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Introduction
Significant progress has been made on L1 enhancement and TA management for LTM and the overall procedure of LTM is almost clear. However, certain details still require discussion, such as LTM report priority, beam determination for CBRA-based handover. In this contribution, we provide our views on the remaining issues mentioned above.
Remaining issues
Priority of LTM reports
	RAN1#111 Agreement
· For candidate cell measurement for Rel-18 LTM, 
· SSB based L1-RSRP is supported for intra-frequency measurement
· SSB based L1-RSRP is supported for inter-frequency measurement from RAN1 point of view
· FFS: L1-SINR, CSI-RS based L1-RSRP

RAN1#111 Agreement
· For gNB scheduled L1 measurement report for Rel-18 LTM, report as UCI is supported
· Semi-persistent report on PUSCH, and aperiodic report on PUSCH are supported
· FFS: periodic and semi-persistent PUCCH
· In a single report instance, report for serving cell and candidate cell(s) for intra-frequency and/or inter-frequency can be included. 
RAN1#112bis-e Agreement
· Periodic and semi-persistent report on PUCCH are also supported for gNB scheduled L1-measurement reporting.
RAN1#114 Agreement
· For the beam selection for SSB based L1-RSRP measurement report,
· For the value of M, L 
· the RRC configured candidate values are: 
· M = 1, 2, 3, 4
· L = 1, 2, 3, 4
· Note: the maximum value of M*L and combination of M and L is up to UE capability
· Note: the common understanding is that L=1 with configuration of inclusion of serving cell is not a typical case. 
· No need to confirm the corresponding working assumption (made in RAN1#113).

RAN1#115 Agreement
For the priority rule for CSI report, LTM CSI report is prioritized over legacy CSI report.


According to the agreement achieved in the previous meetings, LTM measurement results can be reported as UCI on PUCCH periodically or semi-persistently, or on PUSCH semi-persistently or non-periodically. Besides, LTM report only supports L1-RSRP as report quantity and it has higher priority over CSI report when LTM report and CSI report collide. However, the priority rule among LTM reports has not been determined for the case when multiple LTM reports collide in the time domain. Based on the legacy priority formula for CSI report, the following alternatives could be considered:
· Alt-1: reusing legacy CSI report priority formula for LTM report, and LTM report always has higher priority over CSI report regardless of the calculated priority value.  
	

· y=0 for aperiodic CSI/LTM reports to be carried on PUSCH, y=1 for semi-persistent CSI/LTM reports to be carried on PUSCH, y=2 for semi-persistent CSI/LTM reports to be carried on PUCCH and y=3 for periodic CSI/LTM reports to be carried on PUCCH;
· k=0 for CSI/LTM reports carrying L1-RSRP or L1-SINR and k=1 for CSI reports not carrying L1-RSRP or L1-SINR;
· 
c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells;
· 
s is the reportConfigID and  is the value of the higher layer parameter maxNrofCSI-ReportConfigurations when the report is a CSI report, or is the value of the maximum number of configured LTM-ReportConfig when the report is a LTM report.


· Alt-2: introducing separate priority formula for LTM report, and LTM report always has higher priority over CSI report regardless of the calculated priority value.
	

· y=0 for aperiodic LTM reports to be carried on PUSCH, y=1 for semi-persistent LTM reports to be carried on PUSCH, y=2 for semi-persistent LTM reports to be carried on PUCCH and y=3 for periodic LTM reports to be carried on PUCCH;
· 
c is the serving cell index indicating the serving cell in which the LTM-CSI-ReportConfig is configured, and  is the value of the higher layer parameter maxNrofServingCells;
· 

 is the LTM-CSI-ReportConfigID and  is the value of the maximum number of configured LTM-CSI-ReportConfig.


· 
Alt-3: enhancing legacy CSI report priority formula to make it applicable to CSI report and LTM report, in which an additional factor  is introduced. A report with higher priority value calculated by the enhanced priority formula has lower priority.
	

· 

for LTM reports, and  for CSI reports;
· y=0 for aperiodic CSI/LTM reports to be carried on PUSCH, y=1 for semi-persistent CSI/LTM reports to be carried on PUSCH, y=2 for semi-persistent CSI/LTM reports to be carried on PUCCH and y=3 for periodic CSI/LTM reports to be carried on PUCCH;
· k=0 for CSI/LTM reports carrying L1-RSRP or L1-SINR and k=1 for CSI reports not carrying L1-RSRP or L1-SINR;
· 
c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells;
· 
s is the reportConfigID and  is the value of the higher layer parameter maxNrofCSI-ReportConfigurations when the report is a CSI report, or is the value of the maximum number of configured LTM-ReportConfig when the report is a LTM report.


The formula in Alt-1 and Alt-3 could be applicable to both CSI reports and LTM reports. However, according to a conclusion achieved in RAN1#115 meeting [1], it is clarified that c in the formula indicates the serving cell that contains the downlink reference signal(s) for CSI measurement. The downlink reference signals (SSB) associated with a LTM report may come from multiple candidate cells and/or serving cell. Thus, the definition of c is ambiguous for LTM reports. To resolve it, another rule should be introduced, such as c indicates the cell that contains downlink reference signal(s) for CSI measurement and has the lowest candidate cell identity if the number of cells contains downlink reference signal(s) for CSI measurement is larger than 1. The formula in Alt-2 is only applicable for LTM reports, but it is most straightforward. Therefore, we prefer Alt-2.
When a UE is configured to transmit two colliding reports, including LTM report and LTM report, or CSI report and LTM report, or CSI report and CSI report, the legacy transmission strategy could be reused as follows:
· If y values are different between the two reports, the following rules apply except for the case when one of the y value is 2 and the other y value is 3: 
· The report with lower priority shall not be sent by the UE.
· Otherwise, the two reports are multiplexed or either is dropped based on the priority principle.
[bookmark: _Hlk159252238]Introduce a separate priority formula for LTM reports, which takes time-domain reporting characteristic, serving cell index and report configuration index into account, and the serving cell index indicates a cell in which the report configuration is configured. 
UE behaviour on TRS tracking for candidate cell before cell switch
	RAN1#113 Conclusion
There is no consensus to introduce additional mechanism to support the following procedures prior to and joint with the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption in Rel-18 LTM
-        TRS tracking for candidate cells 
FFS: Whether/How the QCL reference information of TCI states of the candidate cell should be mapped to the source SSB
Note: At least for the candidate cells which are current serving cells, TRS tracking prior to cell switch command is supported


According to conclusion achieved in RAN1#113 meeting mentioned above, TRS tracking prior to cell switch command is supported at least for the candidate cell(s) which is the active SCell. Besides active SCell, due to TCI state activation is allowed for active AdditionalPCI in Rel-17 ICBM, TRS tracking prior to cell switch command should be also supported for the candidate cell(s) which is active AdditionalPCI in ICBM. When the candidate cell is a non-serving cell or deactivated SCell, with consideration of UE computation complexity, it would be better to only track SSB before cell switch command even if the QCL source RS of the TCI state activated by MAC CE is TRS and corresponding TRS configuration is provided in the candidate cell configuration in LTM-Config. After UE decoding the cell switch command MAC CE, TRS tracking for the candidate cell can be performed. 
[bookmark: _Hlk159252277]
· For candidate cell(s) which is an active SCell or an active AdditionalPCI for ICBM, TRS tracking can be performed for the candidate cell(s) by activating TCI state(s) before the reception of cell switch command;
· Otherwise, only SSB tracking is performed for the candidate cell(s) before cell switch command is applied. After that, TRS tracking for the candidate cell(s) could be performed if the QCL source RS of the TCI state indicated in the cell switch command is TRS. 
UE assumption for activated TCI state after cell switch
	RAN1#113 Conclusion
For R18 LTM, in order to activate multiple joint TCI state or/and pair of (DL/UL) TCI states for candidate cell case, do not support TCI state activation together with beam indication of the candidate cell in the same MAC-CE message.
· FFS: UE assumption on the active TCI states other than the indicated TCI state after the reception of the cell switch command.


In RAN1#113 meeting, MAC CE-based TCI state activation for candidate cell before the reception of cell switch command was agreed and the number of activated TCI states must be larger than 1 if supported. As only one TCI-State index or one pair of TCI-State and TCI-UL-State index indicated in the cell switch command can be applied after handover, UE behaviour on the other activated TCI states is not clear. And in the last meeting, the following alternatives were discussed without any consensus.
· Alt-1: Retain all activated TCI states;
· Alt-2: Retain activated TCI states only for target cell;
· Alt-3: Retain activated TCI states other than those associated with the target cell;
· Alt-4: Deactivate all TCI states other than the indicated TCI state in the cell switch command;
· Alt-5: Do not specify any behaviour, i.e., target cell needs to perform TCI state activation as it has no information about the activated TCI state UE maintains other than the indicated TCI state(s);
From the perspective of TCI state switch latency after cell switch, Alt-1=Alt-2<Alt-3=Alt-4=Alt-5. While from UE energy consumption point of view, Alt-4<Alt-2<Alt-3<Alt-1=Alt-5. Considering the number of activated TCI states maybe large and the cell associated with the activated TCI states maybe in different frequency layers from that of the serving cell, retaining multiple activated TCI states would result in a significant increase in UE complexity. In addition, retaining multiple activated TCI states would also make subsequent TCI maintenance of LTM TCI state and legacy BM more complicated. In contrast, Alt-4 is the simplest solution. Therefore, Alt-4 is preferred.
[bookmark: _Hlk159252289]All TCI states other than the indicated TCI state in the cell switch command are deactivated when UE receives cell switch command (i.e., Alt-4) to reduce UE energy consumption. 
Cell switch command
	RAN2#123bis Agreement
P9: As to the CFRA resource related information in LTM MAC CE, it is the information similar to those in the legacy PDCCH order triggered RACH, including preamble index, UL/SUL indicator, SSB index, PRACH Mask index (FFS which config is referring to), and FFS on the Msg1 repetition number, and FFS additional info, 

RAN2#124 Agreement
RAN2 assumes for now to include both TCI state (for use for data transmission) and SSB index specifically for CFRA. If RAN1 decides that SSB index is not needed, can be removed later. 
RAN2 will design that the TCI state ID field is mandatory present.
For UE considering CFRA indicated by LTM MAC CE; For now assume RSRP checking is not needed (i.e. to instead trigger CBRA as legacy HO with CFRA) – can revisit if justified. 
For RRC configured CFRA, UE selects from the RRC configured beams for CFRA (if above the RSRP threshold as in legacy); [No further spec impact]
For CBRA, UE selects a beam based on RSRP and ignores indicated beam in CBRA. [No further spec impact]

RAN1#115 Agreement
After RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command at least for CFRA triggered by cell switch command.


According to RAN2 agreements above, TCI state id field is mandatory present in the cell switch command. And for CFRA-based handover triggered by the network, SSB index which is used to identify RACH occasion is also included in the cell switch command. In this case, both TCI state id field and SSB index field are present. If the root QCL source RS of the indicated TCI state is the same as the indicated SSB, two fields are redundant. While if the root QCL source RS of the indicated TCI state is different from the indicated SSB, considering both RAN1 and RAN2 agreements, a feasible approach for UE is to follow the QCL assumption determined by the indicated SSB during RACH procedure and follow the indicated TCI state after RACH procedure. However, it is meaningless and has no corresponding use case. Therefore, to avoid ambiguity, SSB index field should be removed. And, CFRA resource could be determined by the root QCL source RS, i.e., SSB, of the indicated TCI state.
[bookmark: _Hlk159252309]For CFRA-based handover triggered by the network, to avoid ambiguity, SSB index field should be removed from the cell switch command, and CFRA resource could be determined by the root QCL source RS, i.e., SSB, of the indicated TCI state.
QCL assumption determination for RACH-based HO
	[bookmark: _Hlk156828866]RAN1#114 Agreement
On top the confirmed working assumption, on the presence of beam indication within cell switch command, at least for scenario 2 following is supported:
· A field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field is always present in the cell switch command.
· FFS UE behavior for the beam indication field for the RACH-based handover scenario after cell switch command

RAN1#115 Agreement
After RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command at least for CFRA triggered by cell switch command.

RAN2#124 Agreement
RAN2 will design that the TCI state ID field is mandatory present.
For UE considering CFRA indicated by LTM MAC CE; For now assume RSRP checking is not needed (i.e. to instead trigger CBRA as legacy HO with CFRA) – can revisit if justified. 
For RRC configured CFRA, UE selects from the RRC configured beams for CFRA (if above the RSRP threshold as in legacy); [No further spec impact]
For CBRA, UE selects a beam based on RSRP and ignores indicated beam in CBRA. [No further spec impact]


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]According to the above agreements, TCI state id field is always present in the cell switch command. And, for CFRA indicated by LTM MAC CE, UE would follow the indicated beam during and after RACH procedure. While for RRC-configured CFRA and CBRA, UE would select a beam based on RSRP and ignore the indicated beam in the cell switch command during RACH procedure. As for the QCL assumption after RRC-configured CFRA and CBRA procedure, it has not been determined yet. In our view, due to beam measurement and selection is performed with the RACH procedure, it is ambiguous for UE to determine the QCL assumption. As shown in Figure 1, the direct or indirect QCL source RS of the TCI state indicated in the cell switch command is SSB#2, while the successful PRACH transmission for the target cell is associated with SSB#4. After the completion of RACH procedure, does UE receive the PDSCH with the same receive spatial filter for SSB#2 or SSB#4?  From the perspective of timeliness, it is more reasonable that the subsequent data transmission/reception is performed based on the QCL assumption determined in the RACH procedure, rather than the pre-indicated TCI state/TCI-UL-State. 


CBRA-based handover 
[bookmark: _Hlk159252322]When RRC-configured CFRA or CBRA is performed, after RACH procedure, UE always follows the QCL assumption determined within RACH procedure until a TCI state is configured/activated/indicated by the target cell, i.e. the indicated TCI-State/TCI-UL-State in the cell switch command is ignored.
Conclusions 
1. Introduce a separate priority formula for LTM reports, which takes time-domain reporting characteristic, serving cell index and report configuration index into account, and the serving cell index indicates a cell in which the report configuration is configured. 

· For candidate cell(s) which is an active SCell or an active AdditionalPCI for ICBM, TRS tracking can be performed for the candidate cell(s) by activating TCI state(s) before the reception of cell switch command;
· Otherwise, only SSB tracking is performed for the candidate cell(s) before cell switch command is applied. After that, TRS tracking for the candidate cell(s) could be performed if the QCL source RS of the TCI state indicated in the cell switch command is TRS. 
All TCI states other than the indicated TCI state in the cell switch command are deactivated when UE receives cell switch command (i.e., Alt-4) to reduce UE energy consumption. 
For CFRA-based handover triggered by the network, to avoid ambiguity, SSB index field should be removed from the cell switch command, and CFRA resource could be determined by the root QCL source RS, i.e., SSB, of the indicated TCI state.
When RRC-configured CFRA or CBRA is performed, after RACH procedure, UE always follows the QCL assumption determined within RACH procedure until a TCI state is configured/activated/indicated by the target cell, i.e. the indicated TCI-State/TCI-UL-State in the cell switch command is ignored.
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