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Abstract 

In this paper, we propose a novel inter-cell handover approach from a new perspective in 
dense Heterogeneous and Small Cell Networks (HetSNets). We first devise a cell selection 
mechanism to choose a proper candidate small cell for the UEs that tend to implement 
inter-small cell handover (ICH). By exploiting the property of a typical non-concentric circle, 
i.e., circle of Apollonius, we then propose a novel analytical method for modeling inter-cell 
handover regions and present mathematical derivation to prove that the inter-small cell 
handover issues fit the property of the circle of Apollonius. We design an inter-cell handover 
algorithm (ICHA) by means of our proposed handover model to dynamically configure 
hysteresis margin and properly implement handover decision in terms of UE’s mobility. 
Simulation results demonstrate that the proposed ICHA yields lower call drop rate and radio 
link failure rate than the conventional methods and hence achieve high Handover Performance 
Indicator (HPI). 
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I. INTRODUCTION 

With the anticipated high traffic, the implementation of Heterogeneous and Small cell 
Networks (HetSNets) are viewed as a promising approach to satisfy the ever-increasing 
demand for mobile users and business needs in the future 5th generation (5G) communication 
systems [1-3]. A large numbers of small cells including picocells and femtocells are deployed 
within the coverage of existing macrocells and thus forms multi-tier Heterogeneous and Small 
cell Networks (HetSNets), which provide an efficient way toward improving the transmission 
rate, enhancing the overall capacity and reducing the energy consumption of  cellular  
communication networks [4,5].Therefore, development of the HetSNets is one of the critical 
steps in the evolutionary direction of the future mobile cellular communication systems [6]. 

HetSNets are multi-tier network systems the network structure is more complex. Moreover, 
the variability of network factors, such as network types, technical standards and wireless 
connection in intra-tier and inter-tier scenarios, leads to various types of handover [7]. 
Therefore, designing a network structure with higher flexibility and lower complexity for the 
issues on mobility management and handover has become the focus of current research. The 
number of handovers is associated with the location of the small cell in HetSNets [8]. In 
particular, due to the dense deployment of small cells, the inter-small cell handover, namely 
user equipment (UE) moves out from one small cell and tends to handin an adjacent small cell, 
needs to be taken into consideration, since it is an essential way to avoid unnecessary 
handovers and thus reduce the radio link failure (RLF). Hence, a direct inter-small cell 
handover rather than a cross-tier small cell-macrocell-small cell is able to reduce the number 
of handovers, save network resources, and create more powerful network service capabilities 
of small cell tier. In addition, relying on an adequate and intensive deployment, small cells 
provide better link quality for their associated UEs, in the meantime the macrocell may shrink 
its coverage area by reducing its transmit power and hence the heterogeneous networks will 
become more spectral- and energy-efficient. As shown in [8], the authors studied the mobility 
and stability of the LTE-intensive small cell network after turning off the macrocells.  

To fulfill the growth of the number of UE and address the connectivity between the UE and 
small cells, the existing works have made adequate contributions to the implementation of the 
small cell handover. In [9], the authors proposed a framework of 3C-oriented small cell 
networks with IA, in which caching and computing are exploited to simplify the network 
topology, improve the throughput, reduce the backhaul load, and guarantee the quality of 
experience of users. In [10], the article proposed a hierarchical cloud computing architecture 
to meet the increasing amount of traffic, quality requirements, and new mobile cloud 
computing demands in the emerging heterogeneous mobile network. In [11], power allocation 
was considered to improve the performance of cache-aided small-cell networks with limited 
backhaul. In [12], the authors provided a description of the fog radio access network 
architecture. In [13], the problems of cooperative interference mitigation and handover 
management in a heterogeneous cloud small cell network were examined. In [14], the authors 
introduced a logical architecture for network-slicing-based 5G systems, and present a scheme 
for managing mobility between different access networks, as well as a joint power and 
subchannel allocation scheme in spectrum-sharing two-tier systems based on network slicing. 
In [15], the cross- and co-tier Device-to-Device communications were modeled in two-tier 
macro-small cell networks. In [16], the authors developed the use of a selective C/U-plane 
split combined with a non-coherent cooperative multi-point joint transmission to deal with 
UEs mobility in a context of small cells operating at the millimeter wave. In [17], the secrecy 
spectrum efficiency and secrecy energy efficiency of a K-tier massive multiple-input 
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multiple-output enabled heterogeneous cellular network were studied. In [18] the authors 
investigated the hierarchical clustering for dense small cells and devise non-cooperative 
game-theoretic scheme. In [19], a radio over fiber based model was proposed to solve the load 
balancing problem in ultra-dense network. In [20] the authors investigated the impact of 
mobility on user performance in the context of dense LTE-A networks. In [21], the open issues 
for mobility management support in the presence of femtocells and overviews the key aspects 
of mobility management in the LTE-A system were discussed. In [22], the authors introduced 
a new model for analyzing handover performance in heterogeneous networks. In [23], a 
state-dependent handover decision algorithm was proposed for the trade-of between the low 
handover failure rate and the high small cell utilization. 

According to above literature review, the majority of previous works that study the 
handover in HetSNets are on the basis of concentric circle [20-23]. Specifically, the cell 
coverage and handover regions are modeled as concentric circles. Nevertheless, the concentric 
circle model for formulating handover has the insurmountable drawback. Suppose small cell S 
and small cell C are two adjacent small cells. When a UE is served by small cell S and leaving 
out of small cell S, it can move towards its adjacent small cell C or away from small cell C. We 
can reasonably presume that the received signal power from small cell S is becoming weaker. 
But the received signal from small cell C depends on the moving direction of UE. When the 
UE is moving towards small cell C, the received signal power from small cell C is becoming 
stronger. On the other side, when UE is moving away from small cell C, the received signal 
power from small cell C will decrease. Hence, the UE handover from small cell S with 
different directions can lead to non-concentric circles for handover regions. We will present 
the detailed analysis in Sec. III 

In this paper, we investigate inter-small cell handover in HetSNet from a new perspective. 
First, based on the analysis of channel conditions, we propose a cell selection mechanism such 
as to choose a proper candidate small cell for the UEs that tend to implement inter-small cell 
handover. By exploiting the circle of Apollonius, we then propose a novel analytical method 
for modeling inter-cell handover regions. Furthermore, we present mathematical derivation to 
prove that the inter-small cell handover issues fit the property of the circle of Apollonius. To 
achieve fast and efficient handover, we design an inter-cell handover algorithm (ICHA) by 
means of our proposed handover model to dynamically configure hysteresis margin and 
properly implement handover decision in terms of UE’s mobility. Simulation results validate 
the effectiveness of our proposed handover model based on Apollonius circle. We consider 
Handover Performance Indicator (HPI) to evaluate the performance of our proposed method. 
The results demonstrate that the proposed method yields lower call drop rate and radio link 
failure rate than the conventional methods during inter-small cell handovers.  

The rest of the paper is organized as follows. In Section II, we present the cell selection 
mechanism. In Section III, we provide analytical study on handover regions based on 
non-concentric circles. The Inter-Small Cell Handover algorithm is presented in Section IV. 
The effectiveness of ICHA are demonstrated by simulation results in Section V. Finally, we 
conclude the paper in Section VI. 

 

II. CELL SELECTION MECHANISM  
In the dense small cell deployment scenario, when a UE attempts to move cross its 

associated small cell and handover to an adjacent small cell, there will be likely multiple target 
small cells. To avoid the handover confusion [24], we design a cell selection mechanism with 
purpose of finding out a unique candidate small cell for the UEs that tend to implement 
inter-cell handover.  
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A proper target small cell should be selected with better channel condition to maintain good 
connectivity and link quality for UEs that trigger the handover process. Assume that the 
system spectrum in multi-tier HetSNets available for small cell tier consists of N bands 
denoted by 𝛺𝛺 = {1,2, … ,𝑁𝑁}. 𝐶𝐶𝑛𝑛 denotes the set of small cells using band n(𝑛𝑛 ∈ 𝛺𝛺). Let Un 
denote the total number of UEs in the small cell tier. We consider Orthogonal Frequency 
Division Multiplexing (OFDM) based heterogeneous macrocell-small cell networks. Assume 
𝑅𝑅𝑛𝑛 resource blocks (RBs) are used in each time slot. 𝑅𝑅𝐷𝐷𝐷𝐷𝐶𝐶 �𝑅𝑅𝐷𝐷𝐷𝐷𝐶𝐶 ⊆ 𝑅𝑅𝑛𝑛� denotes the number of 
the RBs in the downlink of small cell C. The reference signal receiving power (RSRP) of each 
RB r in RDL

C  can be expressed as Pr,RS
C . ℎ𝑟𝑟𝐶𝐶𝐶𝐶 is the channel gain of r and UE U. The minimum 

RSRP for maintaining the connection between a small cell and a UE is 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡ℎ. It is assumed 
that UE U is served by small cell S and is approaching small cell C (𝐶𝐶 ∈ ⋃ 𝐶𝐶𝑛𝑛,𝐶𝐶 ≠ 𝑅𝑅𝑁𝑁

𝑛𝑛=1 ). 
Considering hype dense small cell deployments and fast-changing wireless network, 

maintaining the connectivity of the terminal to the small cell is very important. In the 
deployment of a small cell, the high RSRP generally denotes the high channel gain. However, 
a high RSRP is inclined to the small cell with a high RSRP in the deployment of the small cell. 
Handover to the small cell with a high RSRP is not meant to improve the channel gain or SINR 
performance between the UE and small cell [22]. Therefore, from the perspective of channel 
gain, the small cell selecting mechanism is derived as follows 

According to the definition of RSRP, UE U receiving RSRP (W) from small cell C was 
formulated as:  

RSRP𝐶𝐶𝐶𝐶 =
∑ 𝑅𝑅𝑟𝑟,𝑅𝑅𝑅𝑅

𝐶𝐶 ∙ ℎ𝑟𝑟𝐶𝐶𝐶𝐶𝑟𝑟∈𝑅𝑅𝐷𝐷𝐷𝐷
𝐶𝐶

𝑅𝑅𝐷𝐷𝐷𝐷𝐶𝐶
                                                                         (1) 

We replace the average  𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶  with 𝑅𝑅𝑟𝑟,𝑅𝑅𝑅𝑅
𝐶𝐶  in the downlink of small cell C： 

⇒ RSRP𝐶𝐶𝐶𝐶 = 𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶 ∙
∑ ℎ𝑟𝑟𝐶𝐶𝐶𝐶𝑟𝑟∈𝑅𝑅𝐷𝐷𝐷𝐷

𝐶𝐶

𝑅𝑅𝐷𝐷𝐷𝐷𝐶𝐶
                                                                        (2) 

where 
∑ ℎ𝑟𝑟𝐶𝐶𝐶𝐶𝑟𝑟∈𝑅𝑅𝐷𝐷𝐷𝐷

𝐶𝐶

𝑅𝑅𝐷𝐷𝐷𝐷
𝐶𝐶  indicates that the average of the sum of the channel gains of all RBs in the 

downlink small cell C is linearly averaged. The average channel gain ℎ𝐶𝐶𝐶𝐶 between small cell 
C and UE U can be formulated as: 

ℎ𝐶𝐶𝐶𝐶 =
∑ ℎ𝑟𝑟𝐶𝐶𝐶𝐶𝑟𝑟∈𝑅𝑅𝐷𝐷𝐷𝐷

𝐶𝐶

𝑅𝑅𝐷𝐷𝐷𝐷𝐶𝐶
                                                                                    (3) 

Therefore, (1) can be simplified as: 
RSRP𝐶𝐶𝐶𝐶 = 𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶 ∙ ℎ𝐶𝐶𝐶𝐶                                                                                  (4) 

Let 𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚
𝐶𝐶  and 𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚

𝐶𝐶  denote the maximum transmit powers of UE U and small cell C, 
respectively. The channel gain ℎ𝑚𝑚𝑚𝑚𝑛𝑛

𝐶𝐶𝐶𝐶  beween small cell C and UE U can be expressed as 
follows:  

ℎ𝑚𝑚𝑚𝑚𝑛𝑛
𝐶𝐶𝐶𝐶 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡ℎ

𝑚𝑚𝑚𝑚𝑛𝑛(𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚
𝐶𝐶 ,𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚

𝐶𝐶 )
                                                                       (5) 

Therefore, the connectivity is maintained by satisfying the channel gain between the UE and 
the associated small cell: 

ℎ𝐶𝐶𝐶𝐶 ≥ ℎ𝑚𝑚𝑚𝑚𝑛𝑛
𝐶𝐶𝐶𝐶                                                                                         (6) 

          
According to (4), (5) and (6), we have： 

RSRP𝐶𝐶𝐶𝐶

𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶
≥

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡ℎ
min(𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚

𝐶𝐶 ,𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚
𝐶𝐶 )

                                                                    (7) 

By converting formula (7) into dB form, a decision criterion is used to determine whether the 
small cell channel conditions are satisfactory. The criterion can be used to select out the small 
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Too early Too late 

cells with better channel conditions for the UE and form the candidate small cell set when it 
performs the handover measurement ϕ: 
 

Mi = min(𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚
𝐶𝐶 ,𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚

𝐶𝐶 )                                                                            (8) 
ϕ = �C�RSRP𝐶𝐶𝐶𝐶 ≥ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡ℎ + 𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶 − Mi, C ∈ ψ�                                                       (9) 

III. Inter-cell handover based on circle of Apollonius 
We propose a novel Inter-Small cell handover model in this section. We first show that the 

traditional analytical model is not suitable for the handover scenario. Then we build the novel 
model by employing the property of the circle of Apollonius. The Inter-Small cell handover 
model based on the Apollonius circle is shown in Fig. 1. 

 
Fig. 1. Inter-Small cell handover  

 
A. Traditional handover model  

In the current literatures, for instance in [20-23], the handover models are based on 
concentric circles. This may be inappropriate to formulate the handover regions. Consider a 
scenario where a UE intends to handover from its serving small cell S to small cell C. The 
average received signal powers from small cell S and small cell C, 𝑅𝑅𝑟𝑟,𝑅𝑅and 𝑅𝑅𝑟𝑟,𝐶𝐶 , can be 
expressed by 

𝑅𝑅𝑟𝑟,𝑅𝑅 = 𝑅𝑅𝑠𝑠𝑑𝑑𝐶𝐶,𝑅𝑅
−𝛼𝛼𝜒𝜒𝑅𝑅ℎ𝑅𝑅𝐶𝐶                                                                              (10) 

𝑅𝑅𝑟𝑟,𝐶𝐶 = 𝑅𝑅𝐶𝐶d𝐶𝐶,𝐶𝐶
−𝛽𝛽 𝜒𝜒𝐶𝐶ℎ𝐶𝐶𝐶𝐶                                                                             (11) 

    𝑅𝑅𝑅𝑅 and 𝑅𝑅𝐶𝐶 are the transmit powers of small cell S and small cell C. 𝑑𝑑𝐶𝐶,𝑅𝑅 and 𝑑𝑑𝐶𝐶,𝐶𝐶denote the 
distance from the UE to small cell S and small cell C.𝛼𝛼 and 𝛽𝛽 are the path loss exponents of the 
small cell S and the small cell C. 𝜒𝜒𝑅𝑅  and 𝜒𝜒𝐶𝐶  denote the propagation shadowing from UE to 
small cell S and small cell C. ℎ𝑅𝑅𝐶𝐶 and ℎ𝐶𝐶𝐶𝐶 are the average channel gains from small cell S and 
C to UE. 𝑅𝑅𝑆𝑆𝑁𝑁𝑅𝑅𝑅𝑅 and 𝑅𝑅𝑆𝑆𝑁𝑁𝑅𝑅𝐶𝐶 are Signal-to-Interferenceplus-Noise-Ratios (SINR) that the UE 
receives from the small cell S and C. 

 𝑅𝑅𝑆𝑆𝑁𝑁𝑅𝑅𝑅𝑅 =
𝑅𝑅𝑟𝑟,𝑅𝑅

𝑅𝑅𝑟𝑟,𝐶𝐶 + 𝜎𝜎2
=
𝑅𝑅𝑅𝑅 𝑑𝑑𝐶𝐶,𝑅𝑅

−𝛼𝛼𝜒𝜒𝑅𝑅ℎ𝑅𝑅𝐶𝐶

𝑅𝑅𝐶𝐶𝑑𝑑𝐶𝐶,𝐶𝐶
−𝛽𝛽𝜒𝜒𝐶𝐶ℎ𝐶𝐶𝐶𝐶

                                                           (12) 

𝑅𝑅𝑆𝑆𝑁𝑁𝑅𝑅𝐶𝐶 =
𝑅𝑅𝑟𝑟,𝐶𝐶

𝑅𝑅𝑟𝑟,𝑅𝑅 + 𝜎𝜎2
=
𝑅𝑅𝐶𝐶  𝑑𝑑𝐶𝐶,𝐶𝐶

−𝛽𝛽𝜒𝜒𝐶𝐶ℎ𝐶𝐶𝐶𝐶

𝑅𝑅𝑅𝑅𝑑𝑑𝐶𝐶,𝑅𝑅
−𝛼𝛼𝜒𝜒𝑅𝑅ℎ𝑅𝑅𝐶𝐶

                                                          (13) 

According to the 3GPP standard [26], when the receiving SINR from the target cell or 
serving cell is less than -6dB, the handover is too early or too late. 
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10 log
𝑅𝑅𝑅𝑅𝑑𝑑𝐶𝐶,𝑅𝑅

−𝛼𝛼𝜒𝜒𝑅𝑅ℎ𝑅𝑅𝐶𝐶

𝑅𝑅𝐶𝐶𝑑𝑑𝐶𝐶,𝐶𝐶
−𝛽𝛽𝜒𝜒𝐶𝐶ℎ𝐶𝐶𝐶𝐶

≤ −6                                                                    (14) 

10 log
𝑅𝑅𝑐𝑐𝑑𝑑𝑢𝑢,𝑐𝑐

−𝛽𝛽𝜒𝜒𝑐𝑐ℎ𝐶𝐶𝐶𝐶

𝑅𝑅𝑅𝑅𝑑𝑑𝐶𝐶,𝑅𝑅
−𝛼𝛼𝜒𝜒𝑅𝑅ℎ𝑅𝑅𝐶𝐶

≤ −6                                                                    (15) 

    𝑑𝑑𝐸𝐸𝑅𝑅 and 𝑑𝑑𝐸𝐸𝐶𝐶  are the distances from the UE to the small cell S and the small cell C in the too 
early handover case. Similarly, 𝑑𝑑𝐷𝐷𝑅𝑅and 𝑑𝑑𝐷𝐷𝐶𝐶 are the distances from the UE to the small cell S 
and the small cell C in the too late handover case. 

 𝜆𝜆𝐸𝐸 =
𝑑𝑑𝐸𝐸𝐶𝐶
𝑑𝑑𝐸𝐸𝑅𝑅

                                                                                        (16) 

𝜆𝜆𝐷𝐷 =
𝑑𝑑𝐷𝐷𝐶𝐶  
𝑑𝑑𝐷𝐷𝑅𝑅

                                                                                       (17) 

Based on Eqs. (14)(15)(16)(17), we obtain 

𝜆𝜆𝐸𝐸 ≤ �
𝑅𝑅𝐶𝐶𝜒𝜒𝐶𝐶𝑑𝑑𝐸𝐸,𝐶𝐶

𝛼𝛼−𝛽𝛽ℎ𝐶𝐶𝐶𝐶

4𝑅𝑅𝑅𝑅𝜒𝜒𝑅𝑅ℎ𝑅𝑅𝐶𝐶
�

1
𝛼𝛼

                                                                       (18) 

𝜆𝜆𝐷𝐷 ≥ �
4𝑅𝑅𝐶𝐶𝜒𝜒𝐶𝐶𝑑𝑑𝐷𝐷,𝐶𝐶

𝛼𝛼−𝛽𝛽ℎ𝐶𝐶𝐶𝐶

𝑅𝑅𝑅𝑅𝜒𝜒𝑅𝑅ℎ𝑅𝑅𝐶𝐶
�

1
𝛼𝛼

                                                                     (19) 

We define 𝑐𝑐∗ and 𝑠𝑠∗ as follow:  

𝑐𝑐∗ = max��
𝑅𝑅𝐶𝐶𝜒𝜒𝐶𝐶𝑑𝑑𝐸𝐸,𝐶𝐶

𝛼𝛼−𝛽𝛽ℎ𝐶𝐶𝐶𝐶

4𝑅𝑅𝑅𝑅𝜒𝜒𝑅𝑅ℎ𝑅𝑅𝐶𝐶
�

1
𝛼𝛼

�                                                                 (20) 

 𝑠𝑠∗ = min��
4𝑅𝑅𝐶𝐶𝜒𝜒𝐶𝐶𝑑𝑑𝐷𝐷,𝐶𝐶

𝛼𝛼−𝛽𝛽ℎ𝐶𝐶𝐶𝐶

𝑅𝑅𝑅𝑅𝜒𝜒𝑅𝑅ℎ𝑅𝑅𝐶𝐶
�

1
𝛼𝛼

�                                                              (21)  

Apollonius circle can be defined as the set of points in a plane that have a specified ratio of 
distances to two fixed points. In this model small cell S and C are fixed points. Based on Eq. 
(20)(21), with different values of 𝜆𝜆𝐸𝐸 , 𝜆𝜆𝐷𝐷, the trajectories will be a set of Apollonius circles. 𝑐𝑐∗ 
and 𝑠𝑠∗ denote the boundaries of the early and late handover region, respectively. All possible 
values of 𝜆𝜆𝐸𝐸 ,𝜆𝜆𝐷𝐷 are included in the circles. 

 
B. Normal handover based on circle of Apollonius 
    𝑑𝑑𝐻𝐻𝑅𝑅 and 𝑑𝑑𝐻𝐻𝐶𝐶 are the distances from the UE to the small cell S and the small cell C in the 
normal handover case. H is the hysteresis margin 

𝜆𝜆𝐻𝐻 =
𝑑𝑑𝐻𝐻𝐶𝐶
𝑑𝑑𝐻𝐻𝑅𝑅

                                                                                              (22) 

The normal handover condition can be formulated from the Reference Signal Receiving 
Power (RSRP) perspective 

RSRP(𝑀𝑀)  ≥ RSRP(𝑅𝑅)  + 𝐻𝐻                                                                        (23) 
Change it to another modality, we can obtain 

𝑝𝑝𝑟𝑟,𝑐𝑐

𝑝𝑝𝑟𝑟,𝑠𝑠𝐻𝐻
≥ 1                                                                                    (24) 

Based on Eqs. (10) (11), 𝑅𝑅𝑟𝑟,𝑅𝑅 = 𝑅𝑅𝑠𝑠𝑑𝑑𝐶𝐶,𝑅𝑅
−𝛼𝛼𝜒𝜒𝑅𝑅ℎ𝑅𝑅𝐶𝐶, 𝑅𝑅𝑟𝑟,𝐶𝐶 = 𝑅𝑅𝐶𝐶d𝐶𝐶,𝐶𝐶

−𝛽𝛽 𝜒𝜒𝐶𝐶ℎ𝐶𝐶𝐶𝐶we then have 
𝑅𝑅𝐶𝐶𝜒𝜒𝐶𝐶𝑑𝑑𝐻𝐻,𝐶𝐶

−𝛽𝛽 ℎ𝐶𝐶𝐶𝐶

𝑅𝑅𝑅𝑅𝜒𝜒𝑅𝑅𝑑𝑑𝐻𝐻,𝑅𝑅
−𝛼𝛼ℎ𝑅𝑅𝐶𝐶𝐻𝐻

≥ 1                                                                              (25) 
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Based on Eqs.(12), (13) and (22), we obtain 𝜆𝜆𝐻𝐻 which can be given as follow: 

𝜆𝜆𝐻𝐻 ≤ �
𝑅𝑅𝐶𝐶𝜒𝜒𝐶𝐶𝑑𝑑𝐻𝐻,𝐶𝐶

−𝛽𝛽 ℎ𝐶𝐶𝐶𝐶

𝑅𝑅𝑅𝑅𝜒𝜒𝑅𝑅𝑑𝑑𝐻𝐻,𝑅𝑅
−𝛼𝛼ℎ𝑅𝑅𝐶𝐶𝐻𝐻

�

1
𝛼𝛼

                                                                           (26) 

 
Assuming that the total time spent by the UE to complete the handover at the time of arrival 

of the boundary of small cell S is TTT + T0, the distance traveled at that time period is: 
𝑥𝑥𝐻𝐻 = v ∙ (𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑇𝑇0)                                                                               (27) 

𝑥𝑥𝐻𝐻 can be approximated as： 
𝑥𝑥𝐻𝐻 ≈ 𝑅𝑅𝑅𝑅 − 𝑑𝑑𝐶𝐶,𝑅𝑅                                                                                     (28) 

⇒ 𝑑𝑑𝐶𝐶,𝑅𝑅 = 𝑅𝑅𝑅𝑅 − 𝑣𝑣 ∙ (𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑇𝑇0)                                                                      (29) 
 
 
 
 

 
According to the feature of the Apollonius circle: 

𝑑𝑑𝐶𝐶,𝑅𝑅

𝑑𝑑𝐶𝐶,𝐶𝐶
=
𝑅𝑅𝑅𝑅
𝑅𝑅𝐶𝐶

                                                                                      (30) 

⇒ 𝑑𝑑𝐶𝐶,𝐶𝐶 = [𝑅𝑅𝑅𝑅 − 𝑣𝑣 ∙ (𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑇𝑇0)] ∙
𝑅𝑅𝐶𝐶
𝑅𝑅𝑅𝑅

                                                              (31) 

    The formulas (29) and (31) are substituted into formula (25) to obtain the hysteresis 
automatic configuration formula based on the terminal speed of Inter-Small cell handover: 

H(𝑈𝑈) =
𝑅𝑅𝐶𝐶 ∙ ℎ𝐶𝐶𝐶𝐶

𝑅𝑅𝑅𝑅 ∙ ℎ𝑅𝑅𝐶𝐶
∙ �
𝑅𝑅𝑅𝑅
𝑅𝑅𝐶𝐶
�
𝛽𝛽
∙ [𝑅𝑅𝑅𝑅 − 𝑣𝑣 ∙ (𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑇𝑇0)]𝛼𝛼−𝛽𝛽                                               (32) 

where 𝑅𝑅𝑅𝑅 and 𝑅𝑅𝑐𝑐 is the radius of service small cell S and candidate small cell C, respectively. 
In the formula, terminal speed v is the only variable, and the other parameters are constants. 
Thus, the derived formula of hysteresis margin can be dynamically configured according to 
the UE’s speed. 

A normal handover is performed when the UE moves to a certain location in this area. At 
this time, the ratio of the distance from the UE to these two small cells is described by the 
Apollonius circle. Hence, the boundary of the Apollonius circle and its service small cell 
boundary will be perceived as a normal handover (as shown in Fig. 1 in the red dotted line). 
The proposed model is an improvement compared with the traditional concentric circle model. 
Although we focus on investigating the inter-cell handover in co-channel scenario, it is also 
applicable for the scenario when dedicated channel is used in small cells. 

 

IV. Inter-cell handover algorithm (ICHA)  
 

We propose the inter-cell handover algorithm (ICHA) in this section. The procedure of 
proposed ICHA is presented in Fig. 2: 

Step 1: The algorithm is used to measure each small cell in the Ψ set; 
Step 2: By using this measurement information, the proposed algorithm first performs the 

small cell selection mechanism to select a candidate small cell that matches the proposed 
criteria; 
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Step 3: If a candidate small cell meets its requirement, the proposed algorithm 
implements the dynamic allocation mechanism based on the UE speed and configures the 
dynamic delay margin according to the UE speed. 

Step 4: If a small cell in these candidate small cell set satisfies the inter-cell handover 
condition, then the UE starts to implement the handover process to the small cell. After a 
certain period of time to study the cell, the algorithm repeats step (2)-step (4); 

Step 5: If a candidate small cell does not exit, the UE starts to re-search the small cells in 
the area. Moreover, the algorithm starts the cycle again and returns to step (2); 

Step 6: If the candidate small cell cannot satisfy the handover entry condition, then the 
UE does not perform a handover and continues to stay in its associated small cell. After a 
certain period of time to re-search for a cell, the algorithm begins again and returns to step (2). 

 

 
Fig. 2. Flow diagram of the ICHA 

V. SIMULATIONS AND PERFORMANCE EVALUATION 
In this section, we evaluate the system performance of the proposed ICHA and compare it with 
the traditional algorithm [22-23] in the outbound handover. Based on [27], we use RSRP with 
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hysteresis for UE to determine whether it would trigger handover, and in the meantime, to 
avoid too early or late handover by considering the UE’s velocity. We also assume that the 
UEs move with a random direction, according to the wrap around model in [27]. The key 
parameters are listed in Table 1. 
 

Table 1. Simulation parameters  
Carry frequency/system bandwidth 2 GHz/10 MHz 
Tx power of macrocell / small cell 46 dBm/20 dBm 

Macrocell/small cell radius 500 m/25 m 
Log-normal shadowing macrocell 

standard deviation 8 dB 
Small cell standard deviation 

8 dB/4 dB 

The distance between base stations 500 m 
Macrocell path loss [28] 15.34+37.6∗log10(d(m))+WL 10(m)≤d≤20(m) 

15.3+37.6∗log10(d(m))        d≥20(m) 
Small cell pass loss 38.46+20∗log10(d(m))+0.7dmin  10(m)≤d≤20(m) 

38.46+20∗log10(d(m))+0.7dmin+WL   d≥20(m) 
Terminal quantity/velocity/dir-ection 100 /1，1.5，2，…，10 m/s/direct movement 

Hysteresis margin /TTT/𝑇𝑇0 Dynamic configuration/100 ms/150 ms 
 

A. Handover hysteresis margin  
In this simulation, the distance of the source small cell with a radius of 50 m from the target 

small cell with a radius of 100 m is 130 m, where they have an overlapping area of up to 20 m. 

 
Fig. 3. Hysteresis margin vs. UE’s velocity 

 
Fig. 3 shows the trend of the hysteresis margin at each terminal speed; the trend illustrates 

that the proposed algorithm is very sensitive to the change of speed regardless of the location 
of the UE. Hence, a small cell promotes or prevents its implementation of the handover by 
reducing or increasing the hysteresis margin. We select the three scenarios according to the 
distance from the UE to the source small cell: the UE is located in the overlay of source small 
cell (10 m), the overlapping area (40 m) of the two small cells or the coverage area of the target 
small cell (110 m).The hysteresis margins configured in the three scenarios decrease in turn 
and decrease with the increase of the terminal speed; this feature is helpful to meet the 
handover requirements of the UE at each speed. 
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Fig. 4. Hysteresis margin vs. the distance from the UE to the target small cell 

 
Fig. 4 shows the trend of the hysteresis margin at each distance. When the UE is close to the 

source small cell, a high hysteresis margin value is required, regardless of the UE’s speed, to 
reduce its impact from the nearby small cell and frequent performing of handovers. The 
hysteresis margin decreases and the handover to the adjacent small cell becomes easier for the 
UE when the UE gradually moves away from the source small cell. We consider the following 
three conditions: low speed (1 m/s), medium speed (5 m/s) and high speed (10 m/s). The 
overall situation of the hysteresis margin in the three cases decreases as the UE approaches the 
target small cell; thus, the proposed algorithm is in line with expectations.  

It is noteworthy that the magenta vertical lines in the figure represent the overlapping area 
boundaries (100 m, 80 m) of the two small cells. In the left side of the magenta vertical line, 
the declining trend of the hysteresis margin is very obvious. At this point, once the UE enters 
the handover area, the proposed algorithm for its configuration significantly reduces the 
hysteresis margin to assist in its handover. In addition, within the two magenta vertical lines, 
the hysteresis margin remains unchanged because the UE is executing or has completed the 
handover process. This is consistent with the assumption that the UE had completed the 
handover before leaving of the overlapping area. When the UE is close to the target small cell, 
the hysteresis margin decreases again; this decrease is caused by the path loss model (the 
distance between the UE and the small cell is different, and the path loss model expression is 
also different). 

Fig. 4 and Fig. 5 illustrate that the proposed algorithm can be a dynamically adjusted 
hysteresis margin based on the speed of UE and the distance from the UE to the target small 
cell, which conforms to the standard that the hysteresis margin is automatically determined in 
the heterogeneous small cell network.  
 

B. Performance evaluation 
This part examines the handover performance of the proposed algorithm. In this simulation, 

the UE is divided into two types: low-speed UE, with a speed of 1m/s, and high-speed UE, 
with a speed of 10m/s. We compare this algorithm with the traditional centralized control 
scheme (fixed hysteresis margin).   
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Fig. 5. Average RLFR－the proposed scheme vs. the traditional scheme 

 
Fig. 5 shows a comparison of the average Radio Link Failure Rate (RLFR) of the 

proposed algorithm with that of the traditional handover scheme. With the increase in the 
number of small cells, the interference and abnormal handover in the system network is also 
increased, resulting in Radio Link Failure (RLF). The traditional handover scheme does not 
remove the small cell with poor channel conditions for the UE; as a result, RLF is likely to 
occur when the terminal device is connected to it. At the same time, the fixed hysteresis 
margin causes some terminals to handover too early or to handover too late and may also cause 
RLF. The proposed algorithm utilizes the small cell screening mechanism to select some small 
cells with good channel conditions for the terminal devices to avoid the reconnection problem 
caused by the poor signal quality and dynamically configures the hysteresis margin according 
to its speed to avoid improper setting of the hysteresis margin caused by the early and late 
handover. The combination of two stages can reduce the RLFR. 

 
Fig. 6. Average CDR－the proposed scheme vs. the traditional scheme 

 
Fig. 6 shows a comparison of the average Call Drop Ratio (CDR) of the proposed 

algorithm with that of the traditional handover scheme. With the increase in the number of 
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small cells, the number of terminal devices is also increased. A small cell does not have 
sufficient resources to serve such a large number of terminal devices. In addition, the amount 
of interference is increased, which seriously damages some channels of the small cell and in 
turn increases the CDR. The handover scheme of the traditional direct measurement of the 
RSRP does not eliminate the small cell with poor channel conditions for the terminal devices, 
which makes it possible for the UE to connect to this small cell and lead to a Call Drop (CD). 
The uniform hysteresis margin causes the low-speed terminal devices to perform the handover 
too early or the high-speed terminal to perform the handover too late, even causing the RLF to 
suffer a CD. The proposed algorithm first uses the small cell screening mechanism to select the 
small cell with better channel conditions for the UE, and then use the hysteresis margin 
dynamic configuration mechanism to configure the appropriate hysteresis margin for the 
terminal devices. The combination of two stages can reduce the CDR. 

To further study the handover performance of the proposed algorithm, the HPI (Handover 
Performance Indicator) is proposed based on CDR and RLFR. The definition is as follows: 

 
𝐻𝐻𝑅𝑅𝑆𝑆 =

𝑤𝑤𝐶𝐶𝐷𝐷 ∙ 𝐶𝐶𝐶𝐶𝑅𝑅 + 𝑤𝑤𝑅𝑅𝐷𝐷𝑅𝑅 ∙ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅
𝑤𝑤𝐶𝐶𝐷𝐷 + 𝑤𝑤𝑅𝑅𝐷𝐷𝑅𝑅

                                                                        (33) 

 
where  𝑤𝑤𝐶𝐶𝐷𝐷  and 𝑤𝑤𝑅𝑅𝐷𝐷𝑅𝑅  represent the weights of CD and RLF, respectively. Since RLF 
sometimes results in CD, we specify 𝑤𝑤𝑅𝑅𝐷𝐷𝑅𝑅 = 1， 𝑤𝑤𝐶𝐶𝐷𝐷 = 0.5. Obviously, a lower HPI leads to 
better performance.  

 
Fig. 7. Average HPI－the proposed scheme vs. the traditional scheme 

 
Fig. 7 shows the HPI comparison of the proposed algorithm and the traditional scheme. In 
both cases, the proposed HPI is lower than that of the traditional handover scheme. CD and 
RLF are concerned with the small cell deployment density, interference, signal quality, the 
number of UEs and abnormal handover. The proposed algorithm can optimize the UE’s 
wireless environment in two stages to further reduce abnormal handover phenomenon. This 
also reflects that neighborhood optimization and the use of dynamic handover parameters are 
the appropriate means to improve handover performance in heterogeneous small cell networks. 
In terms of CD and RLF, the proposed small cell handover decision algorithm outperforms the 
traditional approaches. 
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VI. Conclusions 
In this paper, we propose a novel model to formulate inter-cell handover in dense 

heterogeneous macrocell and small cell networks. By utilizing the property of Apollonius 
circles, we prove that the traditional concentric circles are inappropriate to model the handover 
regions. We then propose a novel analytical method for modeling inter-small cell handover 
based on Apollonius circles. Furthermore, we design an inter-cell handover algorithm (ICHA) 
based on our proposed handover model to dynamically adjust hysteresis margin and properly 
implement handover decision in terms of UE’s mobility. Simulation results validate the 
effectiveness of our proposed handover model based on Apollonius circle in terms of HPI. The 
results demonstrate that the proposed method is able to achieve lower call drop rate and radio 
link failure rate than the traditional methods during inter-small cell handovers.  
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