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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.

Tunnel deployment study
During the last RAN4 meeting, various proposals on tunnel deployment study were discussed. Most of the proposals were centred around assumptions on key parameters for tunnel deployment, e.g., assumptions on height and number of panels for the train roof mounted CPE, transmission schemes, RRH deployment etc. 
· On the assumption for train-roof-mounted CPE: 
· For the feasibility study of tunnel scenarios, the assumed parameters for train-roof-mounted CPE UE in Rel-17 WI can be reused:
· DUE_height: 5m
· UE panel: N=4, M=4 with 2 polarizations
· Further study the transmission scheme of the tunnel deployment scenario, 
· FFS SFN scheme and other multi-TRP schemes should be considered with tunnel deployment scenario.
· FFS bi-directional and unidirectional RRH deployment for tunnel scenario
· RAN4 discuss and study the key parameters below as baseline assumption for tunnel deployment by considering feasibility study of tunnel scenarios: 
· Ds: the distance separation between two neighboring RRH sites. FFS options including:
· Option 1: Ds = 500m 
· Option 2: Ds = 700m 
· Dmin: the minimum distance between RRH site and train track. FFS options including:
· Option 1: Dmin = 0m 
· Option 2: Dmin = 2m
· DRRH_height: determined/limited by tunnel height and RRH deployment method
· Tunnel dimensions: such as tunnel shape, height, width etc. 
· Option 1: 7.6 meters in diameter for a 2 track tunnel
· Accordingly, DRRH_height is assumed to be 7.4m
· Option 2: 5.5 meters in diameter for a single tunnel
· Accordingly, DRRH_height is assumed to be 5.3m
· Other options are not precluded
· gNB RRH and antenna panel element assumption. 
· FFS the number of RRHs per BBU, 
· Option 1: 4 RRHs per BBU, 
· Option 2: from 1 to 4 RRHs per BBU
· Other options are not precluded
· 1 beam per RRH panel 
· RRH Antenna Element Assumption for RRH side is the same as Rel-17: [Mg, Ng, M, N, P] = [1, 1, 8, 8, 2].
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Although the discussion around assumptions on parameters and deployment scenarios are valid, RRM session should also consider if there’s going to be any impact on RRM requirements because of such assumptions. In our view, the assumptions around deployment scenario do not have much impact on RRM requirements. During R17 FR2 HST discussion, 2Rx beams were considered and the same is valid for tunnel scenario as well.
Observation 1: Assumptions on tunnel deployment scenario do not have any additional impact on RRM requirements. 
Observation 2: In R17 FR2 HST, 2Rx beam based requirements were specified which are applicable to tunnel scenario as well.
Proposal 1: No new RRM requirements are needed for tunnel scenario.
Regarding channel model for tunnel scenario, it was discussed whether a fading channel model is needed or not and the following options were captured in the WF from the last meeting:· RAN4 further study the reference channel model for tunnel scenario:
· FFS LoS propagation assumption is valid in the tunnel deployment. 
· FFS LoS UMi street canyon channel mode for the RRM evaluations of HST FR2 tunnel deployment.
· FFS using multi-path fading channel model with strong LoS component for the performance evaluation of HST FR2 tunnel deployment.
· FFS the solution about the problem about the significant performance degradation when UE is under RRH due to larger delay spread than CP.
· FFS The tunnel pathloss model, fading model and link budget will be the same as scenario A (LoS).



In scenario A, the RRH is located close to the train track and a LoS channel model is assumed. We think the tunnel deployment is very similar to scenario A and the same channel model can be adopted. Some companies pointed out that there may be multiple reflections from the tunnel walls and that multi-path fading channel model shall be assumed for the tunnel scenario. We think, because the delay spread between the LoS path, and the reflections is so small, such multiple paths cannot be resolved and a single path can be assumed. 
Proposal 2: The tunnel pathloss model, fading model and link budget will be the same as scenario A (LoS).
Mobility issue 
During last meeting, RAN4 discussed the mobility issue when the train is travelling opposite to the serving beam orientation in a unidirectional tunnel deployment. As the UE approaches the RRH, it is observed that the RSRP values may drop significantly and quickly [2]. This may lead to handover failures. We think this is a problem in general which is more pronounced in tunnel deployment and is worth investigating.
Observation 3: When the train is travelling opposite to the serving beam orientation in a unidirectional deployment, RSRP measurement values may drop too much too fast leaving insufficient time for the network to react and trigger handover.
Since the underlying problem is that the network doesn’t get sufficient time to trigger handover, it makes sense to discuss solutions that enable the network to trigger early handover.
Proposal 3: RAN4 to discuss solutions that allow network to trigger early handover, if needed, when the train is travelling opposite to the serving beam orientation in a unidirectional deployment, e.g., if network needs to collect any additional information to avoid handover failure.

UL timing adjustment enhancements in inter-RRH TCI state switch
During the last RAN4 meeting, UL timing adjustment solutions were discussed, and the following was agreed in the WF:· RAN4 continue to discuss UL timing adjustment solution, including explicit NW signalling assistance in Rel-18, based upon Option 3 and 4 captured in WF R4-2120416.
· Both RRC and MAC-CE based solutions are FFS.
· FFS whether to embedded spatial similarity (QCL-like relation for beams across RRHs) information by ordering the SSB index (to RRH mapping) signaled in RRC solution



Based on the discussion during the last meeting, most companies agree that a NW signaling assistance-based solution indicating whether the TCI state switch is intra-RRH and inter-RRH would enable the UE to apply one-shot large uplink timing adjustment. However, it was not clear whether the network assistance signaling should be MAC-CE based or RRC based and whether any spatial similarity information (SSB index to RRH mapping) can be provided in the RRC-based solution. 
We prefer MAC-CE based solution as it’s simple and requires just one additional bit information to indicate whether the TCI state switch is intra-RRH or inter-RRH as compared to RRC signaling based solution which has a higher overhead. 
Proposal 4: Add a MAC-CE command to inform UE of the TCI state switch is across RRH.
If SSB index to RRH mapping is signaled, we suggest designing 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 as explained 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 5: If RRC signaling based solution is adopted, network to indicate different SSBs on adjacent RRHs having the same spatial similarity information by ordering the SSB index (to RRH mapping). 
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 signal 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. 
Conclusion
Observation 1: Assumptions on tunnel deployment scenario do not have any additional impact on RRM requirements. 
Observation 2: In R17 FR2 HST, 2Rx beam based requirements were specified which are applicable to tunnel scenario as well.
Proposal 1: No new RRM requirements are needed for tunnel scenario.
Proposal 2: The tunnel pathloss model, fading model and link budget will be the same as scenario A (LoS).
Observation 3: When the train is travelling opposite to the serving beam orientation in a unidirectional deployment, RSRP measurement values may drop too much too fast leaving insufficient time for the network to react and trigger handover.
Proposal 3: RAN4 to discuss solutions that allow network to trigger early handover, if needed, when the train is travelling opposite to the serving beam orientation in a unidirectional deployment, e.g., if network needs to collect any additional information to avoid handover failure.
Proposal 4: Add a MAC-CE command to inform UE of the TCI state switch is across RRH.
Proposal 5: If RRC signaling based solution is adopted, network to indicate different SSBs on adjacent RRHs having the same spatial similarity information by ordering the SSB index (to RRH mapping). 
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