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Background
During RAN#100-e meeting, WF [1] on FR2 HST demodulation was approved. In this contribution, we share our views about the UE demodulation requirements for FR2 HST.
Discussion
1.1 Requirement for scenario A/B and uni/bi-directional deployment
	· PDSCH requirement for Uni/Bi-directional RRH scenarios in scenario A and B 
· No dedicated PDSCH requirement in Bi-directional for Scenario A
· Introduce PDSCH requirement in Uni-directional for Scenario A if the feasibility of Uni-directional deployment is confirmed   
· Introduce PDSCH requirement in Uni-directional and Bi-directional for Scenario B
· Further discuss the following aspects
· Introduction of test applicability rule if needed
· FFS whether a single requirement/ test case can be made to cover both Uni-directional and Bi-directional deployments of Scenario-B and even Scenario-A.
· Companies can provide performance comparison among Uni-directional and Bi-directional deployments
· UE test setup feasibility for Bi-directional deployment with two panels



Here we provide the simulation results to evaluate performance under different HST scenarios the with other parameters same.
Table 2.1-1 Simulation results for different HST scenarios
	Case number
	Scenario
	SNR@70%maximum throughput (dB)

	1
	Uni-ScenarioA
	10.40

	2
	Uni-ScenarioB
	10.40

	3
	Bi-ScenarioB
	10.40
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Figure 2.1-1 Simulation results for different HST scenarios
There is negligible demodulation performance difference for different FR2 HST scenarios for downlink.
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Figure 2.1-2 Doppler trajectory for different HST scenarios
From the Doppler trajectory we can see that the Uni-ScenarioA case can provide largest frequency offset among all cases and the Bi-ScenarioB case provide largest frequency jump among all cases. The baseband processing verification under Uni-ScenarioA can be covered by the other two cases. To ensure the test coverage and reduce the test load at the same time, we propose to only define Uni-ScenarioA case and Bi-ScenarioB case, or combine them to define a single case if feasible.
Only define Uni-ScenarioA case and Bi-ScenarioB case.
Maximum Doppler in Bi-directional Scenario
	· Maximum Doppler frequency offset for PDSCH requirement in Bi-directional Scenario
· Option 1: 5652Hz with 0.1ppm FOE error and 10% safety margin
· Option 2: 9722Hz
· Option 3 : Define two sets of PDSCH requirement with 9722Hz and 7000Hz
· FFS on whether introduce separate requirements for Uni- and Bi-directional based on UE capability with larger and smaller Maximum Doppler Frequency if needed



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 value using TRS or SSB for frequency tracking is shown in Table 2.1.1-1 below, with the assumption that 30 GHz carrier frequency and 120 kHz SCS.
Table 2.2-1 Maximum supporting velocity, fc=29.5GHz, SCS=120kHz
	Physical channel
	Reference signal(s)
	Maximum FOE capability [Hz]
	velocity [km/h]

	PDSCH
	TRS
	13989
	252

	
	SSB
	28029
	505



We can see that it is feasible to use SSB+TRS for tracking frequency offset for downlink to support 350km/h, using SSB for coarse frequency offset estimation and TRS for precise frequency offset estimation. So we prefer to only define 350km/h requirements, i.e. Doppler of 9722Hz targeting 350km/h at 30GHz for both Bi-directional and Uni-directional RRH deployment.
It is feasible to use SSB+TRS for tracking frequency offset for downlink to support 350km/h, using SSB for coarse frequency offset estimation and TRS for precise frequency offset estimation.
Define 350km/h requirements, i.e. Doppler of 9722Hz targeting 350km/h at 30GHz for both Bi-directional and Uni-directional RRH deployment.
UE capability
	· UE capability
· FFS on introduce the UE capability to differentiate requirement for Bi/Uni-directional if needed



[bookmark: _GoBack]This issue is still discussed in RRM session as following:
	Discuss further if there is a need to signal uni-bi-directional mode of operation:
· Option 1: Network signals type of deployment (uni- or bi-direction) to UE.
· Option 2: Signalling of uni-/bi-directional operation is not needed.



From the demodulation point of view, we don’t think it necessity to define UE capability to differentiate requirement for Bi/Uni-directional considering that the maximum Doppler frequency 9722 is within the UE processing capability and RAN4 already agreed that it is feasible to support 350km/h for FR2 HST based on Rel-15/16 NR design limitations.
Do not introduce the UE capability to differentiate requirement for Bi/Uni-directional.
DPS Transmission schemes
	· DPS transmission schemes for Uni-directional scenario
· Introduce DPS scheme 1a and scheme 1b for PDSCH requirement in Uni-directional scenario if the feasibility of Uni-directional deployment is confirmed 
· FFS on whether both schemes are defined in Uni-directional scenario for both Scenario A and B or not
· FFS on define different DPS schemes for scenario A and scenario B 
· FFS on the test applicable if needed 
· DPS transmission schemes for Bi-directional scenario
· Introduce DPS scheme 1a for PDSCH requirement in Bi-directional scenario of scenario B 
· FFS on applicability of DPS scheme 1b
· Encourage companied to further discuss the following aspect in the next meeting
· Test procedure or test feasibility between DPS scheme 1a and DPS scheme 1b in Bi-directional deployment scenario for Scenario B
· Pros and Cons between DPS scheme 1a and DPS scheme 1b in Bi-directional deployment scenario for Scenario B



In our view, both two panels can be used for beam search by using TDM. We don’t see any feasibility issue for DPS transmission scheme 1b for both Uni-directional and Bi-directional deployment. However, we also notice the performance degradation if TRS  is transmitted with PDSCH since the UE cannot active two panels at the same time. Therefore, we are OK to only define DPS scheme 1a for both Bi-directional and define both DPS scheme 1a and scheme 1b for Uni-directional deployment. Same applicability rule as Rel-16 HST between DPS 1a and DPS 1b should be used.
Define DPS scheme 1a for Bi-directional deployment and define both DPS scheme 1a and scheme 1b for Uni-directional deployment. Same applicability rule as Rel-16 HST between DPS 1a and DPS 1b should be used.
Proposals
In this contribution, we discuss on demodulation performance for NR UE HST FR2. Our observations and proposals are:
1. There is negligible demodulation performance difference for different FR2 HST scenarios for downlink.
1. It is feasible to use SSB+TRS for tracking frequency offset for downlink to support 350km/h, using SSB for coarse frequency offset estimation and TRS for precise frequency offset estimation.
1. Only define Uni-ScenarioA case and Bi-ScenarioB case.
Define 350km/h requirements, i.e. Doppler of 9722Hz targeting 350km/h at 30GHz for both Bi-directional and Uni-directional RRH deployment.
Do not introduce the UE capability to differentiate requirement for Bi/Uni-directional.
Define DPS scheme 1a for Bi-directional deployment and define both DPS scheme 1a and scheme 1b for Uni-directional deployment. Same applicability rule as Rel-16 HST between DPS 1a and DPS 1b should be used.
Reference
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