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Introduction
In this contribution, we will provide the discussion on UL timing adjustment solution for R18 FR2 HST.
[bookmark: _GoBack]Discussion
The following topics were discussed for FR2 HST UL timing adjustment solutions.
· Network signaling assistance
· UL transmit timing adjustment at UL beam switch
· Potential impacts of large jump in propagation delay on UE MAC timeAlignmentTimer
[bookmark: _Hlk129621611]Network signaling assistance
RAN4 discussed the NW signalling assistance solutions for UL timing adjustment, and RAN4 agreed not to consider RRC based solutions. The following aspects need to be further studied for MAC-CE based solution.
	· FFS: Introduce MAC-CE based solutions to inform UE of the TCI state switch across RRH
· FFS: RAN4 informs 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: 
· [1] bit indication for whether or not UE shall follow the one shot large UL timing adjustment specified in clause 7.1.2.3 in TS38.133 when switching to the TCI State ID contained in the MAC-CE


For current R17 solution, 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. After UE performs one-shot timing adjustment at TCI switch switching, UE still needs to perform gradual timing adjustment. The purpose of one-shot timing adjustment is to avoid occurring the large UL reception timing change at gNB side due to the timing difference between old TCI and new TCI after TCI switch switching. When the timing difference between old TCI and new TCI is shorter than half CP length, it is possible for UE to perform either one-shot timing adjustment or gradual timing adjustment. For both types of timing adjustments, gNB shall be able to handle the UL timing difference at TCI switching. When the timing difference between old TCI and new TCI is longer than half CP length, according to the existing Te requirements, UE will not to perform gradual timing adjustment by mistake.
Observation 1: For one shot large UL timing adjustment, no obvious issue due to existing R17 solution is observed.
For MAC-CE based solution, one-bit indication is suggested to inform UE of TCI state switch across RRH and whether UE shall follow one-shot large UL timing adjustment requirements. The one-bit network assistance information only can indicate whether the TCI state switching is across RRH or not. The DL timing difference measured on TRS is still needed for TCI switching. In last meeting, it has been mentioned that there are no obvious benefits for introducing one-bit network assistance information. Firstly, not every TCI state switch across RRHs will cause one shot large UL timing adjustment. The indication of TCI state switch across RRH cannot instead of DL timing difference judgment. When the timing difference is very small, the one-bit indication may help UE to avoid triggering one-shot large UL timing adjustment by mistake. However, in this case, gNB is able to handle the UL timing difference no matter which type of timing adjustment is applied at TCI switching.
Observation 2: For MAC-CE based solution, one-bit network assistance information on whether TCI state switch across RRH does not provide obvious performance improvement.
Based on the above analysis, we suggest not to introduce MAC-CE based solution for UL timing adjustment.
Proposal 1: For Rel-18 FR2 HST scenario, it is suggested not to introduce MAC-CE based solutions to inform UE of the TCI state switch across RRH since no obvious benefits are observed.
UL transmit timing adjustment at UL beam switch
For UE beam switch aspect, the following issues 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


UE can perform UL spatial relation switch between RRH1 and RRH2. Whether to define UL transmit timing adjustment at UL spatial relation need to be further discussed. 
For Rel-18 FR2 HST, multi-panel reception is considered to be supported at UE side. However, supporting of multi-panel reception does not mean to support multi-panel transmission. Based on RAN4’s agreements in [2, 3], 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.
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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. UE can perform UL spatial relation switch between RRH1 and RRH2. However, 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. It is up to UE implementation to select which RRH downlink timing as reference timing. 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. Even there has timing change at UL spatial relation switch, the existing gradual timing adjustment requirements can be applied. There is no need to define additional UL transmit timing adjustment requirements for UL spatial relation switch.
Observation 3: UL transmit timing adjustment is not always needed for UL spatial relation switch.
Observation 4: There is no configuration to associate a UL spatial relation to a downlink RS for time tracking.
Proposal 2: For UL timing change at UL spatial relation switch, the existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment.
Impact of large propagation delay jump on timeAlignemntTimer
In last RAN4 meeting, it was mentioned that the potential impacts of large jump in propagation delay on UE MAC timeAlignmentTimer in the case of inter-RRH TCI state switch need to be further studied.
One shot large UL timing adjustment belongs to UE autonomous timing adjustment. UE performs autonomous timing adjustment without receiving TA command. After one shot large UL timing adjustment, UE still needs to perform gradual timing adjustment. Then, the network can detect UL receive timing change slowly without large jump. The IE timeAlignmentTimer controls how long the MAC entity considers the serving cells belonging to the associated TAG to be uplink time aligned. The magnitude of UE autonomous timing adjustments, including both gradual timing adjustment and one-shot large UL timing adjustment, is still very limited and within CP length for most cases. The network shall be able to following the uplink timing change. We do not observe the obvious impact on TA adjustment and timeAlignmentTimer. 
Proposal 3: No obvious impact on TA adjustment and timeAlignmentTimer due to one-shot large UL timing adjustment is observed, and there is no need to introduce timeAlignemntTimer enhancements at UL timing adjustment.
Conclusions
In this paper we provided our analysis on UL timing adjustment solution for R18 FR2 HST. The followings are provided.
Observation 1: For one shot large UL timing adjustment, no obvious issue due to existing R17 solution is observed.
Observation 2: For MAC-CE based solution, one-bit network assistance information on whether TCI state switch across RRH does not provide obvious performance improvement.
Proposal 1: For Rel-18 FR2 HST scenario, it is suggested not to introduce MAC-CE based solutions to inform UE of the TCI state switch across RRH since no obvious benefits are observed.
Observation 3: UL transmit timing adjustment is not always needed for UL spatial relation switch.
Observation 4: There is no configuration to associate a UL spatial relation to a downlink RS for time tracking.
Proposal 2: For UL timing change at UL spatial relation switch, the existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment.
Proposal 3: No obvious impact on TA adjustment and timeAlignmentTimer due to one-shot large UL timing adjustment is observed, and there is no need to introduce timeAlignemntTimer enhancements at UL timing adjustment.
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