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Abstract

Although LTE-A networks support a high-speed data rate, a large increase in
capacity leads to a decrease in the level of performance, especially at the edge of
the cell. Coordinated Multi-point (CoMP) technology is a fourth generation (4G)
technologies that has improved performance at Cell Edge (CE) not only in terms
of the throughput but also efficiency and the coverage of the system as a whole.
In this paper, a new model of CoMP technology is proposed. The proposed model
demonstrates the performance of LTE-A networks at high capacity using 60 users
for each sector in downlink transmission. The performance of the user in terms
of peak throughput and Spectral Efficiency (SE) is evaluated with the existence
and absence of CoMP not only for users at the CE but also for the whole cell as
well. This paper also discusses increasing network capacity via varying user
numbers up to 60 users for each sector at several Transmission Time Interval
(TTIs). The results show the effect of the number of users on the network
performance is higher than that of TTIl. The comparison between simulation
results when using CoMP technology and not using CoMP technology shows that
the throughput can be increased by 13.3% in the cell and 11% at the CE besides
improving the SE by 8%.
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1. Introduction

Third Generation Partnership (3GPP) introduced a new specification called LTE-
A to overcome one of the drawbacks of LTE, which is represented by limited
capacity within a cell and user performance at the CE, through one of the LTE-A
technologies which is the CoMP [1]. CoMP is used in transmission and reception
to improve coverage and CE throughput by allowing multiple points to share their
antennas in a coordinated manner [2]. Capacity is a measure of the maximum size
of the data transmitted between the network sites via a link or network path.
Collaborating base stations improve system capacity by increasing signal to
interference ratio (SINR), especially for users at the CE. To alleviate interfering
signals, which are among the most important negative effects in the cellular
network systems at this time, between the transmitted points or to convert the
interfering signal to a useful signal, and this serves the user at the CE where the
performance is worst [3-5].

This paper is divided into five sections: Section (2) represents related work.
Section (3) introduces the principles, techniques, and types of CoMP in the
downlink transmission; Section (4) explains the modelling and simulating of the
CoMP technique. In section (5) showing and discusses the simulation results. The
final section (6) presents the Conclusion and recommendations for further research.

2. Related Work

The researchers balanced the load to save energy and improve SE through the
Algorithm Suitability Theory (AST) in LTE-A networks [6]. On the other hand, the
implementation of this technique is costly due to the signal processing and linking of
the collaborating base stations. However, this problem is resolved by using one or
two types of least expensive known as “intra-site,” where the cooperating stations are
within the same location, so you do not need to incur a high cost [7-9]. LTE - A added
many other features, such as carrier aggregation, spatial multiplexing, CoMP, and
relaying [10]. The performance of downlink CoMP technology with joint processing
(JP) coordination type in a homogenous network is evaluated in this research.
Furthermore, the average users' throughput and the SE at the CE are shown with a
varying number of users at different TT1 with existence and absence CoOMP.

CoMP technique is important in wireless networks and has been the focus of many
studies related to this technology in 3GPP for LTE-A. In [11] the authors show the
effect of CoMP technology on the 802.16e system through some applications. The
model used contains 30 users in each sector only. In [12], an extensive survey on
downlink communication with CoMP operation was introduced for LTE-A. It involved
CoMP (technique and architecture) for LTE-A standards and the results of the
cooperative transmission technique that improved the performance of cellular system
spatially for CE users' throughput gain. In [13], the authors used discrete event
simulation (DES) of the 4G network with CoMP joint transmission (CoMP-JT). The
simulation results displayed extensive gains of the system throughput linked with
specific and fixed scenarios. The results showed the use of the CoMP-JT technique on
users in areas having low Inter-Cell Interference (ICI) leads to poorer performance than
the scenarios with no support at all. Another research [14] presented a proposal for using
Radio Resource Allocation (RRA) algorithms to improve peak data rate and throughput
at edge cells in LTE networks to serve multiple users up to a maximum of 50 users in
each cell. The results indicated that the Exponential Proportional Fair (EXP PF)
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algorithm is suitable for scheduling real and non-real time flows in LTE networks. The
research [10] investigated several CoMP schemes by joining the analysis of flow-level
and numerical results from a simulator of the LTE-Advanced network.

Practical CoMP deployment and studies to enhance the SE and SINR were
applied for inter and intra-site CoOMP situations in [15] which examined the networks
of CoMP (ideal and real) in diverse clustering types. The results showed the
cumulated number of sectors coordinated with each other in small cluster sizes had
SINR compared to larger sized clusters. The downlink-CoMP joint transmission (D-
CJT) scheme, which was proposed by [16], shows improvement in the performance
of multiple CoMP transmission scenarios. Those good performances proved that the
D-CJT structure would be a more suitable application for accurate networks to
improve the throughput of the system. The evaluation was based on mean throughput
possible in different traffic values and the results showed that intra-site management
significantly improves the blind beamforming system, and mainly the enhanced joint
transmission system to increase the throughput.

The Vienna Simulator (System-Level (V1.8)) of LTE-A Downlink is used to
investigate the effect of schedulers and different spatial deployment situations on
performance such as throughput, cell SE and SINR with many small cells [17].
Another research achieved complete estimations in terms of energy efficiency and
the overall capacity of the system. The estimation results illustrated that the
anticipated algorithm of semi-dynamic cluster division can expand the capacity of the
system and the Quality of Services (QoS) of (CE) users and also achieve higher
Energy Efficiency (EE) of the network when compared with the algorithm of a static
cluster and Non-CoMP methods [3].

The authors in [18] presented a comparison, simulation, and analysis between the
two types of coordinated scheduling in CoMP technology. Centralized and
decentralized scheduling (CS, DC) in LTE-A networks in downlink transition was
performed by changing the bandwidth and number of mobile users to reach (50) user.
The results showed Centralized Scheduling (CS) was better than (DC) due to its
effectiveness in improving spectral efficiency and providing fairness among users
despite increasing their number. Therefore, this type of coordination technology
scheduling (CS) is adopted in this paper, with more users (up to 60) per cell.

3. Coordinated Multi-Point (CoMP) Principles

CoMP is one of the LTE — A technique with a significant role in reducing the impact
of ICI, especially at the CE. In addition to its role in improving the data rate of user
in the up and downlink transmission, it increases the throughput of the user and the
system as a whole [19]. The principle of this technique is that several points
coordinate among one another so that the transmission of the signal among them is
not interfered with or the possibility of exploiting this overlap as a useful signal
[20]. The CoMP is divided according to the location of the coordination points to
either intra-site or inter-site CoMP. The first type is coordination between the
sectors that belong to the same base station, while in the second type, the
coordinated base stations are in different locations as shown in Fig. 1 [21].

The 3GPP has defined two CoMP schemes, which are detailed in the diagram in
Fig. 2.

Journal of Engineering Science and Technology February 2021, Vol. 16(1)



Studying the Effect of Increasing Capacity Using Comp Technology . . . .. 559

coordination

LLLETY
os® e,

coordination %,

coordination

PELLLETI9
. 3 “.-l"'--.

(a) Intra-site
— -, -

—
-~ coordination ~

snan
we®t L
/7 . .,

l coordination

LIS
.* .,

(b) Inter-site

Fig. 1. CoMP types.

CoMP Scheme

N

Joint Point Coordinated Scheduling/
IP) Coordinated Beam forming
CS/CB

Joint Transmission Transmission Point Selection
(1) (TPS)

Fig. 2. CoMP scheme classifications.
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The first category is Coordinated Scheduling/ Coordinated Beamforming
(CS/CB). Only the channel status information related to multiple users is effectively
shared between multiple points in a Coordinated Scheduling/ Beamforming as shown
in Fig. 3(a). The information for each user is available only at one point of
transmission and cannot be shared. The users on the CE are given a different amount
of a different Resource Block (RB) which has a significant role in reducing
interference [1]. It is noteworthy that the maximum RBs allocated to frequencies 1.4,
3,5, 10, 15, and 20 MHz are 6, 15, 25, 50, 75, and 100 RB, respectively.

(CS/CB).

(c) Joint Transmission (JT).

Fig. 3. COMP classifications.

Joint Point (JP) is the second type in which data are available in multiple Base
Stations (BS) and are sent synchronously to a single user to avoid ICI. Based on the
configuration of the coordinates that send the data, JP is divided into Transmission
Point Selection (TPS) and Joint Transmission (JT). In TPS, the data are sent from one
cell as shown in Fig. 3(b). This transmitter point is chosen from among the multiple
transmitter points according to certain criteria. The user in the JT type receives data
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from several BSs with the same radio resources. This type of transmitter also
transmits interference signals to a truly desirable signal as shown in Fig. 3(c). This
section of CoMP is used in this paper.

3GPP provides different scenarios for COMP to identify the nature of the work of
CoMP in different networks. For example, the homogeneous networks, which are
adopted in this paper, the nature of the deployment of CoMP in this particular type
can either be intra-site, which uses low power- Remote Radio Head (RRH), or with
inter-site, which needs higher power-RRH. In the first type, the cells of the base
station cooperate in a coordinated manner in a commonplace. This makes the CoMP
performance faster compared to the second type which needs optical fiber to connect
RRH with stations. Figure 4 illustrates both types [22].

Coordinated area

HP-RRH

(b) Scenario (2) Inter-site.

Fig. 4. CoOMP scenarios.

3GPP also divides the implementation of CoMP based on the presence or absence
of a central control unit in the network architecture. In the case of centralized control,
this unit is responsible for receiving Channel State Information (CSI) from Users’
Equipment' (UEs) of the cooperating cell. Besides, the responsibility for scheduling
is assigned to this unit. On the other hand, the absence of the central control unit
makes the implementation of CoMP and scheduling uncertain, and CSI is exchanged
among the cells. Furthermore, the coordination and scheduling processes take place
at each BS individually [4]. The two previous methods mentioned are shown together
in Fig. 5.
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Fig. 5. Centralized and decentralized of CoMP classification.

4. Modeling and Simulating of CoMP Technique

A new model of CoMP technology is proposed using Vienna System-level simulator
v1.9 which is licensed by the University of Vienna. This model is used to evaluate
the performance in DL transmission. The main page Graphical User Interface (GUI)
that represents a new model of CoMP is shown in Fig. 6, which shows the locations
of the users, BSs., active and passive users in the network, and the statistical results.
The new model has several assumptions such that:

e The homogenous networks are used.
e The proposed model contains seven evolved NodeB (eNB).
e Each eNB carries three sectors. The maximum cells are twenty-one cells. The

cell radius is 250m.

e Assumed there is no shadow fading to simplify the model by setting its

value at 0dB.

e The maximum number of users in each cell are 60 users.

e Channel speed is maintained.

o This model supported the algorithm of beamforming instead of (v1) mode.
e The transmit antenna ports equal four.

¢ The received antenna ports equal one.

o 2.14 GHz is the system frequency.

e The number of eNB rings equals one.

¢ Round Robin (RR) scheduler is used.
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Fig. 6. Graphical User Interface (GUI) of Vienna system level simulator.

The new model divides into two parts: The first part represents the traditional
LTE-A system while the presence of CoMP technology is the second part. Table 1
shows simulation parameters in the first part.

Table 1. Parameters with no CoMP.

simulation_type tri_sector_tilted
simSet [111]
eNodeB_tx_power 50 Watt
Bandwidth 10 MHZ
Scheduler round-robin
UE_speed 5/3.6
channel_model.type TU
UE_per_eNodeB 10-30-40
simulation_time_tti  (200-400-600-800-1000) TTI
nTX simSet(2)

nRX simSet(3)
tx_mode simSet(1)
network geometry regular_hexagonal grid

The maximum power transmission is 50 W at 10 MHz bandwidth according to
[8]. This simulation is applied to many users per evolved Node Base station (eNB)
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randomly distributed through several TTI. The UEs were assumed to be moving at
the set speed of 5km/h because the speed effect was not the focus of this research.
The UEs' speed was assumed to be 3 km/h in [12]. On the other side, the model
assumptions of the second part with the present CoMP are shown in Table 2.

Table 2. Parameters with CoMP.

simulation_type tri_sector_tilted
simSet [641]
nRX simSet(3)
nTX simSet(2)
tx_mode simSet(1)
eNodeB_tx_power 50 Watt
Bandwidth 10 MHZ
Scheduler CoMP
CoMP_scheduler round-robin DB
CoMP_configuration intra_site
UE_speed 5/3.6
channel_delay 3ms
simulation_time_tti 200-400-600-800-1000
UE_per_eNodeB 10-30-40
nr_eNodeB rings 1ring

It is worth mentioning that the parameters in Table 2 are almost identical to
Table 1, with some differences and additions that are consistent with the CoMP
architecture. With CoMP technology, a special parameter describes the type of
Round Robin (RR) algorithm behaviour used. Another parameter mentions that
the type of CoMP scheme is intra-site. User numbers vary from 10 to 60 users
per eNB, while varying the simulation time gives sufficient time to the
cooperating stations to coordinate among themselves for maximum benefit from
this technique. When the number of users increases, a growing number of users
are likely to be on a CE with bad service. The advantages of CoMP technology
are highlighted here to improve network operation and thus increase the
efficiency and performance of the system, particularly users at CE. The results of
the presence and absence of COMP are shown in the next section.

5.The simulation Results

5.1. Average throughput in the cell

Figure 7(a) shows the relation between average throughput of cell and various groups
of users per cell (10, 30, 40, 50, and 60) for several TTI (200, 600, and 1000) TTI
with and without CoMP in the cell as a whole. On the other hand, Fig. 7(b) shows
this relation at CE.

As expected, the average throughput increases with CoMP compared to non-
existence. The throughput improvement percentages are (18.75%, 13.3%, and 8%)
when user number equals to 30 per cell at 200, 600, and1000 TTI respectively, the
irregularity of the curves at 30 users within the cell is due to random movement and
distribution of users within the cell. For CE, again the average throughput with CoMP
increases compared to non-existence, however at 1000 TTI its improvement reaches
49.15%, 69.64%, 66.6%, 76.4%, 68.33% and 65.55% for 10, 20, 30, 40, 50 and 60
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users per cell respectively as shown in Fig. 7(b). The presence of several basic stations
collaborating among them contributed to the increase in throughput because of their
role in reducing interference in the case of using CoMP technology compared to non-
use, which is what the previous results have shown. The reason for decreasing the
throughput when increasing TTI is the increase in latency, which increases the
likelihood of a collision.

Average throughput in cell
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(b) The average throughput at CE with and without CoMP.

Fig. 7. The relation between average throughput
of cell and various groups of users per cell.

5.2. The peak throughput

Another result found in this study through one of the statistical results of the cell is
the peak throughput. By varying user groups to 10, 30, and 40 per cell in different
simulation times (200, 400, 600, 800, and 1000) TTI. Figure 8 shows the relation
between the peak throughput of users in the cell and the number of users at different
TTI. It also illustrates improved network performance by increasing cell throughput
when using the CoMP technique, which makes the average percentage of
improvement equal to 9.33%, 4.22%, and 3.92% at users' numbers equal to 10, 30,
and 40, respectively.
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The value of throughput decreases with the increasing humber of users. This
result is expected because the number of resource blocks (RB) is limited.

5.3. The spectral efficiency

The SE result for 10, 20, 30, 40, 50, and 60 number of users per cell at the simulation
time with 200-600 and 1000 TTI values are shown in Fig. 9. Part (a) of this figure
shows the average SE for all users within the cell while part (b) shows that of the
users at the cell edge.
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Fig. 9. The relation between a SE and the number of users for varying TTI.

For 30 users per cell, the simulation results show an average SE percentage
increase of 30.5%, 23.96%, and 14.28% at 200-600 and 1000 TTI values,
respectively. CoMP has a significant effect on increasing SE by reducing
interference. The presence of some cooperating base stations will increase the data
and thus increase the probability of transmitting information with the same radio
sources (time and frequency). In this case, interference will be reduced, and SE will
increase. However, the change of TTI does not have a clear effect on SE results
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because it is not considered to have a significant effect as much as other factors such
as SINR and the amount of information sent at each TTI when CoMP is applied, the
reason for the irregular change in some of the SE results being the random movement
of users within the cells of the cooperating base stations.

6. Conclusions and Future Work

A new model of CoMP is proposed. The effect of CoMP JT on the performance of
downlink transmission for LTE-A cellular networks is evaluated by a new model.
This evaluation was done using the Vienna system-level simulation (V1.9) to show
the enhancement in system performance through the application of CoMP
technology. With and without CoMP, when either TTI or number of users is
increased, the average throughput and the average SE are reduced in the cell and
its edge. However, the effect of the number of users on the network performance is
higher than that of TTI. The results show the performance improvement of the
cellular network when using CoMP technology, especially users at CE for the
possibility of this technology to reduce the impact of interference. The simulation
results show an increase in average throughput of up to 13.3%. With the same
approach, the percentage of increase in peak throughput reaches up to 9.33% with
SE improvement of 30.5%. In future work, it is possible to estimate the effect of
increasing the bandwidth on the system performance (the average throughput, SE,
and RB allocation per user at a given time) when the CoMP is considered.
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Abbreviations

3GPP Third Generation Partnership
AST Algorithm Suitability Theory
BS Base Stations

CB Coordinated Beamforming
CoMP Coordinated of Multipoint
CoMP-  Coordinated of Multipoint -Joint Transmission
JT

CS Centralized Scheduling

Csl Channel State Information
D-CJT Downlink-Comp Joint Transmission
DES Discrete Event Simulation
DS Decentralized Scheduling

EE Energy Efficiency

eNB Evolved Nodeb

EXP PF  Exponential Proportional Fair
GUI Graphical User Interface

ICI Inter-Cell Interference

JP Joint Processing

QoS Quality of Services

RB Resource Block

RI Rank Indicator
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SE Spectral Efficiency

SINR Signal to Interference Ratio
TPS Transmission Point Selection
TTI Transmission Time Interval

RR Round Robin
RRA Radio Resource Allocation
RRH Remote Radio Head

UEs Users” Equipment
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