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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]. The work plan for performance part was agreed as follows
	-RAN4#98-bis-e: April.12th-20th, 2021
· Demodulation
· Discuss and identify potential impact on BS/UE performance requirements 
· Discuss channel models to be adopted for UE/BS demodulation tests
· Agree initial simulation assumptions for BS, UE demodulation tests



Based on the work plan, this meeting is the first meeting to discuss on the performance part of Rel-17 FR2 HST. In this contribution, the view on UE demodulation requirement was provided.
2	Discussion
2.1 Channel Model 
The single tap scenario can be regard to a general HST deployment.  The purpose is to verify the UE receiver behavior for proper frequency tracking in the high mobility conditions. Generally, HST single tap channel model is not a realistic model, especially for FR2, it is not feasible to configure only one TCI state to track different RRH (the same SSB index). In that sense, it is not feasible to define the PDSCH requirement with HST single tap channel model in FR2.
Proposal 1:  No PDSCH requirement with HST single tap channel model in FR2
Based on RRH deployment scenario, both bi-directional scenario and unidirectional scenario are feasible from the beam coverage analysis.  Based on the different deployment scenario, the Doppler shift trajectory is different from UE point of view. 
In our company contribution [2], we analysis the detailed channel modeling and propose the channel models for downlink performance evaluation. From demodulation perspective, there is no different receiver behavior foreseen. If PDSCH requirement are defined for both RRH deployment scenarios, some test applicability rule should be considered to reduce the test effort.
Proposal 2:  if needed to define PDSCH requirement with both RRH deployment scenarios, applicability rule can be further discussed.


2.2 Transmission Scheme
In FR1 discussion, compared with HST single tap, both joint SFN transmission and DPS transmission scheme with 1a and 1b are considered for PDSCH requirement.
Base on the clarification for transmission scheme, the following transmission could be discussed in FR2 HST [3] as
	· FR2 HST transmission schemes which are or FR2 HST transmission schemes which are not compatible with Rel-15/16 NR shall be precluded in FR2 HST WI discussion.
· For Joint transmission (JT) used for FR2 HST, only full SFN (i.e., Joint Transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH, etc.)) is considered in Rel-17 FR2 HST WI. 
· Multi-DCI based multi-TRP transmission is precluded from Rel-17 FR2 HST. 



JT-SFN transmission scheme
SFN in LTE and NR FR1 deployment means there is signals joint transmitted from multiple RRHs, which helps high-speed-train UE can avoid frequent handover between cells and decrease the probability of RLFs.
As mentioned in [1], joint transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH) from neighboring RRHs in unidirectional RRH deployment is only available for a fixed beamforming in RRH. 
In FR2, the propagation delay difference from different RRHs can be larger than the length of CP, which may result in the ISI. To handle the large delay, advanced receiver is needed. Similar as FR1, supporting of HST-SFN JT transmission is optional UE feature. 
The potential impact on the demodulation performance and performance benefit compared with DPS transmission schemes in unidirectional RRH deployment need to be further discussed. 
Regarding the bi-directional RRH deployment, only one panel can be activated to receiver one direction signal, therefore, it is not feasible to define PDSCH requirement with bi-directional scenario for JT-SFN transmission
Proposal 3: No PDSCH requirement for JT-SFN transmission scheme in bi-directional scenario. FFS on PDSCH requirement for JT-SFN transmission scheme in unidirectional scenario
DPS Transmission scheme 
DPS based Rel-15 NR mechanism is reasonable scheme for unidirectional RRH deployment. In case of using DPS the PDSCH is only transmitted from one RRH at each time. From UE point of view the channel conditions in this scenario is just a single tap channel model with slowly varying Doppler frequency. In this case conventional frequency offset tracking might be used and better demodulation performance is expected compare to joint Tx scenarios since ICI impact can be fully avoided. This transmission does not require any adjustment of Doppler spread estimation procedure at the UE side, which will lead to the increased UE complexity.
For FR1, two kinds of DPS transmissions requirements are considered, DPS scheme 1 and DPS scheme 1b based on UE capability. For DPS scheme 1a, UE only needs to track 1 TCI state, and for scheme 1b, UE needs to track more than 1 TCI states.
For scheme 1a, it is feasible to define the PDSCH requirement with DPS scheme 1a in both bi-directional and unidirectional scenarios 
Regarding scheme1b, the baseline assumption is only one panel can be activated to receive the signal coming from one direction. Since DPS scheme1b needs to track two TCI states simultaneously, it is not feasible to define PDSCH requirement with DPS scheme 1b in bi-directional scenario. 
Proposal 4:  DPS scheme 1a and 1b can be considered for PDSCH requirement in unidirectional scenario.
Proposal 5: Only DPS scheme 1a can be considered for PDSCH requirement in bi-directional scenario.
2.3 Max Doppler Frequency
Regarding the max Doppler frequency, it should be determined based on operation frequency, velocity and Rel-15/16 deign limitation for all UL/DL physical channels.  In the last meeting, in order to check the feasible supported speed, two candidate maximum support speeds are considered for evaluation based on different RS configurations. 
Generally, the frequency shifts caused by the UE speed in the uplink will be two times of the Doppler shifts in the downlink. Therefore, the bottleneck for UE speed shall be the uplink. 
Based on our initial simulation results [4], it is feasible to support 350km/h UE speed for UL with PTRS configured. Therefore, we suggest to determine the maximum Doppler frequency based on the UE velocity of 350km/h, where related maximum Doppler frequency for DL is 9722Hz.
Proposal 6:  For 120 KHz, it is feasible to use the maximum Doppler frequency as 9722Hz for PDSCH requirement.
3	Conclusion
In this contribution, the general scope of UE demodulation requirement for Rel-17 FR2 HST WI.
Proposal 1:  No PDSCH requirement with HST single tap channel model in FR2
Proposal 2:  if needed to define PDSCH requirement with both RRH deployment scenarios, applicability rule can be further discuss to reduce the test efforts
Proposal3: No PDSCH requirement for JT-SFN transmission scheme in bi-directional scenario. FFS on PDSCH requirement for JT-SFN transmission scheme in unidirectional scenario
Proposal 4:  DPS scheme 1a and 1b can be considered for PDSCH requirement in unidirectional scenario.
Proposal 5: Only DPS scheme 1a can be considered for PDSCH requirement in bi-directional scenario
Proposal 6:  For 120 KHz, it is feasible to use the maximum Doppler frequency as 9722Hz for PDSCH requirement.
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