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1. Introduction

High speed is one of the important deployment scenarios for 5G NR. Due to the limited time line of Rel-15 standardization, there are no UE RRM requirements, UE demodulation requirements, BS demodulation requirements specified for velocity of up to 500km/h in Rel-15. The performance of the high speed scenario with high frequency and high velocity (e.g. 500km/h with 4 GHz) cannot be guaranteed. It is essential to specify the UE demodulation requirements, BS demodulation requirements, UE RRM requirements for high speed train scenario supporting up to 500km/h in Rel-16.

This contribution provides the justification of the proposed new WI of NR support for High speed train scenario and the scopes of the WI are also provided.
2. Justification of NR support for High speed train scenario
IMT-2020 is expected to enable high mobility up to 500 km/h with acceptable QoS [1]. High speed train scenario is also one of the important 5G NR deployment scenarios as captured in TR 38.913[2]. The key characteristics of high speed train scenario are consistent passenger user experience and critical train communication reliability with very high mobility. According to the TS 22.261 [3], following performance requirements for high speed train scenario are identified:
· experienced data rate (DL) is 50 Mbps

· experienced data rate (UL) is 25 Mbps

· UE speed is up to 500 km/h

With high frequency and high speed, the Doppler shift and Doppler spread will be severe (e.g. for 500km/h with 4 GHz, the Doppler shift is about 1.85KHz). However, the high speed scenario is not considered when specifying the UE RRM requirements, for example, the Rel-15 cell re-selection requirements for NR is the same with that for LTE without highSpeedEnhancedMeasFlag. Besides, since the target completion time of Rel-15 NR performance part is December 2018, the maximum Doppler frequency under consideration is only 400Hz for NR performance test. As a result, there are no UE RRM requirements，UE demodulation requirements, BS demodulation requirements specified for high speed train scenario supporting up to 500km/h in Rel-15. The performance of the high speed scenario with high frequency and high velocity (e.g. 500km/h with 4 GHz) cannot be guaranteed. It is essential to specify the UE demodulation requirements, BS demodulation requirements, UE RRM requirements for high speed train scenario with up to 500km/h in Rel-16.
3. Scope of NR support for High speed train scenario
One possible deployment of NR high speed train scenario is similar to the LTE HST-SFN captured in Section B.3A of 3GPP TS 36.101. Multiple RRHs connected to one BBU with fiber and share the same cell ID. However, the detailed design may be different for NR. In LTE, the Doppler shift is 872Hz with 350km/h. For NR, the higher frequency and higher velocity will result in severe Doppler shift (e.g. for 350km/h with 4 GHz, the Doppler shift is about 1.30KHz; for 500km/h with 4 GHz, the Doppler shift is about 1.85KHz). In addition, the number of RRHs connected to one BBU, the RRH Railway track distance, the ISD between RRH sites for NR deployment may be different from the LTE deployment.
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Figure 1 Deployment of HST-SFN for LTE
In LTE, HST captured in Section B.3 of 3GPP TS 36.101, which is in open space with one tap, is also investigated and corresponding demodulation requirements are specified. For NR, considering different deployment for different operator, it is also necessary to investigate the HST channel model. 
In LTE, high speed requirements based on EVA channel model with 875Hz are specified for RRM and high speed requirements based on ETU channel model with 600Hz are specified for demodulation. Considering higher frequency and higher speed, TDL channel model with high Doppler frequency is also need to be considered in NR.

For the target velocity, up to 500km/h is suggested, which is also aligned with the demand of IMT-2020 and TR 38.913. For the center frequency, up to 6GHz is under consideration taking the velocity and cell coverage into consideration. 
Besides the scenarios, the objectives of UE demodulation, UE RRM, and BS demodulation are as following:

· Investigate and specify (if needed) the UE RRM requirements for NR: cell identification, measurement delay, RLM, Cell reselection, and measurement accuracy performance requirement, etc.
· Specify the RRM test cases if necessary: test cases for cell identification, measurement delay, RLM, Cell reselection, and measurement accuracy performance, etc.
· Investigate and specify (if needed) the UE demodulation requirements and test cases for NR: PDSCH, PDCCH, PBCH demodulation performance requirement

· Investigate and specify (if needed) the UE CSI reporting performance requirements and test cases for NR

· Investigate and specify (if needed) the BS demodulation requirements and test cases for NR: PUSCH, PUCCH, PRACH demodulation performance requirement
4. Conclusion
This contribution provides the justification of the proposed new WI of NR support for High speed train scenario and the scopes of the WI are:
· Following scenarios will be investigated:

· The channel model: 

· HST-SFN scenarios, e.g. the channel mode captured in Section B.3A of 3GPP TS 36.101

· HST scenarios, e.g. the channel mode captured in Section B.3 of 3GPP TS 36.101

· TDL channel with high Doppler frequency

· Other deployment scenarios are not precluded

· The target speed is up to 500km/h

· The carrier frequency is up to 6GHz

· Investigate and specify (if needed) the UE RRM requirements for NR: cell identification, measurement delay, RLM, Cell reselection, and measurement accuracy performance requirement, etc.
· Specify the RRM test cases if necessary: test cases for cell identification, measurement delay, RLM, Cell reselection, and measurement accuracy performance, etc.
· Investigate and specify (if needed) the UE demodulation requirements and test cases for NR: PDSCH, PDCCH, PBCH demodulation performance requirement

· Investigate and specify (if needed) the UE CSI reporting performance requirements and test cases for NR

· Investigate and specify (if needed) the BS demodulation requirements and test cases for NR: PUSCH, PUCCH, PRACH demodulation performance requirement
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