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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 three 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

· Other values between option 1 and option 2 are not precluded

· For HST-SFN with FDD 15KHz, maximum Doppler is 

· Option 1: 712Hz

· Option 2: 875Hz

· Other values between option 1 and option 2 are not precluded
CSI-RS for tracking is used for time/frequency tracking in high speed scenario. According to RAN1 design [2], 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 for 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 2: 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]. Taking frequency error of ± 0.1 PPM [2] and implementation margin into account, from our point of view, option 1 of 1500 Hz is acceptable.
Proposal 1: for HST-SFN with 30 KHz SCS, the DL maximum Doppler frequency is proposed to be 1500 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]. Taking frequency error of ± 0.1 PPM [2] and implementation margin into account, from our point of view, option 1 of 712 Hz is acceptable.
Proposal 2: for HST-SFN with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 712 Hz.

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 972Hz. As shown in table 2, 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 simulation results
In the last meeting, it was agreed that Rank 1 is in use for HST single tap, and Rank 2 is adopted for HST-SFN. Table 1 is the simulation results for HST-SFN with 30 KHz SCS based on the agreed simulation assumption [1]. According to the simulation results, MCS 13 can be used for the case of Rank 2. 
Table 1 SNR (dB) @ 70% Tput for HST-SFN TDD 30KHz SCS

	Doppler shift
	MCS
	2x2
	2x4

	1500 Hz
	4
	1
	-1.2

	
	13
	10.2
	7. 7

	
	17
	16.3
	14


Proposal 4: it is proposed to use MCS 13 for the case of Rank 2.
Table 2 is the simulation results for HST single tap with 30 KHz SCS based on the agreed simulation assumption [1]. According to the simulation results, MCS 17 can be used for the case of Rank 1.
Table 2 SNR (dB) @ 70% Tput for HST single tap TDD 30KHz SCS

	Doppler shift
	MCS
	2x2
	2x4

	1667 Hz
	4
	-3.8
	-6.2

	
	13
	3.3
	0. 6

	
	17
	6.7
	3.8


Proposal 5: it is proposed to use MCS 17 for the case of Rank 1.
Another issue is about the antenna configuration. From our point of view, it is preferred that both 2x2 and 2x4 are tested. And the applicability rule can be considered. For UE supporting only 2RX, 2x2 is used. For UE supporting only 4RX or both 2RX and 4RX, 2x4 is tested.
Proposal 6: both 2x2 and 2x4 are tested and applicability rule can be considered.
2.3 Signaling issue
In the last meeting, it was agreed to introduce UE capability and NW assistance signaling for HST-SFN. But the detail of network assistance signaling for HST-SFN needs further discussion. Two options are under discussion: per-cell signaling or per-TRS resource signaling. Firstly, the motivation to introduce network assistance signaling is to indicate UE to apply the advanced receiver in HST-SFN scenario, one configuration flag which is per-cell signaled is enough. What’s more, the per-cell level signaling is introduced in LTE HST-SFN from Rel-14, and no issues are observed. We do not see the benefit and necessity to introduce the signaling in a per-TRS resource set manner. Secondly, according to TS 38.331, the maximum number of NZP CSI-RS resource set is 64, and maximum number of NZP CSI-RS resource per set is 64. If the network assistance signaling is configured per CIS-RS resource, there is overhead issue. So we prefer to configure the network assistance signaling in a per-cell manner.
Proposal 7: is it proposed to introduce the NW assistance signaling for HST-SFN in a similar way as that of LTE HST, which is a per-cell signaling and could be broadcast in system information and also provided in the handover command. 
As for the necessity of introducing NW assistance signaling for HST single tap, as discussed in [3], the reason to introduce this signaling is to avoid the residual frequency offset error issue for TRS based FO tracking. Compared with single shot, the residual FO of multiple sample based filtering is larger. From proponent point of view, it is better to introduce a network assistance signaling to indicate UE the presence of single tap HST conditions so that UE could adjust RX FO processing. We have different views on this topic. Firstly, even with single shot filtering, the residual frequency error is still very large. We would like to know the performance improvement of single shot filtering compared with the multiple sample based filtering. If the performance improvement is very small, we do not see the necessity to have this adjust of RX FO processing. Secondly, the number of TRS samples used for filtering is more like a UE implementation issue. Different UE may have different implementation. Whether this is a common issue need to be further checked and UE vendors’ input are encouraged. Thirdly, except network assistance signaling, UE have other methods to determine the mobility state. One example is that UE can determine its mobility state based on the number of cell reselections during a certain time, as specified in TS 38.304 5.2.4.3. If UE identifies it is in a high mobility condition, but is not indicated  the presence of HST-SFN, then UE can know it is in the HST single tap and can adjust FO processing. Taking above consideration into account, we do not see the benefit and necessity to introduce the network assistance signaling for HST single tap.  
Proposal 8: it is not necessary to introduce the network assistance signalling for HST single tap.
3. Conclusion
This contribution provides discussion on UE demodulation for NR support of high speed scenario. The proposals are:
Proposal 1: for HST-SFN with 30 KHz SCS, the DL maximum Doppler frequency is proposed to be 1500 Hz.
Proposal 2: for HST-SFN with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 712 Hz.

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

Proposal 4: it is proposed to use MCS 13 for the case of Rank 2.
Proposal 5: it is proposed to use MCS 17 for the case of Rank 1.
Proposal 6: both 2x2 and 2x4 are tested and applicability rule can be considered.
Proposal 7: is it proposed to introduce the NW assistance signaling for HST-SFN in a similar way as that of LTE HST, which is a per-cell signaling and could be broadcast in system information and also provided in the handover command. 
Proposal 8: it is not necessary to introduce the network assistance signalling for HST single tap.
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