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Abstract. In this study, the concepts of simultaneous user association and resource allocation in non-orthogonal multiple access systems have
been investigated. Subscribers are randomly distributed in them. In the paper, a novel cooperative energy harvesting model is introduced so
that user equipment near to the base stations acts as relay for further subscribers. In order to consider the local limitations of alternative energy
resources, it was assumed that alternative energy would be shared among the base stations by means of the dynamic grid network. In this
architecture, non-orthogonal resource allocation and user association frameworks should be reconfigured because conventional schemes use
orthogonal multiple access. Hence, this paper suggests a novel approach to joint optimum cooperative power allocation and user association
techniques to achieve a maximum degree of energy efficiency for the whole system in which the quality of experience parameters are assumed
to be bounded during multi-cell multicast sessions. The model was also modified to develop joint multi-layered resource control and user
association that can distinguish the service pattern in cooperative energy heterogeneous systems with non-orthogonal multiple access to obtain
more resource optimality than in the current approaches. The effectiveness of the suggested approach is confirmed by numerical results. Also,
the results reveal that non-orthogonal multiple access can provide greater energy efficiency than the conventional orthogonal multiple access
approaches such as e.g. the MAX-SINR scheme.

Key words: power efficiency, quality of experience, non-orthogonal multiple access, resource allocation, user selection, green wireless networks.

1. Introduction

One of the key targets for next-generation mobile networks is
the improvement of energy efficiency as compared with current
networks. Because of the increase in fast speed services [1],
such as the Internet of Things and mobile data services, a large
percentage of user equipment will be connected to next-gener-
ation cellular networks [2]. This will cause an unprecedented
increase in general energy consumption by adding a huge num-
ber of subscribers. The latest studies on global energy consump-
tion patterns indicate that one-tenth of all energy consumed is
dedicated to data transfer and telecommunications [3]. Further-
more, global environmental issues, such as uncontrolled use of
carbon fuel, cause significant concerns, and greener approaches
must be considered in order to increase network performance
based on efficient energy consumption patterns.

Among the novel approaches, the use of renewable energy
as an alternative resource appears to be a viable approach.
The current grid energy consumption of next-generation cel-
lular networks can be significantly reduced by permitting each
evolved node B (eNB) to change the energy consumption model
and draw energy from alternative energy sources (e.g. wind or
solar power). Furthermore, promoting energy-based cooperation
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among eNBs using smart grid infrastructure can increase the
efficiency of an alternative energy distribution scheme [4].

1.1. Related works and motivation. Although the use of new
energy resources appears to be an alternative to the current
grid energy in next-generation mobile networks, some critical
issues exist such as how to become used to new energies and
resource management circumstances [6]. With the ability to har-
vest alternative (renewal) energy in the network, base stations
will pick up variable levels of the alternative resource because
of the fluctuating nature of such alternative power resources.
But when the alternative energy dedicated to the eNB fails to
be consistent with the traffic load, the harvested energy will
become insufficient to meet user requirements. Under these
conditions, some subscribers should be handed over to more
distant eNBs, having sufficient energy, although service will
then be affected by signal-level degradation. Also, some eNBs
may have more accessible energy, based on weather and envi-
ronmental conditions, in which the unusable power will be
wasted. Meanwhile, integrating eNBs with massive power
storage systems will impose additional costs on the network
[7] and the deployment of storage devices cannot resolve energy
fluctuations in the architecture of the distributed cell layer in
multicarrier mobile networks. So, power-sharing and energy
cooperation among the eNBs through power management strat-
egies may be the only viable solution [8].

Power-sharing in a point-to-multipoint transmission sce-
nario has previously been investigated in [5, 8, 9]. Ulukus
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studied one-way resource sharing and power transfer through
a multi-direction Gaussian channel using multiple access tech-
niques [9]. This was extended to a cooperative energy model
based on two-way energy transfer pattern by Hussein Al Haj
[5]. The valuable cooperative energy approach by Liu [10]
was implemented based on CDMA/OFDMA multiple access
techniques and on relay-based multiple access channels in the
networks. In [11], Deng presented a novel resource coopera-
tion method in cognitive radio wireless networks in which the
performance of the scheme was evaluated from the spectrum
efficiency and energy management perspectives.

The potential of renewable energy management and alter-
native power cooperation in next-generation cellular networks
is now being taken into consideration and a significant number
of researchers have formulated energy cooperation frameworks
and the related optimization problems. One valuable work that
combines energy efficiency and spectrum assignment has been
presented by Xu [7], who introduced an energy-aware spectrum
sharing scheme among neighbor cellular networks. Different
authors also tried to solve the convex optimization problem to
minimize the cost of energy distribution and spectrum sharing.
In [12], Mohajer formulated a new power control scheme in
a distributed eNB layer in which energy demand of eNBs and
the picked-up energy is assumed to be deterministic. The aim of
Huang in [13] was to minimize the cost of an energy exchange
framework through a categorized-prices smart grid. The target
of Zhang [14] was to maximize the total transmission rate by
solving convex optimization problems in which eNBs are dis-
tributed in a coordinated cluster. Bingyu [15] formulated the
goal functions to achieve the optimum value for the mean cost
of the resources exchanged by eNBs. The Lyapunov dynamic
optimization model was applied here instead of statistical anal-
ysis of the transmission channels.

Not only were the most reviewed studies static and based on
a solid foundation, but also previous studies had only considered
energy cooperation and power-sharing in new-generation mobile
networks with orthogonal multiple access (OMA) technology
and had ignored non-orthogonal multiple access (NOMA) for
energy cooperation in multicarrier mobile networks.

Multiple access techniques in cellular mobile networks
enable the system to share accessible resources such as band-
width, power and time between subscribers within the frame-
work of a distinct resource control algorithm. Multiple access
techniques can be divided in terms of orthogonality into two-
fold OMA and NOMA schemes. In the OMA approach, power,
time and frequency resources are assigned orthogonally in order
to decrease inter/intra-cell interference. Resource allocation
in NOMA is based on exploiting domains such as code and
power, and the most effective specification of this approach
is related to saving bandwidth and time resources [17]. One
major difference between NOMA and OMA is spectral effi-
ciency; thus, in NOMA, eNBs are permitted to serve multiple
subscribers at a same time at a distinct frequency. The main
topic of the current research is the improvement of network
performance with NOMA technology with particular focus on
resource management. In a scenario with multiple users and
one serving base station, the system approaches the ideal level
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of downlink energy efficiency by achieving optimum value for
goal function [18]. This work has been extended to increase net-
work capacity using MIMO to multiply the downlink through-
put [17]. This research has shown that the quality of experience
(QoE) in NOMA systems is one of the most critical indices.
Tabassum [19] suggested an adaptive downlink/uplink resource
allocation framework and dynamic power control formulated
for dual stream wireless networks in which the average down-
link throughput and outage timing constraints were bounded.
Wu [20] has proposed a novel approach in distributed resource
control by solving iterative convex optimization problems
with the goal of minimizing transmission power and providing
acceptable rate fairness.

In addition to investigating schemes for optimized resource
allocation, other studies [21-23] have focused on joint resource
control and power allocation in non-orthogonal multiple access
systems as a new concept reaching beyond current resource
management. Di [21] applied a combination of subcarrier allo-
cation and resource assignment to achieve the optimum point
of overall network consuming energy. Jiang [22] solved the
resource/subchannel assignment problem to minimize the total
dedicated power. Lei [23] introduced a sub-optimum framework
as a centralized multicarrier scheme for maximizing total capac-
ity in non-orthogonal multiple access systems under a single
eNB scenario.

Despite the valuable studies conducted on the architecture
and configuration of non-orthogonal systems, cooperative
resource management in this type of networks has not been
discussed to date. User association is relevant for user grouping
and specification of base stations to each user group for trans-
mission management [24], and the number of users assigned to
each base station has a significant effect on system performance
and energy-efficiency in non-orthogonal multiple access sys-
tems. Resource control techniques also play a significant role
in intra/inter cell interference coordination and using resource
control techniques enhances the quality of experience for users
located at the cell edges. Subscriber satisfaction increases
accordingly [17].

1.2. Challenges and contributions. Although some studies
have examined resource management and power control in
conventional orthogonal multiple access systems, coopera-
tive resource management in non-orthogonal multiple access
systems remains an open problem, particularly from the user
association perspective. Most current non-orthogonal systems
are based on single site scenarios [18-23] and the effect of inter-
cell and external interference on practical multicarrier mobile
networks has not been discussed, while inter-cell interference
has a major effect on network functionality. Scenarios such as
those for Prestegard [25] have used joint resource allocation and
user association in current OMA mobile networks and single
site non-orthogonal multiple access networks [26].

Previous schemes have not considered radio frequency
characteristics of multi-cell non-orthogonal networks and
thus do not seem to be effective. Also, current studies on user
association-based alternative energy harvesting scenarios [27]
merely consider the design of user associations in orthogonal
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multiple access systems without power-sharing and resource
cooperation. It can be concluded that joint user association and
resource control in an energy-cooperative multi-cell network
with non-orthogonal multiple access has not been thoroughly
addressed so far. While considering these concepts, the pres-
ent article addresses energy-cooperative resource allocation and
user association problems in two-layered heterogeneous mobile
networks with non-orthogonal multiple access. The chief con-
tributions of this article include:

e Presentation of downlink resource management in a two-lay-
ered non-orthogonal heterogeneous network in which a high-
power macro eNB is the serving base station for distributed
small cells and pico cells. In this scenario, each eNB will
be powered by both the usual grid energy and alternative
energy (solar energy or wind power) and cells can share the
renewable energy among themselves. This novel approach
goes beyond the conventional resource allocation and power
control concepts to optimize the user association, downlink
transmission power, energy exchanged among eNBs and
consumption of the grid resource with the goal of achiev-
ing energy efficiency for the overall network in addition to
satisfying user quality of experience constraints.

e The first stage of the proposed scheme is user association
with the fixed transmission power. A decentralized frame-
work is suggested to achieve the most efficient user asso-
ciation solution by solving convex optimization problems
along with Lagrangian iterative analysis where network
functionality will improve in comparison with conventional
optimization schemes and genetic-based user associations
with uniform population density.

e Hybrid cooperative power control and a user association
algorithm are both suggested to further maximize energy

efficiency. The functionality of the proposed algorithms is

compared with previous schemes for samples without alter-

native energy management and cooperative energy schemes,
such as fractional transmission power allocation (FTPA).

e The simulation and numerical results prove that the pro-
posed approach increases energy efficiency in comparison
with current schemes. The proposed resource management
and power control framework comprehensively considers
the effect of inter/intra cell interference in contrast to cur-
rent schemes. Furthermore, by applying the proposed algo-
rithm, more diversity and eNB densification gain will be
achievable.

The remaining part of the paper is organized as follows:
Section 2 introduces the system model and problem formula-
tion. Section 3 presents the suggested resource management
framework with fixed and dynamic downlink transmission
power. Section 4 presents the cooperative energy resource allo-
cation scheme with fixed user association and the proposed
combined adaptive resource control along with user association
approaches. The conclusions and recommendations for future
study are presented in Section 5.

2. Network model and problem formulation

The network structure and problem formulation for resource
allocation, energy harvesting, cooperative resource management
and user association in heterogeneous non-orthogonal multiple
access networks is modeled in this section.

2.1. Downlink transmission model. Figure 1 shows the
two-layered cooperative energy heterogeneous network with
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Fig. 1. Structure of cooperative energy multi-layered heterogeneous system powered via current grid and alternative resources
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a macro base station (MBS) and distributed pico base stations
(PBSs). The number of macro base stations is denoted by M and
the frequency bandwidth shared by all base stations is assumed
to be the same. In this scenario the “eNB”, as a component
of LTE radio access network in the new-generation mobile
networks, is called “base station” in order to simplify under-
standing the scenario. Each base station is powered by both
the usual grid and alternative energy resources (solar energy
or wind power), and the base stations can share the renewable
energy among themselves through a smart grid.

According to Fig. 2, in this model the source is denoted by
the base station and two separate subscribers, Ai and Bi, which
are distributed randomly.

Fig. 2. Green heterogeneous network modelling: user association and
resource allocation

2.2. Direct transmission. The two above-mentioned user
groups demonstrated by Ai and Bi are associated under the
non-orthogonal multiple access procedure. In the first stage,
the base station submits two messages pilxil + pi2xi2 towards
these two indicated users, in which Pil and Pi2 denote resource
allocation factors and xil and xi2 denote the messages of sub-
scribers Ai and Bi accordingly. In this regard, user Ai can
observe equation (1):

\/7 Z Pik Xlk

kefl,2}

+nA> s (1)

J1 +dl

In which P denotes transmission power of each base station
and 7, is relevant to the effect of Rayleigh fading from the
base station to user Ai. n,, 1 demonstrates a noise level which
is Gaussian white noise. In order to receive message Xi, we can
define the level of SINR at user Ai as:
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X1 plha |’ |P|*
= 2
Ts.a = pIPA |y P+ 1+ af” @

where the level of signal to noise (SNR) is defined as p = —

\/ )
yB;, 1 = /P 1 np, 3)
\/:kezllz J1+ dB; "B,

Hence, subscriber Bi senses the signal to noise and interference
level equal to (4) for detection of message Xil.

" plhs ) [Pal* (1= B) @
Yo
SE plhg PP (1 B+ 1+ d

And in the same way, subscriber Bi will face an SNR level equal
to equation (5) for receiving Xi2.

o PR (1= B)
= 5
ys,B 1+d3i ( )

In this formulation, f; indicates the energy harvested coefficient
while supported throughput via channel for decoding message
Xil from the base station is calculable as equation (6):

1 p|h8i’2‘Pil|2(1_:Bi)
R, = —log|1+ — —|. ®
plhg|"|po| (1= B) + 1+ dg

We can assume that the power harvested coefficient is as in
equation (7).

B = max{ 0,1 — Tl(l—’—dgi) (7)
l , p(|Pil|2_ T1|Piz‘2)’h3,-‘2

Following from equation (3), we can conclude that the value of
the harvested energy is:

TnPBi|hy |?
EB-:M- (®)
’ 2(1+ dg)

In which, T indicates overall time of transmission stage and
sharing energy time. Also, 1 demonstrates the resource har-
vested multiplier. So, the transmission power of user Bi will
be indicated as below:

Py ;| g |2
py— P ©)
(14 dg)

2.3. Cooperated transmission. At this stage, subscriber Bi
sends x;; to subscriber Ai by applying harvested energy in
a direct transmission scenario. In it, subscriber Ai can find:
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JEXilgi

e LT (10)

J1+d¢

In this formulation, g; exhibits Rayleigh fading from sub-
scriber Bi towards Ai with nobi and Ai. Also, ise variance 5.

dc = J dAzl, + dé — 2d, dp cos(6;) denotes the distance between

subscriber 6; and demonstrates the angle between AiSBi.
According to equations (9) and (10), the signal to noise level
on the Ai side will be achievable as:

. npﬂi|hB,»|2|gi|2
(1+d&)(1+dg)

Xy Pt|gi|2
BT 0 ag)e

(11

Accordingly, we can calculate the received signal to noise inter-
ference for user Ai as equation (12):

}/Xh p’hA| | ‘
A4:MRC — plhy|?|Baf? + 1+ df

(12)
Tlpﬂi’hs,-‘ ‘gi‘z

(1+ds)(1+de)

3. NOMA-based user association

In this part, we evaluate the functionality and efficiency of 3
user association approaches based on formal assessment.

3.1. RNREF user association. The approach of random near user
and random far user is a relevant selection category for a close
subscriber Bi and a far subscriber Ai, as located in relevance
to the base station. In this approach, each subscriber can have
access to the resource according to the non-orthogonal multiple
access pattern, in which we can define the benefit of this method
as not requiring the knowledge about the status of channels or
channel state information (CSI).

In this approach, the outage probability can be defined as
equation (13).

B plis|* 1P’
Py = Pr — < T |+
plhs,|* [Pl + 1+ df,
(13)
plhs|* 1P’
= Pr > T, 755 < T

plhy,|*| Pal” + 1+ dj

In which the maximum level of detection of Xi2 by subscriber
Bi is equal to 7, = 22k _ 1. Also, the outage probability of
close subscribers in this approach can be expressed as:

P, %Z@vl V=62 (1= ) (g, +1). (14
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T n
——————and gy = ——
p(Baf = 1Paf'T) = % plpaf
probability formulation is achievable by means of considering
equations (4, 5, 13) in equation (15).

In which, ¢, = . And the outage

PBl_ = Pr(Y,- < gA,—) + Pr(Y,- > &y, €p, < SBI_). (15)

This formulation shows that we face outage probability equal
to 1 if g, < &p. With this in mind, we can define the outage
density function of W,; and Wp; as equation (16) and (17),
respectively.

Ao, 1

|wp.) = = 16

fWB,( Bl) iy, ey (16)
Ao, 1

Ny, ) = = 17

S () o, (R (17)

On the other hand, in condition: ¢, > &, the CDF function of
Y; is obtainable as:

o (1+4d5) )fWB (a)B)de —

2 g, e (18)
:Eff ’*<1 — e )>rdr.

We can use the Gauss-Chebyshev approaches in order to obtain
solution of equation (18):

Fy (&)~ = Zle g2 (1—e %) (g, +1). (19

In this regard, the outage probability of B; is achievable as:

e e e— (1 +RLZ)K) €,
Pglo=r=1- (20)
' Rf)Bmi R},
According to equation (20), the solution is achieved as:
2
ot e—(l+RDB)(
Fy(&)lger=1-—F5—+— 1)
RDB,; RDBg

According to this, outage probability will be calculated as:

Xiy Xiy
PAi = Pr<yAf,MRC < Tl’ yS,Bi|ﬁi:0 = Tl) +

o .o (22)
+ P”(J/S,A,. <T.7s8lp_, < Tl)'

In which, subject to condition RDC > RDB, subscriber Ai will
face outage probability of:
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We have applied parameters M and K in order to control the

problem from an accuracy-complexity perspective.
Eairpy ONOK Op ptm|P,-1‘2
S1=— 5 Xtm = Ti - B 5
8(RDAI+RDC1>77P p[m|Pil‘ +1
EA; T 2m—1
tn =P+ 1), O =0 O = COS( oM ﬂ)’
Rpy—Rpe n
Sk—iz (l//k-l—l)-i-RDC, O = 5>
2k—1 () 9@
= cos ), Cop=——"+—"=
Vi ( K )7 0 P 5’
CUKCUN&}%.
and g = ——.
2(Rps+ Roc)

Also, for simplicity of the problem we can define the outage

probability of subscriber Ai as:

M
2 2
P 2~€2Z\/ l//kskl‘|‘sk Z l—o, +
e—(l-«—RDC)SA, e 1+RDA éa;
. (24)
gAl_(RDB RDC (RDA RDC
&, ~(1+Rb,)
x[1— 62
RDBSA RDBEA
g, szl R2A+2
In which, ¢, = ,M and

8(Rpy+ Rpe)np

2)2 2
N GV G A (23, +2)(co- ).

2R,

High signal to noise approximations can be considered as:

1 N
Fy(e)~ 5 2 ox
And gain of diversity is calculated as:

d = —-1lim
pHOO

logp

¢n20 7y (¢n )

log P(p) .

(25)

(26)

Note that for far subscribers, formulation (27) is achieved

according to equations (23) and (26).
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g 7 gp

d=-lim———— = =
p—0 logp 27)
. loglogp — log p?
=—lim =2
p— logp

According to the outage probability model, we can conclude
that the total throughput of this approach is achievable as:

Rrryrr = (1 - PA,-)Rl + (1 - PB,-)Rz- (28)

It should be noted that parameters £, and £} are obtained via
equations (23) and (14), respectively.

3.2. NNNF user association. In the approach of nearest near
user and nearest far user, the base station elects a subscriber
inside ring Dy with lowest distance to the base station as a close
user demonstrated with Bi. In this approach, near nodes can
have the role of relays for far subscribers. The approach of
nearest near user and nearest far user can dedicate more energy
to nearer subscribers as total harvested energy.

In this approach, the outage probability approximation is
calculated as in equation (29):

N &
Py~ by > 1— ¢ (1 _ e A,-) o e P (20,
n=1

in which if &, > &5, otherwise £, =1,

53 N DB 27m& g,

where ¢, =

(¢n +1),b

and gB = | I

Also, same as (15), the outage probability of subscriber Bi is
shown as:

Py, = Pr(Y,, < 6, |Np > 1) =

Fy,(e4,) (30)

2
‘ s denotes the distance between the nearest

where Y« =
+dg,

subscriber and the base station. In this regard, the CDF function
of Y« is as follows:

Fy.(e) :/ORDB<1 — (1) )de (rg)drg

(1)
Pr{dBl_* > r|Ng > 1}
PI‘{a%i*:> r|]Vé Ei 1} e
_ pr{dgi*>r}—Pr{dgi*>r,NB=0} _ (32)
P.{Np > 1}
e—ﬂxmBrz _ e—ﬂxmBRLz)B

2
1 — e ™eBkD;
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The relevant PDF function of subscriber Bi is shown by:

dei*(”B) =

By considering equations (33) and (31), formulation (34) is
achievable.

2
77[>\¢BI'B

Eprpe (33)

Rp a\é 2
FYI_*(S) = 53/0 B(l ) )rB e T dry  (34)

In which by using the Gauss-Chebyshev method, we obtain:

Fyi*(g) §B(0N DB Z ﬁ — ¢ 2 %

il (35)
X (1 —

e—(l +en) > c
Under special condition o = 2, the outage probability of sub-
scriber Bi is demonstrated as the following formulation:

—ﬂ)schCZn*
n= *

& (e_RLz)B (”A‘I’B + gAi) T e‘%,)

Pyl = _
&+a72 2(ﬁA®B{—SAJ

TP o
gB <€ Rpp_ 1>

27ng,

(36)

Also, the outage probability of A; is exhibited as equation (37).

&I g* Z W ) ﬂX(DBCZl’l* %
n=1

/11— l//k2 (1 + s,f’)zs ¢ ”*‘I’A(s —R c)
N—¢?2 e (150
1

Xt 1 1 «
tm(hl m +Sk ( +Cn*)+2co)+

22

M~

-
Il

1

M=

X

3
1

(37

>

X

+ b2b3z 1— l[/kz (1 + S;:)Sk[“@ASlf X

XZN:< 1-®

n=1

1—|—C ) efﬂxq)BCZn*)

>

CpSaN WK OyEs Rp, (RDA + RDC)
8np
fAemmAR%JCWKSA,-

by=————-,
Rp,+Rp,.

where ¢" = —

, and

SpONRpyEn;

and b3 =

Under special condition o = 2, the outage probability of sub-
scriber A;« is demonstrated as the following formulation:
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When ¢ — 0, a high signal to noise ratio of (29) with | — ¢ * &~ x
is calculated as:

N
Pp. ~ blgAiZ (\/1_7(1%2 (1 + cfl‘*)cn

n=1

e eBCn) . (40)

According to the problem formulation, the total throughput level
of this approach is achievable by the following formulation:

Rrnwnr = (1 - RA,-*)RI + (1 - PBI-*)R2- (41)

It should be noted that parameters P, and F; are obtaned via
equations (37) and (29), respectively.

3.3. NNFF user association. The next approach is the nearest
near user and farthest far user one, in which first, the ring Dp
is considered for selection of the subscriber nearest to base
station as a near non-orthogonal multiple access user. Also, the
far user is selected inside ring D, so that its distance from the
base station is maximum.

Under condition of Rp - > R Dy the outage probability of
A, can be expressed as:
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cation scenarios. For simplicity of analysis of the simulation,
the proposed algorithms are assumed to be independent of the
distribution of alternative energy. Time-slotted Rayleigh/Rician
fading in a slight mobility environment is applied because user
association is usually effected in a large-scale timing mode and
slow fading can be neglected [27]. Furthermore, pico cells and
user equipment are identically distributed in the coverage of
each macro cell. Table 1 shows the key simulation parameters.

Table 1
Key simulation parameters

K
+ b3by Z J1I—w2 (1 + s,‘f)ske“%s,f
k=1
where b, =
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+ & — X
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x Xt,

(43)
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2
(efﬂA(DBRDB N 1)

T,
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2 7Z'>\®B+ gA,-

The total system throughput based on this approach is achiev-
able as formulation (44):

Rrynrr = (1 - PAi/)Rl + (1 - PB,./)Rz- (44)
It should be noted that parameters F; and F; are obtaned via
equations (42) and (29), respectively.

4. Simulation results

An effective comparison has been made between our proposed

approach and one of the famous gradient-based algorithms
under the name of MAX-SINR through various resource allo-
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Parameter Value
BS layout Hexagonally arranged cell sites
UE layout Uniformly located in area with 3
active UEs per BS cell
Inter site distance 200 m
Bandwidth (B) 1 GHz
Carrier frequency of mmWave 28 GHz

small cell

—-174 dBnl/HZ + 10 loglo (B)
+ noise figure of 7 dB

Thermal Noise power

a+ 10nlogo(m) + &
&~ N(0,07),

Path loss of mmWave BS LOS: a=614,n=2,
o =5.8dB, LOS: o= "72.0,
n=292, c=28.7dB [30]
. _ L 452),
Probability O:K(d)= max{O, I—e™ }’

of Outage(O)-LOS-NLOS

d
LOS:p (d)= (1 — B(d))e 1,
in mmWave small cell pLd) ( ol ))e

NLOS: 1 — B(d) — py(d) [30]
Maximum transmit power of BS 40 dBm
Log-normal shadowing fading 10 dB
Antenna gain of BS 18 dB
Antenna gain of UE 0dB
Min harvested power a; = [0, 20] dBm

Max harvested power b; = [20, 40] dBm

4.1. Energy efficiency. This Section is related to evaluation of
the suggested user association algorithm with a MAX-SINR
scheme. This system does not use power control at the base sta-
tions. Using the power allocation formulation of non-orthogonal
multiple access systems in Eq. (3), the total transmission power
at each base station is B, = P,,. A progressive resource alloca-
tion pattern is used for the sake of simplicity. For example, the
transmission power of subscriber signaling is 7, = _¥
lp (14K,

€{1,2,3, ..., k,}, when k,, subscribers have been added to
the independent power domain of sector m. The target is to
analyze the performance of various user association approaches
based on the coverage level and signal quality using an iden-
tical power allocation state. The functionality of the proposed

ms
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Fig. 4. Accumulation of energy efficiency

algorithm is compared with conventional user association using
reference signal received power (RSRP).

4.2. Energy-efficient user association under power control.
It was necessary to evaluate the power control enabled user
association algorithm. The advantages of the combined resource
control user association approach in cooperative power non-or-
thogonal multiple access HetNets were examined. The various
resource assignments work with the reference signal received
via power-based user association. Using orthogonal multiple
access, the transmission power at each base station was deter-
mined to be B, = B,

Figure 7 shows energy efficiency versus user density with
M = 5 pico cells at S, = 0.9. The minimum required threshold
for QoS was set at 7,,;, = 0.5 bits/s/Hz. The amount of energy
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accrued by the macro cells and pico cells was 39 and 34 dBm,
respectively. The proposed hybrid resource control algorithm
and user association showed better energy efficiency than in
conventional models. There was a sharp increase in effective-
ness when more user equipment was connected to the base
stations. The proposed algorithm can achieve greater multi-
user diversity gain. Non-orthogonal multiple access increases
energy efficiency as compared with common orthogonal sys-
tems because of its increased spectral efficiency. Where there
is fixed resource assignment, for non-orthogonal multiple
access systems with common RSRP-based user associations,
the degree of energy efficiency decreases as the number of sub-
scribers increases. Also, as the number of users connected at
the same time increases, the amount of power allocated to each
data stream decreases for the specific signal level.
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Figure 8 shows the energy efficiency versus density of
the pico cells with 50 pieces of user equipment (N = 50) and
LS. = 0.9. The required QoS threshold was 7,,;,, = 0.1 bits/s/Hz.
The level of energy picked up by the macro and pico cells
was 36 and 26 dBm, respectively. The proposed approach per-
formed better than conventional schemes. The hybrid resource
control and user association with non-orthogonal multiple
access achieved significantly more energy efficiency with

x107
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Fig. 8. Comparison of user association/resource allocation approaches
from energy efficiency vs pico base stations perspective
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a greater number of pico cells because the proposed scheme can
increase the base station densification gain. Non-orthogonal
multiple access increases performance as compared with that
of orthogonal systems. For the RSRP-based user association
with NOMA and identical power allocation, the energy effi-
ciency degraded as the density of pico cells increased because
of inter-cell interference, which has a strong effect on NOMA
transmission.

5. Conclusions and future research directions

A novel approach in the field of intelligent resource allocation
with resource cooperation among network entities has been pro-
posed in this paper. In this research, the concepts of simultane-
ous user association and resource allocation in non-orthogonal
multiple access systems have been investigated. subscribers are
randomly distributed in those. In this paper, a novel cooperative
energy harvesting model was introduced so that user equipment
near to the base stations can act as relays for further subscribers.
A joint resource control and user association algorithm was pro-
posed that increases energy efficiency over that of conventional
works, and the proposed resource control approach meets KKT
optimality constraints. The numerical results confirmed the
energy efficiency of the proposed approaches. Also, simulation
revealed that the proposed approaches can optimally eliminate
intra/inter cell interference and utilize multi-user diversity, in
addition to a gain in base station densification. Non-orthogonal
systems increased energy efficiency over that of orthogonal
systems, which resulted from the superior spectral efficiency
of non-orthogonal multiple access.

For further studies and to improve the proposed model,
researchers can consider some limitations of the model. One
of the most important indices which can be focused on is the
outage probability model, for which we assume this index to
be SNf although previous schemes have used ! 5

NR SNR
Application of the MIMO technology with non-orthogonal
networks is also recommended for future crucial research to
enhance energy efficiency when in MIMO-based non-orthog-
onal systems the inter-user equipment interference decreases
effectiveness. So, finding ways of decreasing inter-user inter-
ference appears to be necessary. Finally, joint resource con-
trol and user association solutions in multi-cell non-orthog-
onal systems have not been deployed to date, especially in
MIMO-based systems, and thus more research effort should
be devoted to this subject.

instead.
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