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1	Introduction
In Rel-17 NR support for high-speed train scenario in FR2 [1], potential RRM enhancement is proposed: 
· Study and identify RRM requirements impact and possible enhancement for 
· Idle/inactive mode cell reselection requirements enhancement 
· Connected mode requirements
· Handover delay requirement 
· Measurement requirements including both L1 and SSB based L3 measurement 
· Beam management requirements including beam failure detection, candidate beam detection performance requirements
· Other requirements if identified 

[2] captures the discussion in RAN4 98e on deployment scenarios, channel modeling and evaluation parameters. RRM related discussion is captured in WF [3]. 

In this paper, we provide initial discussion on R15/R15 RRM applicability and detailed analysis for RRM requirement for FR2 HST.  
2	Discussion
The deployment scenarios discussed in [2] are listed in Table I.
   
Table I Deployment scenario for HST FR2 [2]

	Scenario
	Ds (meter)
	Dmin (meter)
	Prioritization  
	Note

	A
	700
	10
	Prioritized 
	Changed from original scenario-2 

	B
	700 
	150
	Prioritized
	New scenario (same as FR1 deployment)



Applicability of R15/R16 requirement to R17 HST FR2 is summarized in [3]. We provide our view on the FFS items. 

Idle/inactive state mobility:  

Since the target device is CPE mounted on the roof top of the train, and the CPE service all the UEs inside the carriage when the train is in service, the chance of CPE goes to idle can be very small. Existing Rel-16 requirements can be reused, and enhancement for idle/inactive mode can be lower priority.  

Connected state mobility:  

· Handover:  The FR2 handover delay is defined as Dhandover.  Dhandover equals the applicable RRC procedure delay plus the interruption delay Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms.  In FR2 HST, it is reasonable to only consider the target is known case for handover, i.e. Tsearch = 0. T∆ is related to time and frequency tracking RS configuration, and TIU is SSB to RACH occasion association configuration. Tmargin can be up to 2ms, and Tprocessing can be up to 20ms. With proper network configuration, the handover delay requirement can be met without tightening processing time and margin.  
· RRC re-establishment: RRC re-establishment delay for intra-frequency is defined in Table 6.2.1.2.1-1. With side condition of >=-8dB, and TSMTC = 20ms, for unknown NR cell, the Tidentify_intra_NR is 1600ms. In our view, the RRC re-establishment requirement should be enhanced to support the maximum 350km/hour speed.  
· Connection mobility control – RRC release with redirection: Since this feature is related in inter-RAT mobility, it can be 2nd priority unless there is an operator request for inter-RAT mobility. 


Observation 1: R15/R16 handover delay requirement can be reused for HST FR2. 

Observation 2: RRC release with re-direction can be considered as low priority unless there is an operator request for support of inter-RAT mobility.  

Proposal 1: RRC re-establishment delay can be enhanced to support maximum of 350Km/hour speed.  


Timing:  
· Autonomous timing requirement: In current specification, autonomous timing requirement for Tq is defined as  the maximum amount of the magnitude of the timing change in one adjustment, also the maximum aggregate adjustment rate per 200 ms.  Current FR2 requirement is 2.5*Ts. Assume CPE can track DL timing, when UE moves from one side of the TRP to closer to TRP, autonomous UL timing should be able to handle one way propagation delay. Assume UE move at 350Km/hour, during 200ms UE moves roughly 20 meters, resulting LoS propagation delay change of around 2 * Ts. Current 2.5Ts is tight considering implementation margin.     
· Timing adjustment between RRH in uni-directional deployment: when TCI state switching happens from one RRH to another RRH in uni-directional SFN deployment, large TA adjustment is expected. For example, with DPS transmission scenario, when UE is switching from TCI state associated with SSB index 5 to TCI state associated with SSB index 6, the propagation delay can be increase by more than 2us with Ds=700m. One time large TA adjustment is needed based on DL SSB received timing change. To assist UE performs one time TA adjustment, network can signal the number of SSBs per RRH and uni-directional deployment to UE.    
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Proposal 2: Larger autonomous timing adjustment Tq should be defined to support maximum 350Km/hour speed.

Proposal 3: One-time large TA adjustment can be enabled when switching between RRH for uni-directional deployment. 

Proposal 4: Network signaling of SSB index per RRH and whether this is uni-directional or bi-directional deployment can be used to assist UE one time TA adjustment.    
  
Signaling: 
· RLM/BFD: RLM/BFD requirement depends on whether SSB or CSI-RS is used for RLM/BFD measurement. At least for CSI-RS based RLM/BFD, current R15/R16 requirement can be reused for FR2 HST.  
· CBD/Link recovery: To enable faster CBD and link recovery, CBD procedure can start before BFD happens. Network can configure multiple candidate beams for CBD measurements. And UE can start CBD procedure once better candidate beam is detected before beam failure happens.  
· Active TCI state switching delay and UL spatial relationship switching delay: TCI state switching delay can be reused when TCI state is known. Network configuration should ensure UE measure the new TCI state and send L1-RSRP report back before TCI state switching commend.  

Observation 3: CSI-RS based RLM/BFD can be reused for FR2 HST. 

Observation 4: Only known TCI state is considered for active TCI state switching delay or UL spatial relationship switching delay.  

Proposal 5: UE perform CBD procedure before BFD happens. 



Measurement procedure: 
· NR intra-frequency requirement: Current intra-frequency PSS/SSS detection define Mpss/sss_sync_w/o_gaps is 24 in FR2 for UE power class 2,3,4. For measurement period requirement Mmeas_period_w/o_gaps is also 24 in FR2 for UE power class 2,3,4. Those values are significantly larger than FR1 case due to UE Rx beam sweeping. Since UE perform the intra-frequency measurement while still connecting to the serving cell, this requires large beam overlapping between serving cell and target cell. Further analysis is needed whether this large beam overlapping can be ensured in various deployment scenario. Also reducing the number of samples and/or reducing the UE Rx beam can be used to enhance the intra-frequency requirement to reduce beam overlapping requirement for mobility measurement.    
· L1-RSRP/L1-SINR measurement: Similar to RLM/BFD requirement, at least the CSI-RS based measurement requirement can be reused for HST FR2.   


Proposal 6: Intra-freq requirement can be enhanced to reduce beam overlapping for mobility measurement. 


The number of UE beams for beam sweeping is highly related to deployment scenarios. In deployment scenario A, where Dmin is small and LOS channel is expected, the number of network beam per RRH is small, also number of UE Rx beams is small due to the narrow beam coverage, as shown in the simple illustration for uni-directional SFN.   
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Proposal 7: Consider network assisted information to reduce the number of UE Rx beam.  

Proposal 8: Allow advanced UE to feedback number of Rx beam for RRM enhancement.
     
3	Summary
In this paper, we provide initial discussion on R15/R15 RRM applicability, detailed analysis for RRM requirement and potential enhancement for FR2 HST.  

Observation 1: R15/R16 handover delay requirement can be reused for HST FR2. 

Observation 2: RRC release with re-direction can be considered as low priority unless there is an operator request for support of inter-RAT mobility.  

Observation 3: CSI-RS based RLM/BFD can be reused for FR2 HST. 

Observation 4: Only known TCI state is considered for active TCI state switching delay or UL spatial relationship switching delay.  

Proposal 1: RRC re-establishment delay can be enhanced to support maximum of 350Km/hour speed.  

Proposal 2: Larger autonomous timing adjustment Tq should be defined to support maximum 350Km/hour speed.

Proposal 3: One-time large TA adjustment can be enabled when switching between RRH for uni-directional deployment. 

Proposal 4: Network signaling of SSB index per RRH and whether this is uni-directional or bi-directional deployment can be used to assist UE one time TA adjustment.    
 
Proposal 5: UE perform CBD procedure before BFD happens. 

Proposal 6: Intra-freq requirement can be enhanced to reduce beam overlapping for mobility measurement. 

Proposal 7: Consider network assisted information to reduce the number of UE Rx beam.  

Proposal 8: Allow advanced UE to feedback number of Rx beam for RRM enhancement.
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