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Update of the current Shinkansen radio system1) from analog to digital started in 2002 by digitizing the LCX system 
between the LCX (Leaky coaxial cable) laid along Shinkansen lines and the Shinkansen on-vehicle antennas.  In addition 
to improving the quality of existing voice-related functions, data-related functions such as in vehicle information provision 
functions have been expanded.  This operational communications, which has voice and data functions, is directly related 
train operation and therefore requires high reliability.  It is also important increase the transmission capacity in order to 
expand applications for operational communications2).  On the other hand, with respect to information communication 
services in Shinkansen trains, increasing the transmission capacity of customer service communications is required in 
order to improve convenience.

In this paper, after briefly explaining the LCX method used in the current Shinkansen train radio system, we focus on 
and introduce the elemental technologies of the Advanced Railway System Development Center of JR EAST Group's 
past efforts to increase the capacity of Shinkansen train radio.  Then, we show the future image of the Shinkansen train 
radio system we envision. 

2. Past Efforts Related to Elemental Technologies for Shinkansen Train Radio Systems

The LCX method adopted for the current Shinkansen train radio system transmits signal data between two LCX cables 
laid on both sides of track and four on-vehicle antennas installed on-vehicle to achieve very high link quality by the 
diversity effect of those.3)  On the other hand, transmission capacity is low at 384 kbps and 307.2 kbps, as the bandwidth 
of the signals used is narrow (288 kHz and 230 kHz), and uses are limited.  For that reason, new radio communications 
technologies need to be introduced in order to expand functionality in the future. 

The following explains R&D conduced at the Advanced Railway System Development Center for Shinkansen train 
radio systems after the update to digital started in 2002, focusing on elemental technologies for that. 

2.1 LCX-MIMO method
Shinkansen train radio is scheduled to be updated to the next-generation Shinkansen train radio in a few years.  The 
major technologies for the next-generation Shinkansen train radio are switching to multi-level signals by 256QAM 
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(Quadrature Amplitude Modulation), which achieves four 
times the current transmission speed, Single-Carrier Block 
(SBC) transmission4) where greater efficiency of frequency 
use and multi-path fading tolerance are obtained, and the 
LCX-MIMO (Multi-Input Multi-Output) method4).  Fig. 1 shows the concept of the LCX-MIMO method.

With the LCX-MIMO method, performing MIMO space-division multiplexing where separate signal data is 
transmitted on the two LCX cables laid on both sides of the track enables the transmission capacity from ground station 
to on-vehicle station to be increased.

At the Advanced Railway System Development Center, we investigated trends in wireless communications technologies, 
developed and performed basic performance simulations on the LCX-MIMO method where MIMO, a technology for 
faster wireless communications, is applied to LCX, and conducted field tests.5)  As a result, we confirmed that throughput 
of approx. 10 Mbps (26 times current throughput) could be achieved.

2.2 O-SDR Method 
When updating the current Shinkansen train radio to next-generation Shinkansen train radio, it will be difficult to update all 
links at once, so we need to update in stages.  That is, there are two types of communications sections: the communication 
section using the current Shinkansen train radio and the communication section using the next-generation train radio.  And 
as a result, two types of communication systems are mixed in one section.  Therefore, a mechanism for performing seamless 
operational communications on such links is needed.  On the other hand, taking future expansion of applications for 
operational communications into consideration, it is important to provide transmission capacity and reliability according to 
the character of traffic on Shinkansen train radio.  Fig. 2 shows the concept of “User” Oriented Train Radio Software-defined 
radio (O-SDR)6) that provides the framework for meeting those demands.  

Fig. 2 (a) shows communications continuing seamlessly when a Shinkansen car transitions from next-generation 
Shinkansen train radio section to current Shinkansen train radio section by on-vehicle device that communicates with 
LCX switching from next-generation method to current method by signal processing software using O-SDR.  Meanwhile, 
Fig. 2 (b) shows signal multi values and whether or not to perform LCX-MIMO in next-generation section according 
to the data transmitted.  Information specifying the demodulation method (demodulation format and whether or not 
to execute LCX-MIMO) of subsequent data is stored in the header of the frame transmitted from wayside device to  
on-vehicle device, and the receiving side sees this and demodulates data.  

The Advanced Railway System Development Center has developed an O-SDR method prototype ahead of updating 
the Shinkansen train radio system.  We verified the function to switch between the current and next-generation systems 
and operation of a framework to switch between large capacity communications and highly reliable communications, and 
we confirmed the feasibility of those. 

2.3 Millimeter Wave Communications
The technology use of which is most expected to achieve high speed and high capacity communications in radio systems 
for trains, including Shinkansen train radio, is millimeter wave communications.7)  For railway use, a policy of holding 
technical studies with the 40 GHz band as a candidate is expressed in the “Action Plan for Spectrum Reallocation 
(revised in February 2010)” from the Ministry of Internal Affairs and Communications.8)  Fig. 3 shows an image of use 
of millimeter wave communications for railways at the Advanced Railway System Development Center.

MIMO space-division
multiplexing

Transmit individual signal data

Signal data A
Signal data B

LCX

LCX

Fig. 1  Overview of LCX-MIMO Method

Next-generation Shinkansen
train radio section

(a) Switch between next-generation
and current method (b) Switch signal multi values 

Current Shinkansen
train radio section

Seamless switching between
next-generation and current method

Next-generation
on-vehicle device

Current
on-vehicle device

Next-generation
on-vehicle device

Current
on-vehicle device

LCX

LCX

LCX

Next-generation Shinkansen train radio section

Frame

LCX

LCX

LCX

Header Data
(QPSK, no MIMO)

Data
(256QAM, no MIMO)

Data
(256QAM, MIMO present)Header Header

Next-generation
on-vehicle device

Current
on-vehicle device

Fig. 2  Overview of O-SDR Method



67JR EAST Technical Review-No.39-2020

Special edition paper

Millimeter waves have characteristics that make them useful for communications, such as ease of securing wide bandwidth 
and ease of making devices compact.  Utilizing those characteristics of millimeter waves, we envision transmission of 
monitoring images such as images from ahead of the train and in the cabin from on-vehicle devices to wayside devices, 
transmission of images from such as platform images from wayside devices to on-vehicle devices, and batch transmission 
of large files.  However, there are also characteristics that make them disadvantageous for communications, such as large 
free space loss, large attenuation due to rain or snow, and large shadowing loss due to obstacles, so there are many issues 
to utilizing millimeter waves.

The Advanced Railway System Development Center has been continuously conducting R&D on effective use of 
millimeter waves for Shinkansen train radio systems, such as measuring radio wave propagation and studying millimeter 
wave antenna specifications.  Here we will introduce field tests conducted in December 2017.  In these tests, we used a 
compact millimeter wave antenna that can be installed to the front of the driver’s cab and performed millimeter wave 
communications in a tunnel section (Haruna Tunnel) and station open section (Honjo-Waseda Station).  Fig. 4 shows 
the compact millimeter wave antenna and a test configuration/equipment diagram. 

The composition has a millimeter wave receiver equipped with the compact millimeter wave antenna installed to a 
work bogie and communications performed with a wayside millimeter wave transmitter.  We placed a millimeter wave 
transmitting/receiving controller and worker to collect test result logs on a bogie with a hood, and we moved the work 
bogie equipped with the compact millimeter wave antenna and the bogie with a hood at a speed of approx. 40 km/h using 
a maintenance vehicle to perform tests.  Fig. 5 and 6 show the results of field tests.  Fig. 5 is the results for the station open 
section and Fig. 6 the results for the tunnel section.

From Fig. 5 and 6 we found that electric power in excess of the minimum reception sensitivity on the receiving side 
can be received at a distance of approx. 4 km between wayside and vehicle in the station open section and approx. 14 km 
in the tunnel section, showing that communications by millimeter waves is possible.  This demonstrated that millimeter 
wave communications is possible at a relatively long distance in tunnel sections in particular due to the waveguide effect 
of tunnels.
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3. Image of Future of Shinkansen Train Radio System

Fig. 7 shows an image of the future of Shinkansen train radio systems envisioned by the Advanced Railway System 
Development Center.

With the next-generation train radio applying elemental technologies such as the LCX-MIMO method, we will work 
to increase transmission capacity and frequency use efficiency while maintaining reliability of communications, and 
thereby improve quality and expand application of operational communications.  Meanwhile, by using spot millimeter 
communications in stations, tunnels, and the like, we will achieve large capacity for monitoring image transmission 
(ahead of train, in-vehicle, platform) and customer passenger communications such as Internet connection.

4. Conclusion

In this paper, we introduced efforts by the Advanced Railway System Development Center from a perspective of elemental 
technologies that can be applied to Shinkansen train radio. And we showed an image of the future of Shinkansen train 
radio systems. 

In realizing our image of the future of Shinkansen train radio systems, there are many issues to overcome, especially 
for millimeter wave communications.  Those include attenuation by antenna radome, wayside device form/installation 
location/snow-accumulation countermeasures, and protocol development for the Media Access Control (MAC) layer 
and higher.  Currently, the Advanced Railway System Development Center is developing a dedicated millimeter wave 
communications device for the E956 Shinkansen test train (ALFA-X)9), and we are proceeding with plans to conduct 
proving tests for the transmission of images with wayside devices necessary for monitoring ahead of trains, transmitting 
in-cabin images, and transmitting platform images.  We plan to go forward with continuous R&D for putting the system 
into practical use by means such as proving tests with the ALFA-X.
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