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1. Introduction
In RAN#95e meeting, the Rel-18 RAN4-led work item on enhanced NR support for high speed train scenario in FR2 has been approved as [1]. As identified in Rel-17 FR2 HST work item, there is a large propagation delay difference from neighbouring RRHs to UE. For example in the uni-directional RRH deployment, it is identified that the signal propagation delay difference can be as much as 2.5us, which is much larger than CP length with 120kHz subcarrier spacing. In Rel-17 work item, the larger autonomous timing adjust step Tq is specified for FR2 HST UE, and the RAN4-based solutions for the uplink timing issue are focused, while other solutions, including involving other RAN working groups, are not fully studied. As the objectives of Rel-18 enhanced NR support for FR2 HST, to study on reference tunnel deployment scenario for FR2 HST is expected to be included in this WI, which is provided in WID [2] as follows:
	· 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].



In last two RAN4 meeting, the WFs on this issue have been approved as [4] and [5], with the following relevant WF and agreements obtained: 
	WF obtained in R4-2217254
General view on UL timing adjustment solution
Way Forward: 
· RAN4 continue to discuss UL timing adjustment solution, including explicit NW signalling assistance in Rel-18, based upon Option 3 and 4 captured in WF R4-2120416.
· Both RRC and MAC-CE based solutions are FFS.
· FFS whether to embedded spatial similarity (QCL-like relation for beams across RRHs) information by ordering the SSB index (to RRH mapping) signaled in RRC solution

WF obtained in R4-2220396
General view on UL timing adjustment solution
Way forward:
The issue requires further study:
· Clarify the improvement or the performance gain compared with existing R17 solution.
· 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.

UL transmit timing adjustment at UL beam switch
Way forward:
The issue requires further study:
· Whether requirements on UL transmit timing adjustment at UL spatial relation switch are needed
· [bookmark: _Toc118574645]Whether PC6 UE, capable of simultaneous multi-panel reception, can support UL transmit timing to two RRHs




In this contribution, we would like to share our views on UL timing adjustment solutions for FR2 HST. 
2. Discussion
When UE is moving across neighboring RRHs, to maintain the wireless link, the network needs to switch the working RRH from one to another, where the excessive propagation delay difference could be experienced at the UE side, as a particular technical problem not experienced by non-HST systems.  To solve this problem, we introduced a new one-shot large timing adjustment mechanism in this Release-17 work (as an optional feature), which is capable of enabling UE to perform the cross-RRH switch with much reduced data package losses.  


Figure.1 illustration of one-shot timing adjustment mechanism for FR2 HST UE.

2.1 Rel-18 UL timing adjustment solution
As tasked by WID for Rel-18, RAN4 shall 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. During Rel-17 discussion, there are some proposals on the explicit NW signaling assistance, including RRC configuration/MAC-CE indication of whether the upcoming TCI switching is inter-RRH or not. 
Particularly, in last RAN4, it is agreed the discussion on the network signalling shall be based upon Option 3 and 4 captured in WF R4-2120416: 
	· Option 3: TCI switching with network assistance of indication of inter-RRH and UE large DL timing change detection
· UE will apply one shot large timing adjustment on TCI switching between RRH occasion if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· FFS for detailed network indication of inter-RRH. One example could be a flag in MAC-CE command came with TCI state switch command, or could be SSB index and order per RRH.
· Option 4: TCI switching with network assistance of indication of inter-RRH but without UE large DL timing change detection
· UE will apply one shot large timing adjustment on TCI switching between RRH occasions 
· FFS for detailed network indication of inter-RRH. One example could be a flag in MAC-CE command came with TCI state switch command, or could be SSB index and order per RRH.



Based on the above highlighted contents for Option 3 and Option 4, the difference of two options comes from whether or not UE large DL timing change detection is needed in the specified solution. From my understanding, the benefit of introducing this Rel-18 enhancement comes from that UE can be informed by NW the upcoming beam switching is inter-RRH or intra-RRH one, while no need for UE to judge the condition by using DL timing information. Therefore, option 4 could be more preferable since it is more aligned with the objective in Rel-18 WID. 
Proposal 1: The condition that UE measurement on DL timing difference is larger than certain threshold shall not be included as the applicable condition for Rel-18 UL timing adjustment solution. 

2.2 Network signaling for UL timing adjustment solution
As agreed in [5], Details on network signalling shall be further discussed, by at least taking the following two options into account:
- 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
Between these two options, we think Option 1 can be a much simpler solution, in which UE only need to know whether or not the UL timing adjustment solution shall be applied when UE is switching to the new TCI state, and no need to understand the spatial relationship between the new and old TCI state. Moreover, for option 2, we doubt how this “embedded spatial similarity” information should be specified: If the information is to indicate the “timing information” similarity between two TCI state, it could be straightforward to define a new QCL type, but it is obviously too complex solution to be adopted. Another issue is we doubt the RRC based solution will require substantial overhead since the embedded spatial similarity information by ordering the SSB index can be different for neighboring cells, which requires the information to be included for every handover.
Proposal 2: For Rel-18 details on network signalling for UL timing adjustment solution, MAC-CE based solution is preferred to inform UE of the TCI state switch is across RRH. 

For the option 1, the discussion shall be based on the MAC-CE for PDCCH TCI indication, i.e., TCI State Indication for UE-specific PDCCH MAC CE. The reason comes from (1) in existing FR2 deployment, MAC-CE based PDCCH TCI switching is used while TCI state for the UE-specific PDSCH will follow the PDCCH TCI. By considering the current MAC CE design, there is no reserved bit left for TCI State Indication for UE-specific PDCCH MAC CE: 


Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE (from TS38.321)
Therefore, if Option 1 is followed, RAN2 shall be informed and involved as early as possible for the new MAC-CE design. 
Proposal 3: RAN4 inform RAN2 that the following additional information shall be added for TCI State Indication for UE-specific PDCCH MAC CE, for Rel-18 FR2 HST scenario: 
· One bit indication for whether or not UE shall follow the new UL timing solution when switching to the TCI State ID in MAC-CE. 

3. Conclusion
In this contribution, we provided our viewpoints on our views on UL timing adjustment solutions for FR2 HST, accordingly the following observations are obtained: 

Proposal 1: The condition that UE measurement on DL timing difference is larger than certain threshold shall not be included as the applicable condition for Rel-18 UL timing adjustment solution. 
Proposal 2: For Rel-18 details on network signalling for UL timing adjustment solution, MAC-CE based solution is preferred to inform UE of the TCI state switch is across RRH. 
Proposal 3: RAN4 inform RAN2 that the following additional information shall be added for TCI State Indication for UE-specific PDCCH MAC CE, for Rel-18 FR2 HST scenario: 
· One bit indication for whether or not UE shall follow the new UL timing solution when switching to the TCI State ID in MAC-CE. 
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