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Abstract—In next-generation of wireless communication 

systems, Fifth-Generation (5G), small cells deployment is one of 

the most important issues that must be taking in the account. This 

paper discusses this issue in three aspects. First, it aims to derive 

the Critical Handover Location (CHL) point for neighbouring 

wireless stations which in turn is considered an entrance to the 

second aspect of this work that decides the small cell placement 

in one network. Finally, the work proposed a new approach to 

evaluating the Number of Small Cells (NRS) deployment 

mathematically. The proposed approach provides the balance in 

resources allocation in the network in terms of transmitted power 

of each small cell and their placement in order to provide 

maximum capacity and coverage area with a lower level of 

interference between nearest wireless stations thus decreasing 

the total cost of network insulation.  
 

Index Terms—Cellular networks, CHL, handover, NRS, small 

cells deployment 
 

I. INTRODUCTION 

A small cell is a miniature eNB that breaks up a cell site 

into smaller segments, these small cells include picocells, 

microcells, and femtocells can be installed indoor/outdoor 

[1], [2]. In LTE-A small cell deployment introduced as 

one of the keys and effective solution to address poor 

coverage area with low cost and easy installations. Small 

cells deployment considers a favourable solution to 

achieve large coverage area and high capacity in 

next-generation cellular systems [3], [4]. The 5G systems 

are aimed towards the investigation of various 

technologies that provide higher capacity and throughput, 

best coverage area, and compelling wireless services for 

the user. Furthermore, in order to make the small cell 

aware of the surrounding radio environment, several 

spectrum awareness technologies such as spectrum 

sensing and the signal-to-noise ratio can be utilized for this 

purpose [5]-[7].  

Several methods of small cells deployment have been 

reported recently. Maveddat [8] showed the necessity of 

small cell deployment. Chen [9] studied the deployment of 

small cells nested with macro cells, and improves overall 
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network performance. Ranaweera [10] discussed the 

backhaul of small cells. The automated deployment of a 

small cell in networks of heterogeneous cellular is 

addressed in [11]. 

The main contributions of this paper are determined an 

optimal number of small cells should be deployed to 

provide maximum capacity and coverage area with 

eliminating the interference between the cells which 

consider major challenges facing cell deployment in 5G 

cellular networks. 

The remainder of this paper includes: Section 2 explains 

CHL in the cellular network of two contiguous channels. 

Section 3 provides an optimal number of small cells to 

achieve maximum coverage area with evading the 

overlaying in between cell while Section 4 discusses 

numerical results of the proposed model. Subsequently, 

Section 5 present the paper concludes. 

II. CRITICAL HANDOVER LOCATION  

The cellular network defines the status in which the two 

channels are available, and then the network decides to 

choose the operation frequency from them, this process 

called hand over process. CHL in the multi-hop system is 

difficult compared to the cellular network system because 

it is implements reliably without interruption in wireless 

links. Received Signal Strength (RSS) from Remote 

Station (RS) along with RSS from eNB must be known to 

evaluate the CHL in multi-hop system. Thus, MS chooses 

the higher signal in terms of RSS for accessing as shown in 

Fig. 1. 

 

 
Fig. 1.  Critical handover location of MS between eNB and Stables 

In multi-hop system, RS and eNB are placed at a 

distance (dRS). CHL appears when the RSS from the RS is 

equal to the RSS from eNB at MS. Here, the distance from 
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the eNB to CHL is indicated by Lo, as shown in Fig. 1. To 

determine the Lo, the received signals from eNB to MS 

and from RS to MS in handover location can be 

mathematically calculated as: 

,MS eNB eNB eNB eNB MSY P H X  
                     (1) 

,MS RS RS RS RS MSY P H X  
                     (2) 

where PeNB is the transmit power of the donor eNB, while 

PRS is the transmit power of the RS, HeNB and HRS are 

the channels between the eNB and RS respectively. XeNB 

and XRS are signals from eNB and RS respectively and 

σMS is Additive White Gaussian Noise (AWGN) for 

mobile station. 

At the CHL point, the received signals from both 

stations eNB and RS are equal 

, ,MS RS MS eNBY Y
                                    (3) 

eNB eNB eNB MS RS RS RS MSP H X P H X   
  (4) 

2 2

eNB eNB RS RSP H P H
                         (5) 

For simplicity, H can be given by [12], [13], 

H d 
                               (6) 

2 2
, ( )eNB o RS RS oH L H d L    

           (7) 

where the d is the distances between stations, and α 

represents the path loss exponent for free space and urban 

area, α  typically . Therefore, Eq. (5) can be 

written as: 

( )eNB o RS RS oP L P d L   
                     (8) 

 

1 1
( ) ( )

( )eNB o RS RS oP L P d L
 

 

 
                (9) 

1

1

RS
o

RS

eNB

d
L

P

P




 
    
  
                              (10) 

III. NUMBER OF SMALL CELL STATIONS 

To provide the maximum coverage area with evading 

the overlaying in circular coverage of RSs and providing 

best coverage with less cost through using of small cell 

stations lower number RSs. The optimal number of small 

cell stations should be computed to assure distribution 

with fair capacity and above conditions.     

By proposing that a MS exists in the middle between 

two RSs, and that (Ɩ) is the distance from RS to MS as 

demonstrated in Fig. 2. 

 

Fig. 2. The deployment dimensions of small cells (RSs) within the cell. 

In network cell, increasing the number of small cells 

deployed can improve coverage area but in other 

side causes other problems such as increased cost and 

interference between all stations [14]. In order to avoid the 

interference, this paper presents the balance method 

between all above constraints by derivation of NRS with 

respect of the path loss and neighboring RSs and donor 

eNB [15], [16].  

The received signal for a MS, as shown in Fig. 2. can be 

mathematically expressed as:  

,1 1 1 1MS RS RS RS MSY P H X  
                    (11) 

                                                           

,2 2 2 2MS RS RS RS MSY P H X  
                 (12)  

 

Mathematically, the received signal from the donor can 

be expressed as: 

,MS eNB eNB eNB eNB MSY P H X  
                          (13) 

At location of MS, the total of received signal from two 

neighbouring RSs is equal or exceeds the received signal 

from donor eNB. Therefore, Eqs. (11), (12), and (13) can 

be written as:  

,1 ,2 ,MS MS MS eNBY Y Y 
                       (14) 

1 2( ) ( ) ( )RS RS eNB SP l P l P d     
          (15) 
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2 ( ) ( )RS eNB SP l P d  
                     (16) 

 

As shown in Fig. 2, deployed of RSs on the 

circumference of a circle around the eNB with radius dS, 

thus the distances between neighbouring RSs calculates 

by: 

     

2
2 S

RS

d
l

N




                                   (17)  

By substituting Eq. (17) into Eq. (16) yields: 

2
( )RS S

S

eNB RS

P d
d

P N
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
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 
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               (18)  

Thus, the number of small cell stations which should be 

deployed in one cell (NRS) is: 

1

2 RS
RS

eNB

P
N

P







 
  

                                (19) 

Equation (19) shows that NRS is depend on the power 

transmitted by both RS and eNB as well as α. 

Consequently, higher transmit power of RS implies fewer 

RSs should be deployed in the cell to reduce interference 

between deployed RSs and between RS and eNB on 

another hand. 

IV. NUMERICAL RESULTS AND DISCUSSIONS 

In this section, we investigate three aspects of 

distribution of small cell station which called here RS. 

First, we begin by deriving the CHL. Then, we 

investigate the optimal placement of RS which provide the 

maximum coverage with mitigation the interference 

between wireless stations. Finally, we derive NRS 

equation which should be deployed in the one wireless 

cell.  
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Fig. 3. PRS versus NRS per Cell. 

NRS is determined as well-matched with proposed PRS 

which allocated for each station RSs depends on Eq. (19). 

This means an increase in the level of allocated power 

transmission for RS Leads to reduce the number of RS 

required to deploying per cell in order to reduce the 

interference between them as shown in Fig. 3. 

Fig. 4. demonstrated the relationship of determination 

of transmission power of RSs with their placement within 

the cell in order to provide maximum capacity by choosing 

the appropriate power of RSs with their placement. 

NRS is close to this optimization by balancing the NRS 

with optimal relay placement. At the result, NRS increase 

when the RS lie far from donor eNB as shown in Fig. 5. 
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Fig. 4. PRS against RS placement per Cell. 
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Fig. 5. RS placement versus NRS per Cell 
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Fig. 6. Spectral efficiency as a function of the NRS per Cell. 
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For examination the mathematical analysis, Fig. 6. 

illustrates the maximum capacity which provides by 

proposed NRS as well as chooses suitable transmission 

power for each RS. For example, when choosing 1 watt as 

transmission power, the optimal NRS that achieve 

maximum capacity is six and vice versa. When the level of 

received signals from the neighbouring cells is exceeded 

or equal to the signal from a donor station, the bad 

interference happens. 

 
(a) RSs are idle (without RSs). 

 

(b) RSs are active (with RSs). 

Fig. 7. Interference mitigation with deploying small cells within first tier 

of cellular networks 

ICS telecom EV simulator (radio network planning 

software) from ATDI company has been used to validate 

the results of proposed model, i.e. Fig. 7, the simulator has 

certified by most of communications companies [17].  

In Fig. 7 the pink colour represents interference level 

either from eNBs or from deployed RSs near cell edge 

region, Fig. 7 (a) depicts the in case of Idle RSs, while Fig. 

7 (b) shows in case of activated RSs. The improvement in 

the model not just increasing the coverage area and 

capacity but also decrease the level of interference resulted 

from small cells deployment in central eNB as illustrated 

in Fig. 7 (a) with a comparison on Fig. 7 (b). 
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V. CONCLUSION  

With the rapid growth in cellular networks, small cell 

deployment becomes one of the keys to increase the 

capacity and coverage area in next generation of mobile 

communication, capacity small cell distribution is a crucial 

issue in next-generation cellular networks. Increasing the 

number of small cells improves the network capacity. 

However, it is also aggravating interference between cells, 

and therefore the optimal number of small cell has been 

decided in this paper. This work derived and provided 

formulas for CHL, ds and NRS help the radio planning 

operators to design the high capacity without the need for 

high cost of licensed simulators 

 

Nomenclatures 

 
d 

dRS 

eNB 

HeN

B 

HRS 

Ɩ 

Lo 

PeN

B 

Distance between stations 

Distance between Donor and Remote Station 

Donor 

Channels between the Donor and RS 

Channels between the eNB and RS 

Distance from RS to MS 

Distance from the eNB to CHL  

Transmit Power of Donor 

PRS Transmit Power of Remote Station 

XeN

B 

Signals from eNB and RS 

XRS Signals from eNB and RS 

 

Greek Symbols 

α  

σMS 

Path loss exponent for free space 

Additive white gaussian noise 

  

Abbreviations 

5G Fifth Generation 

AW

GN 

CHL 

H 

LTE

-A 

MS 

Additive White Gaussian Noise 

Critical Handover Location 

Path Loss Effect 

Long-Term Evaluation – Advanced 

mobile station 

NRS 

RS 

Number of Relay Stations 

Remote Station 

RSS         Received Signal Strength 
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