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Abstract—The user-centric cooperative transmission provides
a compelling way to alleviate frequent handovers caused by an
ever-increasing number of randomly deployed base stations (BSs)
in ultra-dense networks (UDNs). This paper proposes a new user-
centric cooperative transmissions-based handover scheme, i.e., the
group-cell handover (GCHO) scheme, with the aim of reducing the
handover rate in UDNs. In the proposed scheme, the boundary of
the cooperating cluster depends on the distance among the user
equipment (UE) and cooperating BSs. The new scheme captures
the dynamicity and irregularity of the cooperating cluster topology
resulting from randomly distributed BSs. Based on stochastic-
geometry tools where BSs locations are modeled as the Poison
point process (PPP), we derive an analytical expression of the
handover rate for the UE with an arbitrary movement trajectory.
Furthermore, a GCHO skipping (GCHO-S) scheme is proposed to
minimize the handover cost, i.e., the percentage of time wasted
in handover signaling in user-centric cooperative transmissions
scenarios. The numerical results show that the GCHO scheme
decreases the handover rate by 42.3% and 72.7% compared with
the traditional single BS association and fixed-region cooperative
network topology handover approaches, respectively. Moreover,
under the same group-cell size and constant velocity, the GCHO-S
scheme diminishes the handover cost by 50% against the GCHO
scheme.

Index Terms—Handover rate, handover skipping, stochastic
geometry, ultra-dense networks, user-centric cooperative
transmissions.

I. INTRODUCTION

THE traffic growth of 175 zettabytes (175x1021) is expected
in the fifth generation (5G) cellular networks by 2025 [1].

The ultra densification deployment has been proposed as a
breakthrough to meet the traffic requirements of 5G cellular
networks. In 5G ultra-dense networks (UDNs), a large number of
small cells with less service distance are installed inside a single
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macrocell area. Moreover, the massive multiple-input multiple-
output (MIMO) and millimeter-wave (mmWave) transmission
technologies motivate the deployment of 5G (UDNs) [2], [3].
Small cells densification enhances the throughput and spec-
trum efficiency. However, substantial inter-cell interference and
frequent handovers are emerging as great challenges in 5G
UDNs [4], [5].

In current 5G wireless networks, the user equipment (UE)
handover from a source 5G base station (BS) to a target BS
adopts the Xn interface, termed the Xn-based handover. The
handover preparation and execution are performed over tunnels
between the source and the target BS. The handover completion
is carried out by the target BS and the core network through the
N2 interface. The Xn-based handover procedure results in a few
handover-related messages to the core network, subsequently
lowering the signaling overhead [6]. However, the additional
handover signaling overhead is inevitable in UDNs deployment
due to frequent handover requests needed to be processed by the
BSs (through the Xn interface) and the core network (through
the N2 interface). In this paper, the handover from one BS to the
other BS through the Xn interface is referred to as the traditional
handover approach. Several studies have analyzed the impact
of network densification on the traditional handover approach.
For instance, the problem of handover latency in UDNs has
been investigated in [7]. The results reveal that the frequent
handovers caused by a rise in the densification ratio aggravate the
handover latency. The authors in [8] corroborated that frequent
mobility events in dense networks induce extra communication
delay and lower the reliability performance. On a similar line, the
evaluation model in [9] verified that the handover delay increases
significantly for the fast-moving UE. Conclusively, for a specific
radio link, frequent handovers increase the handover delay and
signaling overhead in 5G UDNs based on the traditional han-
dover method. Therefore, the frequent handover is a key issue
impacting on the delay and signaling overhead of UDNs.

The user-centric cooperative transmission is recently deemed
a distinctive technique to improve the handover performance of
5G UDNs. It involves a dynamic formation of serving multi-
base station cooperation in which the conventional BS-to-BS
handover can be concealed [10]. In this regard, the handover en-
hancement approaches were studied in [11]–[14]. A user-centric
clustering-based handover management method was presented
in [11]. The cooperation transmission gain was considered to
facilitate seamless mobility while reducing the interruption ra-
tio. In [12], a received signal strength (RSS) prediction was
used to select the target serving BSs for a multi-connectivity
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handover scheme to prevent frequent handovers. The proposed
approach in [12] aimed to reduce over the air latency while
simultaneously ensuring high reliability for packet delivery in
ultra-reliable and low latency communication (URLLC). In [13],
the multi-BS cooperation mobility was characterized as the
management of an anchor-based adaptive cooperative set to
reduce the radio link failures in UDNs. A user-centric handover
scheme was introduced in [14] to decrease the handover latency
in ultra-dense low earth orbit (LEO) satellite networks. However,
these studies focused on performance analysis without providing
a tractable handover analytical framework, which could offer
detailed insights for the handover performance improvement in
UDNs. For example, it remains difficult to analyze the impact
of the number of cooperating BSs, BS density and UE velocity
on the handover performance.

For accurate modeling and tractable analysis, the homoge-
nous Poisson point process (PPP) and stochastic geometry
tools [15], [16] have been commonly used to illustrate the
handover management in dense and irregular deployed cellular
networks [17]–[25]. The fundamental of mobility for single-tier
cellular networks has been studied in [17]. Accounting for fractal
characteristics in small cell networks, coverage probability and
handover probability were obtained in [18]. In [19], the handover
probability was derived by employing the hysteresis margin in
random UDNs. Yang et al. [20] analyzed the coverage and
handover in dense mmWave networks with control and user
plane (CUP) split architecture. On the basis of irregular cellular
networks, the analytical frameworks for handover analysis in
multi-tier heterogeneous cellular networks (HCN) have been
studied in [21]–[24]. In [25], the coverage probability based
on the distance between vehicles and cooperative BSs was
presented in 5G networks considering co-channel interference.
Moreover, the handover rate and vehicle overhead ratio were
used to investigate the mobility performance of vehicles regard-
ing cooperative transmissions.

Apart from that, several artificial intelligence (AI) techniques
have been proposed in the literature to improve the handover
performance in UDNs [26]–[28]. In [26], the handover method
based on multi-agent reinforcement learning was presented
to reduce the frequent handovers while increasing the overall
throughput. The handover and power allocation problem was
modeled as a fully cooperative multi-agent to account for the
interrelationship of different decisions made by various UEs.
The deep Q learning technique based on the channel and load
balancing characteristics of the UE has been exploited to opti-
mize the handover procedure in UDNs [27]. With the purpose of
enhancing mobility robustness while maintaining the quality of
service (QoS) requirements, the Q learning method was studied
in [28] to obtain an optimal handover triggering policy. It is
worth noting that the previous research efforts only consider
the handover analysis in the traditional handover scheme, i.e.,
BS-to-BS handover scheme. Thus, the presented methods are
insufficient and cannot be extended to user-centric cooperative
transmissions. Due to the spatial randomization of user-centric
cooperating BSs in UDNs, an irregular cooperative cluster net-
work topology is formed. Hence it is challenging to characterize
the cluster boundary for the handover modeling in user-centric

cooperative transmissions. Also, the handover in user-centric
cooperative transmissions involves the dynamic change of serv-
ing BSs set [10]. At the same time, the dynamic change of BSs
set may upsurge signaling overhead in the core network and un-
doubtedly hinder the gain provided by user-centric cooperative
transmissions [29], [30]. Accordingly, it is vital to characterize
the user-centric cooperative handover with spatial randomness
of BSs for 5G dense networks.

The research efforts on the handover design for user-centric
cooperative transmissions have been presented in [31]–[34].
The authors in [31] quantified the trade-off between the han-
dover rate and data rate for multi-connectivity transmission to
optimize the coordinated cluster size under non-coherent joint
transmission (JT). The proposed model can be applied to the
number-based and distance-based cooperation schemes. Con-
sidering the CUP separation architecture in multi-connectivity,
the handover probability and handover cost-based average rate
were derived in [32]. To analyze the effect of handover on
coordinated multipoint (CoMP), the work in [33] derived the
handover probability and coverage probability based on outdated
channel state information (CSI) for 5G UDNs. The cell dwell
time was explored in [34] to develop the movement-aware coor-
dinated multipoint handover (MACH) scheme for the handover
rate alleviation in heterogenous UDNs. Explicitly, the cell dwell
time was used to formulate the movement trend of the mobile
user. Based on the dwell time and the closest BS, an improved
MACH (iMACH) scheme was proposed to improve the network
reliability.

In an architectural context, the software-defined networking
(SDN) has been introduced to lessen the BS multi-connectivity
signaling overhead, which will undoubtedly be exacerbated with
the network densification in the future 5G networks [35], [36].
The SDN decouples the control and user planes hence improving
the networks manageability and adaptability. In [35], [36], the
SDN controller was employed to conduct the BS association
and cooperation. Through the SDN controller, the information
exchange among cooperating BSs can be reduced significantly
and the cooperation latency simultaneously decreases. As a
consequence, the overall efficiency of the BSs cooperation can
be improved.

However, the studies as mentioned above have the following
limitations:

1) The design perspective in [31] has ignored the dynamics of
cooperative BSs cluster topology caused by random BSs
placement. The authors in [31] considered the fixed-region
group-cell topology for each UE, which results in similar
handover numbers for all UEs in the network. As a matter
of fact, each UE has a different interference environment
in user-centric cooperating clusters. For this reason, the
cluster network topology varies from each UE due to
different distances between cooperating BSs and the UE,
which leads to dissimilar statistics of handovers.

2) Furthermore, the approaches in [32]–[34] have considered
a standard path loss model in analyzing the impact of
mobility on cooperative-based wireless networks, which
is not realistic in dense wireless networks deployment [3],
[37]. Besides, circumventing frequent reformation of
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cooperating BSs regarding high dense BS deployment
and/or fast-moving UEs remains an open problem in the
current literature.

3) Compared to the conventional cellular network, the UE
needs to feedback the CSI to BSs for cooperating clus-
ter formation in user-centric cooperative transmissions.
In this case, the cooperation signaling overhead caused
by the additional CSI feedback messages is proportional
to the cluster size as indicated in [38]–[40]. However, the
integrated impact of the number of cooperating BSs on
the handover rate and cooperation signaling overhead has
not been investigated for user-centric cooperative trans-
missions [31]–[34].

To fully reap the benefits of network densification and user-
centric cooperative transmissions, there is a need to address
the aforementioned technical challenges judiciously and ade-
quately.

This paper develops a handover scheme based on user-centric
cooperative transmissions to reduce the number of handovers
in UDNs. In the user-centric cooperation model, multiple BSs
cooperation is orchestrated by the SDN controller. Considering
BSs distributions as homogenous PPP, the closed-form expres-
sion of the handover rate is derived. Furthermore, this paper
aims to give a first rigorous look at employing a dual-slope path
loss model to analyze the performance of the mobile UE in user-
centric cooperative networks. Motivated by studies in [41]–[43],
we propose a user-centric cooperation based handover skipping
scheme to lessen the handover cost caused by the frequent
cooperation cluster reformation in UDNs. Different from [41],
[42], our proposed handover skipping scheme involves dynamic
user-centric cooperative transmissions. To the best of the authors
knowledge, this is the first time the handover skipping is explored
in user-centric cooperative transmissions. Finally, the paper
examines the benefit/cost tradeoff associated with the effect of
the cooperating cluster size on the handover rate and cooperation
signaling overhead. The main contributions of this paper are as
follows

1) We characterize the user-centric cooperative region for
each UE as an interference protection region to offer a
suitable balance between tractability and realism. The
interference protection region is identified according to the
distances among the UE and cooperating BSs. Based on
the developed user-centric cooperative region, we propose
a group-cell handover (GCHO) scheme and the handover
rate is derived for a random movement trajectory.

2) Based on the proposed GCHO scheme, the group-cell
handover skipping scheme (GCHO-S) has been proposed
to support the UE skipping the best-connected group-cell
along the UE’s trajectory for reducing frequent group-cell
reformations.

3) An analytical method for calculating the optimal group-
cell size has been proposed to balance the tradeoff between
the handover rate and cooperation signaling overhead in
adopting the GCHO and GCHO-S schemes.

4) Numerical results demonstrate that the proposed GCHO
scheme decreases the handover rate against the tradi-
tional single BS association and fixed-region user-centric

TABLE I
LIST OF NOTATIONS

cooperative network topology handover approaches in
UDNs. Moreover, the proposed GCHO-S scheme can
effectively reduce the handover rate up to 50% compared
with the handover rate of the GCHO scheme in UDNs.

The remainder of this paper is organized as follows. Section II
introduces the system model. Section III describes the proposed
group-cell handover scheme and derives a mathematical model
for the handover rate. The coverage probability with the focus
on the dual-slope path loss model is derived in Section IV.
Moreover, Section IV analyzes the impact of handover rate on
coverage probability and area spectral efficiency (ASE). The
group-cell handover skipping scheme and the group-cell size
optimization are presented in Section V. Numerical results are
shown in Section VI. Finally, Section VII concludes the paper.

II. SYSTEM MODEL

This section presents the network model, channel propa-
gation model and cooperation signaling overhead model. The
commonly-used symbols and notations are summarized in Ta-
ble I.

A. Network Model

In this paper, the small cell UDNs are under-laid within the
SDN based cloud-radio access network (C-RAN) architecture
for user-centric cooperative transmissions in Fig. 1, [44]. The
RAN functions are split between the baseband unit (BBU) hosted
in the BBU pool and the remote radio units (RRUs) integrated
into base stations (BSs).The SDN is implemented at the C-RAN
level, where it decouples the control plane and data plane of
the RAN for adaptive user-centric cooperation. In the control
plane, the SDN controller intelligently handles the group-cell
cooperation. Particularly, each BS transmits the CSI to the SDN
controller, which returns the control information to the BSs
for the group-cell formation. Furthermore, the SDN controller
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Fig. 1. Illustration of the group-cell transmission in SDN-based C-RAN
architecture.

manages the group-cell handover.1The BBU pool is connected to
the SDN controller. The SDN data plane can provide the required
data service for UEs. The OpenFlow protocol is employed to
standardize the communication between the control plane and
the data plane [36].

In this paper, G and V are denoted as the sets of BSs and
UEs, respectively. Let g ∈ G and v ∈ V denote the indexes of
BSs and UEs, respectively. The locations of the BSs are deployed
according to independent homogenous PPP ΦBS with density
λBS . Without loss of generality, the BSs are assumed to be
deployed in an infinite two-dimension plane R2. To simplify
the derivations, only the downlinks of small cell UDNs are
considered. The cell coverages are split by the random Voronoi
tessellation method [35], [46]. Without loss of generality, a
typical UE is picked randomly, and its initial location Q0 ∈ R2

is considered as the origin of the spatial coordinate. The UE at
origin is referred to as a typical UEUv . The UE is associated with
at least one BS. Each BS is indicated by BSg (g = 1, 2, 3, . . ..).
In the group-cell scenario, the UE Uv is jointly served by a set
of cooperating BSs, denoted by C (C ⊆ G). The group-cell that
serves a typical UE is denoted by K. Also, in this paper, the
group-cell size is marked as M , i.e., the number of cooperating
BSs in the group-cell.

B. Channel Propagation Model

In UDNs, the BSs are positioned below the cluttered man-
made structures, thus the radio signals in the line of sight (LoS)
may encounter fewer absorption and diffraction losses than

1Throughout this work, the group-cell handover refers to the scenario where
a user dynamically changes the serving BSs set to support its movement, i.e.,
dynamic reformation of the group-cell.

those in the non-line-of-sight (NLoS), leading to dissimilar path
loss exponents. Hence, a widely used single-slope path loss
model becomes inexact [37], [47]. The path loss model with
multiple slopes where different distance ranges are susceptible to
different path loss exponents eventually is desirable in modeling
UDNs scenarios [40]. In this work, the bounded dual-slope path
loss model is expressed as follows [48], [49]

�g (η1, η2; rg) =

{‖rg‖−η1 , ‖rg‖ ≤ D
Λ ‖rg‖−η2 , ‖rg‖ > D,

(1)

where �g(.) denotes the path loss between the BS BSg and
UE Uv . ‖rg‖ is the Euclidian distance between the UE Uv

and BS BSg. D (D > 0) is the critical distance that is used
to approximate the LoS (‖rg‖ ≤ D) and NLoS (‖rg‖ > D)
regimes. η1 and η2 are the path loss exponents for LoS and
NLoS propagation signals, respectively with 0 ≤ η1 ≤ η2. Λ is
introduced to maintain continuity and is constant, Λ � Dη2−η1 .

The BSs and UEs are assumed to be equipped with omnidi-
rectional antennas.2 Perfect CSI is assumed to be obtained at
the transmitter and receiver, respectively. The UE Uv associates
with the BS which provides the minimum path loss [50]. We
consider an interference-limited scenario in urban environment.
Therefore, the thermal noise is neglected. Accordingly, based
on the user-centric cooperative transmissions, the signal-to-
interference ratio (SIR) experienced by the UE Uv located at
the origin is calculated as

SIR(M) =

∑M
g=1 pghg × 1 (�g(η1, η2; rg) ≥ β)∑

g>M

pgΛr
−η2
g hg

, (2)

where pg is the transmission power in each BS BSg and hg

is the channel power gain between the BS BSg and UE Uv

under Rayleigh fading. Without loss of generality, pg is nor-
malized to 1 and a random variable hg follows an exponential
distribution with mean 1 and denoted as hg ∼ exp(1). Further-
more,

∑
g>M pgΛr

−η2
g hg indicates the aggregate co-channel

interference created by non-group-cell BSs, β is the group-cell
cooperation threshold and

∑M
g=1 pghg × 1(�g(η1, η2; rg) ≥ β)

is the received signal power from cooperating BSs.

C. Cooperation Signaling Overhead Model

In this paper, the cooperation signaling overhead is modeled
as a function of the group-cell size. In user-centric cooperative
transmissions, the UEUv estimates the CSI and provides the CSI
feedback to the cooperating BSs. Then, the cooperating BSs
forward the received CSI to the SDN controller for adaptive
cooperation [38], [39]. From this perspective, we define the
cooperation signaling overhead as the total number of the CSI
messages fed back by the UE Uv to the SDN controller through
cooperating BSs in a time interval T . Without loss of generality,
T is assumed to be identical for all cooperating BSs in the
group-cell K. A linear correspondence between the number of
the CSI feedback messages and group-cell size is presented in

2Note that the proposed analytical model can be readily extended to mas-
sive MIMO scenario, but its impact on network performance requires further
exploration.
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Fig. 2. Group-cell abstraction from user-centric cooperation in UDNs for a
typical UE.

the literature [40]. Hence, the accumulated cooperation signaling
overhead for the group-cell K with size M is expressed as

ΥK =
μ

T
M, (3)

where μ is the number of feedback messages from the UE Uv

to the BS BSg. For simplification, we assume that μ is the
same for each BS BSg. In this work, we focus only on the
feedback signaling overhead resulting from user-centric coop-
erative transmissions. Assumed that the CSI feedback links have
unlimited capacity, the CSI feedback messages are transmitted
successfully without errors.

III. GROUP-CELL HANDOVER RATE MODEL

Considering the randomness of BSs locations and the dynamic
group-cell network topology, the group-cell and the group-cell
handover are characterized and modeled in this section.

We assume that the UE Uv is initially located at the origin
with the association distance r1, r2, . . ...rM between the UE
Uv and the BSs within the group-cell. Since the locations of
the BSs in UDNs are random, the distance between the UE
Uv and cooperating BSs are generally randomly. To simplify
calculations, the distance of serving BSs are configured to be
ascendingly ordered from the mobile UE’s initial location, which
can be expressed as r1 < r2. . ... < rM . The group-cell region
is portrayed as a disk region around the UE Uv . We assume that
there is no interference among BSs in the group-cell region. In
this paper, the group-cell region is termed as an interference
protection region with the tuple {rM , AM}, as illustrated in
Fig. 2. rM is the radius of the interference protection region
for the M − th BS in the group-cell of size M . AM denotes the
geographic coverage area of the group-cell. The distance rM
is measured during the group-cell configuration and updated
after each successful handover according to UE’s measurement
report. Considering rM is a random variable, then the distance
distribution function of rM in R2 can be expressed as [51]

frM (M) =
2(πλBS)

M

Γ(M)
e−λBSπrM 2

rM
2M−1, (4)

where Γ(.) is the Gamma function for a positive integer M ,
Γ(M) = (M − 1)!.

As it is shown in Fig. 2, the whole region can be divided into
two areas. The BSs inside the disk are the cooperating BSs, i.e.,
interference protection region BSs and the BSs outside the disk
are the interfering BSs. Let BSC

j , j ∈ (1, 2, . . ..M − 1, M),
denotes the cooperating BS in the group cell. In this case, the
BSC

M is the farthest associated BS in the group-cell. Let BSI
q ,

q = (1, 2, 3. . ...), denotes the interfering BS. When q = 1, i.e.,
BSI

1 is the first nearest interfering BS corresponding to the
BSC

M . We assume that the UE Uv moves from its original
location towards the farthest associated BSBSC

M on an arbitrary
long trajectory with the velocity Ψ. The moving direction of the
UE Uv is assumed to be uniformly distributed in [0, 2π] [52].
The serving group-cell is reformed dynamically to follow the
serviced UE mobility. The group-cell handover (GCHO) scheme
is triggered when the UE Uv crosses the group-cell boundaries.
As a result, the set of connected BSs is modified to adapt to
the refreshed network topology. The associated BS BSC

1 in
the group-cell, which is obviously near to the UE Uv before
movement, is assumed to become the farthest BS when the
UE Uv crosses the group-cell boundaries. The SDN controller
will determine whether adds a new BS BSI

1 to the group-cell
while removing the BSBSC

1 in the group-cell concurrently. This
paper assumes that only one of the associated BSs is altered.
Therefore, there are M − 1 common BSs in the newly formed
group-cell after every GCHO. Fig. 1 exemplifies the GCHO for
the given UE trajectory, with M = 3. The UE Uv moves from
point X to point Y with the corresponding set of cooperative BSs,
C1 = {BSC

1 , BSC
2 , BSC

3 } and C2 = {BSC
2 , BSC

3 , BSI
1 } at

timeslot t1 (before GCHO) and timeslot t2 (after GCHO), re-
spectively.

To model the handover rate in user-centric cooperative trans-
missions, the characterized group-cell region is used to track
the number of handovers. We assume that the UE Uv moves
from its original location to the farthest associated BS BSM

with a trajectory Tv of finite length |Tv|. The GCHO is executed
when the UEUv crosses the boundaries of the group-cell region.
We denote ΘrM as the set of the group-cell boundaries in rM .
The expected handovers number of the UE Uv is represented by
E(N(Tν ,ΘrM )), where E(.) denotes the expectation operation.
The corresponding group-cell handover rate HM in a time Δt
is calculated by,

HM =
E (N(Tv,ΘrM ))

E(Δt)
, (5)

For tractability, we use the generalized argument of Buffon’s
needle problem to derive the expected number of handovers
during one movement period of the UEUv [17], [53]. The group-
cell boundaries are described by the length intensity Ω1(ΘrM ),
which is characterized as the average length of ΘrM in a unit
square from which we can track the number of intersections
N(Tv,ΘrM ) [31], [45]. Since ΘrM is stationary and isotropic,
the picking of the unit square can be randomly on R2. Condi-
tioned on the velocity and the direction of the UE, the group-cell
handover rate for a typical UE Uv located in an area |AM | is
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derived as [45, Secs. 8.3, 9.3 and 10.6 ]

HM =
2
π
Ψ lim

|AM |→∞
|ΘrM |
|AM |

=
2
π
ΨΩ1(ΘrM ) . (6)

With

Ω1(ΘrM ) = lim
δM→0

Ω2(ΘδM )

2δM
, (7)

where δM denotes the extended group-cell boundary, ΘδM is set
of the extended group-cell boundaries due to δM , and Ω2(ΘδM )
is the area intensity. The area intensity is defined as the expected
area of ΘδM in a unit square. Also, the point is considered in the
ΘδM provided that its shortest perpendicular distance to ΘrM is
less than δM .

Theorem 1: Given a ΘδM = {�2 ∈ R2|∃�1 ∈ ΘrM ,
s.t. |�2 −�1| < δM}, where �1 is the point in the group-cell
boundary and �2 is any other point in R2, then the area intensity
of ΘδM is

Ω2(ΘδM ) =
2δM
rM

+O(δM
2) , (8)

where O(.) denotes the second-order term of δM .
Proof: Please refer to Appendix A.
By substituting (8) into (7), the length intensity can be ex-

pressed by

Ω1(ΘrM ) =
1
rM

, (9)

and by using (6), we can derive the handover rate as

HM =
2

πrM
Ψ. (10)

According to (9), the length intensity Ω1(ΘrM ) decreases with
the increase of the interference protection region radius rM .
Since the BSs are deployed as homogenous PPP, the coverage
area |AM | is bounded by M

λBS
[54]. With this setting, the han-

dover rate in (10) can be rewritten as

HM =
2Ψ

√
λBS√

π
√
M

. (11)

IV. COVERAGE PROBABILITY WITH GROUP-CELL HANDOVER

SCHEME

In this section, the coverage probability is derived based on
the dual-slope path loss model to study the impact of handover
cost on user-centric cooperative transmissions.

A. Coverage Probability

The coverage probability is stated as the probability that the
received SIR in the group-cell is larger than the threshold τ and
is given by

pM (τ, λBS) � P (SIR(M) > τ). (12)

Considering the dual-slope path loss model, the SIR(M) is
expressed as

SIR(M) =

∑J
g=1 pgr

−η1
g h∗

g +
∑M

g=J+1 pgΛr
−η2
g h∗∗

g

I(M)
, (13)

where h∗
g and h∗∗

g are the channel power gain between the
BS BSg and UE Uv for rg ≤ D (LoS) and rg > D (NLoS),
respectively. The aggregate interference of non-cooperated BSs
is denoted by I(M) =

∑
g>M pgΛr

−η2
g hg . By substituting (13)

into (12), the coverage probability of the typical UE Uv located
at the origin is expressed as

pM (τ, λBS) � P (SIR(M) > τ)

= P

(∑J
g=1 pgr

−η1
g h∗

g +
∑M

g=J+1 pgΛr
−η2
g h∗∗

g

I(M)
> τ

)

= Erg

(
P

(∑J
g=1 pgr

−η1
g h∗

g

+
∑M

g=J+1 pgΛr
−η2
g h∗∗

g > τI(M)

))
, (14)

where
∑J

g=1 h
∗
g and

∑M
g=J+1 h

∗∗
g are independent Gamma

distributed random variables with
∑J

g=1 h
∗
g ∼ Γ(J, 1) and∑M

g=J+1 h
∗∗
g ∼ Γ(M − J, 1), respectively. Subsequently,

the summation of
∑J

g=1 r
−η1
g h∗

g ∼ Γ(J, 1
∑J

g=1 r
−η1
g

)and∑M
g=J+1 Λr

−η2
g h∗∗

g ∼ Γ(M − J, 1
∑M

g=J+1 Λr
−η2
g

) are the

convolutions3 of each of the corresponding distributions.
Equation (14) is difficult to work with directly due to the

inaccessible probability distribution function of the random
variable rg in both LoS and NLoS regimes. To get a better handle
on SIR(M), an approximation form of coverage probability
pM (τ, λBS) is of importance. Since the service distance rg of
BSs is limited in a cooperative group-cell region considering
UDNs, the wireless links among cooperative BSs are assumed
as LoS links in this paper. Moreover, the interfering links outside
the group-cell region are regarded as NLoS4 links. Furthermore,
the predefined cooperation threshold β is viewed as a function
of the critical distance D. Thus, the SIR(M) can be rewritten
as

SIR(M) =

∑M
g=1 pgr

−η1
g hg

I(M)
. (15)

The coverage probability pM (τ, λBS) is further derived in The-
orem 2.

Theorem 2: Under the condition of having the group-cell BSs
within the LoS link, the coverage probability of the UE Uv

located at the edge of cooperating BSs is expressed by (16),
shown at the bottom of the next page, where R is the distance
between a cell edge UE and cooperating BSs.

3Let
∑J

g=1 r
−η1
g h∗

g = A,
∑M

g=J+1 Λr
−η2
g h∗∗

g = B and z = τI(M), then

P(A+B > z) = 1 − (FA(z) ⊗ FB(z)) = 1 −
∫ z

0
FA(z − b)fB(b)db ,

where (⊗) denotes the convolution.
4Note that, such assumption is mainly done for tractability. Its accuracy

was validated in [59] by the simulation results and has provided the useful
performance and observations. Hence, the validation is omitted for brevity in
this paper.
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Fig. 3. Coverage probability with respect to the SIR threshold.

Proof: Please refer to Appendix B.
To evaluate the handover effect on the coverage probability,

the handover cost-aware coverage probability bears the follow-
ing expression [21], [55]:

pM̃ =pM (τ, λBS)× eh(1− dcos t)+ pM (τ, λBS)× (1 − eh) ,
(17)

with

dcost = tHHM , (18)

where dcost is the handover cost and defined as the percentage
of time wasted in handover signaling, i.e., the service delay. It
is also assumed that no data is transmitted during the handover
processes. The delay incurred by each handover is denoted as
tH . The handover event indicator is eh (eh ∈ (0, 1)), where eh =
0 and eh = 1 are corresponding to no handover and handover
events, respectively. Additionally, based on the results in [56],
the handover cost-aware ASE considering user mobility can be
written as

ASEM
cost = λBS log2(1 + τ)× pM̃ . (19)

B. Simulation Analysis

In this subsection, the numerical results of the coverage prob-
ability performance are presented for three cooperating BSs,
i.e., M=3. Explicitly, the default parameters are configured as
follows: the path loss exponents are η1 = 2 and η2 = 4 unless
noted otherwise.

Fig. 3 depicts the coverage probability with respect to the
SIR threshold τ considering different BS densities λBS and
critical distance D. The results of Fig. 3 show that the coverage
probability decreases as the SIR threshold increases. When the
SIR threshold and BS density are fixed, the coverage probability

decreases with the increase of the critical distance. When the SIR
threshold and critical distance are fixed, the coverage probability
decreases as BS density increases considering the fixed number
of cooperating BSs.

V. GROUP-CELL HANDOVER SKIPPING SCHEME

To reduce the handover rate in the group cell scenarios,
we propose a GCHO skipping (GCHO-S) scheme that the UE
dynamically skips the forthcoming GCHO processes along the
corresponding trajectory. The rationale behind the handover
skipping5 approach is to reduce the frequent GCHO, hence
harvesting user-centric cooperation benefits in UDNs.

A. GCHO-S Scheme

As previously discussed, the distances among the UE Uv and
cooperating BSs are denoted as r1,r2,r3. . ...rM . Without loss of
generality, the number of cooperating BSs is configured asM =
3, in this section. The proposed analysis can be adopted forM >
3. Moreover, the initial order of the distance among the UE Uv

and cooperating BSs is assumed as r1 < r2 < r3. When the UE
Uv crosses the group-cell boundaries, the distance relationship is
changed to r3 < r2 < r1. BSI

1 and BSI
2 represent the first and

second nearest BSs, which are outside the group-cell region,
respectively. rI1 represents the distance between the UE Uv and
the BS BSI

1 , while rI2 denotes the distance between the UE Uv

and the BS BSI
2 .For the skipping to occur, the distances are

assumed as rI1 < rM and rI2 ≤ 2rI1 when the UE is at the group-
cell boundary. In this case, the GCHO skipping is triggered by
BSBSI

1 , i.e., the UEUv skips the association with the BSBSI
1 to

reconfigure the group-cell and execute the GCHO with BS BSI
2

to avoid frequent GCHO and ping-pong GCHO as well. During
the GCHO skipping process, the UE Uv is not associated with
the nearest BS BSI

1 to form the new group-cell, although the
UE Uv is located within the skipped BS BSI

1 vicinity. We term
this as the skip-phase, where BSs BSI

2 , BSC
3 and BSC

2 jointly
serve the UE Uv, as Fig. 4 depicts. Algorithm 1 illustrates the
proposed GCHO-S scheme.

For the proposed GCHO-S scheme (Fig. 4, Algorithm 1), the
handover rate is obtained as

H∗
M =

Ψ
√

λBS√
π
√
M

. (20)

B. Group-Cell Size Optimization

We consider the weighted sum to evaluate the tradeoff be-
tween the handover rate and cooperation signaling overhead in
the group-cell. We assume that all handovers are successful in the

5Handover skipping approach allows the UE to skip multiple associating BSs,
i.e., sacrifice the best connectivity along their trajectory to reduce the handover
rate and minimize the handover delay [42].

pM (τ, λBS) =

∞∫
0

2(πλBS)
2R3e−πλBSR2

⎛
⎝exp

⎛
⎝−πλBS

(
τDη2−η1R−η1

) 2
η2

∞∫
ϑ

(
1

1 + u
η2
2

)
du

⎞
⎠+AM−1

⎞
⎠ dR. (16)
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Fig. 4. GCHO skipping demonstration. The red circle shows the group-cell
at t1 and the green dotted circle indicates the group-cell at t2 after the GCHO
skipping when the UE Uv moves from point X to point Y.

Algorithm 1 Proposed GCHO-S Scheme

Require:C, rg , where g = 1. . ..M , Ψ, ΘrM , Tv, rI1 , rI2 ;
Ensure:Updated group-cell set C;

1: Initialization;
2: Set skipDone = false;
3: While (Tv

⋂
ΘrM ) do

4: if
(

rI1 < rM & & rI2 ≤ 2rI1
& & skipDone ! = true

)
then

5: Perform GCHO skipping (); ⇒ skip BSI
1

6: Set skipDone = true;
7: else Perform GCHO ();
8: Set skipDone = false;
9: end else

10: end if
11: end while
12: Result: update C;

GCHO process. LetS1 andS2 denote the cost of one handoff and
the cost of one CSI feedback message, respectively. Moreover,
we assume that all handovers have the same cost value S1, and
all cooperation signaling overhead have the same cost value S2.
Consequently, the overall cost of the UE Uv being served by M
BSs considering the GCHO and GCHO-S schemes are given in
(21a) and (21b), respectively.

CGCHO = S1HM + S2ΥK , (21a)

CGCHO−S = S1H
∗
M + S2ΥK . (21b)

The overall cost CGCHO and CGCHO−S are the unitless quan-
tities and proportional to the percentage of time wasted due
to handover and cooperation signaling processing, assuming
no useful data is transmitted during all the processes. In our
analysis, S1 = tH . By substituting (11) and (3) into (21a), we

Fig. 5. Handover rate with respect to the BS density for Ψ = 10 m/s.

have,

CGCHO = S1
2Ψ

√
λBS√

π
√
M

+ S2M
μ

T
. (22)

Denote M ∗ as the optimal group-cell size, i.e., the optimal
M that minimizes CGCHO in the GCHO scheme. By setting the
first order derivative ofCGCHO to zero, theM ∗ can be expressed
as

M ∗ =
(
S1

2Ψ2T 2λBS

πμ2S2
2

) 1
3

. (23)

By following a similar approach as in (23), the optimal group-
cell size for the GCHO-S skipping scheme is given as

M ∗∗ =
(
S1

2Ψ2T 2λBS

4πμ2S2
2

) 1
3

. (24)

VI. SIMULATION RESULTS AND DISCUSSION

Numerical analysis is carried out to evaluate the effectiveness
of our proposed handover schemes in user-centric cooperative
transmissions. The single BS association handover and the
fixed-region (FR) user-centric cooperative network topology
handover [31] approaches are regarded as benchmarks and are
referred to as Traditional-HO and FR-HO, respectively. Default
simulation parameters are as follows: the path loss exponents
are η1 = 2 and η2 = 4, the critical distance D= 10 m, tH= 0.3
s [32], μ= 1, S2= 0.01T and T= 5 ms [39].

Fig. 5 shows the handover rate with respect to the BS den-
sity considering different group-cell sizes. Fig. 5 indicates that
higher BS density induces more handover rate when the group-
cell size is fixed. When the BS density is fixed, the handover rate
decreases as the group-cell size increases. Compared with the
traditional handover approach, the shrinkage of handover rate of
the GCHO approach is 42.3%, 59.2% and 66.7% at M=3, 6 and
9, respectively, when the BS density is λBS = 0.001 BS/m2.

Fig. 6 analyzes the impact of the group-cell size on the
handover rate considering different UE velocities. The handover
rate increases with the increase of UE velocity. When the UE
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Fig. 6. Handover rate with respect to the UE velocity for λBS = 0.01 BS/m2.

Fig. 7. Handover cost with respect to the group-cell size for λBS = 0.01
BS/m2 and Ψ = 10 m/s.

velocity is fixed, the handover rate decreases with the rise of the
group-cell size.

Fig. 7 shows the handover cost with respect to the group-cell
size. It can be seen that the handover cost reduces with the
increase of the group-cell size for the proposed GCHO scheme.
Considering (18), the handover cost is directly proportional
to the handover signaling delay. Thus, the GCHO scheme is
more efficient in reducing the delay resulting from the handover
processes in contrast to the traditional handover approach.

Fig. 8 depicts the handover rate with respect to the UE velocity
considering the GCHO and FR-HO schemes under various BS
densities. Fig. 8 demonstrates that as UE velocity and BS density
increase, the handover rate increases for GCHO and FR-HO
schemes. When the UE velocity is fixed, the GCHO scheme can
reduce the handover rate by 72.7% compared with the FR-HO
approach. Fig. 9 shows the coverage probability with respect
to the SIR threshold considering the stationary and mobile UE.
When the UE velocity is fixed, the coverage probability of the

Fig. 8. Handover rate with respect to the UE velocity considering different
handover schemes with M = 3.

Fig. 9. Coverage probability with respect to the SIR threshold under the dual-
slope path loss model for M = 3 and λBS = 0.01 BS/m2.

mobile UE deteriorates faster than the coverage of the stationary
UE as the SIR threshold increases, reflecting the fact that the SIR
of the mobile UE is severely affected by the UE velocity.

Fig. 10 investigates the impact of the handover on ASE with
varying BS density. As indicated by Fig. 10, the ASE of the
mobile UE is less than the ASE of the stationary UE. The
percentage of the ASE reduction for the mobile UE increases
as the BS density increases. Compared with the stationary UE,
the ASE of the mobile UE decreases by 8.3% and 21.43% when
the BS density is 0.002 BS/m2 and 0.01 BS/m2, respectively.
Moreover, there exists an optimal BS density value to maximize
the ASE of the stationary and mobile UE.

Fig. 11 evaluates the handover cost between the GCHO and
GCHO-S schemes with respect to the UE velocity. Fig. 11
portrays that the GCHO-S scheme reduces the handover cost
as velocity increases in contrast with the best-connected GCHO
scheme. Under the same group-cell size, the GCHO-S scheme
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Fig. 10. ASE with respect to BS density under the dual-slope path loss model
for M = 3 and τ= 0 dB.

Fig. 11. Handover cost with respect to UE velocity for λBS = 0.01 BS/m2.

can sufficiently diminish the handover cost up to 50% against
the GCHO scheme for various UE velocities.

Fig. 12 illustrates the overall cost with respect to the group-cell
size considering various BS densities. As can be seen, the
overall cost minimizes at an optimal group-cell size considering
different BS densities in GCHO and GCHO-S schemes. When
the group-cell size is fixed, the GCHO-S scheme yields a lower
overall cost compared with the GCHO scheme. Moreover, on
average, the cluster size of M= 3 can provide the lower over-
all cost when the BS density is 0.005 BS/m2. This result is
suggested for the practical implementation of the GCHO and
GCHO-S schemes to ensure the satisfactory operation of the
SDN controller.

Fig. 13 depicts the optimal group-cell size with respect to
the BS density under different UE velocities. When the UE
velocity is fixed, the optimal group-cell size increases as BS
density increases in GCHO and GCHO-S schemes. Also, the
results show that the optimal group-cell size is an ascending

Fig. 12. Overall cost with respect to the group-cell size for Ψ= 10 m/s.

Fig. 13. Optimal group-cell size with respect to the BS density.

function of the UE velocity when BS density is fixed. However,
the optimal group-cell size of the GCHO-S scheme is smaller
than that of the GCHO scheme in all settings.

VII. CONCLUSION

In this paper, a new GCHO scheme under the user-centric
cooperative transmissions is proposed to improve the handover
performance in UDNs. Based on stochastic geometry tools, the
BSs locations distributions are modeled as homogenous PPP
to realize the BSs cooperation region commonly encountered
in practice. Then, the closed-form expression of the handover
rate for an arbitrary UE movement is derived. Furthermore, the
GCHO-S scheme where the UE skips connection with the forth-
coming best group-cell is proposed to diminish the handover
cost in user-centric cooperative transmissions deployments. And
notably, an optimal group-cell size is necessary to achieve a
desirable system adopting the GCHO and GCHO-S schemes.
Thus, a weighted sum of the handover rate and cooperating
signaling overhead is derived to optimize the group-cell size. On
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the other hand, numerical results show that the proposed GCHO
scheme adequately reduces the handover rate in contrast to the
Traditional HO and FR-HO approaches by 42.3% and 72.7%,
respectively. Also, the proposed GCHO-S scheme may suppress
the handover cost up to 50% compared with the GCHO scheme,
considering the same group-cell size. In addition, it is revealed
that the optimal group-cell size is sensitive to variations in both
the UE velocity and BS density. We further conclude that the
GCHO-S scheme has demonstrated a good trade-off between
the handover rate and cooperation signaling overhead due to
the reduced handover cost. The cluster size of M = 3 is rec-
ommended for the satisfactory operation of the SDN controller.
This result can lay a foundation in subsequent investigations
of the handover performance improvement, particularly for the
delay-sensitive applications in which a small group-cell size is a
significant criterion. Moreover, the GCHO algorithm complexity
and response time reduction as group-cell size increases may be
an interesting topic for future work.

APPENDIX A
PROOF OF THEOREM 1

With the assumption that the BSs are randomly distributed and
the UE is always located at the origin, the area intensityΩ2(ΘδM )
ofΘδM is the probability that the originQ0 is in extended group-
cell boundary ΘδM , i.e., P (Q0 ∈ ΘδM ).

Ω2(ΘδM ) = P (Q0 ∈ ΘδM )

=
2δM
rM

+O(δM
2) . (25)

APPENDIX B
PROOF OF THEOREM 2

The coverage probability in (14) is redefined as (26), where
(a) follows from the complementary cumulative distribution
function (CCDF) of the Gamma distribution and the assump-
tion that the UE is positioned at the edge of the cooperating
BSs. The distance between the UE and the cooperating BS is
approximated to be equal for the cell-edge UE in the group-cell
and is denoted as R (b) follows from the Laplace transform of
interference, i.e., the random variable I(M), where Ln

I(M)(s)

stands for n− th derivative of LI(M)(s) and Ln
I(M)(s) =

(−1)nEI(M)(I(M)ne−sI(M)) = (−1)n dn

dsnLI(M)(s).

pM (τ, λBS) � P (SIR(M) > τ)

= P

(∑M
g=1 pgr

−η1
g hg

I(M)
> τ

)

= Erg

⎛
⎝P

⎛
⎝ M∑

g=1

r−η1
g hg > τI(M)

⎞
⎠
⎞
⎠

(a)
= ER

⎛
⎝M−1∑

n=0

(
τI(M)
R−η1

)n

n!
e−

τI(M)

R−η1

⎞
⎠

= EREI(M)

(
M−1∑
n=0

(
τ

R−η1

)n
n!

I(M)ne−
τI(M)

R−η1

)

(b)
= ER

(
M−1∑
n=0

(− τ
R−η1

)n
n!

Ln
I(M)

( τ

R−η1

))

= ER

(
M−1∑
n=0

(−s)n

n!
Ln
I(M)(s)

)
, (26)

The Laplace function LI(M)(s) for s = τ
R−η1 is further de-

rived as

LI(M)(s) = EI(M)

[
e−sI(M)

]

= EΦBS ,hg

⎡
⎣exp

⎛
⎝−s

∑
g∈ΦBS>M

Λr−η2
g hg

⎞
⎠
⎤
⎦

= EΦBS ,hg

⎡
⎣ ∏
g∈ΦBS>M

exp
(−sΛr−η2

g hg

)⎤⎦

= EΦBS

⎡
⎣ ∏
g∈ΦBS>M

Ehg

[
exp

(−sΛr−η2
g hg

)]⎤⎦ , (27)

LI(M)(s)
(c)
= EΦBS

⎡
⎣ ∏
g∈ΦBS>M

1

1 + sΛr−η2
g

⎤
⎦

(d)
= exp

⎛
⎜⎝−2πλBS

∞∫
rg

(
1 − 1

1 + sΛr−η2
g

)
wdw

⎞
⎟⎠ , (28)

where (c) follows from hg ∼ exp(1) is exponential dis-
tributed (d) follows from probability generating functional
(PGFL) [45] of the PPP, which states for some function f(y)
that E[

∏
y∈ΦBS

f(y)] = exp(−λBS

∫
R2 (1 − f(y)dy). By em-

ploying the change of variables p = w2 and dp = 2wdw then,

LI(M)(s) = exp

⎛
⎜⎝−πλBS

∞∫
rg

(
1 − 1

1 + sΛp−
η2
2

)
dp

⎞
⎟⎠ .

(29)

By using the change of variables u = (sΛ)
− 2
η2 p and dp =

(sΛ)
2
η2 du, then

LI(M)(s) = exp

⎛
⎝−πλBS(sΛ)

2
η2

∞∫
ϑ

(
1

1 + u
η2
2

)
du

⎞
⎠ ,

(30)
where ϑ = R2

(sΛ)
2
η2

. By substituting Λ = D(η2−η1)and s = τ
R−η1

into (30), then

LI(M)(s) = exp

⎛
⎝−πλBS(τDη2−η1Rη1)

2
η2

×
∞∫
ϑ

(
1

1+u
η2
2

)
du

⎞
⎠ . (31)
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Next, let

a0 = LI(M)(s) = exp(−πλBSk0), (32)

where,

k0 =
(
τDη2−η1Rη1

) 2
η2

∞∫
ϑ

(
1

1 + u
η2
2

)
du. (33)

Then, (26) can be rewritten as

pM (τ, λBS) = ER

(
M−1∑
n=0

an

)

= ER

(
a0 +

M−1∑
n=1

an

)
. (34)

where

an =
sn

n!
(−1)nLn

I(M)(s). (35)

The n− th derivative of the Laplace transform in (35) can
be expressed in a recursive form. Eventually, the coverage
probability can be represented by a lower triangular Toeplitz
matrix. Following [57], the n− th derivative can be written as

Ln
I(M)(s) = πλBS

n−1∑
i=0

(
n− 1
i

)
(−1)n−i (n− i)!(sΛ)

2
η2

−n+i

×
∞∫
ϑ

(
u−η2

2

)n−i

(
1 + u−η2

2

)n−i+1 du× Li
I(M)(s). (36)

Furthermore, an in (35) is derived by the formula (37), shown at
the bottom of this page, by substituting (36) into (35). where step

(e) follows from a combination property. Next, by substituting
the values of s and Λ into (37), we obtain (38)

an = πλBS

(
τDη2−η1

R−η1

) 2
η2

n−1∑
i=0

n− i

n
D(η2−η1)(−n+i)

×
∞∫
ϑ

(
u−η2

2

)n−i

(
1 + u−η2

2

)n−i+1 du× ai, (38)

an = πλBS

(
τDη2−η1Rη1

) 2
η2

n−1∑
i=0

n− i

n
D(η2−η1)(−n+i)kn−iai,

(39)

where ki =
∫∞
ϑ

1

(1+u
η2
2 )

i

(1+u
−
η2
2 )

du. for i ≥ 1 Furthermore,

an can be solved in explicit expression using linear algebra
manipulation. After iterating, an can be rewritten as

an = b0a0D−(η2−η1)kn +
n−1∑
i=1

b0F
i
nai (40)

where b0 = πλBS(τDη2−η1Rη1)
2
η2 and Fn is n× n lower trian-

gular Toeplitz matrix as F i
n = 0 for i ≥ n, Fn is given as (41),

shown at the top of the next page.
Next, we express AM−1 =

∑M−1
n=1 an, then the coverage

probability is

pM (τ, λBS) = ER (a0 +AM−1)

=

∞∫
0

(a0 +AM−1) f(R)(R)dR. (42)

an = πλBS

n−1∑
i=0

(
n− 1
i

)
(n− i)!

n!
(−1)n(−1)n−isn(sΛ)

2
η2

−n+i ×
∞∫
ϑ

(
u−η2

2

)n−i

(
1 + u−η2

2

)n−i+1 du

︸ ︷︷ ︸
ε(s)

×Li
I(M)(s)

an = πλBS

n−1∑
i=0

(
n− 1
i

)
(n− i)!

n!
sn(sΛ)

2
η2

−n+i ×
∞∫
ϑ

(
u−η2

2

)n−i

(
1 + u−η2

2

)n−i+1 du

︸ ︷︷ ︸
ε(s)

×(−1)iLi
I(M)(s),

= πλBS

n−1∑
i=0

(
n− 1
i

)
(n− i)!

n!
s

2
η2 (Λ)

2
η2

−n+i
ε(s)× si(−1)iLi

I(M)(s)

= πλBS

n−1∑
i=0

(
n− 1
i

)
(n− i)!i!

n!
s

2
η2 (Λ)

2
η2

−n+i
ε(s)× ai

(e)
= πλBS(sΛ)

2
η2

n−1∑
i=0

n− i

n
Λ−n+iε(s)× ai (37)
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Fn =

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

0
1
2D−(η2−η1)k1 0

2
3D−2(η2−η1)k2

1
3D−(η2−η1)k1 0

3
4D−3(η2−η1)k3

2
4D−2(η2−η1)k2

1
4D−(η2−η1)k1 0

... 0
M−1
M D(η2−η1)(−M+1)kM−1

M−2
M D(η2−η1)(−M+2)kM−2 · · · · · · 1

MD−(η2−η1)k1 0

⎤
⎥⎥⎥⎥⎥⎥⎥⎦
. (41)

Without loss of generality, in this setup, the group-cell size is
three. Then, the distance distribution of R in the group-cell is
given by [58],

fR(R) = 2(πλBS)
2R3e−πλBSR2

. (43)

The coverage probability is further expressed as (16), which
completes the proof.

REFERENCES

[1] “Network 2030 architecture framework,” ITU-T, Geneva, Switzerland,
Tech. Rep. FG NET-2030, Jun. 2020.

[2] X. Ge, S. Tu, G. Mao, C. X. Wang, and T. Han, “5G ultra-dense cellular
networks,” IEEE Wireless Commun., vol. 23, no. 1, pp. 72–79, Feb. 2016,
doi: 10.1109/MWC.2016.7422408.

[3] M. Kamel, W. Hamouda, and A. Youssef, “Ultra-dense networks: A sur-
vey,” IEEE Commun. Surv. Tut., vol. 18, no. 4, pp. 2522–2545, Oct. 2016,
doi: 10.1109/COMST.2016.2571730.

[4] A. G. Gotsis, S. Stefanatos, and A. Alexiou, “Ultradense networks: The
new wireless frontier for enabling 5G access,” IEEE Veh. Technol. Mag.,
vol. 11, no. 2, pp. 71–78, Jun. 2016, doi: 10.1109/MVT.2015.2464831.

[5] I. Shayea, M. Ergen, M. H. Azmi, S. A. Colak, R. Nordin, and Y. I. Darad-
keh, “Key challenges, drivers and solutions for mobility management in
5G networks: A survey,” IEEE Access, vol. 8, pp. 172534–172552, 2020,
doi: 10.1109/ACCESS.2020.3023802.

[6] T. Specification, “5G NG-RAN: Xn general aspects and principles,” 3GPP,
Sophia Antipolis Cedex, France, Tech. Rep. TS 38.420, vol. 15, Jul. 2018.

[7] T. Bilen, B. Canberk, and K. R. Chowdhury, “Handover management in
software-defined ultra-dense 5G networks,” IEEE Netw., vol. 31, no. 4,
pp. 49–55, Jul. 2017, doi: 10.1109/MNET.2017.1600301.

[8] A. Kose, C. Han, C. H. Foh, and M. Dianati, “Impact of mobility
on communication latency and reliability in dense hetnets,” in Proc.
IEEE 89th Veh. Technol. Conf., Kuala Lumpur, Malaysia, 2019, pp. 1–5,
doi: 10.1109/VTCSPRING.2019.8746449.

[9] R. Arshad, H. Elsawy, S. Sorour, T. Y. Al-Naffouri, and M. S.
Alouini, “Handover management in 5G and beyond: A topology
aware skipping approach,” IEEE Access, vol. 4, pp. 9073–9081, 2016,
doi: 10.1109/ACCESS.2016.2642538.

[10] S. Chen, F. Qin, B. Hu, X. Li, and Z. Chen, “User-centric ultra-
dense networks for 5G: Challenges, methodologies, and directions,”
IEEE Wireless Commun., vol. 23, no. 2, pp. 78–85, Apr. 2016,
doi: 10.1109/MWC.2016.7462488.

[11] B. Hu, Y. Wang, C. Wang, and L. Wang, “A user-centric clustering
method for mobility management in ultra-dense networks,” in Proc. 9th Int.
Conf. Wireless Commun. Signal Process., Nanjing, China, 2017, pp. 1–5,
doi: 10.1109/WCSP.2017.8170946.

[12] F. Zhao, H. Tian, G. Nie, and H. Wu, “Received signal strength pre-
diction based multi-connectivity handover scheme for ultra-dense net-
works,” in Proc. 24th Asia-Pacific Conf. Commun., Ningbo, China, 2018,
pp. 233–238, doi: 10.1109/APCC.2018.8633514.

[13] Y. He, W. Huang, and H. Zhang, “Anchor-based active set for user-
centric multi-connectivity: Mobility enhancement and performance evalu-
ation,” IEEE Access, vol. 7, pp. 107659–107668, 2019, doi: 10.1109/AC-
CESS.2019.2932574.

[14] J. Li, K. Xue, J. Liu, and Y. Zhang, “A user-centric handover scheme for
ultra-dense LEO satellite networks,” IEEE Wireless Commun. Lett., vol. 9,
no. 11, pp. 1904–1908, Nov. 2020, doi: 10.1109/LWC.2020.3007818.

[15] M. Haenggi, J. Andrews, F. Baccelli, O. Dousse, and M. Franceschetti,
“Stochastic geometry and random graphs for the analysis and design
of wireless networks,” IEEE J. Sel. Areas Commun., vol. 27, no. 7,
pp. 1025–1028, Sep. 2009, doi: 10.1109/JSAC.2009.090901.

[16] H. Elsawy, A. Sultan-salem, M. Alouini, and M. Z. Win, “Modeling
and analysis of cellular networks using stochastic geometry: A tutorial,”
IEEE Commun. Surv. Tut., vol. 19, no. 1, pp. 167–203, Jan./Mar. 2017,
doi: 10.1109/COMST.2016.2624939.

[17] X. Lin, R. K. Ganti, P. J. Fleming, and J. G. Andrews, “Towards un-
derstanding the fundamentals of mobility in cellular networks,” IEEE
Trans. Wireless Commun., vol. 12, no. 4, pp. 1686–1698, Apr. 2013,
doi: 10.1109/TWC.2013.022113.120506.

[18] J. Chen, X. Ge, and Q. Ni, “Coverage and handoff analysis of 5 g fractal
small cell networks,” IEEE Trans. Wireless Commun., vol. 18, no. 2,
pp. 1263–1276, Feb. 2019, doi: 10.1109/TWC.2018.2890662.

[19] Y. Teng, A. Liu, and V. K. N. Lau, “Stochastic geometry based han-
dover probability analysis in dense cellular networks,” in Proc. 10th Int.
Conf. Wireless Commun. Signal Process., Hangzou, China, 2018, pp. 1–7,
doi: 10.1109/WCSP.2018.8555918.

[20] B. Yang, X. Yang, X. Ge, and Q. Li, “Coverage and handover analysis
of ultra-dense millimeter-wave networks with control and user plane
separation architecture,” IEEE Access, vol. 6, pp. 54739–54750, 2018,
doi: 10.1109/ACCESS.2018.2871363.

[21] S. Sadr and R. S. Adve, “Handoff rate and coverage analysis in multi-tier
heterogeneous networks,” IEEE Trans. Wireless Commun., vol. 14, no. 5,
pp. 2626–2638, May 2015, doi: 10.1109/TWC.2015.2390224.

[22] T. M. Duong and S. Kwon, “Vertical handover analysis for ran-
domly deployed small cells in heterogeneous networks,” IEEE Trans.
Wireless Commun., vol. 19, no. 4, pp. 2282–2292, Apr. 2020,
doi: 10.1109/TWC.2019.2963829.

[23] W. Bao and B. Liang, “Stochastic geometric analysis of user mobility in
heterogeneous wireless networks,” IEEE J. Sel. Areas Commun., vol. 33,
no. 10, pp. 2212–2225, Oct. 2015, doi: 10.1109/JSAC.2015.2435451.

[24] Y. Ren, Y. Li, and C. Qi, “Handover rate analysis for k-tier heteroge-
neous cellular networks with general path-loss exponents,” IEEE Commun.
Lett., vol. 21, no. 8, pp. 1863–1866, Aug. 2017, doi: 10.1109/LCOMM.
2017.2702180.

[25] X. Ge, H. Cheng, G. Mao, Y. Yang, and S. Tu, “Vehicu-
lar communications for 5G cooperative small-cell networks,” IEEE
Trans. Veh. Technol., vol. 65, no. 10, pp. 7882–7894, Oct. 2016,
doi: 10.1109/TVT.2016.2539285.

[26] D. Guo, L. Tang, X. Zhang, and Y. C. Liang, “Joint optimization
of handover control and power allocation based on multi-agent deep
reinforcement learning,” IEEE Trans. Veh. Technol., vol. 69, no. 11,
pp. 13124–13138, Nov. 2020, doi: 10.1109/TVT.2020.3020400.

[27] M. Wu, W. Huang, K. Sun, and H. Zhang, “A DQN-based han-
dover management for SDN-enabled ultra-dense networks,” in Proc.
IEEE 92nd Veh. Technol. Conf., Victoria, BC, Canada, 2020, pp. 2–7,
doi: 10.1109/VTC2020-Fall49728.2020.9348779.

[28] Q. Liu, C. F. Kwong, S. Wei, L. Li, and S. Zhang, “Intelligent handover
triggering mechanism in 5G ultra-dense networks via clustering-based
reinforcement learning,” Mob. Netw. Appl., vol. 26, no. 1, pp. 27–39, 2021,
doi: 10.1007/s11036-020-01718-w.

[29] Y. Lin, R. Zhang, L. Yang, C. Li, and L. Hanzo, “User-centric clustering
for designing ultradense networks: Architecture, objective functions, and
design guidelines,” IEEE Veh. Technol. Mag., vol. 14, no. 3, pp. 107–114,
Sep. 2019, doi: 10.1109/MVT.2019.2903741.

[30] F. B. Tesema, A. Awada, I. Viering, M. Simsek, and G. Fettweis,
“Evaluation of context-aware mobility robustness optimization and
multi-connectivity in intra-frequency 5 G ultra dense networks,” IEEE
Wireless Commun. Lett., vol. 5, no. 6, pp. 608–611, Dec. 2016,
doi: 10.1109/LWC.2016.2604817.

Authorized licensed use limited to: Carleton University. Downloaded on September 07,2022 at 15:14:54 UTC from IEEE Xplore.  Restrictions apply. 

https://dx.doi.org/10.1109/MWC.2016.7422408
https://dx.doi.org/10.1109/COMST.2016.2571730
https://dx.doi.org/10.1109/MVT.2015.2464831
https://dx.doi.org/10.1109/ACCESS.2020.3023802
https://dx.doi.org/10.1109/MNET.2017.1600301
https://dx.doi.org/10.1109/VTCSPRING.2019.8746449
https://dx.doi.org/10.1109/ACCESS.2016.2642538
https://dx.doi.org/10.1109/MWC.2016.7462488
https://dx.doi.org/10.1109/WCSP.2017.8170946
https://dx.doi.org/10.1109/APCC.2018.8633514
https://dx.doi.org/10.1109/ACCESS.2019.2932574
https://dx.doi.org/10.1109/ACCESS.2019.2932574
https://dx.doi.org/10.1109/LWC.2020.3007818
https://dx.doi.org/10.1109/JSAC.2009.090901
https://dx.doi.org/10.1109/COMST.2016.2624939
https://dx.doi.org/10.1109/TWC.2013.022113.120506
https://dx.doi.org/10.1109/TWC.2018.2890662
https://dx.doi.org/10.1109/WCSP.2018.8555918
https://dx.doi.org/10.1109/ACCESS.2018.2871363
https://dx.doi.org/10.1109/TWC.2015.2390224
https://dx.doi.org/10.1109/TWC.2019.2963829
https://dx.doi.org/10.1109/JSAC.2015.2435451
https://dx.doi.org/10.1109/LCOMM.penalty -@M 2017.2702180
https://dx.doi.org/10.1109/LCOMM.penalty -@M 2017.2702180
https://dx.doi.org/10.1109/TVT.2016.2539285
https://dx.doi.org/10.1109/TVT.2020.3020400
https://dx.doi.org/10.1109/VTC2020-Fall49728.2020.9348779
https://dx.doi.org/10.1007/s11036-020-01718-w
https://dx.doi.org/10.1109/MVT.2019.2903741
https://dx.doi.org/10.1109/LWC.2016.2604817


KIBINDA AND GE: USER-CENTRIC COOPERATIVE TRANSMISSIONS-ENABLED HANDOVER FOR ULTRA-DENSE NETWORKS 4197

[31] W. Bao and B. Liang, “Optimizing cluster size through hand-
off analysis in user-centric cooperative wireless networks,” IEEE
Trans. Wireless Commun., vol. 17, no. 2, pp. 766–778, Feb. 2018,
doi: 10.1109/TWC.2017.2771343.

[32] H. Zhang and W. Huang, “Tractable mobility model for multi-
connectivity in 5G user-centric ultra-dense networks,” IEEE Access, vol. 6,
pp. 43100–43112, 2018, doi: 10.1109/ACCESS.2018.2861915.

[33] M. Liu, Y. Teng, and M. Song, “Mobility analysis of CoMP-based
ultra-dense networks with stochastic geometry methods,” Wireless Netw.,
vol. 25, no. 3, pp. 917–932, Apr. 2019, doi: 10.1007/s11276-017-1609-8.

[34] W. Sun, L. Wang, J. Liu, N. Kato, and Y. Zhang, “Move-
ment aware CoMP handover in heterogeneous ultra-dense betworks,”
IEEE Trans. Commun., vol. 69, no. 1, pp. 340–352, Jan. 2021,
doi: 10.1109/TCOMM.2020.3019388.

[35] T. Han et al., “Small cell offloading through cooperative communication in
software-defined heterogeneous networks,” IEEE Sens. J., vol. 16, no. 20,
pp. 7381–7392, Oct. 2016, doi: 10.1109/JSEN.2016.2581804.

[36] A. Papazafeiropoulos, P. Kourtessis, M. Di Renzo, J. M. Senior, and S.
Chatzinotas, “SDN-enabled MIMO heterogeneous cooperative networks
with flexible cell association,” IEEE Trans. Wireless Commun., vol. 18,
no. 4, pp. 2037–2050, Apr. 2019, doi: 10.1109/TWC.2019.2896154.

[37] D. Lopez-Perez and M. Ding, “A brief history on the theoretical analysis
of dense small cell wireless networks,” arXiv:1812.02269, Dec. 2018, doi:
10.48550/arXiv.1812.02269.

[38] S. Bassoy, H. Farooq, M. A. Imran, and A. Imran, “Coordinated multi-point
clustering schemes: A survey,” IEEE Commun. Surv. Tut., vol. 19, no. 2,
pp. 743–764, Apr./Jun. 2017, doi: 10.1109/COMST.2017.2662212.

[39] B. U. Kazi and G. Wainer, “Coordinated multi-cell cooperation with user
centric dynamic coordination station,” Comput. Netw., vol. 166, 2020,
Art. no. 106948, doi: 10.1016/j.comnet.2019.106948.

[40] A. Papadogiannisf, H. J. Bang, D. Gesbert, and E. Hardouin, “Downlink
overhead reduction for multi-cell cooperative processing enabled wireless
networks,” in Proc. 19th Int. Symp. Pers. Indoor Mobile Radio Commun.,
Cannes, France, 2008, pp. 1–5, doi: 10.1109/PIMRC.2008.4699860.

[41] E. Demarchou, C. Psomas, and I. Krikidis, “Mobility management in
ultra-dense networks: Handover skipping techniques,” IEEE Access, vol. 7,
pp. 1–10, 2018, doi: 10.1109/ACCESS.2018.2810318.

[42] R. Arshad, H. Elsawy, S. Sorour, T. Y. Al-naffouri, and M. Alouini,
“Cooperative handover management in dense cellular networks,” in Proc.
IEEE Global Commun. Conf., Washington, DC, USA, 2016, pp. 1–6,
doi: 10.1109/GLOCOM.2016.7841695.

[43] K. Tokuyama, T. Kimura, and N. Miyoshi, “Time-based handover skip-
ping in cellular networks: Spatially stochastic modeling and analysis,”
arXiv:2008.10535, Aug. 2020, doi: 10.48550/arXiv.2008.10535.

[44] D. Boviz, N. Abbas, G. Aravinthan, C. S. Chen, and M. A. Dridi,
“Multi-cell coordination in cloud RAN: Architecture and optimization,”
in Proc. Int. Conf. Wireless Netw. Mobile Commun., Fez, Morocco, 2016,
pp. 271–277, doi: 10.1109/WINCOM.2016.7777226.

[45] S. N. Chiu, D. Stoyan, W. S. Kendall, and J. Meche, Stochastic Geometry
and Its Applications, vol. 3. Chichester, U.K.: Wiley, 2013.

[46] X. Ge, “Ultra-reliable low-latency communications in autonomous vehic-
ular networks,” IEEE Trans. Veh. Technol., vol. 68, no. 5, pp. 5005–5016,
May 2019, doi: 10.1109/TVT.2019.2903793.

[47] J. Arnau, I. Atzeni, and M. Kountouris, “Impact of LOS/NLOS prop-
agation and path loss in ultra-dense cellular networks,” in Proc.
IEEE Int. Conf. Commun., Kuala Lumpur, Malaysia, 2016, pp. 1–6,
doi: 10.1109/ICC.2016.7511506.

[48] Y. Yang, K. W. Sung, J. Park, S. L. Kim, and K. S. Kim, “Cooperative
transmissions in ultra-dense networks under a bounded dual-slope path
loss model,” in Proc. Eur. Conf. Netw. Commun., Oulu, Finland, 2017,
pp. 1–6, doi: 10.1109/EuCNC.2017.7980732.

[49] X. Zhang and J. G. Andrews, “Downlink cellular network analysis with
multi-slope path loss models,” IEEE Trans. Commun., vol. 63, no. 5,
pp. 1881–1894, May 2015, doi: 10.1109/TCOMM.2015.2413412.

[50] X. Ge, B. Yang, J. Ye, G. Mao, C. X. Wang, and T. Han, “Spa-
tial spectrum and energy efficiency of random cellular networks,”
IEEE Trans. Commun., vol. 63, no. 3, pp. 1019–1030, Mar. 2015,
doi: 10.1109/TCOMM.2015.2394386.

[51] M. Kamel, W. Hamouda, and A. Youssef, “Performance analysis of mul-
tiple association in ultra-dense networks,” IEEE Trans. Commun., vol. 65,
no. 9, pp. 3818–3831, Sep. 2017, doi: 10.1109/TCOMM.2017.2706261.

[52] X. Ge, J. Ye, Y. Yang, and Q. Li, “User mobility evaluation for
5G small cell networks based on individual mobility model,” IEEE
J. Sel. Areas Commun., vol. 34, no. 3, pp. 528–541, Mar. 2016,
doi: 10.1109/JSAC.2016.2525439.

[53] L. E. E. L. Schroeder, “Buffons needle problem: An exciting application of
many mathematical concepts,” Math. Teach., vol. 67, no. 2, pp. 183–186,
1974.

[54] M. Liu, Y. Teng, and M. Song, “Performance analysis of CoMP in ultra-
dense networks with limited backhaul capacity,” Wireless Pers. Commun.,
vol. 91, no. 1, pp. 51–77, Nov. 2016, doi: 10.1007/s11277-016-3445-z.

[55] H. Tabassum, S., M. Salehi, and E. Hossain, “Fundamentals of mobility-
aware performance characterization of cellular networks: A tutorial,”
IEEE Commun. Surv. Tut., vol. 21, no. 3, pp. 2288–2308, Jul./Sep. 2019,
doi: 10.1109/COMST.2019.2907195.

[56] L. Xiang, X. Ge, C. X. Wang, F. Y. Li, and F. Reichert, “Energy efficiency
evaluation of cellular networks based on spatial distributions of traffic load
and power consumption,” IEEE Trans. Wireless Commun, vol. 12, no. 3,
pp. 961–973, Mar. 2013, doi: 10.1109/TWC.2013.011713.112157.

[57] X. Yu, C. Li, J. Zhang, M. Haenggi, and K. B. Letaief, “A unified
framework for the tractable analysis of multi-antenna wireless networks,”
IEEE Trans. Wireless Commun., vol. 17, no. 12, pp. 7965–7980, Dec. 2018,
doi: 10.1109/TWC.2018.2873301.

[58] G. Nigam, P. Minero, and M. Haenggi, “Coordinated multipoint joint
transmission in heterogeneous networks,” IEEE Trans. Commun., vol. 62,
no. 11, pp. 4134–4146, Nov. 2014, doi: 10.1109/TCOMM.2014.2363660.

[59] J. Shi, C. Pan, W. Zhang, and M. Chen, “Performance analysis for
user-centric dense networks with mmWave,” IEEE Access, vol. 7,
pp. 14537–14548, 2019, doi: 10.1109/ACCESS.2019.2893403.

Nyaura Mwinyi Kibinda (Student Member, IEEE)
received the B.Sc. degree in telecommunication
engineering from the University of Dar es Salaam,
Dar es Salaam, Tanzania, in 2010, and the M.Sc.
degree in telecommunication engineering from the
University of Dodoma, Dodoma, Tanzania, in 2014.
She is currently working toward the Ph.D. degree
in information and communication engineering with
the Huazhong University of Science and Technology,
Wuhan, China. Her research interests include wireless
communication networks, network modeling, and

handover management.

Xiaohu Ge (Senior Member, IEEE) received the
Ph.D. degree in communication and information engi-
neering from the Huazhong University of Science and
Technology (HUST), Wuhan, China, in 2003. Since
November 2005, he has been with HUST. Prior to that,
he was a Researcher with Ajou University, Suwon,
South Korea, and Politecnico Di Torino, Turin, Italy,
from January 2004 to October 2005. He is currently
a Full Professor with the School of Electronic Infor-
mation and Communications, HUST. He is also an
Adjunct Professor with the Faculty of Engineering

and Information Technology, University of Technology Sydney, Ultimo, NSW,
Australia. He has authored or coauthored about 200 articles in refereed journals
and conference proceedings. He has been granted about 25 patents in China. His
research interests include mobile communications, traffic modeling in wireless
networks, green communications, and interference modeling in wireless commu-
nications. He is an IEEE Distinguished Lecturer and an Associate Editor for the
IEEE WIRELESS COMMUNICATIONS IEEE ACCESS, and IEEE TRANSACTIONS

ON VEHICULAR TECHNOLOGY.

Authorized licensed use limited to: Carleton University. Downloaded on September 07,2022 at 15:14:54 UTC from IEEE Xplore.  Restrictions apply. 

https://dx.doi.org/10.1109/TWC.2017.2771343
https://dx.doi.org/10.1109/ACCESS.2018.2861915
https://dx.doi.org/10.1007/s11276-017-1609-8
https://dx.doi.org/10.1109/TCOMM.2020.3019388
https://dx.doi.org/10.1109/JSEN.2016.2581804
https://dx.doi.org/10.1109/TWC.2019.2896154
https://dx.doi.org/10.48550/arXiv.1812.02269
https://dx.doi.org/10.1109/COMST.2017.2662212
https://dx.doi.org/10.1016/j.comnet.2019.106948
https://dx.doi.org/10.1109/PIMRC.2008.4699860
https://dx.doi.org/10.1109/ACCESS.2018.2810318
https://dx.doi.org/10.1109/GLOCOM.2016.7841695
https://dx.doi.org/10.48550/arXiv.2008.10535
https://dx.doi.org/10.1109/WINCOM.2016.7777226
https://dx.doi.org/10.1109/TVT.2019.2903793
https://dx.doi.org/10.1109/ICC.2016.7511506
https://dx.doi.org/10.1109/EuCNC.2017.7980732
https://dx.doi.org/10.1109/TCOMM.2015.2413412
https://dx.doi.org/10.1109/TCOMM.2015.2394386
https://dx.doi.org/10.1109/TCOMM.2017.2706261
https://dx.doi.org/10.1109/JSAC.2016.2525439
https://dx.doi.org/10.1007/s11277-016-3445-z
https://dx.doi.org/10.1109/COMST.2019.2907195
https://dx.doi.org/10.1109/TWC.2013.011713.112157
https://dx.doi.org/10.1109/TWC.2018.2873301
https://dx.doi.org/10.1109/TCOMM.2014.2363660
https://dx.doi.org/10.1109/ACCESS.2019.2893403


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


