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1. Introduction
In the RAN4 99e meeting, several issues of reference signal for DL were discussed and some issues are still open in the agreed WF [1].
In this contribution, some discussions on reference signal for demodulation requirements in FR2 HST are provided.
2. Discussion
In the last meeting, the following RS configuration was reached for PDSCH:
	· RS configuration
· Assumption of RS for frequency offset tracking is up to UE implementation, FFS the RS configuration for PDSCH requirement as 
· Configure SSB every 20ms
· Configure TRS every 10ms
· Configure PTRS with KPT-RSS=2 and LPT-RS=1


For SSB and TRS, we assume UE performs frequency offset compensation before demodulation, there would be residual frequency offset (RFO) after frequency offset compensation in each SSB/TRS period. RFO is related to the channel model, switching point, period of SSB/TRS.
The channel model for HST_FR2 was not reached, so we analyze Doppler tracking trajectory for different candidate channel models which were discussed in RAN4 #99-e meeting.
Table 1 shows the Doppler frequency shift range for different scenarios and different channel models. The Doppler shift variation is collected when the CPE is served by the same RRH.
Table 1, the range of Doppler shift variation for different scenarios and different channel models
	deployment & channel model
	Range of Doppler shift variation(Hz)

	
	Dmin = 10m,
	Dmin = 150,

	Uni- DPS channel(Ds_offset = 50)
	187.93
	6459

	Bi-DPS option (a)
	2.97
	570.28

	Bi-DPS option (b)(Ds_offset = 50)
	184.83
	5861.70

	Bi-DPS option (c)
(A_offset = Ds/4,B_offset = Ds/4)
	11.87
	1554.47

	Bi-DPS option (e)
	2.97
	570.28


We find from table 1 that the maximum Doppler shift variation is 5861.70Hz.If SSB of 20 ms period is considered, the maximum Doppler shift variation is shown in figure 1.
[image: ]
Figure 1, Doppler shift variation when 20 ms period of SSB is considered
From figure 1 we can see that the maximum Doppler shift variation within 20 ms is not larger than 120 Hz, and the correlation time for 120 Hz is 3.5ms which is much larger than the duration of a slot with u equals to 3.
There would be no time selective fading affection within a slot when the correlation time is larger than a slot duration, it means 1 DMRS is enough to demodulation when the period of TRS or SSB is less than 40 ms.
In order to reduce the test effort, applicability rule needs to be considered.
Proposal 1: The candidate RS configuration options for PDSCH can be supported and applicability rule need to be considered to reduce the test effort.
For Doppler frequency for PDSCH requirement, two options for bi-directional deployment were reached in RAN 4# 99-e meeting.
	· Doppler frequency for PDSCH requirement
· Doppler frequency for PDSCH requirement in Bi-directional deployment scenario, if Bi-directional deployment scenario is introduced  
· Option 1: 9722Hz targeting 350km/h at 30GHz
· Option 2: 7000Hz with the smallest RS range of frequency offset estimation
· Doppler frequency for PDSCH requirement in Uni-directional deployment scenario, if Uni -directional deployment scenario is introduced  
· 9722Hz targeting 350km/h at 30GHz


To be exact, the Doppler frequency for uni-directional deployment is not equal to 9722 when Dmin and RRH height are taken into consideration especially for scenario-B.
For uni-directional deployment, the angle between CPE direction and serving beam is neglected. From PDSCH requirement point of view, we propose to use one conservative value for both bi-directional and uni-directional deployment.
Proposal 2: Option 1, i.e. 9722Hz is preferred for bi-directional deployment.
There are 2 scenarios and each scenario includes 2 deployments. Whether PDSCH requirement should be defined separately and whether applicability rule should be introduced were discussed in RAN4 #99-e meeting and the candidate options are listed as below.
	· PDSCH requirement for Uni/Bi-directional scenario in scenario A and scenario B
· Option 1: Define PDSCH requirement with Uni/Bi-directional  scenario for both A and B, Define the test applicability rule to reduce the test effort
· Option 2: Define requirements for both scenario A/B, and Uni/Bi-directional deployment, and not define any applicability between
· Option 3 : Consider output of FR2 HST deployment scenario discussion whether to cover scenario A 
· Option 4 : RAN4 define two test cases for HST FR2
· Test 1: HST single tap (Uni-directional) with scenario A
· Test 2: DPS (Uni-directional) with scenario B
· If RAN4 agree to consider both Uni-directional and Bi-directional deployment, either test 1 or 2 apply Bi-directional model


Different beams will be configured for different scenario and deployment. The performance will be different for different scenarios and different deployments. In addition, the necessity of uni-directional deployment for scenario-A is still under discussion in scenario session and RRM session.
So we can wait for the output from scenario session and RRM session, if bi-directional deployment is supported in scenario-A the PDSCH requirement should be defined for each combination of scenario and deployment. The transmit schemes for different scenario and deployment are different, the applicability rule is not preferred.
Proposal 3: Option 2 is preferred for PDSCH requirement for Uni/Bi-directional scenario in scenario A and scenario B. 


3. Conclusion
Based on the analysis, the following proposals are given:
Proposal 1: The candidate RS configuration options for PDSCH can be supported and applicability rule need to be considered to reduce the test effort.
Proposal 2: Option 1, i.e. 9722Hz is preferred for bi-directional deployment.
[bookmark: _GoBack]Proposal 3: Option 2 is preferred for PDSCH requirement for Uni/Bi-directional scenario in scenario A and scenario B. 
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