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1. Introduction
General aspects and scenarios for LTM have been discussed widely for several meetings. The latest agreement can be found in the approved WF [1]. There are still some remaining issues that need to be addressed. In this contribution, we provide further discussion on the open issues.
2. Discussion
1.1 Sub-topic 1-1 DL synchronization before cell switch command
Issue 1-1-1: When and how to acquire SFN of the candidate cell
< Way Forward>: FFS the following Options and focus on discuss when to acquire SFN of the candidate cell in next meeting:
· Option 1 (MTK): UE gets SFN of target cell through NW configuration (deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is enabled, or NW configures candidate cells’ SFN) for both FR1 and FR2.
· Option 2 (CATT, xiaomi, CTC):
· If ‘deriveSSB-IndexFromCell’ or ‘deriveSSB-IndexFromCellInter-r17’ is enabled, the target cell SFN can be directly acquired.
· Otherwise, UE needs to acquire target cell SFN by reading MIB
· Option 3 (vivo): 
· For DL sync before cell switch, the symbol/slot/frame boundary acquisition is assumed to be completed if UE starts to perform L1 measurement on the SSB frequency of the target/candidate cell. 
· For DL sync before cell switch, if SFN alignment cannot be assumed by UE, the SFN acquisition is assumed to be completed if UE performs L1 measurement on the target/candidate cell for at least one measurement occasion.
· If both symbol/slot/frame boundary acquisition and SFN acquisition are assumed to be completed before cell switch, the T_delta in the cell switch delay can be set as zero.
SFN is necessary for UE to know RACH occasion of target cell. Similar with legacy, SFN information can be acquired by reading MIB of target cell. Alternatively, if network is synchronous, network can enable deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 so that UE can derive SFN of target cell based on SFN of the serving cell. Besides, in TS38.211 RAN1 has some restriction on SFN in target cell in handover scenario:
	For handover purposes to a target cell in paired or unpaired spectrum where the target cell uses 𝐿max = 4, the UE may assume the absolute value of the time difference between radio frame 𝑖 in the current cell and radio frame 𝑖 in the target cell is less than 153600𝑇s if the association pattern period in clause 8.1 of [5, TS 38.213] is not equal to 10 ms.
For inter frequency handover purposes where the source cell is either in paired or unpaired spectrum and the target cell is in unpaired spectrum and uses 𝐿max = 8, the UE may assume the absolute value of the time difference between radio frame 𝑖 in the current cell and radio frame 𝑖 in the target cell is less than 76800𝑇s .


As can be observed, in FR1 there no need for UE to acquire SFN. In FR2, assuming UE has already performed L1 measurement (MIB decoding is done), UE already knows SFN. Therefore, typically UE doesn’t need additional time to acquire SFN. However, it is needed in some corner case, e.g. NW triggers RACH before UE L1 measurement on neighbor cell.
[bookmark: _Ref146528740]Proposal 1: typically additional time for SFN acquisition is not needed. It is needed only in some corner case, e.g. NW doesn’t configure UE to perform neither L3 measurement with SSB index nor L1 measurement before triggering RACH toward neighbour cell. RAN4 doesn’t need to cover this corner case in the spec.
Similary, SBI is needed for UE to perform L1 measurement on target cell. It can be based on network indication (deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17). Alternatively, UE can read the time index itself if target cell is not synchronous to the serving cell.
[bookmark: _Ref146528742]Proposal 2: additional time TSBI is needed in L1 measurement reporting for neighbor cell. TSBI is the time index detection time, which can be zero if:
· deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is enabled, or
· UE has already sent a valid RRM measurement report with associated SSB index.

Issue 1-1-2: UE behaviour upon reception of TCI state activation of neighbour cell before cell switch command
<Way Forward>
· After the TCI state of a neighbour cell is activated, UE performs SSB based T/F tracking, and UE is not required to activate the corresponding BWP.
Unlike legacy TCI activation, UE doesn’t need to actually perform data Rx/Tx in new TCI in neighbor cell, assuming TCI activation is before cell switch. On the other hand, if TCI activation is received together with cell switch command, then cell switch delay requirements can make sure that UE needs to perform data Rx/Tx in neighbor cell timely. Therefore, it is unnecessary for UE to active the corresponding BWP when receives TCI activation command before cell switch. UE can start T/F fine tracking after TCI state activation. However, this somehow cannot be directly verified. Instead, it can be reflected in cell switch delay requirement. Therefore, we would like to confirm the way forward in the previous RAN4#108.
The key intention is not to perform T/F fine tracking unless necessary. This is only necessary when UE is within the handover zone. UE can also start when it realizes target cell is becoming closer. For instance, network can configure some threshold in L1 measurement for neighbor cell when configuring L1-RSRP measurement to the UE. Then UE performs L1 measurement periodically and trigger T/F fine tracking if L1-RSRP measurement is above the threshold (like conditional TCI switch to trigger T/F fine tracking). However, this requires further discussion and may not be finished in time in this release. So we consider TCI command from NW to UE could be a good starting point for UE to perform T/F fine tracking.
[bookmark: _Ref146528744]Proposal 3: After the TCI state of a neighbour cell is activated, UE performs SSB based T/F tracking, and UE is not required to activate the corresponding BWP.

Issue 1-1-3: Whether to define TCI state switching delay requirements for TCI state activation of neighbour cell before cell switch command
Issue 1-1-4: Tracking period of neighbor cell when TCI state is activated of neighbour cell before cell switch command
Issue 1-2-1-2: The conditions to define the requirements of PDCCH ordered RACH for neighbor cell
Issue 1-2-2-1: Whether additional time for DL synchronization is needed in the delay requirements for PDCCH ordered RACH before cell switch command
Issue 1-2-2-2: The conditions that additional time for DL synchronization is needed in the delay requirements for PDCCH ordered RACH before cell switch command
< Agreement>
· Applicability of UL Tx timing requirements for PDCCH ordered PRACH to target cell
· If TCI state of target cell has been activated before PDCCH ordered RACH, and if SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms, UE doesn’t need additional time for SSB based T/F tracking to meet Te requirements. otherwise, additional time for SSB based T/F tracking is needed.
· If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the target cell, when the measurement period of L1-RSRP is no longer than 160ms, whether additional delay is needed for TSSB is FFS.
<Way forward>
· Issues 1-1-3, 1-1-4, 1-2-1-2, 1-2-2-1 and 1-2-2-2 are closed.
Regarding the FFS in the second sub-bullet in the agreement under issue 1-2-2-2, to align with issue 1-1-2 we do not support to assume UE can skip T/F tracking if SSB index is not in the active TCI state. In issue 1-1-2 UE is supposed to perform SSB based T/F tracking after TCI activation. 
[bookmark: _Ref146528746]Proposal 4: additional time for SSB based T/F tracking is needed if SSB index indicated in PDCCH order is not in the active TCI state.

Issue 1-1-5: Whether to consider TCI state activation on multiple neighbour cell before cell switch command
<Way Forward> FFS the following options:
· Option 1 (Apple): it is unnecessary for UE to perform T/F fine tracking for multiple candidate cells before cell switch command, considering the following aspects:
· Availability of 160ms SSB may not be guaranteed if UE needs to perform T/F fine tracking for multiple candidate cells.
· Candidate cells quality monitoring can be covered by L3 and L1 measurement.
· Network is expected to trigger TCI state activation and PDCCH order for target cell to which cell switch will be triggered soon.
· Option 2 (CATT, xiaomi, ZTE): RAN4 to discuss UE capability to support T/F fine tracking on multiple candidate cells
· Xiaomi: RAN4 to discuss the delay requirement of TCI state activation for multiple candidate cells.
· Option 3 (OPPO): RAN4 consider to define UE capability on T/F fine time tracking on candidate cells if not defined by RAN1.
· Option 4 (Nokia): Wait for RAN1/RAN2 agreements on activation of more than one joint or separate DL/UL TCI states for one or more LTM candidate cells before defining the corresponding requirements.
T/F fine tracking is necessary for high data throughput. However, it is unnecessary for neighbor cell measurement, at least from RAN4 requirement point of view. In LTM, T/F fine tracking before cell switch command can be used to shorten interruption time (reducing handover delay is also to shorten interruption time). Considering this aspect and the fact that T/F fine tracking at UE side is not for free, we expect that UE is only required to perform T/F fine tracking for the most possible candidate cell for cell switch. In other word, network is expected to rely on L3 and L1 measurement for candidate cell quality monitoring and trigger TCI state activation and PDCCH order for target cell to which cell switch will be triggered soon.
[bookmark: _Ref146528748]Proposal 5: it is unnecessary for UE to perform T/F fine tracking for multiple candidate cells before cell switch command, considering the following aspects:
· Availability of 160ms SSB may not be guaranteed if UE needs to perform T/F fine tracking for multiple candidate cells.
· Candidate cells quality monitoring can be covered by L3 and L1 measurement.
· Network is expected to trigger TCI state activation and PDCCH order for target cell to which cell switch will be triggered soon.

1.2 Sub-topic 1-2 PDCCH-order RACH on neighbor cell
Regarding PDCCH-order RACH on neighbor cell delay requirements, as proposed in P1, an additional latency TSFN in PDCCH order based PRACH latency requirements, which is the MIB reading time and can be zero under certain conditions.
Then for interruption requirements:
Issue 1-2-3-1: Interruption due to RF/BB retuning to neighbor cell before RACH transmission
<Way Forward> FFS the following options:
· Option 1 (MTK): 
· If RACH occasion of neighbor cell is not in the active BWP
· Retuning to neighbor cell before RACH transmission would cause 1ms+ 1 slot interruption on both UL and DL of all the serving cell(s).
· If RACH occasion of neighbor cell is in the active BWP
· one more slot interruption (due to uncertainty of RTD between cells) on top of the legacy N symbols (defined in 38.213 for PDCCH-order RACH on serving cell) is necessary.
· Option 2 (QC): Introduce new UE capability
· Direction: whether the interruption is only UL or both DL and UL if the victim cell is inter-band with LTM PRACH cell
· Band: whether the interruption is confined within the same band (intra-band) or across-bands
· Length: per-LTM PRACH cell
· Location: the starting point of the interruption is ‘interruption length + margin’ before the selected RO (no signaling, hardcoded in spec), and the value of margin is FFS
· Option 3 (CATT):
· If RACH occasion (RO) is outside active BWP, there will be interruption on UL Tx of all the serving cells due to RF retuning. 
· Option 4 (Apple): Define interruption due to RF retuning (if RO cannot be covered by current active BWP) for both DL synchronization and RACH transmission.
· Option 5 (vivo): 
· RAN4 to prioritize interruption requirements of PRACH on a candidate cell assuming UE has the corresponding CA capability for the inter-CC case, and the PRACH of a candidate cell is at least covered by one of configured BWP of any serving cell. 
· RAN4 proceeds with the assumption that for the PDCCH ordered PRACH to target cell, the PRACH resource is covered by at least one configured BWP of any serving cell. For other cases, RAN4 waits more RAN1/2 progress.
Issue 1-2-3-2: Interruption due to returning to serving cell after performing RACH on neighbour cell
<Way Forward> FFS the following options:
· Option 1 (vivo): if the PRACH is outside the configured BWP of any serving cell, RF re-tuning back to current frequency are needed.
· Option 2 (MTK): 
· If RACH occasion of neighbor cell is not in the active BWP
· Retuning to neighbor cell before RACH transmission would cause 1ms+ 1 slot interruption on both UL and DL of all the serving cell(s).
· If RACH occasion of neighbor cell is in the active BWP
· one more slot interruption (due to uncertainty of RTD between cells) on top of the legacy N symbols (defined in 38.213 for PDCCH-order RACH on serving cell) is necessary.
· Option 3 (Ericsson): Return time after performing RACH on neighbour cell to be agreed as same as legacy value.
Moderator: Not clear about “legacy value” in option 2. N symbols defined in 38.213 for PDCCH-order RACH on serving cell?
· Option 4 (QC): Introduce new UE capability
· The latency and interruption length due to tune-back may or may not be the same as the above interruption length corresponding to the LTM PRACH cell
Issue 1-2-3-3: Interruption due to RACH transmission
<Way Forward> FFS the following options:
· Option 1 (MTK): 
· If RACH occasion of neighbor cell is not in the active BWP
· During RACH transmission, there will be interruption on both UL and DL
· Option 2 (QC): Introduce new UE capability
· RAN4 to wait for RAN1 conclusion on whether/how to define dropping rule and interruption to active serving cells upon PDCCH-order based PRACH on a candidate cell if UE cannot perform Rx/Tx with the serving cells in parallel with the PRACH transmission or does not support simultaneous/parallel transmissions.
· Direction: whether the interruption is only UL or both DL and UL if the victim cell is inter-band with LTM PRACH cell
· Band: whether the interruption is confined within the same band (intra-band) or across-bands
· Length: per-LTM PRACH cell
· Location: the starting point of the interruption is ‘interruption length + margin’ before the selected RO (no signaling, hardcoded in spec), and the value of margin is FFS
· Option 3 (CATT):
· It is suggested to introduce the scheduling restriction for UL of all the serving cells before and after RACH transmission and the relevant requirements will be captured in RAN4 spec. The length is FFS and it is also related to whether UE is capable to support RTD>CP.
· If RAN1 makes progress on the issue, RAN4 should further capture it in the spec.
As baseline assumption (without support of simultaneous Tx/Rx on multiple cells), UE cannot be scheduled by serving cell at least in some procedures in PDCCH ordered RACH toward neighbor cell, including T/F fine tracking (if not covered by measurement gap or using different Rx beam in FR2), RF retuning (if RO is on an inter-frequency layer or cannot be covered by current active BWP). 
Compared with scheduling restriction, we prefer to define interruption requirements. The difference is that scheduling restriction is more like a guidance for network scheduling on specific slots/symbols. If RAN4 spec says UE cannot be scheduled on certain slots, then network may choose to schedule other UE to avoid waste of resource. From minimum RAN4 requirement point of view, we can tell whether additional time is needed for T/F fine tracking. However, it is possible that some UE may skip this part under certain conditions, e.g. low mobility UE with good side condition. It is unnecessary to prevent network from scheduling the UE during RACH procedure. 
Regarding interruption scenario, RAN4 needs to differentiate interruption due to different operation. For interruption caused by RF tuning/retuning, as minimum requirement it shall apply for all other serving cells (same as legacy). For interruption caused by DL synchronization and PRACH transmission, it is subject to whether UE support simultaneous Rx/Tx on the band combo.
As for interruption length, for interruption caused by RF tuning/retuning the length could be 0.5ms for FR1 and 0.25ms for FR2. For interruption caused by DL synchronization and PRACH transmission, the length could be SMTC duration for tracking and RO for RACH transmission.

[bookmark: _Ref146528750]Proposal 6: interruption requirements need to be defined for PDCCH ordered RACH before cell switch, covering both T/F tracking and RACH transmission. Interruption is allowed when SSB for T/F tracking or RACH BW is not contained in active BWP of any serving cell.
[bookmark: _Ref146528752]Proposal 7: as minimum requirement interruption due to RF tuning/retuning shall apply for all other serving cells. Length is 0.5ms in FR1 and 0.25ms in FR2.
[bookmark: _Ref146528754]Proposal 8: interruption due to T/F tracking and RACH transmission is band combination dependent, i.e. whether UE support simultaneous Rx/Tx on the combo. Length depends on duration of the SSB and RO.

3. Conclusion
In this contribution, we provide further discussion on general aspects and scenarios for LTM. After discussion, the following conclusions are provided:
Proposal 1: typically additional time for SFN acquisition is not needed. It is needed only in some corner case, e.g. NW doesn’t configure UE to perform neither L3 measurement with SSB index nor L1 measurement before triggering RACH toward neighbour cell. RAN4 doesn’t need to cover this corner case in the spec.
Proposal 2: additional time TSBI is needed in L1 measurement reporting for neighbor cell. TSBI is the time index detection time, which can be zero if:
· deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is enabled, or
· UE has already sent a valid RRM measurement report with associated SSB index.
Proposal 3: After the TCI state of a neighbour cell is activated, UE performs SSB based T/F tracking, and UE is not required to activate the corresponding BWP.
Proposal 4: additional time for SSB based T/F tracking is needed if SSB index indicated in PDCCH order is not in the active TCI state.
Proposal 5: it is unnecessary for UE to perform T/F fine tracking for multiple candidate cells before cell switch command, considering the following aspects:
· Availability of 160ms SSB may not be guaranteed if UE needs to perform T/F fine tracking for multiple candidate cells.
· Candidate cells quality monitoring can be covered by L3 and L1 measurement.
· Network is expected to trigger TCI state activation and PDCCH order for target cell to which cell switch will be triggered soon.
Proposal 6: interruption requirements need to be defined for PDCCH ordered RACH before cell switch, covering both T/F tracking and RACH transmission. Interruption is allowed when SSB for T/F tracking or RACH BW is not contained in active BWP of any serving cell.
Proposal 7: as minimum requirement interruption due to RF tuning/retuning shall apply for all other serving cells. Length is 0.5ms in FR1 and 0.25ms in FR2.
Proposal 8: interruption due to T/F tracking and RACH transmission is band combination dependent, i.e. whether UE support simultaneous Rx/Tx on the combo. Length depends on duration of the SSB and RO.
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