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Abstract. The upcoming 5G system is considered not only can meet
the demand of various services, but also solve the problem that data
will grow explosively. Therefore, we need a viable network architecture
to support various service demand and realize resources allocation flexi-
bly. C-RAN was considered to be a promising 5G network architecture.
And network slicing, which as a promising technology, can provides cus-
tomized service according to the various business scenarios of 5G. This
paper proposed a joint resources allocation scheme of network slicing
that based on C-RAN. The scheme not only combine network slicing
with C-RAN, but also solve the problem of joint spectrum and comput-
ing resource allocation. This paper model the problem into a MINLP
problem. Based on the characteristics of the model, the problem will be
decomposed into two subproblems respectively to be solved. In order to
verify the proposed model, the other two joint resource allocation scheme
will be introduced to compare. The simulation results also illustrate the
effectiveness of the proposed scheme.

Keywords: Network slicing + Cloud Radio Access Network (C-RAN) -
Resource allocation

1 Introduction

In recent years, the exponential growth in mobile data traffic has been triggered
by the increasing use of mobile devices [7]. In addition, 5G not only continue to
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provide stable and high-quality services for traditional mobile communication,
but also provide services for other emerging communication types(e.g.., video
conferencing, remote monitoring, and smart homing). Besides, different commu-
nication typies have different communication requirements. As a promising tech-
nology, network slicing is an end-to-end logical network provisioned with a set of
isolated virtual resources on the shared physical infrastructure [5]. Through net-
work slicing technology, operators can flexibly and dynamically allocate network
resources into logical network slicing according to users’ needs, so as to provide
services for different types of businesses. However, the deployment of network
slicing requires a flexible and programmable physical network architecture, and
Cloud Radio Access Network (C-RAN) is a flexible and programmable physical
network architecture.

A typical structure of C-RAN includes three main components: Remote
Radio Heads (RRHs), fronthaul links, and Baseband Unit (BBU) pool [9]. RRH
is responsible for receiving and transmitting wireless signals, and BBU is respon-
sible for baseband processing. Different from the traditional network architec-
ture, in C-RAN, BBU will be decoupled from RRH and concentrated together
to form a BBU resource pool. By decoupling RRH and BBU, resource schedul-
ing can be more flexible and network capacity can be improved. By pooling
the BBUs together to form a BBU pool, Capital Expenditure (CAPEX) and
Operating Expense (OPEX) can be reduced. Moreover, the fronthaul link con-
necting RRH and BBU pool is usually make up of high-capacity and low-delay
optical fiber, which can significantly improve the network efficiency and spectral
efficiency. Based on these advantages, C-RAN has become a prospective archi-
tecture for 5G. Therefore, this paper combined the network slicing technique
with C-RAN.

The most significant advantage of the C-RAN network architecture is the
sharing of resources by pooling the BBU together to form a BBU pool. [11] has
designed a joint dynamic radio clustering and cooperative beamforming scheme
that maximizes the downlink weighted sum-rate system utility. [6] aims at min-
imizing the system power consumption by jointly allocating the computing and
radio resource under the outage Quality of Service (QoS) constraint. Besides,
there are many studies on C-RAN and network slicing. [2] has instantiated the
network slice under C-RAN by making use of the Open Air Interface (OAI)
platform and a specific Software Defined Network (SDN) controller. In addition,
in [3,10,14], the resource optimization problem of network slices under the c-ran
network architecture is studied. [3] have study the joint optimal deployment of
network slicing and the allocation of computational resources in a hybrid C-RAN
architecture by taking into account the requirements of the 5G services and the
characteristics of the cloud nodes. In [10], it incorporated two typical 5G ser-
vices, i.e., enhanced Mobile Broadband (eMBB) and ultra-Reliable Low-Latency
Communications (uURLLC), in a C-RAN, which is suitable for RAN slicing due
to its high flexibility. [14] propose a two-timescale resource management scheme
for network slicing in C-RAN, aiming at maximizing the profit of a tenant.
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Based on the C-RAN network architecture, this paper proposes a joint alloca-
tion scheme of network slicing. The scheme integrates network slicing technology
into the C-RAN network architecture and considers the joint allocation of spec-
trum resources and computing resources in network slicing. What’s more, the
joint allocation of spectrum resources and computing resources will be mod-
eled as a Mixed-Integer Nonlinear Programming (MINLP) problem, which not
only takes into account the different requirements of different types of slices,
but also takes into account the limitation of transmission rate of fronthaul link
in C-RAN. Based on the characteristics of the proposed scheme, the problem
will be decomposed into two subproblems respectively to solved. What’s more,
two joint resource scheme will be introduced to varify the effectiveness of the
proposed scheme. The simulation results show that the proposed scheme can
achieve better resource utilization than the other two schemes, thus verifying
the effectiveness of the proposed scheme.

2 System Model and Problem Formulation

As shown in Fig. 1, it is assumed that in C-RAN network, there is a BBU pool
and several RRHs with a set of K. And the RRHs are distributed in an area
with coverage range of R. In the system, the set of total users is U, and the set
of slices is N. What’s more, the set of users of slice n (n € N) is Uy, and we
have ) U, = U. In addition, we define the set of users that connect to RRH

BBU pool

RRH

Fig. 1. The system model
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k (k € K) is Ug, and we have ), Uy, = U. Besides, we suppose that the total
bandwidth in the network is B, the total computing resources are C', and the
limitation of transmission rate of RRH k and the fronthaul link is Fj.

2.1 The Communication Quality Standard of Network Slicing

In this paper, we choose the minimum data transmission rate of users as the
communication quality standard of network slicing. We assume that the user u
of slice n will connect to the RRH k, then the signal-to-noise ratio (SINR) of
the user u is SIN Ry 4, . According to paper [13], the SINR of user u is

Prk,u
" Ziek,i;ék PiGiu, + 02 (1)

where pj is transmission power of RRH k, g ., is the channel gain between
user k£ and RRH k, and o2 is the white Gaussian noise power. What’s more,
we assume that by, is the spectrum resource that allocated to user u. Then
according to the Shannon’s formula, the spectrum efficiency of the user u is

dk,un = lOgg(l + SINRan). (2)
Therefore, the data transmission rate of user u is

Tk, = Ak,u, bk,un dk,un» (3)

where ay, ,,,, indicates whether the user u has successfully accessed RRH k. If user
u has accessed to the RRH k successfully, then ay, ., = 1, otherwise ay_, = 0.
By defining 7, , as the lowest data transmission rate that users of slice n have
to satisfy, then we have

Thtn 2 Thpnin - (4)

2.2 The Mapping of Computing Resources and Spectrum Resources

The computing resources that consumed in the communication are positively cor-
related with the spectrum resources that consumed, so the relationship between
computing resources and spectrum resources consumed in the system is defined
as follow

BCOTLSUWLE = wcconsunuﬂ (5)

where w is constant. What’s more, according to [11] and [8], the computing
resources required by users increase with the growth of data transmission rate
during the process communication. Therefore, we have

Ckou, = ¢(Tk,un)> (6)

where ¢ is a increasing function.
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2.3 The Problem Formulation

In this paper, we aim to maximize the total resource utilization of the network
and define the resource utilization as

rsu’m rsum
= : (7)

n=
Bconsume WCCO’I'LS’LLme
Therefore, the resource utilization of this paper is

n= ZkEK Zueuk Tk,un
ﬂ Zke’c Zueuk Ck,up

Because the target of this paper is maximizing the total resource utilization, the
problem formulation can be expressed as

(®)

max 7, (9)
Ak, up 3Ok up sCh,un
s.t.
S Y b <8 o)
keK ueUy
> D run <€, (9-2)
keK uely
Z Tk, < Fi,Vk, (9-3)
uEU
rk,“n 2 rﬂmmavua (9—4)
Ck,uy Z (b(rk,un)?vua (9_5)
>k, =1, 0k, €{0,1},Vu. (9-6)
kel

Among them, the constraint (9-1) refers that the sum of bandwidth of all the user
in the system can not be higher than the total bandwidth of system, constraint
(9-2) refers that the sum of computing resource of all the user in the system is not
higher than the amount of computing resources in the system, and constraints
(9-3) refers that the user’s total transmission rate of RRH is not higher than the
limitation of the fronthual link. And constraint (9-6) refers that all the users can
only connect to one RRH.
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3 Joint Resource Allocation Algorithm Based on
Network Slice

The problem (9) is a MINLP problem, which can be proved to be a NP-hand
problem, so there is no deterministic algorithm to solve it. However, the problem
(9) is a multi-variables optimization problem and the variables are correlated.
The optimization results of the variables c ,,, are determined by the optimiza-
tion results of the variables ay ,, and by, . Therefore, this paper will decom-
pose the optimization problem (9) into two sub-problems, including spectrum
resource allocation problem and compute resource allocation problem. This two
subproblems will be solved by appropriate algorithms respectively.

3.1 The Spectrum Resource Allocation Problem

At first, we assume that variable ¢y, has been known, then (3 ZUEZ/I Ck,u,, Can
be viewed as a constant. Therefore, the spectrum resource allocation problem
can be separated from the problem (9) and expressed as

max Z Z Tk » (10)

Ak g Ok un

keEK ueUy,
s.t.
S 3 b < B, (101)
kel uely,
> e, < Fi,VE, (10-2)
u€eUy,
Tk, > Tn,minavua (10'3)

>k, =1,"u. (10-4)

ke

After decomposition, the subproblem is still a MINLP problem. If the exhaustive
search method is used as the solution to this problem, the optimal allocation
scheme of spectrum resources needs |I/|Xl times. [12] has studied the nonconvex
optimization of multicarrier system spectrum allocation problem. It has found
that when the optimization problem satisfied time sharing conditions, even if
the problem is a non-convex optimization problem, the optimum solution of
original problem and its dual problem will be the same. Therefore, we apply
dual decomposition to solve the spectrum resource allocation problem.
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Firstly, the Lagrangian function of (10) is obtained as follows

L(a’ b? a’ /8, ’Y)

=3 D arwnbrundiu, + B = biu,)
ke ueUy ueld

D> Viown (Wi O i, = Prmiin)
ke uelly

) B (P = > kb, diu,)
ke uEU

= > [k Ok un ko, — Bibr, i,
keK uelly

+ Ve Ok, A i) — Ok i, | + B

- Z Z ’yk,unrmmin + Z Bka

ke ueldy, ke

= Z Ly (k> bk > @ Brs Vioyu, ) + B
kex

+ Z ﬁka: - Z Z Yk, wn Tn,min (11)
ke ke uely,

where a, O and 7y, is the dual variables of the constraint in problem (10).
What’s more, we define

Lk(a'7 b7 0[7 /87 FY)

= [k Ok B = Brbr i ko, + Vi Ok B )] — OBy -
uEU

Then, the dual problem of problem(10) is

ming g, g(c, 3,7)

st aa>0,6>0,v>0 (12)
For convenience, the dual problem can be expressed specifically as follow
g9(a, B,7)
= max ];C Li(a,b,a, 3,7) — ,;C u%;k Vi up, Tnymin + @B + I;Cﬁka (13)

When the dual variable are known, v v, 7n,min, @B and B;F} can be viewed as
constants. Thus, the dual problem can be decomposed into K sub-problems

gk(av Ba ’y)
= mabx Li(a,b, o, B,7)

= max > [k Ok D — Bieresu, i, + Visun O i) — bk, ] (14)
a,
u€EU),
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Assuming that user u will connect with RRH k, which means that aj,, = 1,
we can then obtain the optimal solution to the spectrum resource allocation
problem from the following subproblems

maxp, > (O, Dkuy — Brbk oy Dk, + Mk Ok iy Do, — Ok )
uEU (15)
s.t. bk,un >0

When the spectrum resources allocated to each user are determined, the user
u can obtain the set of transmission rates R, = |71 u,,"2uns s "Ku, | that

can be achieved for each RRH connection. According to R,,,,, the user can then
determine which RRH connection can obtain the maximum data transmission
rate and determine ay, 4,

1, if rg,, =argmaxR,,

0, else

Finally, we update the dual varialbes by using subgradient method

atJrl = [Oét — pi(B — Z Z bk,un)]+ (17)

kel uely
= (8L = ph (B — > rew)] (18)
ueUy,
,)/Z:"’_uln = h/li,un - pg(rk,mln - kaun)]_‘— (19)

where pf, pb and pf are appropriate iteration step sizes.

3.2 The Computational Resource Allocation Problem

After the spectrum resource allocation problem is solved, the computational
resource allocation problem can be expressed as follows

min Z Z Chu (20)

Ck,un

ke uely

s.t. Z Z Chu, < c

keK uelly
Chuy = O(Thowy,)

It is clear that the computing resource allocation problem is a convex problem, so
there are many ways to solve it. In this paper, we will use the mathematical tools
CVX [1] to obtain the optimal solution. Because CVX is a powerful tool to solve
the convex optimization problem. It can not only solve the linear programming
standards such as quadratic programming problem, also can solve many other
complex convex optimization problem.
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3.3 The Summary of the Proposed Algorithm

According to the previous content, the algorithm proposed in this paper is shown
in Algorithm 1. Firstly, the dual decomposition method is used to solve the spec-
trum resource allocation algorithm. The system first allocates spectrum resources
for the slice users according to the subproblem (15). Based on the result of spec-
trum resources allocation, the users determine which RRH can get the maximum
transmission rate, then update ay ,, . Next, update the dual variable according
to (17) to (19). Then, CVX is used to slove the computing resource allocation
problem. Finally, the resource utilization is calculated. This iterates over and
over until you find the optimal value for resource utilization.

4 Simulation Results

In this section, the performance of the proposed scheme is evaluated by simu-
lations. In addition to the proposed scheme, we also introduced the other two
resource allocation scheme for reference, including the joint resource allocation
scheme of network slice under D-RAN and the static resource allocation scheme
of network slice under C-RAN. For convenience, scheme 1 refer to the scheme
proposed in this paper, scheme 2 refer to the joint resource allocation scheme of
network slice under D-RAN, and scheme 3 refer to the static resource allocation

Algorithm 1. Joint Resource Allocation Algorithm based on Network
Slice

Fix step sizes p1, p2 and p3; Initialize dual variables «, 8x and 7, v, ; Set ak,u,, = 1 and
the number of iterations t=1;
for ¢t do
According to subproblem (15), the spectrum resource allocation by ., is deter-
mined;

According to the spectrum allocation, the user updates ay,., according to the
formula (16);

Update the dual variables «, Brand 7,v, according to formulas (17) to (19);

According to the result of spectrum resource allocation problem, CVX is used to
solve ¢k u,,;

Calculate resource utilization 1 according to the formula (8);

if Resource utilization convergence then
| Break

else
| t=t+1

end

end
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scheme of network slice under C-RAN. In scheme 2, the spectrum resources and
computing resources in the communication system belong to each base station
respectively, and the resources between base stations cannot be shared. After
the user establishes the connection with the base station, the allocation of com-
puting resources and spectrum resources is determined by the base station. In
scheme 3, the allocation of spectrum resources and computing resources is not
dynamic, but static segmentation according to the communication requirements
of slices.

In the simulation, we consider a C-RAN system, in which the total spectrum
resource is 50 Mhz and the computational resource is 50 MIPS. We apply the
MATLAB simulation tool for simulation. In this system, there are 4 RRH, the
distance between each RRH is 500m, and the transmission power of RRH is
54 W. In order to calculate the SINR, we need to know the channel condition
information and the thermal noise density. Therefore, we set 02 = —174 dBm.
What’s more, following paper [4], we set the pass loss model to 36.7log(dist) +
22.7 4 26log(f.), where dist refer to the distant between the user and RRH and
fe = 2.5 Ghz. In addition, there are three types of slices and several users in
the system. The minimum transmission rate of users under each slice is 0.128
Mbit/s, 1 Mbit/s and 10 Mbit/s, and the users are randomly distributed in the
system.

When the transmission power of RRH is constantly increasing, the change
of resource utilization of the system is shown in Fig.2, where it is assumed
that there are 15 users in the system. It can be seen that with the increase of
transmission power RRH, the resource utilization of scheme 1 is the highest.
And the resources utilization rate of scheme 2 is the lowest. This is because
the computing resources and spectrum resources in scheme 1 and scheme 3 are
shared, while the computing resources and spectrum resources in scheme 2 are
owned by each base station. And the resources between base stations are not
shared, therefore cause the low resource utilization.

0.65 T T T T
—— scheme 1
—%— scheme 2
scheme 3

0.6

resource utilization

03 ! ! ! !
45 50 55 60 65 70

the transmission power of RRH /W

Fig. 2. The change of resource utilization in the system with the increase of RRH
transmission power
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When the number of users in the simulation increases, the variation of the sys-
tem’s resource utilization is shown in Fig. 3. As can be seen from the Fig. 3, when
the number of users in the simulation are increasing, the resource utilization rate
of scheme 1 is the highest, and the resource utilization rate of scheme 2 is the
lowest. However, in the process of increasing the number of users, the resource
utilization of scheme 2 keeps rising and the resource utilization of scheme 3
keeps falling. Moreover, when the number of users in the system reaches 30, the
resource utilization of scheme 2 has exceeded scheme 3.

To further explore the performance of the three schemes, we analyzed the
number of users that the three schemes could serve when the number of users in
the system are increasing, as shown in Fig. 4. As can be seen from Fig. 4, scheme 1
can serve the largest number of users, while scheme 3 can serve the least number
of users. According to Fig. 3 and Fig. 4, scheme 1 has the best performance. This
is because the resources in scheme 1 are shared together and allocated according
to users’ requirement, so the resource utilization can be higher and the number
of users can be served is larger. However, comparing with scheme 1, scheme 3
is a static resource allocation scheme. The static resource allocation scheme will
result in insufficient liquidity of resources, which leads to the resource utilization
of scheme 3 is not higher than scheme 1. Comparing with sheme 1, the resources
of scheme 2 are owned by each base station, and the resources among base
stations cannot be shared, which will definitely lead to the waste of resource.
Thus, the resource utilization of scheme 2 is not higher than scheme 1. But,
compared with scheme 3, scheme 2 is a dynamic resource allocation scheme.
The resource allocation of scheme 2 can be changed according to the number
of users so as to increase the number of users it can serve. Moreover, when the
number of users in the system is large, the resource utilization of scheme 2 will
be higher than scheme 3.
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Fig. 3. The change of resource utilization in a system as the number of users increases



34 J. Chen et al.

The number of users the system can serve
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Fig. 4. The number of users that can be served in a system as the number of users
increases

5 Conclusion

In this paper, a joint resource allocation scheme based on network slices is pro-
posed under the C-RAN network architecture. This scheme not only solves the
problem of joint allocation of spectrum resources and computing resources in
the system, but also considers the limitation of transmission rate between RRH
and fronthaul link. We models the joint resource allocation problem as a MINLP
problem. According to the property of the problem, the joint resource alloca-
tion problem of network slicing is decomposed into two sub-problems for solving
respectively. In order to verify the effectiveness of the model, we introduced
the other two scheme to compare. Numerical simulation shows that the pro-
posed scheme has better resource utilization than the other two schemes and
can serves more users.
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