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1. ABSTRACT 

Non-orthogonal multiple access (NOMA) has the potential to provide higher throughput than conventional 

orthogonal multiple access (OMA), which has been considered as a key technology for 5G. NOMA in satellite 

communication system can provide anytime, anywhere access with improved spectral efficiency and system 

capacity because of its ubiquitous coverage. However, the characteristics of the satellite channels are different from 

that of the terrestrial network, i.e., huge time delay and Doppler shift. In this paper, different from the existing 

works, which mainly focus on the performance of NOMA in static terrestrial base stations and Geostationary orbit 

(GEO) scenarios, we investigate the performance analysis of downlink NOMA in dynamic low earth orbit (LEO) 

satellite communication system with Doppler shift considered. We combine NOMA and orthogonal frequency 

division multiplexing (OFDM) for better spectral efficiency. Our channel model includes both small scale model 

and large-scale model. For simplify, we only consider two users in one spot beam. Besides, we express the 

performance analysis of downlink NOMA in LEO satellite communication system, like ergodic capacity, outage 

probability (OP) and mutual information. However, in traditional NOMA scheme, the proceeding error decision of 

the high-power user will cause the deterioration of the subsequent detection performance. Therefore, a symmetrical 

coding (SC) scheme for different modulation mode is proposed for low power users to get better performance. 

Finally, simulation results validate the performance of the NOMA scheme is better than that of the OMA scheme. 

The proposed SC scheme can achieve a prominent increase performance contrasted to the traditional NOMA 

scheme. 

Keywords: LEO satellite communication system, NOMA, ergodic capacity, outage probability, mutual information, 

symmetrical coding scheme. 

 

2. INTRODUCTION 

With the development of the wireless communication, 

the multiple access (MA) scheme has been the key 

technology to distinguish different wireless systems 

from the first generation (1G) to 4G [1]. These schemes 

divide time, frequency or code domain to different users 

to mitigate interference. However, these MA schemes 

cannot support the explosive data traf_c and massive 

connectivity for the next generation wireless 

communication, i.e., 5G. NOMA has been proposed to 

address this problem [2]. Unlike OMA, by introducing 

some interference, multiple NOMA users' signals are 

multiplexed together by using different power 

allocation coefficients or different signatures such as 

codebooks/codewords, sequences, interweavers, 

preambles, and the receiver decodes them in an 

successive interference cancellation (SIC) manner, 

which quite improved spectral efficiency. 

In February of 1976 COMSAT launched a new kind of 

satellite, MARISAT, to provide mobile services to the 

United States Navy and other maritime customers. In 

the early 1980s the Europeans launched the MARECS 

series to provide the same services. In 1979 the UN 

International Maritime Organization sponsored the 

establishment of the International Maritime Satellite 

Organization (INMARSAT) in a manner similar to 

INTELSAT. INMARSAT initially leased the 

MARISAT and MARECS satellite transponders, but in 

October of 1990 it launched the first of its own 

satellites, INMARSAT II F-1. The third generation, 

INMARSAT III, has already been launched.  

An aeronautical satellite was proposed in the mid-

1970s. A contract was awarded to General Electric to 

build the satellite, but it was canceled--INMARSAT 

now provides this service. Although INMARSAT was 

initially conceived as a method of providing telephone 

service and traffic-monitoring services on ships at sea, 

it has provided much more. The journalist with a 

briefcase phone has been ubiquitous for some time, but 

the Gulf War brought this technology to the public eye. 

A Low Earth Orbit (LEO) typically is a circular orbit 

about 400 kilometers above the earth’s surface and, 

correspondingly, a period (time to revolve around the 

earth) of about 90 minutes. Because of their low 

altitude, these satellites are only visible from within a 

radius of roughly 1000 kilometers from the sub-satellite 

point. In addition, satellites in low earth orbit change 

their position relative to the ground position quickly. So 

even for local applications, a large number of satellites 

are needed if the mission requires uninterrupted 

connectivity. 

 

3. LITERATURE SURVEY 

In the previous literatures, some performance of NOMA 

has been investigated. In [6], a novel scheduling scheme 

is proposed to achieve full diversity and scheduling 
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fairness, simultaneously. The simulation results show 

that the performance of the proposed NOMA scheme is 

superior to that of the OMA scheme. A closed-form 

expression of OP for the users in adaptive 

OMA/cooperative NOMA scheme is derived in [8], all 

users can achieve the same diversity. The outage 

performance of NOMA-based integrated satellite-

terrestrial scenarios is investigated in [9] to [12]. The 

channel model is considered as small-scale model, i.e., 

shadowed-Rician fading distribution, or large-scale 

model, i.e., path loss, various atmospheric fading and 

rain induced attenuation. The simulation results verify 

the closed-form expression for OP. A iterative 

algorithm is proposed in [12] to get better outage 

performance. There will be more than 1000-fold data 

traffic increase for 5G [1], so improving channel 

capacity is a significant aspect for future 

communication. We can find that the NOMA scheme 

can achieve superior performance in terms of ergodic 

sum rate than that of the OMA [7], [13][15]. In [7], a 

system-level performance of the NOMA scheme, for 

further LTE enhancement and future radio access, is 

studied. When considering channel estimation error, a 

optimal algorithm has been proposed in [13]. This 

algorithm maximizes sum rate in a more practical 

NOMA system. In [14], the authors propose a 

suboptimal power allocation scheme for NOMA in the 

cooperative relaying system to improve the spectral 

efficiency. A jointly optimization scheme of nodes 

power, UAVs heights and subchannel assignment for 

system capacity maximization in Multi-UAV scenario 

is investigated in [15]. 

Form [16] to [18], the bit error rate performance (BER) 

of the NOMA system has been studied in fading 

channels, i.e., Rayleigh or Nakagami-m fading 

channels. The BER performance of two users' and three 

users' system are presented in Nakagami-m fading 

channels in [16]. By power allocation, it achieves 

fairness and minimizes average BER. Unlike the 

scheme in [16], in [17], the near user (NU), which has 

better channel condition, acts as a decode forward (DF) 

relay for the far user (FU). The NU sends the 

regenerated symbols of the FU to the FU. So the FU 

gets better performance than that of in [16]. As we all 

know, OFDM has already used in 4G and will be used 

in 5G, OFDM based on Fast Fourier Transform (FFT) is 

used for conventional NOMA. A Discrete Wavelet 

Transform based pulse shaping technique for NOMA 

(WNOMA) has been proposed in [19]. The BER has 

been compared between the FFT-NOMA and 

WNOMA, theoretical and simulation BER results show 

that WNOMA outperforms FFT-NOMA in additive 

white Gaussian noise. By jointly searching for optimal 

subcarrier assignments of each user and power 

allocations over subcarriers, minimization of the total 

transmit power under quality of service (QoS) has been 

achieved in [20]. 

However, in traditional SIC, the proceeding error 

decision of the high-power user will cause the 

deterioration of the subsequent detection performance. 

To solve this problem, a symmetric superposition 

coding (SSC) and symmetric SIC (SSIC) decoding 

scheme are proposed to over- come the error 

propagation (EP) problem for downlink NOMA-based 

VLC network [21]. Based on [21], a bandwidth 

compression-symmetrical coding NOMA (BC-

SCNOMA) system is proposed in [22], which benefits 

the BER performance of low power users. But the 

modulation mode of the users is the same in [21], [22]. 

It is not practical in many scenarios. Because different 

users with different QoS request may use different 

modulation mode.  

References [6] to [8] and [13] to [21] above are studied 

in terrestrial scenarios, where the base stations (BS) and 

networks are easy to employ. There are still many 

places that BS cannot fit, i.e., ocean, desert and so on. 

However, satellite can provide ubiquitous coverage for 

users that cannot be severed by BS. NOMA in satellite 

communication system can provide anytime, anywhere 

access with improved spectral efficiency and system 

capacity [23]-[30]. The concepts, techniques and 

challenges of Multi-satellite relay transmission (MSRT) 

in 5G are discussed in [23]. Two system models 

(TDMA and NOMA based MSRT) performance 

evaluation and three-time scheduling strategies are 

introduced in [23].  

In [24], a novel channel estimation algorithm is devised 

in multi-beam satellite NOMA system. In [25], it 

introduces a general overview of the application of the 

NOMA to various satellite architectures, for the benefits 

of meeting the requirements of 5G. Moreover, a NOMA 

scheme in downlink land mobile satellite network and a 

comprehensive performance analysis of the considered 

system are studied in [26]. In [27], [28], the 

combination of terrestrial network and satellite for 

NOMA is investigated. In [28], a new beam-forming 

and power allocation algorithm is proposed, which is 

better than the algorithm in [27], the simulation results 

show that the sum rate in [28] is better than that of in 

[27]. The authors of [29] propose a novel QoS-

guarantee resource allocation scheme for NOMA in 

satellite internet of things, achieving higher 

transmission performance. In [30], the OP performance 

of NOMA based cooperative spectrum sharing in 

hybrid satellite-terrestrial networks (HSTNs) is 

investigated. NOMA and spectrum sharing are used in 

terrestrial network. Although there are many literatures 

for NOMA studied related to satellite, the scenarios are 

almost in high earth orbit, i.e., GEO. The propagation 

delay is about 270ms from the terrestrial users to GEO 

satellite, which cannot meet the requirements of 5G. 
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LEO satellite constellation has been a hot topic for 

many years, the combination of LEO satellite 

constellation and terrestrial network is the direction in 

5G and the future wireless communication networks. 

 

 

 

4. PROPOSED SYSTEM 

In this paper, we only focus on power-domain NOMA, 

so NOMA is referred as power-domain NOMA. 

Furthermore, the combination of LEO constellation and 

terrestrial network is the direction in 5G and the future 

wireless communication networks. In this paper, we 

will study the performance analysis of downlink 

NOMA in LEO scenario with Doppler shift considered. 

We combine the NOMA and OFDM for better spectral 

efficiency. As we know, OFOM is sensitive to Doppler 

shift, the carrier frequency offset (CFO) will lead to 

inter-carrier interference. But NOMA is insensitive to 

CFO, because multiple users use the same resource 

block for transmission, which break the spectrum 

bottleneck of wireless communications [38], [39]. 

Ergodic capacity, OP, mutual Information and BER of 2 

users in one LEO downlink beam will been 

investigated. A SC scheme for different modulation 

mode is proposed, which will help the NU get better 

performance. 

 We study the performance analysis of downlink 

NOMA in dynamic LEO satellite communication 

system with Doppler shift considered. To best our 

knowledge, the aforementioned NOMA 

performance analyses based on satellite scenario 

are studied in GEO satellite communication 

system, which are static networks. We further 

combine the NOMA and OFDM for better spectral 

efficiency. 

 Differ from [9] to [12], which only consider small 

scale model or large-scale model, our channel 

model includes both small scale model and large-

scale model, which consider the path loss, various 

atmospheric fading, rain induced attenuation and 

Rician fading together.  

 Moreover, in order to overcome the influence of 

error propagation on the performance of low power 

users, we propose a SC scheme for different 

modulation mode for practical. The SC scheme 

benefits both the mutual information and BER 

performance. Simulation results verify that the 

proposed SC scheme could achieve improved 

performance. 

 

5. METHODOLOGY 

A. SYSTEM MODEL 
As illustrated in Fig. 1, consider a LEO satellite 

downlink communication system comprised with two 

users denoted by the NU and the FU.  

One multibeam LEO satellite denoted S. For simplify, 

we consider two users are located in the same spot 

beam, and the NU is located in the center of spot beam 

with better channel quality, the FU is located in the 

edge of spot beam with worse channel quality. The 

LEO satellite transmits signals to users on the same 

frequency and time slots with different power. Satellite 

and users are equipped with single antenna. Consider 

the geometry of the LEO orbit in Fig. 2.  

 
Fig 1. System model. 

 

The LEO satellite orbit is circuit.  

 

 
Fig 2. Geometry of the LEO orbit. 

 

Let i and h denote the inclination angle and the altitude 

of the orbit, respectively. Let 𝜃 denotes the elevation 

angle of the user's antenna. For the sake of math 

expression, we donate the NU and the FU as user 1 and 

user 2, respectively. By using NOMA scheme, user 1 

and user 2 signals are transmitted together with 

different power. The transmitted signal at LEO satellite 

is expressed as 

 
where P1 = a1Ps and P2 D a2Ps denote the transmit 

power allocated to user 1 and user 2, with the constrain 

a1+a2=1. Ps is the transmit power of LEO satellite and 

a1, a2 is the power allocation factor of user 1 and user 

2, respectively. x1, x2 are modulated symbols of users, 

i.e., 
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By considering channel fading and Doppler shift, the 

received signal at user k, k = 1; 2 is 

 
where gk (t) is the channel coefficient between the LEO 

satellite and user k, k = 1; 2. fd (t) is the Doppler shift 

and t is the transmission time. nk (t) denotes the 

additive white Gaussian noise (AWGN). 

 

B. CHANNEL COEFFICIENT 

In this section, we will introduce the channel 

coefficient. According to simplified channel coefficient 

generation issued 

from [31], our scenario is a LEO satellite downlink with 

two users located in the same spot beam. Differ from 

the aforementioned papers [9]_[12], our channel model 

includes both the small scale model and the large scale 

model. The large scale model described as Section 6.6 

of [32], the total path loss in dB (PL_dBk ) of user k, (k 

D 1; 2) can be 

composed as 

 
where PLbk , PLgk , PLsk and PLek are the basic path 

loss, the attenuation due to atmospheric gasses, the 

attenuation 

due to either ionosphere or tropospheric scintillation 

and the building entry loss in dB, respectively. The 

basic path loss in dB unit is modeled as [32] 

 
where FSPLk is the free space path loss, the FSPLk can 

be calculated as FSPLk D 90:45 C 20 lg(fc) C 20 lg(dk 

(t)) (fc is the frequency in GHz, dk (t) is link distance in 

km from the satellite to user k, (k D 1; 2). As shown in 

Fig. 2, we can get 

 
 

 

 

C. DOPPLER SHIFT 

In this section, we will consider the expression of 

Doppler shift, which can be composed as previous 

Equation of [35]. We get below equ, where r D rE Ch, 

_max is the max elevation angle when the Doppler 

 
shift is minimum value and wF (t) is the angular 

velocity of the LEO satellite in the orbit. For simplify, 

we set the inclination i = 0
 o

. t = 0 when the max 

elevation angle 𝜃max = 90
o
 and the users are located in 

the sub point. By considering the earth's autobiography, 

we assume that the LEO satellite rotates around the 

same direction as the earth, the wF (t) can be expressed 

as 

 
 

6. PERFORMANCE ANALYSIS AND THE 

PROPOSED SC SCHEME 

In this section, we will express performance analysis, 

i.e., ergodic capacity, OP and mutual information. A SC 

scheme for different modulation mode is proposed for 

user 1 to get better performance. 

 

A. ERGODIC CAPACITY 

According to NOMA scheme, by assuming successful 

demodulation and no error propagation, user 2 treats 

user 1 signal as noise and demodulates its own signal 

directly. So, the signal to noise plus interference ration 

(SNIR) of user 

2 can be expressed as 

 
 

B. OUTAGE PROBABILITY 

The OP is defined as the probability that instantaneous 

SNIR falls below a predefined [26], which can be 

expressed as 

 
 

C. MUTUAL INFORMATION 

The mutual information is defined as a measure of the 

inter-dependence of variables, the user k (k D 1; 2) 

mutual information between the transmitted signal and 

received signal can be expressed as 

 
 

D. THE PROPOSED SC SCHEME 

In downlink NOMA, user 2 demodulates its data 

directly and user 1 with better channel condition needs 

to perform SIC to recover its signal. When user 1 

demodulates user 2 signal incorrectly, extra interference 

will cause worse performance of user 1. So a SC 

scheme is proposed to solve this problem. 

 

Algorithm 1 The Proposed SC Scheme In transmitter: 

if x2 < 0 then 

x1 =  ((-1) * real .x1/ C j * imga .(x1)) 
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end if 

 
 

In receiver: 

User 2: 

Demodulate y2 directly, msg2 = bpskdemod(y2) 

 

User 1: 

Demodulate user 2 signal symbols firstly, msg2!1 = 

bpskdemod(y1); 

Secondly, subtract user 2 signal symbols signal from 

the received signal y1, S1 D y1 - bpskmod(msg2!1); 

if msg2!1 < 0 then 

S1 = ((-1) * real .S1/ C j * imga (S1)) 

end if; 

Finally, demodulate user 1 signal symbols, msg1 = 

qpskdemod(S1) 

 

In this paper, BPSK modulation is employed for user 2. 

User 1 is used QPSK modulation. In Fig. 5, (a) is the 

traditional NOMA constellation and (b) is the 

constellation of the SC scheme for different modulation 

mode. The I axis is the decision boundary for user 2 

signal symbols. The black dotted line and the R axis are 

the decision boundary for the first and the second bit of 

user 1 signal symbols. We can find that, compared with 

(a), when user 2 signal constellation 

points are on the left of the I axis, The real part of user 

1 constellation points has changed signs, but user 2 has 

no change in (b), i.e., the constellation points of the low 

power users are symmetric about the decision boundary 

of the high-power users. The main demodulation error 

of user 2 is that the constellation points near the I axis at 

the transmitter move to the other side of the coordinate 

axis when the points are demodulated. For example, the 

red point (01,1) moves to the area of the black point 

(11,0). This will cause demodulation error of user 1, 

i.e., the rst bit 0 is demodulated as 1. In our proposed 

SC scheme, when the red point (01,1) moves to the 

area, which is the same as the traditional NOMA 

scheme, the user 1 signal symbol (01) is can still 

demodulated as (01), 

 

  
 

 
 

7. SIMULATION AND RESULTS 
 

 
Ergodic capacity against transmit power in visibility 

window. 
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Outage probability against transmit power in visibility 

window. 

 
Mutual information against transmit power in visibility 

window. 

 

8. CONCLUSION 
In this paper, we first introduce a downlink NOMA 

scheme in LEO dynamic communication system. 

Secondly, we consider our model including both small 

scale model and large-scale model and combine the 

NOMA and OFDM for better spectral efficiency. And 

then we give Doppler shift characterization curve, the 

distance between the LEO satellite and the users curve 

and the performance analysis. Besides, to overcome the 

extra interference caused by error propagation in the 

NU receiver, a SC scheme for different modulation 

mode is proposed, because different users with different 

QoS request may use different modulation mode. The 

simulation results demonstrated that the ergodic 

capacity of NOMA can be improved compared to that 

of OMA with transmit power or elevation angle 

increasing. Furthermore, the OP and BER performance 

of the NU is better than that of the FU, although the NU 

is allocated less transmit power. By SIC, the NU signal 

improves reliability with the loss of correlation to the 

transmit NOMA signal, so the mutual information of 

the NU is not good as the FU. The simulation results 

also indicate that the proposed SC scheme has achieved 

better mutual information and BER performance than 

the traditional NOMA scheme for the NU. 
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