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[bookmark: DocumentFor]Background
According to the discussion from UIC (International Union of Railway) [1], GSM-R (Railway) system has been proven as costly 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 service to be supported is considered as:
· Critical Train Communication
The WID related to FRMCS in SA1 has been approved in [2], and the requirements of the FRMCS TR of 22.989 [3] will be completed in March 2017. According to the discussion from SA1, the critical train communication is quite similar to the mission critical services [4]. 
Observation 1: The requirements of FRMCS studied in SA1 will be completed in March 2017, so as the inclusion of the requirements for the design of NR.
According to the agreed text proposal for TR 38.913 in RAN#73 [6], the critical train communication has 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 2: TR 38.913 includes the critical train communication for high speed scenario.
According to the discussion in RAN#73 meeting, tdoc RP-161914 [5] is approved to consider the forward compatibility issue of NR. The proposals related to the forward compatibility are quoted as follows:
	· However, although no dedicated meeting time is allocated, when making design decisions the working groups must ensure forward compatibility. This means that the basic NR design shall ensure that features to support following list of items can be added later and can be operated in an efficient manner.
· List of items:
· Waveforms above  40GHz
· mMTC
· [Flexible duplex of paired spectrum]
· Interworking with non-3GPP systems
· Wireless relay 
· Satellite communication
· Air-to-ground and light air craft  communications
· Extreme long distance coverage
· Sidelink 
· V2V and V2X
· Multimedia Broadcast/Multicast Service
· Shared spectrum and unlicensed spectrum
· [Location/positioning functionality]
· Public warning/emergency alert 



However the features to support critical train communication are not included in the list of forward compatibility.
Observation 3: The approved feature list of forward compatibility in NR in RAN#73 does not include critical train communication.

In RAN1#87 and RAN2#96 meeting, detailed analysis was given in our discussion paper [6] [7]. Some key potential challenges in NR design brought by NR-based high-speed-train scenario are listed as follows:
· Some physical layer concepts, e.g.
· subcarrier spacing
·  CP length
· RS design, e.g. DMRS, CSI-RS, SRS, etc.
· CSI measurement and feedback
· Scheduling and HARQ
· etc.
· Some high layer concepts, e.g.
· 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
· 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 NR-based high-speed-trains.
Observation 4: The NR design should be forward compatible while introducing functionalities to fulfil the requirements of NR-based high-speed-train including critical train communication.

Proposal
[bookmark: _GoBack]In order to ensure the forward compatibility of FRMCS in NR, we consider that the basic NR design shall ensure that the features to support the critical train communication can be added later and be operated in an efficient manner.
Proposal 1: The basic NR design should be forward compatible while introducing functionalities to fulfil the requirements of NR-based critical train communication. 
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