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Introduction
WID on enhanced NR support for high-speed train scenario in frequency range 2 (FR2) [1] is introduced in Rel-18 release. In last meeting, issues on tunnel deployment and UL timing adjustment are discussed and the agreements are captured in [2].
In this contribution, we present our viewpoints and proposals on the issues arose in aforementioned WF.
Disucssion
Tunnel Deployment
General assumption for tunnel deployment
In WID [1], the following objective is listed for study:
	[bookmark: _Hlk116691094]Agreement: 
· 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
· On the assumption on SCS: 
· Only consider 120 kHz SCS for HST FR2 evaluations and requirements definition.
Way Forward: 
· On the assumption of transmission scheme: 
· 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 uni-directional RRH deployment for tunnel scenario



Other transmission schemes except for DPS shall be considered only when multi-panel reception is valid and configured, the discussions and conclusions on SFN scheme for single-panel reception in Rel-17 shall still be valid in tunnel scenario.
In same manner, based on conclusions in HST FR2 in Rel-17, we don’t see the advantage of bi-directional compared to uni-directional RRH deployment in tunnel scenario (distance/height offset between RRH and UE is very limited) provided only single-panel reception is configured. 
Proposal 1:  Only DPS scheme is applied in tunnel scenario provided single-panel reception is configured. Schemes with multi-panel reception shall be FFS until clear conclusion on definitions of multi-panel reception.
Proposal 2:  Only uni-directional RRH deployment in tunnel scenario shall be defined provided single-panel reception is configured. Bi-directional RRH deployment with multi-panel reception shall be FFS until clear conclusion on definitions of multi-panel reception.

Key parameters for tunnel deployment  
Deployment parameters from [2] are duplicated below to explore how tunnel deployment affects RRM.
	Way Forward: 
· 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].



Our preference is reusing scenario’s parameters for HST FR2 in Rel-17 as much as possible. 
The distance Ds=700m shall be acceptable from link budget perspective, we don’t see the necessity to shorten Ds too 500m or other numbers less than 700m.
As per Dmin, it depends on how RRH is installed in tunnel, e.g. on the wall or on the roof of tunnel. It is doubted that if installation on the roof is a common situation for customers, installation on the wall maybe more common and easier. However, we don't think 2 meters can ever be guaranteed in actual use.
As per DRRH_height, since we suppose Dmin ≠0m, we suppose the DRRH_height  shall smaller than tunnel diameter, but the position of RRH’s array at least shall be higher than roof of train (specially maybe 2-deck train), so 5.3 meter may be a rational number to balance difficulty of installation and LOS channel between RRH and UE.
As per gNB RRH and antenna panel element assumption, we prefer to reuse assumption for HST FR2 in Rel-17.
Proposal 3:  Ds = 700m, Dmin = 1m, DRRH_height = 5.3m or a little lower height, 4 RRHs per BBU.

Reference channel model for tunnel scenario
	Way Forward: 
· RAN4 further study the reference channel model for tunnel scenario:
· [bookmark: _Hlk118141558]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).



Propagation channel in tunnel has been studied in academies and industries, it explores that very limited delay spread. One reference in [3] shows that RMS delay spreads are less than 250ns and the worst case is not in the tunnel but the entrance of the tunnel. Given that, we suppose LoS propagation assumption is adequate, no more multi-path components shall be considered for demodulation and RRM requirements. 
Proposal 4: LoS propagation assumption is valid in the tunnel deployment.
Proposal 5: Tunnel scenario is very close to  scenario A, it is not clear RAN4 need develop new requirements assuming tunnel scenario.


Conclustion
Proposal 1:  Only DPS scheme is applied in tunnel scenario provided single-panel reception is configured. Schemes with multi-panel reception shall be FFS until clear conclusion on definitions of multi-panel reception.
Proposal 2:  Only uni-directional RRH deployment in tunnel scenario shall be defined provided single-panel reception is configured. Bi-directional RRH deployment with multi-panel reception shall be FFS until clear conclusion on definitions of multi-panel reception.
Proposal 3:  Ds = 700m, Dmin = 1m, DRRH_height = 5.3m or a little lower height, 4 RRHs per BBU.
Proposal 4: LoS propagation assumption is valid in the tunnel deployment.
Proposal 5: Tunnel scenario is very close to scenario A, it is not clear RAN4 need develop new requirements assuming tunnel scenario.
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