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Background
During RAN#104bis-e meeting, WF [1] on tunnel deployment and UL timing adjustment for FR2 HST enhancement was approved. In this contribution, we share our views about the reference tunnel deployment scenario for NR HST FR2 enhancement.
Discussion
General assumption for tunnel deployment
	· 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



As per analysis in Rel-17 HST FR2 WI, Bi-directional deployment is more applicable when the Dmin is larger and Uni-directional deployment is more applicable when the Dmin is smaller. For Bi-directional deployment in tunnel, several beams are required rather than single beam to fill the coverage hole under the RRH. The power of side-lobes for different beams change rapidly when UE is near to the RRH. It is a great challenge for the UE to ensure the performance not to degrade in such location since the selected best beam may be unavailable with high probability after UE beam switching has been performed. Therefore, we propose to use Uni-directional deployment for tunnel scenario for HST FR2.
Use Uni-directional deployment for tunnel scenario for HST FR2.
Single Rx panel is considered in Rel-17 for Scenario A and Scenario B, same assumption should be used for tunnel scenario. Also two simultaneous Rx panel reception is still under discussion, so single Rx panel should be discussed as first priority. So we prefer to not consider SFN scheme or other multi-TRP schemes.
Do not consider SFN scheme or other multi-TRP schemes.
Key parameters for tunnel deployment
	· 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].



Ds
For the distance between the two nearest TRP (Ds), the link budget feasibility of Ds value 700m in open space scenario is proved in Rel-17 HST FR2 WI. Considering the propagation condition under tunnel is worse than open space, we propose to use Ds value 500m for HST FR2 tunnel scenario.
Use Ds value 500m for HST FR2 tunnel scenario.
Dmin & DRRH_height
Considering the installation safety issue and the electromagnetic interference between RRH and CPE with the electric wire above the train, the TRP is typically mounted on the side wall of the tunnel, it is expected the Dmin value 2m that is same as the typical HST deployment in tunnel in FR1. For the RRH height (DRRH_height), equal or a little larger than the UE height is reasonable based on the above assumption for the RRH deployment method, so a general value 6m can be acceptable as baseline.
Use Dmin value 2m for HST FR2 tunnel scenario.
Use DRRH_height value 6m for HST FR2 tunnel scenario.
Number of RRHs per BBU
For the number of RRHs per BBU, considering to reduce the overhead of handover, 4RRH per BBU is used for both FR1 and FR2 for previous HST requirements. From our understanding, the corresponding parameters can be reused from Rel-17 Uni-deployment, i.e. 4 RRH per BBU.
Use 4 RRH per BBU for HST FR2 tunnel scenario.
Reference channel model for tunnel scenario
	· 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).



Different from the open space scenario, there is more reflection and refraction in tunnel deployment, which it is more obvious in FR2 comparing to FR1. For the tunnel scenario comparing to Rel-17 Scenario A, we can observe that there is LOS propagation condition same as Rel-17 Scenario A for most of the time when UE is little far away from the RRH, the Rel-17 Scenario A requirements can be reused. But when UE is around the RRH within 50m, we observe the propagation condition looks more like NLOS (Actually with very weak LOS path power) rather than single tap. We think only this part should be considered. In such scenario, large delay spread that even over than CP length is expected when UE is under RRH that is corresponding to the time before and after TRP beam switching, especially for 120kHz SCS with the rather short CP length, so the performance can be significantly degraded.
There is LOS propagation condition same as Rel-17 Scenario A at most of time when UE is little far away from the RRH. The propagation condition looks more like NLOS (Actually with very weak LOS path power) rather than single tap when UE is around the RRH.
For further evaluation, only consider NLOS propagation condition when UE is around the RRH within 50m.
Mobility issue for tunnel scenario
	· RAN4 to discuss the mobility issue when the train is travelling in the direction opposite to the serving beam orientation, especially, in the case when RRH are close to the track, i.e., in tunnel deployments.



[bookmark: _Hlk118745495]When the train is travelling in the direction opposite to the serving beam orientation, we can observe that there is large and rapid RSRP degradation based on the Scenario A channel model. However, Scenario A with no fading assumption for tunnel scenario is too ideal. Actually when UE is around the RRH, i.e. about 50m range, there is serious fading channel due to reflection and refraction caused by unsmooth walls, train body or other possible obstacles. Even with beamforming, since Dmin is very small, the NLOS path is still very strong. In this case, the large and rapid RSRP degradation cannot be observed for tunnel scenario.
Scenario A with no fading assumption for tunnel scenario is too ideal. The large and rapid RSRP degradation cannot be observed for tunnel scenario when multi-path fading is considered.
Proposals
In this contribution, we discuss on the reference tunnel deployment scenario for NR HST FR2 enhancement. Our observations and proposals are:
1. Use Uni-directional deployment for tunnel scenario for HST FR2.
1. Do not consider SFN scheme or other multi-TRP schemes.
1. Use Ds value 500m for HST FR2 tunnel scenario.
1. Use Dmin value 2m for HST FR2 tunnel scenario.
1. Use DRRH_height value 6m for HST FR2 tunnel scenario.
1. Use 4 RRH per BBU for HST FR2 tunnel scenario.
1. There is LOS propagation condition same as Rel-17 Scenario A at most of time when UE is little far away from the RRH. The propagation condition looks more like NLOS (Actually with very weak LOS path power) rather than single tap when UE is around the RRH.
1. For further evaluation, only consider NLOS propagation condition when UE is around the RRH within 50m.
Scenario A with no fading assumption for tunnel scenario is too ideal. The large and rapid RSRP degradation cannot be observed for tunnel scenario when multi-path fading is considered.
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