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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
According to the agreed WF [1], there are multiple options of maximum Doppler frequency for HST-SFN scenario. To determine the maximum Doppler shift, we would like to provide our views based on the theory limit of the frequency tracking based on the physical layer design and the simulation results.
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 summarize 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, which is enough to support the Doppler shift of 1.667 KHz. Figure 1 and Figure 2 are the simulation results of 30KHz SCS based on the agreed the simulation assumption [1]. In can be seen that the case with Doppler shift of 1667Hz can achieve the maximum throughput. Both the theory analysis and simulation results show that Doppler shift of 1667Hz is feasible.
Proposal 1: for 30KHz SCS, the DL maximum Doppler frequency is proposed to be 1667Hz for HST-SFN. 
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Figure 1 MCS=13, SCS =30 KHz                     Figure 2 MCS=17, SCS =30 KHz
For 15KHz SCS, the theory limit of frequency tracking is 1.75 KHz. With HST-SFN deployment, the frequency offset range is [-875Hz, +875Hz]. According to the agreed WF [1], the candidate Doppler shift is {1667, 1250, 972, 875, 780} Hz. Considering implementation margin, it is proposed to consider Doppler shift of 780 Hz.
Proposal 2: for 15KHz SCS, the DL maximum Doppler frequency is proposed to be 780 Hz for HST-SFN. 

Figure 3 is the simulation results of different MCS. All the candidate MCS (MCS 4, MCS 13, MCS 17) can achieve the maximum throughput with a reasonable SNR. It is proposed to consider MCS 17.
Proposal 3: it is proposed to consider MCS 17.
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Figure 3 Doppler shift = 1667 Hz, SCS =30 KHz
2.2 Channel model

According to the discussion in the last meeting, three sets of Ds and Dmin are proposed, which are summarized as below. Option 1 and option 2 are for open space scenario. The selection of these two options depend on deployment. Option 1 is the value used in LTE channel model. Since higher frequency will be in use in NR, which results in smaller cell coverage, from our point of view, option 2 is more practical. 
· Option 1: Ds=1000m, Dmin=50m 

· Option 2: Ds=700m, Dmin=150m 

· Option 3: Ds= 300m, Dmin=2m 

Proposal 4: for open space scenario, Ds is proposed to be 700 meters, Dmin is proposed to be 150 meters.
Both option 2 and option 3 are operators’ commercial deployment targeting for different scenario, it is suggested to take both of them into account while specifying the requirements. However, this will increase the number of test cases. To find a balance between the test coverage and test load, from our perspective, there are three possible solutions.    
· Solution 1: for HST-SFN scenario, Ds=700m, Dmin=150m and Ds= 300m, Dmin=2m are considered for both 30KHz SCS and 15 KHz SCS. For HST single tap, Ds=700m, Dmin=150m and Ds= 300m, Dmin=2m are considered for both 30KHz SCS and 15 KHz SCS.
· Solution 2: for HST-SFN scenario, Ds=700m, Dmin=150m are considered for both 30KHz SCS and 15 KHz SCS. For HST single tap, Ds=300m, Dmin=2m are considered for both 30KHz SCS and 15 KHz SCS.
· Solution 3: for SCS=30 KHz, Ds=700m, Dmin=150m are considered for both HST-SFN and HST single tap. For SCS=15 KHz, Ds=300m, Dmin=2m are considered for both HST-SFN and HST single tap.
Solution 1 has better test coverage, but will introduce more test cases compared with other solutions, since there are two sets of Ds and Dmin for each scenario with each SCS. Solution 2 is the same methodology as we use in LTE spec, which is open space deployment for HST-SFN and tunnel deployment for HST single tap. Solution 2 and solution 3 have the same number of test cases. The difference between solution 2 and solution 3 is that in solution 2, only one set of Ds and Dmin is considered for each scenario. While in Solution 3, for each scenario, different set of Ds and Dmin are tested with different SCS.

Proposal 5: for channel model, it is proposed to consider following three solutions:  
•
Solution 1: For HST-SFN scenario, Ds=700m, Dmin=150m and Ds= 300m, Dmin=2m are considered for both 30 KHz SCS and 15 KHz SCS. For HST single tap, Ds=700m, Dmin=150m and Ds= 300m, Dmin=2m are considered for both 30 KHz SCS and 15 KHz SCS.

•
Solution 2: For HST-SFN scenario, Ds=700m, Dmin=150m are considered for both 30 KHz SCS and 15 KHz SCS. For HST single tap, Ds=300m, Dmin=2m are considered for both 30 KHz SCS and 15 KHz SCS.

•
Solution 3: For SCS=30 KHz, Ds=700m, Dmin=150m are considered for both HST-SFN and HST single tap. For SCS=15 KHz, Ds=300m, Dmin=2m are considered for both HST-SFN and HST single tap.
2.2 Signaling issue
In Rel-14 HST WI, signaling of highSpeedEnhancedDemodulationFlag is introduced to indicate UE to apply the advanced receiver in SFN scenario. In Rel-16 HST WI, though the detail signaling is under discussion in RAN2, RAN4 has agreed that a new configuration flag is introduced for UE demodulation performance requirements to support 500km/h velocity in HST-SFN scenario. For NR HST, since the enhanced receiver is considered, it is proposed to indicate UEs to apply the enhanced demodulation method in HST-SFN scenario. Similarly, it is necessary to introduce UE capability signaling to indicate whether UE supports advanced receiver in SFN scenario.
Proposal 6: it is proposed to introduce network flag to indicate UE to apply the advanced receiver in HST-SFN scenario.

Proposal 7: it is proposed to introduce UE capability to indicate whether UE supports advanced receiver for HST-SFN scenario.
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 30KHz SCS, the DL maximum Doppler frequency is proposed to be 1667Hz. 

Proposal 2: for HST-SFN with 15KHz SCS, the DL maximum Doppler frequency is proposed to be 780 Hz. 

Proposal 3: it is proposed to consider MCS 17.

Proposal 4: for open space scenario, Ds is proposed to be 700 meters, Dmin is proposed to be 150 meters.
Proposal 5: for channel model, it is proposed to consider following three solutions:  

•
Solution 1: for HST-SFN scenario, Ds=700m, Dmin=150m and Ds= 300m, Dmin=2m are considered for both 30KHz SCS and 15 KHz SCS. For HST single tap, Ds=700m, Dmin=150m and Ds= 300m, Dmin=2m are considered for both 30KHz SCS and 15 KHz SCS.

•
Solution 2: for HST-SFN scenario, Ds=700m, Dmin=150m are considered for both 30KHz SCS and 15 KHz SCS. For HST single tap, Ds=300m, Dmin=2m are considered for both 30KHz SCS and 15 KHz SCS.

•
Solution 3: for SCS=30KHz, Ds=700m, Dmin=150m are considered for both HST-SFN and HST single tap. For SCS=15KHz, Ds=300m, Dmin=2m are considered for both HST-SFN and HST single tap.
Proposal 6: it is proposed to introduce network flag to indicate UE to apply the advanced receiver in HST-SFN scenario.

Proposal 7: it is proposed to introduce UE capability to indicate whether UE supports advanced receiver for HST-SFN scenario.
4. Reference
[1] R4-1910050, WF on UE demodulation for NR HST, CMCC 
[2] 3GPP TS 38.211, NR, Physical channels and modulation 
_1631254198.bin

_1631254199.bin

_1631254185.bin

