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Abstract: Due to uneven ground network coverage and unstable signal quality, it is impossible to
achieve full, fast, and real-time monitoring of the railway transportation network, which hinders the
rapid development of China's railway transportation network. At the same time, the integration of Low
Earth Orbit(LEO) satellite communication and ground 5G has become a hot topic, and the fusion of the
two can make satellite networks an effective supplement to ground networks. The current application of
satellite ground fusion in 5G-Railway(5G-R) technology scenarios is relatively limited. This article first
reviews the current research status and the development trends of railway satellite communication and
satellite ground fusion networks, points out development trends, and then analyzes the communication
needs of various businesses in railway communication systems. Based on this, a network architecture that
integrates low orbit satellites with 5G-R networks is proposed, which not only fills the blind spots in
railway communication network coverage, but also provides high—capacity information feedback. It can
effectively ensure the safe operation of railway transportation and achieve information and intelligent
management of railway transportation.
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Tablel Railway communication business requirements

application services throughput transmission delay/ms  packet loss rate  priority real-time reliability  security level
train safety warning low 50 10°° 1 high high high
emergency communication relatively high 100 10°° 1 very high very high high

train safety video monitoring high 150 107 3 high high ordinary
voice communication relatively high 100 107 3 relatively high high high
train control system relatively high less than 10 107 1 very high very high high
autonomous driving high less than 6 10 1 very high very high high
1

status monitoring and remote fault diagnosis relatively high 50 10 very high relatively high high




470 AR EEBFREEER 2%

2.2 BEMKEEHE

IR TR 5 5G-R W 2% (il 5 R T8 B — 5K O S 0T 4 i T8 A5 I 2%, LRl 9 28 R an 181 1 s, A6 2
Uiy T3 O £ Rt TG I 4% 3 R

LEO satellite network ground network——5G-R core network
satellite earth shared equipment for shared equipment for
integrated core the entire core network the entire core network
LD network
A D83 TS
OV DN AR et i
A Y ~ RN P
(R S . I U LT
. e .. satellite gateway oLt S’ “d.
9 s b BEPY 2 e DRRLTON N
0 station ent t TN L 2
@ Lo integrated satellite . bureau core 2 locations, 4 bureau core
A groundaccess | | 0 QUATTTCC network equipment |,  centers, and 18 [ network equipment
= i LY - v +»" railway bureaus" ¢ L
s i U network ee® S HE ORI
. P PO P S
P LaeeT UPE, °/ 2. ]
S Prid . Q )
8 N L MEC |/ @ MC dovice MC device
~~~~~~ 4= ge=”
terminal | SR .- ground : ground :
network—— ground network network—— ground network
5G-R ——5G-R other 5G-R 5G-R other
application communication application communication
ground network——5G-R access network business system | | systems business system systems
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Fig.2 Design of network architecture for the integration of LEO satellites with SG-R carrier network, access network, and core network
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