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Background
Based on the WID [1], it is the timeline to discuss the NR HST FR2 enhancement WI.
	· 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.



In this contribution, we share our views about the reference tunnel deployment scenario for NR HST FR2 enhancement.
Discussion
Reference tunnel deployment scenario
In Rel-17, the tunnel deployment scenario is discussed and not standardized considering the limited Rel-17 effort and relative prioritization. As per operators’ input, FR2 HST is also likely deployed in tunnel deployment scenario, however, there is much challenges observed.
SCS
Consider that the real network is mainly focus on 120kHz SCS, we propose to only consider 120kHz SCS for HST FR2 evaluations and requirements definition.
Only consider 120 kHz SCS for HST FR2 evaluations and requirements definition.
Deployment parameters
Deployment parameters should be rather stable since there is the limitation of the physical environment. So it should be firstly discussed. Different from the open space scenario, the minimum distance between the TRP and the train (Dmin) should be very small and the TRP height should not be too high. Considering that 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 and the TRP height same as the CPE height, i.e. 5m. 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.
For the deployment parameters of the tunnel deployment scenario, use Ds=500m, Dmin=2m, TRP height=CPE height=5m.
Transmission scheme
Considering that the Dmin is rather small, it is more likely the Uni-directional deployment can be used. Therefore the corresponding parameters can be reused from Rel-17 Uni-deployment, such as 4 RRH per BBU, 1 beam per RRH panel. Also considering large timing difference between different TRP, SFN scheme and other multi-TRP schemes should not be considered.
For transmission scheme of the tunnel deployment scenario, use Uni-directional deployment with 4 RRH per BBU, 1 beam per RRH panel.
For transmission scheme of the tunnel deployment scenario, SFN scheme and other multi-TRP schemes should not be considered.
Propagation condition
Different from the open space scenario, there is more reflection and refraction in tunnel deployment, which it is more serious in FR2 comparing to FR1. The propagation condition in tunnel is more like NLOS (Actually with very weak LOS path power) rather than single tap. In such scenario, delay spread larger than CP length is expected when UE is under RRH, that is corresponding to the duration before and after TRP beam switching, especially for 120 kHz SCS with the rather short CP length, so the performance can be significant degraded. The solution about this problem should be studied and evaluated for tunnel deployment scenario.
For propagation condition of tunnel deployment scenario, study and evaluate the solution about the problem about the significant performance degradation when UE is under RRH due to larger delay spread than CP.
Proposals
In this contribution, we discuss on the reference tunnel deployment scenario for NR HST FR2 enhancement. Our observations and proposals are:
1. Only consider 120 kHz SCS for HST FR2 evaluations and requirements definition.
For the deployment parameters of the tunnel deployment scenario, use Ds=500m, Dmin=2m, TRP height=CPE height=5m.
For transmission scheme of the tunnel deployment scenario, use Uni-directional deployment with 4 RRH per BBU, 1 beam per RRH panel.
For transmission scheme of the tunnel deployment scenario, SFN scheme and other multi-TRP schemes should not be considered.
For propagation condition of tunnel deployment scenario, study and evaluate the solution about the problem about the significant performance degradation when UE is under RRH due to larger delay spread than CP.
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