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I. INTRODUCTION 
 
Ever since Guglielmo Marconi succeeded in transmitting 

data over a wireless channel, the impact of wireless 
communication technology on our daily lives has been 
increasing due to its convenience. As wireless communi-
cation technology is utilized more extensively, it becomes 
more difficult to cope with high traffic demands since the 
spectrum for wireless communication is limited. In recent 
days, mobile data traffic, in particular, has been increasing 
exponentially [1]. In fact, the total amount of mobile data 
traffic in 2013 is twelve times larger than all internet traffic 
in 2000 [1].  

To cope with this ever increasing traffic demand, a number 

of new wireless technologies have been considered. For 
example, orthogonal frequency division multiplexing 
(OFDM) has played a significant role in improving the 
capacity of third generation mobile communication systems 
[2]. In addition to OFDM, multiple input multiple output 
(MIMO) and femtocells have also been studied extensively 
as the next key technologies for mobile communication 
systems in order to improve their capacity [3, 4]. Moreover, 
new concepts in wireless communication systems have been 
considered, such as cognitive radio, in which, without 
having licenses to use bands, wireless systems opportu-
nistically utilize bands when the bands are empty [5]. Furt-
hermore, highly directive beam-forming techniques have 
been considered [6].  
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Abstract 
Recently, mobile communication systems are suffering from exponentially increasing data traffic. As a promising solution to 
the increase in data traffic, a coordinated multi-point transmission and reception (CoMP) scheme has been proposed. Although 
a great deal of research has been done on this new technology, the performance of mobile communication systems with CoMP 
has not been evaluated properly in a typical indoor environment. To address this, we have developed a system-level simulator 
and evaluated the performance of mobile communication systems with CoMP. Unlike previous works, we have used an actual 
antenna pattern in our simulator and link-level results are properly taken into account through link-level abstraction. By using 
a system-level simulator, we have evaluated the performance of mobile communication systems with CoMP in an indoor 
environment and found that unlike an outdoor cellular environment, CoMP may not improve the performance of overall 
mobile communication systems in an indoor environment.  
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One of the promising technologies to improve the 
capacity of the mobile communications system is coord-
inated multi-point transmission and reception (CoMP) [7-
10]. In CoMP, the interference between neighboring base 
stations (BSs) is controlled efficiently, such that the users in 
the cell edge can improve the signal-to-interference noise 
ratio (SINR), that is, they can improve the data rate. Given 
that inter-cell interference is the one dominant factor in the 
deterioration of the performance of the cell-edge users, the 
performance of mobile communication systems can be 
greatly improved by utilizing CoMP technology. CoMP is 
one of the dominant technologies in the 3GPP long-term 
evolution advanced (LTE-A) standard to improve the per-
formance of mobile communication systems.  

Although the performance of mobile communication 
systems with CoMP has been extensively evaluated in 
previous works [7-10], the performance evaluations have 
been conducted in outdoor cellular systems. However, it is 
expected that 70% of total data traffic will be generated in 
the indoor environment; thus, it would be beneficial to 
evaluate the performance of CoMP in the indoor environ-
ment [1]. Moreover, previous performance evaluations have 
not properly taken into account the actual radio environment, 
such as the actual radiation pattern of the antennae in an 
indoor BS. Furthermore, for most performance evaluations 
based on system-level simulators, the link level of the 
communication protocol has been highly simplified. To 
solve these problems with current approaches, we have 
developed a system-level simulator by considering the 
actual indoor radio environment and evaluated the per-
formance of indoor mobile communication systems with 
CoMP in realistic environments. The key finding of our 
results is that CoMP may not improve the performance 
of indoor mobile communication systems due to strong 
interference from other neighboring BSs that do not 
cooperate in CoMP. To fully take advantage of the benefits 
of CoMP in the indoor environment, the number of BSs that 
cooperate in CoMP should be increased compared to out-
door cellular systems. 

The remainder of this paper is organized as follows: In 
Section II, we introduce CoMP technology proposed to 
increase the capacity of mobile communication systems, and 
explain several aspects in our indoor system level simulator 
in Section III. In Section IV, we evaluate the performance of 
mobile communication systems with CoMP. In Section V, 
we draw conclusions. 

 
 

II. CoMP OVERVIEW 
 

In this chapter, we will briefly explain the concept of 
CoMP and how CoMP operates in our system-level 
simulator. We will also explain the details of our system-

level simulator and highlight the major differences between 
our work and previous works.  

The essence of CoMP is that neighboring BSs cooperate 
in transmission such that designated users can obtain a 
better data rate. For this, there are two major schemes in 
CoMP: coordinate scheduling/coordinate beamforming (CS/ 
CB) and joint processing (JP). In CS/CB, two neighboring 
BSs transmit data to two distinct users such that the effect of 
each transmission of data on other data transmission can be 
minimized. More specifically, each BS schedules users such 
that the interference between two data transmissions can be 
minimized (CS). Moreover, each transmission is controlled 
such that interference can be minimized (CB). In CB, 
specially designed beamforming can be utilized. By using 
CS/CB, two distinct data flows can be conveyed while the 
interference between these two data flows is reduced to 
improve the quality of data transmission. Fig. 1(a) provides 
more details. 

On the other hand, in JP, two BSs transmit the same data 
to one common user or only one BS transmits the data to a 
user. The former scheme is referred as joint transmission 
(JT), and the latter scheme is referred to as dynamic cell 
selection. Fig. 1(b) provides more details. Unlike CS/CB, 
in JP only one data flow will be conveyed and the data 
transmission opportunity has been reduced by half. However, 
dominant interference will be completely removed (dynamic 
cell selection) or transformed into a designated signal (JT) 
such that the improvement in the SINR of CoMP users will 
be much greater than in the case of the CS/CB. With regard 
to improving a cell-edge user’s data rate, JP is more eff-
ective than CS/CB. Therefore, in this paper, we will mainly 
focus on the JT scheme. 

 
 

 
Fig. 1. Coordinated multi-point transmission and reception overview: (a) 
coordinated scheduling/coordinated beamforming and (b) joint processing. 



Performance Evaluation of Coordinated Multi-Point Transmission and Reception in Indoor Mobile Communication Systems 

http://jicce.org 169

In our system level simulator, a user will receive data by 
using CoMP, which is based on JT, if the ratio of the 
interference power from a specific neighboring BS and the 
signal power from its associated BS is larger than 
CoMP_ratio. Therefore, CoMP_ratio is the minimum 
required ratio of the dominant interference and signal for 
CoMP to be used, and the set of users that use CoMP can be 
controlled by adjusting CoMP_ratio. We have made such a 
selection criterion because CoMP will work well only when 
the dominant interference is sufficiently large. Moreover, 
the portion of time that is assigned for CoMP is proportional 
to the number of users that use the CoMP. It should be noted 
that one transmission opportunity will be lost by using 
CoMP. 
 
 
III. SEVERAL ASPECTS OF THE INDOOR 

SYSTEM-LEVEL SIMULATOR  
 
  Herein, we will explain the key characteristics of our 
system-level simulator and the simulation environments that 
we have implemented in our system-level simulator. 
 
A. Antenna Pattern 

 
In our system-level simulator, we have used a realistic 

antenna pattern, which is obtained from real measurements. 
We have integrated two antennas into one antenna unit. The 
two antennas in the antenna unit are placed at +45 and -45 
degrees, such that these two antennas have different pol-
arization. In this implementation, cross correlation between 
the two antennas can be maintained at less than -30 dB. 
We have placed two antenna units in each BS and user. 
Therefore, each BS and user will have four antennas in total. 
Fig. 1 shows the measured antenna pattern for our antenna 
configuration. The figure, shows that the directional antenna 
gain is about 8 dBi. We have used this antenna pattern in our 
system level simulator. By utilizing a realistic antenna 
pattern, the system level simulator will generate simulation 
results with higher accuracy.  

 

 
Fig. 2. The antenna pattern used in our system level simulator. 

B. Link-Level Abstraction  
 
In our system-level simulator, we have used link-level 

abstraction to emulate the link-level operations of comm-
unication links [6, 11]. For this, we have used the LTE link-
level simulator and evaluated the packet error rate (PER) for 
all the possible combinations of SINR and modulation and 
coding scheme levels. We have also summarized all the 
results on the PER. In the system-level simulator, we have 
only calculated the SINR for the communication links and 
found the corresponding PER value for the SINR from the 
simulation results from the link-level simulator. After that, 
we have dropped the packets with the same probability as 
the PER value. This kind of link-level abstraction has been 
widely used in previous works in implementing system-
level simulators [6, 11], and the link-level of communi-
cation links can be properly taken into account by using this 
approach.  

 
C. Other Simulation Environment  

 
We have designed a system-level simulator for the indoor 

environment. The basic simulation environment is the same 
as the indoor hotspot scenario in ITU-R M.2135 [12]. A 
specific band for 3GPP LTE service in South Korea has been 
taken into account, that is, downlink (1,840–1,850 MHz) and 
uplink (1,745–1,755 MHz). Each BS is configured to satisfy 
the 3GPP TS 36.104 ACLR 46 dBc standard [13] and the 
transmission power of the BS is set to 1 W. In our system-
level simulator, we assume that the antenna configuration is 
4-by-4, and the data is transmitted by using multiuser-MIMO. 
We assume that four BSs are deployed inside of the building. 
By referring to the indoor hotspot scenario, we assume that 
the shape of the building is square and there are nine square 
rooms in the building, where the size of each room is 225 m2. 
As we can see from the antenna pattern in Fig. 2, the antenna 
that we have considered in our simulator has highly directive 
transmission characteristics. To properly give mobile service 
to all users in the area inside the building, we have placed 
four BSs at the corner. Moreover, users are placed within the 
building randomly according to a Poisson point process [14].  

For scheduling, we assume that users who do not use 
CoMP have been scheduled by using proportional fair 
scheduling. Other users who use CoMP have been sche-
duled by using round-robin scheduling. We used round-
robin scheduling for CoMP users because 1) two BSs 
transmit data to one common user in CoMP and it is very 
complicated to calculate the PF index and 2) round-robin 
scheduling is fairer than proportional fair scheduling. Given 
that users who use the CoMP will be likely to be in bad 
channel conditions, it will be better to use fairer scheduling. 
Other simulation parameters are shown in Table 1.  
 

-200 -150 -100 -50 0 50 100 150 200-35

-30

-25

-20

-15

-10

-5

0

5

10

Angle (degree)

A
nt

en
na

 g
ai

n 
(d

B
)



J. lnf. Commun. Converg. Eng. 11(3): 167-172, Sep. 2013 

http://dx.doi.org/10.6109/jicce.2013.11.3.167 170

Table 1. Simulation parameters 

Parameter Value 

RF carrier frequency (GHz) 1.85 

Channel bandwidth (MHz) 10  

Downlink subchannel PDSCH 

Antenna configuration 4-by-4 

Multipath fading model Rayleigh channel model 

BS transmission power (dBm) 30 

Noise power (dBm) -174 

Number of users in one cell 10 

Path-loss model [12] 43.3*log10(d) + 16.9434 

Wall loss (dBm) 13 

Target PER (%) 1 

Scheduling  

Proportional fair scheduling Non-comp user 

Round-robin scheduling  Comp user 

RF: radio-frequency, PDSCH: physical downlink shared channel, PER: 
packet error rate. 

 
 

IV. SIMULATION RESULTS 
 

In this section, we will show the performance of indoor 
mobile communication systems with CoMP, which is based 
on the 3GPP LTE standard.  

First, we checked the distribution of users who use CoMP 
by changing the CoMP_ratio parameter. The distribution of 
the users is shown in Figs. 3 and 4. In these figures, four 
BSs are located at the four corners of the building. As can 
be seen from the results, users located at the boundary of the 
cell are likely to use CoMP. This behavior coincides with 
our investigation.  

Moreover, we can observe that more users are using the 
CoMP as the CoMP_ratio decreases. In the CoMP scheme 
that we have considered in our system-level simulator, a 
user is eligible to use CoMP only if the ratio of its 
designated signal power and the dominant interference 
power is larger than CoMP_ratio. Therefore, as CoMP_ 
ratio becomes smaller, more users can use CoMP, and the 
ratio of users that use CoMP increases.  

Furthermore, we found that users located at the center of 
the building are more likely to use CoMP because the 
amount of interference becomes larger. In the room located 
at the center of the building, the designated signal from an 
associated BS and interference from the other three BSs 
should pass through the same number of walls (2 walls) and 
path loss is likely to be similar for the signal and the 
interference, which results in a higher probability for the 
CoMP criterion to be satisfied. 

 
Fig. 3. Distribution of coordinated multi-point transmission and reception 
(CoMP) users when CoMP_ratio = 0.5. 
 
 

 
Fig. 4. Distribution of coordinated multi-point transmission and reception 
(CoMP) users when CoMP_ratio = 0.9. 

 
 

 
Fig. 5. Cumulative distribution function (CDF) of the effective signal-to-
interference noise ratio (SINR) by varying CoMP_ratio. 
 
 

Next, the cumulative distribution function (CDF) of the 
effective SINR has been shown in Fig. 5. The effective 
SINR is the SINR multiplied by the transmission opp-
ortunity. When CoMP is not used, the transmission 
opportunity does not deteriorate and the effective SINR is 
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the same as the SINR itself. However, when the CoMP is 
used, the transmission opportunity will be lost and the 
effective SINR will be less than the SINR. For example, 
when CoMP_ratio is 0.9, approximately 10% of users will 
use CoMP and the effective SINR is the SINR multiplied by 
0.95. We used the notion of effective SINR to properly take 
into account the penalty in using the CoMP. Otherwise, we 
will obtain trivial results in which the SINR is always 
improved by using CoMP. 

As can be seen from the results, the proportion of users 
that are in the low-SINR regime can be reduced by using the 
CoMP and the level of improvement is greater as more users 
use CoMP, that is, CoMP_ratio is small. However, at the 
same time, we also found that the ratio of users in the high-
SINR regime also decreases with CoMP because the trans-
mission opportunities are lost by using CoMP and the level 
of deterioration is greater when more users use CoMP. As a 
result, the CDF becomes narrower if CoMP is used and the 
users can receive data more fairly.  

Finally, we have evaluated the spectral efficiency of 
indoor mobile communication systems with CoMP by 
varying CoMP_ratio. We have evaluated the cell spectral 
efficiency and the user spectral efficiency for the users who 
belong to the lower 50% of spectral efficiency. The results 
are shown in Tables 2 and 3.  

As we can see from the results, the average cell spectral 
efficiency is not improved by using CoMP, but rather it 
decreases. This is mainly due to the loss of the transmission 
opportunity in using the CoMP. However, as we can see 
from Table 3, the spectral efficiency of the lower 50% of 
users is improved by using CoMP (4.1% for CoMP_ratio = 
0.9 and 23.2% for CoMP_ratio = 0.7). The level of 
improvement is larger when more users use CoMP, that is, 
CoMP_ratio is small. Therefore, we can conclude that in 
indoor environments, CoMP can improve the performance 
 

 

Table 2. Cell spectral efficiency 

Cell spectral efficiency Value (bps/Hz/cell) 
Without CoMP 2.6904 
CoMP (CoMP_ratio = 0.9) 2.6196 
CoMP (CoMP_ratio = 0.7) 2.5921 

CoMP: coordinated multi-point transmission and reception. 

 

Table 3. Average spectral efficiency of the lower 50% of users 

Cell spectral efficiency Value (bps/Hz/user) 
Without CoMP 0.0858 
CoMP (CoMP_ratio = 0.9) 0.0893 
CoMP (CoMP_ratio = 0.7) 0.1057 

CoMP: coordinated multi-point transmission and reception. 

of low data rate users with the sacrifice of high data rate 
users and resources can be distributed more fairly. If the 
performance improvement of low data rate users is more 
important, then the CoMP_ratio can be set to a low value. 

Although we did not include the results in this paper, we 
have also evaluated the performance of CoMP in outdoor 
cellular environments, and we found that the overall 
performance is also improved in that case. In indoor enviro-
nments, the gain in spectral efficiency for low data rate 
users is not large enough to overcome the performance 
degradation caused by the loss of transmission opportunity 
in CoMP. The main reason for this phenomenon is that 
although the dominant interference can be efficiently 
removed by using CoMP, the amount of residual inter-
ference is still large. We can find from Fig. 3 that a huge 
portion of CoMP users is located in the room at the center of 
the building. In this region, the path loss of the signal from 
four BSs is likely to be similar. Therefore, even though the 
dominant interference is removed, the remaining inter-
ference is still huge and the performance gain of the CoMP 
diminishes. As a result, it should be noted that in indoor 
environments, more than two BSs should cooperate in 
transmission to achieve the full benefits of CoMP. 
 
 

V. DISCUSSION AND CONCLUSIONS 
 

In this paper, we have evaluated the performance of 
indoor mobile communication systems with CoMP tech-
nology. Although CoMP technology has been conceived 
as a key technology for future mobile communication 
systems, the performance of CoMP has not been evaluated 
in realistic indoor environments. For this purpose, we 
have designed a system-level simulator including specific 
realistic factors such as a practical antenna pattern and 
link-level results. Through intensive simulation, we have 
shown that unlike outdoor cellular systems, CoMP 
technology may improve the throughput of low data rate 
users; however, the overall throughput of mobile comm-
unication systems might deteriorate due to the loss of 
transmission opportunity.  
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