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Introduction
In this contribution, we will provide the discussion on UL timing adjustment solution for R18 FR2 HST.
Discussion
Impacts of MAC-CE based cross-RRH network signalling assistance
RAN4 agreed to introduce 1-bit indication in MAC-CE to inform UE on the TCI state switch across RRHs. When cross-RRH TCI state switching is indicated, it has been agreed that the existing R17 UL timing adjustment requirements in clause 7.1.2.3 apply to the first UL transmission after TCI state switch. However, whether the condition that UE measurement on DL timing difference is larger than certain threshold (as specified in Rel-17) shall be included needs to be further studied.
For cross-RRH TCI state switching the DL timing difference between old TCI state and new TCI state can be considered as the propagation delay difference between the two RRHs. UE performs one-shot large UL timing adjustment on the first UL transmission after TCI state switch for compensating the propagation delay difference. In R17, there is no assistance information, and the UE measurements-based threshold judgement is applied to determine whether the TCI state switching is cross-RRH or not. For, In R18, network signalling assistance for indicating cross-RRH TCI state switching is provided, which can be used to replace the UE measurements-based threshold judgement. When cross-RRH TCI state switching is indicated, UE can perform one-shot large timing adjustment no matter the propagation delay difference between RRHs is large or not.
Proposal 1: For one-shot UL timing adjustment requirements in Rel-18 FR2 HST scenario, the condition that UE measurement on DL timing difference is larger than certain threshold can be replaced by the condition that the MAC-CE based network signalling assistance is provided to indicate cross-RRH TCI state switching.
[bookmark: _Hlk141890437]For TCI state switching in FR2 HST scenario, whether the current R17 TCI state switching delay can be enhanced due to MAC-CE based network signalling assistance. The existing R17 TCI state switching delay for FR2 HST scenario includes one SSB detection time and the fine timing track time, where one SSB detection time is allowed with considering of large timing difference for inter-RRH TCI state switching. Based on MAC-CE based network signalling assistance, if the TCI state switching is indicated as intra-RRH, there is no need to consider one SSB detection time into TCI state switching delay and the TCI state switching delay for non-HST scenario can be reused.
Proposal 2: For Rel-18 FR2 HST scenario, the TCI state switch delay for non-HST scenario can be reused, provided that this TCI state switch is indicated as intra-RRH switch according to MAC-CE based network signalling assistance.
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 previous agreements, simultaneous UL transmissions from multiple UE panels is not considered in this WID and UE is still assumed to perform UL transmissions with single beam direction. When two TCI states are activated for simultaneous multi-panel reception, it is up to UE implementation to choose which one TCI state as the DL reference for deriving UL timing since the association between UL transmission and which one TCI state for simultaneous multi-panel reception is not specified. Whether two TCI states switching for simultaneous multi-panel reception will cause DL reference timing change is still uncertainty for UE. Besides, the current R17 one-shot timing adjustment requirements are not applied for the scenario with two TCI states switching. MAC-CE based network signalling assistance is considered to be applied for current R17 one-shot timing adjustment requirements. Hence, the MAC-CE based network signalling assistance is not considered for two TCI states switching.
Proposal 3: For Rel-18 FR2 HST scenario, MAC-CE based network signalling assistance for cross-RRH indication is only considered for R15 TCI state switching, where only one TCI state is used for DL reception.
In RAN4, 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 4: There is no need to introduce new timeAlignemntTimer related enhancements at UL timing adjustment.
General aspects
RAN4 discussed whether to define UL transmit timing adjustment at UL spatial relation, and the following options are captured in [1].
	Open issue needs further discussion:
· Option 1: Apply existing one-shot larger UL timing adjustment mechanism (Clause 7.1.2.3) at UL spatial relation switch
· Option 2: UL spatial relation switch shall always be executed strictly when the corresponding DL TCI state switches
· Option 3: The existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment


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 cross RRHs. 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 one RRH to another RRH, 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.
Proposal 5: 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.

Conclusions
In this paper we provided our analysis on UL timing adjustment solution for R18 FR2 HST. The followings are provided.
Proposal 1: For one-shot UL timing adjustment requirements in Rel-18 FR2 HST scenario, the condition that UE measurement on DL timing difference is larger than certain threshold can be replaced by the condition that the MAC-CE based network signalling assistance is provided to indicate cross-RRH TCI state switching.
Proposal 2: For Rel-18 FR2 HST scenario, the TCI state switch delay for non-HST scenario can be reused, provided that this TCI state switch is indicated as intra-RRH switch according to MAC-CE based network signalling assistance.
Proposal 3: For Rel-18 FR2 HST scenario, MAC-CE based network signalling assistance for cross-RRH indication is only considered for R15 TCI state switching, where only one TCI state is used for DL reception.
Proposal 4: There is no need to introduce new timeAlignemntTimer related enhancements at UL timing adjustment.
Proposal 5: 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.
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