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Abstract—In this paper, the energy efficient resource allocation
in NOMA-based heterogeneous cellular network (HCN) systems
is investigated. Since energy consumption and its limitations is
one of the important challenges in fifth generation of cellular
networks (5G), we propose a resource allocation problem which
allocates power and subcarriers to multiple users to achieve the
best system energy efficiency (EE). To solve the corresponding
problem an iterative algorithm is used. In each iteration power
and subcarrier are assigned separately. In each iteration, to
solve the power allocation problem dual method considering
successive convex approximation (SCA) approach is used,
and to solve the subcarrier allocation problem, mixed integer
non-linear programing (MINLP) of optimization toolboxes is
applied. The effectiveness of this resource allocation method is
illustrated in simulation results section.

Index Terms– NOMA, Energy Efficiency, resource allocation,
HCN,

I. INTRODUCTION

Statistical data show that wireless communication systems
consume 0.5% of global energy consumption [1]. The wireless
users and their required date rate are exponentially increasing
and the required data traffic by approximately become dou-
bling every year [2]. Therefore, energy consumption and its
limitation is one of the important challenges for the next gen-
eration of cellular networks (5G). To manage this issue, new
approaches in multiple access (MA) techniques, system model
and resource allocation should be applied. Non-orthogonal
multiple access (NOMA) is one of the promising MA tech-
niques in 5G. Based on NOMA approach each subcarrier can
be assigned to more than one user in a cell simultaneously. In
this technique each subcarrier can be assigned to multiple users
by applying superposition coding (SC) on transmitter side, and
on the receiver side, each user obtains it’s signal by using
successive interference cancellation (SIC). In [3], the authors
introduced bit/Joule to investigate the energy efficiency (EE)
of a cognitive radio system and then developed an efficient
resource allocation algorithm. In [4], a resource allocation
method for energy saving (ES) in a heterogeneous cellular
network (HCN) system is studied. In [5], the authors studied
an optimal base station (BS) density for both homogeneous
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and heterogeneous cellular networks, where they considered
that the transmitted power from all BSs is fixed. An algorithm
to minimize total power consumption in cellular system is
proposed in [6]. In [7], the authors proposed a resource
allocation algorithm for maximizing the EE in a orthogonal
frequency division multiple access (OFDMA)-based system
with perfect hannel state information at the transmitter (CSIT).
Traffic-aware transmission methods are proposed to increase
the EE in [8] and [9], where BSs based on the traffic loads
can switch to different modes such as sleep mode and shut
off mode. In [10] and [11], the authors investigated about
SC and SIC. The performance of a NOMA-based system
by using fractional transmit power allocation is investigated
in [12]. In [13], the information theory aspect of NOMA
technique is studied. In [14], a radio resource allocation
method for heterogeneous traffic in generalized frequency
division multiple access (GFDM)-NOMA-based HCN system
is investigated, and to solve the resource allocation problem
different successive convex approximation (SCA) method is
used.

The main contributions of this paper are summarized as
follows:

• NOMA technique, HCN technology and energy effi-
cient resource allocation methods can offer considerable
promise to decrease energy consumption in cellular sys-
tem. Therefore, we consider energy efficient resource
allocation in NOMA-based HCN system.

• We propose a novel resource allocation method to maxi-
mize system EE of a NOMA-based HCN system. The
constraints of our problem are, users minimum rate
requirement, maximum available power in the system,
and NOMA constraint.

• The proposed problem is non-convex with high com-
plexity. To tackle the non-convexity issue we use an
iterative method by applying SCA method and fractional
programing, where in each iteration power and subcarrier
allocation are updated separately. The power allocation
problem is solved by applying SCA approach and using
dual method, and the subcarrier allocation problem is
mixed integer non-linear programing (MINLP) and can be
solved by an available software of optimization toolboxes.
The remainder of this paper is organized as follows: The
system model and problem formulation are presented
in Section II. The solution algorithm is investigated in
Section III. Complexity discussion is presented in Section
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Fig. 1: A typical illustration of considered system model.

IV. Simulation results are presented in Section V. Finally,
conclusion is given in Section VI.

II. SYSTEM MODEL AND PROBLEM FORMULATION

We consider a downlink communication scenario of
NOMA-based HCN system where users are randomly de-
ployed in it. A typical illustration of considered system model
is shown in Fig. 1.

In the considered system model parameters are supposed
as follows: pfs,n indicates the assigned power to user s from
BS f over subcarrier n, hfs,n denotes the channel between
user s and BS f on sub-carrier n, νfs,n is a binary variable
which shows the subcarrier assignment, i.e., if subcarrier n
assigned to user s over BS f we have νfs,n = 1, otherwise,
νfs,n = 0, P and ν are the matrices of power and subcarrier
(respectively) by size S×N ×F where S is the total number
of users, N is the total number of subcarriers and F is the
total number of BSs. Moreover, the set of BSs is shown
by F = {1, 2, . . . , F} where macro base station (MBS) is
shown by f = 1, the set of all users in BSs f is shown by
Sf = {1, 2, . . . , Sf} where

⋃
f∈F Sf = S, and the set of

all subcarriers is denoted by N = {1, 2, . . . , N}. Also, the
notations pf

s = [pfs,1, . . . , p
f
s,N ]T , Pf = [pf1 , . . . , p

f
Sf

]T and
P = [P1, . . . ,PF ].

For the signal model, NOMA approach is considered. In this
approach the users are sorted based on their channels gain and
each subcarrier can be assigned to more than one user. Based
on NOMA approach in each subcarrier a user can removes
the other users signals which have worse channel than that’s
channel and the other users signals are considered as noise.

The system sum-rate is formulated as

U(ν,P) =
∑
f∈F

∑
s∈Sf

∑
n∈N

rfs,n, (1)

where rfs,n is the rate that user s can achieved from subcarrier
n over BS f which is attained as

rfs,n = log(1 + γfs,n), (2)

where γfs,n is the SINR of user s in sub-carrier n over BS f
and is obtained by

γfs,n =
νfs,np

f
s,n|hfs,n|2

|hfs,n|2
∑s−1

j=1 ν
f
j,np

f
j,n + Ifs,n +N0

, (3)

where Ifs,n is the intercell interference and is achieved by

Ifs,n =
∑

f∈F/{f}

∑
s∈Sf

pfk,n|h
f
k,n|

2. (4)

Also, the total power consumption in the system is given by

UTP (ν,P) = Pc +
∑
f∈F

∑
n∈N

∑
s∈Sf

νfs,np
f
s,n, (5)

where, Pc is the power dissipation of devices and electronic
circuits, and the second term is total power which consumed in
the power amplifier. The EE of the considered cellular system
is defined as the system sum-rate per unit energy consumption
which is achieved by

U =
U(ν,P)

UTP (ν,P)
.

Finally, our problem formulation of maximizing system EE
is expressed as

max
ν,P

U(ν,P)

UTP (ν,P)
, (6a)

s.t. :
∑
n∈N

∑
s∈Sf

νfs,np
f
s,n ≤ P f

max, ∀f ∈ F , (6b)

s−1∑
i=1

νfi,n

√
pfi,n ≤ ν

f
s,n

√
pfs,n ,∀s ∈ Sf , n ∈ N , f ∈ F ,

(6c)∑
n∈N

∑
f∈F

νfs,nr
f
s,n ≥ Rm

min, s ∈ Sf , (6d)∑
s∈Sf

νfs,n ≤ LT , ∀n ∈ N , f ∈ F , (6e)

pfs,n ≥ 0,∀s ∈ Sf , n ∈ N , f ∈ F , (6f)

νfs,n ∈
{

0, 1
}
, ∀s ∈ Sf , n ∈ N , f ∈ F , (6g)

where (6b) indicates the limitation on maximum available
power in each BS, (6c) shows the NOMA constraint, (6d)
denotes the minimum rate requirement for each users and (6e)
shows that each subcarrier can be assigned to at most LT users
simultaneously.

Problem (6) is a mixed combinatorial and non-convex
optimization problem. The non-convexity comes from the ob-
jective function and constraint (6d), and combinatorial comes
from the existence of integer variable ν which indicates the
subcarrier allocation notation. To solve the proposed problem
an iterative algorithm is exploited which in each iteration
power and subcarrier are allocated separately, it means that to
allocate power, the subcarrier parameters are supposed fixed
and to allocate subcarrier, the power parameters are assumed
fixed. This iterative method is continued until convergence.
Moreover, the objective function is in the fractional form
and the function of system sum-rate because of existence
the interference is non-convex. To handle the first issue the
fractional programing theory is used and to tackle the non-
convexity issue the SCA approach is applied.
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III. SOLUTION OF THE OPTIMIZATION PROBLEM

In the first step of the solution, the fractional programing
theory is used to change the objective function with equiva-
lent objective function in subtractive form, then the iterative
method based on SCA approach is used.

A. Transformation of the Objective Function
We define Q∗ as the maximum system EE which is achieved

by
U(ν∗,P∗)

UTP (ν∗,P∗)
= max

ν,P

U(ν,P)

UTP (ν,P)
= Q∗, (7)

where ν∗,P∗ are the matrix of optimal power and subcarrier
allocation.

We use the following Theorem which is related to nonlinear
fractional programming [15].

Theorem 1. The maximum energy efficiency Q∗ is achieved
if and only if

max
ν,P

U(ν,P)−Q∗UTP (ν,P) = U(ν∗,P∗) (8)

−Q∗UTP (ν∗,P∗) = 0,

for U(ν,P) ≥ 0 and UTP (ν,P) > 0.

Proof. Please see [7] for proof of considered theorem.

By applying Theorem 1, the objective function of any
problems in fractional form can be written with an objective
function in subtractive form, e.g. U(ν,P)/UTP (ν,P) is writ-
ten by U(ν,P)−Q∗UTP (ν,P). The new problem formulation
is equivalent to primary problem and both of them have the
same policy to resource allocation. Consequently, we focus on
the solution of the following resource allocation problem

max
ν,P

U(ν,P)−QUTP (ν,P), (9)

s.t. : (6b)− (6g).

B. Main resource allocation algorithm
To solve problem (9), an iterative algorithm is used. An

overview of the proposed algorithm is shown in Table 1.
The algorithm is started by initialization Q = 0, then, in
step 3 − a, by solving (9), P and ν are obtained, in step
3 − b, stop condition is checked, if the condition is satisfied
by calculated power and subcarrier, they are considered as the
optimal values, otherwise, Q is updated and the algorithm is
continued until convergence. Out put of the Table 1 is the
optimal power and subcarrier allocation which achieve the
maximum system EE.

C. Solution of the resource allocation with constant Q
To solve problem (9) an iterative algorithm based on SCA

approach is applied. In each iteration power and subcarrier are
allocated separately and the iterative algorithm is continued
until convergence. An overview of this iterative approach is
presented in Table 2. The algorithm is started by initialization
the power and subcarrier matrices, then power and subcarrier
are allocated separately. The power allocation problem is non-
convex, therefore, to solve it an SCA approach is used and
the subcarrier allocation is MINLP which can be solved by
applying available software for MINLP.

Algorithm 1 ITERATIVE RESOURCE ALLOCATION
1: Initialization: Initialize Mmax (maximum iteration number),
the maximum tolerance ε, Q = 0, and set m = 0 (as the
iteration number).
2: Repeat:
3-a: Solve the problem 9 for a given Q and obtain power and
subcarrier as {ν′,P′}.
3-b: When U(ν′,P′)−QUTP (ν′,P) < ε or m = Mmnax, stop
and return {ν,P} = {ν′,P′} and Q∗ = Q.
Otherwise,

Set Q =
U(ν′,P′)

UTP (ν′,P)
, m = m+ 1 and go back to 3− a.

Output: {ν′,P′} as optimal power and subcarrier, and Q = Q∗

as the maximum system EE.

Algorithm 2 ITERATIVE RESOURCE ALLOCATION TO
SOLVE THE EQUIVALENT PROBLEM
1: Initialization: Set k = 0 (as the iteration number), initialize
K (maximum iteration number), find ν(0) and P(0) by
applying described initialization method.
2: Repeat:
2-a: Set ν = ν(k) and find a solution
of problem (9) consider it as P(k + 1),
2-b: Find ν(k + 1) by solving (9) and considering P =
P(k + 1),
2-c: When |P(k)−P(k − 1)| ≤ ε or k = K, stop.
Otherwise, set k = k + 1 and go back to 2-a.
Output: Matrices ν and P as a solution of power and subcar-
rier.

D. Initialization Method

The algorithm of finding feasible initialization matrices for
sub-carrier and power are summarized in Algorithm 3 [16],
[17].

Algorithm 3 INITIALIZATION METHOD
COMPUTING P(0):
Soppuse SBSs are not transmitting, then for MBS users solve
the convex problem of finding P(0) (problem (9) without rate
requirement constraint and interference).
FINDING ν(0):
Subcarriers are assigned to MBS user which has the highest
SINR.

E. Sub-carrier Allocation with Fixed Power

The subcarrier allocation problem with fixed power is
formulated as

max
ν

U(ν,P)−QUTP (ν,P), (10)

s.t. : (6b)− (6e), (6g).

This problem is in MINLP form and is solved by opti-toolbox.
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F. Power Allocation with Fixed Sub-carrier Allocation

By considering ν = ν(s), the power allocation problem is
expressed as

max
P

U(ν,P)−QUTP (P), (11)

s.t. : (6b)− (6d), (6f).

To solve this problem a SCA approach, namely, successive
convex approximation with low complexity (SCALE) is ap-
plied. The SCALE method approximates the non-convex rate
function with a convex one by using the following inequality
[18],

η log(w) + ξ ≤ log(1 + w), (12)

where

η =
W0

W0 + 1
, ξ = log(1 +W0)− W0

W0 + 1
log(W0). (13)

By applying (13) the power allocation problem is written as

max
ν,P

∑
f∈F

∑
s∈Sf

∑
n∈N

ρfs,n(ηfs,n log(γfs,n) + ξfs,n)−QUTP (ν,P),

(14a)

s.t. :
∑
n∈N

∑
s∈Sf

ρfs,np
f
s,n ≤ P f

max, ∀f ∈ F , (14b)

m−1∑
i=1

ρfi,n

√
pfi,n ≤ ρ

f
s,n

√
pfs,n ,∀s ∈ Sf , n ∈ N , f ∈ F ,

(14c)∑
n∈N

∑
f∈F

ρfs,n(ηfs,n log(γfs,n) + ξfs,n) ≥ Rs
min, ∀s ∈ Sf ,

(14d)

pfs,n ≥ 0,∀s ∈ Sf , n ∈ N , f ∈ F . (14e)

To achieve appropriate approximation, an iterative algorithm
is applied which is shown in Algorithm 4. Problem (14) is still
non-convex. By transformation pfs,n = exp(p̃fs,n), a standard
form of concave maximization problem in the new variables
P̃ is achieved. To solve the convex optimization problem dual
method is applied, hence, the dual function is formulated as

L(β, δ,λ, exp p̃) =
∑
f∈F

∑
s∈Sf

∑
n∈N

ρfs,n(ηfs,n log(γfs,n) + ξfs,n)

−QUTP (P) +
∑
f∈F

βf (
∑
n∈N

∑
s∈Sf

ρfs,n exp p̃fs,n − P f
max)

+
∑
f∈F

∑
s∈Sf

∑
n∈N

δfs,n(

m−1∑
i=1

ρfi,n

√
exp p̃fi,n − ρ

f
s,n

√
exp p̃fs,n)

(15)

−
∑
s∈Sf

λs(
∑
f∈F

∑
n∈N

ρfs,n(ηfs,n log(γfs,n) + ξfs,n)−Rm
min)

where β,λ and δ are non-negative Lagrange multipliers.
To solve the dual maximization problem, we should find the

Algorithm 4 Algorithm to improve SCA approach
1: Initialization: Set z = 0 (as the iteration number), initialize
Zmax (as the maximum iteration number) and ξ = 0 and η = 1,
2: Repeat:
2-a: Compute P(z) by solving (14),
2-b: Update ξ and η with W0 = γfs,n(P(z)),
2-c: When z = Zmax stop.
otherwise, set z = z + 1 and go back to 2-a.

stationary point of (15)

d(L(β, δ,λ, P̃))

dp̃fs,n
= 0. (16)

Then, after simplifying (16), and transformation ln(pfs,n) =
p̂fs,n, pfs,n is obtained as (17) where pmasq indicates the maxi-
mum power wich can be assigned to each user in a subcarrier
. We update the dual variables through sub-gradient method
as

βt+1
f =

[
βt
f + o1

( ∑
n∈N

∑
s∈Sf

νfs,np
f
s,n − P f

max

)]+
, (18)

λt+1
s =

[
λts − o2

(∑
f∈F

∑
n∈N

νfs,nr
f
s,n −Rm

min

)]+
,

δfs,n(t+ 1) =

[
δfs,n(t) + o3

( s−1∑
i=1

νfi,n

√
pfi,n − ν

f
s,n

√
pfs,n

)]+
,

where [Ω]+ = max(Ω, 0), and o1, o2 and o3 are sufficiently
small step-size for updating Lagrange multipliers. The algo-
rithm to find stationary point is shown in Algorithm (5).

Algorithm 5 AlGORITHM TO FIND STATIONARY POINT
1: Initialization: Set t = 0 (as the iteration number), compute
λ(0), β(0) and δfs,n(0),
2: Repeat:
2-a: Compute P by using (17),
2-b: Update λ, β and δ by applying (18)
2-c: When |δt−δt−1| ≤ ε , |λt−λt−1| ≤ ε and |βt−βt−1| ≤ ε
stop.
Otherwise, set t = t+ 1 and go back to 2-a.

• Convergence Discussion
According to [20], by converging the sequence of it-
erations, the feasible solution which satisfied the KKT
optimality conditions of the original non-convex problem
is obtained, i.e., with SCALE, the SCA approach by
generating the sequence of improved solution converges
to a locally optimal. Convergence of SCALE can be easily
obtained by following the same line of argument as in
[20].

IV. COMPUTATIONAL COMPLEXITY

To investigate computational complexity of our resource
allocation method, we consider it as to steps, 1: subcarrier
allocation, 2: power allocation. To solve subcarrier allocation

EnergyEfficient Resource Allocation in NOMA-based HCN SystemsENERGYet al EFFICIENT RESOURCE ALLOCATION IN NOMA-BASED HCN SYSTEMS 41MOLTAFET et al ENERGY EFFICIENT RESOURCE ALLOCATION IN NOMA-BASED HCN SYSTEMS                                                       41413839



MODARES JOURNAL OF ELECTRICAL ENGINEERING, VOL.15, NO.3, AUTUMN 2015

pfs,n =

[ (1 + λm)ηfs,n +
1

2

√
pfs,n

(δfs,n −
∑Sf

i=s+1 ρ
f
i,nδ

f
i,n)

∑sf
i=s+1(1 + λi)η

f
i,n

γfi,n

pfi,n
−Q+ βf +

∑
j∈F/{f}

∑
s∈Sf η

j
s,n

|hfs,n|2γjs,n
|hjs,n|2pjs,n

]mask

. (17)

Fig. 2: A typical user placement.

problem by opti-toolbox geometric programing with the inte-
rior point approach is used, which it’s computation complexity
is achieved by

O(

log(
C

t0ξ
)

log(ν0)
), (19)

where C is the number of all constraints in the subcarrier
allocation problem, and 0 < ν0 � 1, t0 and ξ are the
parameters of interior point method, which are the stopping
criterion, initial point for approximated the accuracy and the
parameter to update the accuracy respectively [21].

Power allocation by applying SCALE method contains two
steps, 1: calculate the users power with (16) and updating
the dual variables. The complexity of first step is attained by
O(M×S×N) and for the second step is achieved by O(F +
S +M × S ×N) [17].

V. SIMULATION RESULTS

In this section, simulation results on the sum-rate and EE
are presented to show the performance of proposed resource
allocation algorithm. A typical user placement and network
topology is shown in Fig. 2. The parameters are supposed
as: N = 32 (the number of sub-carrier), LT = 3 (maximum
number of users which a sub-carrier can be assigned to them
sub-carrier), Sf = 4∀f ∈ F/{1}, S1 = 12, p0max = 40(Watt),
pfmax = 4(Watt)∀f ∈ F/{1}, D = .5Km (radius of MBS)
and d = 25m (radius of SBS). The channel gain of user s on
sub-carrier n in BS f is considered as hfs,n = ν′fs,n(d)−2 where
ν′fs,n is an exponential random variable which representing
the Rayleigh fading EE and system sum-rate which can be
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Fig. 3: Energy efficiency versus total available power.
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Fig. 4: System sum-rate versus total available power.

achieved by NOMA-based system are compared to OMA-
based system. Fig. 3 and Fig. 4, respectively show the EE and
system sum-rate versus the total transmit power for NOMA-
based and OMA-based system. As can be seen NOMA-based
system achieves better system performance than OMA-based
system in terms of system sum-rate and EE.

VI. CONCLUSION

In this paper, we proposed a resource allocation method
to achieve appropriate system EE for NOMA-based HCN
systems. The proposed resource allocation problem was non-
convex and contains both integer and continuous variables,
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therefore, to solve it we used an iterative algorithm based
on fractional programing and SCA approach. Also, we in-
vestigated about the computational complexity of proposed
resource allocation method. As the numerical results show,
the system EE in NOMA-based systems outperforms the
EE of OMA-based systems at the cost of increasing system
complexity.
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