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Introduction
In RAN4 #109, the WF and LS to RAN2 [1], [2] are approved.
Based on all above information, we provide our views on the essential maintenance issues of R18 LTM cell switch delay requirements.
Discussion
<On known condition of LTM TCI during LTM cell switch >
Based on discussion of LTM so far, the known conditions of an LTM candidate cell and the known conditions of an LTM TCI are agreed as follows.
	Issue 3-3-1: known cell conditions
< Agreement>
· The target cell is known if it has been meeting the following conditions:
-	During the last 5 seconds before the reception of the handover cell switch command:
-	the UE has sent a valid L1 or L3 measurement report for the target cell and
-	One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.2 for intra-frequency cell and in clause 9.3 for inter-frequency cell,
-	One of the SSBs measured from the target cell also remains detectable during the cell switch delay according to the cell identification conditions specified in clause 9.2 for intra-frequency cell and in clause 9.3 for inter-frequency cell.
· otherwise it is unknown. 
· FFS whether and how to address the mismatch on definition of known between existing HO requirement and cell switch delay requirements.
Issue 3-4-2: known TCI state conditions
< Agreement >
· The target joint DL/UL TCI state or separate DL and UL TCI states in the LTM cell switch command are known if the following conditions are met:
· The target DL/UL TCI state in the LTM cell switch command is known if the following conditions are met:
· During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target DL/UL TCI state to the completion of LTM cell switch, where the RS resource for L1-RSRP measurement is the RS in target DL/UL TCI state or QCLed to the target DL/UL TCI state
· LTM cell switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
· The UE has sent at least 1 L1-RSRP report for the target DL/UL TCI state before the LTM cell switch command
· The target DL/UL TCI state remains detectable during the LTM cell switching period
· The SSB associated with the target DL/UL TCI state remain detectable during the cell switching period
· SNR of the TCI state ≥ -3dB
· Otherwise, the target joint DL/UL TCI state or separate DL and UL TCI state is unknown.



Compared to legacy known cell conditions for HO, the known cell conditions for LTM further restrict the scenario to the case UE has reported either L1 or L3 report to target cell. Our understanding is that LTM is a ‘faster’ mobility mechanism compared to legacy HO. To make it ‘faster’, UE is assumed to be able to perform some ‘preparation’ for the switch to the next cell. Without these ‘preparation’, it is difficult to achieve gain in mobility latency/interruption reduction. Hence, it is necessary to ensure gNB indicating the cell switch based on UE reporting, at least from RRM requirements perspective, so that the ‘preparation’ of the UE is not wasted.
[bookmark: _Hlk158737030]Observation 1  The mismatch on the definition of known conditions between existing HO requirement and cell switch delay requirements are necessary for achieving mobility latency/interruption reduction.
Legacy L3 reports are usually sent to gNB-CU, while LTM L1 reports are processed by gNB-DU. Compared to legacy, more resources are available for the mobility reporting. Hence, in known conditions, there is no need to consider the case that UE has measured the target cell, but no report is sent yet. Generally, LTM cell switch and L3 based HO are designed for different scenarios.
Proposal 1  Leave the mismatch on the definition of known conditions between existing HO requirement and cell switch delay requirements as it is, and no need to address it.
On the other hand, if a TCI state is activated in the LTM cell switch command, based on above definition of known conditions, it possible that an LTM cell is known based on L3 reports from the UE, but the activated TCI in the cell switch command is not, since there is no L1 reporting yet. Generally, L3 report of the cell does not include the beam-level measurement results from UE, as in legacy L3 HO. However, we do see that some advanced gNBs or gNB-DUs may process the L3 report with SSB index, and send MAC-sublayer control signalling based on that. An example would be the SCell activation known condition definition. Therefore, we think we may follow existing conclusions for the known conditions for the LTM cell and the LTM TCI, but to clarify that if an LTM cell switch is triggered, and the target LTM cell is known based on UE’s L3 reporting, RRM requirements are only applicable if the TCI state activated in the LTM cell switch command is based on the reported SSB index in L3 reports from the UE.
Proposal 2  If an LTM cell switch is triggered, and the target LTM cell is known based on UE’s L3 reporting, and a TCI state is activated in the LTM cell switch command, RRM requirements are applicable only if the TCI state activated is based on the reported SSB index in L3 reports from the UE.
A CR for above proposal is provided in [3] for the impact to 8.X.2, and [4] for the impact to 6.3.1 and 8.20.
So far, the delay requirements for LTM cell switch in 6.3.1 or 8.20 have also captured the known conditions of the TCI state activated in LTM cell switch command. We think it is not appropriate place for these. As discussed in [5], a dedicated section for LTM TCI should be added. However, the downlink synchronization, which is identical to DL TCI activation from UE behaviour perspective, should be regarded as part of LTM cell switch. Therefore, we prefer to move the known conditions of LTM TCI to section 8.X.2, but to clarify in 8.X.3 that the DL TCI activation is regarded as completed during LTM cell switch if necessary conditions are met.
Proposal 3  Capture the known conditions of LTM TCI in 8.X.2, and clarify in 8.X.3 that, if an LTM TCI is activated during cell switch, the DL TCI activation is considered as completed at the end of the cell switch.
A CR for above proposal is provided in [3] for the impact to 8.X.2, and [4] for the impact to 6.3.1 and 8.20.

<On maintaining of PL-RS for LTM TCI activation indicated in the cell switch>
In last meeting, the following is discussed without agreements.
	Issue 3-2-3-1: Extra time for PL-RS measurement
<Way Forward >: FFS
· No additional delay is needed for PL-RS measurement in cell switch delay.
· Further discuss the applicable conditions in maintenance.



As discussed in [5], the PL-RS maintenance is an optimization for UE PHR reporting and corresponding UL transmission. A UE can still transmit UL signal without finishing the PL-RS maintaining. Hence, existing UL TCI requirements states that ‘UE is able to xxx based on target TCI…’. In other word, it is not precluded that UE can finish the PL-RS tracking earlier, or start to transmit UL signal that is not strictly based on the UL TCI. 
Proposal 4  PL-RS maintaining delay is not counted in the delay requirements for LTM cell switch, at least in R18. UE is not expected to transmit based on the target TCI at the end of the LTM cell switch.
For the case of RACH-based LTM cell switch, or if PDCCH-ordered RACH is triggered before LTM cell switch, the UE can maintain the uplink transmission based on PRACH, hence the uplink transmission is still feasible at the end of cell switch. However, for other RACH-less LTM, it is not clear how gNB can know the TA of the target cell before cell switch, if no TCI of the target cell has been activated before the cell switch. Note that the DL timing reference may change during the cell switch, and the pathloss in the other cell would be different from current serving cell. Therefore, the actual uplink performance may not be ensured if the target cell is not a current serving cell nor an additional cell, which has UL TCI related requirements in R18.
Observation 2  From RRM requirements perspective, in RACH-less cell switch, UE may not be able to maintain the PL-RS of the target cell before the first uplink transmission, which is not RACH, if UL TCI activation of target cell is not performed before cell switch.
Proposal 5  It is suggested that for RACH-less cell switch, RRM requirements are only applicable if the target cell is a current serving cell with uplink carrier, or an additional cell, which have UL TCI related requirements in R18.

Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  The mismatch on the definition of known conditions between existing HO requirement and cell switch delay requirements are necessary for achieving mobility latency/interruption reduction.
Proposal 1  Leave the mismatch on the definition of known conditions between existing HO requirement and cell switch delay requirements as it is, and no need to address it.
Proposal 2  If an LTM cell switch is triggered, and the target LTM cell is known based on UE’s L3 reporting, and a TCI state is activated in the LTM cell switch command, RRM requirements are applicable only if the TCI state activated is based on the reported SSB index in L3 reports from the UE.
Proposal 3  Capture the known conditions of LTM TCI in 8.X.2, and clarify in 8.X.3 that, if an LTM TCI is activated during cell switch, the DL TCI activation is considered as completed at the end of the cell switch.
Proposal 4  PL-RS maintaining delay is not counted in the delay requirements for LTM cell switch, at least in R18. UE is not expected to transmit based on the target TCI at the end of the LTM cell switch.
Observation 2  From RRM requirements perspective, in RACH-less cell switch, UE may not be able to maintain the PL-RS of the target cell before the first uplink transmission, which is not RACH, if UL TCI activation of target cell is not performed before cell switch.
Proposal 5  It is suggested that for RACH-less cell switch, RRM requirements are only applicable if the target cell is a current serving cell with uplink carrier, or an additional cell, which have UL TCI related requirements in R18.
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