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   Abstract — Satellite  communication  has  become  a
popular  study  topic  owing  to  its  inherent  advantages  of
high capacity, large coverage, and no terrain restrictions.
Also,  it  can  be  combined  with  terrestrial  communication
to overcome the shortcomings of current wireless commu-
nication, such as limited coverage and high destructibility.
In  recent  years,  the  integrated  satellite-unmanned  aerial
vehicle-terrestrial  networks  (IS-UAV-TNs)  have  aroused
tremendous interests  to  effectively  reduce  the  transmis-
sion latency  and  enhance  quality-of-service  with  im-
proved spectrum  efficiency.  However,  the  rapidly  grow-
ing access demands and conventional spectrum allocation
scheme  lead  to  the  shortage  of  spectrum  resources.  To
tackle the  mentioned  challenge,  the  non-orthogonal  mul-
tiple access  (NOMA)  scheme  and  cognitive  radio  tech-
nique  are  utilized  in  IS-UAV-TN,  which  can  improve
spectrum utilization. In our paper, the transmission capa-
city  of  an  NOMA-enabled  IS-UAV-TN  under  overlay
mode is  discussed,  specifically,  we derive  the closed-form
expressions of ergodic capacity for both primary and sec-
ondary networks. Besides, simulation results are provided
to demonstrate  the  validity  of  the  mathematical  deriva-
tions and  indicate  the  influences  of  critical  system  para-
meters on transmission performance. Furthermore, the or-
thogonal multiple  access  (OMA)-based  scheme  is  com-
pared  with  our  NOMA-based  scheme  as  a  benchmark,
which  illustrates  that  our  proposed  scheme  has  better
performance.
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 I. Introduction
With the rapid development of wireless communic-

ation, the next generation wireless  communication net-
work  must  have  the  ability  of  full  coverage  and  high
rate  [1].  However,  owing  to  the  low  economic  benefits
and terrain  constraints,  the  seamless  coverage  of  wire-
less communication  is  far  from  being  realized,  espe-
cially in remote areas and navigation [2], [3]. Therefore,
introducing satellites into the existing wireless commu-
nication network is considered to be a promising meth-
od to solve the above problem. Besides, the satellite-ter-
restrial network (STN) is considered to be a very signi-
ficant part  of  the next  generation wireless  communica-
tion  network.  On  the  other  hand,  unmanned  aerial
vehicle (UAV)  communication  is  an  effective  supple-
ment for the satellite-terrestrial network due to its flex-
ible  operation,  rapid  deployment,  and  low-cost  [4]–[6],
which can eliminate the impacts of obstacles and shad-
ow  effects  in  the  satellite-terrestrial  network.  At  the
same  time,  the  static  allocation  mode  of  the  spectrum
makes  the  limited  spectrum resources  difficult  to  meet
the growing demand. Notably, cognitive radio (CR) and
non-orthogonal multiple access (NOMA) are two effect-
ive  technologies  that  can  enhance  spectrum  utilization
respectively.  Hence,  this  motivates  us  to  introduce  the 
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cognitive  radio  and the  non-orthogonal  multiple  access
into our considered system to improve the transmission
performance [7]–[9].

 1. Related works
Nowadays,  many  academics  and  industry  experts

have carried out researches on STN [10]. The authors in
[11] considered a land mobile satellite (LMS) with hard-
ware  impairments  and  interference  where  the  satellite
was utilized to be a relay to aid the communication of
two  terrestrial  users,  and  the  system  performance  was
discussed.  In  [12],  a  STN with user  fairness  scheduling
was considered, and the exact outage probability (OP)
and ergodic capacity (EC) of  the system were derived.
Methods  to  improve  the  security  and  reliability  of  the
physical layer for STN were investigated in [13], and a
beamforming scheme was developed to  enhance the  ef-
fective achievable rate. In [14], the authors investigated
the  adaptive  transmission  schemes  of  STN  under  the
condition of meeting the spectrum and power efficiency
demands, and achievable channel capacity was derived.
In  [15],  the  content-based  caching  scheme  was  applied
in STN, and the closed-form expression of OP was ob-
tained.  In  [16], the  authors  investigated  the  perform-
ance of  uplink  STN  with  multi-relays,  where  the  im-
pacts of  co-channel  interference (CCI) as well  as hard-
ware impairments were considered.

With the  unprecedented  increase  of  UAV applica-
tions, UAV-assisted  communication  has  been  extens-
ively employed in plenty of temporary events and nat-
ural  disasters  [17],  [18].  The  authors  in  [19]  discussed
several key  enabling  technologies  of  UAV  communica-
tion over  the  millimeter-wave frequency band,  and the
challenges in this field are summarized. In [20], the au-
thors maximized the achievable rate of millimeter-wave
network  based  on  a  full-duplex  UAV  relay  by  jointly
optimizing  the  UAV’s  position,  beamforming,  and
power  allocation.  Two  beamforming  schemes  based  on
total power and per-antenna power constraints were de-
veloped  to  maximize  the  energy  efficiency  (EE)  of  the
integrated  satellite-unmanned  aerial  vehicle-terrestrial
network  (IS-UAV-TN)  in  [17].  The  authors  in  [21] in-
vestigated UAV-based STN with rate-splitting multiple
access  (RSMA),  in  which  the  sum-rate  of  the  system
was  maximized.  In  [22],  the  authors  optimized  the  EE
and secure transmission of the similarity model in cog-
nitive  satellite-terrestrial  networks.  The  authors  in  [5]
discussed the performance of the UAV-assisted multi-re-
lay  communication  network,  in  which  the  hardware
impairments  were  considered,  and  the  achievable  sum
rate was derived. In [8], the author investigated the per-
formance  of  UAV-based  STN  with  cache  to  reduce
latency and improve file update rate. The authors in [23]
studied  mobile  edge  computing  (MEC)-assisted  UAV

network, in  which  the  energy  consumption  was  optim-
ized under allocation latency requirements and resource
constraints.  In  [24], resources  assignment  of  the  con-
sidered  UAV  network  was  optimized  with  the  help  of
the  game  theory,  and  the  authors  designed  a  multi-
agent  reinforcement  learning  framework  to  search  for
the optimal strategy. To find the resource management
policy of a great quantity of UAVs, the potential game,
mean-field  game,  Stackelberg  game,  graphical  game,
and coalition game were exploited in [25].

CR  is  considered  as  a  promising  way  to  break
through  the  bottleneck  of  spectrum  shortage,  and  the
integration of CR and STN is worth exploring [26]. The
authors in [26] discussed the performance of an overlay
cognitive STN with secondary network selection (SNS),
partial  and  opportunistic  SNS  schemes  were  proposed
to  select  the  proper  secondary  network.  An  EE  and
spectral efficiency (SE) tradeoff scheme was designed to
optimize  resource  allocation  for  a  cognitive  satellite-
vehicle  network  in  [27].  In  [28],  the  authors  developed
an  adaptive  transmission  scheme  for  cognitive  STN,
where  EE  was  maximized  under  symbol  error  rate
(SER)  constraints.  The  authors  in  [29]  designed  a  two
layer  iterative  beamforming  scheme  to  take  advantage
of  interference  to  improve  physical  layer  security  for
cognitive STN. In [30], a beamforming scheme utilizing
artificial noise  and  cooperative  interference  was  adop-
ted to improve the security of the cognitive STN in the
presence of unknown eavesdroppers.

In  addition,  the  NOMA  scheme  can  improve  the
spectrum efficiency of  large-scale  users.  The achievable
rate  of  NOMA-based  millimeter-wave  communication
system was maximized by optimizing power and beam-
forming in [31]. In [32], the authors investigated the op-
timization scheme of  user pairing and power allocation
in  the  NOMA  network.  Besides,  the  influences  of
NOMA  on  STN  have  been  studied  in  many  existing
works  [33],  [34].  The  authors  in  [35]  investigated  the
NOMA-based  STN  with  bandwidth  compression  (BC)
to achieve  non-orthogonal  signals  in  the  frequency  do-
main and power  domain,  where  iterative  successive  in-
terference  cancellation  (SIC)  and  symmetrical  coding
were proposed to eliminate internal interference and re-
duce error probability. The authors in [36] investigated
the impacts of imperfect SIC on NOMA-based STN, the
exact and asymptotic OP were obtained. In [37], the in-
fluences  of  hardware  impairments  on  the  security  of
STN were  investigated,  and  secrecy  outage  probability
of  colluding  case  and  non-colluding  case  were  derived.
In [38] and [39], the authors investigated NOMA-based
cognitive  STNs,  in  which  CR  technology  was  applied
between  the  primary  network  and  secondary  network,
and  the  NOMA scheme was  adopted  in  the  process  of
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transmitting signals to primary users.
 2. Our contributions
On the foundation, an overlay cognitive integrated

satellite-UAV-terrestrial  network  (CIS-UAV-TN)  with
NOMA scheme is considered in our paper. As far as we
know, no similar work has been published.

In particular,  the major contributions are summed
up as below:

1)  First,  considering  the  importance  of  STN  and
the  flexibility  of  UAV,  we  consider  a  novel  CIS-UAV-
TN with  NOMA scheme,  in  which  the  secondary  net-
work  accesses  the  authorized  spectrum  of  the  primary
network in overlay mode,  and acts  as  a  relay to assist
the signal transmission of the primary network.

2)  Second,  probability  density  functions  (PDFs)
and cumulative  distribution  functions  (CDFs)  of  shad-
owed-Rician (SR) fading as well as Nakagami-m fading,
and Meijer-G functions are utilized to derive the closed-
form  expressions  of  EC  for  both  the  primary  network
and secondary network.

3) Third, simulation results are provided to demon-
strate the validity of the mathematical derivations and
indicate the influences of critical system parameters on
transmission performance. In addition, we compare the
orthogonal multiple access (OMA)-based as well as dir-
ect transmission schemes with our considered scheme to
verify the superiority of our system.

 II. System Model and Problem
Formulation

 1. System model

S K

{Ui}Kn=1

R D

S Ui

As  shown  in Fig.1 ,  we  consider  an  NOMA-based
CIS-UAV-TN under overlay mode, where exists a satel-
lite-terrestrial  primary  network  and  a  UAV-terrestrial-
terrestrial network*1. In the primary network, the satel-
lite  ( )  communicates  with  corresponding  users

, the NOMA scheme is applied in the transmis-
sion.  Moreover,  the  secondary  network  is  consist  of  a
UAV  ( )  and  its  receiver  ( ).  It  is  assumed  that  all
nodes  are  equipped with a  single  antenna and work in
half-duplex  mode*2.  Recalling  the  overlay  mode,  the
secondary transmitter plays the role of the relay to for-
ward the signal from  to . As a reward, the author-
ized spectrum of the primary network can be utilized by

K
1/2 U1

U2

S Ui i = 1, 2 S

R Ui

the secondary network to transmit its signal. To reduce
the  complexity  of  receivers,  we  divide  NOMA users
into  two-user groups [26],  [38],  thus we assume 
and  compose a two-user group*3. Hence, the primary
signal can be transmitted by -  ( ) link and -

-  link. Besides,  the  perfect  channel  state  informa-
tion  (CSI) is  assumed  to  be  available,  which  can  be
realized by the training data and feedback from the re-
ceivers*4 [40], [41].
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Fig. 1. System model.
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The SR  fading  and  Nakagami-m  fading  are  util-
ized to model the satellite-UAV as well as satellite-ter-
restrial  links  and  UAV-terrestrial  links  respectively*5.
To make the expression more concise, , , , 
and  are defined  to  represent  the  shadowing  coeffi-
cients of -  link, -  link,  link, -  link, and

 link respectively.

CN
(
0, σ2

)Furthermore, all  receivers  in  our  considered  sys-
tem suffer additive white Gaussian noise (AWGN) with

.
 2. Channel model

gscFrom [42], the PDF of  can be expressed as
 

f|gsc|2 (x) = αsce
−βscx

1F1 (msc; 1; δscx) (1)

c = {ui, r, d} αsc
∆
= 1

2bsc

(
2bscmsc

2bscmsc+Ωsc

)msc

βsc
∆
=

1
2bsc

δsc
∆
= Ωsc

2bsc(2bscmsc+Ωsc)
msc > 0

where , , 

,  and .  stands for the
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*1
 The scenario of CIS-UAV-TN may be represented as follows:  is a geostationary orbit (GEO) satellite,  denotes equipment for

DVB-SH, while  and  are UAV base station and user established due to temporary activities, which is not allocated authorized spectrum.
*2

 The utilization of the single antenna is to reduce the complexity of the system, and our research can be easily extended to multi-
antenna scenarios, which will be analyzed in our future work.

*3
 Two-user group scheme can reduce user interference and complexity of receivers. At the same time, this paper can be extended to

multi-user scenarios, which only needs to divide multi-user into two-user pairs.
*4

 This  assumption is  reasonable  and has  been adopted in  DVB-S2.  Besides,  our  main motivation is  to  investigate  the  EC of  the
proposed system, and the case of imperfect CSI will be considered in our future work.

m
*5

 SR fading can well model satellite-UAV and satellite-terrestrial links due to its accuracy and easy calculation [17]. Moreover, Nakagami-
m fading can simulate a variety of wireless fading channels by adjusting channel fading parameters  [26].



2bsc
Ωsc

Nakagami-m  parameter,  is  the  average  power  of
the  multi-path  part,  and  is  the  average  power  of
line-of-sight (LOS) part.

msc

1F1 (msc; 1; δscx)

If  is an integer, according to the formula No.07.
20.03.009.01  and  formula  No.07.02.03.0014.01  in  [43],

 can be rewritten as
 

1F1 (msc; 1; δscx) = e−δscx
msc−1∑
n=0

(−δsc)
n
(1−msc)n
(n!)

2 xn

(2)

(.)nIn  formula  (2),  stands  for  the  Pochhammer
symbol (see [44, p.xliii]).

By substituting (2) into (1), we can get
 

f|gsc|2 (x) = αsce
−(βsc−δsc)x

msc−1∑
n=0

(−δsc)
n
(1−msc)n
(n!)

2 xn

(3)

Considering the practical propagation impacts, the
channel coefficients are expressed as
 

hsc = gscVsc (4)

Vscwhere  represents radio propagation loss, which con-
sists of free space loss and radiation pattern, it  can be
expressed as
 

Vsc =
λ
√
Gt,scGr,sc

4πdsc
√
kTB

(5)

λ k

dsc
B

T
Gt,sc Gr,sc

where  stands for the carrier wavelength,  represents
the  Boltzman  constant,  denotes  the  distance  from
the  source  to  the  destination,  is the  carrier  band-
width,  denotes  the  noise  temperature.  Moreover,

 and  are the antenna gain of transmitter and
receiver with
 

Gt,sc=Gmax

(
J1 (u)

2u
+ 36

J3 (u)

u3

)2

(6)

Gmax Jn
n u =

2.70123 sin θ
sin θ3dB

θ

S θ3dB

where  is  the  maximum of  beam  gain,  repres-
ents  the -order  first-kind  Bessel  function,  and 

 with   denotes  the  angle  from the  beam
center  to  receiver  location  with  regard  to  the , 
represents the 3 dB angle.

γsc = γ̄s|hsc|2 γscDue to , the PDF of  is given by
 

fγsc
(x) = αsc

msc−1∑
n=0

ζ (n)xne−∆scx (7)

ζ (n) =
(−δsc)

n(1−msc)n
(n!)2(γ̄sV 2

sc)
n+1 ∆sc =

βsc−δsc
γ̄s

where , .
With  the  help  of  formula  No.3.351.2  in  [44],  the

γscCDF of  is represented as 

Fγsc
(x) = 1− αsc

msc−1∑
n=0

n∑
t=0

n!ζ (n)

t!∆n−t+1
sc
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γrjBesides, according to [26], the PDF and CDF of 
are respectively represented by
 

fγrj (x) =
1

Γ (mrj)
Ξ
mrj

rj xmrj−1e−Ξrjx (9)

and
 

Fγrj (x) = 1− e−Ξrjx

mrj−1∑
p=0

1

p!
Ξp
rjx

p (10)

Ξrj =
mrj

Ωrj γ̄r
Ωrj

mrj

where ,  denotes the average power, and
 strands for the fading severity parameter.

 3. Problem formulation

S

Ui R D

As  shown  in Fig.1 ,  there  are  two  phases  in  the
whole  transmission  process.  In  the  first  phase,  com-
municates  with , ,  and ,  where  the  superposition
coding technique (SCT) is applied to integrate the dif-
ferent  signals  to  multiple  users.  Hence,  we can get  the
primary signal
 

st =
√

PSβ1s1 +
√
PSβ2s2 (11)

si Ui

E
(
|si|2

)
= 1 PS S

βi Ui β1 + β2 = 1

|hsu1
|2 < |hsu2

|2 β1 > β2

R D Ui

where  stands  for  the  excepted  signal  of  with
,  denotes the transmit power of , and

 is the power assignment factor of  with .
According to the characteristics of the NOMA scheme,
the transmitter assigns less power to the user with bet-
ter channel quality. Without loss of genera, we assume

,  thus  we  can  get .  Besides,  we
can obtain the primary signals at , ,  as
 

ysk = hskst + nk (12)

k = {r, d, ui} nkwhere ,  denotes AWGN.

R

Ui D
R

In the second phase,  the decode-and-forward (DF)
protocol  is  adopted at  to transmit the expected sig-
nal of .  At the same time, the desired signal of  is
sent by , thus the combined signal is given by
 

zr =
√

µPR

(√
β1s1 +

√
β2s2

)
+
√

(1− µ)PRsr (13)

PR R sr
D 0 < µ < 1

where  stands  for  the  transmit  power  of ,  de-
notes the desired signal of ,  is the power al-
location factor.

D UiHence, the signals received by  and  is given by
 

yrj = hrjzr + nrj (14)

j = {ui, d} nrjwhere  and  is AWGN*6.
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Ui
*6

 The received signals of two phases are combined in  by utilizing maximal-ratio combining (MRC).



R s1
s1 s1 U1

After  that,  we  can  get  the  signal-to-interference
plus  noise  ratio  (SINR) of  direct  satellite  (DS)  as  well
as -assisted links. To DS links,  is decoded first with
treating  as  CCI,  and  the  SINR  of  at   can  be
represented as
 

γDS
su1

=
β1γsu1

β2γsu1 + 1
(15)

γsu1
= γ̄s|hsu1

|2 γ̄s =
PS

σ2where  and .
U2

s1
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Then,  the  SIC is  executed  at  to obtain  its  ex-
pected  signal*7.  First,  is  decoded  and removed  from
the combined signal, thus the SINR of  at  is given
by
 

γDS
su1→2

=
β1γsu2

β2γsu2 + 1
(16)

γsu2
= γ̄s|hsu2

|2where .
s2
s2 U2

Next,  can  be  obtained  only  with  AWGN,  and
the SINR of  at  is represented as
 

γDS
su2

= β2γsu2
(17)

R Ui

si R

Moreover,  and   perform  a  similar  decoding
process. Hence, we can obtain the SINR of  at  as
 

γR
sr1 =

β1γsr
β2γsr + 1

(18)

and
 

γR
sr2 = β2γsr (19)

γsr = γ̄s|hsr|2where .
si UiIn addition, the SINR of  at  are given by
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where , , ,
, .

DBy the same way, the SINR at  can be expressed
as
 

γR
rd =

(1− µ) γrd
µγrd + 1

(23)

γrd = γ̄r|hrd|2where .

 III. EC of the CIS-UAV-TN
EC is  a  significant  indicator  to  measure  the  per-

formance of the wireless system. It represents the time
average of the maximum information rate in all  fading
states between the transmitter and receiver. In this sec-
tion, we derive the exact expressions of EC for both the
primary network and secondary network.

 1. EC of the primary network
RIn  general,  we define  the  EC of -assisted link as

the  minimal  EC of  the  two  phases  [45].  Therefore,  we
can represent the EC of the primary network as
 

ECtotal = ECDS + ECR (24)

ECDS

ECR = min (ECSR, ECRU ) R

ECSR S R ECRU

R Ui

where  denotes  EC  of  the  DS  links,  and
 stands  for  EC  of  the -as-

sisted link with  being EC of -  link and 
being that of -  link.

ECDS

ECDS

First,  we  derive  the  expression  of . Accord-
ing to the definition of EC,  is given by
 

ECDS =E
[
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(
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su1

)]
+ E

[
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(
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)]
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[
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(
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By taking (15), (16), and (17) into (25), we can get
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1
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−E [ln (1 + β2γsu1)]} (26)
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= z (
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(
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Let , by  utilizing  the  probability  trans-
formation  formula ,  the
PDF of  can be obtained as
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Then, formula (26) is re-written as
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)
By  substituting ,  (7),

and (27) into (28), we can get (29) as following,  where

 is Meijer-G function (see for-
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*7
 Imperfect SIC is beyond the research scope of this paper. We will consider it in our follow-up research.



mula No.9.301 in [33]). 
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−
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(
1
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∆su1
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zdz

 (29)

ECDSWith the help of the formula No.2.24.3.1 in [46], the exact expression of  can be obtained as (30). 
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1
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1
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]]

+αsu2
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ζ(n)∆−(n+1)
su2

G1,3
3,2

[
1

∆suz

∣∣∣∣ −n, 1, 1
1, 0

] (30)

∆sui
= 0To solve the situation that , by applying the formula No.8.2.2.14 in [46]: 

Gm,n
p,q

[
t

∣∣∣∣ (ap)
(bq)

]
=Gn,m

q,p

[
1

t

∣∣∣∣ 1− (bq)
1− (ap)

]
(31)

ECDS can be re-written as (32). 

ECDS =
1

ln 2

αsu1
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[
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] (32)

ECSR ECRUBy the similar derivation,  and  can be obtained as (33) and (34), respectively. 
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1/2Noting that  is necessary because of DF protocol.
 2. EC of the secondary network
The EC of the secondary network is expressed as

 

ECSN =
1

2
E [log2 (1 + γrd)] (35)

ECSN

With  the  similar  method  of  obtaining  the  EC  of
the primary network, we can get the exact  as
 

ECSN =
1

2 ln 2
1

Γ (mrd)
×
[
G3,1

2,3

[
Ξrd|

0, 1
mrd, 1, 1

]
−G3,1

2,3

[
Ξrd

µ

∣∣∣∣ 0, 1
mrd, 1, 1

]]
(36)

 IV. Numerical Results

γs = γr = γ

In  this  section,  simulations  are  conducted  to
demonstrate the validity of our derivation. The simula-
tion  tool  is  MATLAB  2019.  In  general,  we  set

, and other system parameters and channel
parameters are shown in Table 1 and Table 2 [38], [31].

First, we  can  clearly  see  that  the  theoretical  ana-
lysis  coincides  with  Monte  Carlo  (MC)  simulations,
which  testifies  the  correctness  of  our  analysis.  Besides,
our considered system has higher EC than only the DS
system.  It  proves  our  considered  system  has  better
transmission capability.
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γ mrj = 2 β1 = 0.67 µ = 0.92

γ

Fig.2 shows the EC of primary network with differ-
ent ,  we  set , , .  It  is  clear
that  the  EC  of  the  primary  network  increase  with .
This  is  because  the  enhancement  of  SNR can  improve
transmission performance.
  

Table 1. System parameters

Parameter name Parameter value
Satellite GEO

f 2 GHz
θ3dB 0.8◦

Gmax 48 dB
Gr,p 4 dB
B 15 MHz
k 1.38× 10−23 J/K
T 300◦

σ2 1
Ωrj 1

  
Table 2. Channel parameters

Shadowing m b Ω

Infrequent light shadowing (ILS) 10 0.158 1.29
Average shadowing (AS) 5 0.251 0.279

Frequent heavy shadowing (FHS) 1 0.063 0.0007
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γFig. 2. The EC of primary network with different .

 

µ mrj = 2 β1 = 0.67 γ = 30 dB
Fig.3 illustrates  the  EC  of  primary  network  with

different  with setting , , .

µ

µ R

µ

µ

It  can  be  found  that  our  proposed  system  has  better
performance with the increase of , it is due to the fact
that the raise of  indicates that  assigns more power
to  transmit  the  signal  of  the  primary  network,  which
will lead to the enhancement of the SNR. Furthermore,
the EC of only the DS transmission scheme is uncorrel-
ated with . It can be explained by the reason that the
transmission in the first phase may not be affected by .
Besides,  our  proposed  system  has  better  performance
under ILS and worse performance under FHS.

β1 mrj = 2 µ = 0.92 γ = 30 dB

β1

β1 U2

Fig.4 plots the EC of primary network with differ-
ent  with  , , . Transmis-
sion  performance  of  both  our  considered  scheme  and
only DS transmission scheme perform better with large

,  which  shows  that  assigning  more  power  to  users
with worse channel quality leads to the improvement of
EC.  Notably,  this  phenomenon  is  different  from  the
properties  of  OP for  the NOMA system, which has an
optimal power allocation factor less than 1. It is due to
the fact that large  will lead to the outage of .
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mrj = 2 β1 = 0.67 µ = 0.92

Fig.5 depicts  the  EC  of  primary  network  with
NOMA and OMA, we set , , .
We can  easily  find  that  the  OMA-based  system  per-
forms worse than our considered NOMA-based system.
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Besides,  with  the  improvement  of  average  SNR,  the
gaps of  curves  with  different  channel  conditions  be-
come larger,  or  our  proposed system has more obvious
advantages than the traditional OMA system.

γ β1 = 0.67

γ

mrj

µ

R

µ

Fig.6 depicts  the  EC  of  secondary  network  with
different  with   and  FHS.  The  transmission
performance of secondary network enhances with . Be-
sides,  the larger  means the better channel quality,
which leads to the enhancement of system performance.
Contrary  to  the  primary  network,  diminishing  will
improve  the  EC  of  the  secondary  network.  Hence, 
can  balance  the  performance  of  the  primary  network
and secondary network by adjusting .
 

γ (dB)

β1=0.67

0 5 10

FHS

15 20 25

Analysis (μ=0.7)
Analysis (μ=0.5)
MC simulations (m

rj
=1)

MC simulations (m
rj
=5)

MC simulations (m
rj
=10)

30
0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

E
rg

o
d
ic

 c
ap

ac
it

y

 
γFig. 6. The EC of secondary network with different .

 

 V. Conclusions
In our paper, an NOMA-based CIS-UAV-TN work

in overlay mode was studied, in which the primary sig-
nal was forwarded by the secondary transmitter to en-
hance the EC of the primary network, and the second-
ary network obtained the opportunity to access its spec-
trum. Specifically, with the utilization of the statistical
expressions  of  SR  fading  and  Nakagami-m  fading,  the
exact EC of both the two networks were derived. Simu-
lation  results  were  provided,  which  indicated  that  the
transmission performance of our considered system can
be  enhanced  by  adjusting  the  power  allocation  factor
and power assignment factor.
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