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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
The first issue is about UE behaviour upon reception of TCI state activation of neighbour cell before cell switch command:
Issue 1-1-3: UE behaviour upon reception of TCI state activation of neighbour cell before cell switch command
<Way Forward> FFS the following options:
· Option 1 (MTK): After the TCI state of a neighbour cell is activated, UE performs SSB based T/F fine tracking on the corresponding beam, and UE will not active the corresponding BWP.
· Option 2 (vivo): For the inter-frequency cell switch, if UE can perform T/F fine tracking before cell switch, RAN4 discuss and clarify whether the DL BWP of target cell is activated during downlink sync before the cell switch. 
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.
[bookmark: _Ref141871292]Observation 1: TCI state activation before cell switch command cannot be directly verified. 
[bookmark: _Ref141871297]Proposal 1: no need to define delay requirement for TCI state activation before cell switch.

Next issue is about UE capability requirements for SSB based T/F fine time tracking:
Issue 1-1-5: UE capability requirements for SSB based T/F fine time tracking
<Way Forward> FFS the following proposals:
· Proposal 1 (CATT):
· RAN4 to discuss the UE capability aspects of DL sync to multiple cells.
· More details are FFS.
· e.g. what relationship between the capability for DL sync and the capability for the number of cells supporting PDCCH ordered RACH in RAN1.
· Proposal 2 (ZTE, Ericsson): RAN4 to discuss the UE capability aspects of downlink synchronisation to multiple cells so that UE can transmit PRACH to the candidate cell on the first PRACH occasion after the PDCCH order reception.
· Proposal 3 (xiaomi): RAN4 to define UE capability on T/F fine time tracking on candidate cells.
· Proposal 4 (vivo): 
· For ICBM scenario, T/F fine tracking i.e. activation of target cell TCI before cell switch command is received, is supported without any additional UE capability.
· For non-ICBM scenario, T/F fine tracking i.e. activation of target cell TCI before cell switch command is received, is supported with an additional UE capability.
· Proposal 5: RAN4 to define UE capability on T/F fine time tracking on candidate cells if not defined by RAN1.
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: _Ref141871301]Proposal 2: 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.

Next issue is about basic assumption on DL synchronization before transmitting RACH:
[bookmark: _Hlk135409778]Issue 1-2-2-2: Basic assumption on DL synchronization before transmitting RACH
< Agreement>: 
· RAN4 to reuse the existing condition to meet the Te requirement in section 7.1.2 in TS38.133 for PDCCH ordered RACH transmission for candidate cell(s), i.e., at least one SSB is available (for T/F tracking) 
· at the UE during the last 160ms before msg1 is transmitted, and
· FFS: 
· after the random access is initiated by PDCCH order or other IE
· other side condition
T/F fine tracking is needed for UE to meet Te requirements. If PDCCH ordered RACH is triggered after TCI state activation, we probably can assume that UE already has T/F fine tracking (with availability of SSB every 160ms). However, according to RAN1/2 current design, TCI state activation can also be sent together with cell switch command. In other word, network is allowed to trigger RACH toward target cell before sending TCI activation to the UE. In this scenario, UE needs additional time for T/F fine tracking before sending RACH toward target cell.
[bookmark: _Ref141871305]Proposal 3: if TCI state activation is not received before PDCCH ordered RACH, additional time for T/F fine tracking is necessary for UE to meet existing Te requirement when transmitting RACH toward target cell.

Next issue is about delay requirements for PDCCH ordered RACH before cell switch command:
Delay requirements for PDCCH ordered RACH before cell switch command
For information:
	From R1-1805801 (Final_Minutes_report_RAN1#92b_v100)
Agreements:
Modify the previous agreement with following updates:
· For PDCCH ordered CFRA, the minimum timing gap between PDCCH order reception and Msg1 transmission is  
· N2+BWPSwitching+ Delay, 
· If BWP switching is not required, BWPSwitching=0; otherwise, BWPSwitching is up to RAN4
· N2 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· N2 is dependent on the SCS of Msg1
· Working assumption: For Msg1 with 1.25 kHz or 5 kHz SCS, calculation of N2 uses 15 kHz SCS.
· Delay includes at least MAC layer delay in initializing PRACH
· Value of Delay is FFS (to be decided in RAN1) Delay = 250 us for FR2, Delay = 500 us for FR1



[bookmark: _Hlk135409788]Issue 1-2-2-3: Whether additional time for DL synchronization is needed in the delay requirements for PDCCH ordered RACH before cell switch command
[bookmark: _Hlk135409924]Issue 1-2-2-4: Time for RF re-tuning and the value
[bookmark: _Hlk135409940][bookmark: _Hlk135409952]Issue 1-2-2-5: Time for baseband preparation time
Issue 1-2-2-6: Whether to update the legacy components in the legacy delay requirements specified for PDCCH ordered RACH transmission on serving cell in RAN1
<Agreement>
· On top of specified delay requirement in RAN1 as below the RAN4 agreed
· For PDCCH ordered CFRA, the minimum timing gap between PDCCH order reception and Msg1 transmission is  
·   
· Do not change ∆Delay component
· FFS for ∆BWPSwitching 
· FFS whether DCI-based or RRC-based BWP switching should be applied
· FFS whether to keep or remove the component
· FFS for additional delays components
· Option 1: 1 SSB occasion for T/F tracking
· Option 2: additional time for RF and/or BB preparation and retuning
Regarding ∆BWPSwitching, in legacy it is for the case that RACH transmission cannot be done via current BWP and UE needs to switch active BWP in order to transmit RACH. Back to PDCCH ordered RACH toward neighbor cell, some processing time is necessary since there is no any active BWP at neighbor cell before PDCCH ordered RACH. However, the preparation time here is different from legacy BWP switching time. Longer processing time is expected since it is a new target cell, especially for inter-frequency case. Therefore, we propose not to change ∆BWPSwitching. Instead, RAN4 can introduce a new term for additional time for RF and/or BB preparation and retuning. 
As for T/F tracking, as mentioned above, if PDCCH ordered RACH is triggered after TCI state activation, we probably can assume that UE already has T/F fine tracking (with availability of SSB every 160ms). However, if this condition is not met, UE needs additional time for T/F fine tracking such that it can meet Te requirement when transmitting RACH toward target cell. Another point we would like to highlight is that network is expected to trigger RACH based on effective L1 RSRP report. Otherwise, UE may need to do beam sweeping to find the suitable beam before it can send RACH successfully. For instance, UE may be configured to perform L1 measurement on more cells than it can support. According to RAN1 agreement, it is up to UE to choose which cell to perform L1 measurement. Thus it is possible that target cell is in the list of L1 measurement but somehow hasn’t been measured by the UE. 
[bookmark: _Ref141871309]Proposal 4: legacy ∆BWPSwitching is not needed. Instead, RAN4 shall introduce a new term for additional time for RF and/or BB preparation and retuning in PDCCH ordered RACH toward target cell before cell switch.
[bookmark: _Ref141871312]Proposal 5: T/F fine tracking T∆ is needed for UE to meet existing Te requirement when transmitting RACH toward target cell:
· If TCI state activation is complete before PDCCH ordered RACH, T∆ = 0.
· Otherwise
· If UE has sent valid L1 RSRP report within [X] ms, T∆ = 1 SSB occasion
· Otherwise, T∆ = L1 RSRP measurement period.

Next issue is about interruption due to PDCCH ordered RACH:
Issue 1-2-3-1: Where to capture the interruption requirements due to PDCCH ordered RACH before cell switch command, in RAN1 or RAN4?
<Way Forward> FFS the following options:
· Option 1 (Apple): inform RAN1 that RAN4 will specify requirements of interruption and/or scheduling restriction on source serving cell(s) for PDCCH ordered RACH to candidate cell.

Issue 1-2-3-2: Interruption due to DL synchronization
<Way Forward> FFS the following options:
· Option 1 (MTK): Scheduling restriction due to DL synchronization after reception of PDCCH order is needed. The requirements are the same as the scheduling restriction of L1-RSRP measurement, and will be captured in RAN4 spec.

[bookmark: _Hlk135142327]Issue 1-2-3-3: Interruption due to RF re-tuning 
<Way Forward> FFS the following options:
· [bookmark: _Hlk135161676]Option 1 (QC, MTK): There will be interruption on both UL and DL of all the serving cells before and after RACH transmission due to RF retuning.
Issue 1-2-3-4: Interruption due to RACH transmission
<Way Forward> FFS the following options:
· Option 1 (QC, MTK, Huawei): Due to RACH transmission on neighbour cell, there will be scheduling restriction for both UL and DL of all the serving cells
· FFS: the length
Issue 1-2-3-5: Interruption due to other components
<Way Forward> FFS the following options:
· Option 1 (Huawei): During the whole time gap between a PDCCH order and the corresponding PRACH transmission, UE is not required to transmit UL in serving cell.

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. 
[bookmark: _Ref141871319]Proposal 6: interruption requirements need to be defined for PDCCH ordered RACH before cell switch, including the following aspects:
· DL synchronization (if not covered by measurement gap or using different Rx beam) before RACH.
· RF retuning (if RO cannot be covered by current active BWP) for both DL synchronization and RACH transmission.
 
3. Conclusion
In this contribution, we provide further discussion on general aspects and scenarios for LTM. After discussion, the following conclusions are provided:
Observation 1: TCI state activation before cell switch command cannot be directly verified.
Proposal 1: no need to define delay requirement for TCI state activation before cell switch.
Proposal 2: 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 3: if TCI state activation is not received before PDCCH ordered RACH, additional time for T/F fine tracking is necessary for UE to meet existing Te requirement when transmitting RACH toward target cell.
Proposal 4: legacy ∆BWPSwitching is not needed. Instead, RAN4 shall introduce a new term for additional time for RF and/or BB preparation and retuning in PDCCH ordered RACH toward target cell before cell switch.
Proposal 5: T/F fine tracking T∆ is needed for UE to meet existing Te requirement when transmitting RACH toward target cell:
· If TCI state activation is complete before PDCCH ordered RACH, T∆ = 0.
· Otherwise
· If UE has sent valid L1 RSRP report within [X] ms, T∆ = 1 SSB occasion
· Otherwise, T∆ = L1 RSRP measurement period.
Proposal 6: interruption requirements need to be defined for PDCCH ordered RACH before cell switch, including the following aspects:
· DL synchronization (if not covered by measurement gap or using different Rx beam) before RACH.
· RF retuning (if RO cannot be covered by current active BWP) for both DL synchronization and RACH transmission.
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