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ABSTRACT

Inspired by the explosive growth of mobile
data traffic, the severe inter-tier interference,
and the fierce competition between the total cost
of ownership and revenues for mobile operators,
the heterogeneous cloud radio access network
(H-CRAN) has been proposed as one of the
most prominent ways to handle these challenges.
The key idea of the H-CRAN is incorporating
cloud computing into a heterogeneous network
(HetNet) to enhance coordinated multipoint
transmission and reception, cooperative radio
resource management, and self-organizing net-
works, which improve both spectral and energy
efficiencies of cellular systems. One of the most
critical challenges that hinder the implementa-
tion of the H-CRAN is the high transmission
demand on the backhauls between the baseband
unit (BBU) pool and remote radio heads
(RRHs). In this article we suggest that we can
balance the workload of different RRHs to alle-
viate the pressure on the transmission links. Our
proposed method is different from but compati-
ble with existing compression techniques that
have been widely investigated in the literature to
lighten the transmission burden of the back-
hauls. We also describe the technical challenges
in existence during the implementation of our
proposal and give preliminary ideas of how to
address them.

INTRODUCTION

In recent years mobile data traffic has experi-
enced record growth among the world’s opera-
tors as subscribers use more smart phones and
mobile devices, such as tablets. Diverse data
applications such as high-definition wireless
video streaming, machine-to-machine communi-
cation, social networking, and Internet of Things
(IoTs), have been proliferating over the past 20
years. Investigations have discovered that Inter-
net traffic is expected to increase more than
1000 times by the year 2020. In order to satisfy
growing user demand, mobile network operators
must increase network capacity steadily. As the
spectral efficiency for the Long Term Evolution
(LTE) standard is approaching the Shannon
limit, further improvements in system spectral

efficiency can be achieved only by increasing the
density of access nodes. In a relatively sparse
deployment of macro base stations (BSs), adding
more BSs does not severely increase intercell
interference, and solid cell splitting gains are
easy to achieve. However, as the density of BSs
is already quite large today, cell splitting gains
are greatly reduced due to the intercell interfer-
ence that is severe under such circumstances. In
addition, costs concerning site acquisition in a
capacity-limited dense urban area can become
extremely expensive. Furthermore, the current
cellular network architecture is 40 years old and
was primitively designed for coverage and mobil-
ity considerations, instead of achieving high
energy efficiency (EE) and spectral efficiency
(SE) performance. To deal with such challenging
goals, revolutionary approaches concerning
novel wireless network architectures supported
by advanced signal processing and networking
technologies are urgently needed [1].

Challenges associated with the dense deploy-
ment of traditional macro BSs can be partly
avoided by the utilization of low power nodes
(LPNs), which are normally classified into pico
BSs, femto BSs, and relays. A network that con-
sists of macro cells and LPNs, where some of
them are configured with restricted access and
some may be lacking in wired backhaul, is
referred to as a heterogeneous network (HetNet)
[2]- LPNs are usually deployed in the coverage of
the macro BSs to offload the traffic of these
macro BSs and support users with high data rate
requirements. As a result, HetNets can serve cus-
tomers in traffic hot zones by deploying dense
LPNs and providing ubiquitous coverage to all
user equipment through the powerful macro BSs.
However, they still face the problem of severe
interference when the distribution of LPNs is too
dense, which is expected in 5G. Therefore, it is of
great significance to suppress interference
through advanced signal processing techniques to
fully exploit the potential of HetNets. Coordinat-
ed multiple point (CoMP) transmission and
reception is increasingly seen as a promising
solution to improve the performance of HetNets.
Unfortunately, it also has disadvantages in practi-
cal cellular networks as its performance gain
relies heavily on the backhaul constraints and
even degrades as the density of LPNs increases
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[1]. Moreover, such a proposal also increases the
complexity of the cellular network and always
incurs high capital expenditure (CAPEX) and
operating expenditure (OPEX) [3, 4].

In order to enhance SE and EE performance
and decrease energy consumption in HetNets
with densely deployed LPNs, a novel architec-
ture for improving both SE and EE through
restraining inter-tier interference and improving
cooperative processing capabilities is urgently
needed. Cloud computing technology has
emerged as a prominent scheme for providing
high gigabit data rates at the cost of lower ener-
gy across software defined wireless communica-
tion networks. As a consequence, heterogeneous
cloud radio access networks (H-CRANs) are
proposed as a cost-effective alternative to sup-
press inter-tier interference and enhance cooper-
ative processing gains in HetNets accompanied
by cloud computing technology. The motivation
behind H-CRANS is to improve the capabilities
of macro BSs with massive multiple-input multi-
ple-output (MIMO) technology and simplify
LPNs by building connections between LPNs
and a signal processing cloud (BBU pool in the
H-CRANS) through high-speed optical fibers.
To be more specific, the baseband data process-
ing and radio resource control in traditional
LPNs are transferred to the BBU pool to take
advantage of cloud computing capabilities [5].

H-CRANSs have been researched in the litera-
ture in the areas of resource assignment and
interference coordination. These works mainly
focus on mitigating inter-tier interference among
remote radio heads (RRHs) and macro BSs, and
allocating resources in an energy-efficient man-
ner. However, the critical problem concerning
backhauls that hinders the implementation of
H-CRANS has not been fully investigated. Previ-
ous solutions concerning backhauls mostly con-
centrate on various compression techniques and
the single fiber bi-direction technique. These are
effective in decreasing data transmission in back-
haul for the given amount of data. However, is it
possible to decrease the amount of data to be
transferred at the source for the RRHs with a
heavy load, so that all backhauls only carry a
moderate load? In this article we will show that
the answer to this question is “Yes” and propose
a novel scheme for alleviating the high pressure
on backhauls in H-CRANS during centralization
based on workload balancing. In the following
sections the system architecture of H-CRANS is
briefly presented, and its bottleneck, high
demand on the data transmission through back-
hauls, is discussed, as well as current proposals
concerning backhauls of H-CRANs. Then a
novel method for alleviating data transmission
pressure on the backhauls is proposed, where
the key idea is based on workload balancing.
The challenging issues related to the proposal
and possible research directions are discussed.

H-CRANS ARCHITECTURE AND
CRITICAL CHALLENGES

As mentioned earlier, even though HetNets are
good at providing seamless coverage and high
capacity, their commercial development is

blocked by the huge amount of signaling in back-
hauls caused by the intracell and intercell CoMPs
and the low EE performance with hyper-dense
LPNs. On the other hand, cloud radio access
networks (C-RANSs) have been recognized as a
promising architecture for providing high trans-
mission data rates with excellent EE perfor-
mance, and most importantly, decreasing the
CAPEX and the OPEX of cellular networks.
The C-RAN architecture mainly consists of three
parts: first, the distributed radio units that can
be referred to as RRHs with antennas located at
the remote site; second, the baseband unit
(BBU) pool which is composed of high-perfor-
mance programmable processors and real-time
virtualization and management technologies; and
third, the high bandwidth low-latency transport
network that links the RRHs and the BBU pool.
Most of the processing procedures are aggregat-
ed into the centralized virtual BBU pool, like
the synch, radio resource control, transport-
media access control, and the baseband process-
ing, while the RRH is only for radio functionalities,
such as digital processing, frequency filtering,
and power amplification [3, 6-8]. However,
backward compatibility with existing cellular sys-
tems, together with the support for seamless cov-
erage, make macro cells still critical for a
practical cellular network, since RRHs are main-
ly designed for high capacity in special zones
without much consideration in coverage. With
the help of macro cells, multiple radio networks
can work in harmony with each other, and sys-
tem control signals throughout the network can
be easily delivered. Because of these advantages,
H-CRANSs are proposed to incorporate macro
cells into C-RANSs, and benefit from the
strengths of both HetNets and C-RANs, where
cloud computing technologies are fully exploited
to cope with the challenges in HetNets [1].

H-CRANSs have many similarities with C-RANs
[6], as shown in Fig. 1, with a large number of
RRHs of low power consumption cooperating
with each other and a centralized BBU pool
facilitated to achieve high performance gains. As
mentioned earlier and specifically marked in Fig. 1,
only simple symbol processing and the front radio
frequency (RF) are conducted in the RRHs,
while other baseband processing and upper layer
procedures are conducted in the BBU pool.

On the other hand, H-CRANSs differ from
C-RANSs with macro cells. Macro cells play a sig-
nificant role in H-CRANSs as they connect with
the centralized BBU pool to alleviate cross-tier
interference between RRHs and macro cells
with centralized cooperative processing tech-
niques based on cloud computing. Moreover,
with the help of macro cells, the backhaul
requirements are alleviated as the control signals
and data are decoupled in H-CRANSs. To be
more specific, all control signals are delivered
through macro cells to user equipment (UE),
which weakens the capacity and delay constraints
in backhauls between RRHs and the BBU pool.
Furthermore, as has been discussed in [9, 10],
services with a small amount of data, moving at
high speed or requiring a low data transmission
rate, can be supported efficiently by macro cells,
while applications that require a high data trans-
mission rate or have low mobility are allocated

With the help of macro
cells, multiple radio net-
works can work in har-
mony with each other,
and system control sig-
nals throughout the net-
work can be easily
delivered. Because of
these advantages, H-
CRANs are proposed to
incorporate macro cells
into C-RANs, and benefit
from the strengths of
hoth HetNets and
C-RANs.

IEEE Wireless Communications ¢ June 2015

43



The most critical chal-
lenge that hinders the
implementation of H-
CRANS is the high
demand on the data
fransmission through
optical or wireless links.
Insufficient backhaul
capacity prevents RRHs
from making full use of
available radio
resources, which
becomes even more
worrysome when vari
ous cooperative tech-
niques are applied.
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Figure 1. Heterogeneous C-RAN.

to RRHs. To enhance coverage and capacity,
MIMO serves as an effective technology to be
applied to macro BSs. With the help of central-
ized processing in the BBU pool, cooperative
processing techniques inherited from virtual
MIMO can achieve multiplexing gains. As with
C-RANSs, inter-RRH interference can be
restrained by the cooperative processing tech-
niques in the BBU pool. Moreover, the interfer-
ence among macro cells and RRHs can be
mitigated through cooperative resource manage-
ment via an interface between macro cells and
the BBU pool [1].

Despite the potential advantages of H-CRANS,
they still require long-term development before
they van be widely deployed. The most critical
challenge that hinders the implementation of
H-CRAN:S is the high demand on the data trans-
mission through optical or wireless links. Insuffi-
cient backhaul capacity prevents the RRHs from
making full use of available radio resources,
which becomes even more of a problem when
various cooperative techniques are applied.

Centralization is the first key step required to
implement all the other features of H-CRAN:S,
which aggregates various BBUs into one central
office with shared resources and facilities. The
critical challenge for centralization is the need
for a large number of fiber resources when using
a dark fiber solution, which means a direct fiber
connection. For example, in a TD-LTE system
with 20MHz bandwidth where the RRHs are
equipped with eight antennas, the Common Pub-
lic Radio Interface (CPRI) data rate between
one BBU and one RRH for one TD-LTE carrier
transmission reaches up to 9.8Gbps. Considering
both uplink and downlink, we need four fiber
connections of 6 Gbps optical modules to realize
possible transmission. As one site usually con-

sists of three sectors that support at least one
carrier separately, as high as 12 fiber connec-
tions are required to enable valid communica-
tion, which concerns most operators due to
limited backhaul resources [4]. Furthermore,
with the explosive growth of data demand, ultra
dense RRHs will be required in the coming 5G.
If no remedial measures are taken, the ultra
high demand caused by hyper-dense RRHs on
backhauls between RRHs and the BBU pool will
be intolerable in the future.

RETHINKING CURRENT PROPOSALS FOR
BackHAULS OF H-CRANS

Various data compression techniques have been
investigated to cope with the BBU-RRH signal
transmission bandwidth problems [11].

In time domain, reducing the signal sampling
rate is a solution of low complexity and has min-
imal impact on protocols while conducting effi-
cient compression of up to 66 percent with some
performance degradation. Non-linear quantiza-
tion serves as an alternative. More quantization
levels are specified in a magnitude where more
values are likely to be presented, which improves
quantization signal to noise radio (QSNR). In
addition, mature algorithms such as p-Law and
A-Law are available to specify the step size.
Moreover, it can achieve compression efficiency
of up to 53 percent. However, it also brings
additional Open BBU RRH interface (OBRI)
complexity. Interface-in-phase and quadrature
(IQ) data compression is another well-developed
compression technique. It is based on reducing
the signals’ dynamic range by normalizing their
power to the average power reference. Even
though high compression efficiency can be
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achieved, it has high complexity, real-time and
compression distortion issues, and there is no
mature algorithm available [3, 6].

An example in the frequency domain scheme
is to perform sub-carrier compression. It does
reduce Ir interface load by 40 percent to 58 per-
cent by implementing FFT/IFFT. However, due
to drawbacks such as high system complexity,
extra processing ability on optical chips and ther-
mal design, high device cost and difficulty of
maintenance, etc., its application is limited [3, 6].

Apart from compression techniques, another
solution for alleviating transmission pressure is
single fiber bi-direction, which allows simultane-
ous transmission of uplink and downlink on the
same fiber. Moreover, wavelength-division multi-
plexing and microwave transmission further
reduce fiber consumption [4].

Considering the methods mentioned above,
we can discover that they are all designed to
decrease data transmission in backhaul for the
given amount of data. These compression tech-
niques are effective in alleviating the data trans-
mission pressure. However, is there any other
way to facilitate these compression techniques to
make the implementation of the centralization
of H-CRANSs more achievable? To be more spe-
cific, is it possible to decrease the amount of
data to be transferred at the source for the
RRHs with heavy load so that all backhauls only
carry a moderate load? In cellular networks, a
user scans all available channels and associates
itself with an RRH that has the strongest
received signal strength indicator (RSSI) by
default, while being ignorant of the load of data
to be transmitted by the RRHs. As users are
typically not evenly distributed, some backhauls
of RRHs tend to suffer from heavy load, which
requires high transmission bandwidth, while
their adjacent backhauls of RRHs may carry
only light load, as can be seen in Fig. 2. The dif-
ferences in the widths of backhaul lines reflect
the gaps between transmission bandwidths
required by different RRHs. Besides, as users
are typically shifting between different areas, e.g.
residential and office, during the day, peak
transmission bandwidth requirements may be as
much as 10 times higher than during off-peak
hours. In order to guarantee robust data trans-
mission at any time and any place, the transmis-
sion bandwidth of the backhaul for the RRH is
designed for the peak transmission bandwidth
required. As a result, transmission bandwidth
resources are largely wasted, because most of
the time these RRHs do not need to communi-
cate with the BBU pool at full rate. The waste of
transmission bandwidth is partly reflected in the
waste of transmission links such as optical fibers
that have been constructed. Obviously, if we bal-
ance the data transmitted in backhauls among
RRHs in real time, the peak transmission band-
width required can be greatly decreased. As a
consequence, balancing the workload among
backhauls followed by compression techniques
can greatly reduce the amount of data to be
transmitted. Besides, costs spent on construction
of backhauls can be decreased, as the backhauls
of RRHs can now be equipped with lower trans-
mission bandwidth. Furthermore, thanks to the
aggregation of BBUs into a BBU pool, the dis-

Virtual BBU pool ja

Figure 2. Illustration of unbalanced backhauls.

tribution of traffic demands can be easily
obtained, making it possible to balance the
workload among backhauls. Finally, as is known
to all, the BBU pool is capable of workload bal-
ancing due to the aggregation of processing units
and its natural capability of central management.
However, the function of workload balancing
executed in the BBU pool is mainly designed to
balance the workloads among different process-
ing units while being ignorant of the workloads
of backhauls. For practical cellular networks,
workload balancing among backhauls must be
executed in the user association part among
RRHs, which relies on the geometrical partition-
ing of the practical service area for the purpose
of workload balancing, not just the BBU pool.

WORKLOAD BALANCING TO ALLEVIATE
DATA TRANSMISSION PRESSURE ON
BackHAULS OF H-CRANS

Workload balancing has been studied widely in
the literature. It is a way to balance the work-
load among various servers and machines to
optimize factors such as resource utilization,
fairness, waiting/processing delays, or throughput
[12, 13]. The problem of balancing load among
backhauls can be seen as the equitable location
problem in a broad sense. By assigning the den-
sity of workload to each spot, the weighted equi-
table location problem is exactly the workload
balancing problem [14]. The equitable location
problem on a plane has been studied in the
operational research field, which is generally
designed to locate M facilities on a unit square
so as to minimize the maximum demand faced
by any facility subject to closest assignments and
coverage constraints. The proposed strategies
are usually based on local or global adjustments
(depending on which strategy designers practi-
cally adopt) and a Voronoi diagram [12]. Given
some number of points in the plane, their
Voronoi diagram divides the plane according to
the nearest-neighbor rule: each point is associat-
ed with the region of the plane closest to it. It
can be observed that the strategy works quite
effectively in continuous cases where facilities
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Collect the number of active
RHs

The traffic demands faced by RRHs
should be as balanced as possible

The service region of every RRH
should be connected

Design the service area Ri of
each RRH i

Areas of subregions served by
RRHs should not differ too much
from each other

There should not be any
coverage holes

Adjust the parameters of RRH i
based on Ri

Figure 3. Flow chart of our proposal.

Figure 4. Illustration of workload balancing.

(referring to RRHs in H-CRANSs) can move
continuously in any direction or where the densi-
ty of candidate sites for facilities is quite large.
However, when the distribution of candidate
sites cannot be approximated continuously, as is
always the case with RRH locations in H-CRANS,
it will not be so satisfactory or possibly even lose
effect. In [14] a given region R is divided into n
subregions so as to balance the overall utilities
on the subregions, and it shows us that we can
balance the workload among backhauls with sim-
ilar algorithms.

It is found that if we model the service
regions of RRHs as geometry regions on the
plane and abstract the distribution of traffic
demands at any time to be a normalized matrix
whose elements represent the densities of traffic
demands across the service regions, we can
model the workload balancing task as a convex
optimization problem [14].

To be more specific, the proposal to balance
workload among backhauls can be summarized
as follows:

¢ Collect the number of active RRHs, denot-
ed as n, that serve the users in the objective
region R.

*Design the service area R; of each RRH i.
Denote the distribution of traffic demands as
f(x). First, the traffic demands faced by the
RRHs ”Ri fx)dA should be as balanced as possi-
ble, and this task is transformed into the objec-
tive function of the optimization problem, which
minimizes the maximum traffic demands faced
by the RRHs. This objective function aims to
balance data transmissions on the backhauls of
the RRHs as much as possible. Second, areas of
subregions served by the RRHs HRl-dA should
not differ too much from each other to avoid the
case where some subregions are too large to be
covered by only one RRH per subregion. It also
help avoid yielding ill-shaped subregions. This
task is transformed into a constraint in the opti-
mization problem. Third, it is our natural desire
that the service region of every RRH should be
connected, which introduces a penalty function
to punish our objective function by preventing it
from getting to its optimality when subregions
are far from connected. Fourth, in order to
ensure that users at any place are provided with
reliable communication service, there should not
be any coverage holes, which serves as another
constraint in the optimization problem [14].
After the formulation of the problem, we can
either adopt mature algorithms such as the cut-
ting plane method, or software such as cvx, to
solve it, thus obtaining the service region of
every RRH, which ensures that the data trans-
missions on every backhaul of the RRH do not
differ too much from each other.

The flow chart and sketch map of workload
balancing are presented in Fig. 3 and Fig. 4,
respectively. The differences in the widths of
backhaul lines reflect the gaps between transmis-
sion bandwidths required by the RRHs in Fig. 4.
It can be easily determined that the balance of
data transmission on backhauls results in the
decrease of peak data transmission, which allevi-
ates the high demand on the bandwidth of back-
haul requested by data transmission.
Experiments have proven that the bandwidth
required can be decreased to less than 1/3 of the
bandwidth needed before workload balancing, as
shown in Fig. 5. The red line in Fig. 5 represents
the ratio of peak transmission bandwidth
required between schemes with and without
workload balancing in 100 cases. Each case is
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tested with a scenario whose distribution of traf-
fic demands differs greatly from other cases.
Two backhaul allocation schemes are applied to
the scenario in each case. First, a traditional
scheme is applied to the case, where a user asso-
ciates itself with the RRH that provides the
strongest RSSI while being ignorant of the load
of data to be transmitted by RRHs, and the
peak transmission bandwidth required without
workload balancing is calculated. Second, our
proposal for workload balancing is applied to
the case. The ratios between two peak transmis-
sion bandwidths required certify the feasibility of
workload balancing on backhaul. Moreover, it
can be seen from Fig. 5 that the ratios between
two transmission bandwidths required are stable
and they stay below 1/3 during the whole experi-
ment, which indicates the reliability of our pro-
posal. Furthermore, it needs to be especially
noted that due to the aggregation of BBUs into
the BBU pool in H-CRAN:S, the distribution of
traffic demands at any time and any place can be
obtained without much effort, and the feasibility
of centralized processing and integrated plan-
ning further makes the proposal effective.
Finally, it is worth mentioning that our pro-
posal to balance workload among backhauls is
completely compatible with existing compression
techniques. Compression techniques are all
designed to decrease the data transmission on
the backhaul for the given amount of data, while
the workload balancing proposal is designed to
decrease the amount of data to be transferred at
the source for every RRH. To sum up, the work-
load balancing among backhauls proposed in
this article can work in harmony with existing
compression techniques to handle the BBU-
RRH signal transmission bandwidth problems.

CHALLENGES AND RESEARCH DIRECTIONS

CHALLENGES

Based on the understanding of the workload bal-
ancing scheme proposed above, we would ask a
question. H-CRANSs are made up of RRHs as
well as macro cells, and they can be seen as two-
tier networks. Considering that our proposal
above is mainly focused on one tier of H-CRANs
(the tier of RRHs), we wonder why conducting
workload balancing in one tier without consider-
ing the influence of other tiers (the tier of macro-
cells) makes sense. In practice, due to differences
in deployment and propagation environments,
RRHs and macro BSs have separate path loss
exponents and spatial densities. RRHs together
with macro BSs not only cooperate with each
other to provide service, but also bring each
other interference, which makes it more difficult
to analyzing the characteristics of each tier and
then balance the workload among backhauls.
However, if we simplify the system based on a
model that characterizes the two tiers of a H-
CRAN by transmit power, node spatial density,
path loss exponent, and bias factor, it has been
proven that the outage probability of each tier is
the same for all tiers, and it is even the same as
the outage probability of the overall network.
This indicates that we can balance the workload
among backhauls of the RRHs without being
concerned that macro cells would largely influ-
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Figure 5. Ratio of peak transmission bandwidth required between schemes
with and without workload balancing in 100 cases.

ence the plan’s effectiveness [15]. However, how
would we decide specifically whether the data
transmission of a user is assigned to a macro BS
or a RRH? That is to say, how should data trans-
missions be allocated among different tiers?

Besides, as the distribution of users changes
dynamically in a day, and the RRH-user associa-
tion is not applicable at various times time and
the balance among data transmissions on back-
hauls is broken, new RRH-user associations
need to be set up to maintain balance. During
the process of changing RRH-user associations,
much handover would be created, causing a sig-
nificant increase in signaling overhead and harm-
ing the user experience. If no special actions are
taken, robust communication cannot be guaran-
teed among users.

RESEARCH DIRECTIONS

Motivated by the challenges mentioned earlier,
we can propose the following research direc-
tions.

First, how would we allocate data transmission
between RRHs and macro cells in H-CRANs? As
RRHs are usually deployed in traffic hot zones
or dead zones to provide reliable communication
service, a scheme that takes the density of traffic
demands into consideration when allocating
workload between RRHs and macro cells should
be researched in the future.

Second, how would we handle the handover
created during the change of RRH-user associa-
tions? When the original balance among back-
hauls is broken, a new balance needs to be set
up based on the new distribution of traffic
demands. If, when forming a new balance, we
consider the distribution of traffic demands as
well as the former RRH-user associations, the
amount of handover can be decreased. Besides,
with BBU centralization in H-CRANSs, handover
can be realized in a simplified procedure and
improved performance can be achieved.
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From a technical
standpoint, the
implementation of the
proposal faces other
challenges such as
workload allocation
between macro cells
and RRHs, and handover
incurred by the changes
of the RRH-user
associations fo maintain
balance, which should
be investigated in detail
in the future.

Last but not the least, it is worth mentioning
that the workload balancing method proposed in
this article does not only apply to backhauls
in H-CRANsS; it will also apply to ultra dense
small cell networks in 5G, where the problem of
backhauls remains a bottleneck in the imple-
mentation of densification of cells.

CONCLUSION

H-CRANSs have been recommended as one of
the most promising ways to handle the challenges
faced by today’s HetNets, such as explosive data
growth, low energy efficiency, severe inter-tier
interference, etc. Due to the assistance of various
cloud computing-based cooperative techniques
and resource management techniques, together
with the MIMO technique to be installed on
macro BSs, H-CRANSs have the advantages of
higher energy efficiency, much larger capacity,
suppressed inter-tier interference, and adaptabili-
ty to scalability. On the other hand, large costs of
data transmission in backhauls caused by central-
ization make H-CRANS less feasible, and they
will even become intolerable when the density of
RRHs becomes ultra dense, which is expected in
the coming 5G. Due to the unevenly distributed
traffic and the huge gap between peak transmis-
sion rate and the transmission bandwidth
required during off-peak hours, transmission
bandwidth is not fully used most of the time
since mobile operators must provide users with
the bandwidth required during peak hours to
guarantee robust communication quality. Such
waste is partly reflected in the costs spent on the
construction of backhauls. Various compression
techniques have been proposed to decrease the
amount of data to be transmitted on backhauls.

In this article we proposed to balance the
data to be transmitted on backhauls of the RRHs
so as to decrease the bandwidth of backhaul
required by the RRHs or achieve better perfor-
mance with given backhaul capacity in a differ-
ent way from compression techniques. The key
challenges of our proposal were discussed, as
well as ideas to deal with them with some pre-
liminary results. From a technical standpoint, the
implementation of the proposal faces other chal-
lenges such as workload allocation between
macro cells and RRHs, and handover incurred
by changes in the RRH-user associations to
maintain balance, which should be investigated
in detail in the future.
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