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1 Introduction
In this contribution, we discuss the requirements and challenges brought by the high speed train and propose to consider the requirements of the high speed train and cope with the challenges brought by the future railway mobile communication of the high speed train in the design of NR (New RAT).
2 Discussion
2.1 Evolution of the Railway Mobile CommunicationAccording to the discussion from UIC (International Union of Railway) [1], GSM-R (Railway) has been proven as expensive for the railways, both in-terms of capital and operational expenditure, European Railway community has initiated the work to identify a successor for GSM-R, considering the long term life expectancy of ETCS (European Train Control System) (2050) and the Railway business needs. The design of the next generation mobile network (e.g. NR) should provide an agile infrastructure to support the services required by the Future Railway Mobile Communication System (FRMCS). The services to be supported include:
· Type 1: Critical Train Communication
· Type 2: On-train passenger communication
Type 2 services mainly refer to the internet/voice/video/etc. services to be provided to a large number of passengers. Type 1 services [1] mainly refer to the monitoring/automatic-control/emergency control/warning/etc. services, for example:

· Automatic train control communication
· Trackside maintenance warning system communication
· Remote control of engines
· Monitoring and control of critical infrastructure 
· On-train safety device to ground communication
· Platform/train interface alert
· Train integrity monitoring data communication
The Type 1 services are expected to require more reliable transmission in high speed scenarios. The detailed requirements are being discussed in both UIC and SA1. One example of the services requirements defined in UIC [1] can be found in Annex A. The futuristic Type 1 services are expected to have more strict requirements on reliability/latency/speed/etc. As a comparison, the requirement of two classic services used for LTE-R (Railway) which is being studied in China and based on GSM-R specification [3] are provided in Annex B. 
Observation 1: The internet/voice/video/etc. services are expected to be provided to a large number of passengers in high speed train of up to 500 km/h speed in NR.
Observation 2: The critical train communication services with high reliability as required by FRMCS are expected to be provided in high speed train of up to 500 km/h speed in NR.
The WID related to FRMCS in SA1 has been approved in [2], and the requirements of the FRMCS TR of 22.989 [4] will be completed in December 2016. According to the discussion from SA1, the critical train communication is quite similar to the mission critical services [5]. 
Observation 3: The requirements of FRMCS studied in SA1 will complete in December 2016, so as to include the requirements for the design of NR.
According to the agreed text proposal for TR 38.913 in RAN#73 [6], both Type 1 and Type 2 services have been included, as quoted below:
	6.1.5
High speed
The high speed deployment scenario focuses on continuous coverage along track in high speed trains. The key characteristics of this scenario are consistent passenger user experience and critical train communication reliability with very high mobility. In this deployment scenario, dedicated linear deployment along railway line and the deployments including SFN scenarios captured in Section 6.2 of [5] are considered, and passenger UEs are located in train carriages. For the passenger UEs, if the antenna of relay node for eNB-to-Relay is located at top of one carriage of the train, the antenna of relay node for Relay-to-UE could be distributed to all carriages.


Observation 4: TR 38.913 includes both the passenger service and the critical train service for high speed scenario.
In the RAN1#86meeting, many discussion papers were raised to evaluate the general performance of the high speed train deployment scenario [7] and the potential subcarrier spacing or CP length for high speed deployment (including high speed train scenario) [8][9][10][11].
2.2 Potential ChallengesAs the analysis given above, the potential challenges in NR design brought by high-speed-train scenario are listed as follows:
· Increased HOF (Handover Failure) rate for CONNECTED UE
· Increased paging loss rate for IDLE/INACTIVE UE
· Increased call setup time due to HOF/paging loss
· Sudden signalling flushing due to mobility events
· Reduced spectrum efficiency due to ICI (Inter Carrier Interference)
· Increased UE power consumption due to mobility events
· Decreased UE throughput due to mobility events
· Increased packet loss due to mobility events
· Increased signalling overhead due to group mobility
Considering the potential challenges given above, the NR design should be forward compatible while introducing enhancements for high-speed-trains.
Proposal 1: The NR design should be forward compatible while introducing functionalities to fulfil the requirements of high-speed-train including critical train communication (URLLC) and on-train passenger communication (eMBB).

As the time remaining for the first release of NR is quite limited, the requirements of the high-speed-train are expected to be added based on the fundamental infrastructure of NR. However, considering the strong demand from the high-speed-train mobile communication market, the requirements and challenges brought by the high-speed-train requirements is kindly requested to be studied in parallel while specifying the NR in order to ensure forward compatibility (e.g. more flexible architecture) and standardize the identified solutions in time after the first release of NR. 
Proposal 2: The requirements and challenges brought by the high-speed-train requirements including critical train communication (URLLC) and on-train passenger communication (eMBB) is kindly requested to be studied in parallel while specifying the NR.
Proposal 3: Based on the fundamental infrastructure of NR, the enhancements introduced to fulfil the requirements of high-speed-train including critical train communication (URLLC) and on-train passenger communication (eMBB) should be add-on functions to at least address the challenges listed as follows:
· Increased HOF (Handover Failure) rate for CONNECTED UE

· Increased paging loss rate for IDLE/INACTIVE UE
· Increased call setup time due to HOF/paging loss
· Sudden signalling flushing due to mobility events

· Reduced spectrum efficiency due to ICI (Inter Carrier Interference)
· Increased UE power consumption due to mobility events

· Decreased UE throughput due to mobility events

· Increased packet loss due to mobility events
· Increased signalling overhead due to group mobility
3 Conclusion
According to the analysis above, we have the following Observations and Proposals:
Observation 1: The internet/voice/video/etc. services are expected to be provided to a large number of passengers in high speed train of up to 500 km/h speed in NR.

Observation 2: The critical train communication services with high reliability as required by FRMCS are expected to be provided in high speed train of up to 500 km/h speed in NR.
Observation 3: The requirements of FRMCS studied in SA1 will complete in December 2016, so as to include the requirements for the design of NR.
Observation 4: TR 38.913 includes both the passenger service and the critical train service for high speed scenario.

Proposal 1: The NR design should be forward compatible while introducing functionalities to fulfill the requirements of high-speed-train including critical train communication (URLLC) and on-train passenger communication (eMBB).

Proposal 2: The requirements and challenges brought by the high-speed-train requirements including critical train communication (URLLC) and on-train passenger communication (eMBB) is kindly requested to be studied in parallel while specifying the NR.
Proposal 3: Based on the fundamental infrastructure of NR, the enhancements introduced to fulfill the requirements of high-speed-train including critical train communication (URLLC) and on-train passenger communication (eMBB) should be add-on functions at least addressing the challenges listed as follows:

· Increased HOF (Handover Failure) rate for CONNECTED UE

· Increased paging loss rate for IDLE/INACTIVE UE
· Increased call setup time due to HOF/paging loss
· Sudden signalling flushing due to mobility events

· Reduced spectrum efficiency due to ICI

· Increased UE power consumption due to mobility events

· Decreased UE throughput due to mobility events

· Increased packet loss due to mobility events
· Increased signalling overhead due to group mobility
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Annex A: Automatic train control communication
	Service Type
	Automatic train control communication

	Descriptions
	The provision of a reliable communication bearer to support the implementation of radio based ATC systems. The ATC system shall have a reliable communication bearer in order to ensure efficient data transfer between the on-board system and the

35 ground system. (for example ETCS L2/L3). This application provides the communication bearer for this data.

	Type
	Symmetry Up/Down
	Distribution
	Latency
	Bandwidth
	Reliability
	Setup
	Speed

	Bi-directional data
	50/50
	User-to-User
	Normal
	Low
	High
	Immediate
	High

	Anticipated frequency of use

	Normal
	Degraded
	Emergency

	High
	High
	High

	Note: 
Latency:

􀁸 Normal: train services are operated according to the time table. Minor delays are considered under this normal scenario. This mode also includes unplanned movements and other routine activities, such as maintenance, that do not affect time table running.

􀁸 Degraded: Operation resulting from an unplanned event that prevents the normal delivery of train services according to time table. This leads to disruptions of train services and time table running. For example single train failure, speed restriction, passenger incidents, etc.

􀁸 Emergency: a dangerous situation which has life threatening or extreme loss implication and requires immediate attention. For example derailing, catenary failure, fire, etc. The emergency situation is significantly affecting train service and time table running. The resolving of the incident, including the resumption of normal time table running, is considered to be part of this mode.

Reliability

High:

o For voice: >5 call per user per hour (average)

o For data: >15 up to continuously in use, the application in always on and always used.


Annex B: RTC/RTA
	Traffic Type
	Requirements

	Real-Time Cyclic (RTC) Traffic
	· Information Types: train control information, train rear information, shunting train protecting, etc.

· Reliability: >30s EFP (95% coverage) (Note1) 

	Real-Time Acyclic (RTA)  Traffic
	· Types: dispatching communication, dispatching command transfer, transmission of train numbers, train safeguard alarm, DMS, 6C, TCDS, etc.

· Reliability: >20s EFP (95%) 

	Note:

· Note 1: >30s EFP (95%) means that 95% coverage should fulfill 100% transmission successful rate for more than 30s. If a service requires 1 packet per 1 ms, the service will transmit (30*1000) packets which allows at most 1 packet loss. Then the packet loss rate is expected to be 1/(30*1000) ≈10-5.

EFP (Error Free Period): An error-free period TRec shall follow every transmission interference period to retransmit user data units in error (e.g. wrong or lost) and user data units waiting to be served.
TIP (transmission interference period): TTI is the period during the data transmission phase of an existing connection in which, caused by the bearer service, no error-free transmission of user data units of 30 bytes is possible.


Annex C: Simulation

Annex C.1: Simulation results
The following simulation show the results of Doppler shift at high (30GHz) and low (3.5GHz) frequency. The target environment is covered by 3 RRH(s) and the range is 1740m. According to the random deployment generation, 67% of RRH(s) are located at the lower side of the scenario, and 33% of the RRH(s) are located at the upper side of the rail tracks. Figure 1 is the randomly generated deployment for the urban environment. RRH is at the upper side of the scenario, the moving distance of relay is 580m. The detailed simulation parameters can be found in Annex C.2. According to the simulation results, while evaluating the performance of high speed train scenarios, the larger Doppler shifting at higher speed and higher frequency should be considered.
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Figure 1: Randomly generated deployment scenario

Figure 2 compares the received power between 30 GHz and 3.5 GHz at urban environment. This mean the value of path loss difference between 30 GHz and 3.5 GHz is 20.97 dB. The received power difference considering the frequency dependency (i.e. 39GHz and 3.5GHz) without additional dependency coefficient is:
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The difference between theory and our simulation is only 2.31 dB. According to the simulation results, the Doppler shift reaches -8500 Hz at 30 GHz in Figure 3 and -991.7 Hz at 3.5 GHz in Figure 4. Theoretically Doppler shift is expressed as:
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Figure 2: Received power comparison between 3.5 GHz and 30 GHz
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Figure 3: Doppler spectrum at 30 GHz
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Figure 4: Doppler spectrum at 3.5 GHz
Annex C.2: Simulation parameters
Table 1: Simulation parameters
	RRH (Remote Radio Head)

	Layout
	As agreed in R1-165484

	Inter-RRH distance
	As agreed in R1-165484

	Carrier frequency
	30/3.5GHz

	Simulation bandwidth
	100 MHz

	RRH and Relay power EIRP

	RRH Tx power: 30dBm
Relay Tx power：27dBm
System bandwidth: 100 MHz 

	RRH Antenna element radiation pattern
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	RRH antenna height 
	2.5 m

	Azimuth angle
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	Relay

	Relay antenna element radiation pattern
	Omni directional antenna

	Relay antenna height 
	2.5 m

	Train speed
	300 km/h


_1536748800.unknown

