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1. Introduction
Core requirements maintenance for LTM have been discussed widely in the previous RAN4 meeting. 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
2.1 [bookmark: _Hlk148036677]Topic #1: LTM - General aspects and scenarios
Issue 1-1-1-1: The value of additional time for DL synchronization when needed in the delay requirements for PDCCH ordered RACH before cell switch command
	[bookmark: _Hlk151107550]Agreement in RAN4#109
· For FR2, one Tssb delay is always assumed before UE transmit PDCCH-ordered RACH.
· For FR1, when TCI state associated the PDCCH-order RACH has not been activated,
· one Tssb delay is always assumed before UE transmit PDCCH-ordered RACH.
· For FR1, when TCI state associated the PDCCH-order RACH is activated,
· If L1-RSRP measurement delay is less than or equal to 160ms, Tssb is not needed. UE is required to meet the UL Tx timing accuracy requirements
· If L1-RSRP measurement delay is more than 160ms, UE is allowed to transmit PDCCH-ordered RACH with or without one Tssb delay. No UE UL Tx timing accuracy requirement will be defined.



<Way Forward>: Further discuss the following option:
· Option 1 (Apple, CATT, MTK): In PDCCH ordered RACH delay, TSSB is:
· TSSB is the time to first SSB transmission after PDCCH-order RACH command is decoded by the UE when SSB is within active BWP
· TSSB is the time to first SSB transmission overlapped with MGL after PDCCH-order RACH command is decoded by the UE when SSB is outside active BWP.
· Option 1a (MTK): in the definition of TSSB, the PDCCH-order decoding time is assumed as 1 slot.
· the time to first SSB transmission after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is within active BWP
· the time to first SSB transmission overlapped with MGL after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is outside active BWP.
· Option 2 (vivo): For the time to wait for the 1st SSB transmission, Tfirst-SSB should be 
· the SSB periodicity of the candidate cell when SSB is within active BWP, or 
· the measurement gap periodicity when SSB is outside active BWP.
· TSSB-proc = 2 ms should be counted in TSSB
We continue supporting option 1. RAN4 already agreed that TSSB is needed in some scenarios. If target cell is on a different carrier outside active BWP, L1 RSRP measurement and T/F fine tracking need to be done in measurement gap. If we don’t have this assumption (TSSB is the time to first SSB transmission overlapped with MGL after PDCCH-order RACH command is decoded by the UE when SSB is outside active BWP), UE may need to perform T/F fine tracking using some autonomous gap so that UE can finish it at the first SSB transmission (not overlapping with MG), which may result in unexpected interruption.
[bookmark: _Ref163291081]Proposal 1: In PDCCH ordered RACH delay, TSSB is the time to first SSB transmission overlapped with MGL after PDCCH-order RACH command is decoded by the UE when SSB is outside active BWP. Otherwise, UE may need to perform T/F fine tracking using some autonomous gap, which would result in unexpected interruption.

2.2 Topic #2: LTM - L1-RSRP measurement requirements
Issue 2-1-1: L1-RSRP measurement on intra-f neighbor cell of deactivated SCC
<Way Forward >: Further discuss the following options:
· Option 1 (Apple, MTK): LTM intra-frequency L1-RSRP requirements defined in R18 are not applicable to neighbor cell on deactivated SCC.
· Option 1a (Apple): not define requirements in R18
· Option 1b (Apple): allow similar measurement relaxation as L3 measurement (e.g. following measCycleSCell)
· Option 2 (Ericsson, QC): If network configures cell on deactivate SCell frequency as a LTM candidate cell, UE should measure that cell using LTM L1-RSRP measurement period.
Simply applying L1-RSRP measurement period when SCell is deactivated is not preferred. It would jeopardize power saving gain in legacy L3 RRM measurement on deactivated SCC. Because in legacy when SCC becomes deactivated, UE can relax the L3 measurement (folliwng measCycleSCell configured by NW). If we simply apply LTM L1-RSRP measurement here, UE will lose the chance of power saving since UE needs to wait up more frequently for L1-RSRP measurement. 
[bookmark: _Ref163291071]Observation 1: applying existing LTM L1-RSRP measurement period to deactivated SCC would result in misalignment between L1 and L3 measurement, which is unexpected at least in FR1. Thereby, power saving of legacy L3 measurement (following measCycleSCell) would be significantly jeopardized.
To address this, we are fine with either not defining requirement for this case in R18, or allowing a similar level of relaxed measurement as L3 measurement, e.g. reuse measCycleSCell or even introduce a new one dedicated for L1 measurement.
[bookmark: _Ref163291084]Proposal 2: for L1-RSRP measurement on intra-frequency neighbor cell of deactivated SCC:
· Option 1: not define requirements in R18
· Option 2: allow similar measurement relaxation as L3 measurement (e.g. following measCycleSCell)

[bookmark: _Hlk150257145]Issue 2-1-2: whether to consider L1-RSRP measurement on deactivated SCell
Online agreement
< Agreement>: 
· Conclude this issue in the next meeting. 
As can be observed in Table 9.14.5.1-2, for UE supporting RTD>CP, there is a scaling factor NLayer. But in serving cell measurement there is no such scaling factor as can be seen in Table 9.5.4.1-5. From physical layer point of view, measuring SSB from serving cell or neighbour cell are quite similar. Having similar design would be beneficial to UE implementation.
Table 9.14.5.1-2: Intra-frequency L1-RSRP measurement period TL1-RSRP_Measurement_Period_SSB_intra in FR1 for UE capable of [capability of measurement with RTD>CP]
	Configuration
	TL1-RSRP_Measurement_Period_SSB_intra (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB_NBC*NLayer)

	DRX cycle ≤ 320ms
	max(TReport, ceil(K *M*P)*max(TDRX,TSSB_NBC) *NLayer)

	DRX cycle > 320ms
	ceil(M*P)*TDRX*NLayer

	Note 1:	TSSB_NBC is the periodicity of the neighbor cell SSB-Index configured for intra-frequency L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.  [NLayer = the number of intra-frequency layers configured for L1-RSRP measurement with [LTM-CSI-ResourceConfig-r18] + the number of inter-frequency layers without measurement gaps which are configured for L1-RSRP measurement with [LTM-CSI-ResourceConfig-r18]].
Note 2:	K = 1.5.



Table 9.5.4.1-5: Measurement period TL1-RSRP_Measurement_Period_SSB in FR1 for UE capable of [capability of measurement with RTD>CP]
	Configuration
	TL1-RSRP_Measurement_Period_SSB_intra (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(K *M*P)*max(TDRX,TSSB)

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	K = 1.5.



[bookmark: _Ref163291072]Observation 2: for UE supporting RTD>CP, UE can perform L1-RSRP measurement on serving cell and neighbour cell simultaneously. Thereby, same measurement period requirements are excepted.
[bookmark: _Ref163291074]Observation 3: there is a scaling factor NLayer in neighbour L1-RSRP measurement requirement but not in serving cell measurement requirement for UE capable of RTD>CP.
[bookmark: _Ref163291086]Proposal 3: introduce NLayer in serving cell L1 RSRP measurement requirement and clarify that it is for UE capable of RTD>CP configured with L1 RSRP measurement on neighbour cell.

2.3 Topic #3: LTM – Cell switch delay requirements
Issue 3-2-1-1: Time gap between early TCI state activation command and cell switch command
Ad hoc Agreement
<Agreement>
· Introduce a new clause to define time gap between early TCI state activation and cell switch or PDCCH ordered RACH
· When TCI state is known, if UE receives early TCI state activation command at slot n, UE shall have activated the TCI state in slot n + THARQ + + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length, where TOk=0 if the TCI state is already in previous active TCI state list, otherwise TOk=1.
· for intra-frequency and inter-frequency without gap:
· Tfirst-SSB is the time to first SSB occasion after slot n + THARQ +.
· for inter-frequency with gap:
· Option 1: Tfirst-SSB is the time to the first SSB occasion overlapped with MGL after slot n + THARQ +.
· Option 2: Tfirst-SSB is the time to first SSB occasion after slot n + THARQ +.
· Reuse legacy known TCI state activation condition in legacy TCI state switching requirements
· Support both known and unknown TCI state in FR1
· FFS: the conditions of unknown TCI state in FR1
· FFS: Discuss whether to consider the case that candidate cell’s SSB or PL-RS is outside active BWP in FR2
· FFS: Discuss whether and how to consider the case that UE cannot finish T/F tracking in one SSB/gap period, i.e., 
· Multiple frequency layers in FR1
· Multiple cells in FR2
· FFS: Discuss whether and how to consider unknown TCI state in FR2
· FFS: whether to consider addition time for PL-RS measurement
For inter-frequency with gap, currently there are two options for Tfirst-SSB, i.e., one is based on first SSB overlapped with MG and the other one is based on first SSB which may be outside MG. The former one is preferred since the later one may cause some interruption to other serving cells outside MG.
[bookmark: _Ref166229068]Proposal 4: in time gap between early TCI state activation command and cell switch command, Tfirst-SSB is the time to the first SSB occasion overlapped with MGL after slot n + THARQ + for inter-frequency with gap. 
Regarding conditions of unknown TCI state in FR1, one important thing is that target cell shall be known. UE is not expected to active TCI of target unknown cell. From NW side, the activation command is expected to be sent after receiving L1/L3 report. 
[bookmark: _Ref166229070]Proposal 5: in Time gap between early TCI state activation command and cell switch command, unknown TCI state in FR1 is considered only if target cell is known.

Issue 3-2-4-1: Which cell(s) TLTM-RRC-processing = 0 apply to when candidate cells configured are more than UE capability?
<Way Forward >: Further discuss the following options
· Option 1 (MTK): 
· TLTM_RRC-processing in TS38.133 is zero only applicable to the cells whose TCI state(s) are activated, if early TCI state activation on any candidate cell is triggered.
· TLTM_RRC-processing in TS38.133 is zero only applicable to the latest cell on which PDCCH-order RACH is triggered if NW doesn’t active TCI state of any candidate cell
· Option 2 (Ericsson, QC)
· The ltm-CandidateConfig IEs associated with at least one active TCI state
· The ltm-CandidateConfig IEs associated with previously performed PDCCH-order PRACH.
· If the number of the ltm-CandidateConfig IEs associated with active TCI state and PDCCH-order PRACH transmission is larger than maxLTMCandidateConfig, the ltm-CandidateConfig IEs for fast RRC processing are chosen in reverse chronological order of Candidate Cell TCI States Activation MAC CE and PDCCH-order PRACH, i.e. maxLTMCandidateConfig ltm-CandidateConfig IEs with the most recently activated TCI states and PDCCH-order PRACH transmission.
· The current serving cells and the cells inside the ltm-CandidateConfig, chosen by the above condition, across cell groups (i.e. MCG and SCG) is not larger than maxServingAndCandidteCells
· Option 3 (vivo):
· In R18, TLTM_RRC-processing in TS38.133 is zero only if number of configured candidate cells across all frequency layers (i.e. including both candidate SpCells and SCell) is no more than number of cells UE supports early ASN.1 decoding and validity/compliance check.
· Option 4 (Nokia)
· For the conditions of early ASN.1 decoding capability, RAN4 to clarify the UE behaviour in case TCI activation command or PDCCH order is sent for more cells than UE capability to decode candidate cell configurations.
Overall speaking, in our understanding NW is not expected to trigger TCI activation or RACH toward candidate cell unless cell switch is likely to happen soon. Therefore, NW is not encouraged to trigger TCI activation or RACH on too many neighbor cells, especially more than UE capability. 
[bookmark: _Ref166229087]Observation 4: NW is not expected to trigger TCI activation or RACH toward candidate cell unless cell switch is likely to happen soon.
[bookmark: _Ref166229072]Proposal 6: TLTM_RRC-processing in TS38.133 is zero only applicable to the cells with early TCI activation or early TA acquisition, provided the number of these cells doesn’t exceed UE capability regarding number of cells for early ASN.1 decoding.

Another thing we would like to discuss is about the RAN2 LS [2]:
	RAN2 discussed RAN1 and RAN4 feature lists associated with Rel-18 NR_Mob_enh2.  RAN2 discussed wither the following L1 measurement and reporting features are mandatory to support LTM or whether L3 measurement could be used.
	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure

	45-1a
	Inter-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure



RAN2 made the following agreement:
RAN2 makes no further assumptions whether L3 measurements can be used or not to trigger LTM.  
RAN2 would like to check the following with RAN1 and RAN4:
Question 1 : Are the above intra-frequency and inter-frequency L1 measurement and reporting features (45-1 and 45-1a) prerequisites to support intra-frequency and inter-frequency LTM, respectively?
Question 2: The above features, 45-1 and 45-1a, from RAN1 and related RAN4 features (39-1, 39-2, 39-3-1, 39-3-2, 39-3-3, 39-3-4, 39-3-5, 39-3-6) are defined per BC for both intra-frequency and inter-frequency measurements.  RAN2 would like check with RAN1/4 for which BC (e.g. BC of current serving cells, BC including current serving cells and cell to be measured or something else) these capabilities are to be considered for L1 intra-frequency and inter-frequency LTM measurements?


For question 1, according to current spec, LTM cell switch requirements only cover known case:
When the target cell and the target joint UL/DL TCI state or separate UL and DL TCI states in the MAC-CE LTM cell switch command are known, the LTM cell switch delay is defined as: 
	DLTM = Tcmd  + TLTM-interrupt
Cell is known based on L1 or L3 measurement report. In other words, L1 measurement is not a prerequisite for known cell definition. However, known TCI condition is a bit complicated. According to the agreed CR in RAN4#110bis, 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 TCI state in the cell switch command is activated not more than TBD ms before the reception of the cell switch command and SNR of the SSB associated to TCI state ≥ -3dB; or] 
[-	The target TCI state in cell switch command is activated before receiving the cell switch command and the SSB associated to target TCI state is available at least once every TBD ms after the TCI state activation command is received and SNR of the SSB associated to TCI state ≥ -3dB; or]
-	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
[bookmark: _Ref166229089]Observation 5: LTM cell switch requirements only cover known cell and known TCI scenario.
For UE not supporting early TCI activation, L1-RSRP report is one of the conditions in known TCI definition. In other words, if UE doesn’t support L1-RSRP measurement then target TCI is always considered unknown. For UE supporting early TCI activation, L1-RSRP is also one of the components in 8.X TCI state activation for LTM candidate cell. Thereby, cell switch delay requirements are not applicable if UE doesn’t support L1-RSRP measurement.
[bookmark: _Ref166229090]Observation 6: L1-RSRP measurement is one of the components in TCI state activation requirements. If L1-RSRP on neighbour cell is not supported, target TCI is always unknown according to current spec. Thereby, LTM cell switch requirements do not apply.
[bookmark: _Ref166229074]Proposal 7: answer to question 1: current RAN4 LTM cell switch delay requirements are applicable only to UE supporting L1-RSRP measurement. 
For question 2, in our understanding BC here means BC of current serving cells.
[bookmark: _Ref166229076]Proposal 8: answer to question 2: RAN4 features (39-1, 39-2, 39-3-1, 39-3-2, 39-3-3, 39-3-4, 39-3-5, 39-3-6) are defined per BC of serving cells.

3. Conclusion
In this contribution, we provide further discussion on core part maintenance of LTM. After discussion, the following conclusions are provided:
Proposal 1: In PDCCH ordered RACH delay, TSSB is the time to first SSB transmission overlapped with MGL after PDCCH-order RACH command is decoded by the UE when SSB is outside active BWP. Otherwise, UE may need to perform T/F fine tracking using some autonomous gap, which would result in unexpected interruption.
Observation 1: applying existing LTM L1-RSRP measurement period to deactivated SCC would result in misalignment between L1 and L3 measurement, which is unexpected at least in FR1. Thereby, power saving of legacy L3 measurement (following measCycleSCell) would be significantly jeopardized.
Proposal 2: for L1-RSRP measurement on intra-frequency neighbor cell of deactivated SCC:
· Option 1: not define requirements in R18
· Option 2: allow similar measurement relaxation as L3 measurement (e.g. following measCycleSCell)
Observation 2: for UE supporting RTD>CP, UE can perform L1-RSRP measurement on serving cell and neighbour cell simultaneously. Thereby, same measurement period requirements are excepted.
Observation 3: there is a scaling factor NLayer in neighbour L1-RSRP measurement requirement but not in serving cell measurement requirement for UE capable of RTD>CP.
Proposal 3: introduce NLayer in serving cell L1 RSRP measurement requirement and clarify that it is for UE capable of RTD>CP configured with L1 RSRP measurement on neighbour cell.
Proposal 4: in time gap between early TCI state activation command and cell switch command, Tfirst-SSB is the time to the first SSB occasion overlapped with MGL after slot n + THARQ + for inter-frequency with gap.
Proposal 5: in Time gap between early TCI state activation command and cell switch command, unknown TCI state in FR1 is considered only if target cell is known.
Observation 4: NW is not expected to trigger TCI activation or RACH toward candidate cell unless cell switch is likely to happen soon.
Proposal 6: TLTM_RRC-processing in TS38.133 is zero only applicable to the cells with early TCI activation or early TA acquisition, provided the number of these cells doesn’t exceed UE capability regarding number of cells for early ASN.1 decoding.
Observation 5: LTM cell switch requirements only cover known cell and known TCI scenario.
Observation 6: L1-RSRP measurement is one of the components in TCI state activation requirements. If L1-RSRP on neighbour cell is not supported, target TCI is always unknown according to current spec. Thereby, LTM cell switch requirements do not apply.
Proposal 7: answer to question 1: current RAN4 LTM cell switch delay requirements are applicable only to UE supporting L1-RSRP measurement.
Proposal 8: answer to question 2: RAN4 features (39-1, 39-2, 39-3-1, 39-3-2, 39-3-3, 39-3-4, 39-3-5, 39-3-6) are defined per BC of serving cells.
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