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Background
During RAN#91-e meeting, Work plan [1] for NR support for high speed train scenario in FR2 was approved. In this contribution, we share our views about the general issues for NR FR2 HST demodulation requirements.
Discussion
Maximum supported speed
	· FFS the maximum supported speed from DL demodulation perspective: 
· Reference signal(s) to be used for frequency offset tracking: 
· Option-1: TRS (4 symbol interval)
· Option-2: DMRS (1+1+1)
· Option-3: TRS + PT-RS (1 and 2 symbol interval)
· FFS the maximum supported speed from UL demodulation perspective: 
· Reference signal(s) to be used for frequency offset tracking: 
· Option-1: DM-RS (1+1+1) only
· Option-2: PT-RS (1 or 2 or 4) + DMRS
· Option-3: PT-RS (1 or 2 or 4)
· RAN4 shall check the maximum supportable speed from demodulation perspective and accordingly the possible enhancement:
· Candidate maximum speed values to be evaluated:
· 260kmph
· 350kmph 
· Other options if identified.



The maximum supporting velocity is inversely proportional to the interval of the two closest symbols on which reference signals are transmitted. The detail theory analysis is shown in Table 2.1-1 below, with the assumption that 29.5 GHz carrier frequency and 120 kHz SCS. In the table green, yellow and red mark is corresponding to supporting speed of 350km/h, supporting speed of 260km/h, supporting speed of less than 260km/h respectively. Bear in mind that for downlink, the maximum supporting velocity should be halved to track both positive and negative Doppler from different RRH simultaneously.
Table 2.1-1 Maximum supporting velocity, fc=29.5GHz, SCS=120kHz
	Physical channel
	Reference signal(s)
	Doppler [Hz]
	velocity [km/h]

	
	
	
	Scenario A
	Scenario B

	PDSCH
	TRS
	13989
	255
	278

	
	DMRS(1+1+1, interval=3/4)
	18641/13989
	340/255
	370/278

	
	TRS+PTRS(L=1)
	56058
	1023
	1112

	
	TRS+PTRS(L=2)
	28029
	511
	556

	
	TRS+SSB
	20829
	511
	556

	PUSCH
	DMRS(1+1+1, interval=3/4/5)
	18641/13989/11195
	340/255/204
	370/278/222

	
	DMRS(1+1+1)+PTRS(L=1)
	56058
	1023
	1112

	
	DMRS(1+1+1)+PTRS(L=2)
	28029
	511
	556

	
	DMRS(1+1+1)+PTRS(L=4)
	14015
	256
	278

	
	PTRS(L=1)
	56058
	1023
	1112

	
	PTRS(L=2)
	28029
	511
	556

	
	PTRS(L=4)
	14015
	256
	278



For the downlink, it is not appropriate to track frequency offset by using DMRS or PTRS. If UE is not scheduled PDSCH for a long time, especially when UE pass the RRH, the Doppler jump may not be solved with high probability. To support 350km/h, we propose to use TRS+SSB for tracking frequency offset for downlink.
To support 350km/h, RAN4 define performance requirements using TRS+SSB for tracking frequency offset for downlink.
For uplink, the interval of DMRS can be different for different number of symbol allocated for data transmission. The use scenario should not be limited to specific resource allocation. Here we consider the worst case, i.e. interval of 5 for PUSCH. From the table we can see that it is not feasible to support 350km/h without using PTRS for both uplink and downlink.
It is not feasible to support 350km/h without using PTRS for uplink.
For the time density of PTRS configuration, 1 or 2 is feasible to support 350km/h. Considering that PTRS is also used for phase noise tracking, we prefer LPTRS=1, i.e. same as the value used in other requirements.
Considering that PTRS is sparser than DMRS, the residual frequency offset by using PTRS only is larger. Here we show the standard deviation of the residual frequency offset.
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	Figure 2.1-1 Frequency offset tracking with or without PTRS


DMRS+PTRS can provide more accurate frequency offset estimation than PTRS for uplink.
Therefore, to support 350km/h, we propose to use DMRS+PTRS for uplink.
To support 350km/h, RAN4 define performance requirements using DMRS+PTRS for tracking frequency offset for uplink.
Proposals
In this contribution, we discuss on demodulation performance for NR UE HST FR1 CA scenarios. Our observations and proposals are:
1. It is not feasible to support 350km/h without using PTRS for uplink.
DMRS+PTRS can provide more accurate frequency offset estimation than PTRS for uplink.
1. To support 350km/h, RAN4 define performance requirements using TRS+SSB for tracking frequency offset for downlink.
To support 350km/h, RAN4 define performance requirements using DMRS+PTRS for tracking frequency offset for uplink.
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