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Introduction
We present our view for the scope of this work item according to WID: 
· Only train roof-mounted high power devices with target applicable carrier frequency up to 30GHz and up to 350km/h velocity are considered in this WI
· Specify the RF requirements for intra-band carrier aggregation (CA) scenario, and investigate and specify the RRM requirements for intra-band carrier aggregation (CA) scenario [RAN4]
· Specify the requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices [RAN4]:
· Maximum 2 active panels supporting the multi-panel simultaneous reception. 
· NOTE: Focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception
· Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any [RAN4]
· Specify UL timing adjustment solution, including explicit NW signalling assistance, for FR2 HST scenario with large UL/DL propagation delay difference from different RRHs/TRPs to UE [RAN4, RAN2].
· Note: RAN1/RAN2 work can be triggered by RAN4 LS.

Discussion
[bookmark: _Hlk78385107]Tunnel deployment study
The key differences between tunnel and open air scenario (studied in R17) are smaller Dmin and possible reflections inside tunnel, and we made the following observations for tunnel scenario requirement study based on the scenario differences below:
Observation 1: In R17 we already have Dmin =  10m study which leads to 2Rx beam based requirement. Further reducing to 1Rx is unlikely due to two directions coverage. 
Observation 2: We don't have multi-path requirement specified for tunnel scenario in FR1 HST which is more likely to have more reflection paths than FR2, and therefore single path or leakage cable channel model apply to FR2 tunnel scenarios.
Note that for FR1 HST, the only additional requirement specified for tunnel scenario is a smaller Dmin demod model, and FR2 HST already has two demod models covering different Dmin options.
In leaky cable model, the paths are concentrated and we can aggregately model it as a cable carrying most of the power and feed to UE. And for FR2 with beamforming, most of the power is concentrated at the desired direction already, and with tunnel it is a further power concentration like FR1 case. Therefore, although FR2 doesn’t have leaky cable model, the tunnel conclusion is applicable to FR2.
Proposal 1: Do not introduce new requirements for tunnel scenarios.

UL timing adjustment enhancements in inter-RRH TCI state switch
UE needs to rely on SSB to track 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. R17 resolution is to allow one more SSB reception in TCI state switch delay, but this increases the switch delay regardless of the type of TCI state switch. If UE can decide 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. 
Observation 3: 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 4: 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 reduce TCI state switch delay. 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. 
Proposal 2: Add a MAC-CE command to inform UE of the TCI state switch is across RRH and send an LS to RAN2. 
An alternative discussed in R17 is RRC signaling of SSB index to RRH mapping, and whether a TCI state switch is an inter-RRH one can be inferred from this information. This option has much larger overhead than the one bit flag of MAC-CE command proposed above. If SSB index to RRH mapping is signaled, we suggest to design the signaling format carefully to embed more useful information so that it can improve beam management in addition to infer inter-RRH TCI state switch. We explain the approach below.
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. 
Proposal 3: 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. 
The above information can be embedded in SSB index to RRH mapping, e.g., the sequence of the SSB indexes implies the QCL relationship to the previous RRH. We use the following example to illustrate:
RRH0 (the first RRH, no QCL relationship to the previous RRH) with SSB index: {0, 1, 2 3}
If the next RRH, RRH1, its SSBs (4, 5, 6, 7) have QCL relationship with RRH0: 4 to 0, 6 to 2, then we can signaled the SSB index as:
RRH1: {4, n/a, 6, n/a, n/a, 5, 7}, where n/a are the filling in numbers to show that no SSB from RRH 1 has QCL relationship with the corresponding SSB from the previous RRH, in this case SSB index 1 and 3. Likewise, SSB index 5 and 7 from RRH 1 has no QCL relationships with any of the SSB indexes in RRH 0.
If the RRH, RRH2, its SSBs (8, 9, 10) have QCL relationship with RRH1: 8 to 4, 9 to 5, then we can signaled the SSB index as:
RRH2: {8, 9, n/a, n/a, 10}, note that the “reference” is {4, 5, 6, 7} instead of {4, n/a, 6, n/a, n/a, 5, 7}, since we don’t care the QCL cross two RRHs with one in between, and therefore the mapping can assume the previous one is in sequence. 

Multi-panel simultaneous reception
Proposal 4: RAN4 to study the relevant assumptions and deployment scenarios for multi-panel simultaneous reception in FR2, e.g., 
· Type of deployment: bi-directional seems to be appropriate. Does RAN4 need to study uni-directional deployment?
· Whether the signal from the opposite direction RRH is negligible during simultaneous reception of data.

Measurement enhancement for CA
Given that Scell measurements follow intra-frequency measurement requirement in FR1 HST, we can apply the same methodology to FR2 HST, and therefore we propose the following:
Proposal 5: For activated Scell, intra-frequency measurement enhancements in FR2 HST applies. For deactivated Scell measurement, the following requirements apply:
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	Ceil(M1Note 2 x Kp) x measCycleSCell x CSSFintra

	DRX cycle≤ 80ms
	Ceil(M1Note 2x Kp) x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	80ms< DRX cycle≤ 320ms
	Ceil(Mpss/sss_sync_w/o_gaps x Kp) x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	DRX cycle> 320ms
	Ceil(Mpss/sss_sync_w/o_gaps x Kp) x max(measCycleSCell, DRX cycle) x CSSFintra

	NOTE 1:	The requirements also apply to deactivated SCG SCell.
NOTE 2:	For UE supporting power class 6, M1 = 6 if [highSpeedMeasFlagFR2-r17 = set1] or M1 = 18 if [highSpeedMeasFlagFR2-r17 = set2]




	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	Ceil(M1Note 2 x Kp) x measCycleSCell x CSSFintra

	DRX cycle≤ 80ms
	Ceil(M1Note 2x Kp) x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	80ms< DRX cycle≤ 320ms
	Ceil(Mmeas_period_w/o_gaps x Kp) x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	DRX cycle> 320ms
	Ceil(Mmeas_period_w/o_gaps x Kp) x max(measCycleSCell, DRX cycle) x CSSFintra

	NOTE 1:	The requirements also apply to deactivated SCG SCell.
NOTE 2:	For UE supporting power class 6, M1 = 6 if [highSpeedMeasFlagFR2-r17 = set1] or M1 = 18 if [highSpeedMeasFlagFR2-r17 = set2]




Note that the enhanced requirements only apply to SMTC <= 40ms.
Conclusion
Observation 1: In R17 we already have Dmin =  10m study which leads to 2Rx beam based requirement. Further reducing to 1Rx is unlikely due to two directions coverage. 
Observation 2: We don't have multi-path requirement specified for tunnel scenario in FR1 HST which is more likely to have more reflection paths than FR2, and therefore single path or leakage cable channel model apply to FR2 tunnel scenarios.
Proposal 1: Do not introduce new requirements for tunnel scenarios.
Observation 3: 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 4: Without timing accuracy requirement on SSB measurement, network or UE can not determine a proper threshold for large timing jump detection.
Proposal 2: Add a MAC-CE command to inform UE of the TCI state switch is across RRH and send an LS to RAN2. 
Proposal 3: 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. 
Proposal 4: RAN4 to study the relevant assumptions and deployment scenarios for multi-panel simultaneous reception in FR2, e.g., 
· Type of deployment: bi-directional seems to be appropriate. Does RAN4 need to study uni-directional deployment?
· Whether the signal from the opposite direction RRH is negligible during simultaneous reception of data.
Proposal 5: For activated Scell, intra-frequency measurement enhancements in FR2 HST applies. For deactivated Scell measurement, the following requirements apply:
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