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Dear editor,

Non-orthogonal multiple access (NOMA), regarded as a
promising technique for substantially increasing the spec-
tral efficiency of wireless networks that comprise massive
devices, has exhibited a number of significant performance
advantages, including the reduced latency, improved relia-
bility, and the capability of offering a higher sum through-
put. Furthermore, a device operating in full-duplex (FD)
mode only needs half of the time of a half-duplex (HD) de-
vice to complete the same amount of data transmission and
reception, because a single channel can be reused to enable
a simultaneous transmission and reception [1-3]. Both FD
and NOMA technologies have been widely acknowledged as
efficient ways for improving the spectrum efficiency of wire-
less networks [4-6].

In this letter, energy harvesting from the downlink chan-
nel of NOMA systems is studied by considering FD mode
relays.

System model. A simultaneous wireless information and
power transfer (SWIPT) based NOMA network is consid-
ered, in which two users can communicate bi-directionally
with a source S and the ith user (U, € {1,2}). A distance
||d;|| between S and U; is considered, where ||d1|| < ||d2]|. In
this system, all the nodes are assumed to be equipped with
two antennas and capable of working in FD mode. With-
out loss of generality, a non-zero residual self-interference
(RSI) is assumed in each FD node. Furthermore, the re-
ciprocal channels between the ith user and S (i.e., hg;)
are assumed to suffer from independent and identically dis-
tributed (i.i.d.) Rayleigh fading. Therefore, hg ; is a nor-
malized cyclic symmetric complex Gaussian variable, i.e.,
hsi ~ CN(0,1). Hence, the channel gain between S and
U;, namely \hg,i|2, follows an i.i.d. exponential distribution
with unit mean (|hg ;|?> ~ exp(1l)). Meanwhile, each chan-
nel also suffers from additive white Gaussian noise (AWGN).
The power of source Ps can be determined by using a power-
split parameter « (0 < a < 1). In particular, a portion of
split power aPs is used for energy harvesting while the re-
maining Ppr, = (1 — ) Ps is used for downlink signal trans-
mission. Thus, the superposed downlink signal of the two
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users is * = p1x1 + paxa, where p; and z;, © € {1,2} denote
the transmit power coefficient and downlink signal of the ith
user, with p% + pg = 1, respectively. Finally, the power of
each user for uplink transmission is given by
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where ¢ is a fixed parameter that ensures a finite harvested
energy and path loss, and ¢ stands for the path loss expo-
nent.

Downlink NOMA signal at the receiver. The downlink
NOMA signal received by the ith user (U;,i € 1,2) can be
given as
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where z/ is the uplink signal transmitted by U;, A; denotes
the RSI power coefficient for U;, and n; ~ CN(0, 012) stands
for the AWGN with zero mean and variance 02.2 observed at
U;.

Therefore, the
(SINR) at Us for downlink transmission is given by

signal-to-interference-plus-noise ratio
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denote the power-to-noise ratio for downlink signal and en-
ergy transmissions at U;, respectively.

After performing successive interference cancellation
(SIC) in terms of x2, the received SINR at U; for down-
link messages =1 can be given by

where p; ;
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Uplink NOMA signal at the receiver. By exploiting the
received power of the ith user’s signal differences and imple-
menting SIC at S, we may readily assume that U; will no
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longer interfere with Us. The uplink NOMA signal received

by S is then given by
\/Pralhg
Yup = S = Z i '
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where Ao denotes the RSI power coefficient for FD node S,
while ng ~ CN(0,0%) denotes the AWGN with zero mean
and variance og. observed at S.

The received SINR at S for uplink messages 2 can be
expressed as

VPorXox +ng, (5)
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After performing SIC in terms of z, the received SINR
at S for uplink messages «/, can be given by

where ¥; =

75, = P2lhs 2" (7)

Proposition 1 (Downlink ergodic data rate). The down-
link ergodic data rate for the FD-SWIPT based transmission
model is given by
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where E1(z) = f;roo %tdt = —Ei(—=x), with Ei(-) denoting
the exponential integral function [7, Eq.8.211.1].
Proof. The proof is given in Appendix A.

—

Proposition 2 (Uplink ergodic data rate). The uplink
ergodic data rate for the FD-SWIPT based transmission
model is given by

K
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where si(z) = ff;_oo wdt and ci(x) = — f;oo @dt
denote the sine and cosine integral functions [7, Eq.8.230.1,
Eq.8.230.2], respectively.

Proof. The proof is given in Appendix B.

Numerical results. Figure 1 illustrates the downlink and
uplink data rates versus the signal-to-noise ratio (SNR) (i.e.,
Ps/c?) with variant a.. Tt is shown that the uplink data rate
can be improved by providing more power to the energy har-
vesting users. Furthermore, a fundamental tradeoff between
uplink and downlink data rates is observed: the uplink data
rate can be obtained at the cost of sacrificing the downlink
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data rate, as shown in Figure 1. Anyway, the ratio of the
uplink rate to the downlink rate can be adaptively adjusted
by optimizing « according to each user’s requirement, thus
demonstrating the benefits of employing SWIPT.
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Figure 1 (Color online) Ergodic data rates vs. a and SNR.
Conclusion. The ergodic data rate in SWIPT-aided

NOMA-based wireless networks was studied by consider-
ing FD mode in the nodes. The closed-form expressions
of data rates for both downlink and uplink transmissions
were derived, following which the validity of the theoretical
expressions was verified by using simulations. Furthermore,
it was illustrated that some critical parameters (e.g., the
average SNR of each link, the power-split parameter, etc.)
may substantially impact the uplink/downlink data rates.
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