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1	Introduction
In RAN  Plenary#89-e, the RAN4-led work item of NR support for high speed train (HST) scenario in FR2 has been approved [RP-202118]. In the last RAN4 meeting, the general scope of FR2 HST demodulation for UE and BS were further discussed. The related agreement was captured in the WF [1] as
	· Test scope for PDSCH
· 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
· Test scope for PUSCH
· PUSCH requirement for Uni/Bi-directional RRH scenarios in scenario A and B
· No dedicated PUSCH requirement in Bi-directional for Scenario A
· Introduce PUSCH requirement in Uni-directional for Scenario A if the feasibility of Uni-directional deployment is confirmed   
· Introduce PUSCH requirement in Uni-directional and Bi-directional for Scenario B
· Further discuss the following aspects
· Introduction of test applicability rule if needed
· Introduction of BS declaration for applicable test cases if more than one will be introduced (with different deployment scenarios)
· 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
· BS test setup feasibility for Bi-directional deployment with two panels
· Channel model
· For UL PUSCH demod test cases, no delay modeling needed
· For UL TA adjustment demod test case, further discuss delay modelling
· For DL PDSCH demod test cases, FFS whether delay jump need to be considered in channel modelling pending on the further decision on RRM session



In this contribution, the view on the general issue for UE and BS demodulation requirement was provided.
2	UE demodulation 
Based on FR2 HST deployment discussion, both bi-directional scenario and Uni-directional scenario in scenario A and scenario B are feasible from the beam coverage analysis.  As agreed in the last meeting, PDSCH requirement will be introduced in Uni-directional for scenario A/B, and Bi-directional for scenario B.
Whether to define a single test case to cover both Uni-directional and Bi-directional deployment of Scenario B and even Scenario A, from the demodulation perspective, it should be based on whether there is different receiver behavior identified.
Requirement with Uni-directional for scenario A and scenario B 
For Uni-directional RRH deployment scenario, compared with scenario A and scenario B, although the number of beam per RRH is different, where 1 beam per RRH panel, and 2 beams per RRH panel. From the UE receiver perspective, the different is minor. Based on our initial result, similar results can be achieved. So, there is no necessary to introduce requirement for both scenario A and scenario B with same transmission scheme. If RAN4 agrees to cover both scenario A and scenario B, we think it is not necessary to test both. If UE pass the scenario A, and it skips the test of scenario B.
Requirement with Uni-directional and Bi-directional 
Different with Unidirectional scenario, huge Doppler frequency will be experienced by UE when UE switches one RRH from another RRH.  The Doppler value will be double compared with the value in Uni-directional, which may exceed the frequency Doppler estimation range by TRS. UE may has different FOE strategies. Therefore, to verify the proper time/frequency offset tracking, it is necessary to define PDSCH requirement for Bi-directional
 
UE capability  
As mentioned, the FOE strategies will be different applied by UE. For UE only capable to apply TRS for Doppler frequency tracking, it can handle the frequency Doppler value with 9722Hz in Uni-directional scenario, while it cannot handle the same Doppler value in Bi-directional scenario. For UE capable to apply joint SSB+TRS for Doppler frequency tracking, it can handle the frequency Doppler value with 9722Hz for both Uni-directional and Bi-directional scenario. Therefore, it is necessary to introduce the UE capability to differentiate the requirement for Uni-directional and Bi-directional scenario

In summary, the following is proposal for UE demodulation
Proposal 1:  
Define PDSCH requirement only with Uni-directional scenario in scenario A. If the requirement was introduced for both scenario A and scenario B, define test applicability rule as if UE passes the test of scenario A, it can skip the test of scenario B.
Define PDSCH requirement with Bi-directional scenario with scenario B.
Introduce UE capability to differentiate the requirement of Uni-directional and Bi-directional scenario.

3	BS demodulation 
Different with downlink, regardless the deployment or transmission scheme, only single tap is available for each RRH, since there is no multiple RRH combination assumption. 
As agreed in the last meeting, RAN4 will introduce PUSCH requirement in Uni-directional with scenario A/B, and Bi-directional with scenario B. 
Based on agreed channel model for Uni-directional and Bi-directional scenario 
	· Channel Model for Uni-directional RRH deployment



                                 0  

	Scenario
	Cell radius (m)
	Ds_offset

	Scenario A (Ds =700m, Dmin =10m)
	700
	10m

	Scenario B (Ds=700m, Dmin=150m)
	716
	100m



· Channel Model for Bi-directional RRH deployment









The following is the maximum Doppler experienced by RRH for different scenario.
	Scenario 
	Maximum Doppler

	Uni-directional with scenario A(Ds_offset=10) 
	19442Hz

	Uni-directional with scenario B(Ds_offset=100)
	19111Hz

	Bi-directional with scenario B
	19012Hz



Among three scenarios, the Doppler observed by RRH in Uni-directional with scenario A is the largest. While from the demodulation perspective, there is no different receiver processing foreseen. Therefore, we prefer to define the requirement with one of them, the most challenge scenario as A can be considered.  
If RAN4 agree to introduce PUSCH requirement for both scenario A and scenario B in Uni-directional, we prefer to define the test applicability rule to reduce the test effort, only one of them will be selected for BS test based on manufacture declaration.
Regarding requirements for Uni-directional and Bi-directional, although two panels will be deployed per RRH, while only one panel is activated, there is no difference at all compared to Uni-directional with one panel configuration. From baseband processing perspective, the tracking algorithm is also same. Therefore, a single requirement can fulfill the test purpose. There
Proposal 2:  Define PUSCH with one requirement as Uni-directional RRH deployment scenario in scenario A for FR2 HST.
If both scenarios A and B are introduced, the test is performed based on BS manufacture declaration. If BS declared to support both scenario A and scenario B and BS can pass the test of Uni-directional for scenario A, it can skip the test of Uni-directional scenario for scenario B. If BS declared to support both Uni-directional and Bi-directional operation, and BS can pass the test of Uni-directional for scenario A, it can skip the test of Bi-directional scenario for scenario B.
4	HST UE Test
In the last meeting, the testability issues for FR2 HST UE are further discussed. For HST scenario, the UE will move one RRH to another RRH continuously, with beam switching operation. For demodulation test, the existed test is based on RTS method, where single probe and static UE is assumed. As agreed, RAN4 will define PDSCH requirement based on DPS transmission scheme. In FR1 HST, both DPS scheme 1 and scheme 2 were introduced for requirement, where UE can track more than 1 TCI states based on UE capability.  
In our view, the demodulation test is to verify the baseband implementation for time/frequency offset tracking. Although the TCI state is switching between neighboring RRH, there is no impact on UE demodulation, considering the TCI state switching delay is rather negligible to overall test time. Meanwhile, from performance definition perspective, there is no PDSCH scheduling slots during the TCI stated switching period, which means the throughput statistics are not considered for this period. For FR2, although two panels are considered, while only one panel is activated at each time. Therefore, for demodulation test perspective, there is no difference at all compared with one panel. So, single probe and static UE assumption can fulfill the HST UE demodulation test.
Proposal 3:  Assume single probe and static UE for HST UE demodulation.
5	Conclusion
In this contribution, the view on the UE and BS demodulation requirement was provided.
Proposal 1:  
Define PDSCH requirement only with Uni-directional scenario in scenario A. If the requirements were introduced for both scenario A and scenario B, define test applicability rule as if UE passes the test of scenario A, it can skip the test of scenario B.
Define PDSCH requirement with Bi-directional scenario with scenario B.
Introduce UE capability to differentiate the requirements of Uni-directional and Bi-directional scenario.
Proposal 2:  Define PUSCH with one requirement as Uni-directional RRH deployment scenario in scenario A for FR2 HST.
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Proposal 3:  Assume single probe and static UE for HST UE demodulation
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