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Introduction
In this contribution, we continue to discuss on the general issues for LTM, which includes the following aspects:
· On performance for LTM;
· On consideration for LTM candidate SCell;
· On failure handling for LTM.
Discussion
On performance for LTM 
For R17 ICBM, the RX/TX beam can be switched across different cells, but no serving cell change is executed, and also the lower layer configurations are also maintained. That is, similar like beam switch, there is no any interruption caused by the R17 ICBM, except the beam application time (BAT). Thus the legacy L1 measurement quantities can be reused at that time. 
Observation 1: The reason why L1 enhancement on L1 measurement quantities for R17 ICBM is not needed is no addition interruption (except the BAT time) is introduced. 
[bookmark: OLE_LINK15]For R18 LTM, as agreed in the stage 2 running CR [1], the HO interruption time for LTM is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. According to the following figured as extracted from the current running CR, it can be seen the HO interruption for LTM includes: the LTM command processing latency, the processing latency (including the configuration processing/application latency, the RF retuning, baseband retuning, security update if needed), DL/UL sync latency, First UL/DL reception/transmission latency.
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Figure 1: Latency model for R18 LTM
In general, the UL sync time can be avoided for RACH-less case. The DL sync can also be avoided if UE has already acquired the timing information. Moreover, the LTM command processing latency is up to 5ms. As for the processing latency, depend on the current conclusion for RRC aspects discussion, i.e., the complete LTM configuration will replace the current configuration regardless whether the configuration before and after cell switch is same or not. 
	Confirm that only the replacement procedure (the “full config without L2 reset”) is supported for Execution of LTM cell switch. 


And also based on the conclusion in RAN2#121 for cell switch aspects discussion [2], there is common understanding that the partial MAC reset including the HARQ will be reset for intra-DU case, and the full L2 reset will be performed for inter-DU case. 
	No consensus to support HARQ continuation (and in order to resume discussion some new input may be needed, e.g. quantitative evidence of a serious problem).


So there is definitely significant processing latency will be caused, even approaching the legacy processing latency for RACH based case since no difference for LTM compared with legacy handover procedure.
Observation 2: Even for RACH-Less LTM, the HO interruption latency is still non-negligible, i.e., all configurations will be cleared and reconfigured regardless whether same or not before and after cell switch, and the partial or full L2 reset will be performed. 
Besides, for R18 LTM, it is straight-forward that the cell switch will be more frequently than legacy handover, since L1 measurement is not stable as legacy RRM measurement. And based on above analysis, the ping-pong caused by LTM will have significant impacts on the performance, since the HO interruption for LTM is still non-negligible. 
Proposal 1: The ping-pong rates of LTM need to be minimized. Request RAN1 to take it into consideration.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]On consideration for LTM candidate SCell 
Similar like legacy mobility scenario, the R18 LTM supports CA scenario. That is at least the SpCell should be changed with or without the SCell change. That's the reason why the following agreements were made in RAN2#119bise [3].
	· L1L2 based mobility supports the following CA scenarios:
PCell change without SCell change
PCell change with SCell change
· Support NR-DC scenario in L1L2 based mobility, at least for the PSCell change without MN involvement case, i.e. intra-SN. 


Observation 3: Similar like legacy (conditional) handover or PSCell change, the intention of the LTM is to trigger the SpCell change with or without the SCell change. 
And recall measurement used for the legacy (conditional) handover or PSCell change, only the measurement quantities of the SpCell should be considered, e.g., for CHO/CPAC, the execution condition is configured for the SpCell only. As for SCell, it is not that urgent as the SpCell. And the addition /releas/ activation /deactivation of the SCell depend on the service and data transmission. So in general, we do not specially consider the SCell operation upon the (conditional) handover or PSCell change. 
Observation 4: Instead of triggered by mobility, the SCell change mainly depends on the service and data transmission.
Observation 5: In legacy (conditional) handover or PSCell change, only the measurement for the SpCell should be considered. 
Based on above analysis, since the LTM will not specially consider the SCell change only case, so from the perspective of mobility perspective, there is no motivation to perform any LTM specific L1 measurement for LTM candidate SCell. I.e., NW will only consider the SpCell measurement to trigger the LTM cell switch. 
Observation 6: For mobility (decision to trigger LTM) perspective, no need to consider the L1 measurement results of candidate SCells.
However, except for mobility, it is still FFS whether the LTM candidate cell should be specially considered from the perspective for the data transmission interruption perspective. But to be noted, this is only restricted in the SCell in activated state, since for deactivated SCell, anyway no data transmission is performed. 
In legacy, after handover or PSCell change, UE may performs the DL sync of the SCell, and perform the UL sync with the SCell via the PDCCH ordered RACH procedure triggered by the target SpCell (for SCells in the STAG). UE perform L1 measurement, and then report the corresponding reporting results to NW after the handover or PSCell change if the SCell is configured to be activated state. Only after obtain the provided L1 measurement, the NW can then decide the beam and scheduling format to be used for SCell, so as to continue the data transmission on SCell.
Observation 7: In legacy HO/PSCell change, the possible DL sync/UL sync on SCell (in STAG), and the beam indication for SCell is performed after the successful HO/PSCell change.  
But for R18 LTM, it is still FFS now on whether to support the early DL/UL sync on SCell (in STAG), and the beam indication for SCell before cell switch is still FFS. From the data transmission perspective, we agree it may be beneficial to support such special consideration on LTM candidate SCell. But this will definitely bring more workload and also impose more complexity to UE/NW, i.e., on L1 measurement RS configuration, L1 measurement reporting, and also the repeated CU-DU interaction (each candidate DU need to generate the corresponding L1 measurement reporting based on the state of the LTM candidate SCell, serving DU need to decide whether to indicate the TCI state for LTM candidate SCell based on state of the LTM candidate SCell). 
Observation 8: Even supporting the early DL/UL sync and the TCI state activation/beam indication for LTM candidate SCell before LTM cell switch may be beneficial from data transmission perspective, but it will also bring more complexity for UE/NW, and also more specification impacts. 
Besides, for the early TA acquisition, it is enabled via the early RACH procedure. But performing the early RACH on LTM candidate cell will also cause the interruption for data transmission. Such interruption may be quite large if UE is required to perform the early TA acquisition on both SpCell and SCell.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Observation 9: Early TA acquisition on LTM candidate SCell in STAG will cause quite a few interruption on serving cell’s data transmission. 
Based on above analysis, especially considering the limited time for R18, it is proposed that the R18 LTM mainly focus on LTM candidate SpCell, that is the LTM candidate SCell can be configured, but no additional enhancement will be supported.
Proposal 2: RAN2 to agree that the following is not applied to LTM candidate SCell configured in the LTM configuration:
· L1 measurement configuration and reporting before LTM cell switch;
· Beam indication upon LTM cell switch;
· TCI activation before LTM cell switch;
· Early DL sync;
· Early TA acquisition.
On Failure handling for LTM
Regarding the failure for LTM, in general, the following cases may happen:
1) [bookmark: OLE_LINK322][bookmark: OLE_LINK323]Compliance check failure on candidate cell configuration/reference configuration;
2) RLF on SpCell;
3) Beam failure on serving cell;
4) LTM cell switch failure;
5) Legacy handover/PSCell change failure;
In the following discussion, we will give brief analysis on the corresponding handling on each of the above failure.
Case 1: on handling for 1) compliance check failure on candidate cell configuration/reference configuration:
In legacy, upon compliance check failure for MCG configuration or SCG configuration transmitted via the SRB1, the RRC re-establishment will be triggered. Or the compliance check for SCG configuration via SRB3 is failed, and then either the SCG failure information procedure or the RRC re-establishment will be triggered. 


Figure 2: legacy handling for compliance check failure (left: for SRB1 case; right: for SRB3 case)
And for CHO/CPAC, if the candidate configuration is compliance check failure, the same mechanism is used. We think the similar procedure can be reused for LTM. One may argue that upon compliance check of the LTM candidate fails, instead to enter the re-establishment procedure, UE can provide some indication on the failed LTM candidate cells to NW, so that NW can update the configuration. But according to the following note extracted from the TS38.331, the partial success/failure of the compliance check is not supported.
	[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32]NOTE 2:	If the UE is unable to comply with part of the configuration, it does not apply any part of the configuration, i.e. there is no partial success/failure.


Observation 10: As for legacy compliance/validity check, the partial success/failure is not supported.
Further, the compliance check failure is indeed some corner case, since NW know all UE capability information, and smart NW will not configure some unavailable configuration to UE. 
Observation 11: The compliance check failure is indeed some corner case, since smart NW can avoid it via implementation.   
Based on this, it is proposed that:
Proposal 3: Upon compliance check failure on LTM candidate cell configuration/reference configuration 
· If the LTM configuration is transmitted via SRB1, the RRC re-establishment will be executed;
· If the LTM configuration is transmitted via SRB3, SCG failure information procedure will be triggered if the MCG transmission is not suspended. Otherwise RRC re-establishment will be executed.
Case 2: on handling of 2) RLF on SpCell
In legacy, RLM is only supported for SpCell. And upon RLF for MCG happen, if the active SCG transmission is not suspended and also the fast recovery is configured, then UE will perform the MCG fast recovery via SCG. If SCG is deactivated, or SCG is suspended, or fast recovery is not configured, then UE will go to the re-establishment procedure. Then upon initiating the re-establishment procedure, if CHO recovery is configured and the selected cell is one the CHO candidate, then CHO recovery will be triggered. Otherwise, the RRC re-establishment will be executed. As for SCG RLF, if the MCG transmission is not suspended, UE will perform the SCG failure information procedure to report the failure. Otherwise, UE shall trigger the RRC re-establishment. 


Figure 3: handling for RLF (left: for PCell; right: for PSCell)
For the PCell RLF case, we think similar procedure like legacy can be reused. And also the LTM recovery similar like the CHO recovery can also be supported. That is, NW configured whether to perform the LTM recovery for each LTM candidate. 
Proposal 4: Similar like CHO recovery, the LTM recovery for MCG is configured by NW, and be applied in case of RLF on PCell happens. I.e., if LTM recovery is configured and the selected cell is LTM candidate, UE can apply the configuration for LTM candidate directly. 
Proposal 5: If LTM is configured for MCG, in case of RLF on PCell, UE shall
· In case the SCG is activated and not suspend, and the MCG fast recovery is supported, MCG fast recovery will be triggered; 
· In case of SCG is deactivated or suspend, or the MCG fast recovery is not supported, if the MCG LTM recovery is configured and the selected cell is a candidate, then LTM recovery is triggered;
· Otherwise, RRC re-establishment will be executed. 
For the PSCell RLF case, it can be observed that the PSCell (CPA/CPC) recovery is not supported. And the reasons are summarized as the following:
a) Since the SCG failure information procedure can be used as long as the MCG is not suspend;
b) Once the MCG is suspend (this may happen upon RLF on PCell), there is no need to perform special recovery for MCG since anyway MCG is failed;
c) Once the MCG is suspend (this may happen upon RLF on PCell), even the CPA/CPC recovery is supported, how UE can reply the RRC Reconfiguration Complete to NW (for SRB1 case) since the MCG is already failed?
Observation 12: the reason why the PSCell recovery is not supported for CPA/CPC is:
a) Since the SCG failure information procedure can be used as long as the MCG is not suspend;
b) Once the MCG is suspend (this may happen upon RLF on PCell), the PSCell recovery cannot be performed since UE cannot reply the RRC Reconfiguration Complete to NW (for SRB1 case).
In general, we think similar reason also apply to RLF for LTM case. So the LTM recovery is not supported for the SCG case. 
Proposal 6: For LTM of SCG in NR-DC scenario, LTM recovery is not supported.
Proposal 7: For LTM of SCG in NR-DC scenario, in the case of RLF on PSCell, UE shall
· If the MCG transmission is not suspend, SCG failure information procedure will be triggered;
· Otherwise, RRC re-establishment will be executed. 
Case 3: on handling for 3) Beam failure on serving cell:
Upon BFD is detected for SCell, the BFR MAC CE will be used to perform the BFR (within which procedure, RACH may also be triggered for CG to transmit the BFR MAC CE). And in case of the BFD is detected for SpCell, RACH procedure will be triggered. In general, we think the legacy procedure can be considered here. 
Proposal 8: In case of BFD detected case, the legacy BFR procedure can be reused for R18 LTM.
And once the RACH procedure fails in case of the BFR procedure, the RLF will be triggered (case 3). Since this is already covered by the case 3), so no need other special handling.
 Case 4/5: on handling for 4) LTM cell switch failure, and 5) legacy handover failure or PSCell change failure :
In legacy, if the CHO handover fails (T304 expire), the re-establishment procedure will be initiated. Then upon initiating the re-establishment procedure, if CHO recovery is configured and the selected cell is one the CHO candidate, then CHO recovery will be triggered. Otherwise, the RRC re-establishment will be executed. 
As for conditional CPA/CPC failure, if the MCG transmission is not suspended, UE will perform the SCG failure information procedure to report the failure. Otherwise, UE shall trigger the RRC re-establishment. 


Figure 4: CHO handover/legacy PCell handover failure (left), CPA/CPC/legacy PSCell change failure (right)
In general, we think the similar procedure can be reused for LTM.
Proposal 9: If UE is configured with LTM configuration for MCG, in case of MCG LTM cell switch failure or the legacy PCell handover failure, the LTM recovery for MCG, if configured, can be applied. 
Proposal 10: If UE is configured with LTM configuration for MCG, in case of MCG LTM cell switch failure or the legacy PCell handover failure, UE shall
· If the MCG LTM recovery is configured and the selected cell is a candidate, then LTM recovery is triggered;
· Otherwise, RRC re-establishment will be executed. 
Proposal 11: If UE is configured with LTM configuration for SCG, in case of SCG LTM cell switch failure or the legacy PSCell change failure, UE shall
· If the MCG transmission is not suspend, SCG failure information procedure will be triggered;
· Otherwise, RRC re-establishment will be executed. 
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the previous analysis in section 2, our main contributions are summarized as follows:
On performance for LTM 
Observation 1: The reason why L1 enhancement on L1 measurement quantities for R17 ICBM is not needed is no addition interruption (except the BAT time) is introduced. 
 Observation 2: Even for RACH-Less LTM, the HO interruption latency is still non-negligible, i.e., all configurations will be cleared and reconfigured regardless whether same or not before and after cell switch, and the partial or full L2 reset will be performed. 
Proposal 1: The ping-pong rates of LTM need to be minimized. Request RAN1 to take it into consideration.
[bookmark: _GoBack]On consideration for LTM candidate SCell
Observation 3: Similar like legacy (conditional) handover or PSCell change, the intention of the LTM is to trigger the SpCell change with or without the SCell change. 
Observation 4: Instead of triggered by mobility, the SCell change mainly depends on the service and data transmission.
Observation 5: In legacy (conditional) handover or PSCell change, only the measurement for the SpCell should be considered. 
Observation 6: For mobility (decision to trigger LTM) perspective, no need to consider the L1 measurement results of candidate SCells.
Observation 7: In legacy HO/PSCell change, the possible DL sync/UL sync on SCell (in STAG), and the beam indication for SCell is performed after the successful HO/PSCell change.  
Observation 8: Even supporting the early DL/UL sync and the TCI state activation/beam indication for LTM candidate SCell before LTM cell switch may be beneficial from data transmission perspective, but it will also bring more complexity for UE/NW, and also more specification impacts. 
Observation 9: Early TA acquisition on LTM candidate SCell in STAG will cause quite a few interruption on serving cell’s data transmission. 
Proposal 2: RAN2 to agree that the following is not applied to LTM candidate SCell configured in the LTM configuration:
· L1 measurement configuration and reporting before LTM cell switch;
· Beam indication upon LTM cell switch;
· TCI activation before LTM cell switch;
· Early DL sync;
· Early TA acquisition.
On Failure handling for LTM
Observation 10: As for legacy compliance/validity check, the partial success/failure is not supported.
Observation 11: The compliance check failure is indeed some corner case, since smart NW can avoid it via implementation.   
Observation 12: the reason why the PSCell recovery is not supported for CPA/CPC is:
a) Since the SCG failure information procedure can be used as long as the MCG is not suspend;
b) Once the MCG is suspend (this may happen upon RLF on PCell), the PSCell recovery cannot be performed since UE cannot reply the RRC Reconfiguration Complete to NW (for SRB1 case).
Proposal 3: Upon compliance check failure on LTM candidate cell configuration/reference configuration 
· If the LTM configuration is transmitted via SRB1, the RRC re-establishment will be executed;
· If the LTM configuration is transmitted via SRB3, SCG failure information procedure will be triggered if the MCG transmission is not suspended. Otherwise RRC re-establishment will be executed.
Proposal 4: Similar like CHO recovery, the LTM recovery for MCG is configured by NW, and be applied in case of RLF on PCell happens. I.e., if LTM recovery is configured and the selected cell is LTM candidate, UE can apply the configuration for LTM candidate directly. 
Proposal 5: If LTM is configured for MCG, in case of RLF on PCell, UE shall
· In case the SCG is activated and not suspend, and the MCG fast recovery is supported, MCG fast recovery will be triggered; 
· In case of SCG is deactivated or suspend, or the MCG fast recovery is not supported, if the MCG LTM recovery is configured and the selected cell is a candidate, then LTM recovery is triggered;
· Otherwise, RRC re-establishment will be executed. 
Proposal 6: For LTM of SCG in NR-DC scenario, LTM recovery is not supported.
Proposal 7: For LTM of SCG in NR-DC scenario, in the case of RLF on PSCell, UE shall
· If the MCG transmission is not suspend, SCG failure information procedure will be triggered;
· Otherwise, RRC re-establishment will be executed. 
Proposal 8: In case of BFD detected case, the legacy BFR procedure can be reused for R18 LTM.
Proposal 9: If UE is configured with LTM configuration for MCG, in case of MCG LTM cell switch failure or the legacy PCell handover failure, the LTM recovery for MCG, if configured, can be applied. 
Proposal 10: If UE is configured with LTM configuration for MCG, in case of MCG LTM cell switch failure or the legacy PCell handover failure, UE shall
· If the MCG LTM recovery is configured and the selected cell is a candidate, then LTM recovery is triggered;
· Otherwise, RRC re-establishment will be executed. 
Proposal 11: If UE is configured with LTM configuration for SCG, in case of SCG LTM cell switch failure or the legacy PSCell change failure, UE shall
· If the MCG transmission is not suspend, SCG failure information procedure will be triggered;
· Otherwise, RRC re-establishment will be executed. 
Reference
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