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Table 1 Orbit parameters of formation satellites
Parameter SmallSat CubeSatl CubeSat2
Altitude /km 600 600 600
Inclination /(%) 98. 608 28.5 28.5
RANN /(*) 24.53 140 270
Trueanomaly /(%) 0 0 0
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Table 2 Simulation parameters

Parameter Value
Link distance d;/km 0.5-2.0
System bandwidth B./MHz 10
LED peak wavelength A /nm 656. 28
Semi-angle at half power 90%/(0) 30
FOV semi-angle 0./ () 35
Detector active area A,i/cm’ 7.48
Detector responsivity Y 0.51
Transmission coefficient T, 1
Refractive index n 1.5
Open loop voltage gain G 10
Capacitance of PD 7 /(pF+cm *) 38
Background noise power P,/ uW 10
FET transconductance g./ms 30
FET channel noise factor & 0.82
Boltzmann constant P /(JsK ') 1.3806X10 *
Absolute temperature T,/K 300
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Fig. 4 Individual rate and intersatellite sum-rate varying

with power distribution factor 0
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Fig. 6 Average BER of system varying with power allocation factor with different DC powers

4.5
4.0+¢
- 35+
2 30
S 25;
L L
§ 2.0
g 1.5¢
a y —0— LD (inax=20)
1.0} / —%— proposed
£ —<— GRPA (ac=(ln/h2)*)
0.5 FPA (ax=0.5)
0 : : :
0 5 10 15 20

P, /W
P 7 I b oy ARy BE B 3 A R LA

Fig. 7 Performance comparison for different power

allocation schemes

U BT T 7 S NS | B S P T I A NI - N
1A% SC BT $2 3k W A T GRPA .35 fil FPA &
2L 0F HAEfE LA LD Bk M. {2 LD 8k 4
YR AR s BTG SR A — o ) B A AT A P
B FACSCRE . I, A ST 4R T R 4 T TR Y 25
HrERE AL .

5 4 v

454 B E VLC Al NOMA $ AR @3RS ., 3
BWFSE T B B NOMA-VLC 2 %t (14 3y 2 43 I 5] 8,
P BA5 R R W], BHGE A5 T 1 NOMA HARZE L, %
T K Ty R e Bk AT DA R e R TE) VILC 1)
AR, H SO B e B 2R R 0 ) 3 45 e A
TFHREXRGEHF AR, K, AP EE

3K, NOMA 1Y P BE O %523 50 B 2, iy &2 1]

VLC AJ 3 ik 3 K B [a) 85 2 Lok 1 KRG E 2 5%, (B
R )R B8 LR KR, o T IR IE R G A, — T A%
iy DR 2 ImART ) — T, Je R UEFH P ] A 2 P
WA i A5 6 LG AT DU L AR R G Y R R
1, A< SC R D) 2R 43 B 535 W AR T GRPA 5k Al
FPA #:(0=0.5), 3 HYEREJL-F- M LD 5 % 4
], HAS SCAR L R H AR 2 SO 09 3 0 i B it
SRR R IR T LD Bk, e, A SCE
IOERE R =8 L

2 % X #

[1] Chen Q R, Yu X, Cui W N, et al. Visible-light
communication and performance analysis based on
medium-and short-distance intersatellite links [J].
Acta Optica Sinica, 2019, 39(10): 1006003.
WRORTE, BRI, #ESCAE, A%, 3T b R R AL 1B I
BT WG TE A5 KM RE A BT L] . e SR, 2019, 39
(10): 1006003.

[2] Li Q, Shang T, Tang T, et al. Optimal power
allocation scheme based on multi-factor control in
indoor NOMA-VLC systems [J]. IEEE Access,
2019, 7: 82878-82887.

[3] Amanor D N, Edmonson W W, Afghah F. Utility of
light emitting diodes for intersatellite communication
in multi-satellite networks [ C] // 2016 IEEE
International Conference on Wireless for Space and
Extreme Environments (WIiSEE), September 26-28,
2016, Aachen, Germany. New York: IEEE Press,
2016: 117-122.

[4] Amanor D N, Edmonson W W, Afghah F.
Intersatellite communication system based on visible

light [J]. IEEE Transactions on Aerospace and

0706002-7



R X F48E F7H/2021 £ 4 A/HEHN

(5]

(6]

L7]

(8]

[9]

[10]

[11]

[12]

Electronic Systems, 2018, 54(6): 2888-2899.
Anyanhun A 1, Edmonson W W. An
conceptual model for
communication[ C] /2018 Annual IEEE International
Systems Conference (SysCon), April 23-26, 2018,
Vancouver, BC, Canada. New York: IEEE Press,
2018: 1-8.

Anyanhun A 1,

Intersatellite communication: an MBSE operational

MBSE

design phase intersatellite

Anzagira A, Edmonson W W.

concept for a multiorbit disaggregated system [J].
IEEE Journal on Miniaturization for Air and Space
Systems, 2020, 1(1): 56-65.

JiaK J, Lu H, Yang B R, et al. Influence of LED
nonlinearity on performance of visible light
communication systems[J]. Laser & Optoelectronics
Progress, 2020, 57(15): 150603.

PIRLZ, Bk, Bk, 4. LED IR X ] 0ot
R ARG ERER R m ] . BOE 506 72k, 2020,
57(15): 150603.

JiaK J, Hao L, Bai L J, et al. Indoor visible light
communication system based on nonorthogonal
multiple access [J]. Acta Optica Sinica, 2017, 37
(8): 0806004 .

TIRLE, A, AFZE, & ETIEEXZRZHEAR
FENATOCE AR RG], J6F#k, 2017, 37(8):
0806004 .

Wu L, Zhang Z, Dang J, et al. Adaptive modulation
schemes for visible light communications[J]. Journal
of Lightwave Technology, 2014,33(1): 117-25.

Li H L, Chen X B, Huang B ], High
bandwidth visible light communications based on a

[J]. IEEE Photonics
Technology Letters, 2014, 26(2): 119-122.

et al.

post-equalization  circuit
Zhang Q, Yue D W. Design of indoor receiver using
ACO-OFDM
visible light communication system [J].
Journal of Lasers, 2020, 47(1): 0106001.
HE, BB, E N MIMO ACO-OFDM 1 L )t i
fa R AZ LB [T]. s BEOE, 2020, 47(1):
0106001.

Chen, Chen, Wen-De Zhong, Helin Yang, et al. On
the performance of MIMO-NOMA-based visible light
[J]. IEEE Photonics
Technology Letters, 2017, 30(4): 307-310.

multiple-input and multiple-output

Chinese

communication systems

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

0706002-8

Reddy Sekhar K, Mitra R. MBER combining for
MIMO VLC with user mobility and imperfect CSI
[J]. IEEE Communications Letters, 2020, 24 (2):
376-380.

Sung J Y, Yeh C H, Chow C W, et al. Orthogonal
( OFDMA)
based wireless visible light communication ( VLC)

2015, 355:

frequency-division multiplexing access
system [J]. Optics Communications,
261-268.

Bykhovsky D, Arnon S. Multiple access resource
allocation in visible light communication systems[J].
Journal of Lightwave Technology, 2014, 32 (8):
1594-1600.

Marshoud H, Kapinas V M, Karagiannidis G K, et
al. Nonorthogonal multiple access for visible light
communications [ J]. TEEE Photonics Technology
Letters, 2016, 28(1): 51-54.

Kizilirmak, Refik Caglar, Corbett Ray Rowell, et al.
Nonorthogonal multiple access (NOMA) for indoor
light communications [ C] / 2015 4th
International ~ Workshop  on
Communications (IWOW), September 7-8, 2015,
Istanbul, Turkey. New York: IEEE Press, 2015:
98-101.

Lin B J, Ye W P, Tang X,

demonstration of

visible

Optical ~ Wireless

Experimental
NOMA-OFDMA
Optics Express,

et al.
bidirectional
visible light communications [J].
2017, 25(4): 4348-4355.
Yang Z H, Xu W,
multiple light
downlinks [ J]. IEEE Wireless
Letters, 2017, 6(1): 66-69.
Zhang X K, Gao Q, Gong C, et al. User grouping
NOMA visible light
networks [ J]. IEEE
Communications Letters, 2017, 21(4): 777-780.
Dong Z Y, Shang T, Li Q,
evolution-based optimal power allocation scheme for
NOMA-VLC systems[J]. Optics Express, 2020, 28
(15): 21627-21640.
Liu X D, Chen Z Z, Wang Y H, et al. BER analysis of

NOMA-enabled visible light communication systems

Li Y R. Fair nonorthogonal

access for visible communication

Communications

and power allocation for

communication multi-cell

et al. Differential

with different modulations[J]. IEEE Transactions on
Vehicular Technology, 2019, 68(11): 10807-10821.



R X F48E F7H/2021 £ 4 A/HEHN

Optimal Power Allocation for Intersatellite Visible Light
Communication Based on Nonorthogonal Multiple Access

Hao Shaowei, Li Yongjun', Zhao Shanghong, Song Xinkang

Institute of Information and Navigation, Air Force Engineering University, Xi'an, Shaanxi 710077, China

Abstract

Objective With the continuous development of small satellite technology, a large number of small satellite groups
flying in formation have gradually replaced single large satellites and become a research hotspot in the field of
aerospace. However, due to the constraints of size, mass, and power consumption of small satellite platforms,
traditional RF and laser communication technologies can no longer meet the demand of large-capacity, small-delay,
and high-reliability intersatellite communication links. As one of the most promising key technologies for the fifth
wireless communication and beyond, visible light communication ( VLC) has great potential in improving the
spectrum efficiency and reducing the cost of spacecraft with many license-free spectrum resources. In practical
applications, the narrow modulation bandwidth of LED seriously limits the system capacity and VLC communication
rate. Thus, many high spectral efficiency technologies are used to improve the VLC system's data rate, including
adaptive modulation, equalization technology, multiple input multiple output ( MIMO ), and multiple access
technology. Among them, power domain NOMA (PD-NOMA) is suitable for downlink VLC systems to enhance the

capacity and communication rate through power multiplexing.

Methods In this study, by combining the intersatellite VLC and NOMA technology, an intersatellite NOMA-VLC
system consisting of a three-star formation configuration is constructed. Then, based on the analysis of the line of
sight (LOS) link model of intersatellite and noise model at the receiver side, the model of signal transmission with
power multiplexing is developed. Aiming at the problem of system communication rate optimization, an optimization
model based on sum-rate maximization for the system is established. By transforming the nonconvex objective
function into the convex function, an optimal power allocation strategy with low complexity is proposed to exploit the
explicit optimal solution to the target problem using convex analysis.

Results and Discussions The performance of the NOMA scheme for the intersatellite VLC system is simulated and
analyzed using MATLAB. The simulation results show that the sum-rate increases first, then decreases, and finally
increases with the power allocation factors. Combined with the constraint conditions, the sum-rate achieves a

' when the power allocation factor is 0.1 Fig. 4). Under the same conditions, the

maximum value of 124 Mbit- s~
sum-rate will increase with the intersatellite distance ratio. It means that the greater the difference in user channel
conditions, the more obvious the performance advantages brought by NOMA (Fig. 5). Besides, the average BER of
8-PPM modulation for the system will decrease with an increase in DC bias power; the BER of each curve decreases
to the lowest at its optimal power allocation point. When DC power is 10 W, the average BER of the system can
achieve 10 °, while the average BER can achieve 10 ° with 20 W (Fig. 6). Through the comparison of power
allocation algorithms, it can be seen that the proposed power allocation algorithm performs better than the GRPA and
FPA algorithms with a sum-rate factor of 0.5; its performance is almost the same as that of the LD algorithm.
However, a convex problem solving during every iteration exacerbates the computational complexity of the LD

algorithm; thus, the comprehensive performance of the proposed algorithm is optimal (Fig. 7).

Conclusions Based on the combination of intersatellite VLC and NOMA technology, this study investigates the
power allocation of intersatellite NOMA-VLC systems. The simulation results show that the design of an efficient
power allocation algorithm effectively improves the sum-rate of intersatellite VLC, which is similar to the NOMA
technology in radio frequency communication. It also is shown that changing the DC bias power and power allocation
factors of the algorithm will affect the system rate. With the increase in user channel difference, the performance
advantage of NOMA will be more obvious, and the intersatellite VLC can increase the channel difference by
increasing the intersatellite distance ratio. When the intersatellite distance ratio is too large, to ensure the system
rate, the transmission power of one user satellite will be far lower than that of the other, which fails to guarantee
fairness between users. Besides, through the comparison of power allocation algorithms, it can be seen that the
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comprehensive performance of the proposed algorithm is optimal.
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