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Abstract—To study the feasibility of network non-orthogonal
multiple access (N-NOMA) techniques, this paper proposes a
N-NOMA scheme for a downlink coordinated multipoint (CoMP)
communication scenario, with randomly deployed users. In the
considered N-NOMA scheme, superposition coding (SC) is
employed to serve cell-edge users as well as users close to
base stations (BSs) simultaneously, and distributed analog beam-
forming by the BSs to meet the cell-edge user’s quality of
service requirements. The combination of SC and distributed
analog beamforming significantly complicates the expressions
for the signal-to-interference-plus-noise ratio at the receiver,
which makes the performance analysis particularly challenging.
However, by using rational approximations, insightful analytical
results are obtained in order to characterize the outage perfor-
mance of the considered N-NOMA scheme. Computer simulation
results are provided to show the superior performance of the
proposed scheme as well as to demonstrate the accuracy of the
analytical results.

Index Terms— Network non-orthogonal multiple
access (N-NOMA), coordinated multipoint (CoMP), network
multiple-input multiple-output (network MIMO), superposition
coding (SC).

I. INTRODUCTION

ON-ORTHOGONAL multiple access (NOMA) has been

recognized as a promising multiple access technique for
the fifth generation (5G) mobile networks, due to its superior
spectral efficiency [1]-{3]. By using NOMA, multiple users
can be served simultaneously at the same time, frequency,
and spreading code. The key idea of NOMA is to apply
superposition coding (SC) at the transmitter in order to effi-
ciently mix multiple users' signals[4], [5]. Furthermore, at the
transmitter, NOMA power allocation is utilized by exploiting
the difference among the users channel conditions, i.e., users
with poorer channel conditions are alocated more transmis-
sion power. On the other hand, at the receiver side, users
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with better channel conditions apply successive interference
cancellation (SIC) in order to separate the received mixture[6].

The performance of NOMA with randomly deployed users
has been studied in [7], and the user fairness of NOMA
was investigated in [8]. In [9], the impact of user pairing
on NOMA has been studied, where the power allocation
coefficients are chosen to meet the predefined users quality of
service (QoS) requirements. Furthermore, the design of uplink
NOMA has been proposed and studied in [10], while the
application of multiple-input multiple-output (MIMO) tech-
nologies to NOMA has been studied in [11]-{13]. Recently,
NOMA has been applied to massive MIMO and millimeter
wave (mmWave) networks [14], as well as to visible light
communications [15].

Network MIMO is a family of smart antenna techniques,
where each user in a wireless system is served by multiple
base stations (BSs) or access points (APs), which are within
the service range of the user [16], [17]. As a typical repre-
sentative of network MIMO, coordinated multipoint (CoMP)
has been recognized as an important enhancement for LTE-
A [18]-{20]. The main benefit to use CoMP is to improve
the cell-edge users' data rates and hence improve the cell cov-
erage. For CoMP transmission in downlink, various schemes
can be applied, such as dynamic cell selection and coordinated
beamforming [21], [22]. A drawback of these schemes is,
that all the associated BSs need to allocate the same channel
resource block with the cell-edge user. When orthogonal mul-
tiple access (OMA) is used, this channel resource block cannot
be accessed by other users, and hence, the spectral efficiency
becomes worse as the number of cell-edge users increases. In
order to deal with this problem, network NOMA (N-NOMA)
has been proposed for CoMP [23], [24]. In [23], NOMA
with SC was employed in a CoMP system with two BSs to
provide robust service to cell-edge users and to users close
to BSs concurrently. Furthermore, in [23], Alamouti code,
originally proposed in [25], has been applied to improve the
cell-edge user’s reception reliability. In [24], NOMA with
opportunistic BS or AP selection has been studied for CoMP.
Both schemesin [23] and [24] enlarges the system throughput,
which demonstrates the superior performance of N-NOMA.

This paper proposes a novel N-NOMA scheme for a down-
link CoMP system with randomly deployed users. The users
are divided into two categories. the cell-edge users and the
near users. The cell-edge users are far from the BSs and are
with strict QoS requirements, while the near users are close
to the BSs and are served opportunistically. The contributions
of this paper are listed as follow.

- A downlink CoMP transmission system with three BSs
and randomly deployed users, is considered. A novel
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N-NOMA scheme, which combines SC with distributed
analog beamforming is proposed. Specificaly, SC is
used to support a cell-edge user and users close to the
BSs simultaneousdly, and distributed analog beamforming
in order to improve the QoS of the cell-edge user.
The reason for using distributed analog beamforming is
twofold. On the one hand, analog beamforming modifies
the signal’s phase only, which means the BS only needs
to know the phase of the channel. Thus, different BSs do
not need to exchange instantaneous channel state infor-
mation (CSl), and as aresult, system overhead is reduced.
On the other hand, due to the knowledge of the channel
phase information, distributed analog beamforming can
utilize the spatial degrees of freedom more efficiently than
the space time block code (STBC) scheme used in [23],
without using any CSl.

- Outage probability is used in this paper as the criterion
to characterize the performance of the proposed scheme.
The reason is that outage probability not only bounds
the error probability of detection tightly, but also can be
used to efficiently evaluate the outage sum rate/capacity.
However, there are two obstacles to overcome in order
to characterize the outage probability of the considered
N-NOMA scheme, which makes the analysis very chal-
lenging: a) due to the combination of SC and distributed
analog beamforming, the expression for the correspond-
ing signal-to-interference-plus-noiseratio (SINR) is very
different from those of the conventional communication
schemes, b) how to capture the impact of the random
users locations on the performance of the considered
N-NOMA scheme. By using rational approximations and
rigorous derivations, the above difficulties can be per-
fectly settled, and closed-form analytical results of the
outage probabilities achieved by the cell-edge user and
near users are obtained.

- To get more insight into the proposed scheme, the impact
of the system parameters, such as user locations, distances
between BSs and power allocation coefficients, on the
performance of the proposed N-NOMA, is discussed.
For comparison purposes, a conventional OMA scheme,
which uses distributed digital beamforming and serves
only the cell-edge user, is considered. This comparison is
facilitated, by using the analytical as well as the computer
simulation results.

The rest of this paper is organized as follows. Section 1l
illustrates the N-NOMA system model. Section Il charac-
terizes the outage performance of the proposed N-NOMA
scheme. Section IV provides numerical results to demon-
strate the performance of the proposed N-NOMA system and
also verify the accuracy of the developed analytical results.
Section V concludes the paper. Finaly, Appendixes collect
the proofs of the obtained analytical results.

Il. SYSTEM MODEL

Consider an N-NOMA downlink communication scenario,
in which three BSs are supporting a cell-edge user coopera-
tively, while each BS is also individually communicating with

|IEEE TRANSACTIONS ON COMMUNICATIONS, VOL. 66, NO. 9, SEPFTEMBER 2018

aclose user. More specifically, as shown in Fig. 1, consider an
equilateral triangle, whose side length is denoted by . Each
BS, denoted by BS i, 1 < i < 3, is located at one of the
vertex of the equilateral triangler There is a big disc and
a small disc centered at BS 4, respectively. The big one is
denoted by Dy;, and the small one by D,. The locations of the
users are described as follows. The cell-edge user is denoted
by user 0 and its position (denoted by pg) is assumed to be
uniformly distributed in the intersecting area (which is denoted
by A, and composed of three symmetrical areas, A, A, and
Ajz) of the three big discs. The user close to BS i is denoted
by user i and its position (denoted by p;) is assumed to be
uniformly distributed in disc D;. In addition, the size of the
discs can be described as follows: the three big discs are
assumed to have the same radius which is denoted by Ry;
the radius of each small disc, i.e,, D;, 1 < i < 3, is denoted
by R;. All the nodes in the considered scenario are equipped
with a single antenna. Note that this paper focuses on sub-
6 GHz networks, where the made single antenna assumption
is reasonable in scenarios such as C-RAN and small cells,
because BSs in such scenarios are usually limited in cost
and size. Besides, considering multiple antennas equipped BSs
will lead to other research challenges, such as how to group
users or how to design beamformers, which are beyond the
scope of this paper..

The reason for only considering two users for each BS
in this paper is as follows. Pairing more than two users can
enlarge the system throughput as shown in [7], however, this
is at the expense of increasing the processing complexity of
the SIC receiver. Thus, to reduce system complexity, pairing
two users is more practical in NOMA systems and has
been commenly considered in many existing NOMA studies.
Moreover, the two-user pairing consideration is consistent with
the specifications in 3GPP-LTE system [26]. v

A practical assumption about the range of Ry is 731 <
Ry < —21. The reasons for making this assumption are listed
as follow. On the one hand, if Ry is too small, the three big
discs with radius Ry have no intersecting area. On the other
hand, if Ry is too big, user 0 may be located too close to
a BS, which contradicts with the assumption that user 0 is a
cell edge user. Besides the above assumption for the big disc,
the radius of each small disc should be carefully chosen to
ensure that the cell-edge user is much further from the BS
than the near users to apply NOMA.

The channel modeling used in this paper is described as
follows. The channel gain between BS  and user j is modeled
as hij = gij/ Lij, where g;; is the Rayleigh fading gain,
i.e, gij ~CN(0,1), L;; = dg denotes the path loss, d;; is
the distance between BS ¢ and user j, and « is the path loss
exponent parameter.

It isimportant to point out that, in the considered N-NOMA
scheme, at the transmitter, BS 7 only needs to know the phase
information of the channel between BS i and user 0, while at
the receiver side, the users have the full CSl.

1Choosing three BSs represents a trade-off between performance and
complexity. The use of the triangle based model provides convenience for the
analysis. Although simple, this model will provide insights into the feasibility
of the proposed N-NOMA scheme.
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(a)

Fig. 1. System model

BS i sends the following information®

hiO hz’O
B |hzO |h¢0
where s;, 0 < i < 3, is the signa intended for user i,
E[|si|?] = 1, Py is the transmit power, and 3y, 31 are the
power allocation coefficients with 32 + 37 = 1. In this paper,
0Bo and 3, are set to be constant and the samein al BSs. More
sophisticated power alocation strategies can further improve
the performance of the proposed N-NOMA system, but thisis
beyond the scope of this paper.
At the receiver side, the signal observed by user
7, 0 <j <3, isgiven by

Bo Peso+ B Pesi, 1

’ hiO hij

|hio

hiO hij
|hio

Y; = Bo Pyso + B1 P.s; +ny, (2)

=1
where n; is the noise observed at user j, and is modeled
as a circular symmetric complex Gaussian random variable,
i.e, nj ~CN 0,0% , with * being the noise power.

One can note that the expression for the near user’s received
signal is different from that for the cell-edge’s received signal.
More specificaly:

a at user j, 1 < j <3, i.e, the near user, an interesting

observation is that lZ:gl is uniformly distributed in [0, 27] and

it is independent from h;;. Thus %hij 2 h; and hy; are
identically distributed, and then the received signal can be
rewritten as

3

hijBo E50+Bij51 Esi +mn4,7=1,2,3.

©)

According to the NOMA principle, user 7, 1 < j < 3,
carries out successive interference cancellation (SIC) by first

2Note that, the cell-edge user is far from the BSs and ensuring the cell-edge
user’s Qos is most important, thus the BSs coordinate to serve the cell-edge
user. For system simplicity, it is assumed that there is no coordination for
near users.

(b)

removing the message to user 0 with

i=1 , (4)

SINR; o = .
hi; Bi+1/p

3
=1
where p = P, /o? is the transmit signal-to-noise ratio (SNR).
If successful, user j then decodes its own message with

- 2
hjj 0%
SINR; =

©)

w

|hij 282 +1/p

7
3

1
J

b) at user 0, i.e.the cell-edge user, the received signal can
be expressed as

3
|hio|Bo  Psso + |hiolf1  Pssi +mno.  (6)
i=1
In order to decode the received message, user 0 treats s;, 1 <
1 < 3, as additive noise, which means that user 0 decodes its
message with
3 2
 lhaol 53
- i=1 ) (7)
- |hiol 267 +1/p
The proposed N-NOMA scheme can deal with the scenario
with multiple cell-edge users by allocating these cell-edge
users different orthogonal resource blocks. In each resource
block, a cell-edge user and near users are grouped and served
simultaneously by the proposed N-NOMA. If there are more
than one cell-edge users in each orthogonal resource block,
then the round-robin method can be applied. This method is
referred to as hybrid N-NOMA, since both OMA and NOMA
are used.
For comparison purposes, the following benchmark scheme,
based on conventional OMA, is considered. This scheme only

SINRy =
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serves the cell-edge user by using the same channel resource
block as the above N-NOMA scheme. Distributed digital
beamforming is employgd, i.e., the transmit signal at each BS
is given by &; = %\/3—&30. Note that, the overall
7‘;1 |hiol?

transmit power of the three BSs is 3P, which is the same as
the proposed N-NOMA scheme. It is also important to point
out that, in the benchmark OMA scheme, al the nodes have
access to the full CSl.

I1l. PERFORMANCE ANALYSIS

In this section, we use the outage probability as the criterion
to characterize the performance of the proposed N-NOMA
scheme. Meanwhile, the outage probability achieved by the
benchmark scheme is also obtained by considering the impact
of the random location of the cell-edge user. It should be
pointed out that throughout the paper, the signals intended
for different users are independently coded with Gaussian
codebooks to achieve the Shannon capacity.

A. Outage Performance at User O

The outage probability for user O to decode its information
is given by
3 2
|l B3
PQ =P 3 =1 < Tlo B (8)
|haol?BF +1/p
1=1
where n; = 27 — 1 and r; is the target data rate of user j,
0 < j < 3. It isworth rewriting Py as

Py=P (35— Bino
1
+263 (|hol|haol + [haol|hso| + |haollhsol) < % :

€)

As it can be seen in (9), the outage probability achieved by
user 0 can be less than 1, even when 32 — 3719 < 0. But,
in this paper, we assume that 82 — %1 > 0. The reason
for making this assumption is that, when 32 — 325, < 0,
the outage probabilities achieved by user 1, 2 and 3 will always
be 1. Under this assumption, it is not hard to find the impact
of [ and 31 on the outage performance of user 0 as shown in
the following propositions.

Proposition 1: The outage probability achieved by user 0 is
a monotonically increasing function with respect to [ (i.e.,the
distance between the BSs), when 5y, 19, p and k are fixed.

Proposition 2: The outage probability achieved by user 0 is
a monotonically increasing function of (3, which is the power
allocation coefficient corresponding to the near user.

The following lemma, which provides a closed-form expres-
sion for Py, is presented.

Lemma 1. In the high SNR regime, the outage probability
at user 0 can be approximated in closed-form as

4(G(¢9) — F(¢) + F(0))
(ﬁg - 5%770)2

£(Bo,B1,m0,p)

|h1o|® + |hao|? + |hsol?

POZ

Epy {L10L20L30}, (10)
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where ¢ = m, the functions F'(v) and G(v) are

defined as shown in (12), as shown at the bottom of the next
page, in (12), a,b, ¢ and d are used to simplify the expression
and are given by

a = (336t — Bing

b= 30636in0 — Bing

¢ = (B3 — Bimo)no/p

d =284 + 363530 — Bing

¢= p(QﬂSEB%no)’
and E,, {LioL20Lso}, is the expectation of the product
of Lyo, Log and Lso with respect to po, when o = 2,
Ep, {L10L2oLso} can be expressed as shown in (11), as
shown at the bottom of the next page, in (11), S, isthe area
of A, and can be expressed as

™ .
— — arcsin

—V/3lRy sin g — arcsin ZLRO , (13)
when o > 2, By, {L1oL20L30} is approximated by consider-
ing the special case when user 0 is located very close to the
center of the equilateral triangle and given by

Epy {L10LaoLso} ~ 375 13, (14)

Proof: Please refer to Appendix A. [ |
Remark 1: The main difficulties to get P, are listed as
follows: firstly, the distributions of |h;o| are correlated because
|hio| is revelent to the location of user 0. Secondly, in (9),
the left hand side of the inequality contains product terms.
As can be seen in Appendix A, by considering the high
SN\R regime, the mentioned two difficulties be can be solved
separately for analysis simplification.

As shown in Lemma 1, the first part of the expression for
Py, £(Bo, B1,m0, p), is a function of Sy, 1,10 and p, while
the second part, E,, {L10L20L30}, is afunction of I and Ry.
By further analyzing (5o, 51,70, p), it is not hard to conclude
that the diversity obtained by user 0 is 3, since there is a
common factor 1/p3.

To get insight into the impact of Ry on Py, we focus on
the case when « = 2. Note that, (11) can be rewritten as

Epy {L10L20L30} = A\(k)IE, (15)

where k = o and A(k) is a function of k, which can be
expressed as shown in (16), as shown at the bottom of the
next page.

The simulation results shown in Fig. 2 indicate that A(k)
ig @ monotonjcally decreasing function of k in the interval of
- < k < 2, athough we cannot find a formal proof for
this yet. Thus we highlight the following remark.

Remark 2: In the high SNR regime, the outage probability
achieved by user 0 is a monotonically decreasing function with
respect to k (or Ry), when [y, o, p and [ are fixed.

It is also interesting to consider the special case when user
0 is located very close to O. Fig. 2 indicates that, when k
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A(k)
(%2, 0.037)
(L3, 0.035)
k
Fig. 2. lllustration of function A(k).

v_
approaches —* from the right-hand side, the slope of the curve

is nearly 0. Thus when user 0 is located very close to O,
the impact of different choices of Ry on P, is negligible, this
observation is consistent with the expression (14) presented in
Lemma 1, where Ry is neglected.

1) The case of the Benchmark Network OMA Scheme:
To facilitate comparison, we also consider the special case
when user 0 is located very close to O for the benchmark
OMA scheme. The following lemma characterize the outage
performance of the benchmark OMA scheme:

Lemma 2: In the scenario where user 0 is located very
close to O, the outage probability achieved by user 0 over
the benchmark OMA scheme can be approxiamted as follows:

4307

B. Outage Performance at User j, 1 < j < 3, Achieved by
N-NOMA

The QoS requirement of user ;7 can be met only when the
following two constraints are satisfied: @) user j can decode the
message intended to user 0, and b) user j can decode its own
message after successfully removing the message intended to
user 0. More rigorously, we define the outage events at user j
as follows. First define, £ 2 {SINR; 1 < ni}, as the event
that user ; cannot decode the message intended to user k,
where 1 < j < 3, k € {0,}, and Ef, as the complementary
set of Ej; ;. Thus the outage probability at user j can be
expressed as

Pj=1-P(ESqNES;) = P(BjoUE;;).  (18)

In order to reduce the complexity of the performance analysis,
it isimportant to note that, when! >> R;, h;; (i # j) ismuch
smaller than Bjj because of large scale propagation losses.
Thus the SINR to decode sy at user j, 1 < j < 3, can be
approximated as

~ 2

hij B3

SINR; ~ (19)

-~ 2

hij B +1/p
=1
This assumption is reasonable, since in redlistic systems,
the distances between the BSs are usualy much further
than that between a BS and its near user. Following this

-2 -1 o
I b iom i o approximation, E; o can be expressed as
Pozmx —npl™™ +2x3 p
—g-1 B i 2 1o 3 iL 2 9
3 ngl® a P L Iy 1
e 7 —1 —2x32Tlyypl® (17) 7,0 Ljj 32— B, . i Bi+1/p
i=j
Proof: Please refer to Appendix B. [ | (20
1 ZS 4 p4 2 p6 8
Epo {L10LaoLso} = go st 3V3+4r I*R§+8 V347 IPRS+27RS
l 1 12
—6Rs 21* + 41°R2 + R} sin”! s g0 4- 1+ 21*R% + 1021 R} + 84RS (11)
0 0
3 (90— —1( o _va ,
F(v) B 2\/5,83 _(,3(2(1 b) tanh 1( m) B \/Ev /7(a+b)v2+C(b(b_2a)v4+2bwz+02)
T 48a3/2 b2 b
v_
v/ v2(a}+b)+ct+ av
+v2 b(4a + b)v* + 3(2a + b)cv? + 3¢? log —(\M%T (12)

v
2a%/2¢3 10g< a+b- //(a+b)1)2+c+a’u+b1)>

b2 a+b

AE) =
() 192k 7k — 3ksin™* —V/3cos sin~! % + %

L
2k

1
+192 V3471 K424 3vV3+4r k' —144 K*+4k* +2 Kk'sinT! —

1
X ASTES — 3 4= 84Kk% + 102k* +2k2 +1 k+ V3

5% (16)
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It is important to point out that the assumption 32 — 33y > 0
is applied in the above expression. Since if 52 — Bny < 0,

P; will aways be 1. Using the same format as in (20), E; ;
can be expressed as

w

| 77] ~.,2 211
77 ’L] ﬁ1+ /p
ﬁl

>

E;;= (21)

Therefore the outage probability achieved by user j can be
further formulated as

w

_ 2
hij BT +1/p , (22
i=1
i=j

where M; = max ﬁ,% . The following lemma
1

characterizes the outage performance atuser j, 1 <j5<3.
Lemma 3: When [ >> R;, then the outage probability
achieved by user j, 1 < j < 3, can be approximated as

(2 MJR;’) -

b 2
4B2Mpatt o M, RY
o’ P T 7( + ]-a . )

1o a P

205 Mjy

2
241
an" RJQ-

(23)

where ~(s,x) is the the lower incomplete gamma function
defined as v(s,z) =  t*"'e ' dt.
Proof: Please refer to Appendix C. ]

By using Lemma 3, the following corollaries can be
obtained to show how system parameters, 5;, [ and R;, affect
the outage performance, achieved by user j.

Corollary 1: When[ >> R;, then the outage probability at
high SNR achieved by user j, 1 < j < 3, is a monotonically
increasing function of R;.

Proof: Here, we concentrate on the case when o = 2.
Note that, from (23), for o = 2, P; can be approximated as

M R? ,
N pe_ P 9 IWJ Fx’,‘7
IJR
+287 —pe~ o + M;R:+p (24)
Note that, the partial derivative of R? for P; is
op; _ M, 31> + 287 3p—4M;R; (25)
OR? 612p

Note that [ >> R;, thus g;; > ( and the proof is completed.
J
[ |

Corollary 2. When [ >> R;, then

1) ifo< < M’iinon the outage probability achieved
by user j, 1 < 7 < 3, is a monotonically decreasing
function of 32,

2) if M’ijﬂmm B2 < , the outage probability
achieved by user j, 1 < j < 3, is a monotonically

increasing function of 57.
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Proof:
1) When 0 < 3? 7mande BQ,P can be
expressed as
~ 7] 3 - 2
bp=r hjj ﬁ] hij BT +1/p
1 =1
i=j
(26)
3 2
Note that 7% hij B2+1/p in (22) is a
1

i=1
=7
monotonically decreasing function of 3%, thus P; isalso
a monotonically decreasing function of 53.
2 1 L
2) When - S, < BT < gy and M =

10
Bs—B3mo’
P; can be expressed as

w

~,2<¢ ﬁ252+1/p
B A
i=j

27)

.2
hij »3% +1/p
i=1

Note that in (22) is a

ﬁzn
monotonically increasing function of 53, thus P; is also
a monotonically increasing function of /32.

C. Outage Performance at User j, 1 < j < 3, Achieved by
N-NOMA With Co-Channel Interference

Until now, the outage performance of the cell-edge user
and the near users are analyzed by ignoring the co-channel
interference outside the considered three BSs. However, in a
practical system, the considered users receive signals not only
from the mentioned BSs, but also from co-channel interference
sources, hence, it is essential to consider the case with co-
channel interference. In this paper, we model the interference
sources as a homogeneous Poisson point process ®; with
intensity Az, i.e., ®; = {ps,.}, where p;,. isthelocation of the
k-th interference source. For tractable analysis, it is assumed
that the interference sources use identical transmission powers,
denoted by P;.

Under the above interference model, the signal observed by
user 7, 0 < j < 3, is now expressed as:

T hughyg

vi= hio Bo
i=1

— hyo
PSSO+ Uﬁ Psz +wl +71],
|h10

(28)
where wy; is the overall co-channel interference observed by
user j, and can be expressed as follows:

A 91,5
! - L(dfmj)

where 57, isthe normalized signal sent by the k-th interference
source, i.e., E[|57,|?] = 1, and these signals are assumed to

Prép, (29)
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user is investigated. The parameters are setl as: 400m,

Ro = 250m, rj = 0.5 BPCU, 0 | 3, P, = 6dBm,

| = 0020 6 = s and = 3. As it also concluded
from this bgure, given a bxed transmission power, the outage
probability achieved by the near user is increased after an
increase of the distance between the BS and its near user. This

Outage Probability at near users

. e is reasonable, because as the distance between a BS and its
0% g R; = 20m, sim * ] near user increases, the large scale propagation losses become
R; = 20m, ana 7 severe
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probability at the near uset j 3. = 3. As it can be seen from Fig. 11(a), the outage probability
achieved by use® increases with ;. Fig. 11(b) shows that,
when £< | = 7, theoutage probabilities achieved

for the interference free case, i.B}, = 0, the analytical results by userl, 2 and3 decrease with .. On the other hand, when
are based on Lemma 3, while fBr > 0, the analytical results 2 5 1

i : 5 7, the outage probabilities achieved by uder2 and
based on Lemma 4. As shown in the bgure, the simulati ; ; ;
are : @hcrease with ;. Thus the simulation results combrm the

perfectly matches the analytical results, thus the validity of the 1cjusions presented in Proposition 2 and Corollary 2.
analysis based on the assumption ttrat R is veribed. It is

also evident, as shown in the bgure, as the interference power
increases, the outage performance of the near users becomes
worse, which is consistent with our intuition. In this paper, in order to show the feasibility of N-NOMA,

In Fig. 10, the impact of the distance between a BS amge have proposed a distributed analog beamforming based
its near user on the outage probability achieved by the n@d&aNOMA scheme for a downlink CoMP system with

V. CONCLUSION
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randomly deployed users. Closed-form analysis of the outage
probability, achieved by the proposed transmission scheme,
has been developed to facilitate the performance evaluation.
The impact of system parameters, such as user locations, dis-
tances between BSs and power alocation coefficients, on the
outage performance has also been captured. Computer simu-
lation results have been provided to demonstrate the accuracy
of the developed analytical results. The proposed N-NOMA
outperforms conventional OMA scheme, as demonstrated by
the presented analytical and computer simulation results. Note
that, fixed power alocation coefficients are used in this
paper, and it is important to study more sophisticated power
allocation strategies in order to improve the performance of
N-NOMA in the future.

For a general system model with more BSs, stochastic
geometry can be applied. More specifically, a poisson cluster
point process (PCP) can be considered as in [27]. Particularly,
the locations of the base stations {z; } are modelled as a parent
homogeneous Poisson point process ¢, i.e., z; € ®,. Each
base station z; (the parent node) forms the center of a cluster,
around which offspring points (near users) are uniformly
distributed in a circle of radius R.. The location of the cell-
edge user can be set at the origin, since the considered PCP is
a stationary and an isotropic point process. To reduce system
complexity, we can set a finite region D, for example, a disk
with radius R centered at the origin. Only the BSs in D are
invited to serve the cell-edge user. In the network NOMA
transmission, each BS in D chooses a user from its offsprings
as a near user, and sends the superimposed signal to serve the
cell-edge user and the chosen near user simultaneously. The
BSs outside D can be treated as interference sources. Analyz-
ing the performance of the considered N-NOMA network with
the above PCP model will be an important future direction.

APPENDIX A
PROOF FOR LEMMA1

In order to evaluate the outage probability P, wefirst fix the
location of user 0, i.e., po. Given the fixed pg, the distribution
function of h;y can be obtained. By using the property of the
inequality in (9), we get the conditioned outage probability,
and then finally we remove the condition on p.

A. Characterizing the Outage Probability With a Fixed pg

Note that, as long as py is fixed, Ly, 1 < i < 3, can be
determined by pg, and each |h;o|, 1 < ¢ < 3, is Rayleigh
distributed and independent to each other. The conditional pdf
of each |h;o|, given py, can be expressed as

fiiol (@ [po) = 2Ligze 0% &> 0. (34)
The joint conditional pdf of |hig|, |hao| and |hao| can be
expressed as

fihso 1haothsol (%5 Y5 2 [Po)

— 2 2 2
= 8L19LagLspayze (L102*+ Loy +Lsoz )

(35)
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Then the outage probability of user 0 can be formulated as

Py = Ep, flh,io7|h207|h,30|($7yﬂz Ipo) dz dy d=
(zy,2) V
= Epo 8L10L20L30$y2
(zy,2) V
e—(L1om2+L20y2+L3022) dx dy dz (36)
where
V= (r,9,2) B3—Bino «*+y*+2°

+25§($9+y2+xz)<n—po,a:>0,y>0,z>0

is the integral region. At high SNR, P, can be approximated
as

Py =~ Ep, 8L10LooL3oryz dx dy dz

(z,y,2) V

= 8E,, {LioL20L30} zyzdrdydz. (37)

(z,y,2) V

Note that, in this paper, as mentioned in Section |11, we have
assumed that 32 — %10 > 0. The integra in (37) can be
evaluated by treating first the integral with respect to x and ,
z as constants. Then the integral can be written as

X(y,2)
zyzdrdydz = xyzdr dydz
0
(zy,2) V

—~

y,2) Vi

X?(y, 2)yz dy dz,

(¥,2) Ve

(38)

1
2

Q1

where X (y, z) and V,, are obtained from V' by solving a
quadratic inequality problem. The X (y, z) can be expressed
as

1

X(y,2) = —5——— x 28232n — B4n2) (42 + 22

(y,2) 3 — B (26581m0 — Bimg)(y )

2 22 2 2 1/2 2
+ 2085 61m0yz + (65 — Bimo)mo/p  — By +2)
(39)
and V,, as
1
V= (y,2) B3 —0Bim v*+72° +25§y2<%,

y>0,2>0 . (40)
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In order to simplify the notation of range of the integral,
we use the following variable substitution

2 V_
v (41
_ V2V

Now the range of the integral, denoted by V,,,,, can be easily
derived from V,,, as

Viw = (u,v) 262 — Bng v? —28n0u? < 2 v > Jul
(42)
Then the integral in (38) can be written as
1
Q= 5 X2(u,v)(v* = u?) du dv, (43)
(u,v) Vo
where X (u, v) is derived from X (y, z) and
1
X(u,v) = ——— X 23200 — Bind)u®
( ) 68 . 6%770 (ﬁo 170 ﬁlno)
5 5 1/2
+ (365 87n0 — Bing)v* + (63 — Bimo)no/p
— V233 (44)

By further observation, the range of the integra can be
decomposed into two parts:

- when 0 < v < the range of u is —v <

PCT=EI

u < v;
- M — m
when pe 62 N <v< F—257m) the range
of uis (268=5¢m )v* ol e <|ul <w
B30 ’
Then @, can be evaluated as
v
Q1= X2(u,v)(v? —u?) du dv
0 0
Q11
$1 v
+ X2 (u,v)(v? —u?)dudv,  (45)
o p(v)
Q12
where
- mo
o1 = p(262—282m0)
QO(U) _ (268_ 1770)”2_770/P

1770
An interesting observation is that the second part integral is

much smaller than the first part, i.e., Q11 >> @Q12. Thus @
can be approximated as

Q1 ~ Od) UXQ(u v)(v? — u?) du dv. (46)
After some manipulations, we get
1
Q1 ~ B = 8no)? (G(9) — F(¢) + F(0)).  (47)

Then, the outage probability at user 0 can be expressed as
Py = 4Q1Ep, {L1oL20Ls0} - (48)
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Fig. 12. Distances between BSs and user 0.

B. Removing the Condition on pg

The next step of the proof is to remove the condition on
the location of user 0. To accomplish this, recall that user 0
is uniformly distributed in the intersecting area of the three
discs, i.e., A. Therefore, the above expectation with respect to
po can be written as

1
Ep, {L10L20Lso} LyoL2oL3o—=— dpo

po A Sa
1

=3 LyioLaoL3o dpo, (49)
A po A

where S, is the area of A. Furthermore, recall that A is
composed of A;, A> and Az as illustrated in Fig. 1. Due
to the symmetry of A;, A, and As, the expectation can be
further formulated as

1 1
Epy {L1oL2oL3o} = % LyoLaoL3o dpo
3 SAl po A1
1
+ 5 LioLag L3 dpo
Az po Az
1
+ 3 Lo L2oL3o dpo
Az po As
1
=3 L1oLao L3 dpo, (50)
A1 po Ay
where Sy, isthe area of A,, given by
1
SA1 == gSA
= R% T_ arcsin ——
3 0
3 l
_TZRO sin g — arcsin o (51)

After transforming to polar coordinates, as shown in Fig. 12,
L1, Log and L3y can be expressed as

L10 =r
= (1> + 7% — 2lrcos(m /6 +6))2
Lf = (12 + 1% — 2lrcos(r/6 — 0)) 2,

which are obtained by using the law of cosines. Then,
the expectation can be written as

(52)

Ep, {LioL2oLso} = S%;l 2301 _Jrg L1oLooLsor df dr,
(53)

2 — arcsin L .

where © = o
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