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We present our view for the scope of this work item according to WID [1]: 
· Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any [RAN4]
During the last RAN4 meeting, baseline assumptions on key parameters for tunnel deployment feasibility study were agreed [2] · Ds: the distance separation between two neighbouring RRH sites:
· Ds = 700m 
· Dmin: the minimum distance between RRH site and train track:
· Dmin = 1m
· DRRH_height: determined/limited by tunnel height and RRH deployment method:
· Priority scenario: DRRH_height = 5.3m, for single track tunnel (Option 1 for tunnel dimension in R4-2217254)
· DRRH_height is in the range of [5.3m, 7.4m] for two-track tunnel (Option 2 for tunnel dimension in R4-2217254)
· gNB RRH and antenna panel element assumption:
· from 1 to 4 RRHs per BBU


In this contribution, we provide our views on the reference channel model and mobility issues for tunnel scenario.
Reference channel model for tunnel scenario
During the last RAN4 meeting, various proposals on reference channel model were discussed and the following was agreed:Further analyse the channel model for tunnel scenario:
· Option 1: Re-use channel model from Scenario-A as LoS propagation assumption is valid in the tunnel deployment with pathloss model, fading model and link budget the same as Scenario-A (LoS)
· Option 2: Use LoS UMi street canyon channel mode for the RRM evaluations of HST FR2 tunnel deployment
· Option 3: Use multi-path fading model (e.g., with up to 2nd order multi-path components)
· Take int account measurement and ray-tracing analysis. 
· Option 4: Consider NLOS propagation condition when UE is around the RRH within 50m range for two directions.
· Other options are not precluded



Based on the agreed key assumptions on the tunnel deployment, we have inter-RRH distance of 700m, height of the RRH is assumed to be the same as tunnel height implying that the RRH will be attached to the tunnel ceiling and a single beam direction is assumed. It’s safe to assume that the RRH shall use a very narrow beam to cover inter-RRH distance of 700m. Furthermore, the beam direction would be almost parallel to the train roof with a very small down-tilt angle. With such high directional beam, and very short distance between the RRH and the train roof it’s safe to assume a LoS channel model. The delay spread between the LoS path, and the reflections is so small that the multiple paths cannot be resolved and a single LoS path can be safely assumed. So, we support option 1 – to re-use channel model from Scenario-A (LoS).
Observation 1: Because of the highly directional beam and very short separation between the RRH and the train roof, LoS path can be safely assumed for the tunnel scenario.
[bookmark: _Hlk78385107]Some companies mentioned that the CPEs within 50m of distance from the RRH may encounter multipath fading. Our view is that because of a highly direction and almost parallel beam, UEs within 50m of distance would be served by the adjacent RRH which was also the assumption during Rel-17.
Observation 2: CPEs within a short distance from the RRH (e.g., 50m) could be served by the previous RRH.
Proposal 1: Re-use channel model from Scenario-A as LoS propagation assumption is valid in the tunnel deployment with pathloss model, fading model and link budget 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. 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.
RAN4 agreed to the following WF on this issue in the last meeting – Further discuss possible solutions to the mobility issue when the train is travelling opposite to the serving beam orientation:
· Option 1: L3 handover and L1 beam mobility configurations
· Option 2: Solutions that allow network to trigger early handover
· Option 3: Method in which UE initiates TCI state switch
· Other options are not precluded
FFS, the large and rapid RSRP degradation for tunnel scenario when multi-path fading and NLOS conditions next to RRH are considered.



Firstly, regarding the FFS, we don’t think we need to consider NLOS and multi-path fading conditions next to the RRH because in a unidirectional deployment, UEs very close to the RRH are served by the next RRH, so handover/TCI state switch doesn’t need to be triggered once UE is extremely close to the serving RRH. In fact, it makes sense to study solutions that allow network to trigger early Handover based on parameters such as train speed, inter-RRH distance and time from the last handover/TCI state switch. For example, considering a train speed of 350km/h and inter-RRH distance of 700m, it’ll take approximately 7.2 seconds for the train to travel from one RRH to the other. So, network can trigger a handover/TCI state switch about 7.2 seconds after the previous handover/TCI state switch assuming that the beam coverage offset is the same for all RRHs.
Proposal 2: RAN4 to not consider NLOS and multi-path fading conditions next to the RRH because in a unidirectional deployment as UEs very close to the RRH are typically served by the next RRH.
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 mounted UE/CPE travels in the direction opposite to the RRM beam.










Conclusion
Observation 1: Because of the highly directional beam and very short separation between the RRH and the train roof, LoS path can be safely assumed for the tunnel scenario.
Observation 2: CPEs within a short distance from the RRH (e.g., 50m) could be served by the previous RRH.
Proposal 1: Re-use channel model from Scenario-A as LoS propagation assumption is valid in the tunnel deployment with pathloss model, fading model and link budget the same as Scenario-A (LoS).
Proposal 2: RAN4 to not consider NLOS and multi-path fading conditions next to the RRH because in a unidirectional deployment as UEs very close to the RRH are typically served by the next RRH.
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 mounted UE/CPE travels in the direction opposite to the RRM beam.
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