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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
[bookmark: _Hlk145073856]Issue 1-1-1: When to acquire SFN of the candidate cell
[bookmark: _Hlk147825355]Ad hoc Agreement 
[bookmark: _Hlk147825028]< Agreement>:
· No extra time for SFN acquisition toward target cell is needed, if
· PDCCH-order RACH or cell switch command is triggered after network received the L1-RSRP measurement report or L3 measurement report with SBI, or
· SFN of serving cell from which the PDCCH order/cell switch command is received and target cell are same. 
· Otherwise, FFS
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: _Ref149578960][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 1-1-3: UE behaviour upon reception of TCI state activation of neighbour cell before cell switch command
[bookmark: _Hlk147825052]Ad hoc Agreement 
< Agreement>:
· After the TCI state of a neighbour cell is activated before cell switch command, UE performs SSB based T/F tracking. As baseline, UE is not required to perform BB/RF preparation for RACH transmission or cell switch.
Issue 1-1-4: Whether and how to define TCI state activation delay requirements for early T/F tracking before cell switch command
<Way Forward>: FFS the following Options
· Option 1 (Nokia): 
· RAN4 to define TCI state activation delay requirement for early TCI state activation for LTM candidate cell before the cell switch. Legacy TCI state switching delay for unified TCI state can be reused.
· Take both known and unknown UL/DL TCI states into account in the early TCI state activation delay requirement.
· Option 2 (vivo): RAN4 to define TCI state activation delay requirement for early TCI state activation for LTM candidate cell before the cell switch.
· The end point is defined as the slot X that:
· If UE receives cell switch command to the cell with active TCI after slot X, and the TCI to be used after cell switch is activated, then UE may not need additional T_delta in cell switch delay
· This TCI activation delay counts the following parts:
· SFN (system frame number) acquisition delay, if needed.
· SSB-based rough time-frequency tracking delay
· Option 3 (Apple): No need to define delay requirement for TCI state activation before 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. As it was agreed under issue 1-1-3 that after the TCI state of a neighbour cell is activated before cell switch command, UE performs SSB based T/F tracking. As baseline, UE is not required to perform BB/RF preparation for RACH transmission or 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.
[bookmark: _Ref149578949]Observation 1: from testability perspective, it is not feasible to independently test TCI activation delay before cell switch. 
[bookmark: _Ref146528744][bookmark: _Ref149578965]Proposal 3: no need to define delay requirement for TCI state activation before cell switch.

1.2 Sub-topic 1-2 PDCCH-order RACH on neighbor cell
Issue 1-2-1-1: Further clarification on the condition when additional time for DL synchronization needed in the delay requirements for PDCCH ordered RACH before cell switch command
<Way Forward> FFS:
· If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated, and when the measurement period of L1-RSRP is no longer than 160ms, one complete SSB burst is needed for fine time tracking.
We do not support to assume UE can skip T/F tracking if SSB index is not in the active TCI state. 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: _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 1-2-1-2: The value of additional time for DL synchronization when needed in the delay requirements for PDCCH ordered RACH before cell switch command
<Way Forward>: FFS the following Options
· Option 1 (MTK): TSSB in the additional time for T/F tracking during PDCCH ordered RACH delay is the time waiting for the first SSB for L1-RSRP measurement.
· Target cell of intra-f or inter-f w/o gap: TSSB is SSB periodicity 
· Target cell of inter-f with Type 1 MG: TSSB is max {MGRP, SSB period} after the slot receiving PDCCH order.
· Option 2 (QC): UE can not meet the Te requirements if the SSB periodicity of the target cell is longer than 160ms.
In option 2 we believe it should be measurement sample periodicity after considering all scaling factor, rather than SSB periodicity. If that is the case, we support both option 1 and 2.
[bookmark: _Ref149578969]Proposal 5: TSSB in the additional time for T/F tracking during PDCCH ordered RACH delay is the time waiting for the first SSB for L1-RSRP measurement.
· Target cell of intra-f or inter-f w/o gap: TSSB is SSB periodicity 
· Target cell of inter-f with Type 1 MG: TSSB is max {MGRP, SSB period} after the slot receiving PDCCH order.

Issue 1-2-1-3: The value of additional time for RF/BB preparation and RF re-tuning
< Agreement>
· For the case of PRACH bandwidth within active UL BWP, ∆RF/BB_preparation = 0.
· For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell
· Alt1: Define a single value
· Alt2: Introduce UE capability to report the time needed for RF/BB preparation and RF retuning, down-select from [1ms, 3ms, 5ms, 8ms, 10ms, 15ms].
This issue highly depends on UE implementation. We are fine to define a single value as minimum requirement. For the sake of flexibility, we are also fine with UE capability. However, we don’t think we need so many candidate values. For instance, 1ms is same for BWP switch even for type 1 UE. We don’t think it is a reasonable value since PRACH BW is not within any of the configured UL BWPs of any active serving cell. 10~15ms seems to long and we don’t think UE needs such a long time. Second, we don’t see the need for UE to report this to NW. NW would anyway trigger PDCCH order RACH regardless of this capability. 
[bookmark: _Ref149578972]Proposal 6: Define a single value as minimum requirement For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell.

Issue 1-2-3-2: Others
<Way Forward>: FFS the following Option
· Option 1 (vivo): For PDCCH-ordered RACH to neighbour cell, UE always assumes the serving cell n-TimingAdvanceOffset also applies for the cell where PRACH transmitted.
· Option 2 (MTK): further confirm whether n-TimingAdvanceOffset is always configured for neighbor cell, and propose what n-TimingAdvanceOffset is if not configured for neighbor cell.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In order to perform RACH transmission to target candidate cell, UE needs to know the related parameters, e.g RACH preamble index, SS/PBCH index, PRACH mask and so on, which are carried by PDCCH order. However, compared to legacy, one difference is that UE does not know the value of n-TimingAdvanceOffset in target candidate cell, which is NTA-Offset to be applied for all uplink transmissions on target cell. In legacy PDCCH order RACH is only for serving cell, and NTA-Offset of serving cell is always known to the UE since it is in serving cell RRC parameters. According to the agreed higher-layers parameter list from RAN1 to RAN2 [2], n-TimingAdvanceOffset is not in the family of TA Management Related RRC parameters (LTM-EarlyUlSyncConfig-r18). Currently it is in ServingCellConfigCommon -> CellGroupConfig -> RRCReconfig. In other word, it is a per cell config. The problem is, according to RAN4 assumption, UE doesn’t need to decode and check validity of all RRC parameters for all candidate cells until cell switch command is received. Because UE can be configured with multiple LTM candidate cells and pre-decoding and validity check for all candidate cells would result in huge UE complexity, especially for memory size. 
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As can be seen, NTA-Offset is much larger than (hundreds of times of) Te requirements. If UE doesn’t transmit RACH with proper timing, network cannot decode it successfully. Note that RAN4 cannot always assumes the serving cell n-TimingAdvanceOffset also applies for the all the LTM candidate cells, since the neighbour cell may be on some other band and we cannot simply assume NTA-Offset is same across all bands. To address this, we can either add n-TimingAdvanceOffset in PDCCH order, or add it in LTM-EarlyUlSyncConfig-r18. Considering this is the last meeting for core part completion, it is easier to update RRC design. 
[bookmark: _Ref149578952]Observation 2: n-TimingAdvanceOffset is critical for PRACH transmission. 
[bookmark: _Ref149578955]Observation 3: n-TimingAdvanceOffset from serving cell cannot always be reused for neighbor cell on different band.
[bookmark: _Ref149581023]Proposal 7: ask RAN1/2 if n-TimingAdvanceOffset can be added in TA Management Related RRC parameters (e.g. LTM-EarlyUlSyncConfig-r18).

1.3 UE feature list
The following UE features are proposed based on the RAN4 progress:
Proposal 8: RAN4 UE feature list of this objective:
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	39.
NR_Mob_enh2
	39-1
	L1-RSRP measurement on LTM candidate cell
	SSB based intra-frequency L1 measurement with RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length of the corresponding SCS
	45-1
	[Yes]
	N/A
	[FFS]
	[Per-band/BC]
	[No]
	[No]
	N/A
	Already sent to RAN1/2 R4-2303308
	Optional with capability signaling

	
	39-2
	PDCCH order based RACH to LTM candidate cell
	Interruption on DL during PDCCH order RACH transmission to LTM candidate cell
	45-5
	[Yes]
	N/A
	[FFS]
	[Per-FS]
	[No]
	[No]
	N/A
	Agreed in RAN4#108bis R4-2317330
	Optional with capability signaling

	
	39-3
	Early ASN.1 decoding and validity/compliance check [of LTM candidates]
	Early ASN.1 decoding and validity/compliance check [of LTM candidates]
	45-3
	[No]
	N/A
	10ms is allowed for ASN.1 decoding and validity/compliance check of target cell configuration
	[Per-UE/FR]
	[No]
	[No]
	N/A
	Agreed in RAN4#108bis R4-2317330
	Optional without capability signaling

	
	[39-4]
	Number of neighbor cells configured for L1-RSRP measurement
	Number of neighbor cells configured for intra-frequency L1-RSRP measurement
Number of neighbor cells configured for inter-frequency L1-RSRP measurement
	45-1 or 45-1a
	Yes
	No
	NW does not know the max number of cells UE can measure
	[Per FS]
	No
	[No]
	N/A
	Candidate values: [1, 2, 3, 4]
	Mandatory with capability signaling if UE supports 45-1, or
45-1a




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.
Observation 1: from testability perspective, it is not feasible to independently test TCI activation delay before cell switch.
Proposal 3: no need to define delay requirement for TCI state activation before cell switch.
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: TSSB in the additional time for T/F tracking during PDCCH ordered RACH delay is the time waiting for the first SSB for L1-RSRP measurement.
· Target cell of intra-f or inter-f w/o gap: TSSB is SSB periodicity 
· Target cell of inter-f with Type 1 MG: TSSB is max {MGRP, SSB period} after the slot receiving PDCCH order.
Proposal 6: Define a single value as minimum requirement For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell.
Observation 2: n-TimingAdvanceOffset is critical for PRACH transmission.
Observation 3: n-TimingAdvanceOffset from serving cell cannot always be reused for neighbor cell on different band.
Proposal 7: ask RAN1/2 if n-TimingAdvanceOffset can be added in TA Management Related RRC parameters (e.g. LTM-EarlyUlSyncConfig-r18).
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Table 7.1.2-2: The Value of Ny, ..

Frequency range and band of cell used for uplink
transmission

N1a ofser (Unit: Te)

FR1 FDD or TDD band with neither E-UTRA-NR nor 25600 (Note 1)
NB-loT-NR coexistence case
FR1 FDD band with E-UTRA-NR and/or NB-loT-NR 0 (Note 1)

coexistence case

FR1 TDD band with E-UTRA-NR and/or NB-loT-NR
coexistence case

39936 (Note 1)

FR2

13792

Note 1:  The UE identifies Nyy o1, based on the information n-
TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided
with the information n-TimingAdvanceOffset, the default value of Ni o
is set as 25600 for FR1 band. In case of multiple UL carriers in the same
TAG, UE expects that the same value of n-TimingAdvanceOffset is
provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and
the value 39936 of Ny, o Can also be provided for a FDD serving cell.

Note 2:  Void





