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Introduction
In this contribution, we will provide the discussion on UL timing adjustment solution for R18 FR2 HST.
Discussion
In RAN4#105 meeting, the following topics were discussed for UL timing adjustment solutions.
· General view on UL timing adjustment solution
· UL transmit timing adjustment at UL beam switch
General view on UL timing adjustment solution
For general aspects, the followings have been captured in WF [1].
	The issue requires further study:
· Clarify the improvement or the performance gain compared with existing R17 solution.
· [bookmark: _Hlk126677339]Details on network signalling (based upon Option 3 and 4 captured in WF R4-2120416):
· Option 1: MAC-CE based solutions to inform UE of the TCI state switch is across RRH
· Option 2: Embedded spatial similarity (QCL-like relation for beams across RRHs) information by ordering the SSB index (to RRH mapping) signalled in RRC solution
· Other options are not precluded
· Proponents of network signaling are encouraged to provide design details in next RAN4 meeting.


It can be observed that two options with explicit NW signalling assistance were proposed to handle the one-shot large uplink timing adjustment on TCI switching.
[bookmark: _Hlk126690883]In R17, whether to perform one shot large UL timing adjustment is decided only at UE side. UE detects the DL timing difference for TCI switching and performs one shot large UL timing adjustment when the DL timing difference for TCI switching is larger than a threshold. Option 1 and option 2 are both only to indicate whether the TCI state switch is across RRHs. However, not every TCI state switch across RRHs will cause one shot large UL timing adjustment. For example, when TCI state switch occurs in the middle of two RRHs, the DL timing difference between two RRHs could be very smaller and gradual UL timing adjustments can be applied. So, UE measurement on large DL timing difference for TCI switching is still needed for one shot large UL timing adjustment. 
Observation 1: UE measurement on large DL timing difference for TCI switching is still needed for one shot large UL timing adjustment.
For option 1, new MAC-CE command needs to be introduced to indicate UE whether the TCI state switch is across RRHs. For MAC-CE based TCI state switch, the signalling can be indicated in the same MAC-CE command. For DCI based TCI state switch, additional MAC-CE command needs to be indicated. Compared with option 2, option 1 has less impacts on network deployment and UE implementation. However, the signalling overhead will be increased for option 1.
Observation 2: Option 1 (MAC-CE based solutions) for UL timing adjustment in HST scenario needs to introduce new signalling and increase signalling overhead.
For option 2, more SSB resources need to be transmitted by network for the purpose of differentiating beams across RRHs, which will lead that the resource for data transmissions will be reduced. The mapping between RRH beam and SSB index will result in the restriction on network deployment, which will also increase the complexity of UE implementation.
Observation 3: Option 2 (SSB-to-RRH mapping) for UL timing adjustment in HST scenario needs to transmit more SSB resources, which has restriction on network deployment and will reduce the data transmission resources.
The network assistance information assistance information can only reduce the false/missed alarm for one-shot large UL timing adjustment. However, RAN4 needs to study whether the benefits due to reducing the false/missed alarm for one-shot large UL timing adjustment is worth than the sacrifice in signalling overhead (for option 1) or the sacrifice in both network deployment flexibility and data available resources (for option 2).
Proposal 1: RAN4 needs to investigate whether the benefits due to reducing the false/missed alarm for one-shot large UL timing adjustment is worth than the sacrifice in signalling overhead (for option 1) or the sacrifice in both network deployment flexibility and data available resources (for option 2).
UL transmit timing adjustment at UL beam switch
For UE beam switch aspect, the following issues captured in WF [1] need to be further studied.
	· [bookmark: _Toc118574645]Whether requirements on UL transmit timing adjustment at UL spatial relation switch are needed
· Whether PC6 UE, capable of simultaneous multi-panel reception, can support UL transmit timing to two RRHs


RAN4 has achieved the following agreements in WF [2, 3]
	Agreements in RAN4#104bis-e
· Simultaneous UL transmissions from multiple UE panels is not in the scope of the WI.
· Two TA enhancement is not in the scope of Rel-18 FR2 HST enhancement work item.


Supporting of multi-panel receptions does not mean to support multi-panel transmissions. For Rel-18 FR2 HST, UE is still assumed to perform UL transmissions with single beam direction. The UE needs to perform TDM-ed UL transmissions to two RRHs with different beam directions.
[image: ]
Figure 1: Example for simultaneous multi-panel receptions from two RRHs
[bookmark: _Hlk127459793]As shown in Figure 1, UE capable of simultaneous multi-panel reception can receive signals from both RRH with different beam directions, but UE only can perform UL transmissions to one RRH at the same time. 
Proposal 2: For Rel-18 FR2 HST, UE is assumed to perform UL transmissions to one RRH at the same time since simultaneous multi-panel UL transmissions is not considered for this WI.
UE can perform UL spatial relation switch between RRH1 and RRH2. UL spatial relation switch only indicates the beam direction change of uplink transmission. There is no TRS indicated in UL spatial relation information. The uplink transmit timing is derived from the detected downlink timing minus a TA value. However, it has not been specified from which RRH the downlink timing is to be used as the reference timing for the uplink transmission timing, which is up to UE implementation. If UE performs UL spatial relation switch from RRH1 to RRH2, there could be no timing change when the downlink timing for two RRHs are the same. Whether to have UL timing adjustment depends on the DL timing change. There is no need to define additional UL transmit timing adjustment requirements for UL spatial relation switch.
Observation 4: UL transmit timing adjustment is not always needed for UL spatial relation switch.
Proposal 3: Whether to perform UL transmit timing adjustment depends on DL timing change detection, and there is no need to define additional UL transmit timing adjustment at UL spatial relation switch.

Conclusions
In this paper we provided our analysis on UL timing adjustment solution for R18 FR2 HST. The followings are provided.
Observation 1: UE measurement on large DL timing difference for TCI switching is still needed for one shot large UL timing adjustment.
Observation 2: Option 1 (MAC-CE based solutions) for UL timing adjustment in HST scenario needs to introduce new signalling and increase signalling overhead.
Observation 3: Option 2 (SSB-to-RRH mapping) for UL timing adjustment in HST scenario needs to transmit more SSB resources, which has restriction on network deployment and will reduce the data transmission resources.
Proposal 1: RAN4 needs to investigate whether the benefits due to reducing the false/missed alarm for one-shot large UL timing adjustment is worth than the sacrifice in signalling overhead (for option 1) or the sacrifice in both network deployment flexibility and data available resources (for option 2).
Proposal 2: For Rel-18 FR2 HST, UE is assumed to perform UL transmissions to one RRH at the same time since simultaneous multi-panel UL transmissions is not considered for this WI.
Observation 4: UL transmit timing adjustment is not always needed for UL spatial relation switch.
Proposal 3: Whether to perform UL transmit timing adjustment depends on DL timing change detection, and there is no need to define additional UL transmit timing adjustment at UL spatial relation switch.
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