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Abstract

System throughput and resource utilization can be improved in ultra-dense
networks (UDN) by deploying a large number of small base stations. Howev-
er, base stations are very close in UDN, which will cause serious interference
between base stations. To solve this problem, coordinated multi-point
(CoMP) has been improved, which has the ability to reduce inter-cell interfe-
rence and to improve data rate. However, the complexity of cooperation
among all cells is very high. Therefore, it is necessary to construct small-size
cooperation clusters. This article analyzes one of the key challenges of CoMP
application in UDN—optimal CoMP clustering. Firstly, the background
knowledge of CoMP is introduced. Secondly, we focus on the classification
and summarization of the latest achievements in clustering research and the
objective and challenges faced in the design of CoMP clusters. Finally, the fu-
ture research directions and potential methods of CoMP clustering are dis-
cussed.
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1. Introduction

With the growth of economy and the development of science and technology,
people’s living standards have been continuously improved. The demand for
communications has grown from the initial voice communication to today’s da-
ta, streaming media and other real-time services. The application scenario in-
volves the lives and work of people. With the popularity of various new mobile

terminals such as smart phones and tablet computers, mobile data traffic has
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grown exponentially. Cisco predicts that the demand of wireless data traffic will
explode. In 2020, the 1000-fold increase in mobile data traffic is expected for 5 G
beyond 2020 [1]. To cope with the tremendous growth of wireless traffic in 5 G,
three development directions are proposed in [2] [3]: 1) UDN: massive small cell
deployment; 2) increase spectrum efficiency-coordinated multiple points
(CoMP), multiple input multiple output (MIMO), and enhanced coding tech-
niques; 3) add additional spectrum. Network density can increase the capacity of
the system by 40 - 50 times. The system capacity can be increased by 3 - 5 times
through increasing the spectrum efficiency. The system capacity can be in-
creased by 5 - 10 times through increasing additional spectrum efficiency. The
UDN can provide the greatest network capacity gain, but it needs to deploy a
large number of small base stations [4].

In the world’s major operator data services, 60% of mobile voice services and
90% of data services occur indoor and hot spots. Therefore, solving the problem
of rapid increase of indoor coverage and hot spot business is an important way
to improve system capacity. Heterogeneous wireless networks incorporating a
variety of wireless access technologies are more capable of meeting the potential
requirements of wireless communications. With the rapid increase in the num-
ber and density of users, UDNs with densely deployed nodes have become the
future trend of wireless communications [5]. The small cell can reuse the fre-
quency of the macro cell. The small base station has a low transmission power
and a small coverage area. It can be deployed in a large number in the networks,
forming a high frequency reuse rate. However, there are still many technical
challenges to be resolved if excellent performance of UDN is to be achieved. The
small station reuses the frequency band of macro cell in UDN, which brings
about severe co-channel interference between the macro cell user and the small
cell or co-channel interference between the small cell users. Interference be-
comes a major obstacle of UDN development.

Traditional interference management strategies, such as power control and
channel quality-based scheduling, can suppress intra-cell interference to a cer-
tain extent. However, it performs interference control based on user information
in a single cell, and does not interact with neighboring cells. The ability to han-
dle inter-cell interference is very limited [6]. Therefore, CoOMP has been pro-
posed to reduce inter-cell interference and to improve high data rate coverage
and cell edge throughput. CoMP has been introduced for long term evolution
advanced (LTE-A) by the third generation partnership project (3GPP) in [7].
However, the application of this technique requires precise synchronization re-
quirement, additional pilot spending and signal and scheduling management
among all base stations. Therefore, the complexity of collaboration between all
cells in the network is extremely high [8]. To reduce complexity, it is necessary
to build a small-size cooperation cluster, in which the base stations cooperate
with each other. Designing the optimal CoMP cluster is one of the key chal-

lenges for CoMP implementation for future wireless networks [9].
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2. UDN Overview

The UDN is composed of a large number of small cells. The small cell, as
low-power wireless access node, not only can work on licensed frequency bands,
but also can work on unlicensed frequency bands. The coverage of macro base
station is several kilometers, while that of small cells is generally between 10 and
200 meters. Microcells, picocells, and femtocells can all be considered as one
type of small cell. The microcells with transmission power between 5 W and 10
W, are used for outdoor coverage. Its coverage radius is up to 300.

Compared to microcells, picocells have relatively low power, and its coverage
radius is generally between 50 meters and 100 meters. It is mainly for some pub-
lic hot spots and for outdoor coverage. Unlike the previous two types, femtocells
are mainly used for indoor coverage. Its transmission power is generally within
100 milliwatts, and its coverage is between 10 and 20 meters [10].

You can apply small cells in the following scenarios:

1) Coverage hole. Due to terrain restrictions or building blockage, there will
be some holes in the coverage of macro base stations. If new macro base stations
are deployed in these holes, which can increase the overhead of network dep-
loyment. However, it would cause severe interference to the existing base sta-
tions. Covering the holes of the network through small cells can solve these
problems very well. Firstly, the overhead is low, since the micro base station is
cheap and easy to deploy. Secondly, the interference to the existing base station
is smaller since the micro base station has lower transmission power.

2) Hot spots. In some densely populated hotspots, such as movie theaters,
gymnasiums, and shopping malls, macro base stations will not be able to provide
users with satisfactory services due to resource constraints. In this case, service
splitting can be implemented by deploying small cells, thereby reducing the

transmission load of the macro base station.

3. CoMP

CoMP is one of the main methods to mitigate the average interference and to
increase the spectral efficiency [11]. COMP aims to transmit data for users and to
enhance the user’s service experience by the cooperation between multiple
transmission points in different cells. It has the ability to reduce inter-cell inter-
ference through information exchange between cooperative points, thereby im-
proving user service quality [12]. CoMP technology enables users to receive
useful information from multiple cells on the same time-frequency resources,
thereby transforming the interference signals into useful signals, improving
cell-edge spectrum efficiency, and expanding high rate data service coverage
[13]. The multiple transmission points in the CoMP do not only refer to the co-
operation among the evolved Node Base stations (eNBs) but also refer to the ra-
dio frequency units. Due to the development of heterogeneous networks in
LTE-A networks, this collaboration based on lower levels will become the main-

stream [14].
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Inter-cell interference can be reduced by cell cooperation. By sharing the data
between the coordinated points, interference can be mitigated at the receiving
terminal or can be converted into the useful signal. The 3GPP further studied
the CoMP in LTE-A, and also studied the concept of the physical layer of CoMP.
The research results show that the CoMP can provide great performance im-
provement for different network deployment scenarios, especially for the
cell-edge users [15].

Three main downlink coordination schemes are identified by 3GPP for
LTE-Advanced.

1) Joint Transmission (JT): In CoMP-JT, users receive downlink information
from multiple transmission nodes at a time and combine the information to im-
prove received signal quality [16]. Cooperative nodes can convert the interfe-
rence signal into useful signals by sharing user information [17]. For edge users,
using JT can effectively improve the user’s spectrum efficiency and throughput.
However, JT requires the sharing of channel state information (CSI) and user
data among transmission nodes, which requires high bandwidth backhaul links
[18].

2) Dynamic point selection (DPS): The system provides data services for the
user to select the transmission point with the best channel conditions [19]. In the
DPS transmission mode, only one transmission point transmits data for the user
at a time, and other transmission points do not perform data transmission for
the user, but the transmission point of the transmission data varies with the time
slot among the cooperation transmission points. System always selects the best
transmission point to transmit data for the user [20].

3) Coordinated scheduling/beamforming (CS/CB): CS/CB is another imple-
mentation of CoMP. Unlike JT, in the CB/CS implementation process, the user’s
control signals and data signals are completely provided by a node, ie., the user’s
serving nodes, but the user’s scheduling decision and pre-coding scheme are
jointly determined by multiple nodes [21]. Therefore, CS/CB is a kind of inter-
ference avoidance technology. Compared with JT, CS/CB lacks the diversity gain
that JT can bring. However, the CS/CB only needs to share CSI among the coo-
perating nodes. Therefore, it requires low bandwidth backhaul links [22]. Coor-
dinated scheduling means that through multiple cell collaborations, only one
base station provides services for users as far as possible, a reasonable and effi-
cient allocation of wireless resources is performed, and resources of sector
boundaries are reduced in time domain, frequency domain, and airspace. So, in-
ter-cell interference can be avoided as much as possible, and maintaining high
spectrum efficiency and improving the user’s receiving signal to interference
plus noise ratio (SINR). The goal of CB is to form the best combination or allo-
cation of baseband signals based on system performance indicators. Specifically,
its main task is to compensate for signal fading and distortion caused by factors
such as space loss and multipath effects in the wireless propagation process, and

to reduce the user’s co-channel interference [23].
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Two main uplink CoMP categories are identified by 3GPP for LTE-Advanced
in [24].

1) Coordinated scheduling/beamforming(CS/CB): The cooperating transmis-
sion nodes jointly design the user’s scheduling and precoding, and only one
transmission node receives user data [25].

2) Joint reception: The user’s data is received by multiple transmission nodes.
Similar to the downlink JT, the joint reception of the uplink can provide high
gains, but at the expense of increased complexity and high bandwidth backhaul
links.

4. CoMP Clustering

At present, many domestic and foreign literatures have studied the CoMP clus-
tering algorithm, among which there are three main clustering modes, static
clustering, semi-dynamic clustering and dynamic clustering.

The static clustering method is less complex and has less signaling overhead,
but this method dynamically adapts to changes in the location of network nodes
or users. Therefore, its performance is limited [26]. Semi-dynamic clustering is
proposed on the basis of static clustering. Static clustering is performed first, and
then base stations or users are dynamically selected within the cluster. Com-
pared with static clustering, semi-dynamic clustering improves the performance
of the system. Its disadvantages are increased complexity and signaling over-
head. In order to adapt to the dynamic changes of network and user location,
dynamic clustering is proposed. The performance of this method is optimal, but
its complexity is the highest [27]. Dynamic clustering is divided into three cate-
gories: network-centric clustering, user-centric clustering, and hybrid clustering.
In the network-centric clustering method, the serving base station of the user of
the same cluster can only be selected within the cluster [28]. In the user-centric
clustering method, users can select their own serving base station in the whole
networks, but its complexity will increase. The hybrid method is a combination
of the first two methods and can be a compromise between complexity and per-

formance [29].

4.1. Static Clustering

The static clustering method pre-designs a fixed cooperative cluster that does
not change with time according to the radio access network structure and the
base station geographic location. The advantage is that the operation is simple
and complexity is extremely low; the disadvantage is that the time-varying cha-
racteristics of the fading channel are not considered and the available coopera-
tive gain is limited.

A static clustering scheme is proposed in [30], which can improve SINR of
users. In [31], static CoMP clustering is considered with orthogonal frequency
reuse where antenna bore-sights are shifted to face into each other for extra

CoMP gain. However, both papers assume that the cells are hexagonal grid
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which is non-realistic in real network deployment, and this topology creates
blind spots. Overlapping and non-overlapping static clustering schemes are
proposed in [32] where static clusters are formed to maximize the average SINR
or minimizing the SINR of users. In an overlapping clustering scheme, a cell can
locate three clusters simultaneously. This scheme can be applied to the real net-
work. However, its complexity will increase as the number of users increases
[33].

Static clustering is an attractive method because of its low complexity. The use
of CoMP technology between base stations does not require high-bandwidth
backhaul links [34]. However, static clustering algorithms are mostly based on
hexagonal networks, which is unrealistic. Therefore, this method cannot provide
spectral efficiency gains and increase system capacity for future 5 G networks
[35].

4.2. Semi-Dynamic Clustering

In order to improve performance of the network, semi-dynamic clustering is
proposed on the basis of static clustering, which is a multi-layer static cluster. In
semi-dynamic clustering, users select an optimal cluster from static clusters.
Based on the hexagonal topological network, a clustering algorithm is proposed
in [36] where it expands the two-layer static clustering into multi-layer dynamic
clustering. The user selects the most suitable cluster from the available clusters
based on power. This algorithm improves the cooperative gain compared with
static clustering. However, its overlapping property increases the complexity of
the scheduling and the bandwidth of the backhaul link. A semi-dynamic clus-
tering method based on a hexagonal network is proposed in [37]. By assigning
different sub-channels to each moving cluster, multiple clusters can be trans-
ferred. The statically clustering algorithm is studied in [38] for maximizing the
number of neighboring cells in the same cluster, which proposes a complete
transfer based on the static transfer in [37]. The algorithm can reduce the in-
ter-cluster Interference and increase CoMP gain by allocates different spectrums
to the transferred clusters. However, these methods are based on the hexagonal
topology network and cannot be applied in actual networks. For the downlink
time-division duplex JT-CoMP system, a semi-dynamic clustering method is
proposed in [39]. This method divides large-size static clusters into different
sub-clusters. The user dynamically selects sub-cluster. With the same spectral ef-
ficiency, its complexity is reduced. However, this method cannot respond to dy-
namic changes within static clusters.

Semi-dynamic clustering is an improved method of static clustering. Howev-
er, most clustering algorithms are based on an ideal hexagonal network topolo-
gy, which is unrealistic in practical networks [40]. In addition, most semi-dynamic
clustering algorithms design static clusters by assigning orthogonal frequencies
to each cell, which reduces the spectral efficiency of the network, and the static

nature of clusters cannot respond to changes in users and networks [41].
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4.3. Static Clustering

Dynamic clustering is designed periodically according to the change of fading
channel information (usually considered to be clustering with time slots as pe-
riods), can adapt to network changes and can provide higher cooperative gain.
But this type of clustering operation relatively complex, periodic clustering
makes the computational complexity increase exponentially [42] [43]. Dynamic
clustering is divided into three categories: network-centric clustering, us-
er-centric clustering, and hybrid clustering [44].

Network-centric clustering methods are less complex when compared to us-
er-centric clustering [45], but cluster edge users still suffer from inter-cluster in-
terference [46]. Network-centric clustering methods mostly use greedy algo-
rithms and cooperative game theory. In [47] aiming at maximizing spectral effi-
ciency, a greedy clustering algorithm for uplink is proposed. The cluster size is
set in advance. This algorithm indicates that dynamic clustering with cluster size
of two cells outperforms static clustering with larger cluster size. However, the
size of the clusters fixed in advance is not optimal solution for some clusters. An
improved greedy clustering algorithm is proposed in [48]. The size of the cluster
is not fixed, but varies with the CSL. Both [48] and [49] are non-overlapping
clusters and the inter-cluster interference is still high. A dynamic overlapping
clustering method based on greedy algorithm is proposed in [50], which can
improve the network average rate and fairness. This paper also showed that the
performance of four-size overlapping clusters is better than that of eight-size
non-overlapping clusters. Cooperative game theory can also be used for cluster-
ing. Using the utility function in cooperative game theory, the size of the cluster
can be limited according to the location of the base station and the user confi-
guration, so that the CoMP gain can be maximized. A continuous second-order
cone programming method is proposes in [51] to solve the joint processing and
clustering problems, which can greatly reduce the scope of the cluster and can
reduce the backhaul load.

The user-centric dynamic clustering selects each user’s serving base station
cluster among all small base stations according to the user’s CSI. This method
can obtain better SINR and throughput gain with the highest complexity [52]. In
order to reduce the complexity, the user-centric clustering method cannot be
applied to the entire network and can only be used in an area containing several
serving base stations [53]. The research in [54] shows that using macro-diversity
CoMP in user-centric dynamic clustering can improve system capacity, and [55]
proposes a three-tier clustering method, in which cell center users do not use
CoMP technology and perform static clustering. User-centric dynamic cluster-
ing is used for cluster edge users. The complexity of the methods proposed in
[54] and [55] is similar, where does not limit the number of user-centric cells.
When the number of cells is large, the complexity of these two methods is ex-
tremely high. In [56], a user-centric CoMP clustering algorithm is studied under

the premise of a certain range of clusters, which can maximize spectrum effi-
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ciency and introduce a new two-stage re-clustering algorithm for multi-user
collaboration. In the case of CoOMP transmission, the load is transferred from the
high-loaded cell to the low-loaded cell to reduce the high load in the hot spot
and improve the user satisfaction. In [57], a user-centric overlapping clustering
based on the main base station pre-coding is proposed for maximizing the sys-
tem throughput. This method can dynamically configure the serving base station
cluster in a distributed manner. However, the complexity of the algorithm is ex-
tremely high. In order to reduce the complexity, a suboptimal clustering algo-
rithm that does not consider the interference is proposed.

Hybrid clustering is a combination of network-centric clustering and us-
er-centric clustering methods. Each user has several candidate serving base sta-
tions, and selects serving base station clusters for each user from alternative
serving base stations, and can make adjustments based on changes in the CSI
[58]. Hybrid clustering can achieve a trade-off between complexity and coopera-
tive gains [59]. A hybrid clustering method is proposed in [60] where cell-center
users use network-centric clustering methods, and cell-edge users use us-
er-centric clustering methods, to maximize the SINR of users at the cell edge.
Each cell edge user selects a cluster of serving base stations and eliminates the
inter-cluster interference of overlapping clusters by allocating orthogonal fre-
quencies for different users’ serving base station clusters. Although this method
improves the performance of cluster edge users, the allocation of orthogonal
frequencies affects the reasonable use of bandwidth. In [61], hybrid clusters in
the downlink is studied, where firstly clustered the network statically according
to network-centric clustering methods, and then the users in the static cluster
used the user-centric clustering to select three services base station. Although the
complexity of the method is low, the need to introduce dynamic clustering and
to select a fixed number of serving base stations for each user will lead to unne-

cessary cooperation of base stations and waste of resources.

5. The Objective of COMP

The main objective of CoMP is to mitigate inter-cell interference and improve
spectrum efficiency, but the CoMP clustering algorithm needs to consider mul-
tiple indicators. The implementation of CoMP is limited by the bandwidth of the
backhaul link. As the mobile data grows exponentially, the design of the CoMP
cluster needs to take into account system capacity and load balancing. The green
communication required for the fifth generation communication system should
also be considered in the CoMP clustering algorithm. Next we describe in detail

the objective factors that need to be considered in the design of CoMP cluster.

5.1. Spectral Efficiency

Wireless spectrum resource is one of the most important resources for wireless
communication. The shortage of spectrum resources has become the bottleneck

of the rapid development of current wireless communication technologies. The
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traditional fixed spectrum allocation method leads to the low utilization of spec-
trum resources. Under the condition that the overall spectrum resources are li-
mited, under the condition of limited spectrum resources, improving spectrum
resource utilization is the only way to solve the shortage of spectrum resources.

The main objective of CoMP is to reduce the inter-cell interference, improv-
ing the user’s receiving SINR and the spectrum efficiency. Therefore, maximiz-
ing spectral efficiency has become the main consideration for CoMP cluster de-
sign. The distributed interference management is studied in [62] in a multi-cell
multiple-input multiple-output time-division duplex network downlink. Us-
er-centric clusters are built, where users are connected to multiple base stations.
These base stations serve users through CoMP-]JT. The goal of this paper is to
allocate appropriate serving base stations and precoding matrices for each user.
Then, the interference and base station transmit power are controlled to max-
imize the system’s spectral efficiency. Because the same frequency spectrum is
reused among the same user clusters in the UDN, there may be strong interfe-
rence between them. For the downlink transmission of UDN in [63], an interfe-
rence graph is first created based on large-scale fading according to the interfe-
rence strength between user clusters. Then, the user clusters with strong interfe-
rence are merged to form a new user cluster, and the intra-cluster interference is
eliminated through the CoMP-]T, which can improve the average spectrum effi-
ciency of the user, especially the spectrum efficiency of the edge user. However,
the small base stations use same power to transmit signals for users in the me-
thod, and power allocation and resource scheduling are not considered. A re-
source allocation scheme based on interference coordination is proposed in [64]
for solving the inter-cell interference problem in UDN. First, small cells with
strong interference are grouped into the same cluster based on the interference
strength among the small cells, and the small cells in the same cluster share fre-
quency band resources. Then based on the max-min fairness criteria in power,
optimal power allocation is performed and resources are dynamically allocated.
In order to mitigate the severe interference among dense small cells and improve
the performance of cell edge users, hybrid clustering based on non-cooperative
game theory is proposed in [65], where SINR measurement mechanism are in-
troduced, Non-cooperative game is used to help users select the best serving cell
through considering the load of the cell, so as to achieve the purpose of improv-
ing spectrum efficiency. For CoMP can only eliminate intra-cluster interference
but cannot mitigate inter-cluster interference, a dynamic joint processing
scheme is proposed in [66]. Through the joint consideration of network-centric
clustering methods and sub-band allocation, a single sub-band cluster is con-
structed. It can eliminate users at the edge of the cluster, which can reduce in-
ter-cluster interference and improve system spectral efficiency.

Dynamic clustering of UDNs requires complex precoding design and resource
allocation, and additional the overhead on the backhaul link. Semi-dynamic

clustering and static clustering can reduce complexity and extra overhead at the

DOI: 10.4236/0alib.1104703

9 Open Access Library Journal


https://doi.org/10.4236/oalib.1104703

Q.Q.lietal

expense of reducing spectral efficiency gains.

5.2. Energy Efficiency

UDN is one of the most advanced technologies to deal with the increasing traffic
demand of wireless communications, which provide high-speed data transmis-
sion by deploying dense small base stations. However, a large number of small
base stations have brought a lot of energy consumption and maintenance costs.
The increasingly serious greenhouse effect has also become an important threat
to the sustainable development of human beings in the future. Green communi-
cation has become the pursuit of communication development. Therefore, with
the increase of spectral efficiency, energy efficiency has also become a major
concern of UDN. At present, for the research of green communication, common
methods are base station sleeping and CoMP technology.

According to IEEE 802.16 standard, even if the small base station works in low
load mode, the base station still has a certain amount of time in the detection
state and consumes energy without any service. In order to save this part of
energy, the topology structure of the network is known information in [67], the
small base stations are clustered and the cluster heads are selected based on their
geographic location. In the low-load operation mode, only the cluster heads
need to perform detection intermittently for new user, so that users entering the
service area can know the which cluster they am in. When the cluster head dis-
covers a new user, it determines which base station the user belongs to according
to the location of the user and wakes up the corresponding small base station.
After improvement, when there are few services, only the cluster head needs to
work, while other members save the energy consumed by periodic detection.

The network densification will greatly increase energy consumption and op-
erating costs. Because CoMP technology can reduce the transmission power of
small base stations, it can improve energy efficiency. To maximize energy effi-
ciency, and optimize the trade-off between spectrum efficiency and energy effi-
ciency, has been concentrated on the important factors for design of CoMP
clusters. However, extra signal processing and backhaul links of CoMP also
consume energy. When the density of active small base stations is different, the
performance of the network is analyzed in [68]. Finally, according to the differ-
ent performance indicators of the network, trade-off between the spectrum effi-
ciency and energy efficiency are taken into account by changing the density of
active small base stations.

Energy saving base station is an important design goal in a green cellular net-
work. One effective way to save energy at the base station is to turn the base sta-
tion on or off based on the network traffic conditions. However, this method
may cause network coverage holes. In [69], a method that adaptively switching
the base station on or off to minimize the total power consumption of the net-
work is studied while maintaining network coverage, which has been proved to
save network energy in the hot-spot area where dense small base stations are

deployed. CoMP clusters can optimize network energy efficiency by increasing
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the number of small base stations that work in sleep mode or increasing the
sleep time of small cells. Downlink CoMP transmission links is considered in
[70] to minimize the total power consumption of the network while satisfying
the user’s requirements of the SINR and base station power constraints through
jointly optimize the base station mode (active or sleep), user connection me-
thods and cooperative beamforming. In addition to letting the small base station
sleep, considering network coordination in the network planning stage can also

reduce deployment costs and maximize energy efficiency.

5.3. Backhaul Optimization

Most of the existing research only considers the link between the user equipment
and the base station, and does not consider the backhaul link between the base
station and the core network. The backhaul link may be wired or wireless, but its
capacity is limited, therefore there is a delay in the backhaul link, which can af-
fect real-time nature of information exchange between cells, so that each cell
cannot get the decisions and information about neighboring cells in time. In-
complete or inaccurate acquisition of network information by the base station
will cause decision errors and degrade system performance. The delay of infor-
mation means that, the base station or user can only make decisions based on
historical information and cannot adapt to the current network conditions in
time. The condition of the network has seriously affected the performance of the
system. As mentioned earlier, one of the prerequisites for CoMP applications is
high backhaul bandwidth and low latency. Due to the need to share user data
and CSI among cells in a cluster, JT-CoMP requires a high backhaul bandwidth.

A joint optimized beamforming design and user-centric clustering is proposed
in [71] for the large backhaul signaling overhead caused by CoMP. The method
clusters in a given network-centric cluster to reduce wasted network resources.
A semi-distributed algorithm was proposed to solve this problem and its subop-
timal solution was obtained. Simulation results show that the proposed method
can reduce backhaul data transmission by 10% - 30%. In [72], in the precoder
design, the long-term channel statistics composed of path loss and shadow fad-
ing are used to simulate the unknown CSI interference, which can reduce the
burden on the backhaul link. In order to maximize the weighted sum rate, a
continuous second-order cone algorithm is proposed, which is solved by the
branch-and-bound method. An alternative optimization scheme for minimizing
the weighted mean square error has also been derived. These two schemes pro-
vide a near-optimal effective solution and enable efficient transmission of back-
haul links.

CoMP implementation relies on high backhaul bandwidth, so the CoMP clus-
tering algorithm needs to consider backhaul bandwidth limitations. Cluster size
and collaboration type are also important factors that can change the backhaul
bandwidth requirements. In addition, in order to obtain better CoMP gains, the
data of the high load backhaul link can be transferred to the backhaul link of the

low load cell.
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6. Challenges and Development Directions

6.1. The Trade-Off between Complexity and Gain

Because dynamic clustering can respond to the dynamic changes of base stations
and users in time, UDN can achieve better performance gains. Inter-cluster in-
terference can be mitigated by dynamically changing cluster boundaries. The
user-centric, network-centric, and hybrid clustering methods have been ana-
lyzed above. The study of CoMP clusters for user-centric approaches lacks scala-
bility and the complexity of scheduling and precoding designs is extremely high.
Compared with the user-centric cluster design, the network-centric approach
cannot provide the full benefits of CoMP. Hybrid clustering can make a trade-off
between the complexity and gains of CoMP clustering. However, the existing
research work cannot be completely dynamic hybrid clustering scheme. Because
the complete dynamic clustering scheme is too complicated and has additional
overhead.

Therefore, the selection of the clustering method must rely on the practical
networks environment and user service quality requirements. Under meeting the
basic service requirements of users, the complexity is too high to be worth the
loss. So the complexity of the clustering method should be reduced as much as
possible. Clustering methods have no advantages and disadvantages, depending

on whether they can meet the actual needs of the network.

6.2. COMP Clustering for Multiple Objectives

Nowadays, the objects of Operators tend to be diversified and face various busi-
ness demands. Users and services are characterized by diversification and hete-
rogeneity. Various Operators providers must ensure that they can provide high
quality services in order to gain an advantage in the fierce market competition.
However, CoMP is mainly used to mitigate inter-cell interference and increase
spectrum efficiency. Therefore, the main objective of CoMP clusters is to in-
crease spectrum efficiency, but there are other limitations such as backhaul
bandwidth, system capacity and energy efficiency. Most of the papers are con-
cerned with two aspects of research. One is to maximize spectral efficiency and
the other is to focus on the limits of backhaul bandwidth and energy efficiency.
In order to meet the high quality service requirements of each user as much as
possible, it is necessary to more fully consider all the constraints to achieve the
CoMP clusters design. It is necessary to research on clustering algorithms that
comprehensively consider various constraints, and incorporate various objec-
tives, ie., spectrum efficiency, energy efficiency, backhaul bandwidth, and load
into algorithm design, while considering a trade-off between multiple objective
gains and additional overhead. Tools such as joint game theory can combine
multiple objectives into a single benefit function. The trade-off between different
objectives and the best balance between these objectives is a field worthy of

study.
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7. Conclusion

This paper mainly analyzes UDN and CoMP clusters extensively. First of all, it
analyzes the reason why UDN becomes the key technology of the future 5G
network, as well as its advantages and disadvantages. Then the classification of
various CoMP clusters is introduced, which analyzes the advantages and disad-
vantages of various clustering methods. Moreover, a new classification method
of CoMP cluster based on objective function is proposed. The CoMP clustering
algorithm optimized for spectrum efficiency, energy efficiency and backhaul is
discussed. Finally, the challenges and development directions of CoMP clusters

are discussed in the future.
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