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[bookmark: _Toc116995841]Introduction
One of the objectives of the NR_HST_FR2_Ehn WI [1] is to specify the requirements for simultaneous multi-panel operation:
	· 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 this paper, we further discuss several open issues based on the WF [2] and chairman notes from the final meeting report, as follows:
· UL transmit timing adjustment at UL beam switch and support of two TA loops
· Impacts of large propagation delay jump on UE MAC timeAlignmentTimer


[bookmark: _Toc116995842]Discussion
UL beam switch and UL transmit timing
At the previous RAN4#104-bis-e the issue of UL beam switch was touched in the multi-panel reception topic [3]:
	1.5 UL and DL TCI switching for FR2 HST multi-panel simultaneous reception
Way forward:
Open issue needs further discussion:
· FFS whether enhancements are needed in Uplink spatial relation switch delay requirement.


It was clarified that UL TCI state switching (i.e., unified TCI framework) is not compatible with multi-TRP reception in HST FR2 scenario. Therefore, UL beam switching should be based on UL special relation switching procedure.
Additionally, it was added by the Chairman in the meeting report that the support of two TA loops in HST FR2 scenario requires further study:
	FFS whether HST FR2 Enhanced UE can support uplink transmit timing to two sources



It is assumed that HST FR2 PC6 UE is equipped with two panels oriented in two opposite directions along the railway track.
In Rel-17, it was assumed that the UE could activate only one panel at a time for transmission (UL) and reception (DL). Therefore, due to beam correspondence in TDD, the change of DL beam also assumed the change of the UL beam.
In Rel-18, it is assumed that the UE can receive in DL simultaneously with both panels, i.e., UE can support DL connection to two non-collocated RRHs. However, for UL transmissions, it is already agreed that the UE is only capable of transmitting with one panel at a time. Therefore, for UL, it should be selected which of the UL beams and/or RRHs should be used by the UE for the UL transmissions, and hence, which RRH and beam is used for reception on the NW side. As a result, the change of UE UL beam and DL beam does not always need to happen at the same time. Additionally, after the DL beam change, the new target DL beam may not always be used for UL. Such situations are demonstrated in Figure 1 .


[bookmark: _Ref118550895][bookmark: _Ref118550890]Figure 1: An example of UL and DL beam changes in there consecutive UE positions.

In Figure 1, bi-directional HST FR2 Scenario-A (RRHs are 10 m away from the railway track) is shown as an example. The UE is receiving DL from two sides, i.e., from two non-collocated RRHs simultaneously.
In Position 1, DL is transmitted from RRH2 and RRH3. UL is received at RRH2 because UE is closer to RRH 2.
In Position 2, in DL, still, the same RRH2 and RRH3 are used, but UL is now received at RRH3 because UE moved closer to it.
Finally, in Position 3, the UE is getting under the RRH3, where the signal strength is low due to the beamforming and beam orientation along the railway track. The DL beam on the right side of the UE is switched to RRH5, whereas on the left side, RRH2 is still used. In the UL, the left UE panel shall be used for TX and RRH2 for RX again as in Position 1, because UE is still closer to RRH2 than to RRH5.
If the same DL and UL beams are always used after the DL beam change, then the optimal UL beam cannot be always selected.
[bookmark: _Toc118574641]In HST FR2 deployment with UEs capable of simultaneous multi-panel reception, the switch of UL beam should not always follow the change of DL beam.
Following Rel-17 assumptions, every DL TCI state switch could potentially cause UL Timing Advance (TA) adjustment. However, UL transmit timing change due to UL beam switch, i.e., UL spatial relation switch, was not considered before.
[bookmark: _Toc118574642]For PC6 UEs supporting simultaneous multi-panel reception, a large jump in propagation delay can happen not only at DL TCI state switch but also at UL special relation switch.
[bookmark: _Toc118574643]RAN4 to consider requirements on UL transmit timing adjustment at UL spatial relation switch.

A new aspect of HST FR2 in Rel-18 is that PC6 UE can receive two DL signals simultaneously. Due to possibly very different propagation delays in DL from two different RRHs, such UEs will need to keep fine time/frequency tracking of DL TCI states from two different RRHs. Therefore, even though only one UE panel can be used for UL, it is beneficial to support two UL TA loops and adjust TA based on DL timing from both active DL TCI states. For example, TA adjustment can be made continuously with a gradual timing adjustment procedure.
In this case, in the scenarios from Figure 1, it will be no need to check and/or adjust UL timing at every UL beam switch. For example, in between Position 2 and Position 3, UE could keep not only UL TA for RRH3, but also for RRH2 which is still serving UE in DL. Then, when UL is switched back from RRH3 to RRH2, available UL timing could be used immediately without any adjustments.
[bookmark: _Toc118574644]For the PC6 UEs capable of receiving DL with two TCI sates (i.e., simultaneously from two RRHs) it should be possible to keep track of UL transmit timing for two RRH as well. Available UL transmit timing can be used directly at UL special relation switch without a need for UL transmit timing adjustment.
[bookmark: _Toc118574645]PC6 UE, capable of simultaneous multi-panel reception, can support UL transmit timing to two RRHs, e.g., by possessing two UL TA loops.

Impacts of large propagation delay jump on UE MAC
At the previous RAN4#104-bis-e meeting the following WF was listed [2]:
	2.3 Analysis on the impact of large propagation delay jump 
Way Forward: 
· RAN4 to discuss the existence of potential impacts of large jump in propagation delay on UE MAC of UL TA adjustment and timeAlignemntTimer in the case of inter-RRH TCI state switch.



TS 38.321 defines UL time alignment procedure. Importantly, in Clause 5.2, timeAlignmentTimer per TAG is introduced, that is running only when associated TAG is assumed to be UL time aligned. In this clause it is defined when timeAlignmentTimer is started, stopped or restarted:
· timeAlignmentTimerI should be running only when UL time is assumed to be aligned
· timeAlignmentTimer is started or restarted when TAC is received either in RAR message or in MAC CE.
· timeAlignmentTimer is stopped when Contention Resolution is considered not successful
Additionally,
· when timeAlignmentTimer expires MAC is reset, e.g., HARQ buffers are flushed
· [bookmark: _Hlk118573711]timeAlignmentTimer is not running, MAC entity shall not perform any UL transmission on a Serving Cell except the RA Preamble and MSGA transmission
In Rel-17 HST FR2, new mechanisms for UL timing adjustment were discussed and introduced in when TCI state switch happens. In particular, large one-step large timing adjustment is a timing adjustment similar to TAC based on MAC CE or RACH based TAG.
Additionally, TCI state switch associated with a large jump of propagation delay can cause a temporary loss of UL time alignment. However, UE MAC entity does not account for this situation and timeAlignmentTimer might be still running allowing UL transmissions with wrong timing.
[bookmark: _Toc118574646]The current design of timeAlignmentTimer does not take into account a possibility of large jump in propagation delay at beam switch. Hence, timeAlignmentTimer does not account for the large UL transmit timing adjustment or allow UL transmissions when UL timing is not aligned.
[bookmark: _Toc118574647]RAN4 to discuss potential impacts of large jump in propagation delay on UE MAC timeAlignmentTimer behaviour and, if found to be needed, inform RAN2 about those in a LS.

[bookmark: _Toc116995848]Conclusion
In this paper we focused on several new aspect of UL transmit timing adjustment in HST FR2 scenarios. Firstly, we analyzed what could be the behavior of UL TA loop(s) when UL beam is switched for the PC6 UE supporting simultaneous multi-panel reception. Secondly, we shared our view on possible impact of large jump in propagation delay at beam switch on UE MAC timeAlignmentTimer.

In the paper, the following Observations and Proposals were made:

Observation 1: In HST FR2 deployment with UEs capable of simultaneous multi-panel reception, the switch of UL beam should not always follow the change of DL beam.
Observation 2: For PC6 UEs supporting simultaneous multi-panel reception, a large jump in propagation delay can happen not only at DL TCI state switch but also at UL special relation switch.
Proposal 1: RAN4 to consider requirements on UL transmit timing adjustment at UL spatial relation switch.
Observation 3: For the PC6 UEs capable of receiving DL with two TCI sates (i.e., simultaneously from two RRHs) it should be possible to keep track of UL transmit timing for two RRH as well. Available UL transmit timing can be used directly at UL special relation switch without a need for UL transmit timing adjustment.
Proposal 2: PC6 UE, capable of simultaneous multi-panel reception, can support UL transmit timing to two RRHs, e.g., by possessing two UL TA loops.
Observation 4: The current design of timeAlignmentTimer does not take into account a possibility of large jump in propagation delay at beam switch. Hence, timeAlignmentTimer does not account for the large UL transmit timing adjustment or allow UL transmissions when UL timing is not aligned.
Proposal 3: RAN4 to discuss potential impacts of large jump in propagation delay on UE MAC timeAlignmentTimer behaviour and, if found to be needed, inform RAN2 about those in a LS.
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