
Nur Syazwani Mustaffa et al., International Journal of Advanced Trends in Computer Science and Engineering, 9(1.4), 2020, 592  - 600 

592 
 

 

 
ABSTRACT 
 
Massive increase demand to support higher data rates for 
broadband services like online gaming, video on demand 
(VoD), triple play over wireless networks requires higher data 
rates. In wireless networks, the received signal power 
decrease as the propagation distance increase. This results in 
the following data rate coverage behavior where users at the 
center-region experienced excellent QoS performance. 
However, in cell edge region, user experience poor QoS where 
the spectral efficiency and power efficiency are very low. This 
is due to low received signal and high fading effects where 
cell-edge user is far away from Access Point (AP). Due to this 
scenario, various techniques have been present but there are 
still some challenges that have not been adopted by previous 
researches. This paper presents A Review on Techniques to 
Improve the Cell Edge Performance for Wireless Networks. 
In this paper, review of published researches starting from 
2015 onwards that focus on improvement of cell edge 
performance is presented. The study can be divided into two 
parts which are techniques for cell edge improvement over 
cellular networks and WLAN respectively. In the literature, 
there are numerous approaches by previous researchers to 
achieve a better performance of cell edge user’s over cellular 
networks: such as Cooperative Transmission Scheme, Packet 
Scheduling, Soft Frequency Reuse and Downlink Optimal 
Power Allocation Scheme. While in Wireless LAN, there are 
only several work that have been done, and most of the 
approach focus on link adaptation technique. In order to solve 
the cell-edge issue in WLAN, the author proposed Adaptive 
Modulation Coding and Scheme for IEEE 802.11ac. 
 
Key words: cell edge, QoS, Cooperative Transmission 
Scheme, Packet Scheduling, Soft Frequency Reuse and 
Downlink Optimal Power Allocation Scheme, Adaptive 
Modulation Coding and Scheme 
 

1. INTRODUCTION 

Wireless networks are part of the important things and 
popular in today’s world due to the advantages that it can 
offers to user such as user mobility, fast and simple 
installation, flexibility, scalability, etc. [1]. Rapid growth of 
networks that increase the data rate, led to a lot of techniques 
to boost the performance of wireless network communication 
[2]. In this study, wireless networks refer to both cellular and 
WLAN. Cell edge region is a network located on the 
periphery of a centralized network. User in center-region 
experienced excellent QoS performance. However, in cell 
edge region, user will experience poor QoS where the system 
performances deteriorated. At the cell edge region or at the 
cell boundary, the spectral efficiency and power efficiency are 
very low [3]. This is due to low received signal and high 
fading effects where cell-edge user’s is far away from Access 
Point (AP). Due to this scenario, researches proposed 
techniques have been proposed to solve the problem but there 
a still some challenges that have not been adopted by previous 
researches. 

 Researchers proposed numerous of techniques that can 
improve the QoS performance for cell-edge users [4]. For 
cellular network, the works proposed Modified Largest 
Weighted Delay First [5],[6], Transmission Power Control 
Link Adaptation [7],[8], Packet Scheduling [9],[10], and Soft 
Frequency Reuse [11],[12]. Only the research work in [13] 
focused on improving the QoS of the cell edge region for 
wireless local area network where the author proposed 
Dynamic Transmit Power Control (DTPC). 

 Based on the previous researches, most of the techniques 
were focusing on cellular network and there is only one 
technique proposed for Wireless LAN. To fill the gap, the 
adaptive Modulation and Coding Scheme (AMCS) which 
adapt the transmission data rate for IEEE 802.11ac standard 
will be proposed which aims to boost the cell edge 
performance for Wireless LAN.  
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 Issue regarding the performance in cell-edge region has 
been an interesting topic among the researchers. In order to 
identify and understand the issue, review of cell-edge in 
WLAN has been studied. The study is then will be extended to 
determine the technique that is suitable to solve the problem. 
This research targets to improve the QoS for cell-edge region 
by using Adaptive Modulation Coding Scheme or Link 
Adaptation. The system capacity can be improved where the 
transmission of signal can be modified to account for the 
signal quality variation through this Link Adaptation 
technique. The user in cell-edge region experienced poor QoS 
due to low received signal, thus the proposed algorithm will 
adapt the transmission data rate based on SNR value. As SNR 
deteriorated which specify user at the cell edge, the 
transmission data rate will be adapted to a much higher level. 
Higher modulation scheme will provide a good radio channel, 
where higher amount of throughput can be achieved.  

1.1 Cellular Network 

 Cellular network is a communication network where a 
radio network distributed over land via cells. A cellular 
network is made up of a number of radio cells. In a cellular 
cell, there is at least one fixed location base transceiver station 
(BTS) located at the center and a number of mobile users to 
communicate to each other via BTS. 

 Cell area consist of center and edge region [14]. Cell-center 
user’s experience good QoS and high data rate due to high 
received signal and low fading effects [15]. Meanwhile, users 
at the cell-edge area experience poor QoS and low data rate 
due to low received signal and high fading effects.  

 The world is experiencing extreme urbanization as the 
global society is predicted to be twice the number in year of 
2050, thus further technological break-through is required to 
serve the society [16]. The requirement for high speed data 
has result in a rapid growth of cellular access technology, 
where this technology has become the most important needs 
of human daily life [17]. It is said that around six billion 
humans will use the Internet by 2015 [18].  

 Cellular concept Generation (G) was first introduced first 
generation (1G) in year 1979 following the second generation 
(2G) in 1991. Third generation (3G) technology was then 
introduced in 1998 and the fourth generation (4G) in year 
2011. The next and latest generation which is 5G will be 
launched soon and it provides data rates up to 1Gbps [19]. 
Each of these generation has its own standards, specialties 
along with new features [20]. 

1.2 Wireless Local Area Network (WLAN) 
Wireless Local Area Network (WLAN) is a wireless 

computer network where devices are linked to connect and 
communicate wirelessly within a restricted area. Even though 
WLAN geographically coverage is limited, it still can provide 
enrich bandwidth to the user [21]. The major difference 
between these two networks is how the data being transmitted. 

For Local Area Network, data is transmitted through physical 
cables in a series of Ethernet packets while for WLAN, data 
transmitted over the air using one of Wi-Fi 802.11 protocols 
[22].   

 The abilities of IEEE 802.11 WLAN to increase mobility 
of ease, decrease installation and maintenance cost and 
improve flexibility has make it popular in communication 
technology [23]. There are several specifications in IEEE 
802.11 families which are 802.11a/b/g, 802.11n, 802.11ac 
and the latest is 802.11ax [24]. First standard of IEEE 802.11 
was launched in 1997 and the most famous standard is IEEE 
802.11a/b/g where it uses 11 Mbps transmission [25]. The 
capability of transmissions for this standard is up to 54 Mbps 
and operates at 5 GHz band [26].  

 
 IEEE 802.11n standard improves the performance of 

WLANs standard development [27]. In order to provide better 
performance, there are new features that have been 
incorporated into this standard which are; implementation of 
OFDM, introduction of MIMO, MIMO power saving, wider 
channel bandwidth, antenna technology and improve the data 
throughput by reducing the support for backward 
compatibility.   

 
 The increment of data rate can be improved with the use 

of IEEE 802.11ac standard where it provides a number of 
functions and parameters. 802.11ac operates in the 5 GHz 
signal range and considers the traditional WLAN frequencies 
below 6 GHz. With this speeds, users are able to transfer large 
files very quickly or able to download and watch HD video 
[28]. IEEE 802.11ac provides higher modulation and coding 
scheme, wider channel bandwidth, system performance, 
backward compatibility, beam forming and multi-user 
performance [29].   

 
  IEEE 802.11ax is the new amendment that will improve 

four times of data throughput [30]. It is the newest Wi-Fi 
designed to address connectivity issues for high density 
networks. It provides higher throughput as well as improving 
the crowded environments performance. 802.11ax standard is 
designed for dense scenarios [31]. 
 
2. EXISTING TECHNIQUES 
 
 High data rates demand by consumers has been increasing 
day by day [32]. Wireless network has become pervasive and 
dense as per user’s demanding [33]. Even though the 
technologies have been much improved to meet with the user 
demands, cell-edge user still experienced poor QoS due to low 
data rate, high latency and various fading effects [34]. Due to 
this issue, researches come out with number of techniques to 
solve the network performance issue. In edge area, as the 
distance between base station (BS) and mobile terminals 
(MTs) increases, power of radio signal decrease. Users in cell 



Nur Syazwani Mustaffa et al., International Journal of Advanced Trends in Computer Science and Engineering, 9(1.4), 2020, 592  - 600 

594 
 

 

center region which is near to the BS achieve higher data rates 
compare to users in cell edge region [35]. Based on the 
research outcomes, numerous techniques have been proposed. 
Figure 3 below show the taxonomy of the proposed technique. 
In cellular network, different researchers proposed Modified 
Largest Weighted Delay First, Transmission Power Control 
Link Adaptation, Packet Scheduling, and Soft Frequency 
Reuse techniques. While in wireless LAN, researcher 
proposed Dynamic Transmit Power Control. Most of these 
techniques were focusing on improving the throughput, 
Quality of Service (QoS), delay and spectral efficiency of the 
user in cell edge region. Following section discuss each of the 
approach in details. 
 

 
Figure 1: Taxonomy of cell edge performance for wireless   

 network. 
 
2.1. Techniques in Cellular Networks 
 
 Cell-edge performance issue in cellular networks has been 
an interesting topic in literature. Researchers proposed quite a 
number of techniques to improve the performance especially 
in terms of Quality of Service (QoS) especially on throughput, 
delay and spectral efficiency. This section summarized the 
previous researches that focus on cell-edge performances.  
 
A.  Extending Modified Largest Weighted Delay First 
 

Hasibur R. C. in paper Enhanced Quality of Service of        
nCell-Edge User by Extending Modified Largest Weighted 
Delay First Algorithm in LTE Networks proposed extended 
Modified Largest Delay First technique to provide a good 
service to cell-edge user. As the Conventional Modified 
Largest Weighted Delay First (MLWDF) algorithm cannot 
solve the cell-edge issue due to it does not consider the user’s 
location, they proposed an extended MLWDF (EMLWDF) to 
improve cell-edge user’s performance. This algorithm 
consider the instantaneous channel quality perceived by user 
and packet queuing delay thus a good system performance can 
be achieved [36]. 

 

 In this paper, they used block error rate (BER) and 
Signal-to-Interference ratio (SIR) as method of adaptation. 
The EMLWDF technique prioritize user in edge region by 
considering the downlink Signal-to-Interference plus Noise 
Ratio (SINR), distance between user and eNodeB along with 
HOL packet delay and the previous throughput. Therefore, 
cell-edge users will be given priority thus get a high number 
of resource blocks (RB). In order to use the link qualities, 
traffic demands, potential QoS requirement, RB must be 
assigned and schedule to the user [37]. They achieved 56.23% 
of cell-edge performance compared to the Proportional 
Fairness and Modified Largest Weighted Delay First 
algorithm. The simulation result also shows that, as the 
throughput of cell-edge users increased, the average user 
throughput increased with overall 23.25%. 

 
 Himani L., in paper A Quality of Service (QoS) Aware 

Scheduling Algorithm to Boost QoS of Cell-Edge Users in 
LTE Networks proposed Improved Extended Modified 
Largest Weighted Delay First (IE-MLWDF). This technique 
enhance throughput and QoS performance of user in edge 
region. Scheduling uses its policies to allocate portion of 
available spectrum [38]. The comparison is made between 
IE-MLWDF with the previous versions in terms of 
parameters where it considered parameters like cell edge 
throughput, end to end delay, Packet Loss Ratio (PLR), 
spectral efficiency and effects of changing user speed and 
operating frequency.  

 
 The proposed algorithm is a QoS aware algorithm where 

it is an improvement version of E-MLWDF and the 
scheduling algorithm that has concern with delay threshold of 
users, HOL delay. It enhanced cell edge throughput and 
spectral efficiency by 50.122% and 3.462% respectively and it 
also reduces PLR and end to end delay by 24.22% and 
43.971% respectively. It concluded that IE-MLWDF provides 
better performance compared to E-MLWDF and MLWDF 
algorithm. 

 
B. Transmission Power Control Link Adaptation 
 

Dynamic RLC Mode Based Upon Link Adaptation to 
Reduce Latency and Improve Throughput in Cellular 
Network proposed by Ritesh S., used transmission power 
control link adaptation. This technique was used to improve 
the Long-Term Evolution (LTE) networks latency and 
throughput while reducing processing power. They used 
Block Error Rate (BER), Signal-to-Interference Ratio (SIR) 
and Channel Quality Indicator (CQI) as adaptation 
parameters to achieve their performance metrics which are 
throughput and delay. 

 
 The proposed technique studies the behavior of Radio 

Link Control (RLC) protocol with two modes of operation; 
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Unacknowledgment Mode (UM) and Acknowledgment Mode 
(AM) in layer 2 of the UMTS and LTE network architectures. 
RLC comparison between UM and AM with different 
network condition is analyzed and adaptive RLC mode which 
dynamically alternates between UM and AM according to the 
real-time analysis of radio conditions is proposed. System 
delay is reduced with the decrement of layer 2 overhead along 
with maintaining the data reliability.  

 
 Jose A.F-S. in paper A Computationally Efficient 

Method for Self-Planning Uplink Power Control Parameters 
in LTE proposed the automatic parameter planning algorithm 
for the standardized power control scheme in the physical 
uplink shared channel (PUSCH). This algorithm can handle 
non-uniform outline at a low computational complexity.  

 
  The best parameter settings for each cell are calculated by 
aggregating adjacency level solutions. The proposed 
algorithm show that the average user throughput and cell 
edge throughput can be improved compared to the current 
vendor approaches, which provide network-wide uniform 
parameter settings. The focus of Transmission Power Control 
Link Adaptation is to preserve transmit power much possible 
while maintaining the link quality for a wide range of channel 
conditions [39]. 

 
C.  Packet Scheduling 
 

Hasibur R.C proposed an Efficient Packet Scheduling 
Algorithm to Improve the Performance of Cell-Edge User in 
LTE Network where a downlink scheduling algorithm based 
on modified Exponential Proportional Fairness (EXP/PF) is 
used to enhance cell-edge user performance. This paper 
considers Received Signal Strength and threshold value 
which varies based on the number of users in different region 
and distance between eNodeB and user to calculate the metric 
value. 

 
 This technique gives a high priority to the users in outer 

region. Packet scheduling is used to schedule data based on 
their priorities and minimizes the end to end delay [40]. 
Packet contains less data has higher priority compared to 
packet with more data [41]. If user in inner region is less than 
outer region, cell-edge user will get higher priority. If user in 
inner region exceed the number of threshold value, it will 
allocate RBs to the channel condition accordingly to keep up 
the good performance of system. It can be concluded that the 
proposed algorithm achieves the average user throughput by 
94.5% and cell throughput by 70.6% whilst maintaining the 
better spectral efficiency and fairness that the existing 
algorithm.  

 
 On the performance of LTE downlink scheduling 

algorithms: A case study on edge throughput by Coskun D., 

proposed a new LTE downlink scheduling algorithm to 
enhance cell edge throughput without affecting the system 
throughput. Multiple scenarios were observed and in each 
scenario, researcher focused on parameters like number of 
users and cells, carrier frequency, antenna type and 
configuration, FFR and mobility. 

 
 The system throughput will decrease dramatically by 
giving additional resources to the cell edge users. To achieve 
higher edge throughputs without giving additional resources 
to the edge users, the proposed scheduler gives the priority to 
use the RB with high spectral efficiency and while trying to 
avoid the use of the RB with low spectral efficiency. This 
technique increases the edge throughput and fairness while 
limiting deteriorate cell throughput around 0 to 2 percent with 
respect to the other schedulers. 

 
D.  Soft Frequency Reuse 
 

Soft Frequency Reuse (SFR) is used to manage the 
interference issues as well as improve the efficiency and 
quality of signal [42]. M. S. Hosain in paper Enhancing 
Cell-Edge Performance using Multi-Layer Soft Frequency 
Reuse Scheme proposed soft frequency reuse algorithm. A 
novel multi-layer soft frequency reuse (SFR) scheme 
combined with cell sectoring where the spectrum is allocated 
among various regions of three-cell reuse system.  

 
 In this proposed algorithm, each SFR has one outer 

region and inner region. The highest power is transmitted for 
cell-edge users while the lowest power is transmitted to the 
inner-most region and intermediate power between these two 
extreme power values are allocated to the rest of the regions. 
The proposed SFR algorithm shows that the spectral 
efficiency at cell-edge region increase by 10% which is 
significant for the cell-edge region. Cell sectoring enhance 
the overall interference thus SNR of the proposed algorithm 
makes further enhancement.  

 
 Soft Frequency Reuse Schemes for Heterogeneous LTE 

systems by Giovanni G. proposed Soft Frequency Reuse 
(SFR) based on three frequency segments and it is named 
Band Improved SFR, 3B-ISFR. This algorithm centralized 
Frequency Reuse Pattern (FRP) for micro cell at each level of 
macro cell. 

 
 The proposed algorithm is a modification of SFR scheme 

to HetNets taking co-tier and cross-tier interference into 
account. The available bandwidth will be divided into three 
segments where later it will allocate to edge and central part 
of both micro and macro cells, thus the allocation between 
adjacent micro and macro cells can be differentiate.  This 
algorithm achieves a good performance in terms of overall 
cell outage probability along with average total cell capacity. 
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2.2. Techniques in Wireless Local Area Network (WLAN) 
 
 Most of the researchers were focus on enhanced and 
improved the cell-edge performance in cellular network 
compared to the wireless local area network. Therefore, there 
is only one researcher that proposed an algorithm to solve the 
cell-edge performance issue in WLAN which is from Cisco. 
 
A.  Dynamic Transmit Power Control 
 

To solve the issue regarding QoS performance in cell-edge 
region, Cisco designed a Voice over WLAN (VoWLAN). 
Dynamic Transmit Power Control (DTPC) is applied in 
VoWLAN to reduce any chance of one-way audio due to the 
unstable transmit power between Wi-Fi radio and Access 
Point (AP). DTPC can dynamically adjust its power for each 
transmission based on the conditions of network [43]. 

 
 During the transmission of data, there will be packet loss 

if the transmit power level is not equal. By using DTPC, both 
phone and AP transmit using the same power level. It enables 
the phone to automatically modify transmit power to match 
with the AP’s transmit power.  

 
 The proposed DTPC algorithm will be dynamic as the 

client moves closer or further away from the AP and it also 
improves the battery lifetime and the quality of audio call. 
This algorithm used RSSI to indicate how strong is the 
transmission and it aimed for high transmission of data rate in 
cell-edge region. 

 
To the best of author knowledge, most of the previous 

researches focused on improving cell edge performance for 
cellular network, not much work give attention to wireless 
LAN network. To fill in the gap, in future the new adaptive 
modulation and coding scheme technique will be designed to 
improve the cell edge performance specifically for IEEE 
802.11ac standard. Table 1 below list the summary of 
previous works which has been discussed in details. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Table 1: Summary of related research studies 
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3. PROPOSED TECHNIQUE 
 
 To the best of author knowledge, most of the previous 
researches focused on improving cell edge performance for 
cellular network. However, there is only one proposed 
technique from Cisco; Enterprise Mobility 8.1 Design Guide 
where it focused on Wireless LAN edge performance. Due to 
this research gap, the author proposed Adaptive Modulation 
and Coding Scheme which adapt the transmission data rate to 
improve the cell edge performance for IEEE 802.11ac 
standard Wireless LAN. Table below summarize the related 
research studies. 
 
3.1 Adaptive Modulation & Coding Scheme 
 

Adaptive Modulation and Coding Scheme is based on 
channel estimation [44] where channel state information 
(CSI) such as SNR, BER, Delay and Queue Length need to be 
used to describe how signal propagates from transmitter to 
receiver. System capacity, peak data rate and coverage 
reliability can be improved by using adaptive modulation and 
coding where this technique modify the signal transmitted to 
a particular user to account for the signal quality variation. To 
optimize the link performance, communication standards like 
IEEE 802.11, IEEE 802.15, IEEE 802.15, EDGE, LTE, 
HSDPA and have applied AMC as their fundamental 
technique [45]. In addition to this, the link adaptation 
technique changes both protocol and signal parameters as 
link conditions change [46]. 

 
 In a good radio link condition, small amount of error 

correction is used, along with a high-level efficient 
modulation. Thus, higher data throughput in radio channel 
can be obtained. While in a poor radio link condition, data 
throughput is lower where this is due to large amount of error 
correction, low-level, and robust modulation scheme. 

 
 For a good network performance, link adaptation is used as 
this algorithm reacts to physical channel condition where it 
changes the link parameters like modulation scheme, coding 
scheme or transmission power [47]. 
 
3.2 Transmission Rate Adaptation 

 
 Rate adaptation dynamically change the transmission 

rate to adapt to the time-varying and location-dependents 
channel quality in order to maximize the channel efficiency 
[48]. Adaptation of transmission data rate is due to signal 
fading that cause by distance, tradeoff between data-rate and 
range and interference from other sources. Radio wave is 
easily affected by interference such as fading and path loss. 
Higher modulation scheme with lower amount of error 
correction will provide a good radio channel, where higher 
amount of throughput can be achieved. While lower 

modulation scheme with high amount of error correction will 
affect the performance of radio channel to low data 
throughput.  

 
 Table 3 shows the number of data rate in each modulation 
scheme for one spatial stream (SS). The highest modulation 
scheme is 256-Quadrature Amplitude Modulation which 
produce the highest data rate and is used in a good radio link 
condition. 
 
Table 2: IEEE 802.11ac WLAN Modulation and coding schemes 

(MCS) for single spatial stream [49] 

 
 

3.3 Flowchart of proposed algorithm 
 

 
 

Figure 2: Flowchart of the proposed technique 
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Figure 2 above shows the idea of the proposed transmission 
rate adaptation technique. The flow starts with the 
transmission of packet, i from transmitter to the receiver. In 
order to determine whether the packet is transmitted in center 
or edge region, measurement of radius will be taken. An area 
is said to be located in a cell-edge if it is more than 100 meter 
from the Access Point (AP). The transmitter will then wait for 
the acknowledgment (ACK) packet before it can proceed to 
the next step. If there is no ACK packet received, the 
transmitter will initiate re-transmission of the packet via the 
CSMA/CA procedure. Packet loss is due to these two major 
problems which are the error channel condition and 
collisions. For this proposed algorithm, error channel 
condition will be considered so the packet loss is due to 
channel error in transmission rate adaptation. If the ACK 
packet is successfully received, the performance metric of the 
QoS which is the throughput (QoSi) will be recorded. These 
initial QoS performances (QoSi) will then be compared to the 
QoS performance after the execution of the rate adaptation. 
Rate estimators or packet loss can be used to determine the 
wireless channel condition [50]. In this project, SNR is used 
as rate estimator to indicate the channel condition. Rate 
adaptation algorithm will be adapted according to the SNR 
value to optimize the throughput. If the SNR value recorded is 
greater than 25 dB, it indicates a good channel condition, thus 
the data rate is maintained. If the SNR value is less than 25 
dB, it indicates a bad channel condition which means that the 
packet might be loss in the cell-edge area. This issue can be 
solved by increasing the rate adaptation thus improve the QoS 
performance. New measurement of QoS (QoSa) is recorded 
after the adaptation process and these new value will then be 
compared with the initial QoS (QoSi). In the case of the new 
QoS (QoSa) greater than initial QoS (QoSi), the system will 
maintain the data rate. While for the case where initial QoS 
(QoSi) value is greater than new QoS (QoSo), the rate 
adaptation will be increase with double step until the new QoS 
value is improved than the original QoS measurements. This 
transmission data rate adaptation process will be repeated 
until the last number of packets. The QoS performance that 
will be analyze at cell-edge region are throughput, fairness 
and spectral efficiency. 

4. CONCLUSION 

This paper, A Review on Techniques to Improve the Cell 
Edge Performance for Wireless Networks, reviewed 
published literature which focus to boost the cell-edge 
performance for both cellular and wireless local area 
networks. Based on the review, researches have come up with 
techniques to solve the cell-edge performance where this 
issues have been an interesting topic to solve. Researchers in 
this field proposed few techniques to improve the overall 
system performance so that both users in center and edge 
region experience the same excellent services, but most of the 

techniques were focusing on cellular network performance. 
Due to this issue, the author proposed Adaptive Modulation 
and Coding Scheme that adapt transmission data rate for 
Wireless LAN specifically in IEEE 802.11ac standard. This 
proposed technique is expected to enhance the QoS 
performance of user in cell-edge region in terms of 
throughput.  
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