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ABSTRACT Energy Efficiency (EE) is a significant problem for Cognitive Radio (CR) network. Recently,
more interest has focused on EE optimization problem in wireless-powered communication. In conventional
CR network, spectrum sensing and limited battery capacity may decrease system performance. In this article,
a Non-Orthogonal Multiple Access (NOMA) system with Simultaneous Wireless Information and Power
Transfer (SWIPT) for CR network is studied. The frame structure is designed with two subslots. In the
downlink subslot, the Secondary Users (SUs) harvest wireless energy from Radio Frequency (RF) signals and
sense the spectrum state simultaneously. In the uplink subslot, SUs transmit their independent information
to Base Station (BS). Two modes are considered in this article: overlay network and underlay network.
A CR-NOMA system model is presented and the approximate expressions of EE for two modes are obtained.
Based on the subslot allocation, two optimization problems aiming to maximize EE are formulated. In the
overlay network, the constraints are transmit power and total transmission slot. In the underlay network,
instead of sensing the spectrum, SUs utilize the channel with primary user (PU) simultaneously. Thus, the
constraints of interference threshold and channel gain of PU are also taken into considered. The proposed
optimization problems can be regarded as nonlinear fractional programming. The Dinkelbach method is used
to transform the nonlinear fractional programming problems into the parametric ones. Simulation results
show that there indeed exists a best downlink subslot to maximize the EE of CR-NOMA networks.

INDEX TERMS Cognitive radio, NOMA, energy efficiency maximization, energy harvesting, subslot

allocation.

I. INTRODUCTION

Cognitive Radio (CR) can effectively alleviate spectrum
resource shortage by performing opportunistic spectrum
access in time, frequency and airspace [1]-[5]. When the
Primary User (PU) is absent, CR allows the Secondary
Users (SUs) to access idle channel to improve the spectrum
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utilization. Since PU has the priority to use the licensed
frequency band, the SUs must detect the licensed frequency
band occupancy in real time via spectrum sensing [6], [7].
Energy detection is widely used to perform spectrum sensing
currently because it is easily implemented and no PU’s prior
information is required. However, sensing performance may
suffer from the effects of hidden terminal problems [8], [9]
such as shadow effect and multipath fading. Two main modes,
i.e., overlay CR network and underlay CR network, have
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been widely studied in current researches. For the former, the
SUs can utilize the frequency band released by PU so that
the conflict with the PU’s information transmission can be
avoided. For the latter, the SUs can utilize the frequency band
with PU as long as the interference with PU is limited below
a certain threshold.

Non-Orthogonal Multiple Access (NOMA) [10]-[13] is a
promising wireless access technique for the coming 5G era.
NOMA uses non-orthogonal transmission at the transmitter
and users’ information is superposed in power domain for
higher spectrum efficiency. Different from Orthogonal Multi-
ple Access (OMA), NOMA can serve multiple terminals over
the same resource block, thus it can effectively enhance sum
rate. Successive Interference Cancellation (SIC) is adopted to
decode the users’ information at the receiver. Specifically, the
user with the best channel condition is decoded firstly, while
other users are regarded as interference. Reference [14] gave
the review on NOMA and compared OFDMA and NOMA.
Specifically, OFDMA is applied to Long Term Evolution
(LTE) radio access scheme, while NOMA is applied to 5G
communication system. NOMA can improve Spectrum Effi-
ciency (SE) due to non-orthogonal transmission and SIC,
thus the application of NOMA to CR secondary network
is necessary to improve the SE in CR network. Reference
[15] designed a CR-NOMA model and an SE optimization
problem was solved by optimizing the sensing subslot. Since
CR-NOMA combines the advantages of both the techniques,
it is considered as a promising technique for the coming 5G
communication system [16], [17].

Recently, Simultaneous Wireless Information and Power
Transfer (SWIPT) [18]-[21] has been regarded as a promis-
ing solution to energy-limited wireless communication
networks. From the perspective of information and energy
transmission, SWIPT can effectively balance information
transmission in the uplink and energy harvesting in the
downlink. Thus, there are numerous research efforts to the
optimization of uplink and downlink transmission subslot
allocation in most existing literature. Actually, Radio Fre-
quency (RF) signals at the receiver can be divided into two
streams: one stream is used to harvest energy, while the other
one is used to transmit information [22]. However, due to
the practical circuit limitation, it is not realizable to perform
energy harvesting and information decoding simultaneously
at the receiver. In order to deal with the problem, Power
Splitting (PS) and Time Switching (TS) mode were proposed
[23]. The harvested energy can be used for information trans-
mission and circuit power consumption so that the lifetime of
wireless devices can be prolonged.

With the development of 5G communication system, mas-
sive device access and increasing energy consumption have
drawn the attention of academia and industry to Energy
Efficiency (EE). Thus, EE optimization becomes an impor-
tant problem to be investigated from a green communi-
cation perspective. EE is defined as the energy consumed
per bit of information transmitted, which is equals to the
power consumption for one bit information transmission.
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Several wireless communication system models focusing on
EE optimization have been proposed in recent researches.
A multi-hop decode and forward relay CR sensor network
was proposed in [24] to maximize EE by optimizing sens-
ing subslot and power allocation. In [25], the EE optimiza-
tion of Orthogonal Frequency Division Multiplexing Access
(OFDMA) system was investigated by jointly optimizing
the subcarrier and power allocation. In [26], the relationship
between user matching and power allocation was discussed
to maximize EE considering the constraints of load balance,
users’ QoS requirement and cross-tier interference. An EE
optimization problem for the Urban Integrated Energy Sys-
tems (UIES) was proposed in [27] and the external point
method was applied to solve the optimization problem. Ref-
erence [28] studied the impacts of transceiver impairments
for coordinated transmission in Private Time Division LTE
(Private TD-LTE) wireless network. Then, an optimization
problem and the corresponding solving algorithm based on
Langrange Multiplier method were proposed to maximize the
minimum EE. In addition, the joint optimization of EE and SE
has been studied because the wireless networks pursue both
high throughput and low power consumption. In [29], a joint
EE and SE optimization problem was investigated by opti-
mizing the sensing subslot and the final decision threshold.

In recent researches, the EE optimization for SWIPT based
wireless communication networks has attracted great interest.
Reference [30] investigated the EE optimization problem
of SWIPT based Multiple Input Multiple Output (MIMO)
system, and focused on the covariance of Channel State Infor-
mation (CSI) feedback to obtain the improvement of system
capacity. In [31], aresource allocation scheme was studied for
SWIPT based CR network to maximize the throughput of sec-
ondary network and the harvested energy. Wherein, the trade-
off between sensing performance and EE was achieved. In
[32], an optimal resource allocation strategy for SWIPT based
networks to maximize EE was proposed considering channel
estimation by determining the proper training sequence. An
optimal resource allocation algorithm was proposed in [33],
[34] for SWIPT based Multiple Input Single Output (MISO)
system under the constraints of channel fading and transmit
power. In [35], a distributed iterative algorithm for power
allocation and relay node selection scheme was proposed to
optimize the performance of cooperative transmission wire-
less relay CR network.

The EE optimization for CR-NOMA network is also
widely studied in recently works. In [36], an EE optimiza-
tion problem for CR-NOMA network was proposed sub-
ject to a QoS constraint for each PU. Then, an algorithm
using Sequential Convex Approximation (SCA) method was
proposed to solve the non-convex fractional programming
problem. In [37], a CR-NOMA system model was presented
to maximize the minimum secrecy EE considering the prac-
tical nonlinear energy harvesting and information security
simultaneously. Reference [38] focused on the EE optimiza-
tion for NOMA based heterogeneous cloud CR network
and elaborated promising 5G technologies such as massive

139173



IEEE Access

X. Wang et al.: EE Optimization for NOMA-Based CR With Energy Harvesting

Energy harvesting

Information transmission

FIGURE 1. System model of CR-NOMA.

MIMO, millimeter-wave communications and Device-to-
Device (D2D) communications. In [39], an EE optimization
problem was investigated for a relay assisted CR-NOMA
network subject to the total transmit power and QoS of SUs.
Since the optimization problem is non-convex, the Lagrange
dual algorithm based on the first-order Taylor expansion was
proposed to solve it.

According to the literature reviews above, though there
are some works on SWIPT and CR-NOMA network, the
research on EE for such network can still be further improved.
Therefore, considering two CR networks modes, a SWIPT
based CR-NOMA system model is proposed in this article to
improve EE. On one hand, different from the traditional CR
network, CR-NOMA can achieve higher SE and information
rate. On the other hand, SWIPT can achieve the best tradeoff
between information and lifetime for energy-limited wireless
networks. The contributions of this article are summarized as
follows:

o A SWIPT based CR-NOMA system model combined
overlay mode and underlay mode is proposed. On one
hand, due to the non-orthogonality, since NOMA can
hold multiple users on one subcarrier, the SE can be
improved. On the other hand, since SWIPT requires
users to harvest energy from wireless signals, the EE
can be improved. Therefore, the proposed SWIPT based
CR-NOMA model can combine CR with the advantages
of NOMA and SWIPT.

« Two EE optimization problems based on downlink sub-
slot allocation are proposed under the constraints of
total transmission slot, downlink transmit power, inter-
ference threshold and channel gain of PU. Specifically,
the convexity of system sum rate is proved so that the
EE can be regarded as a pseudo-concave function of
the downlink subslot. The concrete expressions of EE
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are derived for two network modes whose convexity is
also proved.

« An iterative algorithm based on the Dinkelbach method
is proposed to solve the proposed optimization prob-
lems. The proposed optimization problems with frac-
tional objective function are transformed into the
parametric ones. Simulation results show the tradeoffs
between EE and other parameters such as downlink
subslot, total transmit power and channel gain of PU.

The rest of the article is organized as follows. In Section
IL, the system model is proposed, and two modes including
overlay network and underlay network are taken into consid-
eration. In Section III, the EE optimization problems for two
modes are formulated, and then an iterative algorithm is pro-
posed. The simulation results and discussions are presented
in Section IV. Finally, Section V concludes this article.

Il. SYSTEM MODEL

A. OVERLAY CR NETWORK

In this section, a SWIPT based CR-NOMA system model
consisting of one BS, one PU and N SUs is proposed as
shown in Fig. 1. The notation of necessary parameters is
listed in Table 1. In the proposed model, PU and SUs harvest
energy first, then transmit independent information to BS.
Furthermore, SUs perform spectrum sensing which may pro-
duce interference with PU’s information transmission. Fig. 2
shows the frame structure of the overlay CR-NOMA network.
T is the duration of one frame which is called transmission
slot and the frame is divided into two subslots: downlink
subslot t is used for spectrum sensing and SWIPT, while
uplink subslot 7 — t is used for transmitting SUs’ data.
Here, SWIPT means that PU and SUs harvest energy and PU
transmits its information simultaneously.
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TABLE 1. System parameters.

Parameters Variable
Downlink subslot T
Probability of detection Py
Probability of false alarm Py
Probability of PU existence PHy
Complementary distribution function Q(x)
Achievable rate of -th user R;(T)
Sum rate of overlay NOMA secondary network ~ R(7)
Sum rate of underlay NOMA secondary network R’ (r)
Sum rate of overlay CR-NOMA network Ky
Downlink transmit power P,
Transmit power of PU Ps
Channel gain of PU gs
Interference threshold Imaz

NOMA is applied to secondary CR network during the
uplink information transmission subslot. In the downlink sub-
slot 7, the transmit power of the i-th, i = 1, 2, ...N user can
be expressed as
_ giPat
T l-1
where g; denotes the power gain between the i-th user and
BS, while P, denotes the downlink transmit power. A;, i =
1,2, ...N denotes the channel coefficient and assume that
|h1| > |h2| > --+ > |hy|. Thus, the achievable rate of the
i-th user can be expressed as

P; ey

Rit) = (1 - 1)log, | 1+ —& )
1+ > v
j=it1
where y; = |h,~|2P,~ denotes the normalized Signal to Noise

Ratio (SNR) of the i-#h user. Substituting (1) into (2), and we
have

R()=(1—olog, [ 14+ —2 | (3

N
l—1t+ ) ot
j=it1

where o; = g,-|h,'|2Pa. Thus, the sum rate of overlay NOMA
secondary network can be expressed as

N
R(t) = (1 - )log, <1+Zailit) @)

i=1

In the overlay mode, SUs need to detect the PU’s licensed
spectrum periodically. During the spectrum sensing, BS
receives the PU’s radio signal independently and the received
signal y(¢) can be denoted as

L) Hy,
Y= {hl’“s(t) +n(t) Hi, ©)
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FIGURE 2. Frame structure of overlay CR-NOMA.

where Hy and H; represent the idle and busy state of PU,
respectively. s(¢) denotes the PU’s radio signal with transmit
power Pg, h”® denotes the channel gain between PU’s trans-
mitter and SU’s receiver, and n(¢) is a Gaussian, indepen-
dent and identically distributed random process with mean
zero and variance 02>, M = tf; is defined as the sampling
quality where f; is the sampling frequency. Energy detection
method is applied to perform spectrum sensing and the energy
statistics ¢ (v) of

1 M
2
b)) = M;w ()| (©6)

The probability of detection P, is the probability that the
network will correctly judge the presence of PU when PU
exists. The probability of false alarm Py is the probability that
the network judge the presence of PU when PU does not exist.
The P, and Py can be respectively expressed as

P =0 ((;—2 - 1) (ffs)‘/2>

Py = L) (- v
o) (E5)

N
where y; = ILV > (P s|h€-;s|2 / 02> denotes the sensing SNR of
i=1

the i-th user on the licensed channel j, hf.s denotes the sensing
channel gain between PU’s transmitter and SU’s receiver,
N denotes the quality of SUs and A denotes the decision
threshold. Q(.) is the complementary distribution function of
the standard Gaussian, i.e.,

1 % 12
Q(.X) = (2]_[)1/2 /x exp <_5>dt (8)

Here f_’d represents tl_le target P; and f_’f represents the
target Py. For a certain P, or Py, the expressions of Py and
Py are respectively presented as

Pr =0 (V2yi 1071 (Py) + VTfsvi)

1 -
P; = —— (07 Y(Pr) — VTf3vi
d Q( O (o~ 'p) fs%))

P(H;) and P(Hp) are defined as the probabilities
of the presence and absence of PU, respectively, thus

€))
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P (H{) + P (Hp) = 1. In traditional CR network, there are
four possible cases:

o The PU is present and the network correctly detects
the presence of PU. The probability of this situation is
P(H1)(1 — Py). In this case, since SUs can not utilize
the channel to transmit information, the sum rate of CR
network K7 = 0 during one slot.

o The PU is present but the network falsely detects the
presence of PU. The probability of this situation is
P(H)(1 — Py). In this case, PU and SUs utilize the
channel to transmit information simultaneously. Since
PU has a high priority, the sum rate of CR network
K> = 0 during one slot.

o The PU is absent and the network falsely detects the
presence of PU. The probability of this situation is
P(Hy)Py . In this case, since SUs don’t utilize the channel
to transmit data, the sum rate of CR network K3 = 0
during one slot.

o The PU is absent and the network correctly detects
the absence of PU. The probability of this situation is
P(Hp)(1 — Py). In this case, SUs utilize the channel to
transmit information and the sum rate of CR network can
be denoted as Kj4.

‘We mainly focus on the fourth case. Based on NOMA sec-
ondary network, the sum rate of overlay CR-NOMA network
K4 can be given as

K4 =R (1) P (Hop) (1 — Py) (10)

First, we substitute (9) into (10) and choose a proper P,

Thus, we have

Ki = R (¢) P (Ho) (1 —0 (a + Tf?)/))
where, o = /2y + 107! (Pa).

Then, we substitute (4) into (11) and the K4 expression
can be given as (12), as shown at the bottom of this page.
Obviously, K4 is the function of downlink subslot 7.

Therefore, the EE of CR-NOMA overlay network is
denoted as the ratio of sum rate to the energy consumption,
ie.,

(11)

R () P(Ho) (1 — Qo + /Tf5))
©(Pss + Pcp) + (1 — ©)Pcy

EE(7) = (13)
where, Pss denotes the sensing power during the downlink
subslot 7, and Pcy denotes the power consumption for decod-
ing information at the receiver during the uplink subslot 7 —t.
Pcp denotes the circuit power consumption during the down-
link subslot 7, while the users’ circuit power consumption
during the uplink subslot 7 — 7 is supplied by the harvested
energy. Here we don’t consider extra power consumption.

Information transmission

T T-T

FIGURE 3. Frame structure of underlay CR-NOMA.

B. UNDERLAY CR NETWORK
In underlay CR-NOMA network, since SUs no longer sense
the channel state, SUs and PU utilize the channel to trans-
mit information simultaneously. I, denotes the maximum
interference threshold to PU due to the SUs’ information
transmission, and g; denotes the channel gain of PU. The
frame structure of underlay CR-NOMA is shown as Fig. 3.
Similarly, the sum rate of underlay NOMA secondary net-
work can be expressed as

Vi
N

Psgs + Z 4
j=itl

Rm=0-1log, |1+ (14)

Ill. SYSTEM ENERGY EFFICIENCY OPTIMIZATION

A. OPTIMIZATION IN OVERLAY CR-NOMA NETWORK

In this section, the EE optimization problems focusing on the
subslot allocation are formulated. In the overlay mode, the
optimization problem can be formulated as

R (v) P(Ho) (1 — Qe + /Tf5¥))
T(Pss + Pcp) + (1 — ©)Pcy

max EE(t) =
st.0<t<1 (15)

The Dinkelbach method is used to solve fractional opti-
mization problem. First, we discuss the general optimization
problem as

(16)
According to the Dinkelbach method, (16) can be rewritten as

max A(x) — gB(x)

st.x€S 7)

By this way, the fractional optimization problem (16) is
transformed into g parameter optimization problem.

N
K4 = P(Hy)(1 — 7)log, (1 +Y o

i=1
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Dinkelbach Method: ¢* = A(x*)/B(x*) = max{A(x)/
B(x)|x € S}, if and only if max{A(x) — ¢*B(x)|x € S} =
A(x*) — g*B(x*) = 0.

To solve the proposed optimization problem, we give the
following proposition.

Proposition1: The numerator of objective function given in
(15) is concave in the interval of (zp,1).

Proof : Firstly we rewrite (3) as the following form

;T
Ri(t) = (1 — 1)log, (1 + 1+W) (18)

N
where, w; = —1 + ) ;.
j=itl
Then, the first partial derivative of (18) with respect to t is
given as
IRi(7)

Jat

(o4}
= —log,(1 + T a)ir)
(1 =)
(1 + w;it 4+ ait)(1 + w;T)
Next, the second partial derivative of (18) with respect to
T is given as
9?R;(1)
072
— |:(1 + wit +o;T)2 4+ 2w;T + 2w;) + (1 — r)aii|

(1 + oit + 2it)*(1 + wit)?

(19)

(20)

> —landw; > 0.1t
is obvious that < 0, thus R;(7) is a concave function.
Using the fact that concavity is preserved under summation,
thus the sum rate of overlay NOMA secondary network R(7)
is concave as well. Next we prove the concavity of the numer-
ator of objective function.

The second partial derivative of (11) with respect to t is

According to the discussion above, w;
Ri(x)
72

given as
Ky _ ,(r>
= Py S (1~ 0w+ VTR))
+z‘”fS © +8 @1)
where 5
B= —%r‘l exp(—@)(r—% + (@+y/7f) <0
x (1 — Oa + JrT@y)) >0 (22)

. . 2p.
From the discussion above we can know that % <0,

thus the first derivative %

with respect to 7. Let 7y denote the value that makes

is monotonically decreasing
ARi(r)
ot

equal to zero. When 7 € (19, 1), % < 0 and % < 0,
thus K4 is a concave function. It is obvious that the denom-
inator is an affine function. This completes the proof of
Proposition 1.

Proposition 1 guarantees that there is a unique optimal 7*
which maximizes the EE. The complete steps of the proposed
algorithm based on Dinkelbach method is summarized in
Table 2.

VOLUME 7, 2019

TABLE 2. Optimization algorithm.

Algorithm Energy efficiency optimization based on Dinkelbach Method
1:  Initialize: 7,50, = 0, Tmae =1,¢ =0
k = 0, convergence precision J;
2:  Define: F'(7,q) = Rtot(7) — qE(7)
3:  While:(Convergence = False) and (k <MaxIter )do
4 7 = arg max{F(7,q)|T € (7*,1)}
5: if F(7,q) = 0 then
6.
7
8
9

TO=T
Convergence =true
else if F'(7,q) <6 then

TS =T
10: Convergence =true
11:  else
Riot (T
12: q= E<t7_(> )
13: k=k+1
14:  elseif
15:  end while

B. OPTIMIZATION IN UNDERLAY CR-NOMA NETWORK

In this section, the EE optimization problem of underlay
CR-NOMA network is presented. According to the discus-
sion above, in underlay CR-NOMA network, since SUs will
not perform spectrum sensing during the downlink subslot 7,
we don’tneed to consider Py, Py, and the energy consumption
of spectrum sensing Pgg. Thus, the optimization problem can
be given as

N
(1 — )log, (1 + Z aili—t>
max EE(t) = =1
tPcp+ (1 —1)Pcy
ZP

g,P T
s.t (23)

Zpigs < Imax
i=1

According to the constraints of I, and g;, we can obtain
the relationship between t and P;, g, as follows:

Imax

T< —mM8M8 (24)
Pagsgi + Imax

Combining the results in subsection A, if we define the
optimal downlink subslot as t* in the overlay CR-NOMA
network, 7 in the underlay network is expressed as

1,
max } (25)
Pagsgi + Imax

7) = min { ",
IV. SIMULATION AND DISCUSSIONS
In this section, the proposed SWIPT based CR-NOMA sys-
tem model is simulated. The following simulation parameters
for the Rayleigh fading channel are used. Details are pre-
sented as follows: the number of user N = 3, T = 1s, P, is
setto [1W, 2W, 5W], Pgs is set to [1W, 2W, SW], Pcp = 2W,
PCU =1W, y;is setto[lO 20, 30], h; is set to [0.8, 0.7, 0.6],
Py =0.7,8 = 107, I, is more than 0.5, gs is setto [L.5,
2, 3], PHy is set to [0.5, 0.7, 0.9].
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FIGURE 4. Total throughput for overlay network versus subslot .
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FIGURE 5. Energy efficiency for overlay network versus subslot z.

Fig. 4 shows the sum rate of overlay CR-NOMA network
versus the downlink subslot 7. As shown in Fig.4, there
exists an optimal t* that maximizes the sum rate of over-
lay CR-NOMA network. In the simulation, t* is between
0.25 and 0.29. What’s more, the sum rate increases with the
increase of P,.

Fig. 5 shows EE versus the downlink subslot t in the
overlay mode. We can conclude that there exists an optimal
T* that maximizes EE when % < 0. In addition, all the
curves in Fig. 4 and Fig. 5 show the same trend of “first
increase and then decrease”. With the increase of t, the
probability of false alarm Py decreases according to (9), and
the spectrum sensing performance improves. Therefore, EE
increases, i.e.,”’first increase”’. However, the more time for
the energy harvesting is, the less time for the information
transmission is. Thus, the sum rate and EE decrease, i.e.,”’then
decrease”. The optimal subslot t* based on the Dinkelbach
method can be obtained as * = 0.108, and the corresponding
EE,..x = 2.30. We can also see that the larger P, is, the higher
EE can achieve.

Fig. 6 demonstrates the relationship between transmit
power and EE for a fixed t in the overlay mode. We can
observe that EE increases with the increase of P,. Increasing
P, indicates that the transmit power of each SU P; during the
uplink subslot also increases. Thus, the sum rate and EE of
CR-NOMA increase with the increase of P,. In Fig. 6, we
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FIGURE 7. Energy efficiency versus interference threshold /mgx of SUs.
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FIGURE 8. Energy efficiency versus the number of iterations.

can see the effect of sensing power Pgs on EE. For a fixed
subslot 7, the sum rate is constant, the smaller the value of
Pgs is, the smaller the energy consumption is, thus the EE
increases.

Fig. 7 shows the relationship between EE and interference
threshold 7,4, in the underlay mode. With the increase of
Lnax, SUs have a higher probability of utilizing the channel.
Thus, the sum rate and EE increase. Conversely, the channel
gain of PU has an opposite effect on energy efficiency. We
can see that the EE decreases with the increase of g;.

Fig. 8 shows the convergence versus the number of iter-
ations. As mentioned above, the proposed algorithm imme-
diately jumps out of the loop if F(zr,gq) < 0, thus we hold
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that the EE converges to the last value of the g array after a
few iterations. This phenomenon confirms the convergence
and effectiveness of the proposed algorithm. We can observe
from Fig. 8 that the larger the value of P, is, the faster the
algorithm converges.

V. CONCLUSION

In this article, considering low spectrum utilization and lim-
ited battery capacity, a SWIPT based CR-NOMA system
model is proposed, and the EE optimization is investigated.
Wherein, two network modes are considered, i.e., overlay
network and underlay network. Specifically, in the overlay
mode, SUs perform spectrum sensing and SUs can transmit
information only when PU is detected to be absent. In the
underlay mode, SUs and PU can utilize the spectrum resource
simultaneously as long as the interference is below a certain
threshold. SWIPT is applied to achieve the best tradeoff
between information transmission and lifetime of energy-
limited networks. Specifically, SUs harvest energy during the
downlink subslot while transmitting information during the
uplink subslot. In addition, NOMA is used to transmit infor-
mation for the secondary CR network. EE is optimized under
the constraints of total transmit power, total transmission slot,
interference threshold and channel gain of PU. Then, an itera-
tive algorithm based on the Dinkelbach method is proposed to
solve the optimization problems. Simulation results show that
the proposed SWIPT based CR-NOMA model can achieve a
tradeoff between EE and downlink subslot. Considering that
NOMA is an evolution of OFDMA rather than a revolution,
thus the signal on the subchannel is still an OFDM signal. The
resource allocation of OFDM-NOMA system will be studied
in the future work. Moreover, for the poor channel perfor-
mance of direct transmission link, the resource allocation of
SWIPT based CR-NOMA cooperative relay system will be
studied in the future work.
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