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 Importance of high speed trains w/ total line > 54,400 km by 2025 [1] 

 Providing broadband service on-board is crucial 

 MmWave has potential in providing Gbps data rate 

 Require accurate beam alignment to compensate high path loss 

 Most existing methods are designed for low mobility scenarios 

Our Contributions: 

 Show limitation of conventional beam alignment methods 

 Analyze performance of beam alignment leveraging train position info 

f 

f 

Limitation of Conventional Beam Alignment 
 Existing beam alignment methods are based on beam sweeping 

 Hierarchical beam codebook is key to efficient beam sweeping 

 Wide RX beamwidths are more affected by Doppler spread [2] 

collaborate. innovate. educate. 

Beam alignment example from IEEE 802.11ad 

Beamwidth Allowed Max Speed 

90° 38.4 m/s 

120° 30.2 m/s 

150° 25.7 m/s 

180° 23.2 m/s 

Correlation time at 0.5 correlation 

Train Speed = 300 km/h 

System Model 

Network Model Network Model (bird view) 

 No overlap between beams 

 Periodic feedback (current position and estimate velocity) from the train control system 

Beamwidth and gain 

Receive power 

Azimuth Elevation 
Square array 

Assuming always transmit at EIRP limit: 

Beamwidth Optimization 
 Goal is to find relationship between 

beamwidth and velocity estimation 

 Beam switching according to          

estimate position 

 Assuming position information      

update at cell boundaries 

Optimization problem 

Numerical Example 

Parameter Value 

n 2 

B 2.16 GHz 

frequency 60 GHz 

Speed 300 km/h 

EIRP (USA) 40 dBm 

Noise (dBm) -174+10log(B)+6 

 Narrower beams are more sensitive to    

estimation error and wider beams are 

needed for larger errors 

 Longer inter-BS spacing resulting in larger 

optimal beamwidth due to accumulation 

of estimation error 

 Inter-BS distance of 100 meters order 

Conclusion and Future Work 
 Conventional beam alignments cannot support high speed train application 

 Beam alignment leveraging position info could provide multi-Gbps data rate 

Future Work 

 Extend to less predictable 

cases, e.g. cars on highway 
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Small velocity estimation error Large velocity estimation error 

5 times packet lengths 
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