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1. Introduction

In the last meeting, there is discussion on UE demodulation for NR HST and a WF was approved [1]. This contribution provides further discussion on the UE demodulation part.
2. Discussion 
2.1 Maximum Doppler frequency
2.1.1 Maximum Doppler frequency for HST-SFN
According to the agreed WF [1], there are several options of maximum Doppler frequency for HST-SFN scenario, which is duplicated as following:
· For HST-SFN with TDD 30KHz, maximum Doppler is

· Option 1: 1500Hz  

· Option 2: 1667Hz
· For HST-SFN with FDD 15KHz, maximum Doppler is 

· Option 1: 851Hz

· Option 2: 870Hz

CSI-RS for tracking is used for time/frequency tracking in high speed scenario. According to RAN1 design, for FR1, the time domain locations of the TRS resources in a slot is selected from {4, 8}, {5, 9}, {6, 10} based on the configured higher layer parameter. The time interval between two adjacent TRS resource is 4 symbols. And the time interval is related to SCS. The candidate SCS of data for FR1 is {15 KHz, 30 KHz, 60 KHz}. Table 1 summarizes the maximum Doppler frequency that UE can handle with different SCS.
Table 1: maximum Doppler frequency that UE can handle with different SCS

	SCS
	Time interval
	Maximum Doppler frequency UE can handle from physical design point of view

	15KHz
	4 symbols
	1.75KHz

	30 KHz
	4 symbols
	3.5KHz

	60 KHz
	4 symbols
	7KHz


For 30KHz SCS, according to table 1, the theory limit of frequency tracking is 3.5 KHz. For HST-SFN scenario, the frequency offset range is [-1750Hz, +1750Hz]. If the maximum doppler shift is 1667Hz, there is margin of 83Hz, which can be used for UE DL frequency error and other error. 
Proposal 1: for HST-SFN with 30 KHz SCS, the DL maximum Doppler frequency is proposed to be 1667 Hz.
For 15KHz SCS, the theory limit of frequency tracking is 1.75 KHz. With HST-SFN deployment, the frequency offset range is [-875Hz, +875Hz]. For the candidate option, there is only 19Hz gap between 851 Hz and 870Hz. Both are OK for us.
Proposal 2: for HST-SFN with 15 KHz SCS, the DL maximum Doppler frequency of 851 Hz or 870Hz are OK.

2.1.2 Maximum Doppler frequency for HST single tap

For HST single tap, it was agreed that the maximum Doppler shift is 1667Hz with TDD 30KHz SCS. However, for FDD 15 KHz, there are two candidate value of maximum Doppler shift: 1250Hz and 870Hz. As shown in table 1, the theory limit of frequency tracking is 1.75 KHz with 15KHz SCS. Since UE only needs to track one tap of signal, it is enough to handle the Doppler shift of 1250Hz.

Proposal 3: for HST single tap with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 1250 Hz.
2.2 Transmission scheme

2.2.1 transmission scheme 1

One of the open issues is whether to define new requirements and tests for DPS transmission scheme 1. According to the WF [1], there are two options:

· Option 1: Do not consider Transmission schemes 1a and 1b for defining new requirements 

· Option 2: Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule
Supporters of option1 think that transmission scheme 1a and 1b are already covered by HST single tap. We have different understanding. For HST single tap, the quick frequency changes from positive to negative or vice versa occur in handover or cell re-selection. While for DPS transmission scheme 1, the sharp doppler shift switch happen in the switch of TRPs of the same cell, which may have impact on the UE performance. In this case, it is necessary to define new requirements for transmission scheme 1.
Compared with transmission scheme 1a, 1b could provide better performance by tracking two TCI states. However, some UE may not support the capability of tracking two TCI states. In this case, it is proposed to define requirements for both transmission scheme 1a and 1b. For the UE which is capable of tracking two TCI states, the requirements specified for transmission scheme 1b are applied. If UE do not support tracking two TCI states, the requirements specified for transmission scheme 1a are applied.
Proposal 4: Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule. For the UE which is capable of tracking two TCI states, the requirements specified for transmission scheme 1b are applied. If UE do not support tracking two TCI states, the requirements specified for transmission scheme 1a are applied.
2.2.2 transmission scheme 2

Transmission scheme 2 is covered in eMIMO WI, while the application to high speed scenario is also discussed in NR HST WI. One option is to discuss transmission scheme 2 in eMIMO WI (including HST-SFN deployment scenario). However, both FR1 and FR2 are included in eMIMO WI, in addition, other features except transmission scheme 2 are covered in this WI. Considering the large scope and limited timeline, we are afraid that the channel model introduced in high speed scenario will not be considered in the discussion of eMIMO. The other option is to discuss transmission scheme 2 in eMIMO WI first, then discuss transmission scheme 2 in HST-SFN deployment scenario later in HST WI. Both eMIMO WI and NR HST WI are expected to be completed by December. If the work starts after the completion of discussion on transmission scheme 2 in eMIMO WI, it is possible that there is no time to have detail discussion of transmission scheme 2 in HST-SFN deployment scenario. In our understanding, eMIMO WI targets for low speed scenario. In this case, it is proposed to discuss transmission scheme 2 with high speed scenario in NR HST WI, and discuss transmission scheme 2 with non-high speed scenario in eMIMO WI.
Proposal 5: it is proposed to discuss transmission scheme 2 with high speed scenario in NR HST WI, and discuss transmission scheme 2 with non-high-speed scenario in eMIMO WI.

2.3 Release independent

In last meeting, there is discussion on whether Rel.16 HST requirements, including HST-SFN, HST single tap and multi-path fading, can be release independent from Rel-15. For HST-SFN, the network flag and UE capability are introduced in Rel-16. Some companies have concern that the HST-SFN requirements cannot be release independent from Rel-15 due to the impact of signalling.
In our understanding, the release independent of HST-SFN are feasible considering signalling introduced in Rel-16. There is similar discussion in the Rel-14 LTE HST WI. The Rel-14 LTE HST requirements are release independent from Rel-13 [2][3]. Both network flag and UE capability are introduced in Rel-14 LTE HST. For this case, early implementation can be used in RAN2 to enable the release independent without specification change [4]. Same methodology can be reused for NR HST.
Observation 1: It is feasible for HST-SFN to be release independent from Rel-15 considering signalling introduced in Rel-16. Same methodology (early implementation) as in the release independent for Rel-14 LTE HST WI can be reused for NR HST. 

· Rel-14 LTE HST are release independent from Rel-13 

· For the issue that network assistance signalling and UE capability are introduced in Rel-14 LTE HST, early implementation is used in RAN2 to enable the release independent from Rel-13 without specification change

For NR HST, the early implementation can be reused to solve the concern on signalling. High speed scenario is an important deployed scenario. And the improvement of UE experience is necessary. RAN4 does not specify the NR HST requirements in Rel-15 due to the limited timeline. But NR high speed scenario is supported in Rel-15 from RAN1/2 point of view. Taking above into consideration, it is proposed that Rel.16 HST requirements are release independent from Rel-15. 
Proposal 6: Rel.16 HST requirements, including HST-SFN, HST single tap and multi-path fading, are proposed to be release independent from Rel-15.
3. Conclusion
This contribution provides discussion on UE demodulation for NR support of high speed scenario. The proposals are:
Maximum Doppler frequency for HST-SFN

Proposal 1: for HST-SFN with 30 KHz SCS, the DL maximum Doppler frequency is proposed to be 1667 Hz.
Proposal 2: for HST-SFN with 15 KHz SCS, the DL maximum Doppler frequency of 851 Hz or 870Hz are OK.

Proposal 3: for HST single tap with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 1250 Hz.
Transmission scheme

Proposal 4: Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule. For the UE which is capable of tracking two TCI states, the requirements specified for transmission scheme 1b are applied. If UE do not support tracking two TCI states, the requirements specified for transmission scheme 1a are applied.
Proposal 5: it is proposed to discuss transmission scheme 2 with high speed scenario in NR HST WI, and discuss transmission scheme 2 with non-high-speed scenario in eMIMO WI.
Release independent

Observation 1: It is feasible for HST-SFN to be release independent from Rel-15 considering signalling introduced in Rel-16. Same methodology (early implementation) as in the release independent for Rel-14 LTE HST WI can be reused for NR HST. 

· Rel-14 LTE HST are release independent from Rel-13 

· For the issue that network assistance signalling and UE capability are introduced in Rel-14 LTE HST, early implementation is used in RAN2 to enable the release independent from Rel-13 without specification change

Proposal 6: Rel.16 HST requirements, including HST-SFN, HST single tap and multi-path fading, are proposed to be release independent from Rel-15.
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