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[bookmark: Title][bookmark: DocumentFor]Introduction
RAN4 has been discussing the UL timing adjustment solutions for FR2 HST for past few meetings and it was agreed [1] to introduce a MAC-CE based solution with 1-bit indication to inform UE on the TCI state switch across which could be used by the UE to decide whether to follow the Rel-17 UL timing solution for the indicated TCI state ID.
In this paper, we provide our views on the remaining timing-related issues listed in the WF [1] from RAN4#106bis-e.
UL TX timing adjustment at UL spatial relation switch
[bookmark: _Hlk78385107]During the last meeting, RAN4 discussed the need for one-shot timing adjustment at UL spatial relation switch. The issue is mainly related to simultaneous multi-panel reception scenario when the UE is receiving DL from two RRH but can transmit UL only to one RRH, as shown in the figure below:
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The train is receiving DL from RRH1 and RRH2 and transmitting UL to RRH1 initially and later switch UL to RRH2 while still receiving DL from both the RRH. The UL switch ideally happens halfway between RRH1 and RRH2 but because of the measurement inaccuracies and other reason, it may be a little off from the center. It was argued that the UL switching at an offset from the center leads to propagation delay difference between the two RRH and leads to UL timing error. However, we think that this is not really an issue because UE transmits UL based on a DL reference timing adjusted by the TA. In this case, it’s upto UE implementation which DL reference signal the UE chooses to derive the reference timing. Another aspect is that unlike TCI state switching across RRH, where the propagation delay difference is significantly large, UL beam switch across RRH for a multi-panel UE will not have a significant propagation delay difference as the switch happens more or less at the center. Even if there’s a small propagation delay difference, UE can use the existing autonomous timing adjustments to handle this situation. So, we don’t think that there’s a need to define one-shot UL timing adjustments at UL spatial relation switch.
Proposal 1: During UL spatial relation switch, 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
The next issue related to timing requirements that was discussed during the last meeting was on the validity of timeAlignemntTimer and the following WF[1] was agreed:
Impact of large propagation delay jump on timeAlignemntTimer
Way Forward:
· FFS whether to ask for clarification from RAN2 on the following questions:
· Does the procedure of maintaining UL time alignment consider TCI state switch between non-collocated RRHs?
· What is the understanding of “UL time aligned” in the definition of timeAlignmentTimer?
· FFS Potential impacts of large jump in propagation delay on UE MAC timeAlignmentTimer
· Option 1: In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped or suspended after inter-RRH TCI state switch
· FFS applicability of such timer behaviour to R17 one-short large timing adjustment or to through RACH-based method
· Option 2: Not to introduce timeAlignemntTimer enhancements at UL timing adjustment















The first issue here is whether any clarification is needed from RAN2 on ‘UL time aligned’ in the definition of timeAlignmentTimer. We have the following definition of timeAlignmentTimer specified in TS 38.321, Clause 5.2:
RRC configures the following parameters for the maintenance of UL time alignment:
-	timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned;
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
2>	else if the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3>	flush all HARQ buffers;
3>	notify RRC to release PUCCH, if configured;
3>	notify RRC to release SRS, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	maintain NTA (defined in TS 38.211 [8]) of this TAG.























In our understanding, the above text from RAN2 spec means that the UE can assume that the UL timing is aligned until the timeAlignmentTimer expires and can continue normal operation related to UL transmission and DL reception. It’s only when the timer expires that the UE. 
The following RAN2 text specifies what happens when the timer is not running, i.e., timer has expired:
· The MAC entity shall not perform any uplink transmission on a Serving Cell except the Random Access Preamble and MSGA transmission when the timeAlignmentTimer associated with the TAG to which this Serving Cell belongs is not running, CG-SDT procedure is not ongoing and SRS transmission in RRC_INACTIVE as in clause 5.26 is not on-going.

[bookmark: _Hlk134972042]To summarize, the overall procedure is that the network configures the timeAlignmentTimer and expects normal UE operation until the timer expires. When the network issues a new Timing Advance command, the UE MAC entity restarts the timer. If the timer expires, the UE may not perform any UL transmissions except PRACH transmission.
Observation 1: RRC configures the timeAlignmentTimer and expects normal UE operation until the timer expires. When the network issues a new Timing Advance command, the UE MAC entity restarts the timer. If the timer expires, the UE may not perform any UL transmissions except PRACH transmission.
Proposal 2: The timeAlignmentTimer behavior and definition is clear in the RAN2 specification and no further clarification is needed.
During the last meeting, it was proposed that the UE MAC timeAlignmentTimer should be stopped or suspended after inter-RRH TCI state switch in FR2 HST scenarios because the large jump in propagation delay during inter-RRH TCI state switch may cause loss of UL time-alignment. First, we don’t understand why the timer has to be stopped. During inter-RRH TCI state switch, the UE shall apply a one-shot large timing adjustments and further correct the residual timing errors with UE autonomous timing adjustment procedures defined in the RAN4 spec. The whole purpose of the one-shot timing adjustment is to allow the UE to maintain UL timing. Stopping the timer at inter-RRH TCI state switch would mean that the UE may not perform any UL transmission apart from RACH and will have to wait until the next TA command is received. This means that the UE needs to perform RACH every time it crosses an RRH, which is roughly every 7 seconds leading to significant throughput loss. So we don’t see any need to introduce any new timeAlignmentTimer related enhancements or clarifications for FR2-HST.
Proposal 3: No need to introduce new timeAlignmentTimer related enhancements at UL timing adjustments as there is no identified impacts of large jump in propagation delay on UE MAC timeAlignmentTimer
Conclusion
Proposal 1: During UL spatial relation switch, existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment.
Observation 1: RRC configures the timeAlignmentTimer and expects normal UE operation until the timer expires. When the network issues a new Timing Advance command, the UE MAC entity restarts the timer. If the timer expires, the UE may not perform any UL transmissions except PRACH transmission.
Proposal 2: The timeAlignmentTimer behavior and definition is clear in the RAN2 specification and no further clarification is needed.
Proposal 3: No need to introduce new timeAlignmentTimer related enhancements at UL timing adjustments as there is no identified impacts of large jump in propagation delay on UE MAC timeAlignmentTimer
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