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ABSTRACT In this paper, we investigate the clustering and power control problem for coordinated
multipoint (CoMP) transmission in green non-orthogonal multiple access (NOMA) networks. NOMA is
a promising multiple access technique to support massive connectivity in the case of a large number
of Internet-of-things (IoT) devices. Recently, CoMP transmission is introduced into NOMA networks to
improve network capacity, which enables multiple access points (APs) to simultaneously serve one device
while not cutting off the association with other devices. However, non-orthogonal resource sharing brings
interference in AP clusters, which further boosts up the transmit-power consumption. To tackle this issue,
we propose a scheme to minimize the total transmit power of APs by jointly optimizing AP clustering
and power control. Specifically, the AP clustering is modeled as a many-to-one matching problem with
externalities. We design an exchange-matching based algorithm to iteratively update the AP clustering and
finally achieve the matching with one-sided stability. Furthermore, we show that the power control with a
given AP clustering can be solved by linear programming. Simulation results demonstrate that the proposed
scheme can release the potential of CoMP in NOMA networks and effectively mitigate interference to save
transmit power while meeting rate requirements for all devices.

INDEX TERMS Coordinated multipoint, non-orthogonal multiple access, green communications, user

association, Internet of Things.

I. INTRODUCTION

With the advent of the Internet of things (IoT) era, future
wireless networks are required to support massive connec-
tions for a large number of devices over limited spectrum
resources [1]-[3]. To this end, non-orthogonal multiple
access (NOMA) is proposed to allow multiple devices to
reuse the same spectrum resource by power-domain mul-
tiplexing, which has been proved to significantly improve
network connectivity and spectrum efficiency [4]. However,
massive access for IoT devices aggravates interference as
well as puts great pressure on the access points (APs) at the
edge of wireless networks [6], [7]. Particularly, when an AP
is associated with many devices, it will cause high power
consumption and heavy inter-cell interference. Therefore,
efficient interference management techniques are important
for enhancing spectrum efficiency and energy efficiency in
NOMA-based IoT networks.
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Recently, coordinated multipoint (CoMP) transmis-
sion is introduced into NOMA networks to mitigate
potentially severe interference and enhance transmission
capacity [8], [9]. CoMP transmission enables multiple APs to
simultaneously transmit the desired signal for a single device
(called CoMP device), which avoids one AP consuming
excessive transmit power to meet the rate requirements for all
associated devices [10]. In NOMA-enabled CoMP, the CoMP
device can form NOMA groups with non-CoMP devices
that are served by the single-transmission [8]. By this way,
the AP cluster can provide signal transmissions for multiple
devices simultaneously. It is intuitive that NOMA brings
interference in AP clusters, which, if not properly handled,
could reduce the CoMP transmission rate and bring additional
transmit-power consumption. Hence, how to schedule CoMP
transmission in NOMA networks is a worthy issue to be
investigated.

There has been extensive research on CoMP in NOMA
networks [11]-[15]. Choi [11] and Sun et al. [12] showed
the CoMP transmission can improve the coverage and
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spectrum efficiency of NOMA networks through
performance analysis. Tian et al. [13] proposed an
opportunistic user association algorithm to promote the
outage performance of NOMA-enabled CoMP systems.
Al-Eryani et al. [14] and Ali et al. [15] proposed the power
allocation algorithm to manage interference and increase
spectrum efficiency. However, the blind pursuit of network
capacity would significantly increase energy consumption in
NOMA-enabled CoMP systems [7], [16]. The increase of
transmit power is not friendly to the environment as well as
deteriorates the interference among IoT devices. Therefore,
it is necessary for CoMP transmission in NOMA networks
to take into account transmit-power saving while meeting the
requirements of IoT devices.

Due to complicated interference in NOMA groups and
among AP clusters, the green scheduling for NOMA-enabled
CoMP systems is very challenging. First, the CoMP transmis-
sion in NOMA networks suffers both interference in NOMA
groups and that from other AP clusters. Hence, AP clustering
should consider not only channel conditions between CoMP
device and associated APs but also the interference among
the CoMP device and non-CoMP devices in the same NOMA
group. This means that traditional clustering algorithms in
orthogonal multiple access (OMA) [17]-[20] are not appli-
cable for NOMA networks. Second, there exists interference
in AP clusters due to the coexistence of NOMA groups and
AP clusters. If the transmit power for one non-CoMP device
increases, the CoMP device in one NOMA group will suffer
more interference and hence require higher transmit power.
The increase of transmit power for this CoMP device will
further make the devices in other AP clusters require higher
transmit power. In this light, the variation of transmit power
for one device can lead to the ripple effect to transmit power
for other devices. The power control algorithm should be
designed carefully to restrain the interference among devices.
Furthermore, the interference among devices depends on both
the AP clustering and transmit power. Therefore, it is required
to jointly design AP clustering and power control scheme to
release the potentials of CoMP and NOMA.

In this paper, we investigate the total transmit-power min-
imization problem for NOMA-based IoT networks. Multiple
APs are allowed to perform CoMP transmission to increase
the transmission rate of devices. We intend to provide the
answers for the following questions: 1) how NOMA influ-
ences the AP clustering for CoMP transmission? 2) how to
reduce total transmit power in NOMA networks with employ-
ing CoMP transmission? The main contributions of this paper
can be summarized as follows.

o An unified optimization framework is proposed for the
total transmit-power minimization problem by jointly
considering the AP clustering and power control. With
the aid of this optimization framework, the impact of
NOMA user grouping on AP clustering can be character-
ized. In particular, the interference in NOMA group can
affect the CoMP transmission rate. Hence, the AP clus-
tering should consider both channel conditions between
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CoMP devices and APs as well as interference between
CoMP devices and non-CoMP devices.

o« We show that the AP clustering can be formulated
by a many-to-one matching model with externalities.
An exchange-matching based algorithm is proposed to
jointly optimize the AP clustering and power control,
which updates the association between CoMP devices
and APs in an iterative manner. In each exchange match-
ing operation, the total transmit power is calculated
by the power control algorithm based on linear pro-
gramming method. Furthermore, we prove that proposed
matching algorithm is convergent.

« We conduct extensive simulations to evaluate the pro-
posed algorithm. The results indicate that the proposed
algorithm can efficiently reduce total transmit power
while meeting the minimum rate requirements for all
devices. Furthermore, the results show that the proposed
algorithm can well exploit the advantage of CoMP trans-
mission on network capacity in NOMA networks to
reduce transmit-power consumption.

For the remainder of this paper, we first present the system
model and problem formulation in Section II. Afterward,
we discuss how to design a joint optimization scheme of AP
clustering and power control in Section III. Simulation results
are then given in Section IV and finally the conclusion are
drawn in Section V.

Il. SYSTEM MODEL AND PROBLEM FORMULATION

In this section, we introduce the network scenario and model
the CoMP transmission in NOMA networks. On this basis,
a total transmit-power minimization problem is formulated.

A. NETWORK MODEL

We consider a CoMP system in downlink NOMA networks
which consists of multiple APs and multiple IoT devices.
All APs share the same spectrum resource. Let A =
{1, 2, ..., K}denote the set of APs. IoT devices are classified
into CoMP devices and non-CoMP devices [15], [20]. CoMP
devices receive the desired signal from a cluster of APs,
while non-CoMP devices receive the desired signal from one
associated AP. Let ' = {1,2,...,N} denote the set of
CoMP devices and M; = {1,2,..., M;} denote the set
of non-CoMP users associated with AP k. The number of
non-CoMP devices is M = ) ;. 4 M. Fig. 1 illustrates an
example of CoMP systems in downlink NOMA networks.
The association between non-CoMP devices and APs is deter-
mined according to the maximum received signal strength
indicator (RSSI) principle [10], [20]. Note that each BS is
typically allowed to serve at most one CoMP device in prac-
tical systems for maintaining the reasonable amount of the
signalling overheads [21], [22].

Let Ay denote the channel power gain between CoMP
device n and AP k. For a non-CoMP user m € My, hy j
denotes the channel power gain between it and AP j. We con-
sider that the channel power gains between AP k and all
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FIGURE 1. An example of multiple APs performing CoMP transmission for
loT devices in NOMA networks.

associated non-CoMP devices m € M, follow

Mi>hyi>>hyi > >hygr, Yme M. (1)

The receiver in NOMA networks adopts the successive inter-
ference cancellation (SIC) decoding to detect the signals. The
decoding order in downlink NOMA transmission follows the
ascending order of the channel power gains between the AP
and associated devices [17], [18], [23]. Once the signal is
successfully decoded, it would be subtracted from the super-
posed signal. Hence, the device only suffers the interference
from other devices with higher channel power gains in a
NOMA group. We consider that each AP can be associated
with at most D non-CoMP devices for limiting the size of
NOMA group and getting a grip on practical complexity of
SIC decoding [24].

B. NOMA-ENABLED CoMP TRANSMISSION
The CoMP device can form NOMA groups with non-CoMP
devices associated with coordinated APs in NOMA networks,
as illustrated in Fig. 1. As such, the AP cluster simulta-
neously serves the CoMP device and non-CoMP devices
on the same spectrum resource. Consider that the CoMP
device has higher decoding order than non-CoMP users in
a NOMA group, since the CoMP device is generally located
at cell edge and likely to be with worse channel condition
than non-CoMP devices [8], [25]. Therefore, the non-CoMP
device can decode and subtract the signal of CoMP devices
before decoding its own desired signal. The CoMP device
directly decodes the desired signal with the interference
from the non-CoMP devices. Fig. 2 illustrates an example of
NOMA-enabled CoMP transmission.

The signal-to-interference-and-noise-ratio (SINR) of
CoMP device n is expressed as

an,kpghn,k
6 = o @)
n
o2+ > Y Pkt X X Xmabf i
keB me My meC\nkeB

where pg and pﬁ « denote the transmit power of AP k for
CoMP transmission and that for its non-CoMP m, respec-
tively. o2 is the noise power. Let x, ; denote the indicator
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FIGURE 2. An example of NOMA-enabled CoMP transmission.

of the association between AP k and CoMP n. If CoMP
device n is associated with AP k, then x, x = 1. Otherwise,
Xpxk = 0. The transmission rate of CoMP device n is
expressed as RS = log, (1 + Enc)

The SINR of non-CoMP device m associated with AP k,
i.e., Vm € My, is expressed as

N
EN, = P 3
Va
MG+ 2 (L= xak) X xp
neC jeB\k
whereI}:’k = Y pﬁkhm,k—k oy pﬁjh,n,j denotes
n<m,ne My jeB\kne M,;

the interference from other non-CoMP devices, including
interference in the NOMA group and inter-cell interference.
Besides I,I,\i » non-CoMP device m receives interference from
CoMP devices which are not associated with AP k. The
transmission rate of non-CoMP device m is expressed as

quk = log, (1 + E}ik).

C. PROBLEM FORMULATION

Denote X = {x,x, VneC,Vk € A} as the indicator
variables for the association between APs and CoMP
devices. Denote PC = {pg,VnGC} and PN =

[pz’ w» Ym € My, Vk € A} as transmit power variables for
CoMP devices and non-CoMP devices, respectively. The total

transmit-power minimization (TPM) problem is formulated
as follows.

(TPM): min Z Z Poi TP
X.p-.p keB \meM;
SLCL:Y e <1, VkeA
neC
C2:) xi <C, VnecC
keB
C3wx,; €{0,1}), VneC VkeA
C4: > P40k < Poax. YkeA
meMy
C5:RS > Ryin, VneC

C6 :R) ; > Rmin, Vk € A, Vm € My
N.D
CT :phy khni = 01,

Vke A, Y{im,n|n <m}e M
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C,
C8 :an,jpjchm,j > xn,kQIn’W]l)’k,
jeB
VneC, Vk € A, Vm € M.

In Problem (TPM), C1 indicates each BS serves at most one
CoMP device. C2 indicates that each CoMP device is served
by at most C APs. C4 limits the maximum transmit power
Prax for all APs. C5 and C6 indicate the minimum rate
requirement for all devices. C7 and C8 respectively specify
the SIC threshold for non-CoMP devices and CoMP devices,
where the interference under SIC is given by

Inlj,’r]l),k = Z pi,khn,k + Z pr}hnd

i<m,ie My, jeB\k ie M;
+ Z (1 — x,-’k) Z xi,jpjchn,j +02 @)
ieC jeB\k
C,D
Dk = 2 D Pimi+ D D iy hmj+ 0% (5)
jeB ieM; ieC\n jeB

Problem (TPM) is not easy to tackle, since it is a mixed-
integer non-convex problem [26]. Specifically, binary vari-
ables X make Problem (TPM) become a mixed-integer
programming problem. Furthermore, the interference among
devices results in that this problem is non-convex. Although
the optimal solution of Problem (TPM) can be found by
the exhaustive search and the branch-and-bound method,
it would cause much high computational complexity and is
hard to be implemented in practical IoT networks. Hence,
we exploit the proper decomposition method and dynamic
matching theory to design an effective algorithm with mod-
erate complexity to solve Problem (TPM).

Ill. PROBLEM SOLUTION AND ALGORITHM DESIGN

In this section, we design a scheme to solve Problem (TPM).
We show that Problem (TPM) can be formulated as a many-
to-one matching problem. An exchange matching based
algorithm is designed which dynamically updates the associ-
ation between APs and CoMP devices to decrease the total
transmit power of all APs. We show that the power con-
trol problem is a linear programming problem during the
process of exchange matching. Therefore, the power control
problem can be solved by the standard convex programming
methods [26]. On the basis of above analysis, we propose a
scheme to jointly optimize transmit power and the association
between APs and CoMP devices.

A. MANY-TO-ONE MATCHING FOR AP CLUSTERING

We exploit the many-to-one matching model to reformulate
Problem (TPM) in this subsection. A and C are two mutually
disjoint sets. In this NOMA-enabled CoMP system, each AP
can be associated with at most one CoMP devices simultane-
ously. Each CoMP device can be associated with at most C
APs simultaneously. The AP clustering problem is regarded
as how to match APs and CoMP devices for minimizing the
total transmit power of this NOMA-enabled CoMP system.
Therefore, the many-to-one matching model can be used to
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FIGURE 3. An example of many-to-one matching model for AP clustering.

formulate the AP clustering problem, which is shown as
follows.

Definition 1: Given A={1,...,K}andC ={1,...,N},
a many-to-one matching \V is defined as a mapping function
from the set of AU C U {0} into the set of all subsets of AU
C U {0} such that for each k € Aandn € C U {0}

1) Qk) CCU{0},Vk e AUO;

2) Q) < AUO,Vn e CU{0};

3) 1K) <1,YVke AUO;

4) Q)| <C,Vnel;

5) neQk) < keQm,Vke AUO,Vn e CU{0}.

A and C are two mutually disjoint sets. Condition 1 states
each AP is matched with a subset of CoMP devices, and
the size of this subset is at most one which is limited by
Condition 3. Condition 2 states that each CoMP device is
matched with a subset of APs, and the size of this subset
is at most C which is limited by Condition 4. If one AP is
matched with CoMP device 0, this AP is not associated with
any CoMP device. The set O includes the ‘holes’ which use
up all the available vacancies of CoMP devices. The meaning
of Q is different for various parameters. For AP k € A,
Q2 (k) means the CoMP device matched with AP k. For CoMP
device n € C, 2 (n) means the set of APs matched with
CoMP device n. Fig. 3 shows an example of the many-to-one
matching model for AP clustering.

Remark 1: The proposed many-to-one matching model for
AP clustering subproblem is with the externalities.
In particular, the externalities mean that the preference of
an element not only depends on its matched element but
also other elements. Specifically, (2) and (3) show that the
SINRs of CoMP devices and non-CoMP devices are affected
by the interference. The SINR of each device is determined
by both of its transmit power from the associated AP and
the transmit power for other devices from other APs. In this
light, each AP should not only consider which CoMP device
it is matched with, but also the set of APs matching with
the same CoMP device. Furthermore, it also should con-
sider the SINR of non-CoMP devices under current matching
results. Hence, the proposed many-to-one matching model
is with externalities. The exchange matching is an effective
method to solve the many-to-one matching problem with
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externalities [27], [28]. In exchange matching, any two APs
could exchange their associated CoMP devices. If the total
transmit power is reduced after this exchange operation, this
exchange operation is approved. However, different from
many other works [29]-[31], the exchange matching can
influence the performance of all involved AP and CoMP
devices and as well influence the performance of those are
not involved. For example, the exchange matching between
CoMP device 3 and CoMP device 4 in Fig. 3 involves AP 1,
AP 2, CoMP device 3, and CoMP device 4. Although AP 2
and AP 5 are not involved in the exchange matching, the
interference received by their associated non-CoMP devices
is changed. Hence, the externalities exist among involved
elements and also spread to other elements which are not
involved.

In order to tackle the complicated externalities among
devices, we focus on the one-sided stability in this works. The
benefit value of a matching result 2 is denoted by

vE@ =Y | D pmitri]- (6)
ke A \meM;

The preference relationship for each AP is defined as >,
Vk € A. For AP k and any two CoMP devices n and 7/,
there are two matching results Q and Q' where Q (k) = n
and Q' (k) = n'. The following preference relationship

(n, Q) > (7, Q) & v(Q) <v(Q) 7

indicates that AP k prefers CoMP device n in 2 to CoMP
device n’ in Q' because a lower benefit value can be achieved
when AP k is matched with CoMP device n than CoMP
device n’. Then, we define the exchange matching operation

Qg{as
@ ={Q\{k.n). (.n)}U{(k. 7). G} ®)

where Q (k) = nand Q (j) = 7. Syk means that AP j and
AP k exchange the CoMP devices with each other meanwhile
the associations between other APs and CoMP devices keep
unchanged. It should be noted that one of AP j and AP k is
allowed to be a hole. In other words, it is allowed for an AP
to move to the vacancies of a CoMP device. Then, we give
the definition of blocking pair.

Definition 2: AP k and AP j can form a blocking pair to
be approved in a matching 2 if and only if

D@ > (%) VU k) € A;

2) Inthe matching Q;c constraints C4-C8 are satisfied for

all APs and devices.

The blocking pair ensures that total transmit power of all
APs decreases, and all constraints are satisfied after each
exchange matching operation. Accordingly, we can check
each pair of APs (or one AP and one hole) whether they could
form a blocking pair. If they form a candidate of blocking pair,
the exchange matching operation is executed by exchanging
their matched CoMP devices to reduce total transmit power.
The matching will converge to one-sided stability through a
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series of exchange matching operations and achieve a subop-
timal solution [32].

Definition 3: A matching is said to be one-sided stability
if there is no other matching where some APs are better off
and some APs are worse off. In other words, there is not any
blocking pair which is found in a matching achieving one-
sided stability.

The notations of blocking pair and one-sided stability are
similar to that of [32] due to specific externalities but different
from the traditional model without externalities.

However, it is required for the exchange matching oper-
ation to perform the power control algorithm to determine
whether a pair of AP could be a blocking pair. Specifically,
we should exploit the power control algorithm to optimize the
transmit power of APs for associated devices such that C4-
C8 is satisfied after the exchange matching operation. Then,
the benefit value after the exchange matching operation is
determined.

B. POWER CONTROL

In this subsection, we consider that the association between
APs and CoMP devices is fixed, i.e. X = X*. With the
fixed AP clustering variables, the power control problem is
formulated as

min > | D> phstei

PePY keB \meMy
C4,C7,C8

G5 Ey(lj = émin,
C6 :Enlj,k 2 &min,

VneC
Yk € B, Ym € M. )

where £qi, = 28min — 1 denotes the SINR threshold for all
devices. We can observe that the power control problem is a
typical linear programming problem, which can be directly
solved by standard convex programming methods, such as
interior point method [26], [33]. We omit the detailed pro-
cedures here.

C. JOINT AP CLUSTERING AND POWER CONTROL
SCHEME

We propose the joint AP clustering and power control
(JACPC) algorithm according to the designed exchange
matching method and the analysis of power control problem.
The detailed procedure of proposed JACPC algorithm is pre-
sented in Algorithm 1.

First, JACPC algorithm exploits Algorithm 2 to initial the
association between APs and CoMP devices. In the initial-
ization, CoMP device n* with maximum &p;, — énc is prefer-
entially picked and then AP k* which can provide maximum
SINR for CoMP device n* is selected. COMP device n* is
associated with AP k* which both will be removed from
C and A, respectively. The initial matching €2 is finished
until C or A is empty. The total transmit power under
can be calculated by solving Problem (9). Second, JACPC
algorithm enables the exchange matching operation between
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TABLE 1. Default simulation parameters.

Algorithm 1 Joint AP Clustering and Power Control
(JACPC) Algorithm

[ Parameters [ Values |
Network area 300 m x 300 m
Size of AP cluster, C' 3
Spectrum bandwidth 180 kHz
Max  transmit power, | 33 dBm
PH]&X

Rate threshold, R, log, (1 + 5dB)

SIC threshold, 6 0dB [15], [34]

Noise power, o2 -174 dBm/Hz x 180 kHz

Path loss model 37.6logq(d[km]) + 128.1
Multiple-path fading Exponential distribution with unit mean
Shadowing Log-normal distribution with standard
deviation of 8 dB

APs. Each AP keeps searching for all other APs and tries to
form the blocking pair such that the total transmit power is

reduced iteratively. We can calculate the benefit value v (QZ)

by solving Problem (9) for an exchange matching Qﬁ( Ifa
pair of APs can form a blocking pair, the benefit value and
many-to-one matching are updated. The exchange matching
operation stops until the algorithm does not find any blocking
pair in current matching 2.
Lemma 1: The final matching Q2 achieves the one-sided
stability when JACPC algorithm converges.
Proof: Assume that there exists a blocking pair, AP
k and AP j, in the final matching 2. We can get that

v (%) < v (R2) while all constraints for APs and devices can

be satisfied in Qf{ . According to the procedure of Algorithm 1,
the algorithm would not stop until all of blocking pairs are
found and handled. In this light, €2 is not the final matching of
Algorithm 1, which conflicts the original assumption. There-
fore, we cannot find any blocking pair in the final matching
of Algorithm 1 so that the final matching achieves one-sided
stability. Now, we finish the proof of Lemma 1. ]

Proposition 1: JACPC algorithm converges with a limited
number of iterations.

Proof: First, the number of APs is limited and each
CoMP device can be associated with in most C APs at our
proposed many-to-one matching model. Thus, the number
of potential exchange matching operations is finite. Second,
it is known from Definition 2 that the total transmit power
decreases after each exchange matching operation. Since the
total transmit power is lower bounded by the optimal value,
the exchange matching operations would stop as the total
transmit power is gradually close to the lower bound. There-
fore, the matching can converge with a limited number of
iterations. ]

IV. SIMULATION RESULTS

We investigate the performance of the proposed AP clus-
tering and power control algorithm through the simulation
in this section. The simulation scenario is considered as a
300 m x 300 m area where APs and IoT devices are uniformly
distributed. The classification of CoMP devices and non-

90114

1: Perform Algorithm O to obtain initial matching Q2 = .

2: Solve Problem (9) to obtain the initial benefit value v* =
V0.

3: flag = 1.

4: while flag = 1 do

5. flag = 0.

6: foreachk € Ado

7: foreachj e AUQO\ k do

8 Calculate the benefit value v (%) by solving

Problem (9) in matching Q§<

9: if AP k and j form a blocking pair then
10: ﬂag:l,v*:v(Q’),andQ:Qf{.
11: break
12: end if
13: end for
14: if flag = 1 then
15: break
16: end if

17:  end for
18: end while
19: return a one-sided stable matching €2 and v*.

Algorithm 2 AP Clustering Initialization

1: Set A, = 0,Vn € C as the set of AP associated with
CoMP device n. Initialize X = 0.

2: pg :p%,k = (AI/;]:“—j_Xl),Vk e A, Vm e M.

3: repeat

4. Calculate Enc, Vn € C and €N

m,k’
under current X.

Yk € A, Vm € M,

5:  Select CoOMP device n* = arg max,,cc&min — £5
6: forallk € Ado

7: Calculate §11C,k = Snc supposing AP k is in A,,.
8: end for

9:  Select AP k* = arg maxkeAQSk.

10: xprpr =1, 4, = AUKk™.

11:  Remove n* from C and k* from A.
122 until A=@orC=0

13: return X.

CoMP devices is conducted by RSSI information, and the
association between non-CoMP devices and APs is deter-
mined by maximum RSSI principle [15], [20]. The default
simulation parameters are summarized in Table 1. The per-
formance of proposed JACPC algorithm is compared with the
following algorithms.

« Not using CoMP (NoCoMP) algorithm: The scheme
does not use CoMP transmission in this NOMA down-
link networks, i.e., C = 1. The other procedure is similar
to the proposed JACPC algorithm.

o« OMA-based CoMP (OMA) algorithm: The scheme does
not perform NOMA-enabled CoMP transmission such
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FIGURE 4. CDF of the number of exchange matching operations (M = 3).

that the AP cannot simultaneously serve the CoMP
device and non-CoMP devices. The other procedure is
similar to the proposed JACPC algorithm.

e Greedy AP clustering (GAC) algorithm: The scheme
exploits the best channel gain criterion proposed in [19]
to complete AP clustering in a greedy way and then use
the power control method proposed in our paper.

A. CONVERGENCE OF PROPOSED ALGORITHM

Fig. 4 shows the cumulative probability of the number of
swap operations for JACPC algorithm to converge. It can be
seen that the proposed JACPC algorithm converges with in
a limited number of exchange matching operations, which
validates Proposition 1. Furthermore, We can see that the
number of exchange matching operations increases with the
growth of N and K. This is because that the growth of N
and K increases the potential existence of blocking pairs.
Furthermore, the growth of D also increases the number
of exchange matching operations, because the interference
would becomes more complicated.

B. PERFORMANCE COMPARISON

Fig. 5 shows a result of the association between APs and
devices obtained by the proposed algorithm and other com-
pared algorithms. It is seen that the JACPC algorithm can
achieve lower total transmit power consumption than other
algorithms. In the result of NoCoMP algorithm, CoMP
device 1 and 2 are only associated with AP 5 and 1, respec-
tively, and cannot acquire the benefit of CoMP transmission.
Hence, the associated APs need to consume more transmit
power to satisfy the minimum rate requirement than that in
JACPC algorithm. In the result of OMA algorithm, the CoMP
devices is not allowed to be associated with AP 3 and 5 serv-
ing non-CoMP devices. It results in that the CoMP devices
cannot be associated with the APs providing better trans-
mission performance, such as that CoMP device 1 cannot
be associated with AP 5. Hence, the total transmit power
increases. Due to applying NOMA-enabled CoMP transmis-
sion, the performance of GAC algorithm is very close to
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FIGURE 5. The association between APs and devices obtained by the
proposed algorithm and other compared algorithms, where ‘A’ represents

an AP, ‘x’ represents a CoMP device, and ‘o’ represents a
non-CoMP device.
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FIGURE 6. Scheduling success ratio versus the number of APs K
(M=3,N=4,andD= l).

that of JACPC algorithm. However, the performance of GAC
algorithm obviously deteriorates when the number of APs and
the number of devices increase, which is presented later.

Fig. 6 shows the scheduling success ratio versus the num-
ber of APs K. The scheduling success ratio denotes the ratio
of the number of simulations which meet all constraints to
the total number of simulations. The results show that the
proposed JACPC algorithm outperforms other algorithm on
the scheduling success ratio. This is because that JACPC
algorithm exploits NOMA-enabled CoMP transmission to
improve the transmission capacity and meanwhile effectively
mitigate interference between devices by optimizing AP clus-
tering and transmit power. Furthermore, we can see that the
scheduling success ratio increases with the growth of K, since
the increase of AP diversity makes the CoMP device acquire
more suitable AP cluster.

Fig. 7 shows the total transmit power versus K. It can
be seen that the proposed JACPC algorithm efficiently
reduces the total transmit-power consumption compared with
other algorithms. This is because the proposed algorithm
takes into account both interference management and the
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AP clustering, while NoCoMP algorithm and OMA algo-
rithm cannot effectively restrain interference, and GAC algo-
rithm mainly emphasizes the AP clustering. In particu-
lar, GAC algorithm only considers the channel power gain
between the CoMP device and associated APs and ignores
interference in the AP cluster and inter-cell interference.
Therefore, GAC algorithm consumes much higher total trans-
mit power under relatively large K and N. Furthermore,
the total transmit power first increases and then decreases
with the growth of K. This is because the algorithms cannot
provide a good AP cluster for each CoMP device, when K is
relatively small. In this case, increasing transmit power is the
only way to meet minimum rate requirement and SIC thresh-
old for all devices. When K is relatively large, the algorithms
can construct the AP cluster with good channel condition
for more CoMP devices such that the total transmit power
decreases. Hence, the dense deployment of APs is an efficient
way for improving the quality of service for IoT devices.
Fig. 8 and 9 show the scheduling success ratio and
total transmit power versus SINR threshold &y,, respec-
tively. The results show that the proposed JACPC algorithm
greatly improves the scheduling success ratio and reduces
the total transmit power compared with other algorithms.

90116

0.07 ‘
—&JACPC

0.06 - |-©-NoCoMP

T OMA

=005} |°V-GAC

[0]

=

S0.04Ff

€

20.03F

o

S0.02f

(o]

'_
0.01

&

1 3
SINR threshold Emin 1ABI

FIGURE 9. Total transmit power versus SINR threshold &,
(M=3,N=4,K= 12,and D = 1).

Furthermore, the performance gaps between the proposed
algorithm and other algorithms are enlarged with the increase
of &min. This is because the JACPC algorithm optimizes the
AP clustering by exploiting the exchange matching method to
effectively alleviate the interference and releases the potential
of NOMA and CoMP on spectrum efficiency and transmis-
sion capacity.

V. CONCLUSION

This paper has investigated the total transmit-power min-
imization problem for CoMP transmission in downlink
NOMA-based IoT networks by jointly considering AP clus-
tering and power control. We have first formulated the AP
clustering problem as a many-to-one matching problem with
externalities. Then, an exchange-matching based algorithm
has been designed which can achieve one-sided stable match-
ing between APs and CoMP devices. Furthermore, we have
shown that the power control can be solved by linear program-
ming method to ensure that the total transmit power decreases
after each exchange matching operation. Finally, simulation
results have shown the effectiveness of proposed algorithm
and demonstrated the potential benefits of NOMA and CoMP
for IoT networks.
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