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Abstract—In this work, we investigate the optimal power
allocation for the downlink of cache-aided NOMA systems, in
which the user with weaker link condition caches the intended
message of user with stronger channel condition within each cell,
resulting in different signal decoding at receiver side from that
of conventional NOMA. The goal is to minimize the total needed
power of all users subject to the least data rate constraint of
each user. To solve this non-convex optimization problem, we ﬁrst
transform the required power of users in each cell to that of their
serving BS. With the power constraint transformation, the original power allocation problem can be transformed into a power
optimization problem with reduced dimensions. The optimality of
the newly formulated problem is analyzed. In addition, we show
that the optimal solutions to the two optimization problems are
unique and one-to-one mapping, which motivates us to get the
optimal power control for the original problem by solving the
newly formulated problem. An iterative power control algorithm
is then designed, which is guarantee to converge to the unique
optimal point given that the feasible power region is non-empty.
Simulation results demonstrate the power-saving capability of
our proposed power allocation scheme for cache-aided NOMA.
Index Terms—NOMA, caching, SIC, optimal power allocation.

I. I NTRODUCTION
Non-orthogonal multiple access (NOMA) has been treated
as a promising candidate for the ﬁfth generation of wireless
communication systems (5G) owning to its capability to
meet the dramatically increased data rate requirements [1].
The main existing NOMA schemes can be classiﬁed as two
categories: code-domain NOMA and power-domain NOMA.
In code-domain NOMA, multiple users are identiﬁed by nonorthogonal chip codes. Meanwhile, in power-domain NOMA,
different users with diverse channel conditions are allowed
to access the same time-frequency resource simultaneously.
In this paper, the power control for power-domain NOMA
is considered. Without otherwise stated, we adopt NOMA to
indicate power-domain NOMA.
Since successive interference cancellation (SIC) should be
implemented at the multiplexed users, power control for the
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users becomes indispensable as it is the key to do interference
elimination and signal decoding [2]. In [3], [4], fractional
transmit power control (FTPC) was adopted, which is a
sub-optimal power allocation strategy and assigns power in
accordance with users’ channel conditions. The optimal power
control for NOMA networks was investigated by [5], [6], and it
was demonstrated that the optimal scheme requires less power
than FTPC and outperforms its orthogonal multiple access
(OMA) counterparts.
From a technical perspective, caching is another technique
to enhance the spectral efﬁciency of 5G wireless networks [7],
[8]. In a physical layer caching based NOMA system, the user
with weaker channel condition caches the prior information
of stronger user such that the interference elimination can
be adopted at both the strong and weak users. In [9], the
performance enhancement of caching based NOMA when
compared to that of conventional NOMA in terms of outage
probability is investigated. Besides, it is shown in [10] that
caching can help to improve the converge probability and
the spectral efﬁciency of 5G NOMA networks. However, the
aforementioned caching aided NOMA works focus on singlecell scenario. Optimal power allocation for caching based
NOMA system with multiple cells has not been discussed to
the best of our knowledge.
In this work, the optimal power allocation for a caching
assisted NOMA system with two interactional cells is studied.
We target at minimizing the total transmit power under the data
rate constraint of each user. A distributed scheme is proposed
to obtain the optimal power control. First, we derive the
needed transmission power of each BS to meet its associated
users’ data rate requirements. With the transformation of
power constraints, the original power control problem can be
transformed into a new power minimization problem for BSs.
Then, we analyze the optimality of the newly formulated problem and its equivalence to the original optimization problem.
Subsequently, an iterative algorithm is designed to obtain the
optimal power allocation. Simulation results show the validity
of our proposed method in terms of convergence and power
consumption.
The organization of the rest parts of this paper is given
as follows. In Section II, the system model and problem
formulation is stated. In Section III, we transform the power
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p = (p1 , p2 , p3 , p4 ). Besides, denote by ri the required data
rate of user i. Based on the central limit theorem [11], the
summation of a large number of random variables tends to
follow a distribution named Gaussian. Therefore, the inter-cell
interference is assumed to be additive white Gaussian noise in
this work. Deﬁne Ii as the normalized inter-cell interference
plus noise power of user i, and they are expressed as
Ii = q2 g̃i,2 + η̃i , i = 1, 2,
Iu = q1 g̃u,1 + η̃u , u = 3, 4,
Fig. 1.

Caching based downlink NOMA system model

constraints and reformulate the original problem as a new
power minimization problem for BSs. Additionally, the optimality of the newly formulated problem and its relationship
to the original problem are analyzed. Section IV describes the
proposed iterative power allocation algorithm and its provable
convergence guarantee. Simulation results are presented in
Section V. Finally, we summarize the main work of this paper
in Section VI.
II. S YSTEM M ODEL AND P ROBLEM F ORMULATION
In this section, we ﬁrst introduce the system model to be
studied in this work and then formulate the power minimization problem mathematically.
A. System Model
The downlink scenario of two-cell caching based NOMA
systems is considered. Two cells are labeled as cell 1 and cell
2. In each cell, there is one BS located at the center of the cell
and serving two users1 . Let user 1 and user 2 be served by BS
1, while assume users 3 and 4 are associated with cell 2. The
system model of two-cell cache-assisted NOMA is shown in
Fig. 1. Denote by I = {1, 2, 3, 4} and J = {1, 2} the sets of
indexes of users and cells, respectively. For i ∈ I, deﬁne gi
as the channel gain between user i and its associated BS. In
addition, let gi,j be the interfering channel gain between BS
j and user i, where j ∈ J , i ∈ I. Furthermore, denote by η
the noise power at each user.
The cache aided system is investigated in this work. Speciﬁcally, within each cell, the user with weaker channel condition
caches the information of the other user [9]. Without loss of
generality, we assume g1 < g2 and g3 < g4 . Therefore, user
1 caches the information of user 2, meanwhile, user 3 has
the prior information of user 4. In downlink NOMA system,
each BS transmits the superposition code of its attached users’
messages. For i ∈ I, deﬁne pi as the transmission power
of user i. Denote by q1 = p1 + p2 and q2 = p3 + p4
the total transmit power of BSs 1 and 2, respectively. Let
1 In

practical, there will be an arbitrary number of users in each cell and
user clustering can be adopted to separate users into different groups where
each group is scheduled on the orthogonal resource. In this work, we just
assume each cell has one such cluster. The joint user grouping and power
control for the general scenario will be considered in the future work.

(1)

in which g̃i,j = gi,j /gi and η̃i = η/gi for i ∈ I and j ∈ J .
We apply a binary variable, a1 (q2 ), to indicate the relationship between I1 and I2 in cell 1. In detail, a1 (q2 ) = 1 if
I1 ≥ I2 , and 0 otherwise. Similarly, we deﬁne a2 (q1 ) for cell
2, i.e., a2 (q1 ) = 1 if I3 ≥ I4 , and a2 (q1 ) = 0 otherwise.
With aforementioned deﬁnitions, the signal decoding in the
caching aided NOMA system is then considered. We take cell
1 as an example. When a1 (q2 ) = 1, the capacity of user 2 can
be obtained by performing successive interference cancellation
(SIC), which removes the interference from user 1 before
decoding its intended message. In contrast to conventional
NOMA system, user 1 can also subtract the signal of user
2 ﬁrst and then decode its desired message as it caches the
prior information of user 2. Mathematically, when a1 (q2 ) = 1,
the data rates of user 1 and 2 are given by
p1
R̂1 (ã1 , p) = W log2 (1 + ), ã1 = 1,
I1
(2)
p2
R̃2 (ã1 , p) = W log2 (1 + ), ã1 = 1,
I2
where W represents the system bandwidth.
In addition, the capacity of user 2 to decode the signal of
user 1 when performing SIC is expressed as
p1
R̂1,2 (ã1 , p) = W log2 (1 +
), ã1 = 1.
(3)
p2 + I2
Note that in conventional NOMA networks, R̂1,2 (1, p) >
R̂1 (1, p) is always true when I1 > I2 . However, this relationship may not hold for cache assisted NOMA system since
user 1 has the prior information of user 2.
For the scenario where a1 (q2 ) = 0, user 2 decodes its signal
by treating the signal of user 1 as noise. Meanwhile, user 1
can remove the interference from user 2 by using its cached
prior information or via performing SIC. The obtained data
rates are given as follows:
p1
R̃1 (ã1 , p) = W log2 (1 + ), ã1 = 0,
I1
(4)
p2
), ã1 = 0.
R̃2 (ã1 , p) = W log2 (1 +
p1 + I2
For notation clearly, we write two auxiliary function R̃i (ã1 , p)
for i ∈ {1, 2} as follows
R̃1 (ã1 , p) =

min{W log2 (1 +
W log2 (1 + pI11 )

p1
I1 ), W

log2 (1 +

p1
p2 +I2 )}

if ã1 = 1,
if ã1 = 0,
(5)

and

R̃2 (ã1 , p) =

W log2 (1 +
W log2 (1 +

p2
I2 )
p2
p1 +I2 )

if ã1 = 1,
if ã1 = 0.

(6)

Deﬁne Ri (p) as the obtainable transmit data rate of user i.
Therefore, we have
Ri (p) = R̃i (a1 (q2 ), p), for i ∈ {1, 2}.

(7)

Similarly, the data rates of user 3 and user 4 can be given
as follows:
Ru (p) = R̃u (a2 (q1 ), p), for u ∈ {3, 4},

(8)

in which
R̃3 (ã2 , p) =

min{W log2 (1 +
W log2 (1 + pI33 )

p3
I3 ), W

log2 (1 +

p3
p4 +I4 )}

if ã2 = 1,
if ã2 = 0,
(9)

and

R̃4 (ã2 , p) =

W log2 (1 +
W log2 (1 +

p4
I4 )
p4
p3 +I4 )

if ã2 = 1,
if ã2 = 0.

(10)

In this work, we target at minimizing the total transmit
power of all users under each user’s data rate constraint.
Mathematically, the problem formulation is given as follows:
min

pi

(11)

subject to
C2 : pi ≥ 0, i ∈ I,

R̃2 (ã2 , p) ≥ r2 .

(13)

It’s obvious that the minimum required power of user 1 and
user 2 is obtained by letting the inequalities in (13) hold with
equalities. Therefore, we have the following deﬁnition:
Deﬁnition 1. The needed transmit power of BS 1 equals to
the sum of user 1 and user 2’s transmission power, which is
given by
f˜1 (ã1 , q2 ) =

max{γ1 I1 + γ2 I2 , γ1 γ2 I2 + γ1 I2 + γ2 I2 } if ã1 = 1,
γ1 I1 + γ2 I2 + γ1 γ2 I1
if ã1 = 0.
(14)

Deﬁnition 2. The required power of BS 2 to satisfy its
associated users’ data rate requirements is given by
f˜2 (ã2 , q1 ) =

max{γ3 I3 + γ4 I4 , γ3 γ4 I4 + γ3 I4 + γ4 I4 } if ã2 = 1,
γ3 I3 + γ4 I4 + γ3 γ4 I3
if ã2 = 0.
(15)
With aforementioned deﬁnitions, the following Lemma can
be obtained:
Lemma 3. For j ∈ J , the least required transmit power at
BS j should satisfy
fj (q−j ) = min{f˜j (0, q−j ), f˜j (1, q−j )}.
(16)

i=1

C1 : Ri (p) ≥ ri , i ∈ I,

R̃1 (ã1 , p) ≥ r1 ,

Similarly, once q1 ≥ 0 and ã2 are given, the required power
of BS 2 is obtained by Deﬁnition 2:

B. Problem Formulation
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A. Required Power at a BS
For j ∈ J , we deﬁne fj (q−j ) as the least needed power
of BS j to meet its attached users’ data rate constraints. In
addition, let γi = 2ri /W − 1 for i ∈ I. We consider BS 1
ﬁrstly. Suppose the transmit power of users 3 and 4 are ﬁxed,
i.e., q2 is given and we want to meet the rate constraints of
users in cell 1 given as

(12)

where C1 represents the minimum data rate requirement of
each user. In addition, C2 indicates the nonnegativity of the
allocated power to each user. We denote by P ⊆ R4+ the
feasible power region of problem (11), where R4+ is the set
of four-dimensional non-negative real vectors. Note that p is
feasible if and only if C1 and C2 are met at p.
III. R EQUIRED P OWER AT A BS AND A R ELATED P OWER
C ONTROL P ROBLEM
In this section, we ﬁrst investigate the needed transmission
power of a BS to satisfy the data rate requirements of its
attached users. Based on the power requirement at BSs, we
formulate an equivalent optimization problem to problem (11)(12) with reduced dimensions. Subsequently, the optimality of
the new-formulated problem and its relationship to that of the
original problem are analyzed.

Proof: With aforementioned analysis, when j = 1 and q2
is ﬁxed, the value of f1 (q2 ) is either f˜1 (1, q2 ) or f˜1 (0, q2 ).
When a1 (q2 ) = 1, it is easy to obtain that
f˜1 (1, q2 ) − f˜1 (0, q2 )
(17)
= max{−γ1 γ2 I1 , −γ1 (1 + γ2 )(I1 − I2 )} < 0.
In addition, when a1 (q2 ) = 0, we have f˜1 (1, q2 ) > f˜1 (0, q2 ).
Therefore, (16) holds when j = 1. Through a similar proof
technique, we can get that (16) is true when j = 2.
B. A Related Power Optimization Problem
In this subsection, we formulate a power optimization
problem for BSs with the aforementioned power constraints
transformation.
The optimization problem aims at minimizing the total
power of all BSs with the consideration of each BS’s power
constraint. Mathematically, it is presented as

min
qj
(18)
j∈J

subject to
qj ≥ fj (q−j ), j ∈ J ,

(19)

qj ≥ 0, j ∈ J ,

(20)

where fj in (19) is well deﬁned by Lemma 3. In addition,
(20) indicates the nonnegativity of BS’s transmission power.
We deﬁne its feasible power region as Q ⊆ R2+ , in which R2+
is the set of two-dimensional non-negative real vectors.
Lemma 4. If the optimal solution to problem (18) exists,
it must be achieved when the inequality in (19) holds with
equality.
Proof: Deﬁne (q1∗ , q2∗ ) as the optimal solution, and assume
there exists one BS meeting the power constraint with strict
inequality. Let us suppose BS 1 is such a BS without loss of
generality, i.e., q1∗ > f1 (q2∗ ). We reduce q1∗ to q̂1 such that
q̂1 = f1 (q2∗ ) with q̂1 < q1∗ . It is obvious that (q̂1 , q2∗ ) meets
the requirements in (19), which contradicts that (q1∗ , q2∗ ) is the
optimal solution.
We consider the following power control subproblem with
parameters ã1 and ã2 :

qj
(21)
min
j∈J

subject to
qj ≥ f˜j (ãj , q−j ), j ∈ J ,
qj ≥ 0, j ∈ J .

(22)
(23)

Since both ã1 and ã2 can be 1 or 0, there are four such power
control subproblems in total.
Theorem 5. If problem (18) is feasible, its optimal solution
is unique.
Proof: If problem (18) is feasible, some of the power
control subproblems in (21) must be feasible, and each power
control subproblem has a unique optimal solution [12]. Among
them, one needs the minimum transmission power is the
optimal value to problem (18).
For the uniqueness of optimal solution to problem (18),
let q ∗ = (q1∗ , q2∗ ) and q̂ = (q̂1 , q̂2 ) be two different optimal
solutions. Let q1∗ > q̂1 without loss of generality. Based on the
deﬁnition of f2 (q1 ), we have f2 (q1∗ ) > f2 (q̂1 ). According to
Lemma 4, we have q2∗ = f2 (q1∗ ) > f2 (q̂1 ) = q̂2 . As a result,
q1∗ + q2∗ > q̂1 + q̂2 , making a contradiction.
Before analyzing the relationship between the optimal solution to problem (11) and problem (18), a mapping Φ from
domain Q to co-domain P is deﬁned. For any (q1 , q2 ) ∈ Q, we
must have qj ≥ fj (q−j ) for j ∈ J . With ﬁxed q2 , via letting
the data rate requirements of user 1 and user 2 hold with equality, we can ﬁnd p̂1 and p̂2 satisfying p̂1 + p̂2 = f1 (q2 ) ≤ q1
as well as the least data rate constraints of users 1 and 2. Let
(p1 , p2 ) = β(p̂1 , p̂2 ) with β = p̂1q+1p̂2 ≥ 1. Obviously, (p1 , p2 )
also satisﬁes the rate requirements of users 1 and 2. Similarly,
we can deﬁne (p3 , p4 ). Let q = (q1 , q2 ). The mapping Φ is
deﬁned as: Φ(q) = (p1 , p2 , p3 , p4 ) ∈ P. Denote by P̂ ⊆ P

the region of Φ. In addition, another mapping Ψ : P → Q is
deﬁned as follows: Ψ(p1 , p2 , p3 , p4 ) = (p1 + p2 , p3 + p4 ). It
is obvious that (p1 + p2 , p3 + p4 ) ∈ Q if (p1 , p2 , p3 , p4 ) ∈ P.
Note that we restrict the domain of Ψ to be P̂. Therefore, Ψ
can be regarded as the inverse function of Φ.
Lemma 6. If problem (11) gets the optimal solution, it satisﬁes
the inequalities in C1 with equalities.
The proof of this Lemma is similar to that of Lemma 4.
Details are omitted here.
Lemma 7. Problems (11) and (18) have the same optimal
value.
Proof: Denote by p∗ and q ∗ the optimal power allocation
to problems (11) and (18), respectively. It is easy to check that
||q ∗ ||1 = ||Φ(q ∗ )||1 ≥ ||p∗ ||1 = ||Ψ(p∗ )||1 ≥ ||q ∗ ||1
in which ||x||1 represents the l1 -norm of vector x, which
equals to the sum of each component in x.
Theorem 8. If the feasible power region of problem (11) is
non-empty, its optimal solution p∗ is unique, and p∗ = Φ(q ∗ ),
in which q ∗ represents the optimal solution to problem (18).
Proof: According to the deﬁnitions of Φ and Ψ, if
problem (11) is feasible, problem (18) is also feasible. Based
on Theorem 5, the optimal solution to problem (18) is unique
and we denote it by q ∗ . In accordance with Lemma 7, the
optimal values of problems (11) and (18) are the same, which
means p∗ = (p∗1 , p∗2 , p∗3 , p∗4 ) = Φ(q ∗ ) should be an optimal
power vector.
Let p̂ = (p̂1 , p̂2 , p̂3 , p̂4 ) be a different optimal solution to
problem (11). According to Lemma 7, Ψ(p̂) should be the
optimal solution to (18) and equals to q ∗ , which means q1∗ =
p̂1 + p̂2 = p∗1 + p∗2 and q2∗ = p̂3 + p̂4 = p∗3 + p∗4 . Based on
Lemma 6, the optimal solution is achieved when the inequality
rate constraints are satisﬁed with equality. With ﬁxed q2∗ , there
must exist p̂1 = p∗1 and p̂2 = p∗2 . Similarly, we have p̂3 = p∗3
and p̂4 = p∗4 .
Theorem 8 inspires us to get the optimal solution of problem
(11) via solving the corresponding problem (18).
IV. I TERATIVE P OWER A LLOCATION A LGORITHM
In this section, we design an iterative power allocation
strategy for problem (18). Given that the feasible power region
is non-empty, the algorithm is ensured to converge since our
algorithm falls into Yate’s power control framework [13].
(t)
For j ∈ J , denote by qj the total transmission power of BS
j at t-th iteration. At iteration t, two BSs update their required
power to satisfy the rate requirements of its associated users,
which is given by
(t)

(t−1)

qj = fj (q−j

), j ∈ J .

(24)

According to [13], this iterative power allocation method
can be written into a vector form as follows:
q (t) = F(q (t−1) ),

(25)

in which F is the interference function, whose j-th component
can be regarded as the effective interference that BS j suffers
from. For our system,
F1 (q) = f1 (q2 ) = min{f˜1 (1, q2 ), f˜1 (0, q2 )},
F2 (q) = f2 (q1 ) = min{f˜2 (1, q1 ), f˜2 (0, q1 )}.

(26)
(27)

In addition, we say F is standard once it meets the following
three criteria for any q ∈ R2+ :
1) F(q) ≥ 0.
2) If q ≥ q̂, then F(q) ≥ F(q̂).
3) For all α > 1, then αF(q) ≥ F(αq).
The following theorem shows the convergence of the proposed iterative power control algorithm.

TABLE I
C OMPUTER SIMULATION PARAMETERS
Parameters
Cell radius, R
Distance between two BSs, Rd
Large-scale fading
Small-scale fading
Users distribution scheme
Noise power spectral density
Overall system bandwidth, W
Throughput calculation
Iteration terminal parameter
Data rate requirement r

Value
500 m
1000 m
128.1 + 37.6 log10 d dB, d is in km
Rayleigh fading
Randomly uniform distribution
-174 dBm/Hz
5 MHz
Shannon’s capacity formula
10−5
[5, 10, 15, 20, 25] Mbits/s

Theorem 9. Assume that the optimization problem (11) is feasible, the proposed iterative power allocation method in (25)
is guarantee to converge to the unique optimal solution with
an arbitrary initial power vector q (0) .
Proof: If the feasible region of problem (11) is non-empty,
by Theorem 5 and Theorem 8, (11) has a unique optimal
solution. Based on Lemma 4, the optimal solution is obtained
when the inequality constraints in (19) hold with equalities,
which means the optimal solution is a ﬁxed point.
For a1 = 1, it can be seen from (14) that the two items in
(t−1)
f˜1 (1, q2
) are afﬁne functions to q2 . Each of the items meets
three criteria of standard. By [13], the maximization operation
(t−1)
preserves the property of standard. Therefore, f˜1 (1, q2
) is
(t−1)
) is also an afﬁne function,
standard. When a1 = 0, f˜1 (0, q2
and thus standard. The minimum operation also keeps the
property of standard [13], thus, F1 (q) is standard. Through
applying a similar proof technique, we show that F2 (q) is
standard. This completes the proof that F(q) is standard.
Since the interference function of our power allocation
strategy is standard, by [13], the algorithm can be guaranteed
to converge to the unique ﬁxed point. As aforementioned, the
optimal solution is a ﬁxed point, thus, the algorithm converges
to the unique optimal solution.
Once the optimal solution to problem (18) is obtained by
the iterative power allocation method, the optimal solution to
problem (11) can be obtained by applying Φ to q ∗ according
to Theorem 8.
Remark 10. The proposed power allocation method can be
implemented in a distributed manner, which means each BS
only requires some local information, i.e., the channel gains
and the interference plus noise power of its associated users.
Information interaction between BSs is not needed, making
the algorithm attractive for practical application. That is why
we do the problem transformation and propose the iterative
power control strategy.
V. S IMULATION R ESULTS
In this section, we use Monte-carlo simulation to demonstrate the performance of the designed power allocation algorithm for caching based NOMA networks. The radius of
each cell is assumed to be R = 500 m. For each cell, the

Fig. 2.

Convergence performance

BS is located at the cell center and two users are uniformly
distributed within it. The distance between two BSs, Rd , is
set to 1000 m. The system bandwidth W is assumed to
be 5 MHz and the noise power spectral density N0 is set
to -174 dBm/Hz. In addition, we consider the propagation
model with both large-scale fading and small-scale fading [14].
Speciﬁcally, the large-scale path loss is distance-dependent,
and it is given by 128.1 + 37.6 log10 d, where d represents
the distance between BS and user in km. For small-scale
fading, each user is assumed to experience an independent
Rayleigh fading. Without loss of generality, let the minimum
rate requirement of user i be ri = r for i ∈ I. The details of
simulation parameters are summarized in Table I.
We adopt two information caching schemes in the simulation:
• Scheme 1: Within each cell, we randomly choose a user
and assume it caches the message of the other user;
• Scheme 2: In each cell, the weak user caches the prior
information of the strong user.
Two indicators are considered when evaluating the performance of our proposed power control algorithm for caching
aided NOMA, i.e., 1) convergence performance, and 2)
energy-saving ratio.
A. Convergence Analysis
Fig. 2 shows the convergence of the designed iterative power
allocation method, in which the data rate requirement r is set to
be 10 Mbits/s and the initial transmission power of each BS is
assumed to be 0. We randomly generate a feasible instance for

Fig. 3.

Energy saving versus data rate requirements, r

each caching scheme and plot the transmit power of the BSs
during iterations to demonstrate the convergence performance.
The x-axis indicates the number of iterations, meanwhile the
y-axis represents the transmit power. It is easy to see that the
iterative power control algorithm takes only several steps to
converge.
B. Energy-saving Ratio
Fig. 3 indicates the power-saving capability of the proposed
power allocation for caching based NOMA when compared to
that of the conventional power-controlled NOMA [5]. Since
it was demonstrated by [5] and [15] that power-controlled
NOMA requires less energy than OMA counterparts, we only
compare the performance with NOMA in this subsection. The
x-axis and y-axis are the minimum data rate requirement of
each user and the energy-saving ratio, respectively. Speciﬁcally, the computational method of energy-saving ratio is given
as follows:
|PN − PCN |
× 100%,
(28)
PCN
in which PN and PCN respectively refer to the needed transmit
power of power-controlled NOMA [5] and the caching aided
NOMA that applies the proposed optimal power allocation
strategy. We consider two aforementioned caching schemes.
It can be seen that for each caching scheme, the cache-aided
NOMA is more energy efﬁcient than conventional NOMA,
particularly when each user has a high data rate requirement.
For example, when r is set to be 25 Mbits/s, caching based
NOMA can respectively reduce power by 11.13% and 13.67%
under Scheme 1 and Scheme 2 when compared to that of
power-controlled NOMA. Besides, with the increasing of data
rate requirement, the energy-saving ratios of both schemes
increase. In addition, for any given r, Scheme 2 saves more
power than Scheme 1. The reason is, in Scheme 2, the weak
user adopts caching technique, resulting in high probability to
eliminate the interference from strong user. This can enhance
the system performance in terms of power consumption to
some extent.
VI. C ONCLUSION
This work studies the power minimization problem for the
caching based downlink NOMA system with the consideration

of each user’s data rate constraint. To solve this non-convex
optimization problem, we ﬁrst transform the power requirements of users to that of BSs. With the power constraint
transformation, the original power control problem can be
transformed into a power minimization problem for BSs. The
optimality and the uniqueness of the optimal solution for the
newly formulated power control problem are analyzed. In
addition, we show that the optimal objective function values of
the two problems are the same. This motivates us to obtain the
optimal solution to the original problem via solving the newly
formulated problem. An iterative power control algorithm
is thus designed. Simulation results show that cache-based
NOMA under the proposed power control method saves more
power than the optimal power-controlled NOMA system. In
future, we will investigate the joint user clustering and power
allocation for the downlink of caching based NOMA networks
with an arbitrary number of cells and an arbitrary number of
users per cell.
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