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Development of HSR in the World 

 France:            TGV 

 Japan:              Shinkansen 

 Spain:              AVE 

 Germany:        ICE 

 China:              CRH 

… … … 

CIT500 @ 605 km/h 



Development of HSR in the World 

Country Kilometers Operation Speeds 

China 11028 300 

Japan 2681 320 

Spain 2665 300 

France 2531 320 

Germany 1401 300 

Italy 986 300 

Korea 426 300 

England 113 300 

Year 2013 



Development of HSR in the World 

Thailand 

Romania 

Britain 

Ethel Biya 
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Russian 



Development of HSR in the World 

Distance: 800 miles 

Average Speed: 220 km/h 

Travel time: 2 hours  38 mins 

Estimated Costs: 

• HST:             $55.00 

• Air:              $120.00 

• Car:               $86.00 



Development of HSR in the World 

High mobility, Safety, Punctuality, Comfort 

 3 minutes tracking intervals @ 350 km/h-400 km/h 



Outline 

 Development of HSR in the World 

 Dedicated Mobile Commu. for Rail 

 Hot Topics 



In 2009, Smart Railway 

In 2012, Future Railway Development 

In 2014, Horizon 2020——Shift2Rail 

In 2013 

In 2015, HRRC Group  

Dedicated Mobile Commu. for Rail 



Dedicated Mobile Commu. for Rail 
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Public Land Mobile Communications 

Dedicated Mobile Communications 

for Railways 

? 

Dedicated Mobile Commu. for Rail 



Fundamental 

Components of HSR 

Signaling 

System 

Mobile Object           

(Locomotive & 

Rolling Stock） 

Infrastructure 

(track; bridge; 

tunnel) 

S

S SAT

C
S S

S

S
VC

S

S SAT

C
S S

S

S
RC

Shorten the Tracking Interval, improve the 

Operation Efficiency

Guarantee the Safe Operation

Speed Curve

80km/h

G2G 

V2V V2G 

Dedicated Mobile Commu. for Rail 



Signaling System (Train Operation and Control System) 

 ETCS:  European Train Control System 

 CTCS: Chinese Train Control System 

Positive Train Control (PTC) 

 CBTC: Communication Based Train Control System 

IEEE 802.15 Task 4p 

Dedicated Mobile Commu. for Rail 



Dedicated Mobile Commu. for Rail 

IEEE 802.15-4p 

“Rail Safety Improvement Act of 2008”  

of the United States Congress 



CTCS-4  GSM-R 

CTCS-3  GSM-R & Balise and rail circuit 

CTCS-2  Balise & Rail circuit 

CTCS-1 
 Main locomotive signal & Safe operation monitoring 

and recording device 

CTCS-0 
 Universal cab signal & Operation monitoring and 

recording device 

Dedicated Mobile Commu. for Rail 



 ETCS1/ CTCS2 use Rail Track Circuit and Balise to 

transmit train control signals 

Rail Track Circuit 

Balise 

Dedicated Mobile Commu. for Rail 
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Dedicated Mobile Commu. for Rail 
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Train Operation Control System 
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Speed Limit Curve 
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The Target Parking 

CTCS3 Tracking Operation Simulation 
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Special Scenarios 

High Moving Speeds 

High Quality of Service 

Various Interferences 

Dedicated Mobile Commu. for Rail 

To provide reliable transmission of train control data to 
train control systems. 

Bo Ai et al. Challenges towards Wireless Communications for High-
Speed Railway. IEEE Transaction on Intelligent Transportation 
System, 2014.  



Special Scenarios 

Business indoor, Neighborhood indoor/outdoor, Home, Urban 

Vehicular, Urban Pedestrian outdoor, Rural outdoor, Terrestrial 

aeronautical, Fixed outdoor, Local high bit rate environments, 

Urban satellite, Rural satellite, Satellite fixed-mounted, Indoor 

satellite environments.  No scenarios for HSR. 

Defines a smaller set of radio propagation environments 

which adequately span the overall range of possible 

environments. No scenarios for HSR. 

Defines four typical scenarios including in and around building, 

hot spot area, metropolitan and rural scenarios. The only one 

scenario appropriate for HSRs defined in WINNER project 

is WINNER D2 model (Rural moving network)  

Scenario: ‘LOS’ and ‘NLOS’ for outdoor environments ; only 

‘OLOS’ for indoor environments. No scenarios for HSR. 

Dedicated Mobile Commu. for Rail 



Special Scenarios 

Dedicated Mobile Commu. for Rail 



Special Scenarios 

Urban Furniture 

Gregory Gougeon, Yves Lostanlen, 

Laurent Maviel. Coupling a 

deterministic propagation model 

with diffuse scattering and urban 

furniture for small cells. EuCAP 

2011, pp. 3448-3452. 

Rail Furniture 

Dedicated Mobile Commu. for Rail 



High 

speeds 

Dedicated Mobile Commu. for Rail 



Dedicated Mobile Commu. for Rail 
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120－140km/h：normal speed railway 

140－160km/h：fast speed railway 

160－200km/h：quasi high speed railway 

200－400km/h：high speed railway 

400km/h：          higher speed railway 

600 km/h:            ultra high speed railway 

 

 



High 

speeds 

Non-stationary characteristics 

Large Doppler frequency shift   

Frequent Handover  

Fast Switching of Different Scenarios 

Strict requirement of fast computing 

Dedicated Mobile Commu. for Rail 



QoS Indexes for Train 

Control 

Strict Requirement for Time 

Delay 

Higher Coverage Probability 

QoS Items Value 
Connection Establishment Delay <8.5s(95%)，≤100s(100%) 

Connection Establishment Failed Possibility <10^(-2) 

Connection Failure Rate ≤10^(-2) 

End-To-End Transmission Delay ≤0.5s(95%) 

Transmission Interference Time <0.8s(95%)，<1s(99%) 

Transmission Error-Free Time >20s(95%)，>7s(99%) 

Network Registration Delay ≤35s(99%)，≤40s100%) 

Dedicated Mobile Commu. for Rail 



Adjacent Channel Interference 

Severely Limited Frequency Resource 

Strong Electromagnetic Interference 

China Moblie GSM

uplink

GSM-R

uplink

885 889 909

China Moblie GSM

downlink

930 934 954

GSM-R

downlink

China Union GSM

uplink

915

China Union GSM

downlink

960870

China Telecom 

CDMA downlink

880

Dedicated Mobile Commu. for Rail 
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Hot Topics 

HSR 

Services & 

Applications 

Network 

Architecture  

·Big Data 

·Services, traffic &  
     user behavior model  



Network Architecture：GSM-R 

GSM-R Network 

FASFAS

RBCRBC

HLR A HLR B

MSC A MSC B

BSC A
BSC B

Main Layer A

Standby Layer B



Business Hierarchy Diagram for GSM-R System 

GSM-R Services = Voice Dispatching Services + Railway Basic 

Services＋Railway Applications 

Network Architecture：GSM-R 



• 2 countries in 1999 

• 7 countries in 2002 

• 15 countries in 2005 

 German 、 Sweden 、 Italy 、 Great 

British、Holland、Spain、Belgium、

Fenland、France、Norway、Swiss、

India、China… 

• 34 countries in 2008 

• 56 countries in 2012 
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1 = GSM-R related projects started 

before 2002. 

2 = GSM-R related projects started 

 before 2003. 

3 = GSM-R related projects  

started before 2004. 

4 = GSM-R related projects started  

before 2005. 

Network Architecture：GSM-R 



LTE-R Network 

Network Architecture：LTE-R 



 Thalys HSR Communication System in France： 

    Satellite Communication + WiMax 

 Over 60,000 Passengers in Thalys share the broadband 

Wireless Internet Access Services at the speeds of 

300km/h 

  The evaluation of the Internet services in Thalys are       

good or very good.  

Thalys HSR Communication System 

Network Architecture：LTE-R 



Heterogeneous Network 
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Bo Ai et al. Future Railway Services Oriented Mobile 
Communications Network. IEEE Communications Magazine, 2015.  

Network Architecture：5G-R 



Network Architecture & Management 

Research Innovation Technology Administration  

Network Architecture：5G-R 



Bo Ai et al., “Social 

Network Services for 

Rail Traffic 

Applications,” IEEE 

Intelligent Systems, vol. 

20, no. 6, pp. 63-69, 

2014. 

Network Architecture：Dedicated SN 



Network Architecture：Dedicated SN 



Diagram of SNS Management Center for Rail Traffic 
Transportation Systems 

Intranet 

Network Architecture：Dedicated SN 



SNS Diagram of Intranet for Internal Communications 

Network Architecture：Dedicated SN 



Railway Communication Scenarios 

Channel models 



Channel models 

 GSM-R  Channel Models 

 LTE-R     Channel Models 

 5G-R      Channel Models 



Hata Model 

Aircom Company 
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GSM-R  Channel models 



Test Parameters Values 

Test Line Zheng-Xi 

Test Number 148 

Test Cells 4594 

Test System GSM-R Network 

Sampling Interval 10cm 

Statistical Interval 40λ 

Test Samples 23 million samples 

Scene Cell 
number 

Scene Cell 
number 

Scene Cell 
number 

Scene Cell 
number 

Urban 33 Rural 415 Cutting 730 Mountain 276 

Suburban 1253 Viaduct 1254 Station 461 River 172 

GSM-R  Channel models 



Scenario Definition LOS/NLOS Speed(Km/h) 
Frequency

(MHz) 

Special Propagation 
Mechanism Notes 

1 Viaduct a LOS 0-350 930     

2 Viaduct b LOS 0-350 930     

3 Cutting a LOS 0-350 930     

4 Cutting b LOS 0-350 930     

5 Urban LOS 0-350 930     

6 Suburban LOS 0-350 930     

7 Countryside LOS 0-350 930     

8 Tunnel LOS 0-200 930 Waveguide  Effect   

9 Railway Station LOS/NLOS 0-80 930     

10 
Marshaling 

Station 
LOS 0-80 930 

  
  

11 Rivers LOS 0-350 930 Mirror Reflection   

12 Relay LOS/NLOS 0-10 930 
  

  

13 Bad Scenario a NLOS 0-350 930 
Diffraction Deep 

Fading 

14 Bad Scenario b LOS/NLOS 0-350 930 
Far-end Reflection Time 

Delay 

15 Mountains LOS/NLOS 0-100 930 
Mountain 
Reflection   

16 Sands LOS 0-350 930 

 
Scattering 

GSM-R  Channel models 



GSM-R  Channel models 



Channel models 

 GSM-R  Channel Models 

 LTE-R     Channel Models 

 5G-R      Channel Models 



 3G     —— Spatial Channel Model (SCM) 
 3.9G —— SCM Extension (SCME) 
 4G     —— WINNER Phase I Model (WIM1) 
 4G     —— WINNER Phase II Model (WIM2) 

3GPP、COST 、 IEEE——No Standard Channel 
Models for HSR 

WINNER D2 model (Rural moving network)  

LTE-R  Channel models 



LTE-R  Channel models 



Channel models 

 GSM-R  Channel Models 

 LTE-R     Channel Models 

 5G-R      Channel Models 



5G-R  Channel models 

Subways: Over 6 
person/m2 super 
high density 

High-speed Train: 
Higher than 500 
km/h mobility 



Massive MIMO 

5G-R  Channel models 



Fig. Massive MIMO Based Wireless Coverage for Railway Systems 

5G-R  Channel models 



Metrics 

  Frequency 
bands 

• Below 6GHz, 

• 11GHz,15GHz,

22GHz,28GHz,

38GHz,60GHz 

Application 
scenarios 

• Outdoor：

LOS+NLOS 

• Indoor：LOS+NLOS 

• Subway: LOS+NLOS   

• Inside rail wagons 

Antenna 
numbers 

• 64×1 

• 64×64 

• 128×1 

• 128×128 

• 256×256 

Antenna 
arrays 

• Linear 

• Rectangular 

• Cylindrical 

 Methodology and results of measuring massive MIMO channel from 6 GHz to 60 

GHz, with 500 MHz bandwidth;  

 Spherical or cylindrical wave based high resolution parameter extraction method; 

Cluster-of-scatterer (CoS)-based channel modeling method; 

 Ray-tracing tools for massive MIMO channels; 

 Massive MIMO channel models. 

5G-R  Channel models 



Dalian 

Yantai 

Undersea 

Channel models 

ETT 

Vacuum HSR 



Hot Topics 

HSR 

Services & 

Applications 

Network 

Architecture  

Channel Models 

·Big Data 

·Services, traffic &  
     user behavior model  

·Heterogeneous network architecture 

·Network interference management  

·Network performance evaluation 

·Seamless switching with low latency 

·High frequency bands, mm wave 
·Different scenarios and app. 
·Dynamic massive MIMO 

Key 

Techniques 



Key Tech.: SON for Rail 

Sparse Passenger Flow Dense Passenger Flow 

SON 

 SO for user property oriented 

 SO for handover event oriented 

 SO for hybrid cell types 

 SO coexistence of multiple sys. and network 

WiFi 



Key Tech. 

Speed: over300 km/h 

。。。
1 2 M

HPN

d

 Handover 

 Channel Estimation 

 Doppler Estimation 



 Debris flow 

 Broken bridges 

 Subsidence  

 Serious weather conditions 

 …  

Key Tech.: IoT for Rail 



T2T 

Key Tech.: T2T 



Other Auxiliary Safety  
Guaranteed Measures? 

Wide-Sense Vehicle-to-X (WSV2X) 

Vehicle-to-X (V2X) Train-to-X (T2X) 

Vehicle-to-

Infrastructure 

(V2I) 

Vehicle-to-

Vehicle 

(V2V) 

Train-to-

Train 

(T2T) 

Train-to-

Infrastructure 

(T2I) 

Key Tech.: T2T 



Hot Topics 

HSR 

Services & 

Applications 

Network 

Architecture  

Channel Models 

·Big Data 

·Services, traffic &  
     user behavior model  

·Heterogeneous network architecture 

·Network interference management  

·Network performance evaluation 

·Seamless switching with low latency 

·High frequency bands, mm wave 
·Different scenarios and app. 
·Dynamic massive MIMO 

Key 

Techniques 

·CoMP & Spectr. 
     sensing 
·Relay Commu. 
·Mod. & Recog. 
·Resource Mana. 
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Thank  you! 


