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1. Introduction

High speed train is one of the important deployment scenarios for 5G NR. Although NR Rel-15/16 already have some general enhancements compared to LTE for high speed train scenario, e.g., supporting larger SCS (30kHz/60kHz), higher DMRS time density with configurable additional DMRS pattern, TRS, etc., operators still face a great challenge in providing consistent passenger user experience and high data capacity in high speed train scenario. There is always a strong anticipation of further improving the performance with specification optimization and enhancements targeting high speed train scenario.
This contribution provides the justification of the proposed new SI on NR enhancement for high speed train scenario and the scopes of the SI are also provided.
2. Justification of NR enhancement for High speed train scenario
IMT-2020 is expected to enable high mobility up to 500 km/h with acceptable QoS, and this is envisioned in particular for high speed trains [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], performance requirements for high speed train scenario are identified as in Table 1.

Table 1 Performance requirements for High-speed train

	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity

(DL)
	Area traffic capacity

(UL)
	Overall user density 
	Activity factor
	UE speed

	50 Mbps
	25 Mbps
	15 Gbps/train
	7,5 Gbps/train
	1 000/train
	30%
	Users in trains (up to 500 km/h)


One of the most important scenarios for high speed train deployment is the SFN deployment scenario captured in Section 6.2 of 3GPP TR 36.878 [4] and Section B.3A of 3GPP TS 36.101 [5]. Multiple RRHs connected to one BBU with fiber and share the same cell ID as illustrated in Figure 1 in order to reduce the number of handovers and improve user experience as much as possible. It is anticipated that the SFN deployment will still be the most important scenario for NR high speed train.
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Figure 1: SFN deployment for high speed train (the RRH Railway track distance, the distance between RRHs and Cell ISD are just for examples)

Firstly, the challenge of high speed train in SFN deployment scenario most comes from the high Doppler shift and large Doppler spread caused by the high speed (e.g., 500km/h), higher frequency (e.g., 2.6GHz, 3.5GHz) and the characteristics of SFN deployment. Take 3.5GHz as an example, the Doppler shift could reach up to about 1.6kHz. Furthermore, when the train is located in the middle of two RRHs, the users in the train will experience +1.6kHz and -1.6kHz Doppler shift simultaneously. Although NR Rel-15/16 already have some general enhancements compared to LTE for high speed train scenario, e.g., supporting larger SCS (30kHz/60kHz), higher DMRS time density with configurable additional DMRS pattern, TRS, etc., there is no specific optimization or enhancements until now for such kind of scenario. The significant difference of the Doppler shifts experienced simultaneously can only be estimated and compensated based on UE implementation. 

Secondly, the user experience data rate and traffic capacity per train required in this scenario are also very challenging. As specified in TS22.261, the requirement of user experience data rate is 50Mbps for downlink and 25Mbps for uplink. Considering 1000 passengers located in the same train and 30% activity factor, the simultaneous active users may reach up to 300, which will result 15Gbps total capacity for downlink and 7.5Gbps total capacity for uplink in a train. Whether and how to meet such high user experience data rate and traffic capacity should be further evaluated and investigated.  

As a result, it is very challenging for NR Rel15/16 to meet the performance requirements as illustrated in table 1, and operators still face a great challenge in providing consistent passenger user experience and high data capacity in high speed train scenario. There is always a strong anticipation of further improving the performance with specification optimization and enhancements targeting high speed train scenario. 
3. Scope of NR enhancement for High speed train scenario
For high speed train scenario with SFN deployment, SFN based PDSCH transmission could be regarded as the baseline transmission scheme as illustrated in Figure 2(a), in which the same layer of the same TB is transmitted from different RRHs. Some enhancements for this transmission scheme could be further investigated. For example, more than one TCI states could be indicated by a single DCI for the PDSCH layer transmitted from different RRHs to allow UE estimate the significant different Doppler shifts (e.g., +1.6kHz and -1.6kHz) from different RRHs more accurately, and further help the UE to better perform channel estimation and time domain interpolation. 

Except the traditional SFN based PDSCH transmission, other transmission schemes could also be considered to improve the user experience data rate as much as possible. One example could be to allow different RRHs transmit different PDSCH layers with the same or different redundancy version of the same TB, each layer associated with a DMRS port and a TCI state indicated in the DCI, which is illustrated in Figure 2(b). Actually similar transmission scheme has already been initially discussed but has been precluded for down scoping in Rel-16 Multi-TRP transmission of URLLC scenario. We think these schemes or some further extensions and related CSI acquisition enhancements could be investigated in Rel-17 SI for high speed train scenario to improve the user experience date rate and capacity.
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Figure 2: Potential PDSCH transmission schemes for HST with SFN deployment

Additionally, in order to combat the significant different Doppler shifts experienced simultaneously by the same user in the high speed train scenario with SFN deployment, Doppler shift estimation and pre-compensation at the gNB side could be considered. For example, some enhancements for uplink SRS reference signal could be considered in Rel-17 to help gNB to better estimate and pre-compensate the Doppler shifts for downlink transmission. At the same time, since the uplink transmission is based on the downlink Doppler shift estimation and compensation at the UE side, the Doppler shift estimated by the gNB actually is a combination of the Doppler shift compensated by the UE based on downlink reference signals and the real Doppler shift caused by the movement. Therefore, in order to improve the Doppler estimation and pre-compensation at the gNB side, which reference signal the Doppler shift compensation of UE uplink transmission is based on should be indicated to gNB.    
Based on the above discussions, the scope of the SI is recommended as following:
· Study and specify (if needed) the downlink related enhancements [RAN1]
· Enhancements on TCI state(s) indication/activation to improve Doppler estimation and compensation at UE side
· Enhancements on transmission scheme to improve user experience data rate and capacity
· Enhancements on CSI acquisition to improve user experience data rate and capacity 
· Study and specify (if needed) the uplink related enhancements [RAN1]
· Enhancements to improve Doppler estimation and pre-compensation at gNB side, e.g., SRS enhancement, additional uplink indication.
4. Conclusion
This contribution provides the justification of the proposed new SI of NR enhancement for high speed train scenario and the scope of the SI is:
· Study and specify (if needed) the downlink related enhancements [RAN1]
· Enhancements on TCI state(s) indication/activation to improve Doppler estimation and compensation at UE side
· Enhancements on transmission scheme to improve user experience data rate and capacity
· Enhancements on CSI acquisition to improve user experience data rate and capacity 
· Study and specify (if needed) the uplink related enhancements [RAN1]
· Enhancements to improve Doppler estimation and pre-compensation at gNB side, e.g., SRS enhancement, additional uplink indication
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