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Introduction
In RAN4 #106, the following agreements [1] on tunnel deployment scenario for FR2 HST enhancement have been reached:
	Agreement:
· Sceanrio#2: Two-panel simultaneous reception scenario and analysis of corresponding transmission schemes in tunnel deployment has lower priority
· Only consider LoS propagation conditions
· Mobility issue at HO/beam switch when CPE is travelling in the direction opposite to the serving beam is observed due to the sharp drop of the signal strength at the edge of the beam next to the RRH.
Way forward:
· FFS: feasibility of uni- and bi-directional deployments in Sceanario#1 (single-panel reception UE and DPS transition schemes)
· FFS: deployment assumption at the exit/entrance of the tunnel
· FFS: propagation conditions for performance requirements:
· Option 1: Reuse FR2 HST channel model in TS38.101-4 and TS38.104.
· Option 2: Consider multi-path fading model (e.g., with up to 2nd order multi-path components)
· Other options are not precluded
· Consider possible solutions to the mobility issue:
· Option 2: Solutions that allow network to trigger early handover
· Option 2a: Enabling CHO with special settings next to the RRH
· Option 3: Method in which UE initiates TCI state switch as advanced capability
· Option 4: Define the beam allocation regions
· Other options are not precluded
· Clarify the standardization impacts of proposed solutions


In this paper we provide our view on the open issues on tunnel deployment scenarios, channel model and possible solutions to the mobility issue.
Discussion
Deployment scenario
According to the above agreement that two-panel simultaneous reception in tunnel deployment has low priority, therefore we focus on FR2 HST with single-panel operation in tunnel deployment. In RAN4 spec [2], both uni- and bi-directional deployment scenarios are defined for FR2 HST-DPS performance requirements evaluation. Based on the similar principle, three possible tunnel deployment scenarios are illustrated in figure 1, 2 and 3. Specifically, it is shown in Fig. 1 and 2 that uni-directional tunnel deployment can include two possible scenarios in which the FR2 HST UE moves in the opposite or the same direction of the serving beam, respectively. Figure 3 illustrates the bi-directional tunnel deployment scenario.
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Figure 1. Uni-directional tunnel deployment for FR2 HST-DPS moving in the opposite direction of the serving beam
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Figure 2. Uni-directional tunnel deployment for FR2 HST-DPS moving in the same direction of the serving beam
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Figure 3. Bi-directional tunnel deployment for FR2 HST-DPS
It is envisioned that up to network implementation, RRH serving beam direction can be adjusted according to the HST moving direction. Due to the mobility issue described in the above agreement, it is plausible that we can focus on the uni-directional tunnel deployment in Fig. 2, where the FR2 HST UE moves in the same direction as the RRH serving beam. Currently no significant performance difference between uni-directional and bi-directional deployments has been confirmed. Therefore, we propose to consider both uni- and bi-directional deployment scenarios for FR2 HST-DPS performance evaluation in tunnel channel.
Observation 1:	Up to network implementation, RRH serving beam direction can be adjusted according to FR2 HST UE moving direction to tackle the observed mobility issue.
Proposal 1:	Both uni- and bi-directional deployment scenarios are considered for FR2 HST-DPS performance requirement evaluation in tunnel channel. For uni-directional deployment, FR2 HST UE moves in the same direction as the RRH serving beam direction.
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Figure 4. deployment for coverage enhancement at the entrance/exit of the tunnel 
Due to the propagation channel differences between open space and tunnel, to ensure a robust communication continuity when an HST moves into or out from the tunnel, network coverage at the tunnel entrance/exit needs to be carefully designed to cope with the channel condition abrupt change. Moreover, the relative positions of RRHs with respect to the rail track, e.g., height of RRH antennas, in the tunnel are different from those outside of the tunnel. To reduce the channel condition variation caused by different RRH positions, as illustrated in Fig. 4, an RRH (RRH-0) with the same relative position to the rail track as those RRHs in the tunnel (tunnel-RRH) can be installed outside of the tunnel entrance. We can name this RRH as a “handover” RRH. The beam serving range of the “handover” RRH can be same as that of tunnel-RRHs. Since the “handover” RRH is located outside of the tunnel, it is expected that the beam switch from open space RRHs to the “handover” RRH can be smoothly performed. Thanks to the same beam serving range, it is also envisioned that a smooth beam switch from the “handover” RRH to the next tunnel-RRH can be achieved.
Observation 2:	an RRH can be deployed outside of the tunnel and close to the tunnel entrance/exit to enable smooth beam switch between RRHs in and outside of the tunnel to enhance the network coverage at the entrance/exit of the tunnel.
Channel model
Due to the waveguide-like propagation effect in the tunnel scenario [3], the likelihood of the existence of NLOS paths between the serving RRH and FR2 HST UE in the tunnel is larger than that in open space. Especially when the FR2 HST UE is close to the serving RRH, more NLOS paths may occur. However, in both uni- and bi-directional deployment scenarios discussed above, there is a minimum distance between a FR2 HST UE and the respective serving RRH. And the minimum value can be chosen to reduce the likelihood of NLOS path occurrence under a desired level. As a result, it is plausible to reuse the FR2 HST channel model in [2] (single path with LOS propagation), i.e., Option-1, for performance requirement study. On the other hand, if it is desired to examine the impact of NLOS paths on the FR2 HST UE demodulation performance in the tunnel deployment, it can be also reasonable to consider a multi-path fading channel with up to the 2nd order multipath component, i.e., Option-2, for demodulation performance evaluation.
Proposal 2:	Reuse the channel model in RAN4 spec 38.101-4 and 38.104, i.e., single path with LOS propagation, for performance requirements study of FR2 HST-DPS in tunnel deployment. FFS: consider multipath fading channel, i.e, Option-2 for demodulation performance study.
Demodulation performance evaluations
For the evaluation parameters related to physical channel settings and throughput performance requirements, such as BW, SCS and MCS etc, it is envisioned that the existing test setup and requirements defined for FR2 HST-DPS in open space can be used as the starting point. The same parameter values can be reused if no reason of using different values can be identified.
Proposal 3:	Reuse the evaluation parameters related to physical channel settings and throughput performance requirements defined for FR2 HST-DPS in open space scenario for the tunnel deployment if different values cannot be justified.
Conclusion
In this paper we provided view on the tunnel deployment scenarios, channel model and possible solutions to the mobility issue and made the following proposals:
Observation 1:		Up to network implementation, RRH serving beam direction can be adjusted according to FR2 HST UE moving direction to tackle the observed mobility issue.
Observation 2:		an RRH can be deployed outside of the tunnel and close to the tunnel entrance/exit to enable smooth beam switch between RRHs in and outside of the tunnel to enhance the network coverage at the entrance/exit of the tunnel.
Proposal 1:	Both uni- and bi-directional deployment scenarios are considered for FR2 HST-DPS performance requirement evaluation in tunnel channel. For uni-directional deployment, FR2 HST UE moves in the same direction as the RRH serving beam direction.
Proposal 2:	Reuse the channel model in RAN4 spec 38.101-4 and 38.104, i.e., single path with LOS propagation, for performance requirements study of FR2 HST-DPS in tunnel deployment. FFS: consider multipath fading channel, i.e, Option-2 for demodulation performance study.
Proposal 3:	Reuse the evaluation parameters related to physical channel settings and throughput performance requirements defined for FR2 HST-DPS in open space scenario for the tunnel deployment if different values cannot be justified.
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