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Introduction
In RAN4 #98bis-e meeting, a WF for RRM requirement was approved [1]. In this contribution, we provide our view on the open issues.
Discussion
Rx Sweeping Factor in Neighboring Cell Search and Measurement
From the WF on deployment scenario agreed in RAN4#98bis-e meeting [2], we can observe that in different scenarios with different Dmin, UE needs different number Rx beams to cover the RRH beams from different directions when traveling from one RRH to the next along the track. Therefore, all possible scenarios have to be considered when deciding the Rx sweeping factor in the RRM requirement for neighboring cell search and measurement.
Proposal 1: Deciding Rx sweeping factor for neighboring cell search and measurement requirement based on all the possible scenarios.
In high speed scenario, UE performs new beam detection and neighboring cell search/measurement frequently to maintain the connection. Beam dwelling and cell dwelling time are both short. When most of SMTCs are allocated for beam and neighboring cell search/measurement, the opportunities that UE can utilize to refine the Rx beams autonomously becomes rare. Further reducing the Rx sweeping factor leaves smaller margin on search/measurement procedures, which further decreases the autonomous Rx beam refinement opportunities. Note that Rx beam refinement is important in FR2 HST due to the fast UE speed.
When SSB locations (in time domain) are not overlapping among adjacent RRHs within the same BBUs and in the neighboring cells (across different BBUs), UE can perform autonomous serving and search/measurement in the same SMTC. Therefore, before reducing Rx sweeping factor, RAN4 should first discuss whether non-overlapping SSB locations in time domain among adjacent RRHs within the same BBUs and in the neighboring cells (across different BBUs) are feasible. In our opinion, since the HST cells are deployed along the track instead of scattered on a plane as common cellular deployment, each RRH has at most two adjacent RRHs on the opposite direction. Moreover, the UEs are on the straight track, less number of beams (and SSBs) are needed. Therefore, we believe it is feasible to have non-overlapping SSB locations in time domain among adjacent RRHs within the same BBUs and in the neighboring cells (across different BBUs).
Proposal 2: Consider non-overlapping SSB locations in time domain among adjacent RRHs within the same BBUs and in the neighboring cells (across different BBUs) in FR2 HST.
Beam Propagation Delay Difference in Uni-directional Model
Large propagation delay between beams can lead to the following issue:
While UE can derive timing for any beam by PSS/SSS detection, the large propagation delay difference can introduce large ISI and signal power (of PSS/SSS) degradation. 700m distance leads to 2.3us propagation delay, which is 4 times CP and more than ¼ symbol duration. However, since UE performs new beam search mostly in <0dB SINR, the ISI of 2us has negligible impact on performance, and 2us difference in timing compared to serving beams can also be easily handled by PSS/SSS detection algorithm. Therefore, beam propagation delay difference is not a concern based on our analysis.
Rx Sweeping Factor in L1-RSRP Measurement
The argument and the conclusion for Rx sweeping factor in neighboring cell search/measurement requirement applies to L1-RSRP measurement. Hence we have a similar proposal:
Proposal 3: Deciding Rx sweeping factor for L1-RSRP measurement report requirement based on all the possible scenarios.
In HST, it is beneficial to reduce the beam switching delay. Further reducing the TCI state switching delay itself has UE processing timeline impact and may not be feasible. Another option for reducing the beam switch delay is allowing UE to initiate the TCI state switch and no waiting for network command is needed. 
Observation 1: It is beneficial to reduce beam switching delay by UE initiated TCI state switch.
Since train route is deterministic and known to the network, the candidate Tx beams are predictable and can be signaled to UE. The beam switching overhead can be further reduced by enable UE initiated TCI state switch to one of the candidate beams configured by the network. We call it configured target beam set in the following. Since network expects UE to switch to one of the beams in the configured target beam set, once UE determine that any of the configured target beams is better than the serving beam, identical decisions are expected no matter network or UE make this decision. Therefore, UE initiated TCI state switching is more efficient than network configured TCI state switching and can reduce beam switch delay. However, when UE finds the beams not in the configured target beam set is better, it falls back to the network configured TCI state switch procedure. 
To be more precise, network signal a set of candidate DL RS corresponding to a set of candidate TCI state to UE. With this candidate DL RS set, UE can evaluate the signal strength of the corresponding candidate beams. Once UE selects a candidate DL RS with better received SNR on the corresponding beam, UE can initiate TCI state switch to the corresponding TCI state. If the DL RS not belonging to the candidate set is with better SNR measurement, network can initiate the TCI state switch. Since the TCI state switch procedure should be defined by RAN1, we propose to send an LS to RAN1, and the draft is provided in the appendix.
[bookmark: _Hlk71563138]Proposal 4: Send an LS to RAN1, indicating the necessity of the support of the following beam switching enhancement procedures in FR2 HST:
(1) Network signaled a set of candidate DL RS corresponding to a set of candidate TCI state to UE. 
(2) UE can initiate TCI state switch if it selects a candidate DL RS associated with one candidate TCI. Otherwise, network should initiate the TCI state switch.
Idle/Inactive Mode Requirement
We don’t see any valid use case for idle/inactive mode in FR2 HST when CPE device is considered. In RAN4#98bis-e email discussion, the empty cabin scenario was brought up. However, even when the cabin is empty, if we want to guarantee user connectivity experience, CPE should stay in the connected mode. Otherwise, when a UE enters an empty cabin, it has to first establish connection with the CPE, and wait for the CPE to go from idle/inactive mode back to connected mode. Since in RAN4#98bis-e we already agreed to consider short DRx cycles in FR2 HST, short DRx cycle is much better than idle/inactive mode to guarantee the user connectivity experience. Since there is no use case for idle/inactive mode, we don’t see the need for the enhancement.
Proposal 5: No enhancement for idle/inactive mode measurement requirement in FR2 HST.
Conclusion
Proposal 1: Deciding Rx sweeping factor for neighboring cell search and measurement requirement based on all the possible scenarios.
Proposal 2: Consider non-overlapping SSB locations in time domain among adjacent RRHs within the same BBUs and in the neighboring cells (across different BBUs) in FR2 HST.
Proposal 3: Deciding Rx sweeping factor for L1-RSRP measurement report requirement based on all the possible scenarios.
Observation 1: It is beneficial to reduce beam switching delay by UE initiated TCI state switch.
Proposal 4: Send an LS to RAN1, indicating the necessity of the support of the following beam switching enhancement procedures in FR2 HST:
(1) Network signaled a set of candidate DL RS corresponding to a set of candidate TCI state to UE. 
(2) UE can initiate TCI state switch if it selects a candidate DL RS associated with one candidate TCI. Otherwise, network should initiate the TCI state switch.
Proposal 5: No enhancement for idle/inactive mode measurement requirement in FR2 HST.
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1. Overall Description:
Under the R17 work items on high speed train support for FR2, RAN4 has identified the necessity of reducing beam switch delay. RAN4 has concluded that the following UE initiated TCI state switch scheme is necessary to be introduced to support high speed train operation in FR2:
· Network signaled a set of candidate DL RS corresponding to a set of candidate TCI state to UE. 
· UE can initiate TCI state switch if it selects a candidate DL RS associated with one candidate TCI. Otherwise, network should initiate the TCI state switch.
RAN4 kindly ask RAN1 to design the corresponding procedure and signalling to support the operation in high speed train scenario in FR2.

2. To RAN WG1 group. 
ACTION: 	RAN4 respectfully asks RAN1 to design the corresponding procedure and signalling to support the operation in high speed train scenario in FR2.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #100-e 	16 - 27 Aug 2021	Online 
TSG RAN WG4 Meeting #101-e               01- 12 Nov 2021    Online 



