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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 [2] from RAN4#107.
Impacts of MAC-CE based cross-RRH network signalling assistance
During the last meeting, RAN4 made the following agreements on the impacts of MAC-CE based cross-RRH network signaling assistance:Impact on One-shot large timing adjustment requirements
· For Rel-18 TCI state switching with MAC-CE based cross-RRH network signaling assistance:
· For indicated cross-RRH TCI state switching,
· the existing R17 UL timing adjustment requirements in clause 7.1.2.3 apply to the first UL transmission after TCI state switch
· FFS, whether the condition that UE measurement on DL timing difference is larger than certain threshold (as specified in Rel-17) shall not be included as the applicable condition.
· If it is indicated that TCI state switch is not across non-collocated RRHs,
· Gradual timing adjustment requirements in Clause 7.1.2.1 apply to the first UL transmission after TCI state switch
HST FR2 TCI state switch delay
· When it is indicated that TCI state switch is across non-collocated UE shall be able to receive PDCCH with the target TCI state after slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length (i.e., Rel-17 requirement)
·  FFS, how to define requirement when it is indicated that TCI state switch is not cross-RRH:
· Option 1: slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length when it is indicated that TCI state switch is not across non-collocated RRHs,
· Option2: Keep Rel-17 requirement without changes
Conditions to apply one-shot large timing adjustment
· The condition for UE to apply one-shot large uplink timing adjustment at TCI state switch:
· UE capability to support the cross-RRH TCI state switching with MAC-CE based network signaling assistance
· NW flag signaling highSpeedMeasFlagFR2-r17 to indicate UE be in the HST scenario
· Reuse Rel-17 large one step UL timing adjustment signalling (highSpeedLargeOneStepUL-TimingFR2-r17 NW signalling and [largeOneStepUL-timingFR2-r17] UE capability)


In order to determine the correct UE behavior, we first need to determine what the MAC signaling imply – does it only imply that there is a TCI state switch across RRH or does it imply that there is a TCI state switch across RRH along with a large propagation delay or timing jump? If it’s the former case, then the signaling can be used only for unidirectional deployment as bi-directional deployment can have across RRH TCI state jump without a large propagation delay or timing jump. This limits the usability of the signaling. We think the right implication of the signaling should be to imply that there is a TCI state switch across RRH along with a large propagation delay or timing jump.
Observation 1: The main motivation to introduce the MAC signaling is to assist UE identify whether there’s a large UL timing jump or not during the TCI state switch and not just indication of the TCI state switch across RRH.
Proposal 1: RAN4 to clarify that the MAC-CE bit indicates that the TCI state switch is across RRH and there is a large timing (or propagation delay difference) jump. 
With the above clarification, a UE should be able to use the signaling in both uni-directional as well as bi-directional DPS scenarios. When the MAC-CE bit indicates ‘1’ or ‘ON’, the UE applies one-shot UL timing adjustments and uses the Rel-17 enhanced TCI state switching delay, when the bit is set to ‘0’, UE assumes that there is no large timing jump and uses the legacy timing adjustment methods and legacy (Rel-15) TCI state switching delay.
Proposal 2: If the UE supports the cross-RRH TCI state switching with MAC-CE based network signaling assistance, and the MAC-CE bit indicates 1 or ‘on’, 
· UE applies R17 UL timing adjustment requirements in clause 7.1.2.3 to the first UL transmission after TCI state switch.
· UE shall be able to receive PDCCH with the target TCI state after slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length (i.e., Rel-17 requirement)

Proposal 3: If the UE supports the cross-RRH TCI state switching with MAC-CE based network signaling assistance, and the MAC-CE bit indicates 0 or ‘off’, 
· UE applies R15 UL timing adjustment requirements in clause 7.1.2.1 to the first UL transmission after TCI state switch.
· UE shall be able to receive PDCCH with the target TCI state after slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length (i.e., Rel-15 requirement)

Another issue that was brought up during the last meeting was whether enhanced TCI Activation/Deactivation is considered in Rel-18 HST FR2 (indicating two TCI states for simultaneous multi-panel reception). We would like to mention that the enhanced TCI state activation/deactivation is applied only if sfnSchemePdcch is configured. However, RAN4 has agreed that HST SFN scenario is not considered for multi-panel operation. So, we think that enhance TCI state activation/deactivation is not considered in Rel-18 FR2 HST.
Observation 2: The enhanced TCI state activation/deactivation is applied only if sfnSchemePdcch is configured.
Observation 3: RAN4 has agreed to preclude the SFN-based PDCCH transmission scheme for open space deployments in Rel-18 FR2 HST work item.
Proposal 4: Do not consider enhanced TCI state activation/deactivation in Rel-18 FR2 HST.
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:

[image: ]

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 5: 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:
UE MAC timeAlignmentTimer behaviour
· FFS, timeAlignmentTimer behaviour when one-shot large UL timing adjustment is not in use (RACH-based timing adjustment):
· Option 1: In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped or suspended after indicated inter-RRH TCI state switch
· Option 2: No need to introduce new timeAlignmentTimer related enhancements








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 6: 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
Observation 1: The main motivation to introduce the MAC signaling is to assist UE identify whether there’s a large UL timing jump or not during the TCI state switch and not just indication of the TCI state switch across RRH.
Proposal 1: RAN4 to clarify that the MAC-CE bit indicates that the TCI state switch is across RRH and there is a large timing (or propagation delay difference) jump. 
 Proposal 2: If the UE supports the cross-RRH TCI state switching with MAC-CE based network signaling assistance, and the MAC-CE bit indicates 1 or ‘on’, 
· UE applies R17 UL timing adjustment requirements in clause 7.1.2.3 to the first UL transmission after TCI state switch.
· UE shall be able to receive PDCCH with the target TCI state after slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length (i.e., Rel-17 requirement)

Proposal 3: If the UE supports the cross-RRH TCI state switching with MAC-CE based network signaling assistance, and the MAC-CE bit indicates 0 or ‘off’, 
· UE applies R15 UL timing adjustment requirements in clause 7.1.2.1 to the first UL transmission after TCI state switch.
· UE shall be able to receive PDCCH with the target TCI state after slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length (i.e., Rel-15 requirement)

Observation 2: The enhanced TCI state activation/deactivation is applied only if sfnSchemePdcch is configured.
Observation 3: RAN4 has agreed to preclude the SFN-based PDCCH transmission scheme for open space deployments in Rel-18 FR2 HST work item.
Proposal 4: Do not consider enhanced TCI state activation/deactivation in Rel-18 FR2 HST.
Proposal 5: 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.
Proposal 6: 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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