheduler 

does not eliminate this kind of false reports, then the 

scheduler gets violated and performance goes down. So, this 

algorithm is proposed to alleviate this issue and offer 

resources correctly. HARQ threshold is set to 3 for all the 

users who demand the resources. 

 

 Steps of the Proposed Algorithm  

 

Input: No. of Users, No. of Resources and No. of Intervals 

 

Algorithm 

1. Collect the CQI feedbacks from every UEs // UE – 

User Equipments 

2. Classify the transmission ranges and  received CQI as 

Very Near, Near and Far  

3. Identify the number of Perfect and Imperfect CQIs 

from the list of available UEs 

If users with Perfect CQI is found then 

//Initiate the timer and check the 

No. of HARQs  

If HARQ is above Threshold //Stop the 

timer 

Users are Identified as Imperfect // 

Outdated CQI is reached 

Else   

Users are Identified as Perfect // CQI is 

timely reached  

End If 

End If  

4. Place the Perfect users in the current interval without 

repetition. 

5. Compare the Power Efficiency (PE) in current and 

previous intervals then follow which has least 

HARQs.   

6. Repeat the steps 2 to 5 until all the users are 

identified and sort the Perfect UEs to assign the 

resources.  

 

Output: Place the perfect users in the list in sorted order. 

 

Outdated CQI causes more number of re-transmissions 

which leads to frequent transmission of HARQs to the base 

station. Scheduler offers a higher priority to HARQs than the 

ordinary user while allocating the resources. It restricts the 

priority users who can’t tolerate delay and has to drop or wait 

for accessing the resources. This algorithm is designed to 

accept the CQI feedback values only from the users who 

generates the perfect values and discard the others without 

wasting the processing delay as well consuming the energy.  

After that, it assigns the resources to users by looking at the 

channel quality and demand. 

IV. RESULTS AND DISCUSSIONS  

The proposed algorithm groups the users by dividing the 

area into three different type of Transmission Ranges (TR). 

They are Very Near, Near and Far.  If a user stays between 

100m and 3100m and produces CQI High (10-15), it is 

classified as Very Near. These user’s CQIs are chosen as 

perfect CQI. Similarly, a user between 3100m and 4600m and 

producing CQI 7-9 is classified as Near. Finally, a user 

between 4600m and above 6000m and producing the CQI 1-6 

is classified as Far. The proposed ESA – QoS algorithm is 

simulated using Vienna Simulator, and the results are 

discussed in the following sections. The algorithm is prepared 

for simulation by considering the following parameters which 

is shown in Table 1.   

Table 1. Simulation Parameters 

Parameter Description 

Channel Bandwidth 1.44MHz, 3 MHz and 5 MHz 

Frequency 2.1 GHz
 

Sector Uses Tri Sector Tilted 

Base Station
 

13,14,15 

Scheduler BCQI+RR and  ESA-QoS 

Simulation TTIs 5 and10 

UEs per eNodeB 10,20,50 and 100 

Path Loss Models TS36942 and Free Space 

Path Loss 

Environment 

Urban and Rural 

Transmit Power 40dB  

Assigned Power in 

TTI 

500mW 

Channel Model Winner+ 

UE distribution Constant UEs per Cell 

UE speed/Mobility 5/3.6 (1.38ms) 

 

More number of re-transmissions happens only to 

Non Real-Time users, and Real-Time users get affected by 

this issue due to higher priority being assigned to Negative 

ACK (NACK) of any users. NACK always gets higher 

priority than other requests. If imperfect data user is found, the 

ESA – QoS assigns the resources only to the data user and 

similarly, if a voice user is found the resources are distributed 

to the data users only.  

The number of resource blocks can easily be 

identified using channel bandwidth. The resource block is 

assigned by taking the average number of packets in the queue 

into the total number of packets in the queue. Existing 

algorithms did not consider the channel estimation errors, 

delayed CQI reception issues and other CQI imperfections, 

etc., while on resource allocation. Sometimes, the users send 

false or inaccurate CQI to the base station because of the error 

occurrence during channel estimation. Altogether, it makes the 

base station to respond in a different manner and granting the 

resources mistakenly. The consumed energy (in mWs) of each 

algorithm in each user is calculated using the following Eq. 

(1).  

Power Efficiency (PE) = Assigned Power in TTI /No. of 

Transmitted bits in TTI        (1) 

Generally, 500mw [19] is assigned to each TTI to 

transmit the bits, and every resource block gets variable 
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energy due to different types of channel bandwidths. Three 

different types of scenario is configured to identify Power 

Efficiency results shown in Table 2. It shows the users’ power 

consumption ratio for users in both existing and proposed 

algorithm.  Case I is taken with 6RBs per TTI and 15 users, 

and Case II is taken with 15RBs per TTI and 50 users. Case III 

is taken with 25RBs per TTI with 100 users. The average 

energy value is measured by taking the ratio of assigned 

power into the number of scheduling intervals. 

Table 2. Average Power Efficiency Results 

Cases BCQI+RR in 

mWs 

ESA – QoS in 

 mWs  

Case I 0.3571 0.2480 

Case II 0.1287 0.0992 

Case III 0.8080 0.5959 

Figure 1 shows the power efficiency graph which 

depicts that the ESA – QoS algorithm ultimately gives better 

performance than the existing scheduling algorithm and 

energy is measured in mWs. It is almost suitable to real-time 

applications and makes the way to get more number of users 

to access the resources.   

 
Figure 1. Energy Saving Comparison Graph of BCQI+RR and 

ESA-QoS  

ESA –QoS consumes less energy than the other 

schedulers and offers more number of users to access the 

resources which also increases the throughput results of each 

and every user. Figure 2 illustrates the comparison of the 

throughput results for three cases in QPSK modulations to 

different types of users.   

 
Figure 2 Throughput results of QPSK modulation 

Similarly, the proposed algorithm is simulated for 16 QAM 

which also reveals better results than the existing algorithms, 

and this is shown in Figure 3.  

 

 
Figure 3. Throughput results of 16QAM 

Another setup is configured for 64QAM which denotes the 

users are available near to the base station and produces the 

throughput results as shown in Figure 4. 

 
Figure 4. Throughput results of 64QAM 

Eliminating the imperfect users is an essential step in the 

limited resources of the LTE network. Generally, these users 

exist due to the poorest prediction of the channel quality. It 

leads to the scheduler to assign the resources wrongly which 

also degrades the system throughput. In this case, the proposed 

work only finds the perfect users for accessing the resources. 

Here, the proposed work tries to assign a certain number of 

resources to users who are already on the real-time 

application. It is not possible to neglect all the users 

immediately from the network at a time which mitigates the 

system. According to the existing algorithm, there is no 

identification of imperfect users, which leads to wastage of 

resources. But, it is remedied by accepting only the perfect 

reports and taking the scheduling decision. 

 

V. CONCLUSION 

 CQI report determines the resource block assignment of each 

and every user which is collected by the base station from the 

users. If it generates false reports, then the readily available 

resource blocks are dissipated. This issue is greatly reduced by 

developing the ESA – QoS algorithm which saves the energy 

and thereby assigning the resources only to perfect CQIs. It is 

done by removing the imperfect CQIs from the list and also 

reducing the unnecessary HARQs during the resource 

allocation. In simulation, for 15 users the ESA – QoS saves 

9% of energy, and for 100 users it saves 30% of energy. 

Significantly, it enhances the transmitter performance of the 

base station and adapts more number of users to offer the 

resources to them efficiently. It shows improved energy saving 

results even when more number of users exists in the network. 

It also increases the throughput and ultimately the QoS is 

enhanced.   
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