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Abstract

In this paper, we show that the high outage phenomenon experienced by the strong user in the work of [2] can
be reduced by using previously decoded signal obtained from the successive interference cancellation process.
The corresponding performance is also derived and validated by Monte—-Carlo simulation.

I . Introduction

Non-Orthogonal Multiple Access (NOMA) has been
known for its capability for supporting massive
connectivity [1]. The recent work of [2] proposed an
[oT-based NOMA system with higher ergodic sum
capacity comparing to traditional orthogonal multiple
access. This work, however, reports a high outage
performance problem of the strong user (near user) by
relay interference. In this paper, we illustrate that it is
possible to reduce this interference under the
assumption that the near user has already successfully

decoded the far user signal.
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Fig. 1 System Model
II. System Model

We extent a recent work of NOMA-based IoT
system [2] by considering an energy harvesting
source (S) that harvests energy from a power beacon
(B) to enhance direct communication with near user
(U1) and with far user (U2) under the assistance of a
master IoT node (R) serving an IoT device (U3) while
acting as a decode—and-forward relay for S, as shown
in Fig. 1.

We denote hy, and d,, as the channel coefficients
and the distance between node X E{B,S,R} and
Y E{S,R, Ul U2, U3} with all hXY considered as

Rayleigh flat

consequent, hXY is modelled after complex Gaussian

random variable CN (O,lxy)

independent under fading. As a

Therefore, the

. . 2 . .
corresponding channel gain |hxv| 1s exponentially
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distributed with parameter Ay, =d,y, where « is the

pathloss exponent. Also, the additive noise at all

receiverY is CN (0,0‘2) .
A. Energy harvesting (EH) phase

In this timeslot, S harvests energy from B for a
kT fraction within the coherent time T and then
exploit the harvested energy for sending signal in the
first and second timeslot with the transmit power of:

1 nskTR |th|2 1 2 K
P - P h WV =
T2 (1-0)T 12 3 Fellsl v i

where  7]g 6(0,1) denotes the energy conversion

efficiency of S, PB is the transmit power of B, and

K‘E(O,l) is the time-splitting (TS) coefficient [3].

Note that the transmit duration for time slot 1 and time

slot 2 is (1— K)T /2.

B. Information transmission (IT) phase
In the first time slot of IT, S broadcasts a
2
superimposed signal Z aiPS X; , where @; denotes
i=1
the power allocation (PA) of Uil E{l, 2} with
q <a,,q +4a, =1. Following NOMA principle, the
signal-to—interference-plus—noise ratio (SINR) for

decoding X, at Ul and R can be expressed as

Xo __ a2F)5|hSW|2
e =
a1Ps|hsw|2+O-2

W ={ULR} (2)
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Ul performs successive interference cancellation

(SIC) by decoding and subtracting X, , it then decodes

its signal X; with the signal-to-noise ratio (SNR) as

% 2 2
7\/\/1:aips|hSW| lo” .
transmits )A(1 to Ul while R employs NOMA protocol to

In the second timeslot, S

multiplex X, along with IoT device's signal X5 with

the transmit power PR. The receive signal at Ul is

now written as

y= ‘\/g)?thU1 +(\/PRT2X2 +\/PRT3X3)hRU1 +n (3)

This NOMA signal interferes with )A(land leads to a

high outage problem reported by the work of [1]. To
partially weaken this interference the following PA is

selected 7, =4a,,7; =1—2'2 so that the interference
X, that was decoded earlier from (2) can be

subtracted from (3) with PR known. This is safe for

the NOMA users U2 and U3 since their SIC decoding
order does not vary with PA [2]. After subtracting

X, from (3), Ul decodes )A(lwith the SINR

% 0.5vp0, |hsu1|2

= (4)
v Pr |hRu1|2 73 +1

Where pB=PB/O'Zand pR=PR/O'2.

III. Outage Probability Evaluation

Given the target rate I for X, the corresponding

outage probability (OP) is:

-1
ORX=1-Pr 9:521 log (1+734 ) >

=1-Pr| 5y > 1]

g(y,z, x)dydzdx (5)

0.5vppx

l

- Axlsy,
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dx

=1_£

22’1 r(1-x)T

AX}LSU1 + Pr z'sl/lRul

Where i = . A=0.5vpg and g(Y,Z,X) is

the joint PDF f (y,2,x).

‘hSU 1‘2 "hRUl‘z l‘hBS ‘2

IV. Simulation

A Monte-Carlo simulation for 106 channel
realizations is conducted with the following position B,
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S, R and Ul as (0, 0), (0.2, 0), (0.5, 0) and (0.2, -0.2)
respectively with pg =10dB, r =0.5bit per second

per Hertz, k=05, s =09 and =3 . The
outage expression in (5) has no closed-form but can
be numerically evaluated easily at 7; = 0.2, 0.5, 0.8.

Result in Fig. 2 shows that the expression from (5)
has been validated by simulation and the OP
performance is better than the naive scheme from [2].
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Fig. 2 OP versus pOg

IV. Conclusion

In this work, we show that the performance loss of
the near user in an IoT-based NOMA system can be
compensated albeit not entirely. The outage
expression of the compensated performance is
derived and validated by simulation. Hence, it can be
used to evaluate or optimizing the outage performance
with respect to the time-splitting coefficient
introduced by the energy harvesting process.
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