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Abstract—Both index coding and non-orthogonal multiple
access (NOMA) are useful techniques for a transmitter to send
information to multiple cache-enabled receivers. In former works,
either index coding or cache-aided NOMA is applied in the
system, while the combination of index coding and cache-aided
NOMA has not been fully investigated. This work is the first
attempt to integrate these two techniques. A two-phase transmis-
sion algorithm is proposed to first partition receivers into index
coding groups and next pair these groups up for superposition
coding. Cache-aided interference cancellation (CIC) is employed
at the receiver. This new method is applied to a cache-enabled
fog radio access network (F-RAN). Besides, a distinct-file caching
scheme with imbalanced cache size at fog access points (F-
APs) is proposed. For this particular caching scheme, the two-
phase algorithm can be fine-tuned in a way so that its time
complexity becomes linear in the number of F-APs, which is
very fast and particularly desirable from a practical viewpoint.
Furthermore, simulation results show that our proposed method
can significantly reduce the power consumption for transmissions
over the fronthaul link of the F-RAN.

Index Terms—Non-orthogonal multiple access, cache-aided
interference cancellation, index coding, power minimization.

I. INTRODUCTION

The fog radio access network (F-RAN) is a promising
architecture for 5G communication systems and beyond. It
consists of a cloud server, which connects to densely deployed
fog access points (F-APs) via a wireless fronthaul link. The
F-APs are equipped with cache memory, which allows them
to pre-fetch the most popular files during off-peak time to
alleviate traffic congestion over the fronthaul and to reduce
file delivery time. To further improve network performance,
coded caching has been proposed to create coded multicasting
opportunity at the fronthaul [1], [2]. The basic idea is to
split the files into subfiles during the placement phase, which
creates more coded multicasting opportunities in the delivery
phase. File splitting, however, increases system complexity,
since the number of subfiles grows exponentially with the
number of receivers [3]. As for coded multicasting, also
commonly called index coding, the technique has been shown
effective by exploiting cached information at receivers [4]–
[7]. On the other hand, it models the broadcast channel as an
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error-free link, which is over-simplified for wireless channels
characterized by white Gaussian noise and attenuation effects.

In communications engineering, a wireless broadcast link is
typically modeled by the Gaussian broadcast channel, whose
Shannon capacity can be achieved by non-orthogonal multiple
access (NOMA) using superposition coding and successive
interference cancellation (SIC). When there is side information
at the caches of the receivers, interference can be cancelled
even at receivers that are far away from the transmitter, a
concept called cache-aided interference cancellation (CIC)
introduced in [8]. Applications of NOMA to cache-enabled
networks can be found, for example, in [9]–[11].

Both coded multicasting and NOMA are useful in reducing
power consumption and improving spectral efficiency for
wireless broadcast with side information at receivers. These
two approaches, however, are often studied separately in
the literature. Recently, coded multicasting and NOMA were
considered together [12]–[14]. The common idea is to partition
the receivers into groups, to which orthogonal resources are
assigned, and each group may use either coded multicasting
or NOMA, but not both.

This paper, to the best of our knowledge, is the first attempt
to truly integrate the two techniques. Our proposed method
consists of two phases, namely, the index coding grouping
phase and the NOMA pairng phase. Based on the side infor-
mation in caches, some receivers, i.e., F-APs in our context,
form index coding groups, each of which can be served by one
single coded multicast packet. Those index coding groups and
those receivers that do not belong to any group are then paired
up and transmitted with superposition coding. One distinctive
feature of our method is that the whole algorithm, which
consists of the above two phases, has linear time complexity.
This is essentially the best complexity order that one may hope
for, since merely reading the input values already requires
linear time. To achieve this very low time complexity, we
have specifically designed a caching scheme, which allocates
imbalanced cache sizes to F-APs according to their large-
scale channel conditions. This scheme not only facilitates fast
scheduling, but also provides excellent performance in transmit
power minimization.

The rest of this paper is outlined as follows. We present
the system model and design in sections II and III, respec-
tively. The scheduling problem is investigated in Section IV.
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Simulation model and results are presented in Section V and
a conclusion is given in Section VI.

II. SYSTEM MODEL

Consider a F-RAN consisting of a centralized cloud pro-
cessor (CP) and K fog access points (F-APs) indexed by
K , {1, 2, . . . ,K}. The CP stores a library of F files,
denoted by F = {1, 2, . . . , F}. These F files are assumed to
have the same size. The F-APs have caching and computing
capabilities, and can receive packets transmitted by the CP
via a wireless fronthaul link. Assume that F-AP k has pre-
fetched some files in its cache, indexed by Hk ⊆ F . In other
words, j ∈ Hk if F-AP k has cached file j; otherwise j /∈ Hk.
The cache size of F-AP k is denoted by Ck, which means
|Hk| ≤ Ck for any k ∈ K. During a scheduling period of T
time slots, each F-AP k requests a specific file according to a
certain probability distribution.

The wireless fronthaul between the CP and the F-APs is
assumed to be a broadcast channel. Let X be the transmit
signal of the CP. The channel output at F-AP k, for k ∈ K,
is given by Ỹk =

√
gkX + Ñk, where gk is the power gain

from the CP to F-AP k, which is assumed constant within
one scheduling period, and Ñk is the receiver noise, which is
Gaussian distributed with mean 0 and variance η. For notation
simplicity, the noise power of each F-AP is normalized by its
channel gain as nk , η/gk. The channel output can then be
normalized as Yk = X + Nk, where Nk is the normalized
noise, Gaussian distributed with mean 0 and variance nk.
While the values of nk’s may change from one scheduling
period to another, we assume that they are dominated by path
loss and time-invariant shadowing according to the locations
of CP and the F-APs, so that the F-APs can be labeled in a
way such that n1 ≤ n2 ≤ · · · ≤ nK

1. For each time slot,
the transmit signal of the CP is subject to an average power
constraint of P , i.e., E[X2] ≤ P . Our objective is to design
the transmission and reception scheme for the fronthaul link,
and the caching scheme so as to minimize the total transmit
power of CP.

III. SYSTEM DESIGN

A. Transmission Scheme

At the transmitter of CP, index coding and superposition
coding are used jointly to send files to the F-APs. First, for
those F-APs whose requested files are already in their caches,
it is obvious that there is no need to send files to them
and can be ignored from our following discussions. Second,
for a set of F-APs which request the same file, they can
be combined together and replaced by a virtual F-AP. The
power gain of this virtual F-AP is equal to the smallest power
gain of its constituent F-APs, so that if the virtual F-AP is
able to receive a packet, all its constituent F-APs are able to
receive it. Moreover, the cache content of this virtual F-AP

1Our proposed grouping algorithm having time complexity of O(K) relies
on this assumption. If the order of the normalized noise power is not fixed,
then its complexity increases slightly to O(K logK) due to sorting of the
noise powers.

is equal to the intersection of their individual cache contents,
which ensures index coding can be applied successfully at all
constituent F-APs. After this procedure, the system reduces
from K F-APs to K̃ F-APs. Note that each F-AP in this
reduced system requests a distinct file not in its cache. To
simplify our presentation, we re-label the F-AP indices such
that K̃ , {1, 2, . . . , K̃} with n1 ≤ n2 ≤ · · · ≤ nK̃ . For
all k ∈ K̃, F-AP k requests file fk ∈ F \ H̃k, where H̃k
is the cache content of virtual F-AP k. From now on, we
focus on this reduced system. To perform this reduction, we
can go through each F-AP one by one, and put it into an F -
dimensional array of linked lists. F-APs which have the same
file request will be in the same linked list and can then be
identified. The time complexity of this reduction is O(K+F ).
If we use an additional linked list to store the indices of the
files that are requested by some F-AP, then the complexity can
be further reduced to O(K).

A set of F-APs α ⊆ K̃ is said to form an index coding group
if for all i ∈ α, the cache of F-AP i contains the requested
files of all others F-APs in the group, i.e.,

⋃
k∈α\{i} fk ⊆ H̃i.

In the degenerate case, a single F-AP is said to form an index
coding group of cardinality one. To deliver information to all
F-APs in α, a coded packet Dα is formed by taking bitwise
XOR between all files requested by F-APs in that group, i.e.,⊕

i∈α fi.
In each time slot t, L(t) coded packets,

Dα1 , Dα2 , . . . , DαL(t)
, where α1, α2, . . . αL(t) are disjoint

subsets of K̃, are transmitted by superposition coding,
X =

∑L(t)
l=1

√
pαl

Dαl
, where pαl

is the allocated power for
index coding group αl, for l = 1, 2, . . . L(t). Note that if
L(t) = 1, superposition coding is not used; only one single
coded packet is transmitted. If L(t) = 0, the time slot is
idle. In practice, to avoid error propagation at the receiver of
F-APs, L(t) is usually constrained to be a small number. In
this paper, we assume L(t) is at most two.

B. Reception Scheme
Interference cancellation is applied at the receiver of F-APs.

According to Shannon’s capacity formula, the receiver can
achieve error-free detection if and only if the ratio of signal
power to interference and noise power, denoted by SINR,
satisfies the following inequality:

SINR ≥ γ ,
(
2R/W − 1

)
, (1)

where R and W are the transmission rate and channel band-
width, respectively, and γ is the minimum SINR threshold.

Consider an index coding group α. To ensure all F-APs be-
longing to α can decode Dα successfully, it is straightforward
to see that F-AP k ∈ α needs to have SINR greater than or
equal to γ, where gk ≤ gj for all j ∈ α. It is simply because
F-AP k has the worst channel, and if F-AP k can successfully
decode Dα, so can other F-APs in the same group.

Consider a particular time slot t. For L(t) = 1, the index
coding group β can be decoded successfully when it satisfies
pβ ≥ nβγ, where nβ , maxk∈β nk is defined as the
equivalent normalized noise power for index coding group β.
For L(t) = 2, without loss of generality, we assume that the
index coding groups are labelled such that nα1

≤ nα2
. Without
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considering the cache, the optimal decoding order for SIC is
in descending order of the normalized noise power, and the
groups can achieve error-free transmission under the following
conditions:

group α1 :
pα1

nα1

≥ γ,

group α2 :
pα2

nα2 + pα1

≥ γ.
(2)

When we take the cache into consideration, the optimal decod-
ing order may change. We only consider the scenario when the
group with the worse channel, i.e., α2, has the requested file of
the group α1 in its cache. Then group α2 can directly subtract
the signal for group α1 from its received signal. This is called
cache-aided interference cancellation (CIC). Group α1 still
uses SIC for reception. The conditions for successful decoding
at both groups are

group α1 :
pα2

pα1 + nα1

≥ γ, pα1

nα1

≥ γ,

group α2 :
pα2

nα2

≥ γ.
(3)

After the above process, Dα1
and Dα2

can be decoded
successfully. Then for each index coding group α and any
F-AP i in α, its requested file fi can be obtained by taking
bitwise XOR between the decoded data and the other F-APs’
request files in this group that are in F-AP i cache, i.e.,
Dα ⊕ (

⊕
j∈α\{i} fj).

C. Caching Scheme

We assume the cache sizes of the F-APs are subject to a sum
constraint, i.e.,

∑K
k=1 Ck ≤ C, where C is the total available

cache space, and is assumed to be no more than the library
size, F , in this paper. We consider the following two cache
space allocation methods:
• Uniform Cache Size: The total cache space is divided

uniformly among all F-APs. In other words, each F-AP
has the same cache size Ck = C/K.

• Imbalanced Cache Size: The total cache space is allocated
only to the K/2 F-APs that have poor channel conditions.
Suppose n1 ≤ n2 ≤ · · · ≤ nK . Then Ck = 0 for k =
1, 2, . . . ,K/2 and Ck = 2C/K otherwise.

Once the cache size of each F-AP is fixed, the files can
be cached into each F-AP. We consider two cache place-
ment schemes. First, files are randomly and independently
distributed into the cache space of each F-AP. We call it
random caching. Second, since we assume C ≤ F , distinct
files are put into the available space in an arbitrary manner. We
call it distinct-file caching. We propose the use of imbalanced
cache size with distinct-file caching. Uniform cache size with
random caching is used as the benchmark for comparison. In
practice, “imbalanced cache size” simply means that we install
cache memory to those F-APs with poor channel conditions,
which can be determined once their physical locations are
known.

IV. GROUPING PROBLEM AND ALGORITHM

Consider a scheduling period of T time slots. Let βl(t)
be the l-th index coding group scheduled in time slot t for
t ∈ T , {1, . . . , T} and l = 1, . . . , L(t), where L(t) ≤ 2
is the number of groups superimposed together in time slot

t. The objective is to minimize the total transmit power
of a scheduling period. Mathematically, the problem can be
formulated as follows:

min

T∑
t=1

L(t)∑
l=1

pβl(t) (4)

subject to

C1 :
⋃

k∈βl(t)\{j}

fk ⊆ H̃j , ∀j ∈ βl(t),

C2 :

L(t)∑
l=1

pβl(t) ≤ P, ∀t ∈ T ,

C3 : ∀t ∈ T , if L(t) = 2, then pβ1(t), pβ2(t) satisfy
(2) for SIC, or (3) for CIC ,

C4 : ∀t ∈ T , if L(t) = 1, then pβ1(t) ≥ nβ1(t)γ,

(5)

where C1 represents the constraint of forming an index coding
group, C2 represents the power constraint for each time slot,
C3 represents the SINR constraint for SIC or CIC, and C4
represents the SINR constraint for single index coding group
transmissions.

Now we present a grouping algorithm to solve the opti-
mization problem in two phases, the index coding grouping
phase, and the NOMA pairing phase. First, we introduce the
algorithm for partition of the F-APs into index coding groups.
Then the index coding groups are paired up for transmission
using superposition coding.

A. Index Coding Grouping Phase

Algorithm 1 Index Coding Grouping (General Case)
Input: nk, fk and H̃k for k ∈ K̃;
Output: The set of index coding groups I = {α1, . . . , αM}, and

the corresponding cache Hαi , for i = 1, . . . ,M ;
1: enqueue the F-APs into an empty queue Q in descending order

of their normalized noise power;
2: initialize I := ∅, m := 1 and Q′ be an empty queue;
3: repeat
4: dequeue i from Q and let αm := {i} and fαm := fi;
5: repeat
6: dequeue j from Q;
7: if fαm ⊆ H̃j and fj ∈ Hαm then
8: let αm := αm ∪ {j}, Hαm := Hαm ∩Hj , and fαm :=

fαm ∪ {fj};
9: else

10: enqueue j in Q′;
11: end if
12: until Q is empty
13: I := I ∪ αm, Q := Q′ and m := m+ 1;
14: until Q is empty
15: return I and Hα1 , . . . ,HαM

In the index coding grouping phase, the K̃ F-APs are parti-
tioned into index coding groups according to the information
in their cache, which can be represented by a graph. Let
G = (V,E) be the undirected graph, where V represents the
K̃ F-APs, and eij ∈ E when fi ∈ H̃j and fj ∈ H̃i. Our
objective is to minimize the number of index coding groups,
which is equivalent to the minimum clique cover problem,
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well known to be NP-hard. Therefore, we propose a heuristic
algorithm to solve the grouping problem in polynomial time.

Given the set of K̃ F-APs, the normalized noise power of
each F-AP and the cache content in each F-AP, we can obtain
the index coding groups as follows: As the F-APs are sorted
in descending order of their normalized noise power in the
reduction process, we put the first F-AP into an index coding
group at first. We check whether the next F-AP can be added
into the same group. This is done sequentially until all F-
APs have been examined. Next, we repeat the procedure for
another index coding group. The whole procedure is repeated
until no more F-APs are left. We state the procedure formally
in Algorithm 1. The double repeat-loop requires O(K2) steps.
Hence, the algorithm requires quadratic time.

Algorithm 2 Index Coding Grouping (Distinct-File Caching)
Input: nk, fk and H̃k for k ∈ K̃;
Output: α1, α2, . . . , αM with nα1 ≤ nα1 ≤ · · · ≤ nαM ;
1: initialize an empty stack S and M := 0;
2: initialize a Boolean array b[i] := 0 for i ∈ K̃;
3: for i = K̃, K̃ − 1, . . . , 1 do
4: if b[i] = 0 then
5: if fA(i) ∈ H̃i then
6: push {i, A(i)} into S;
7: b[A(i)] := 1 and M :=M + 1;
8: end if
9: end if

10: end for
11: for i := 1, 2, . . . ,M do

αi := pop(S);
12: end for
13: return α1, . . . , αM ;

If distinct-file caching is used, the index coding grouping
problem becomes very simple. Since the files cached in
different F-APs are distinct, an index coding group can only
be formed by at most two F-APs. Consider F-AP i, which
requests file fi. The F-AP that caches fi can be identified in
constant time. Denote this mapping by A : K̃ → K̃. In other
words, F-AP A(i) has fi in its cache. If fA(i) is also cached
in F-AP i, then i and A(i) can form an index coding group.
Otherwise, F-AP i cannot be paired up with another F-AP.
In either case, F-AP i does not need to be visited again. The
procedure is repeated for all other F-APs. The pseudo-code
is stated in Algorithm 2. Note that the noise powers of the
index coding groups are sorted in ascending order, and the
time complexity is O(K), i.e., linear time.

B. NOMA Pairing Phase
After the index coding grouping phase, the K̃ F-APs

are partitioned into M index coding groups, i.e., I =
{α1, α2, . . . , αM}. In this phase, the groups in I are trans-
mitted by superposition coding. Our goal is to pair up some
of the index coding groups and transmit them by superposition
coding so as to minimize the total transmit power in T time
slots. If M ≤ T , each index coding group can occupy one
time slot, so superposition coding is not needed. If M > 2T ,
the problem is infeasible, since we assume that in each time
slot t, the number of superimposed packet, L(t), is at most
two. Therefore, we only need to consider the case where

T < M ≤ 2T . We need to form N , M − T pairs for
superposition coding. Each of the other T −N index coding
groups can exclusively occupy one time slot. Without loss
of generality, let L(t) = 2 for 1 ≤ t ≤ N and L(t) = 1
otherwise. Furthermore, define

PLB ,
M∑
i=1

nαiγ, (6)

which provides a lower bound on the total power consumption
for the pairing problem, since it represents the total power
required when the number of time slots is increased from T
to M so that there is no interference between the M index
coding groups.

Algorithm 3 Pairing for Cache-Aided NOMA
Input: nαi for i = 1, 2, . . . ,M sorted in ascending order;
Output: β1(t) for 1 ≤ t ≤ T and β2(t) for 1 ≤ t ≤ N ;
1: let β2(t) := αt for 1 ≤ t ≤ N ;
2: initialize a Boolean array b[1 . . .M ] := 0;
3: for t := 1, . . . , N do
4: s := ω(fαt);
5: if s > 0 and b[s] = 0 then
6: β1(t) := αs and b[s] := 1;
7: end if
8: end for
9: assign unpaired αi’s to unassigned β1(t)’s arbitrarily;

10: return β1(t) and β2(t);

First, we derive an optimal pairing scheme for traditional
NOMA without cache. The optimal solution is not unique, but
the N index coding groups that have smallest normalized noise
power must participate in superposition coding.

Theorem 1. Given nα1
≤ nα2

≤ · · · ≤ nαM
, an optimal

pairing solution for traditional NOMA without cache is given
by β1(t) = αt for t ∈ T and β2(t) = αM−t+1 for 1 ≤ t ≤ N .
Furthermore, the total power consumption is given by

PNOMA = PLB +

N∑
i=1

nαiγ
2. (7)

Proof. Suppose groups i and j are paired up for superposition
coding, where i < j. According to (2), the power consumption
for them using SIC is given by

Pij = (nαi + nαj )γ + nαiγ
2, (8)

Note that the first term corresponds to interference-free trans-
missions for groups i and j while the second term is an extra
power consumption due to superposition coding. It is clear
that the first N index coding groups, which have the best
channels, should pair up with other groups, i.e., β1(t) = αt for
1 ≤ t ≤ N . The pairing can be done in an arbitrary manner.
Hence, β1(t) and β2(t) as given in the statement is optimal.
The total power consumption in (7) then follows directly.

Next, we consider cache-aided NOMA. Given any file
f ∈ F , let Ωf be {s : f ∈ Hαs

}. Furthermore, the
function ω : F → {0, 1, 2, . . . ,M} is defined such that
ω(f) = arg maxs{nαs : s ∈ Ωf} if Ωf is non-empty.
Otherwise, ω(f) = 0. In view of Theorem 1, we let the N
index coding groups that have smallest normalized noise power
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participate in superposition coding. Based on this heuristic pre-
assignment, we state the pairing scheme in Algorithm 3.

In particular, for distinct-file caching, Ωf contains no more
than one element. For αs that contains two F-APs which has
formed an index coding group, Hαs

must be empty. For αs
that contains only one F-AP, Hαs is known in advance. Hence,
ω(f) can be computed in constant time. Now we are going
to show that with a slight modification of Algorithm 3, we
can obtain an optimal pairing solution for distinct-file caching
under the heuristic pre-assignment. Define the cost function

c(t, s) , nαtγ +max(nαtγ(1 + γ), nαsγ). (9)

The pseudo-code is stated in Algorithm 4, which has linear
time complexity.

Algorithm 4 NOMA Pairing with Distinct-File Caching
Input: nαi for i = 1, 2, . . . ,M sorted in ascending order;
Output: β1(t) for 1 ≤ t ≤ T and β2(t) for 1 ≤ t ≤ N ;
1: let β2(t) := αt for 1 ≤ t ≤ N ;
2: initialize an integer array b[1 . . .M ] := 0;
3: for t := 1, . . . , N do
4: s := ω(fαt);
5: if s > 0 then
6: if b[s] = 0 then
7: β1(t) := αs and b[s] := t;
8: else if c(t, s) < c(b[s], s) then
9: β1(b[s]) := ∅, β1(t) := αs and b[s] := t;

10: end if
11: end if
12: end for
13: assign unpaired αi’s to unassigned β1(t)’s arbitrarily;
14: return β1(t) and β2(t);

Theorem 2. Given nα1
≤ nα2

≤ · · · ≤ nαM
and the heuristic

pre-assignment β2(t) = αt for 1 ≤ t ≤ N , the pairing solution
obtained by Algorithm 4 for distinct-file caching is optimal.

Proof. If there is no cache, according to the proof of Theo-
rem 1, given β2(t) = αt for 1 ≤ t ≤ N , choosing β1(t) in any
arbitrary manner is optimal. Now suppose ω(fαt) = s > 0 for
some t ≤ N . Due to CIC, pairing up αt and αs can clearly
reduce power consumption. If there does not exist distinct
t1, t2 ≤ N such that ω(fαt1

) = ω(fαt2
), the problem is

optimally solved. Otherwise, we need to check whether αs
should pair up with αt1 or αt2 . If αs is paired up with αt1 ,
then αt2 must pair up with another α, where fαt2

6∈ Hα
because of distinct-file caching. It is straightforward to show
that αs should be paired up with αt1 instead of αt2 if
c(t1, s) < c(t2, s), which is done in Step 8 of Algorithm 4.
Hence, the solution obtained is optimal.

V. SIMULATION MODEL AND RESULTS

In this section, we evaluate the performance of different
methods using Monte-Carlo simulation. We consider a F-
RAN system in a single cell with radius R = 500 meters,
where the CP is located at the center of the cell and the
K F-APs are randomly distributed in the cell. Each F-AP
requests a single file from the library of the CP uniformly at
random. We model the path loss effect by 128.1+37.6 log10 d,
where d represents the distance between the CP and F-APs
in kilometers. Furthermore, the channel undergoes Rayleigh

fading with variance equal to 1. The maximal transit power for
each time slot is set to be 2 W, and the noise power spectral
density is −174 dBm/Hz. The system bandwidth is 5 MHz,
and the decoding threshold is set to be 3 dB. Each data point
is obtained by averaging over 100,000 random instances.

First, we evaluate the total power consumption of our
proposed cache-aided NOMA with and without index coding.
For each case, uniform cache size with random caching
and imbalanced cache size with distinct-file caching will be
considered. Therefore, there are four different combinations in
total. The traditional NOMA with random local cache is used
as the benchmark. It assumes files are randomly cached in the
F-APs. For the F-APs whose request files are already in their
caches, there is no need to transmit, and for the others, they are
served by the traditional NOMA transmission scheme without
using information in their caches. The total cache capacity, C,
is set to be equal to the library size, F = 120. The number of
the F-APs K varies from 4 to 12.
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Fig. 1. Effect of K on power consumption (C = F ).

From Fig. 1, we can see that cache-aided NOMA with in-
dex coding (imbalanced cache) outperforms both cache-aided
NOMA (random cache) and traditional NOMA. The reason
is that cache-aided NOMA has pre-fetched cache content in
F-APs, which can help save transmit power by local cache,
index coding, SIC, and CIC. Besides, since the F-APs with bad
channel conditions requires higher transmit power to serve,
the imbalanced cache allocation provides more cache space
to the F-APs under bad channel conditions, which provides
more opportunities for them to form index coding groups and
NOMA pairing groups, which effectively reduces the total
power consumption. For example, when the number of F-
AP is 8, the cache-aided NOMA with imbalanced cache size
and uniform cache size save power by 30.6% and 16.7%,
respectively, when compared with traditional NOMA with
random local cache. From the figure, we can also see that
index coding brings no benefit for uniform cache size. The
reason is that the cache size for each F-AP is too small, so
there is little coded multicast opportunity to form index coding
groups. Some slight benefit can be observed for imbalanced
cache size, since the cache space are concentrated in one half
of the F-APs, which have bad channel conditions. There are
more coded multicast opportunity when compared with the
case with uniform cache size.

Authorized licensed use limited to: CITY UNIV OF HONG KONG. Downloaded on April 12,2022 at 01:23:57 UTC from IEEE Xplore.  Restrictions apply. 



Next, we conduct a numerical experiment by increasing the
total cache capacity, C. Since the cache size for each F-AP is
large, we assume the file requested by an F-AP is not in its
cache, for otherwise the local caching gain will dominate. This
assumption corresponds to a heavily loaded scenario, in which
an F-AP will always send a request to the CP for a file not in
its cache during each scheduling period. The library size, F ,
and the number of the F-APs, K, are set to be 100 and 10,
respectively. The average cache size, C/K, varies from 10 to
25. Because the total cache size exceeds the library size, there
is no distinct-file cache scheme, so we only consider random
caching. We can see from Fig. 2 that the cache-aided NOMA
(imbalanced cache size) outperforms other schemes. Besides,
the use of index coding can save more transmit power than
without it. When the average cache size is 25, the reduction
in power consumption of cache-aided NOMA (imbalanced
cache size) with index coding is 10.0% more than cache-aided
NOMA (imbalanced cache size) without index coding. The
gain of index coding is significant because the large cache size
can create more opportunities to form index coding groups.
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Fig. 2. Effect of cache size on power consumption (F = 100 and K = 10).
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Fig. 3. Outage probability (C = F ).

Fig. 3 shows the comparison of the outage probability
of traditional NOMA and cache-adied NOMA with index
coding (uniform cache and imbalanced cache). The total cache
capacity, C, is set to be equal to the library size, F = 120. An
outage is said to occur if not all file requests can be served
with the given power constraint. We can see that the outage
probability increases with the number of F-APs. Furthermore,
the performance of cache-aided NOMA with imbalanced cache

size outperforms the other two schemes. This is consistent with
the result in Fig. 1. The total power consumption of cache-
aided NOMA (imbalanced cache) is smallest, thus the outage
probability is also smallest.

VI. CONCLUSION

Cache-aided NOMA with index coding is proposed to
minimize the total transmit power in the fronthaul of a F-RAN
system. A two-phase scheduling algorithm is designed, which
partitions the F-APs into index coding groups and then paired
them up for superposition coding. In particular, for distinct-file
caching, the algorithm requires only linear time in the number
of F-APs. Numerical results show that our proposed cache-
aided NOMA with index coding can achieve considerable
gain in power saving compared to traditional NOMA. Besides,
cache-aided NOMA with imbalanced cache size can achieve
even higher performance in the saving of power consumption.
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