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Abstract—Wireless Power Transfer (WPT) is a significant
technique for Internet of Things (loT) networks. Recently,
more interest has been focused on multiple access technique
without orthogonal signals for wireless communication. Non-
orthogonal Multiple Access (NOMA) scheme is proposed to
allow users the access point in 10T network. In this paper, we
propose the power beacon which is able to feed energy to
power-constraint relay node to further support transmission
from the source to destinations in 10T networks. In this article,
a NOMA system is benefited by with WPT and antenna
selection technique. The system improvement can be achieved
through the exact closed-form expressions of outage probability
(OP). The performance gap among two users is evaluated using
model of the Rayleigh fading channels. Furthermore, we
compare NOMA with traditional scheme to highlight advantage
of such loT system.

Index Terms—Non-orthogonal multiple access; 10T; Outage
probability.

I. INTRODUCTION

It has been predicted that Internet will be connected by 50
billion of devices, including small sensors or loT devices, by
2020 [1]. The fast growth of IoT applications results in
requirements of heterogeneous 10T sensor accessing to
networks in the upcoming fifth generation (5G) networks.
These applications are related to capability of devices in
device-to-device (D2D) networks, machine-to-machine
(M2M) networks, and other services and applications
associated with 10T systems [2]-[5]. It is highly capability to
implement the automation in IoT system, thanks to the
technological improvement in loT, and it does not require
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human control [6]. It is necessary to reliable exchange of
information and data for these loT sensors and devices
related to the core of distributed automation [7]. An
enormous amount of power is consumed by these small
sensors and 0T devices to serve their data transmission and
communication. However, popular networks contain these
battery-powered small sensors or battery-powered devices. It
is noted that there is higher demand to remain operation of
huge number of sensors, especially providing self-
sustainable green communications for 10T networks since
devices are limited energy [8]. These power-constraint
sensors need their lifetime to be extended, and hence it
requires possible solution of energy efficient data
transmission.

Unfortunately, it is difficult to replace large numbers of
sensors in loT systems. As a result, the power-constraint
devices are operated in practice, and such situation limits the
performance improvement. The energy harvesting technique
is proposed to tackle this problem by harvesting the energy
from the surrounding environments. To harvest the energy
from the radio-frequency signals, Radio-frequency (RF)
energy harvesting is applied [9]. The relaying networks have
been widely studied by introducing flexible, sustainable, and
stable energy supply to devices in such networks [10]-[14].
In [11], renewable energy is considered as a solution to
employ dense small cell base stations (SBSs) to adapt to the
increasing demand of communication services. The authors
in [12] studied for unmanned aerial vehicle (UAV)-assisted
networks in term of the resource allocation problem. In this
system, multiple energy harvesting-powered D2D pairs are
powered by a UAV which play UAV as an energy source
providing radio-frequency energy. In [13], system
throughput can be enhanced by utilizing optimal channel
selection method and the harvested RF energy as well. The
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cognitive radio sensor networks benefit from the RF energy
harvesting in [14].

Considering as a prominent wireless access technique for
the 5G wireless communication, Non-orthogonal Multiple
Access (NOMA) is introduced and analysed in [15]. To
provide higher spectrum efficiency, NOMA employs non-
orthogonal transmission at the transmitter. The transmitter
divides power domain to serve multiple users with
superposed signal transmitted. Different from Orthogonal
Multiple Access (OMA), NOMA can serve multiple users
over the same resource block, thus it can effectively improve
sum rate in other emerging networks [16], [17]. To decode
the users’ information at the receiver, the Successive
Interference Cancellation (SIC) is required. Specifically,
signal is decoded firstly for the user with the best channel
condition while assuming other users’ signal as interference.
However, results in [16] did not consider multiple antennas
and multiple beacon since these techniques benefit to
performance improvement. The loT benefits from power
beacon, and some metrics are studied to exhibit system
performance [18]. Motivated by these papers [16-18], we
formulate the problem of selection of beacon and antenna
selection to evaluate outage performance of two NOMA
users.

The remaining parts of this paper are arranged as follows.
Section Il presents the system model based on NOMA to
implement loT system. In Section Ill, we consider the
outage performance of such NOMA applied together with
Wireless Power Transfer (WPT). In addition, the traditional
technique of OMA is presented in Section IV. The numerical
simulations are conducted in Section V, and we provide
conclusion remarks in Section VI.

1.

In this model, Fig. 1 shows the 10T system containing the
access point (AP), the relay R, two users D,,D,, and power
beacon (B ). Wireless channels denoted as in Fig. 1 in such
loT system relying NOMA are subjected to Rayleigh flat
fading plus additive white Gaussian noise. The complex
channel coefficients for the links AP >R, B—>R,

R—D,, R— D, are represented by |hSKR|2 ~CN (0, ),

SYSTEM MODEL

2
|hBR|2 ~CN (0, 25 ), |hRD1| ~CN (0, 2, ). and

|hRDZ|2 ~CN (0, 2y, ), respectively. There are K antennas
equipped at the AP.

u

B

hBR\\ hml Q
AP \> ‘

Relay
——— Information Transfer

w‘
D,
— > Energy Harvesting

Fig. 1. System Model of multiple power beacon-assisted NOMA.
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There are two links from the AP to NOMA users. In the
first phase, the received signal at the relay is given by

Yas-r = PBshskR(\/aX1+ azxz)+wR’ 1)

where Py is the transmit power of AP, x;,ie{l,2} is the
information symbol for D.. a is the power allocation
coefficient for x, with a +a, =1 and a >a,, and w, is
the Additive White Gaussian Noise (AWGN) at the relay.
Optimization of such power allocation is out of concern in
this paper.

It can be achieved by the signal to interference plus noise
ratio (SINR) at the receivers. In order to decode x, at R, the

corresponding SINR is expressed by

a Py |hSKR|2

_—
a,Pss |hSKR| +N,

O]

75kR‘X1 =

In NOMA, SIC is employed to eliminate interference, the
SINR to decode x, is given by

2
a,Pes |hSkR|
N, '

7/3‘(R—xz -

@)

During time for signal processing in the second phase, R
transmits the signal consisting of the decoded and re-
encoded symbols to the destinations. The received signal at
two users D, is given by

Yr-p, :\/EhRDi (\/ax1+\/gxz)+wq'

where B, is the transmit power of R, @, is the AWGN at
D.

I

The signal to interference plus noise ratio (SINR) at each
receiver needs to be calculated. In this case, the destination
is required to decode x, at D, as below

(4)

2
a1PR hRD1
Yo% = |—2| ()
3,P [N |+ N,
The SINR to decode x, at D, is given by
a P |h ’
7D2*X1 = : RI:Z)2 . (6)
a2pR|hRD2| +N,
After SIC, the SINR to decode x, is given by
y _ a, PR |hRD2 |2 . (7)
D, -X, N0

The best channel is selected with the index of antennas
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equipped at the AP as

x 2
k' =arg max UhSkR| J (8)
K

k=1,

Together with (8), the cumulative distribution function
(CDF) and probability distribution function (PDF) related to
selected channels are given as

ool 2

UjJ(—l)H /IL exp L—:—XJ (10)

In the considered system, the relay harvests energy from
beacons. The operation of the second stage of signal
processing is supported by harvests energy at relay.

At energy harvesting phase, the time switching (TS) based
energy harvesting technique is applied. In a transmission
block time T (in which a block of information is sent from
the beacon to the relay), the relay takes aT to harvest
energy from the beacon, in which « is the energy harvesting
time fraction that depends on the schedule of B. We allocate

the time slot of (1-«)T into two equal sub-time slots for

K

(x)=1-2

F

2
e

and

K

(=2

el o

the link from the AP to relay = and the link relay-
destinations. Then, we can compute harvested energy at the
relay as in [10]

E. = tPyaT |hge* (11)
where 0< 7 <1 stands for the efficiency coefficient of the
energy conversion process, 0<a <1 is the percentage of
energy harvesting, P, is the transmit power of the beacon,
assuming that these power beacons have the same power
level, respectively (optimizing time switching factor « is
out of the scope of this paper). Under the assumption that the

processing energy at R is negligible, the transmit power of
the relay is

B ZTPBa|hBR |2

(1-a)

= &|heg" (12)

R

2tRa

(1-a)

OUTAGE PERFORMANCE ANALYSIS FOR NOMA

where & =

In this section, we consider the outage probability
analyses for the 10T system to look for impact of harvested
energy and the number of transmit antennas at the AP. In
particular, we derive the closed-form expressions to show
the outage probabilities, and performance difference
happens as comparing two users’ performance. To provide
insights, asymptotic outage performance analyses for the
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considered system are determined in the high transmit signal
to noise ratio (SNR) region.

A. Outage Analysis at D,

With respect to the system performance evaluation, the
outage probabilities can be achieved related to ability to
detect signal at relay and destinations as well. The
expression of outage probability for the first user can be
defined as

OR = Pr(min (7sk*R—x1 1¥b-x ) < Ul) -
=1- Pr(ysk*fol >0,V > Ul) =

=1- Pr(ysk*R_Xl > Ul)>< Pr(7Dl—x1 > Ul),

0z

(13)

0

where o, =2% -1, R is the target rate to decode X,
i={1,2}.
Proposition 1: The close-form expression is computed to

provide outage analysis at D, as
a —uva, ) ASR
X
\/ &(

4u,N
K 10 . (14
1{\/5( J @

a1 - Ulaz )ﬂ’BR lRDl
where K (.) is the second kind of modified Bessel

KK k-1 ko, N
OP, =1- -1)" "exp| - 10
R R

4uN,
a1 - UlaZ )ﬂ’BR ﬂ“RDl

functions.
Proof: Please refer to Appendix A.

B. Outage Analysis at D, with Perfect SIC

At the second user, it can be seen outage performance
evaluated by
OP, = Pr(min (7sk*R-xz 17D, % VD, -x, ) < Uz) =
=1- Pr(?”skafxz >0 Y, 2 U2y Vp,x, > U2 ) =

:1_Pr<7ska-xz >L)2)><PI’(}/D2_X1 > 051 7p,-x, >Uz)- (15)

Vi

V2

Proposition 2: It can be achieved the close-form expression
to provide outage analysis perfect SIC at D, in perfect SIC

case as
ko,N
—2 0 Ix

a2 PBS ASR

C. Scenario of Imperfect SIC
The SINR to decode X, at the first link AP-relay is given
by

(K k1
OP, :l_Z[k J(—l) exp[—
k=1
46v,N,

Kl[ y
Aer Aoz

Proof: Please refer to Appendix B.

y \/ 40v,N,
éﬂ“BR j“RDZ

(16)
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2
a,Pes |hSkR|

2 '
a, Py |gSKR| +No

7Sk Rip—x, —

(17)

where gg, ~CN (O, ﬂﬁsmp) and x is denoted as the level
of residual
0<u<l.

The second link is evaluated via SINR as below. It is used
to decode x, D, and such SINR is formulated by

interference caused by imperfect SIC as

2
a,P, | hRD2 |

_,
a kR |gRD2| +N,

7/D2ip—><2 -

(18)

where gg, ~CN (O,yﬂRDZip).
The outage performance of user D, in imperfect SIC case
can be written as

OP,

2ip T Pr(min (7/S,K*Rip—><2 'yDzip—xz ) < UZ) =
=1- Pr(ysk*Rip—xz > Uy, 7/D2ip—xz > U, ) =

=1- Pr(ysk*Rip—xz > U, ) X Pr(j/Dzip—xz > U, )

V2

(19)

V1

Proposition 3: The closed-form in outage analysis at D, is
formulated (imperfect SIC case) by

R

m=1
5 may, A exp [_ j .
kUZaiﬂ‘SRip +ma, g
3,5 4r02

X X
Uzalgﬂ’RDZip +8,8 0,
XJ

4Ny w 40,N,
1

azé:/,iRDZA’BR azgﬂRDzﬂ’BR
Proof: Please refer to Appendix C.

ko,N,
aZ PBS /’lSR

j.

D. Asymptotic Outage Probability Analysis
When B,y — oo, asymptotic performance of D, and D,.

can be obtained. We first look on the asymptotic
performance of the first user in terms of outage probability
as:

(20)

Oplasym =1_\/ 4-L)1NO y
§(a1 -0, )ZBRARDl
4v, N
<K, \/ %% , 1)
§(a1 _Ulaz)/lBRﬂ’RDl
P =1- \/ 200N, Kl[\/ 200N, J (22)
e Arpa Sarroz

It is worth noting that perfect SIC and imperfect SIC cases
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are considered for user D,, respectively, as below

opr -1-3 3

ma, s azg/iﬂnz
kUZa'lﬂ’SRlp +mMa, Ag, Uzalé':ﬂ’RDZip +8,E k0,

)

a2§/1RD2ﬂ“BR
IV. OUTAGE PERFORMANCE OF OMA

In the first phase, the received signal at the first link AP -
relay is given by

4u,N,

(23)
aZ gﬂ’RDZ/’LBR

yBOSMAR BS hS RN +a)R' (24)
The SINR computed to decode x; at R is given by
2
}/OMA _ PBS |hSKR|
S R—% N :
0 (25)

After that, R transmits the mixture signal (the decoded and
re-encoded symbols) to the destinations. The received signal
at D, is given by

OMA

Yr-p, =

\/7hRD X +a@p

The SINR to decode X, at D, is given by

(26)

OMA

}/sz

2
P |hRDi |
N .

0

(27)
The outage probability at D, can be expressed as

OMA OMA

}/S R=% '}/Dv—x-

OMA OMA OMA OMA _
7Ska i )XPI’(]/D -% i )_

Op°vA :Pr(min( )<v,

OMA)

=1-Pr(

OMA
.

:1—Pr(|hw|2> IP No ijr |ge|* >

BS
Xp(—

X

UOMA N
£, |2

kUiOMA N

Pi 0 j X (28)

jdx

K 1
e

Joea

x| exp (— L

&x Aroi

](—1)kl exp(—
§ J4UFMANOK \/4UiOMAN
Z

éﬂ’RDi

A

RDi R

ko N
Pes Asr

where v =
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V. NUMERICAL RESULTS

In this section, we show the comparisons of 10T system
related outage performance of two users using NOMA and
OMA. These users are grouped in downlink of the AP
using Rayleigh fading channels under different simulated
parameters.

The outage probability versus the transmit SNR at the
AP is illustrated in Fig. 2, where we consider two main
scenarios, i.e., NOMA and OMA. The different power
allocation coefficients are assigned to two users, and hence
outage performance of the first user is better than that of the
second user. It can be easily seen that more antennas result
in lowest outage. When the SNR is greater than 30 (dB),
outage probabilities for these cases go to straight line. It
means that they meet saturation situation.

=107
= N 2
e & Oq
L My reereesssnesneee Reveees Rm--0-0-0-3-8.0.9.-0-0-0
s}
&
jg
o 102k
..................................... D
10_3 L L I I 1 I L L L
40 50 5 10 15 20 25 30 35 40
Pgs/No
= NOMA: D, ana.

— = NOMA: D, perfect SIC ana.
—+4= NOMA: D, imperfect SIC ana.
-------- NOMA: Asymptotic
~—4— OMA ana.

O K=1sim.

O K= 3 sim.

Fig. 2. Outage performance comparison of D,, D, of NOMA and OMA
versus Py /N, by varying K (a=07  7=06  a=05
R =05R, =2, Agp = Agg =1, Asp = Ay =10, ez =5
Aspip = Arpzip =001, Py / Ny =30(dB) ).

Outage Probability
=]
o

—— NOMA: D, ana.
102 F |- = NOMA: D, perfect SIC ana.
—+4= NOMA: D, imperfect SIC ana.
—f=— OMA ana.
O K=1sim.
O K= 3 sim.
107 ! ! ; O
-10 0 10 20 30 40 50

Py /Ny
Fig. 3. Outage performance comparison of D,, D, of NOMA and OMA
versus Py /N, by wvarying K (a=07 =06  «a=05
R =05R, =2, Ap = Agg =1, Asg = Agpr =10, Aroz =95,
Aspip = Arpzip = 001, Py / Ny =30(dB) ).

In addition, imperfect SIC at the second user has worse
outage performance compared with perfect case. It is further
confirmed that NOMA in loT is better than in OMA case.
The exactness of the asymptotic lines corresponding with
derived expressions for all the considered cases is confirmed
at high SNR. Similar trend can be seen in Fig. 3 as
considering impact of transmit SNR at the power beacon on
the outage probability.

Considering outage performance of two users versus
transmit SNR at the AP with different power allocation
factors as in Fig. 4, the users’ performance change based on
the amount of power allocated. Higher a leads to better

outage performance at the first user. These trends of curves
related outage behavior are similar as in Fig. 2 and Fig. 3.
While considering how transmit SNR at beacon makes
impact on outage probability, it can be seen similar
performance as in Fig. 5.
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<
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=
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——NOMA: D, ana.

— — NOMA: D, perfect SIC ana.
=+~ NOMA: D, imperfect SIC ana.
-------- NOMA: Asymptotic
—f— OMA ana.

[> OMA sim.

O ;= 0.6 sim.

O a=08sim.

Fig. 4. Outage performance comparison of D;,, D, for NOMA and OMA
versus Py, /N, by varying a, (r=06, «=05 R =05R,=2,

Asp = Agr =1, Asg = Aoy =10, ﬂsreip = j’RDZip =0.01,

P, /N, =30(dB), K=3).

Arp2 =5,

Outage Probability
=

———NOMA: D, ana.
— — NOMA: D, perfect SIC ana.
10 £ |=4= NOMA: D, imperfect SIC ana.
—4— OMA ana.

[> OMA sim.

O =06 sim.

O a=08sim.
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Py /Ny
Fig. 5. Outage performance comparison of D,, D, of NOMA and OMA
versus P, /N, by varying a (7r=06, «=05 R =05 R,=2,
Asp = Agp =1, Asp = Aoy =10, Arpz =5, Aspip = Arpaip = 0.0L,
Ps /' N, =30(dB), K =3).
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VI.

In this paper, we have investigated the IoT system by
enabling energy harvesting and transmit antenna selection
schemes. The main result of NOMA scheme provide
acceptable outage performance. Such performance is
improved significantly at high SNR regime. The relaying
scheme with WPT technique benefits to such loT with
performance improvement for two far users who need
assistance of WPT-assisted relay. Depending on power
allocation factors, different performance of two users can be
observed. When SIC can be operated perfectly, it is able to
exhibit better performance for the second user. For the
antenna selection scheme, it is unnecessary design of
multiple antennas system with complex signal processing
technique, it can be reduced by exploiting antenna selection
as presented in this paper. We derived in closed-form for the
outage probability for two distant users in the considered
10T system. More importantly, the asymptotic expressions
for the outage probabilities are provided. The superior
outage performance achieved by the proposed 10T system is
confirmed in numerical results.

CONCLUSIONS

APPENDIX A
Proof of the Proposition 1:
By using (9) and (13), 6, can be formulated by

0, = Pr(?’sk*R-x1 > Ul) =
2 u,N
=Pr| |h >— 20 |-
{ e Pes (a1 _UlaZ)J

ko N,

R

In similar way, from (10) and (13), it can be obtained &,
as

J. (A1)

0, = Pr(7017x1 > Ul) =

= Pr[|hRDl |2 >

uN, J _
2
|hBR| ‘:Z(a'l _Ulaz)
— Imexp{_%—m]iexp(_ij dX —
0 f(ai 04, )A’RDIX Aer Agr
ijwexp(_vl—’\lo_i]dx =
Agg *° é:(a’l_ulaz)ﬂ’RDlx Aer
_\/ 4uN, K, \/ 4u,N, (A2)
g(al - Ulaz)ﬂ‘BRﬂ‘RDl Sg(ai _UlaZ )ﬁ’BRﬂ’RDl
It is worth noting that the last equation follows from the
® o 1) .
fact that IO exp(—ﬂ—(/axjdx:\/;Kl(@) in [19, eq.
(3.324)].
If we plug (A.1), (A.2) into (13), OPR as the proposition
can be achieved.
This is end of the proof.
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APPENDIX B

Proof of the Proposition 2:
Using (9) and (15), V, can be computed as below

vV, = Pr(?’sk*foz > Uz)

)

= ZKZ(:: ](-DH exr{—%

a2 PBS ﬂ“SR

Next, (15) is used to calculate V, as

2 u,N
> 2'°0
aZPBS

(B.1)

j.

V,= Pr(7sz><1 > U3 7p,-x, >Uz):

2 o,N
h > 20 ,
—pr | " |hBR|2§(a1_UZaZ) _
2 u,N,
>—
o 8, e
=Pr |hRD s UZNUZ ax[ ! ij . (B.2)
2 §|hBR| (ai—l)zaz) a2
To make our computation simpler, we denote
0= maxL(ai—la),aiJ, V, can be rewritten as
L)
vV, = PrUhRDZ ‘s ‘9U2N02J=
§|hBR|
:J‘w 1-F OoNo 114 . (x)dx =
0 ‘hRDz‘ §|h 2 [her|
RD,

. ( HUZNOJl ( x]
=j exXp| ———— |——exp| —— |dx =

0 fj‘RDZX j’BR )‘BR

:ij‘wexp(_%_ijdx

ﬂ’BR 0 gﬂRDZX A’BR
\/491)2N0 « (\/ 400N, J

) .

fﬂ’BRﬂ’RDZ gﬁ’BRﬂ'RDZ
Replacing (B.1), (B.3) into (15), OP, can be obtained.
This is end of the proof.

(B.3)

APPENDIX C

Proof of the Proposition 3:

Plugging (9) and (19) to corresponding result, y, can be

written by

v, = Pr(}/sk*Rip—xz > Uz) =

2
L, (a:lPBS |gska| + No)
a,Pss

2
=Pr |h5k*R| >

=f@—

F

2
Insee

U, (8,Pas X+ Ny)
[T]J f‘gsk*R‘z (X)dX. (Cl)
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Using (9) and (10), then further employs corresponding
CDF and PDF, y, can be computed by

v=3 5 0

m SRip

m

X

m

A

SRip

_| kv,

A, A
K&K (K k+m—2
=22 (-1)
amalk Jim kv, Ay, +Ma, Agg

xexp(_ j

Based on (19), we compute y, as below

X |dx =

ma, Ag

Rip
ko,N,

(C.2)
aZ PBS ﬂ’SR

v, = Pr(yDzip—x2 > Uz):

(8 Teel [ gee |+ N )
>

a‘2§|hBR|2
= Uz(a1§Xy+No) «
‘hRDz‘z a,EX
(y)dy.

=Pr |h

Jo I |2

X f‘hw‘Z (x)dxf‘gmz‘2 (C.3)

In next step, using results of CDF and PDF, y, is
formulated as

y_ L 1
’ //)’BRﬂ'RDzip 0

exp [iL

dy x
3,5k, Jy d

ﬂ‘RDZip
xj;exp(— a:;l:szx .
_ 8,502
Uzaié%RDzip +8,800,
X\/ 4o N, \/ 4u,N,
CW I M | P I

Plugging (C.2), (C.4) into (19), OP,;, can be achieved.
This completes the proof.

X

(C.4)
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