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Abstract—Heterogeneous cloud radio access networks (H-
CRANs) have been proposed as a promising architecture for
providing high energy efficiency, high spectral efficiency and
high data rate at low cost. In this paper, we develop a novel
resource allocation scheme among macro base stations (BSs)
and remote radio heads (RRHs) for the H-CRANs. The key
idea of our proposal is that we design the coverage regions
of macro BSs in a seamless and balanced way. Secondly, we
calculate the areas that can not rely on macro BSs for reliable
high speed data transmission and allocate resources in these
areas among RRHs in the balanced way to alleviate the high
transmission pressure on fronthauls between RRHs and the
centralized baseband unit (BBU) pool. The proposed resource
allocation scheme is triggered when severe disbalance is detected.
Numerical results show that our proposal can perform quite
well for the data traffic distribution in a real city environment.
It provides QoS guaranteed performance with lower capital
expenditure (CAPEX) and operating expenditure (OPEX).

Index Terms—H-CRANs, resource allocation, workload bal-
ancing

I. INTRODUCTION

Mobile data traffic has been increasing explosively through-
out the world over the past 20 years, as more and more
mobile devices together with high-speed data applications such
as social networking, Internet of Things (IoTs), e-Banking,
and high-definition wireless video streaming, have sprung
up to make our life more convenient. Investigations have
discovered over 100 percent annual growth in mobile data
traffic starting from 2008, and predicted that the Internet traffic
would increase by more than 1000 times by the year 2020
[1]. In order to handle the crazily increasing traffic demands,
mobile network operators have to increase network capacity
accordingly. As the spectral efficiency for the Long Term
Evolution (LTE)-Advanced standard is approaching Shannon
limit, the possible method for further improving the system
spectral efficiency is increasing the density of access nodes.
However, solid cell splitting gains can only be achieved in
sparse deployment of access nodes, as the intercell inter-
ference will get so strong as cell splitting gains are not
available. Besides, costs concerning site acquisition in urban
areas can be a heavy burden. Furthermore, current cellular
network architecture was primitively designed for coverage
and mobility considerations, instead of achieving high energy
efficiency (EE) and spectral efficiency (SE). To deal with such

challenging difficulties, revolutions concerning novel wireless
network architectures supported by advanced signal processing
and networking technologies are urgently needed [2].

Challenges associated with the dense deployment of tra-
ditional macro BSs can be partly avoided by the utilization
of low power nodes (LPNs). A network that consists of a
combination of macro BSs and LPNs is referred to as a het-
erogeneous network (HetNet) [3]. LPNs are usually deployed
in traffic hot zones underlaying macro BSs. However, HetNets
still face the problem of severe interference with densely
deployed LPNs. As a result, intercell interference coordination
(ICIC) and coordinated multiple point (CoMP) transmission
and reception are rising as promising solutions to enhance the
performance of HetNets [4]. However, due to the drawbacks
that these technologies rely heavily on the backhaul links and
the computation resources of cellular networks, the application
of the ICIC and the CoMP is still limited.

To enhance the SE and EE performance and decrease energy
consumption, novel architectures for improving both SE and
EE through suppressing the inter-tier interference and enhanc-
ing the cooperative processing capabilities are in urgent need.
Cloud computing has been deemed as a promising technology
for providing high data rates at the cost of lower energy
across software defined wireless communication networks. As
a consequence, heterogeneous cloud radio access networks (H-
CRANs) are put forwarded as a cost-effective architecture
to restrain interference and enhance cooperative processing
gains in HetNets accompanied by cloud computing technology
[2]. H-CRANs improve the capabilities of macro BSs with
massive multiple-input multiple-output (MIMO) technology
and simplify LPNs by building connections between LPNs
and a signal processing cloud (baseband unit pool, BBU
pool) through high-speed optical fibers. Inter-cell Interference
coordination (ICIC) can also be implemented in H-CRANs
scenario without much effort to improve the performance of
H-CRANs. The baseband data processing and radio resources
control in traditional LPNs are transferred to the BBU pool to
take advantage of cloud computing technologies. Fig.1 gives
an overview of the H-CRANs.

Despite the potential advantages of H-CRANs, they still
require long-term development before H-CRANs coming into
practice. Macro BSs play a significant role in H-CRANs as
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Fig. 1. Heterogeneous cloud radio access networks.

they connect with the centralized BBU pool to cooperate on
addressing the cross-tier interference between RRHs and the
macro cells with centralized cooperative processing techniques
based on cloud computing. They are also responsible for
supporting seamless coverage and delivering system control
signals. RRHs compress and forward the received signals from
user equipments (UEs) to the centralized BBU pool through
wired or wireless fronthaul links and provide high capacity in
hot zones. Under the consideration of improving EE perfor-
mance of H-CRANs, the activated RRHs are adaptive to the
traffic demand of the network. When the traffic demand is low,
some potential RRHs fall into sleep mode under the control of
the BBU pool together with macro BSs. However, when the
traffic demand becomes huge in some area, both the macro
BSs equipped with massive MIMO and dense RRHs work
together to meet the traffic demands. But how these designs
apply to the network in practice has not been investigated fully
as far as the authors have known.

In this paper, we are motivated to make an effort to design
a cost-saving scheme for allocating resources among macro
BSs and RRHs. In particular, our scheme is designed based
on workload balancing, which not only decreases the number
of macro BSs required, but also alleviates the high pressure ex-
pected in the fronthauls between RRHs and the BBU pool [5].
Moreover, it is the method to cope with the situation that
the traffic demands vary greatly in the mobile communication
environment, which has been investigated in [6]. Meanwhile,
details and experimental results of the scheme are presented.
The challenging issues together with future works concerning
techniques are discussed as well.

The remainder of this paper is outlined as follows. In
Section II, we discuss about the relationship between our work
and prior ones. In Section III, we give a brief introduction of
our resource allocation strategy. In Section IV, we develop effi-
cient algorithms to implement the resource allocation scheme.
Numerical results are reported with discussions in Section V.
Conclusions are drawn in Section VI.

II. RELATED WORK

The key idea of our resource allocation scheme is to balance
the workload among macro BSs and RRHs in traffic demand
aspects. Workload balancing has been researched into widely
in the literature. It is a way to balance the workload among
various servers [7] and machines in order to optimize factors
like resource utilization, fairness, waiting/processing delays,
or throughput [8]. The problem of balancing load among
access points can be seen as the equitable location problem
in a broad sense. By assigning the density of workload to
each spot, the weighted equitable location problem is exactly
the workload balancing one. 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 the closest assignments and coverage
constraints. The proposed strategies are usually based on
local or global adjustments (depending on which strategy
designers practically adopt) and Voronoi diagram [7]. It can be
observed that most of the strategies work quite effectively in
continuous cases where facilities can move continuously in any
direction or where the density of candidate spots for facilities
is quite large. However, when the distribution of candidate
spots cannot be approximated continuously, as is always the
case of BS or RRH locations in communication networks, they
will not be so satisfactory or even lose effect. In [9], a given
region R is divided into n subregions so as to balance the
overall utilities on the subregions, and it inspires us that we
can balance the workload among macro BSs and RRHs with
similar algorithms.

III. NOTATIONAL CONVENTIONS AND PROPOSED

STRATEGY

Consider a given area R made up of n districts ⋃i Ri = R
is served by n macro BSs P = {p1, p2, . . . , pn} to deliver
control signals and provide seamless coverage. It is reasonable
to assume that R is a connected, polygonal region with non-
empty interior for practical communication networks. Without
consideration of the offloading effect, we assume that each
macro BS pi serves the district Ri, and each district should
not overlap with others. As it is our natural desire that all
cells should be connected, a penalty function denoted as ui(⋅)
is introduced to punish the objective function by preventing
it from getting to its optimality when the macro cells are far
from connected. In order to measure the connectivity of a
macro cell, we may define ui(⋅) to be the Euclidean distance
between the user node and the macro BS i, which means
ui(x) = ∥x − pi∥. As we are considering a practical case where
the distribution of traffic demands is far from uniform, the
density of traffic demands across R is statistically formulated
as f(x), where x is a bi-vector representing coordinates.
Thus the integral

�
Ri

f(x)ui(x)dA would denote the overall
penalty of BS i. At last, we assume that nr RRHs are required
to facilitate macro BSs to provide robust high speed data
transmission.



Our suggested resource allocation strategy can be summa-
rized as follows:
● Allocate resources among macro BSs. We first estimate

the number of macro BSs, denoted as n, that is required to
serve the objective region R at the minimum data rate, as
macro BSs are mainly deployed to deliver control signals
and serve users requiring low data rates. Candidate sites
for deploying macro BSs should be determined under
the consideration of height, terrain, and the density of
population. Then we design the service area of Ri of
each macro BS i in a balanced fashion.

● Calculate the effective service area that can rely on macro
BSs alone for robust data transmission. Since the step
above has not taken into account factors such as propa-
gation model, spectrum allocation, etc, some areas such as
those which are far away from their corresponding macro
BSs may not get reliable service. It is necessary that we
calculate the effective service area in each subregion to
make sure that RRHs will be deployed at other places for
robust data transmission.

● Allocate resources among RRHs. Firstly, we estimate the
number of RRHs, denoted as nr, that is required to satisfy
the traffic demands in areas that can not rely on macro
BSs for robust data transmission. Then we collect the
candidate sites for deploying RRHs. Finally, we design
the service region of each RRH in these areas in a
balanced fashion.

When the balance of the cellular system is broken or the
total traffic demands vary drastically, this resource allocation
scheme is triggered to adjust current network to a more
balanced state.

IV. ALLOCATING RESOURCES IN H-CRANS BASED ON

WORKLOAD BALANCING

A. Allocating Resources among Macro BSs

1) Initialization: Before allocating resources among macro
BSs, we should determine the number of macro BSs required
according to the traffic demands at the moment. Firstly, as
macro BSs are mainly deployed to deliver control signals
which requires relatively low transmission data rate, and serve
users with low data rates, we set the number of macro BSs
required under the condition that macro BSs serve the area
R at the minimum data rate. Reserving capacity margin is
important for a practical communication network as it is im-
possible to guarantee that all macro BSs can provide the same
capacity with the same transmission parameters. Besides, it
can also help absorb the constant variations of traffic demands
that are not violent. Secondly, we collect all the candidate
sites for macro BSs all over the region R. If the number of
macro BSs required at the moment is the same as before, the
initial sites for macro BSs for starting the resource allocation
scheme remain the same. When the number required is larger,
we select extra macro BSs randomly from all candidate sites,
making the starting condition for the scheme. Otherwise, we
abandon the macro BSs facing the least traffic demands from
formal macro BSs.

2) Designing the Service Areas: The most critical step in
allocating resources among macro BSs is designing the service
areas of them in a balanced fashion, and one way to realize
it is to minimize the maximum traffic demand of all macro
BSs with penalty phase while introducing constraints on the
amount of f(⋅) that are served by them [9]. That is,

min
R

t + μ
n

∑
i=1

�
Ri

f(x)ui(x)dA

s.t. C1 ∶ t ≥ (1 − μ)
�
Ri

f(x)dA,∀i,

C2 ∶
�
Ri

dA ≥ Ω,∀i,

C3 ∶ Ri ∩Rj = O,∀i ≠ j,
C4 ∶ ⋃i Ri = R.

(1)

Here, we introduce a variable μ to represent the penalty
phase, and a variable t to represent the maximum value of the
traffic demands all over macro BSs with the penalty factor,
which is denoted as C1. C2 indicates that all cells should
have an area larger than a constant denoted as Ω, which
helps guarantee that service areas of macro BSs do not differ
too much from each other to avoid the case where some
areas are too large to be covered by only one macro BS per
region. Furthermore, it can also help avoid yielding ill-shaped
regions, which guarantees the practicability of our proposal.
For the purpose of simplification, we normalize the total area
to constant one. So, the constant Ω in C2 should be set to
1/n. Without considering the offloading effect, C3 presents
the assumption that all service areas should never overlap with
each other. C4 denotes that there shouldn’t be any coverage
holes, which guarantees seamless coverage, and it is critical
for macro BSs. Finally, the objective function here is designed
to minimize the maximum traffic demands faced by all the
macro BSs, with the value of the penalty function increasing
when service areas are not as connected as we expect, to add
obstructions to reaching the optimality.

In order to solve (1), we start by transforming the problem
into the form of an infinite-dimensional integer program. By
introducing a {0,1}-valued function Ii(x) to indicate whether
the demand point x is served by macro BS i, our problem
could be put as the equivalent formulation

min
I1(⋅),...,In(⋅)

t + μ
n

∑
i=1

�
R

f(x)Ii(x)ui(x)dA

s.t. C1 ∶ t ≥ (1 − μ)
�
R

f(x)Ii(x)dA,∀i,

C2 ∶
�
R

Ii(x)dA ≥ Ω,∀i,

C3 ∶
n

∑
i=1

Ii(x) = 1,∀x,

C4 ∶ Ii(x) ∈ {0,1},∀i, x.

(2)

The most difficult part in solving (2) lies in the integer
constraints. An intuitive way to cope with them is to relax
the integer variables into continuous ones [10]. The linear



programming relaxation of (2) is given by

min
I1(⋅),...,In(⋅)

t + μ
n

∑
i=1

�
R

f(x)Ii(x)ui(x)dA

s.t. C1 ∼ C3 in (2),
Ii(x) ≥ 0,∀i, x.

(3)

By introducing Lagrange multiplier vectors λ ∈ Rn ,and
γ ∈ Rn , we can obtain the dual problem to (3) as follows,

max
λ,γ

�
R

min
i
(μf(x)ui(x) + (1 − μ)λif(x) − γi)dA

+Ω
n

∑
i=1

γi

s.t. C1 ∶ λi ≥ 0,∀i,

C2 ∶
n

∑
i=1

λi = 1,

C3 ∶ γi ≥ 0,∀i.
(4)

Up to now, a convex, 2n-dimensional dual problem is
obtained [11]. It can be proven that (4) can be efficiently
solved with many mature convex optimization techniques and
tools. In this paper, we adopt a well-developed tool CVX,
which is a modeling system for constructing and solving
disciplined convex programs, to solve (4) [12].

After solving the dual problem (4), the dual variables λ and
γ corresponding to the optimal solution to the original problem
(1) are obtained. For any place, it will be served by the macro
BS pi which minimizes μf(x)ui(x)+(1−μ)λif(x)−γi among
i ∈ [1, n].

Last but not the least, it still remains to be shown that the
solution to (1) can be recovered from the optimal solution to
(4). Consider any point x ∈ R and the optimal solution to (4).
Suppose ī is the index such that μf(x)ui(x)+(1−μ)λif(x)−
γi is minimal (assuming such an index is unique). From basic
linear programming theory, we know that the complementary
slackness conditions of problem (4) stipulate that I∗i (x) = 0 for
all indices i other than ī [13], and consequently that I∗

ī
(x) = 1.

In a conclusion, despite relaxation, the optimal solution to (3)
remains valid as proved in [9].

3) Decreasing Power Consumption: After designing the
service areas of macro BSs, the traffic demands faced by
macro BSs have been balanced. As the selection of initial sites
of macro BSs does not pay enough attention to the power
consumption, even though the traffic demands are balanced
after the step above, the power consumption has not been
minimized. Since there may be multiple candidate sites to
place macro BS in each service area, it is logical to select
the one with the minimum power consumption. Considering
the facts that not all places are suitable for placing macro BSs
and that the number of candidate sites is limited in practical
communication networks, we can adopt a straightforward
method, exhaustive search, to obtain the best coordinates from
all candidate sites.

Till now, the power consumption of every macro BS has
been minimized based on the service areas we obtain before
that. However, the design of service area is based on the initial

coordinates of macro BSs that have nothing to do with the
distribution of traffic demands or power consumption, which
means that we can decrease power consumption further, by
doing service area design and power decrease based on it in a
loop until the total power consumption can not be decreased
any more. By allocating resources among macro BSs in this
balanced way, the case where some macro BSs suffer from
heavy load while their adjacent ones are vacant can be avoided,
which improves the utilization of macro BSs. Furthermore,
by reducing the number of macro BS actually employed and
deploying macro BSs in the place with the minimum power
consumption, both the CAPEX and the OPEX can be reduced,
and the EE performance is enhanced.

B. Calculating the Effective Service Area of Macro BSs

After the step listed above, resources have been allocated
to macro BSs in a balanced way. It can be easily figured out
that as the step above has not taken into account factors such
as propagation model, spectrum allocation, etc, some areas
such as those which are far away from their corresponding
macro BSs may only able to get control signals and may
not get reliable data transmission. To guarantee that all areas
are provided with quality of service (QoS) guaranteed service,
RRHs should be deployed at places where traffic demands can
not be satisfied by macro BSs. Before that, it is necessary that
we calculate the effective service area of macro BSs.

Calculating the effective service area of macro BSs can be
transferred into the traffic demand points (TDP) assignment
problem, which is discussed about in detail in [14]. For lack
of space, we adopt its result without much introduction.

C. Allocating Resources among RRHs

The method for allocating resources among RRHs is almost
the same with the one adopted for macro RRHs, except that
we focus on the area R that can not rely on macro BSs for
robust data transmission. The area where we allocate resources
among RRHs can be obtained in the step above. Since the
resource allocation scheme is well-documented in the first
step, we will not explore it here. It is worth mentioning that
allocating resources among RRHs in a balanced way can
not only guarantee that the minimum number of RRHs are
activated, which enhances the EE performance of the whole
system, but it also helps alleviate the high pressure expected
in the fronthauls. The centralization of the processing units is
accompanied by large numbers of wired or wireless fronthauls.
On the other hand, the peak transmission bandwidth required
in fronthauls is 10 times higher than during off-the-peak
hours, and fronthauls are designed for the peak transmission
bandwidth required to guarantee robust data transmission,
which result in the large waste of transmission capability.
Through balancing the resources allocated to RRHs, the peak
transmission bandwidth required is reduced, thus alleviating
the high pressure on the fronthauls.

Finally, as is expected, the resource allocation of last hour
may not be suitable for this moment, as the distribution of
traffic demand varies with time. On the other hand, it is not



TABLE I
RESOURCE ALLOCATION SCHEME PROPOSED

1: Initialize: Monitor the fairness index of RRHs φ, and collect all the candidate sites for macro BSs and RRHs;
2: Determine the number of macro BSs required and set initial sites for them;
3: Allocate resources in a balanced fashion among macro BSs;
4: Decrease power consumption of macro BSs through relocation;
5: while(φ is not acceptable)
6: Calculate the effective service area of macro BSs;
7: Determine the number of RRHs required at the moment and set initial sites for RRHs;
8: Allocate resources in a balanced fashion among RRHs in the area that can not get robust data transmission;
9: Decrease power consumption of RRHs through relocation.
10: end while

Fig. 2. Distribution of traffic demands in a real city.

practical that we adjust the resource allocation frequently,
as it can create vast handoff which results in unbearable
signaling load in core network. Considering all these factors,
we propose to introduce a parameter called fairness index,
which is designed to quantificationally describe the balance
degree of traffic demand among RRHs. As long as the fairness
index is within the acceptable range, it is not necessary to
adjust the network. Whenever it is paranormal, the resource
allocation scheme is triggered to adjust current network to
a more balanced state. To sum up, our resource allocation
scheme can be presented in Table I.

V. EXPERIMENTAL RESULTS AND DISCUSSIONS

We test our resource allocation scheme based on the dis-
tribution of traffic demand in a real city. The distribution of
traffic demands are shown in blue dots, as illustrated in Fig. 2.
It can be observed that there are three main traffic hot zones
near the center, and the difference of density between hot zones
and suburban areas (the border of the city) is quite large. The
resource allocation results by using our scheme are presented
in Fig. 3. It can be seen that RRHs are mostly deployed in

Fig. 3. Resource allocation among macro BSs and RRHs in a real city. Macro
BSs are marked with green triangles with their service boundaries marked in
black. RRHs are marked with yellow squares, connected to corresponding
traffic demand points with red lines.

traffic hot zones and other areas that can not rely on macro
BSs for reliable communication.

The traffic demands faced by macro BSs are further reported
in Table II. The standard deviation of traffic demands among
macro BSs is 0.0455, with the average of them to be 0.1111.
Considering the traffic demand gap among different access
nodes in practical communication networks at the present,
such tiny imbalance among macro BSs is totally acceptable.
As we allocate resources among RRHs in areas that can not
rely on macro BSs for reliable communication in each macro
cell, we also list the standard deviation of traffic demands
among RRHs in each macro cell in Table III. Comparing
Table II and Table III, we can figure out that RRHs are mostly
deployed in traffic hot zones. Even though tiny gap between
traffic demands faced by RRHs is observed, such resource
allocation scheme can reduce the peak transmission bandwidth
required, which alleviates the high pressure on fronthauls,
and reduces the number of RRHs activated to enhance the



TABLE II
NORMALIZED CAPACITY OF EACH MACRO BS

Index 1 2 3 4 5 6 7 8 9

Traffic demands 0.0585 0.0556 0.1555 0.1083 0.0609 0.1556 0.1555 0.1555 0.0947

TABLE III
TRAFFIC DEMANDS SERVED BY RRHS

Macro BS index 1 2 3 4 5 6 7 8 9

Number of RRHs required 2 1 12 4 2 8 9 10 3

Average normalized traffic (M) 0.500 1.000 0.0833 0.2500 0.5000 0.1250 0.1111 0.1000 0.3333

Standard deviation of normalized traffic (STD) 0.0886 1.0000 0.0782 0.1153 0.0000 0.1152 0.0998 0.0773 0.2077

STD/M 0.1773 1.0000 0.9390 0.4613 0.0000 0.9000 0.8982 0.7735 0.6230

EE of the whole system. Last but not the least, it is worth
mentioning that when the number of macro BSs or RRHs
required changes, we select extra BSs/RRHs or abandon some
BSs/RRHs. The ”select” and ”abandon” here do not mean
constructing or deleting some sites for macro BSs/RRHs, but
mean activating or deactivating macro BSs/RRHs. Last but
not the least, the computational complexity of our resource
allocation scheme is the combination of the Designing the
Service Area part and the Decreasing Power Consumption
part. The computational complexity of the Designing the
Service Area part is O(n3), where n is the number of access
points required. Since we adopt a straightforward method,
exhaustive search, for the Decreasing Power Consumption
part, the computational complexity of this part is exponential
with n, where n is the number of candidate sites for macro
BSs and RRHs. Despite the high computational complexity,
the algorithm is still effective since the number of candidate
sites for access points is always small and limited.

VI. CONCLUSION

In this paper, we presented a novel method for allocating
resources in the H-CRANs. We show that the radio resources
in the H-CRANs can be distributed in a balanced fashion
in order that the least number of macro BSs and RRHs is
required. Moreover, the high pressure on fronthauls between
RRHs and the BBU pool can also be alleviated. Our resource
allocation scheme is divided into three parts. The first step is to
allocate resources among macro BSs under the condition that
the traffic demands served by macro BSs should be as balanced
as possible and that macro BSs should provide seamless cov-
erage. The second step is to calculate the effective service area
that can rely on macro BSs for robust data transmission. The
third step is to allocate resources among RRHs in the opposite
area in a balanced way. Through balancing the traffic demands
faced by RRHs, the peak data transmission is decreased, which
minimizes the transmission bandwidth of fronthauls required.
Besides, balancing the traffic demands faced by macro BSs and
RRHs can reduce the number of macro BSs and RRHs actually
required, which improves the utilization of access points and
decrease energy consumption. Experimental results verify the
effectiveness and the efficiency of our proposal. For future
work, extensive experiments to evaluate our scheme should be

conducted, especially on the much handover generated when
the service areas of RRHs changes. Moreover, the complexity
of the scheme should be decreased in the future under the
consideration of real-time performance.
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