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Introduction
In RAN4 #101e meeting, a WF for RRM requirement was approved [1]. In this contribution, we provide our view on the open issues.
Discussion
Number of Rx Beams and Rx Sweeping Factor 
In RAN4#101e meeting, we achieved the following agreement:
· Define only two sets of enhanced RRM requirements in terms of number of RX beams (i.e. RX beam sweeping scaling factor) per UE
· Set 1: 2 RX beams
· Set 2: 6 RX beams
· Introduce network signalling to configure UE to follow either Set 1 or Set 2 RRM requirements
· Note: the applicability of Set 1/2 requirements to the FR2 HST scenarios will be captured in the TR
The agreement restricts number of Rx beam sweeping to 2 in scenario A based on the analysis from companies’ contribution concluding that no performance degradation is observed when we limit the number of Rx beams to 2. Note that all the contributions on scenario A analysis use the assumptions of Dmin = 10m and the height difference between RRH and train rooftop (Hdiff) = 10m. Therefore, we propose that the 2Rx beam sweep based requirement only applies to the cases in which Dmin and Hdiff are both no greater than 10m. When Dmin or Hdiff is larger than 10m, DL Tx beam angle range becomes larger with the same switching point, and 2Rx beams can not cover it. If we push the switching point farther away from RRH, as we observed in [2], UE experiences up to 60% performance loss. Therefore, we propose to capture the following applicability description in TR.
Proposal 1: Capture the following description of set 1 requirements applicability in TR:
When 2Rx beam sweep based requirement (set 1) applies to the deployment scenario with Dmin > 10m or Hdiff (height difference between train rooftop mounted CPE and RRH) > 10m, performance degradation is expected.
Since 2Rx and 6Rx sweep assumptions lead to different sets of requirements, we propose to have different capabilities. We don’t see performance or mobility benefit of enhancement on the requirement other than neighboring cell and L1-RSRP measurement. Therefore, the 2Rx and 6Rx sweep agreements only apply to neighboring cell and L1-RSRP measurement requirement.
Proposal 2: Define different UE capabilities for the two sets of requirements. The 2Rx and 6Rx sweep agreements only apply to neighboring cell and L1-RSRP measurement requirement.
Since the possible DL beam AoAs are different in uni-directional and bi-directional models, network signaling to help UE identify uni-directional and bi-directional deployment is necessary. Otherwise, the agreements of Rx beam sweeping number is not feasible. In addition, the direction of new RRH, to which UE is switching, w.r.t. UE moving direction is necessary for UE to infer the possible AoA of DL beams in uni-directional deployment. Network needs to inform UE when the beam direction of new RRH, to which UE is switching, w.r.t. UE moving direction changes so that UE can search the opposite direction in uni-directional deployment.
Proposal 3: Network signals uni-direction or bi-direction deployment to UE. In uni-directional deployment, network signals the beam direction of new RRH, to which UE is switching, w.r.t. UE moving direction when it changes.
[bookmark: _Hlk78385107]Propagation delay difference in Uni-directional Model
The following agreements are achieved in RAN4#101e:
· It is up to network configuration to enable one shot large uplink timing adjustment mechanism
· Introduce a mechanism for one shot large uplink timing adjustment for FR2 HST scenarios with UE allowed to adjust uplink timing beyond Tq
· FFS for conditions and additional network assistance for UE to apply one shot large uplink timing adjustment.
UE needs to rely on SSB timing from PSS/SSS detection to derive downlink timing after TCI state switching across RRHs since the timing difference exceeds TRS tracking range. Once UE gets the downlink timing, it can adjust the uplink transmit timing accordingly. Two categories of options are discussed in the previous meeting:
(1) UE decides whether to use SSB timing from PSS/SSS detection and perform one shot large uplink timing adjustment based on timing difference detection
(2) UE decides whether to use SSB timing from PSS/SSS detection and perform one shot large uplink timing adjustment based on network assistance signaling
Note that the SSB timing from PSS/SSS detection is for RSRP measurement purpose only. The RSRP measurement accuracy is off by 0.6dB with 2CP timing offset. However, 0.6dB is much smaller than the RSRP measurement accuracy range requirement. Therefore, UE typically doesn’t require to correct timing for RSRP measurement purpose, i.e., no tracking loop is assumed on SSB timing tracking for measurement purpose. Therefore, detection large timing change by SSB timing for measurement purpose is not reliable. 
Observation 1-1: The RSRP measurement accuracy is off by 0.6dB with 2CP timing offset. Detection large timing change by SSB timing for measurement purpose is not reliable.
In addition, there is no downlink timing accuracy requirement on SSB measurement over time consider drifting due to mobility. Without timing accuracy requirement, network or UE can not determine a proper threshold for large timing jump detection.
Observation 1-2: Without timing accuracy requirement on SSB measurement, network or UE can not determine a proper threshold for large timing jump detection.
Based on the above observation, network assistance signaling to inform UE cross RRH TCI state switch is the best feasible solution to avoid performing large UL timing adjustment based on unreliable detection scheme. Therefore, we propose to add a MAC-CE command to inform UE that the TCI state switch is across RRH. After the TCI state switch with this network assistant signaling, UE can first use coarse timing estimation from SSB, and then refine the timing by TRS. Note that the large DL timing change can have a significant impact on demod before UE correcting the timing. A draft for LS asking RAN2 to introduce the signaling is in appendix.
Proposal 4: Add a MAC-CE command to inform UE of the TCI state switch is across RRH and send an LS to RAN2. No performance requirement after TCI state switch across different RRHs before the first TRS is received by UE.
A large one shot UL timing adjustment following the DL timing adjustment is needed, too. We analyze the UL timing adjustment below:
Before the cross RRH TCI state switch, UL transmit timing is:
TUL = TDL – (NTA + NTA_offset)Tc
After cross RRH TCI state switch, DL timing is advanced by TDs, the propagation delay change
TDL’ = TDL- TDs
To align the reception timing across RRH in gNB, UE UL transmit timing has to delay by TDs
TUL’ = TUL+ TDs = (TDL- TDs) - (NTA – 2*TDs / Tc + NTA_offset)Tc
Therefore, change in NTA is 2* TDs (in us instead of Tc), to compensate for the round trip delay change.
Since TDs is close to the propagation delay for ISD, i.e., Ds divided by the speed of light, network can estimate the new NTA by Ds according to the above analysis, then use TA command to correct remaining timing errors.
Note that even without NTA change, the downlink timing change itself is larger than Tq, and this results in the conflict between UE transmit timing requirement in 38.133 clause 7.1.1 and gradual timing adjustment in clause 7.1.2.1. We propose to remove Tq requirement on the UL transmission right after TCI state after the MAC-CE command in proposal 5 is received until UE finishes the first transmission after first TRS after TCI state switch. In addition, downlink timing is off until UE gets the first TRS after TCI state switch to finish the fine timing tracking. Therefore, UE can only transmit with accurate timing after the downlink timing refinement, and we propose to have UL scheduling restriction until UE has the accurate downlink timing.
Proposal 5: Network can estimate the new NTA by Ds according to the above analysis, then use TA command to correct remaining timing errors. 
Proposal 6-1: Introduce UL scheduling restriction after cross-RRH TCI state switch until the first TRS is received after the TCI state switch. 
Proposal 6-2: Gradual timing adjustment Tq requirement is not applicable to the first transmission after TCI state switch with the MAC-CE command received before the switch, given the scheduling restriction in proposal 6-1.
We found another issue due to the propagation delay difference. When two UEs are close to each other and to an RRH, and they happened to be in two TCI states from different RRHs, UL slots of one UE can overlap to DL slots of the other UE and cause large interference. 
Observation 2: Propagation delay difference between two RRHs can cause large UL to DL interference when two UEs are close two each other and an RRH.
Network can pre-compensate the propagation delay difference during calibration procedure for RRH DL timings by BBU. Instead of aligning DL frame boundary, network can apply different offset to different RRHs, and ensure the DL frame boundaries across different RRHs are aligned in the region TCI state switches are likely to happen. When the DL frame boundaries are aligned, we can eliminate UL to DL interference. Note that when DL frame boundaries are aligned, network needs to inform UE the TA change needed via network assistance signaling.
Proposal 7: Network applies different offsets to DL frame boundaries of different RRHs to pre-compensate the propagation delay difference across different RRHs to eliminate UL to DL interference across UEs. Network then inform UE the TA change needed after TCI state change across RRHs.
Neighboring Cell Search Requirement
One of the open issue for intra-frequency measurement from RAN4#101e is:
FFS if a different scaling factor is needed for scenario-B with two-side RRH
More Rx sweeping time is obviously needed if the analysis is done based on one-side RRH and the search requires to cover two sides. We provide the analysis for neighboring cell search delay requirement to derive the good scaling factor that can accommodate two-side search and maintain mobility.
As agreed in RAN4#100e, RRM requirements specified in RAN4 will NOT consider SSB overlapping cases across different RRHs in the same and different cells. Therefore, the adjacent RRHs belong to different BBUs can have SSBs TDMed to avoid the serving and neighboring SSB overlapping. The received SINR of neighboring cell SSBs are better than the neighboring cell detection in FR1 HST, since we take interference into consideration when analyzing LTE and NR FR1 HST scenario [3,4]. Therefore, we can assume neighboring cell SSBs are detectable at least once UE passed the first RRH belongs to the next BBU in uni-directional channel, or UE passed the midpoint between last RRH in the current BBU and the first RRH in the next BBU in bi-directional channel. Since uni-directional model handover location suffers from larger pathloss, we can use uni-directional model to derive the requirement and it is applicable to bi-directional model. We consider the worst case DRx, 80ms as the upper bound in connected mode, in the following analysis.
The legacy FR2 neighboring cell requirement in DRx cycle = 80ms is 2.88s for detection and 2.88s for measurement, assuming no sharing factors. When we consider 6Rx sweeping instead of 8Rx, we get 2.16s for detection and 2.16s for measurement with 1.5 factor on top of the Rx sweeping factor. In 350km/h, UE travels 420m during the detection and measurement time. As explained in the previous paragraph, interference is not an issue with careful SSB index design. Similarly, data can be scheduled TDMed or FDMed to avoid interference, as companies clarified in RAN4#98bis-e email discussion [5]. Therefore, signal strength degradation due to pathloss becomes the main concern in neighboring cell search requirement. Signal strength degradation during detection and measurement time should be small enough to ensure connectivity. We analyze the pathloss difference between the RRH switching point when the two RRHs are in the same BBU and the handover point for RRHs connected to different BBUs in the following. The distance to serving RRH at RRH switching point is

where z is the switching point location w.r.t. to the nearest RRH. The distance to serving RRH at handover point is

where x is distance UE traveled during detection and measurement. We plot the additional pathloss w.r.t. detection and measurement time (summation) below with different Dmin and z considering RMaLoS pathloss model. Dmin is 10m unless specified. We can observe that additional pathloss is <5dB as long as the detection and estimation time is within 4400ms. Therefore, by including the 1.5 factor, we can still keep the additional pathloss within 5dB. According to our analysis in [6] and the peak EIRP requirement agreed in RAN4#99e, with 5dB additional pathloss, the lowest SINR is still above 10dB, which is enough to keep connection. Since angle can change a lot during this 4400ms period, UE and RRH are expected to use wide beam for neighboring cell search procedure. Assuming that network provided additional information to UE as proposed in the previous section, UE is able to detect and measure the neighboring cell when considering 6Rx sweeping instead 8Rx and keeping the 1.5 factor to account for two-side RRH search. 
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Proposal 8: For FR2 HST neighboring cell search enhancement, consider 6Rx sweeping and an additional 1.5 scaling factor to account for the two-side RRH search if network can provide assistant information to UE as proposed in section 2.7.
L1-RSRP Measurement Requirement
The same 1.5 relaxation factor should apply to L1-RSRP measurement requirement as agreed in the WF from RAN4#101e meeting. 
Proposal 9: Keep the following agreement from RAN4#101e WF and remove the square bracket.
· For scenario A 
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*NA)*TSSB)

	DRX cycle ≤ 80ms
	max(TReport, ceil(1.5*M*P*NA)*max(TDRX,TSSB))

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


NA = 2
· For scenario B
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*NB)*TSSB)

	DRX cycle < 80ms
	max(TReport, ceil(1.5*M*P*NB)*max(TDRX,TSSB))

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


NB = 6  

We explain the necessity of this 1.5 relaxation factor especially for L1-RSRP measurement in the following.
We assume UE to use wide beam for L1-RSRP measurement since the Rx sweeping factor is the same as neighboring cell measurement. UE relies only Rx beam refinement procedure to derive the best fine beam after reporting and switching to the new TCI state. If beam dwelling time is relatively long compared with the beam refinement time, the beam management overhead doesn’t degrade the throughput too much. However, beam dwelling time in HST is much shorter than legacy scenarios. UE needs to perform beam refinement before reporting and switching to reduce the impact on the throughput. 
In HST, the measurement accuracy degrades due to the long time between the first few measurements and gNB report reception. Longer measurement time also slows down the TCI state switch in HST, which may degrade throughput since UE may stay in a TCI state with a lower antenna gain than the best TCI state due to delay in L1-RSRP reporting. Therefore, the agreed Rx sweep reduction is applicable to L1-RSRP. However, if we need to enable UE to perform Rx beam refinement procedure within a shorter L1-RSRP measurement time than the legacy requirement, network assistant information proposed in the previous is necessary. For example, with beam mapping information, UE can pick a set of narrow beams and sweep them in L1-RSRP measurement procedure instead of using wide beam as in legacy requirement assumption. Then when gNB schedules a TCI state switch after the report, UE can start with the refined Rx beam for reception and avoid the throughput degradation due to beam refinement procedure. Therefore, keeping the 1.5 factor and allow more time for Rx sweeping to cover two-side RRH is important, otherwise UE needs to use even wider beam in measurement and the refinement overhead can increase significantly.
Idle/Inactive Mode Requirement
The following options are listed on the WF:
· Option 1:

	DRX cycle length [s] 
	Tdetect,NR_Intra [s] (number of DRX cycles) 
	Tmeasure,NR_Intra [s] (number of DRX cycles) 
	Tevaluate,NR_Intra 
[s] (number of DRX cycles) 

	
	
	
	
	

	0.32 
	[2.56 x N1 x M2 (8 x N1 x M2)] 
	[0.32 x N1 x M3 (1 x N1 x M3) ]
	[0.96 x N1 x M4 (3 x M4) ]
	

	Note 1:	when SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5, M3 = M4 = 2
Note 2:	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or [intraRAT-MeasurementEnhancement-r16].
	


· Option 1-a: N1 = 3
· Option 1-b: N1 refers to the agreed Rx numbers
· Option 2: N1 refers to the agreed Rx numbers
It’s not clear how N1 is applied in option 2. For option 1, either 1-a or 1-b is acceptable.
Proposal 10: Select option 1 for neighboring cell measurement in idle mode.
RLM/BFD and Connection Re-establishment Measurement
We don’t see the need for connection re-establishment enhancement in FR2 HST. We don’t consider such enhancement in FR1 even with 500km/h speed. Note that UE is on a fixed trajectory with RRHs serving it along the route, connection re-establishment due to OOC is almost impossible in HST. Hence we don’t see the need for this enhancement. In addition, as companies mentioned in the email discussion, defining RRC-Re-establishment requirements for FR2 known cell is lack of justification. In R15, it is agreed that it doesn’t request UE to store the cell/beam information during re-establishment in FR2. Without such capability, there are no known cells for re-establishment procedure in FR2 and no requirement is needed.
Proposal 11: Following R15 requirement, do not consider known cell connection re-establishment in FR2. No enhancement is needed for connection re-establishment for unknown cell due to lack of use cases in FR2 HST.
We don’t see the need for RLM/BFD enhancement in FR2 HST. Note that we don’t consider such enhancement in FR1 even with 500km/h speed. UE is on a fixed trajectory with RRHs serving it along the route, RLM/BFD is unlikely with proper RRH deployment in HST. Short term fading or temporary blocking within mini seconds should not be considered in RLM/BFD procedure enhancement discussion. Therefore, we don’t see the need for this enhancement. As mentioned in the email discussion by other companies, once RLF happens, UE would perform RRC re-establishment procedure which induces a large delay. When high speed scenario is considered, the deployment design must minimize the occurrence since the environment and cells around UE will be completely different after the re-establishment procedure. Therefore, careful deployment to avoid RLF and RRC re-establishment is a better system design approach instead of reducing RLM/BFD evaluation time.
Proposal 12: Follow FR1 HST, do not introduce RLM/BFD enhancement due to lack of use cases in FR2 HST.
Beam Management Enhancement Signaling
In this section, we propose signaling design for beam management enhancement in FR2 HST. In high speed train scenario, UE moves on the track with a (almost) fixed direction. The RRHs are uniformly deployed across the railways and the variation of distances among RRHs and between RRH and the track is small on the same track. Therefore, RRHs can use the same set of beams (from beam peak direction perspective) to cover their serving regions. For example, the four beams from RRH1 are identical to the four beams from RRH2.
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In this case, UE sees the same set of beams in the same order repeatedly across all RRHs along the track, and each beam covers the same area. Since UE speed doesn’t vary too much within coverage of one RRH, the beam switch timing is predictable with known UE speed.
UE needs to know the mapping of the beams across different RRHs, i.e., which beam from the current RRH is with the same direction as a beam from the next RRH, to explore the repetition pattern for beam management enhancement. The RRHs can be in the same or different serving/nonserving cells. To enable UE to explore the repetition pattern, network can indicate different SSBs on different RRHs having the similar/correlated QCL property, e.g. beam peak direction difference is within x degrees. 
We use an example to explain the signaling design in the following. Network can signal the following mapping table to UE when UE is in the coverage of RRH1. Therefore, UE knows the approximated RRH beam directions from RRH2 before entering its coverage and reduce Rx sweeping time. The mapping can be signaled in the form of SSB indexes.
	RRH1
	RRH2

	1
	5

	2
	6

	3
	7

	4
	8



This priori RRH beam direction knowledge can help UE speed up beam discovery and neighboring cell detection by reducing Rx beam sweeping delay. Note that legacy L1-RSRP requirement Rx sweeping number is based on the assumption of using rough beam to search, and refine the Rx beam after TCI state switch. However, beam refinement becomes a large overhead for HST since beam dwelling time is short. With the proposed beam mapping assistant information, UE can reduce the candidate Rx beam set, and the sweeping Rx number could be enough for UE to use fine beam to measure. Then UE can reduce the beam refinement overhead after TCI state switch.
Note that this signaling doesn’t mandate uniform deployment. The purpose is to allow network in uniform deployment cases to signal this useful information to UE. If the deployment is not uniform in some segments on the track route, network can leave this empty or fill just part of the entries that satisfies uniform deployment.
Proposal 13: Network can indicate different SSBs on adjacent RRHs having the same QCL property: signal the mapping between the repeated sets of beams from the adjacent RRHs. Network only signals this mapping when the QCL property relationship can be established across RRHs. If deployment scenario doesn’t satisfy the QCL property similarity across RRHs, network doesn’t have to signal these flags. Send LS in the Appendix to RAN2 for this signaling design.
In addition to the beam mapping, network can signal the following information to UE
· Distance between the projections of adjacent beam peaks on the track
· Beam peak direction angle relative to track
· The 6 dB beam-width projection on track
Suppose UE knows its speed. UE can derive the beam switching timing based on beam width and beam peak to prepare for the beam switching. Network can similarly derive beam switching timing based on UE speed. Therefore, UE can signal its speed to the network, and then network doesn’t have to wait for measurement report to switch TCI state. Beam peak direction angle helps UE to refine its Rx beam.
Proposal 14: The following additional beam coverage related information can be signaled to UE
· Distance between the projections of adjacent beam peaks on the track
· Beam peak direction angle relative to track
· The 6 dB beam-width projection on track
In addition, UE can report speed to the network.
In the following sections, we discuss the potential enhancement assumed that the proposed additional information is available to UEs. 

Conclusion
Proposal 1: Capture the following description of set 1 requirements applicability in TR:
When 2Rx beam sweep based requirement (set 1) applies to the deployment scenario with Dmin > 10m or Hdiff (height difference between train rooftop mounted CPE and RRH) > 10m, performance degradation is expected.
Proposal 2: Define different UE capabilities for the two sets of requirements. The 2Rx and 6Rx sweep agreements only apply to neighboring cell and L1-RSRP measurement requirement
Proposal 3: Network signals uni-direction or bi-direction deployment to UE. In uni-directional deployment, network signals the beam direction of new RRH, to which UE is switching, w.r.t. UE moving direction when it changes.
Observation 1-1: The RSRP measurement accuracy is off by 0.6dB with 2CP timing offset. Detection large timing change by SSB timing for measurement purpose is not reliable.
Observation 1-2: Without timing accuracy requirement on SSB measurement, network or UE can not determine a proper threshold for large timing jump detection.
Proposal 4: Add a MAC-CE command to inform UE of the TCI state switch is across RRH and send an LS to RAN2. No performance requirement after TCI state switch across different RRHs before the first TRS is received by UE.
Proposal 5: Network can estimate the new NTA by Ds, and then use TA command to correct the remaining timing errors. 
Proposal 6-1: Introduce UL scheduling restriction after cross-RRH TCI state switch until the first TRS is received after the TCI state switch. 
Proposal 6-2: Gradual timing adjustment Tq requirement is not applicable to the first transmission after TCI state switch with the MAC-CE command received before the switch, given the scheduling restriction in proposal 6-1.
Observation 2: Propagation delay difference between two RRHs can cause large UL to DL interference when two UEs are close two each other and an RRH.
Proposal 7: Network applies different offsets to DL frame boundaries of different RRHs to pre-compensate the propagation delay difference across different RRHs to eliminate UL to DL interference across UEs. Network then inform UE the TA change needed after TCI state change across RRHs.
Proposal 8: For FR2 HST neighboring cell search enhancement, consider 6Rx sweeping and an additional 1.5 scaling factor to account for the two-side RRH search if network can provide assistant information to UE as proposed in section 2.7.
Proposal 9: Keep the following agreement from RAN4#101e WF and remove the square bracket.
· For scenario A 
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*NA)*TSSB)

	DRX cycle ≤ 80ms
	max(TReport, ceil(1.5*M*P*NA)*max(TDRX,TSSB))

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


NA = 2
· For scenario B
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*NB)*TSSB)

	DRX cycle < 80ms
	max(TReport, ceil(1.5*M*P*NB)*max(TDRX,TSSB))

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


NB = 6  

Proposal 10: Select option 1 for neighboring cell measurement in idle mode.
Proposal 11: Following R15 requirement, do not consider known cell connection re-establishment in FR2. No enhancement is needed for connection re-establishment for unknown cell due to lack of use cases in FR2 HST.
Proposal 12: Follow FR1 HST, do not introduce RLM/BFD enhancement due to lack of use cases in FR2 HST.
Proposal 13: Network can indicate different SSBs on adjacent RRHs having the same QCL property: signal the mapping between the repeated sets of beams from the adjacent RRHs. Network only signals this mapping when the QCL property relationship can be established across RRHs. If deployment scenario doesn’t satisfy the QCL property similarity across RRHs, network doesn’t have to signal these flags. Send LS in the Appendix to RAN2 for this signaling design.
Proposal 14: The following additional beam coverage related information can be signaled to UE
· Distance between the projections of adjacent beam peaks on the track
· Beam peak direction angle relative to track
· The 6 dB beam-width projection on track
In addition, UE can report speed to the network.
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Appendix: LS Draft (TCI State Switch Across RRHs)
Title:	[DRAFT] LS on TCI State Switch Across RRHs Signaling in FR2 HST R17
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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 informing UE the inter-RRH TCI state switch due to the large propagation delay difference across signals from different RRHs in uni-directional model. 
RAN4 has agreed to introduce the network assistant signaling informing UE that a TCI state switch is across RRH when the current TCI state and the next TCI state are from different RRHs. 
When UE receives the network indication of TCI state switch across RRH, UE can utilize the timing from measurement to compensate the large propagation delay difference between the current and the next TCI states.
RAN4 kindly asks RAN2 to design the corresponding signalling for cross RRH TCI state switch indication to support the operation in high speed train scenario in FR2.

2. To RAN WG2 group. 
ACTION: 	RAN4 respectfully asks RAN2 to design the corresponding signalling for cross RRH TCI state switch indication to support the operation in high speed train scenario in FR2.

3. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #102-e               21 Feb - 3 Mar 2022    Online 

Appendix: LS Draft (Beam Management Enhancement)
Title:	[DRAFT] LS on Beam Management Enhancement Signaling in FR2 HST R17
Response to:	
Release:	Rel-17
Work Item:	NR_HST_FR2

Source:	RAN WG4
To:	RAN WG2
Cc:	RAN WG1

Contact Person:	
Name:	Chu-Hsiang Huang	
E-mail Address:	chuhsian@qti.qualcomm.com

Attachments:	


[bookmark: _Hlk78384944]1. Overall Description:
Under the R17 work items on high speed train support for FR2, RAN4 has identified the necessity of reducing the new beam, neighboring cell discovery delay and beam refinement time. RAN4 has concluded that the following network assistant signaling is necessary to be introduced to support high speed train operation in FR2:
· Network indicates different SSBs on adjacent RRHs having the same QCL property. To be more specific, network signals the mapping between the RRH beams of the current RRH and the next RRH, and each beam pair on the mapping has the same QCL property. The initial mapping configuration is in RRC, and MAC-CE indicates an update mapping in each RRH.
· In addition to the mapping between adjacent RRHs, network provides the following information to UE
· Distance between the projections of adjacent beam peaks on the track
· Beam peak direction angle relative to track
· The 6 dB beam-width projection on track
· UE is allowed to report its speed to network
Since UE travels in a fixed direction most of the time on a high speed train, UE can derive the expected direction of the future RRH beam by the QCL information signaled by the mapping. The additional information helps UE and network to infer the expected beam switch timing. 
RAN4 kindly ask RAN2 to design the corresponding signalling to support the operation in high speed train scenario in FR2.

2. To RAN WG2 group. 
ACTION: 	RAN4 respectfully asks RAN2 to design the corresponding signalling to support the operation in high speed train scenario in FR2.

3. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #102-e               21 Feb - 3 Mar 2022    Online 
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