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Abstract—Non-orthogonal multiple access (NOMA) is a next-
generation multiple access technology to improve users’ through-
put and spectral efficiency for 5G and beyond cellular networks.
Similarly, coordinated multi-point transmission and reception
(CoMP) is an existing technology to improve the coverage of cell-
edge users. Hence, NOMA with CoMP can potentially enhance
the throughput and coverage of the users. However, the order of
implementation of CoMP and NOMA can significantly impact the
system performance of Ultra-dense networks (UDNs). Motivated
by this, we study the performance of the CoMP and NOMA-
based UDN by proposing two kinds of user grouping and pairing
schemes that differ in the order in which CoMP and NOMA
are performed for a group of users. Detailed simulation results
are presented, comparing the proposed schemes with the state-
of-the-art systems with varying user and base station densities.
Through numerical results, we show that the proposed schemes
can be used to achieve a suitable coverage-throughout trade-off
in UDNs.

Index Terms—Coordinated multi-point transmission and re-
ception (CoMP), Non-orthogonal multiple access (NOMA), Ultra
dense network (UDN), User grouping, User pairing schemes.

I. INTRODUCTION

Coordinated multi-point transmission and reception (CoMP)
has emerged as one of the critical technologies for fifth-
generation (5G) and beyond 5G communications. In the down-
link CoMP system, the base stations (BSs) in a CoMP cluster
jointly assign dedicated resources to cell-edge users and pro-
hibits the use of the same resources by other non-CoMP users
[1]. Thus, the throughput of the network reduces due to joint
transmission CoMP [1]. However, the loss in throughput due
to CoMP can be compensated by considering Non-orthogonal
multiple access (NOMA). In NOMA, the two users associated
with a BS with the suitable difference in channel gains can
be paired in the power domain. The superposition coding
(SC) and successive interference cancellation (SIC) are used
in NOMA at the transmitter and receiver, respectively [2].

In an ultra-dense network (UDN), many small cells are
deployed, which reduces the proximity between users and BSs.
This BS densification improves the overall spectral efficiency
at the cost of increased interference from neighboring BSs
[3]. There are several existing works which have considered
NOMA [4]–[6] and CoMP [7], individually, for UDN. How-
ever, the CoMP and NOMA together have not been studied
in detail for UDN. There are key implementation issues, such
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CoMP-CoMP

pair
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Small cell BS CoMP user Non-CoMP user

Fig. 1: System Model

as grouping, user pairing, and the order in which NOMA and
CoMP are implemented, which are non-obvious. As mentioned
in [8], a CoMP user cannot act as both strong and weak users
when paired with multiple non-CoMP users. Given such con-
ditions, CoMP and non-CoMP users’ pairing is a non-trivial
task. Recently, in [9], a user grouping and pairing scheme
for a CoMP–NOMA-based system has been considered for a
typical user and BS densities. However, the performance also
depends on the order of implementation of CoMP and NOMA
(NOMA–CoMP, CoMP–NOMA, etc.). Motivated by this, we
investigate the effect of CoMP and NOMA implementation
order on the UDN by proposing multiple user grouping and
pairing schemes. The main contributions of this paper are as
follows:

1) We propose user grouping and pairing schemes that
differ in the order of implementation of NOMA and
CoMP and the types of permissible user pairs.

2) We analyze the CoMP and NOMA-based systems using
a proportionally-fair scheduler. We believe this is the
first paper that considers the proportionally fair schedul-
ing for a CoMP and NOMA-based UDN.

3) We investigate the effect of average cluster size and
CoMP signal-to-interference-plus-noise ratio (SINR)
threshold on the average throughput of the proposed
system.

4) We present detailed simulation results comparing the
performance of the proposed schemes with the state-
of-art schemes for various user and BS densities.

The organization of the paper is as follows. Section II de-
scribes the system model in detail. Section III presents the
user grouping and pairing schemes proposed in this paper.

2022 IEEE Wireless Communications and Networking Conference (WCNC)

978-1-6654-4266-4/22/$31.00 ©2022 IEEE 13

20
22

 IE
EE

 W
ire

le
ss

 C
om

m
un

ic
at

io
ns

 a
nd

 N
et

w
or

ki
ng

 C
on

fe
re

nc
e 

(W
C

N
C

) |
 9

78
-1

-6
65

4-
42

66
-4

/2
2/

$3
1.

00
 ©

20
22

 IE
EE

 | 
D

O
I: 

10
.1

10
9/

W
C

N
C

51
07

1.
20

22
.9

77
15

52

Authorized licensed use limited to: Indian Institute of Technology Hyderabad. Downloaded on October 14,2022 at 04:57:45 UTC from IEEE Xplore.  Restrictions apply. 



The simulation results are discussed in Section IV. The paper
is concluded in Section V.

II. SYSTEM MODEL

Consider a UDN with users and BSs deployed randomly
with densities λu and λb following homogeneous Poisson
point process (PPP) [10] as shown in Fig. 1. Let M =
{1, 2, ...,M} and B = {1, 2, ..., B} be the set of subchannels
and BSs, respectively. The users are associated with a BS b
based on the maximum received power rule [1].

A. Channel Model
Assuming Time-division duplexing, the downlink SINR of

user i on subchannel m from BS b for a maximum transmit
power P b is given as

γb,m
i =

P b,mgb,mi∑̂
b̸=b

b̂∈B

P b̂,mgb̂,mi + σ2
,

where P b,m = P b/M is the power transmitted per subchannel
m, ∀ m ∈ M, M is the total number of subchannels, gb,mi

is the channel gain between user i and BS b,
∑̂
b̸=b

b̂∈B

P b̂,mgb̂,mi

is the interference on subchannel m from neighbouring BSs,
and σ2 is the noise power. For distance dbi between user i and
BS b, the channel gain can be represented as [1]

gb,mi = 10
−pl(dbi )+gt+gr−fs−v

10 ,

where pl(dbi ), gt, gr, fs, and v are the path loss of user i at
a distance dbi , transmitter gain, receiver gain, shadowing loss,
and penetration loss, respectively. The link rate of a user i
with respect to BS b [1] is given as

rbi =
η(γb,m

i )scosyo
tsc

M,

where η(γb,m
i ) is the spectral efficiency of user i from Adap-

tive Modulation and Coding Scheme as in [1]. Further, sco,
syo, and tsc represent the number of subcarriers per subchan-
nel, the number of symbols per subchannel, and subframe
duration (in seconds), respectively.

B. CoMP
We consider C = {1, 2, ..., C} as the set of CoMP clusters in

the area under consideration. We consider K-means approach
for cluster formation [11]. However, any other clustering can
also be used. Let the set of BSs in the CoMP cluster c be
denoted by Bc, Bc = {1, 2, ..., Bc}. For a cluster c, the CoMP
and non-CoMP users are decided based on the SINR threshold
(γth). If γb,m

i < γth, then user i is designated as CoMP user,
otherwise it is treated as a non-CoMP user. The SINR of a
CoMP user i in a cluster c is given by [1]

γc,m
i =

∑
l∈Bc

P l,mgl,mi∑̂
l∈B
l̂ ̸∈Bc

P l̂,mgl̂,mi + σ2
, (1)

where
∑̂
l∈B
l̂ ̸∈Bc

P l̂,mgl̂,mi is the interference from BSs of neigh-

bouring clusters,
∑
l∈Bc

P l,mgl,mi,c is the received power of user

i from all BSs in cluster c. Let θc be the time duration for
which CoMP user i jointly receives information from all BSs
in cluster c [1], then the resultant downlink rate, denoted by
λc
i , is given by

λc
i = θcβ

c
i ri,∀i ∈ Ic,

where Ic is the set of CoMP users in cluster c, βc
i is the

downlink time fraction for which scheduler assigns all M
subchannels to user i, and rci is the link rate of CoMP user i.
Similarly, the downlink rate for a non-CoMP user is

λb
i = (1− θc)β

b
i r

b
i ,∀i ∈ Inc and ∀b ∈ Bc,

where Inc is the set of non-CoMP users in a cluster, βb
i is

the user scheduling time fraction for BS b, and rbi is as in
1. The optimal user scheduling time fraction for CoMP and
non-CoMP users, βc

i and βb
i , respectively, are computed as in

[1].

C. NOMA

We consider power-domain NOMA along with CoMP for
an ultra-dense network. The two users are paired as per the
NOMA scheme based on the minimum SINR criterion as in
[2]. The SINR of strong and weak users are, respectively, given
as follows

γ̂b,m
s =

ζsP
b,mgb,ms∑

b̂∈B\b
P b̂,mgb̂,ms + σ2

, (2)

γ̂b,m
w =

(1− ζs)P
b,mgb,mw

ζsP b,mgb,mw +
∑

b̂∈B\b
P b̂,mgb̂,mw + σ2

, (3)

where γ̂b,m
s and γ̂b,m

w are the SINR of the strong user with
perfect SIC and weak user, respectively, after NOMA pairing,
ζs is the power fraction allocated to the strong user which is
computed as in [2], P b,m is the total power assigned to the
NOMA pair, gb,ms and gb,mw is the channel gain of the strong
and weak user, respectively. In this paper, we have considered
the Adaptive User Pairing algorithm (AUP) proposed in [2].
Next, we explain the proposed NOMA and CoMP schemes.

III. NOMA AND COMP FOR UDN

There are three kinds of NOMA pairs possible based on
the users present in a cluster: CoMP–CoMP, (non-CoMP)–
CoMP, and (non-CoMP)–(non-CoMP). We propose two pair-
ing schemes to analyze the performance of CoMP and NOMA-
based UDN. We also use the scheme proposed in [9] to study
the CoMP and NOMA-based UDN.
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A. Scheme A

While NOMA increases the throughput of the system,
CoMP increases SINR/throughput for cell-edge users [1].
Motivated by this, in this scheme, we implement NOMA
first ∀b ∈ Bc to enhance the system’s throughput and then
implement CoMP for the unpaired users to enhance their
SINR. We pair the users in cluster c using AUP as given
in [2]. After the implementation of NOMA, we consider all
the unpaired OMA users (if any) as CoMP users, irrespective
of their SINRs (we do not follow the CoMP SINR threshold
criteria to designate CoMP users in this scheme). We then pair
the CoMP users using the same AUP algorithm, resulting in
CoMP–CoMP NOMA pairs and CoMP OMA users (if any).
Thus, in this particular scheme, we have (non-CoMP)–(non-
CoMP) NOMA pairs, CoMP–CoMP NOMA pairs, and CoMP
OMA users (if any). As all unpaired users are considered as
CoMP users, no non-CoMP OMA user exists in this scheme.

The SINRs of a strong and weak user in (non-CoMP)–
(non-CoMP) NOMA pair are computed using (2) and (3),
respectively. Similarly, the SINR expressions for the strong
user with perfect SIC (γ̄c,m

is
) and weak user (γ̄c,m

iw
) in a CoMP–

CoMP NOMA pair are, respectively, given as

γ̄c,m
s =

∑
t∈Bc

ζtP
b,mgt,ms∑̂

l∈B
l̂ ̸∈Bc

P l̂,mgl̂,mis
+ σ2

,

γ̄c,m
w =

∑
t∈Bc

(1− ζt)P
b,mgt,mw∑

t∈Bc

ζtP b,mgt,mw +
∑̂
l∈B
l̂ ̸∈Bc

P l̂,mgl̂,miw
+ σ2

,

where ζt is the fraction of the power assigned to strong
user in a CoMP–CoMP NOMA pair,

∑
t∈Bc

ζtP
b,mgt,mw is the

interference due to the strong user. The SINR of the CoMP
OMA user is computed using (1). The CoMP–CoMP NOMA
pairs and CoMP OMA users are scheduled in the time fraction
θ̄c, whereas, the (non-CoMP)–(non-CoMP) NOMA pairs of
each BS are scheduled in the time fraction of (1 − θ̄c). The
users are scheduled in their respective time fractions using
a proportionally-fair scheduler [1]. Let β̄c

i be the scheduling
time fraction for CoMP–CoMP NOMA pairs and CoMP OMA
users and β̄b

i be the scheduling time fraction of (non-CoMP)–
(non-CoMP) NOMA pairs of BS b. We use [1] to compute θ̄c,
β̄c
i , and β̄b

i that are as follows

θ̄c =
|Īc|+ |Īoma

c |
|Īc|+ |Īoma

c |+ |Īnc|
,

β̄c
i =

1

|Īc|+ |Īoma
c |

, and β̄b
i =

1

|Īb
nc|

,

where |X| represents the cardinality of set X , Īc, Īoma
c , and

Īnc are the set of CoMP NOMA pairs, CoMP OMA (unpaired)
users, and non-CoMP NOMA pairs, respectively, in cluster c,
and Īb

nc is the set of (non-CoMP)–(non-CoMP) pairs formed

(a) Scheme A

Implement

NOMA on

every BS in

cluster c

Consider 

unpaired OMA 

users as 

CoMP users 

Create NOMA 

pairs of CoMP 

OMA users using

AUP Algorithm

Consider CoMP 

unpaired users 

as CoMP OMA 

users

Implement

CoMP based

on SINR

threshold in

cluster c

Create NOMA 

pairs of CoMP 

users using

AUP Algorithm

Create NOMA 

pairs of non-

CoMP users 

using AUP 

Algorithm at

every BS 

Consider 

unpaired CoMP 

and non-CoMP 

users as OMA 

users

(b) Proposed Scheme in [9]

Fig. 2: Illustration of Scheme A and Proposed Scheme in [9].

with the users associated with the BS b. These results are
derived in [1] for a purely CoMP system, hence, they may be
sub-optimal for this scheme. A detailed schematic of Scheme
A is presented in Fig. 2(a).

B. Scheme B

The motivation for proposing Scheme B is to present and
study the performance of the CoMP and NOMA-based UDN
when (non-CoMP)–CoMP user pairing is considered. In this
scheme, we implement CoMP first for a cluster c to get the
cell edge users under coverage and then implement NOMA to
boost their rates. To avoid complexities while user pairing and
to ensure that a CoMP user paired with multiple users acts as
either strong or weak user with all the users [8], in this scheme,
we consider (non-CoMP)–CoMP pairs such that CoMP user is
always a weak user in the pair formed. This also abstains the
CoMP user from performing SIC. Similar pairing can also be
performed with CoMP users as the strong user at the cost of
increased receiver complexity. Therefore, in this scheme, we
consider only (non-CoMP)–CoMP with CoMP user as weak
user and (non-CoMP)–(non-CoMP) NOMA pairs to study the
CoMP and NOMA based UDN. Firstly, all the users in cluster
c are divided into groups G1 and G2b, where G1 contains the
SINRs of CoMP users in cluster c, G1 = {γm

1,c, γ
m
2,c, ..., γ

m
i,c}

and G2b, G2b = {γb,m
1 , γb,m

2 , ..., γb,m
i } contains the SINRs

of non-CoMP users associated with BS b in the cluster c.
G2b is formed for every BS b in cluster c. To apply the AUP
algorithm, we need to form two user groups: a weak user
group and a strong user group. The SINR of every user in
the weak user group should be less than that of every user in
the strong user group as per the AUP algorithm proposed in
[2]. Motivated by this, in this scheme, the necessary condition
for pairing the CoMP users in G1 is that there should exist at
least one user in the G1 whose SINR is less than the maximum
of SINRs of all users in G2b. The CoMP users who satisfy
this condition are eligible to be paired with users in G2b for
a BS b. After verifying this condition, we first form a new
group G1

′

b with those users in G1 that satisfy the previously
mentioned condition. After forming G1

′

b, the group G2
′

b is
formed for each BS b by picking those users from G2b whose
SINR is greater than maximum SINR of all users in G1

′

b. The
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Fig. 3: User grouping and pairing based on Scheme B.

procedure, as mentioned earlier, is carried out for every BS
present in the cluster in an iterative manner till there exists
no CoMP user whose SINR is less than at least one non-
CoMP user in every G2b formed. Then, the users in both
groups are paired using AUP. Therefore, a CoMP user can
simultaneously be a part of NOMA pairs of multiple BSs.
The unpaired CoMP users are served as OMA users. The non-
CoMP users associated with a BS b that are not paired with
the CoMP users are paired among themselves using the same
AUP at every BS. The SINR of the weak CoMP user (γ̃c,m

w )
in a (non-CoMP)–CoMP NOMA pair is computed using (1)
and (3) and given as follows.

γ̃c,m
w =

∑
k∈B̃c

(1− ζk)P
b,mgk,mw +

∑
q∈B/B̃c

P b,mgq,mw∑
k∈B̃c

ζkP b,mgk,mw +
∑̂
l∈B
l̂ ̸∈Bc

P l̂,mgl̂,mw + σ2
,

where B̃c is the subset of BSs in Bc with which a CoMP user
has formed pairs. Similarly, the SINR of the strong non-CoMP
user (γ̃k,m

s ) in a (non-CoMP)–CoMP NOMA pair with perfect
SIC is given as follows.

γ̃k,m
s =

ζkP
k,mgk,ms∑

k̂∈B\k
P k̂,mgk̂,ms + σ2

,∀k ∈ Bc,

where ζk is the power fraction allocated by the BS k in the
cluster c, in addition, one more kind of pairing considered
in this scheme is (non-CoMP)–(non-CoMP). The SINR of
users involved in (non-CoMP)–(non-CoMP) pairing can be
computed using (2) and (3).

Note that a CoMP user can be paired with more than one
non-CoMP user (each non-CoMP user associated with differ-
ent BS in cluster c) and thus, forming a NOMA-CoMP cluster
as shown in Fig. 3. (non-CoMP)–CoMP NOMA pairs and
CoMP OMA users (if any) are scheduled in the CoMP time
fraction of θ̃c. Each pair is scheduled using a proportionally-
fair scheduler. For illustration, suppose that a CoMP user
i ∈ Ic is paired with 3 non-CoMP users associated with 3
different BSs in the cluster c. The CoMP user i are served
by all the BSs in the cluster in the duration of θ̃c within the
scheduled time fraction of β̃c

i . In the same duration, the 3 non-
CoMP users are served by their respective BSs. During the
remaining (1 − θ̃c) duration, each BS in cluster c schedules

TABLE I: Simulation Setup

Parameter Value
Area under consideration (km2) 1
AWGN Power spectral density (dBm) −174
Base Station density, λb (/km2) 100, 200, 300, 400, 500
Number of subcarriers per subchannel,
sco

12

Number of symbols per subcarrier, syo 14
Average Cluster Size 5, 8, 10
Number of iterations 105

Standard deviation of shadowing ran-
dom variable (dB) 8

Subchannel Bandwidth (kHz) 180
Total number of subchannels, M 100

Transmission power, P b (dBm) 24 dBm
User density, λu (/km2) 100, 200, 400, 600, 1000

their respective non-CoMP user pairs and non-CoMP OMA
users (if any) using a proportionally-fair scheduler within the
scheduled time fractions {β̃b

i }. The non-CoMP users that are
paired with CoMP users are not be served in the duration of
(1− θ̃c). The θ̃c, β̃c

i , and β̃b
i using [1] are given, respectively,

as follows.

θ̃c =
|Ĩc|+ |Ĩoma

c |
|Ĩc|+ |Ĩoma

c |+ |Ĩnc|+ |Ĩoma
nc |

,

β̃c
i =

1

|Ĩc|+ |Ĩoma
c |

, and β̃b
i =

1

|Ĩb
nc|+ |Ĩb,oma

nc |
,

where Ĩc is the set of (non-CoMP)–CoMP users in cluster c,
Ĩoma
c is the set of OMA CoMP users in cluster c, Ĩnc is the

set of (non-CoMP)–(non-CoMP) pairs in cluster c, Ĩoma
nc is

the set of OMA non-CoMP users in the cluster c, Ĩb
nc is the

set of (non-CoMP)–(non-CoMP) pairs associated with the BS
b, and Ĩb,oma

nc is the set of OMA non-CoMP users associated
with the BS b.

C. Scheme Proposed in [9]

The scheme in [9] differs from Scheme B in the types of user
pairs formed. Further, the scheme in [9] has been proposed for
a typical cellular scenario, whereas we evaluate this scheme’s
performance for a UDN in this paper. Only CoMP–CoMP
and (non-CoMP)–(non-CoMP) NOMA pairs are formed in this
scheme. The SINRs of weak and strong CoMP users in the
CoMP–CoMP NOMA pair are given in [9]. Similarly, The
SINRs of strong and weak users of (non-CoMP)–(non-CoMP)
NOMA pair can be computed using (2) and (3), respectively.
In this scheme, there is no scope for a NOMA-CoMP cluster
as in Scheme B. The CoMP–CoMP pairs are scheduled in
the duration of θ̂c. Each CoMP–CoMP NOMA pair or OMA
CoMP user (if any) is given a time fraction of β̂c

i , whereas
(non-CoMP)–(non-CoMP) NOMA pairs are served by their
respective BSs in the duration of (1−θ̂c) with a proportionally
fair scheduler and each pair is given a time fraction of β̂b

i .
The expressions of θ̂c, β̂c

i , and β̂b
i are given in [9]. A detailed

schematic of this scheme is presented in Fig. 2(b).
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IV. RESULTS AND DISCUSSIONS

The parameters considered for simulation are summarized in
Table I. In this paper, we consider the expressions of average
throughput and coverage as in [1]. The performance of the
three schemes is compared with the benchmark (purely OMA-
based system), CoMP-only, and NOMA-only systems. Fig. 4
shows the variation of average throughput with respect to λu

for λb = 500/km2. It is observed that for λu ≤ 600/km2,
Scheme A outperforms Scheme B and the scheme proposed
in [9] as well as conventional schemes. This is due to the
formation of very few NOMA pairs (or even no NOMA pairs)
at the initial stage of NOMA implementation, particularly for
lower λu. As we do not use γth to separate CoMP users
in Scheme A, a large number of unpaired OMA users are
considered as CoMP users, unlike in Scheme B and the scheme
in [9]. The pairing of such CoMP users using NOMA results
in the increase in the average throughput of Scheme A. For a
given λb, at relatively higher λu, the number of users per BS
increases, leading to an increase in the number of non-CoMP
NOMA pairs and a decrease in the unpaired non-CoMP OMA
users. Therefore, at higher λu, NOMA is performing better
than Scheme A.

We present the variation of the average throughput of the
system for various λb and for λu = 400/km2 in Fig. 5.
For a given λu, at comparatively lower λb, more users can
get associated with a single BS. Therefore, there is a higher
possibility for non-CoMP user NOMA pairs to be formed.
However, with an increase in λb, the number of users per
BS decreases. Therefore, the possibility of non-CoMP NOMA
pairs being formed decreases. Hence, the number of unpaired
non-CoMP OMA users increases with λb. Therefore, the
average throughput of Scheme A is superior for higher λb as
compared to lower λb. The relatively lower performance of
Scheme B and the scheme proposed in [9] in Fig. 4 and Fig. 5
can be attributed to the threshold-based CoMP implementation
in the initial stage. Due to this SINR threshold-based CoMP,
the time fraction available to the users gets reduced because
the θ̂c and θ̃c start increasing for lower values of λb. The (non-
CoMP)–CoMP pairing in Scheme B further reduces the time
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Fig. 6: Variation of throughput with γth (dB) for λu =
200/km2 and λb = 200/km2.

fraction available for some of the non-CoMP users. Hence,
its average throughput performance is the worst compared to
all other schemes. At higher λb, the number of users per BS
decreases, decreasing the number of non-CoMP NOMA pairs.
Therefore, for Scheme B and the scheme proposed in [9], the
average throughput is similar to that of the CoMP-only system.

Fig. 6 presents the variation of average throughput with
respect to γth. We have observed that Scheme A, benchmark,
and NOMA-only systems maintain average throughput as
constant for all values of γth. Whereas a downward trend
was observed for Scheme B, for the scheme proposed in
[9], and for CoMP only system with an increase in γth.
However, the drop in the average throughput for CoMP only
system is not as steep as it is for Scheme B and the scheme
proposed in [9]. The reason for such a marginal drop is that
at such high λb, an increase in the CoMP threshold may not
significantly increase the number of CoMP users that can make
huge differences in throughput. However, there is a marginal
increase in the number of CoMP users, because of which there
is a marginal drop in the average throughput. Nevertheless,
for Scheme B and the scheme proposed in [9], this marginal
increase in the number of CoMP users leads to an increase in
the number of (non-CoMP)–CoMP and CoMP–CoMP NOMA
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Fig. 7: Variation of throughput with the average cluster size
for λu = 200/km2 and λb = 200/km2.

pairs, respectively. Therefore, θ̂c and θ̃c increases due to which
the drop in the average throughput is much steeper than that
of CoMP.

The variation of average throughput with respect to average
CoMP cluster size is shown in Fig. 7. As the average cluster
size increases, the performance of Scheme A starts deterio-
rating. This is due to the increase in the number of NOMA
pairs as well as unpaired OMA users that are considered as
CoMP users in Scheme A. With the increase in the number of
unpaired OMA users, the θ̄c gradually increases. Hence, the
performance of Scheme A gets worse than that of the scheme
proposed in [9] as the cluster size increases.

Fig. 8 presents the variation of the coverage of the various
schemes with respect to λb. We can observe that the coverage
of CoMP and NOMA-based systems is less than the Bench-
mark and CoMP-only systems at lower λb. However, their
coverage is comparatively equal or slightly greater than the
NOMA-only system. The Scheme A is performing better than
other schemes in terms of throughput under certain conditions,
but its coverage is less. The Scheme B’s performance in terms
of throughput is the worst. However, its coverage is slightly
better than NOMA and the other two schemes. Thus, the
proposed schemes offer a trade-off between coverage and
throughput.

V. CONCLUSION

In this paper, we have proposed multiple user grouping
and pairing schemes to study the performance of CoMP and
NOMA-based UDN. The proposed schemes differ in the order
of implementation of NOMA and CoMP and the kinds of
permitted NOMA pairs. We have compared the performance of
these schemes with the conventional OMA-based benchmark,
CoMP-only, NOMA-only systems, and the state-of-the-art.
The Scheme A among the proposed schemes results in the
enhanced throughput when compared to its counterparts for
lower λu and higher λb. The coverage of all three schemes
is less than the benchmark and CoMP-only systems for lower
λb. The Scheme B performs marginally better than the other
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Fig. 8: Variation of coverage with λb.

schemes and NOMA-only in terms of coverage. The proposed
schemes can be potentially used as next-generation multiple
access schemes by cellular network planners to deploy UDNs
appropriately.
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