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[bookmark: _Toc116995841]Introduction
The following open issue left open regarding the UL Spatial relation and TCI state switching in HST FR2 Enhanced RRM maintenance that is captured in the WF [1]:
	Issue 1-3-2: Timing adjustment and UL spatial relation switch
Way forward:
· Further check whether and how UL spatial relation switch shall be executed when corresponding DL TCI state is switched in Rel-18 bi-directional deployments with multi-panel reception when large one shot UL timing adjustment is used (other conditions FFS)
· Option 1: UL spatial relation switch shall always be executed strictly when the corresponding DL TCI state switches
· Other options are not precluded




In this paper we further elaborate why the one-shot UL timing adjustment solution assumed in Rel-17 is not always optimal in Rel-18 when PC6 UE is capable of simultaneous DL reception with two panels.

[bookmark: _Toc116995842]Discussion
We recall that there is a mobility issue identified in the tunnel deployment, i.e., a beam or radio link failure may happen when the CPE is travelling opposite to serving beam pointing direction:
	Agreement: [RAN4#106]
· 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.



In Rel-18 HST FR2 multi-Rx studies, multi-DCI-based-multi-TRP assumption is adopted which assumes that there is only possible to have single UpLink (UL) transmission towards a single RRH. Therefore, if multi-panel reception is used in the tunnel and the UL (PUCCH/PUSCH) is connecting to the RRH’s panel facing opposite to the train moving direction, then the UL connection may be lost near the serving RRH, as illustrated in Figure 1. 


[bookmark: _Ref134698707]Figure 1: Multi-panel reception in the tunnel scenario where PDCCH/PDSCH is transmitted from two RRHs but UL is transmitted towards RRH2

[bookmark: _Toc146613185][bookmark: _Toc149916214]For the multi-panel reception in the tunnel scenario, if the UL is transmitted toward the RRH having the beam orientation opposite to the train travelling direction, then the UL will be disrupted in the case of beam/link failure next to the RRH.

In the other scenario, also applicable to open space deployments, the UL may be configured at the left UE panel together with on of the DL beams. However, there is a need to change the DL beam on the other (right) panel, as shown in Figure 2.



[bookmark: _Ref149914620]Figure 2: Figure 1: Multi-panel reception scenario where the change of DL beam necessitates the change of UL beam.

If one-shot UL TX timing adjustment is enabled, then following the requirements of Clause 7.1.2.3, TS 38.133, the UL TX timing shall be adjusted even though the beam is changed on the pane (right) which is not used for UL transmission.
Therefore, even though the left panel is still better for UL transmission (UE is closer the RRH1 than to RRH4), the UL shall be switch to RRH4. Otherwise, UL timing that is already adjusted (due to the DL TCI state switch) for RRH4 will not be appropriate for transmission towards RRH1.
[bookmark: _Toc149916215]If UL spatial relation has to be switch always together with TCI state switch (regardless of the UE panel) a performance degradation in UL is observed because UL cannot be configured for transmission towards the best RRH.
On the other hand, if DL TCI state switch is decoupled from UL spatial relation switch, e.g., by allowing one shot UL Tx timing adjustment only when the corresponding (of the same UE panel) DL TCI state switch is changed, the problem is not fully resolved because there is no one-shot UL timing adjustment procedure defined for UL spatial relation switch.
[bookmark: _Toc149916216]Decoupling of DL TCI state and UL Spatial relation switches does not completely resolve the issue because independent UL Spatial relation switch might be also associated with a large change in UL Tx timing.

Hence, one resolution could be to agree that certain degradation is UL due to non-optimal selection of RRH is allowed:
[bookmark: _Toc149916217]If UL TX timing adjustment at UL spatial relation switch is agreed in Rel-18 for HST FR2 scenario, RAN4 to shall agree that UL spatial relation switch shall always be executed strictly with the corresponding DL TCI state switches and performance degradation in UL is acceptable.
Otherwise, RAN4 should consider the ways to allow more flexibility in UL configuration:
[bookmark: _Toc149916218]RAN4 to consider introducing one shot UL timing adjustment procedure at UL Spatial relation switch in HST FR2 deployments with simultaneous two panel reception.

[bookmark: _Toc116995848]Conclusion
In the paper, we discussed an issue related to UL Spatial relation switch and corresponding UL TX timing adjustment in tunnel and open space HST FR2 deployments.
The following Observations and Proposals were made:
Observation 1: For the multi-panel reception in the tunnel scenario, if the UL is transmitted toward the RRH having the beam orientation opposite to the train travelling direction, then the UL will be disrupted in the case of beam/link failure next to the RRH.
Observation 2: If UL spatial relation has to be switch always together with TCI state switch (regardless of the UE panel) a performance degradation in UL is observed because UL cannot be configured for transmission towards the best RRH.
Observation 3: Decoupling of DL TCI state and UL Spatial relation switches does not completely resolve the issue because independent UL Spatial relation switch might be also associated with a large change in UL Tx timing.
Proposal 1: If UL TX timing adjustment at UL spatial relation switch is agreed in Rel-18 for HST FR2 scenario, RAN4 to shall agree that UL spatial relation switch shall always be executed strictly with the corresponding DL TCI state switches and performance degradation in UL is acceptable.
Proposal 2: RAN4 to consider introducing one shot UL timing adjustment procedure at UL Spatial relation switch in HST FR2 deployments with simultaneous two panel reception.
[bookmark: _Toc116995849]
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