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1. Introduction

High speed is one of the important deployment scenarios for 5G NR. In Rel-16, there is a WI on NR support of high speed train scenario, in which target speed is up to 500km/h and carrier frequency is up to 3.6GHz. However, due to the limited timeline, only selected scenarios are discussed in Rel-16, e.g. only single carrier is considered. In Rel-17 timeline, we see the necessity to have further performance enhancement for NR HST.
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
In Rel-16 WI on NR support of high speed train scenarios [1], the enhanced RRM requirements and demodulation requirements were specified for the speed of up to 500km/h and the carrier frequency is up to 3.6GHz. The details are summarized as follows.

· For UE demodulation, HST-SFN (including joint transmission and DPS transmission), HST single tap and multi-path fading channel are considered. Both open space scenario and tunnel scenario are considered.

· For BS demodulation, HST single tap and multi-path fading channel are considered. Both open space scenario and tunnel scenario are considered.

· The enhanced RRM requirements, including NR-NR cell reselection requirements, NR-NR cell identification requirements, beam management requirements, NR-EUTRA inter-RAT measurement requirements and EUTRA-NR inter-RAT measurement requirements, are specified to support high speed train scenario.

In Rel-17 timeline, we see the necessity to have further performance enhancement for NR HST. The detailed consideration is shown as following.

Only single carrier is considered in Rel-16. To increase the throughput, carrier aggregation will be adopted. It is necessary to specify enhanced requirements for CA scenario.

In Rel-16 NR HST WI, only SSB based mobility is considered. However, due to the interference from neighbor cell (doppler shift), the SSB-based SINR measurement performance of neighboring cells deteriorates at high SNR, and we only have requirements for SINR with side condition up to 5dB in Rel-16 NR HST, which will limit the usage of SINR. Since SINR has linear relationship with throughput, SINR is useful in the network.   Considering that CSI-RS based measurement can mitigate the underestimation issue existing in SSB based measurement, to guarantee the mobility performance in high speed scenario, it is proposed to consider the CSI-RS based L3 measurement in high speed train scenario.

In Rel-16 NR HST WI, for UE demodulation, transmission scheme 2 (PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI) was discussed. Actually, transmission scheme 2 was firstly discussed in Rel-16 eMIMO WI, it was also identified in HST discussion that this transmission scheme can be applied to high speed train scenario. As for in which WI that the demodulation requirements for transmission scheme 2 with high speed condition are specified, RAN4 has agreed to discuss transmission scheme 2 in eMIMO WI first, then discuss transmission scheme 2 in HST-SFN deployment scenario later after the parameters in eMIMO WI are finalized and HST WI has sufficient TUs for discussion. Since the completion time of eMIMO WI and NR HST WI are same, it is highly possible that there is no time to specify the demodulation requirements for transmission scheme 2 with high speed condition in Rel-16. If this is not done in Rel-16, it is necessary to specify the demodulation requirements for transmission scheme 2 with high speed condition in Rel-17.

In Rel-17 FeMIMO WI, one of the objectives is to support HST-SFN deployment scenario, including two parts: one is to identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission; the other one is to evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation between DL and UL signal by reusing the unified TCI framework. Since MIMO WI has a larger scope except supporting HST-SFN, it is preferred that RAN4 work related to high speed scenario can be discussed in a dedicated HST WI.
As discussed in Rel-16 NR HST WI, the NR cell coverage is smaller than that of LTE considering the higher operating frequency (e.g. one of the typical ISD is 700 meters in FR1). In order to reduce the deployment cost, one possible solution is to deploy train mounted devices (CPE), which could help to increase the coverage. In general, the train-mounted devices are expected to provide better performance compared with normal UE, since power consumption, cost, etc, has less impact on train-mounted CPE. For RRM part, as we discussed in Rel-16, the enhancement may be not sufficient for some scenario or with some configuration. It is suggested to have further enhancement for train-mounted CPE, e.g. remove scaling factor, reduce the number of sampling, etc. For demodulation part, in order to improve the demodulation performance for HST-SFN joint transmission, multiple-panel are assumed to deal with the multiple tap signal with different doppler shift, as shown in Figure 1.
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Figure1 Train mounted CPE with multiple panel to independently deal with doppler shift from different tap
3. Scope of NR support for High speed train scenario
The objectives of RRM, and UE/BS demodulation are proposed as following:
· RRM
· CA

· Specify the UE RRM core requirements for CA scenario with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST 

· PSS/SSS detection, time index detection, and measurement period for deactivated SCell

· PSS/SSS detection, time index detection, and measurement period for activated SCell

· SCell activation/deactivation delay requirement

· Others are not precluded

· Specify the RRM test cases related to the enhanced core requirements
· CSI-RS based L3 measurement in high speed train scenario
· Based on Rel-16 CSI-RS based mobility solutions, specify CSI-RS based RRM core requirements with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST

· Connected mode

· PSS/SSS detection, time index detection, and measurement delay requirements

· other requirements are not precluded if needed

· Specify measurement accuracy and RRM test cases related to the enhanced core requirements
· Train mounted devices

· Investigate and specify the UE RRM core requirements for train mounted devices with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST

· Idle and inactive mode:

· Cell reselection including cell identification and measurement requirements

· Connected mode

· PSS/SSS detection, time index detection, and measurement delay requirements 

· beam management related requirements, e.g. L1-RSRP measurement

· other requirements are not precluded if needed

· Specify the measurement accuracy and RRM test cases related to enhanced core requirements (if needed)
· UE/BS demodulation 

· CA scenario

· Specify the UE demodulation requirements for CA scenario with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST 

· Leftover in Rel-16 NR HST WI: specify the UE demodulation requirements and test cases for transmission scheme 2 (PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI) 

· Specify the UE/BS demodulation requirements and test cases for enhancement on HST-SFN deployment based on RAN1 progress in Rel-17 MIMO WI. 

· Train mounted devices

· Investigate and specify the demodulation requirements for train mounted devices with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST
· If needed, signaling impact should be discussed in RAN2
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:
· RRM
· CA

· Specify the UE RRM core requirements for CA scenario with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST 

· PSS/SSS detection, time index detection, and measurement period for deactivated SCell

· PSS/SSS detection, time index detection, and measurement period for activated SCell

· SCell activation/deactivation delay requirement

· Others are not precluded

· Specify the RRM test cases related to the enhanced core requirements
· CSI-RS based L3 measurement in high speed train scenario
· Based on Rel-16 CSI-RS based mobility solutions, specify CSI-RS based RRM core requirements with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST

· Connected mode

· PSS/SSS detection, time index detection, and measurement delay requirements

· other requirements are not precluded if needed

· Specify measurement accuracy and RRM test cases related to the enhanced core requirements
· Train mounted devices

· Investigate and specify the UE RRM core requirements for train mounted devices with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST

· Idle and inactive mode:

· Cell reselection including cell identification and measurement requirements

· Connected mode

· PSS/SSS detection, time index detection, and measurement delay requirements 

· beam management related requirements, e.g. L1-RSRP measurement

· other requirements are not precluded if needed

· Specify the measurement accuracy and RRM test cases related to enhanced core requirements (if needed)
· UE/BS demodulation 

· CA scenario

· Specify the UE demodulation requirements for CA scenario with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST 

· Leftover in Rel-16 NR HST WI: specify the UE demodulation requirements and test cases for transmission scheme 2 (PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI) 

· Specify the UE/BS demodulation requirements and test cases for enhancement on HST-SFN deployment based on RAN1 progress in Rel-17 MIMO WI. 

· Train mounted devices

· Investigate and specify the demodulation requirements for train mounted devices with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST
· If needed, signaling impact should be discussed in RAN2
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