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Abstract 

The exponential growth in the number of cellular users along with their increasing demand of 

higher transmission rate, ultra low latency, guaranteed QoS and lower power consumption is 

of prime importance for the design of future generation networks. The spectral efficiency 

(SE) can be improved by better utilization of the network resources at the cost of reduction in 

the energy efficiency (EE) due to increase in the network power expenditure arising from 

densification of the network. One of the possible solution is to deploy Heterogeneous 

Network (HetNet) consisting of several tiers of small cell BSs overlaid within the coverage 

area of the macrocell. The HetNet can provide better coverage and data rate to the cell edge 

users in comparison to the macrocell only deployment. Therefore, optimal network planning 

is an important challenge for future heterogeneous network with high number of small cells. 

In order to tackle these challenges, here we focus on the random spatial modeling of Multi 

Tier Heterogeneous Network consisting of dense small cell access points using Poisson Point 

Process (PPP) with Vornoi Tessellation. Then we calculate the coverage and outage 

probability of the cellular network by using stochastic geometry. 

 

Index Terms—Heterogeneous network; Poisson point process; coverage probability 

 

 

 

I. INTRODUCTION 

According to the recent reports from Cisco [1], the monthly global mobile data traffic is 

expected to reach 24.3 Exabyte by end of 2019, wherein 75 per cent of the total monthly 

mobile traffic will be video. Almost 80 per cent of the total video based on monthly data 

traffic will originate from indoor. The traditional cellular deployment consisting of macrocell 

cannot cope with this ever increasing data traffic demands. Dense deployment of macrocells 

in order to enhance the coverage area and increased number of mobile subscribers are not 

feasible due to their high deployment cost [2], [3]. Due to this fact, a paradigm shift is 

required for the next generation communication network. One of the emerging paradigm 

proposed for the next generation communication network is the fifth Generation(5G) network 

to provide 1000 times more capacity along with the data rates in the range of 1 Giga bits per 

second (Gbps), end-to-end delay of 1 milli second(ms) and 100 times less energy 

consumption in comparison to the current cellular network[4]. The promising nine enabling 

technologies for 5G network are identified as [3].  

i. Heterogeneous network (HetNet), ii. Device-to-device (D2D) communication, iii. Massive 

multiple-input multiple-output (MIMO), iv. Millimeter wave (mmWave), v. Full duplex 
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communication, vi. Energy-aware communication, vii. Energy harvesting, viii. Cloud-based 

radio access network(C-RAN) and ix. Virtualisation of network resources. Among these, one 

of the promising solutions is HetNet, which provides better coverage at the cell edge and 

higher data rate. The HetNet include low-power overlaid BSs (or small cells), e.g., microcell, 

picocell and femtocell, within the macrocell geographical area, deployed by either the user or 

the network operator who share the same spectrum with the macrocell [4]. The purpose of 

HetNet is to allow the user equipment (UE) to access the small cells overlap geographical 

coverage areas even though the UEs are within the macrocell [5]. The deployment of small 

cells has a great potential to improve the spatial reuse of radio resources and also to enhance 

the transmit power efficiency [6], and in turn, the network EE. 

Device-to-Device (D2D) communication is an additional promising technique which 

can be integrated by cellular network providers to fulfill the spectral and energy efficiency 

requirement for the future 5G wireless network [7]. D2D communication can significantly 

improve the resource utilization due to the hop gain, the proximity gain and the reuse gain. 

Each promising solution alone is unlikely to meet the QoS and throughput requirement for 

5G [2]. One of the promising solutions is a hierarchical HetNet in which the above mentioned 

technologies such as HetNet and D2D can coexist in parallel to improve the network 

performance.  

EE is, in fact, one of the key performance indicators for the next generation wireless 

communication system. The motivation behind the EE arises due to the current energy cost 

payable by operators for running their access network as a significant factor of their 

operational expenditures (OPEX). Hence, green networking paradigm, which focuses on the 

means to reduce the energy consumption in the wireless access networks, has received a lot 

of attention [8]. One of the fundamental system design requirement for the future generation, 

such as the Fifth generation (5G) network is to jointly optimize contradicting objectives, e.g., 

to provide reliable coverage with higher SE and lower energy consumption and lower cost 

per information transfer [9]. 

 

II. Literature Survey 

5G will need to be a paradigm shift that includes very high carrier frequencies with 

massive bandwidths, extreme base station and device densities, and unprecedented numbers 

of antennas. However, unlike the previous four generations, it will also be highly integrative: 

tying any new 5G air interface and spectrum together with LTE and Wi-Fi to provide 

universal high-rate coverage and a seamless user experience [2-4]. 

In 5G the challenges like X1000 times capacity, X10 to 100 times data rate can be 

addressed by bringing the end points closer together, i.e. for indoor users (> 70%) can be 

provided with indoor solutions e.g. small cell [13]. The technical, research, infrastructure, 

business and standardization aspects of femto cell are addressed in the literature [8],[29]. The 

small cell will make the cellular network heterogeneous (HetNet). Modeling of the k-tier 

HetNet can be done using Poisson point process (PPP) random spatial modeling [17-18], 

[22], [24], [27-29]. The coverage probability can be improved and the outage probability can 

be reduced by using HetNet [34-37]. 

As femto cells have self organizing, self healing and self optimizing capability hence 

deployment of small cell can be adaptive [16],[30],[32]. Efficient resource allocation of the 

small cell can be done by dedicatedly assigning some of the resources of the macro cell to the 

small cell and using Absolute blank sub frame(ABS) [7],[9],[16],[26]. The dense deployment 

of small cell arise inter channel (small cell to small cell) and intra channel (macro cell to 

small cell) interference. This can be minimized by cognitive theory and by adopting power 

control strategy [5],[10],[19], 20]. The spectrum efficiency (SE) of ultra dense network can 
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be enhanced by using co-operative bargaining game theory. The energy efficiency (EE) can 

be improved by sleep mode mechanism (i.e. green communication technique) when the 

traffic level is below threshold [84], [47]. When the macro BS is congested, then by mobile 

traffic offloading to femto cell either by co-operative game theory [46] or by markov`s 

queuing theory [82] the improvement of EE of the Macro BS and SE of the small BS can be 

obtained [48],[49-53]. By using Nash equilibrium game theory a trade-off relationship 

between the SE and EE efficiency can be established [44],[45]. 

Different types of path loss mechanisms like Rayleigh fading, Rician fading, 

Okumara hata, Friis transmission equation, shadowing, fading and lognormal shadowing[64]-

[71]. Regarding wireless backhaul network for dense small cell network, centralized and 

distributed scenario are efficiently used [54]-[60]. The mobile femtocell can be widely used 

for mobile users using cloud RAN(C-RAN) concept [61]-[63]. 

Different types of game theory techniques, for example, resource allocation for 

wireless co-operative network [72], dynamic bargaining for relay based co-operative 

spectrum sharing [73], power allocation and pricing in multiuser relay networks using 

stackelberg and bargaining games [74], spectrum leasing as an incentive framework towards 

uplink of macrocell and femtocell co-operation [75], Spectrum leasing to co-operative 

secondary ad-hoc network [76], Spectrum mobility game [77] local base station co-operation 

via finite-capacity links for the uplink of linear cellular networks [78]. By using cognitive 

concept, sharing and sensing the frequency carrier and by using power control mechanism the 

spectral density of the ultra dense cellular network can be enhanced [79]-[83]. By using the 

fractional frequency reuse (FFR) concept inter tier and intra tier interference can be 

minimized [84]. 

 

III. Problem Statement 

To investigate the coverage probability of spatial random model of BS and to compare it 

with the regular grid model of wireless cellular network. Also investigate the effect of 

coverage probability in a two tier cellular network by increasing the number of macro BS and 

by increasing the density of Small BS. 

 

IV. System Model 

Consider a cellular network with Nb BSs transmitting on the same time frequency resources. 

Consider a randomly selected user is served by a BS located at a distance 0R . The selection 

of the serving BS is based on a predefined selection law, e.g., based on the maximum 

received power. All the other (Nb-1) BSs, except the serving BS, act as interferers. Denoting 

the distance of the randomly selected user to these interferers by { }iR where the subscript 

1 bi N   denotes the index of the interferer. All the transmitters are assumed to transmit at a 

fixed power P. Each wireless link suffers from a distance based on path-loss with exponent 

 and Rayleigh fading. Therefore, the received power at a distance r  from the transmitter is 

rP Phr 
. Where h~exp(1) models Rayleigh 

fading. The thermal noise is assumed to be N. The downlink SINR for the randomly chosen 

user in this setup i.e. fig.1 is given by, 

0

1

1

.............(1)
bN

i ii

PhR
SINR

Ph R N







 




  

By neglecting the thermal noise N, the SINR will be termed as SIR. The SIR is a random 

variable due both to the random channel gains and the random distances to the serving BS 

https://dx.doi.org/10.26808/rs.ca.i8v4.04


DOI:  https://dx.doi.org/10.26808/rs.ca.i8v4.04 

International Journal of Computer Application (2250-1797)  

Issue 8 Volume 4, July-August 2018 

 

39 

 

and the interferers. The coverage probability (Pc) for this general setup can be derived as 

follows: 

 ............................(2)Pc P SIR    

We first specialize the analysis to the hexagonal grid model i.e. fig.2 in the following 

subsection. 

 

 
Fig. 1: Heterogeneous cellular wireless network Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Seven-cell hexagonal grid model with BSs denoted by red dots. 

 

A. Coverage Probability using Hexagonal Grid Model 

Consider a seven-cell version of the grid model shown in Fig. 2, where the interference 

field is limited to the first ring of interferers. Note that limiting the interference field to first 

or at most second ring of interferers is a common practice in literature [8]. The inter-site 

distance is assumed to be D . We assume maximum average power based cell selection, 

where each user lying in a particular hexagon is served by the BS lying at the center of that 

hexagon. For downlink analysis, a user uniformly distributed in the center cell is selected. In 

addition to its distance to the serving BS, its location is characterized by the angle   it makes 

with the horizontal axis, with the origin being the BS corresponding to the center cell. For 

this setup, the distance of the chosen user to the thi  interferer can be expressed as follows: 

2 2

0 0( cos cos ) ( sin sin ) ...(3)i i iR D R D R        
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 ........................(4)Pc P SIR    

With 
i being the angle formed by the location of the 

thi interfere with horizontal axis. The 

values of 
i  for all the six interferers are as follows : 

1 2 3 4 5 6

5 7 3 11
, , , ,

6 2 6 6 2 6
and

     
           . 

iR is random because of its dependence on 
0R and  . The general coverage probability 

expression given by (4) can be specialized for this case to 

0

6

,

1 2 2 2
0 0 0

1
(5)

1 (( cos cos ) ( sin sin ) )

C R

i

i i

P E

R D R D R

 
    




 
 
 

     


 

Where, the expectation is with respect to the joint distribution of 
0R and  . 

 

B. Coverage Probability using Random Spatial Model 

Assume that the BS locations are modeled by a homogeneous PPP   with density  , as 

shown in Figure 3. The users are also modeled by an independent PPP. Without loss of  

generality, the downlink analysis is conducted at the typical mobile user located at the origin. 

Assume that the user connects to the BS that provides the maximum average received power, 

i.e. the one that is closest to the origin. Using null probability of a PPP, the distribution of the 

distance of the typical user to the serving BS is  

0

2

0 0 0( ) 2 exp( )..................................(6)rf r r r    

The coverage probability expression can be simplified using simple tools from stochastic 

geometry as follows: 
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Where equn.8 follows from the probability generating functional (PGFL) of a PPP, equn.9 

follows by the substitution
2

2 2r u v


  . In equn. 10 the constant is defined by,

2/

/2

2

1
( , ) ............(12)

1
dv

v








   





   

Equn. 11 follows by substituting the distribution of R0. Here the coverage probability reduces 

to a closed form expression. These expressions are useful to gain key system design insights. 

From the above expression it is clearly shown that the coverage probability is independent of 

the density of the BSs when the cellular network is interference limited. 
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C. System Model of 2-tier HetNets  

Here we model a 2-tier HetNet as a cellular network where each tier model the BSs of a 

particular class, such as those of femtocells or pico-cells. The BSs across tiers may differ in 

terms of the transmit power, the supported data rate and their spatial density. We assume that 

the BSs in the ith tier are spatially distributed as a PPP i  of density i transmit at power Pi 

and have a SINR target of i . More precisely a mobile can reliably communicate with an thi  

tier BS located at ix  belongs to i only if its downlink SINR with respect to that BS is greater 

than i . Thus, each tier can be uniquely defined by the tuple iP , i , i . Without loss of 

generality, the analysis is conducted on a typical mobile user which is located at the origin. 

The fading (power) between a BS located at point x and the typical mobile is denoted by xh  

and is assumed to be i.i.d exponential (Rayleigh fading). The standard path loss function is 

given by ( ) || ||l x x  , where 2   is the path loss exponent. Hence, the received power at a 

typical mobile user from a BS located at point ix  belongs to i  is || ||i xi iPh x  where

~ exp(1)xih . The resulting SINR expression assuming the user connects to this BS is given by  

 

1

|| ||
( ) ............(13)

|| ||
j

i

i xi i
i k

j x

j
x

x

Ph x
SINR x

P h x

















 

 
Figure 3: Voronoi tessellation of the macro BSs PPP, shown in red stars, and the SCs PPP 

denoted by the blue dots. The UE under study is located in the centre of the network denoted 

by the green triangle 

 

V. Coverage Probability 

A typical mobile user is said to be in coverage if it is able to connect to at least one BS 

with SINR above its threshold. In this case when all the tiers have same SINR threshold  , 

coverage probability is the complementary cumulative distribution function (CCDF) of the 

effective received SINR, outage being the CDF, i.e.,1 CCDF . In an interference limited 

network, i.e., when self-interference dominates thermal noise, the coverage probability of a 

typical mobile user simplifies to, 
2
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VI. The Potential Throughput 

The potential throughput can directly obtained from the coverage probability expressions. 

The potential throughput is given by: 

2( , ) exp( ln(1 )) log (1 )..(15)R


    


     

Based on the above expression the potential throughput approaches zero when   

 

VII.  Simulation Setup 

The network under simulation consists of two coexisting realizations of homogenous and 

independent PPPs which represent the Macro BS and SC tiers with intensity MBS  and SBS  . 

From the fig. 4 by introducing more cells into the network, the coverage would increase. 

However, as the number of macro BSs increases, the coverage probability tends to saturate to 

a maximum value. This is due to the fact that increasing the number of cells increases at the 

same time interference at the UE. In the fig. 4 the coverage probability for a single tier small 

cell network is presented. Here we plot the probability of coverage versus the SC intensity 

SC . In the fig. 10 the probability of coverage vs. the small cell intensity in a two tier network 

for different values of macro BS(i.e. one to four). The probability of coverage is increasing 

by adding more macro BSs into the HetNet. Again by increasing the number of macro BSs 

results in gradually decreasing the slope of the coverage probability due to interference raise. 

 

Table 1: Simulation parameters 

 
 

 
Figure 4: The coverage probability vs.  for different BS densities assuming different path 

loss models 
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Setting K = 1 leads to the single-tier case, where the coverage probability is given by: 

2/
( , , ) .............(16)

( )
cP P

C 


 

 
  

 
Figure 5: Coverage probability and Outage Probability with respect to SINR Threshold in dB 

 
Figure 6: Coverage Probability of grid model and Random spatial model using PPP as a 

function of SINR Threshold in dB 

 

 
Fig. 7: Potential throughput as a function of BS Density(  ) for different Path loss 

coefficient 
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Results for Coverage Probability with respect to No. of Macro BS & Small cell Density  

 
Fig.8: Coverage probability of single tier Macro BS 

 

 
Fig.9: coverage probability of densification of  small cell network 

 

 
 

Fig.10: Coverage probability of two tier cellular network 
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VIII. Result Analysis:  

The coverage probability is not affected by the no. of tiers or their relative densities and 

transmit powers in an interference limited network. In fact it is exactly the same as that of the 

single tier case. Therefore more BSs can be added in any tier without affecting the coverage 

and hence the net network capacity can be increased linearly with the number of BSs. The 

decision of a mobile user to connect to a BS depends on the received SIR from that BS and a 

common target SIR. It also depends upon the tier to which the BS belongs. The mobile user 

doesn't differentiate between the tiers when the SINR thresholds are the same. It leads to the 

situation where the change in received power due to change in the density or the transmit 

power of BSs of some tier equalized by the change in the interference power. This implies 

that the interference from the smaller cells such as femto, pico need not decrease the network 

performance in open access networks. 

The grid model is frequently used as the basis of system level simulations. The actual 

coverage probability lies between the coverage probabilities of the PPP and the grid model. 

This comparison shows that the PPP assumption is as accurate as the grid model, the PPP 

provides a lower bound and grid model provides an upper bound to the actual coverage 

probability. As per fig. 5 the probability of outage can be calculated using the complement of 

probability of coverage. 

In this paper modeling of the k-tier Heterogeneous cellular network (HCN) and the 

associated analysis procedure and mathematical expressions for the coverage probability are 

given. 

 

IX. Challenges:  
The challenges of the work are numerous and it includes,Physical layer technologies like 

multiple antennas, spread spectrum, power control and interference cancellation or 

interference alignment. For MAC layer, it would be scheduling, resource allocation and 

various forms of frequency reuse such as, fractional Frequency Reuse (FFR). 

BS co-operation mechanism i.e. co-operative cluster and co-ordinaed multi point (CoMP) 

mechanism can be used in ultra dense cellular network for reducing no. of handovers and to 

reduce the congestion of the network due to unnecessary control signals for handover. 

Poisson cluster process can be used for clustering femto cells or pico cells in high demand 

areas. 
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