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1	Introduction
In the latest endorsed 38.306 CR for UE capability for feMob [1], two UE-specific capabilities (i.e. ltm-MCG-r18 and ltm-SCG-r18) are introduced to indicate whether the UE supports LTM for MCG and SCG with RACH, respectively. It is also specified that UE supporting these features shall also indicate support for intra-frequency L1 measurement and report (FG45-1) and support for TCI state indication (FG45-3 and FG45-4). However, the reporting granularities of FG45-1 and FG45-3/45-4 are defined as per BC and per band in the updated RAN1 feature list [2], respectively.
In the remaining part of this contribution, we mainly discuss how to understand the above UE capabilities based on the different definition granularities and other issues related to LTM UE capabilities.
[bookmark: _Toc147158671][bookmark: _Toc61387172][bookmark: _Toc499559238]2	Discussion
2.1 ltm-MCG-r18 and ltm-SCG-r18
In the last meeting, RAN2 achieved several agreements on UE capability for LTM:
	· Q1-2-a: Separate IOT bit for RACH based LTM is not introduced
· Q1-2-c: MAC CE based CFRA is mandatory for LTM.  No separate capability bit is needed
· Q1-2-e: One of 45-3/3a and 4/4a shall be supported for UE supporting LTM: wait for RAN1 update of the feature list table
· Intention to support LTM for band combinations for which L1 measurements (45-1) is supported. Discuss Draft CR in a short post email discussion. 
· LTM Caps agreeable 


As per the above agreements and the latest RAN1 feature list [2], RAN2 has captured the following UE capabilities in UE capability CR which is reported per UE:
	ltm-MCG-r18
Indicates whether the UE supports LTM for MCG with RACH as defined in TS 38.331 [9] and TS 38.321 [8] without NR-DC configured (including the scenario where NR-DC configuration is released as part of LTM execution when LTM cell switch command MAC CE is received).
UE supporting this feature shall also indicate support intra-frequency L1 measurement and report (FG45-1).
UE supporting inter-frequency LTM cell switch shall also indicate support for inter-frequency L1 measurement and report (FG45-1a).
UE supporting this feature shall also indicate support for ltm-BeamIndicationJointTCI-r18 and ltm-BeamIndicationSeparateTCI-r18.

	ltm-SCG-r18
Indicates whether the UE supports LTM for SCG with RACH as defined in TS 38.331 [9] and TS 38.321 [8].
UE supporting this feature shall also indicate support intra-frequency L1 measurement and report (FG45-1).
UE supporting inter-frequency LTM cell switch for SCG shall also indicate support for inter-frequency L1 measurement and report (FG45-1a).
UE supporting this feature shall also indicate support for ltm-BeamIndicationJointTCI-r18 and ltm-BeamIndicationSeparateTCI-r18.


For the highlighted parts, we understand that the UE supporting LTM shall indicate support intra-frequency L1 measurement and report (FG45-1) for at least one BC and indicate support for TCI state indication (FG45-3 and 45-4) for at least one band. From the UE perspective, it should be clarified whether the UE should report the support for LTM (i.e. ltm-MCG-r18 and ltm-SCG-r18) in different scenarios, for example:
· Case 1: The UE supports FG45-1 for BC 1 (i.e. band 41+band 28) and supports FG45-3 for band 41 and band 28.
· Case 2: The UE supports FG45-1 for BC 1 (i.e. band 41+band 28) and supports FG45-3 for band 41.
· Case 3: The UE supports FG45-1 for BC 1 (i.e. band 41+band 28), but the UE only supports FG45-3 for band 78.
For case 1, the UE can indicate the support for LTM. Also, the UE can indicate the support of FG45-1 for BC 1 and the support for FG-3 for band 41 and band 28 via additional capabilities, respectively. After receiving the reported capabilities from the UE, the NW can configure intra-frequency L1 measurement and report in BC 1 and indicate TCI status in band 41 or band 28.
Similarly, for case 2, we think the UE can indicate the support for LTM. The NW can configure intra-frequency L1 measurement and report in BC 1 and indicate TCI status at least in band 41.
For case 3, since the band where the UE supports TCI state indication is not included in the BC where the UE supports intra-frequency L1 measurement and report, the UE cannot perform L1 measurement on one BC and receive/active TCI state in any band among the BC. Therefore, the UE cannot support LTM in this case and the UE should not indicate support of FG45-1 for this BC.
Observation 1:	If the UE does not support TCI state indication (i.e. FG45-3 or FG45-4) for any of the bands among a band combination, the UE should not indicate support of intra-frequency L1 measurement and report (i.e. FG45-1) for this BC, and not indicate the support for LTM (unless FG45-1 is supported for another BC).
Based on the above observation, clarification is needed in the UE capability spec to make the UE behaviour clear.
Proposal 1:	Clarify in TS 38.306 that the UE supporting LTM should also indicate support of FG45-1 at least one BC of the corresponding CG and TCI status indication (i.e. FG45-3 or FG45-4) for at least one band for each BC where the UE indicates support of intra-frequency L1 measurement and report (i.e. FG45-1)
Besides, the agreement above indicates that the UE supporting LTM shall also support one of FG45-3 and FG45-4. It is not necessary for the UE to support both joint DL/UL LTM TCI state and separate DL/UL LTM TCI state. Therefore, the descriptions in ltm-MCG-r18 and ltm-SCG-r18 should be updated to align with the agreement. 
Proposal 2: Update the definition of ltm-MCG-r18 and ltm-SCG-r18 to “UE supporting this feature shall also indicate support for TCI state indication (FG45-3 or FG45-4)”.
The current definition of ltm-MCG-r18 implies that the UE supporting MCG LTM shall support releasing NR-DC configuration as part of LTM execution when the LTM cell switch is triggered. In order to set this capability, this procedure should be tested. However, LTM MCG with SCG release implies UE actions on SN PDCP which may impact the MCG, so it may not be trivial for the network that supports LTM and NR-DC to implement this feature. If this is not implemented in the network when LTM is deployed, it is not possible to test it and when later, it becomes supported on the network side, inter-operability issues may be discovered.

Proposal 3: Introduce a separate UE capability to indicate whether the UE supports the release of NR-DC configuration as part of MCG LTM execution. This allows deploying MCG LTM even no network implementation supports MCG LTM with SCG release (which may have issues for the network).
2.2 ltm-RACH-LessCG-r18 and ltm-RACH-LessDG-r18
The definitions of UE capabilities ltm-MCG-r18 and ltm-SCG-r18 are shown as follows:
	ltm-RACH-LessCG-r18
Indicates whether the UE supports RACH-less LTM with configured grant for MCG LTM if the UE indicates support of ltm-MCG-r18 and for SCG LTM if the UE indicates support of ltm-SCG-r18 respectively.  
UE indicating support for this feature shall also indicate support of ltm-BeamIndicationJointTCI-r18 and ltm-BeamIndicationSeparateTCI-r18 and either ta-IndicationCellSwitch-r18 or ue-TA-Measurement-r18.  

	ltm-RACH-LessDG-r18
Indicates whether the UE supports RACH-Less LTM with dynamic grant, for MCG LTM if the UE indicates support of ltm-MCG-r18 and for SCG LTM if the UE indicates support of ltm-SCG-r18 respectively.
UE indicating support for this feature shall also indicate supports of ltm-BeamIndicationJointTCI-r18 and ltm-BeamIndicationSeparateTCI-r18 and TA indication in ta-IndicationCellSwitch-r18 or ue-TA-Measurement-r18.


Similar to ltm-MCG-r18 and ltm-SCG-r18 in proposal 2, the UE supporting ltm-RACH-LessCG-r18 (or ltm-RACH-LessDG-r18) shall also indicate the support of either FG45-3 or FG45-4, not both.
Moreover, it also be clarified that the UE supporting ltm-RACH-LessCG-r18 (or ltm-RACH-LessDG-r18) should support FG45-3 or FG45-4 for at least one band, since the FG45-3 and FG45-4 are defined as per band.
Proposal 4: Update the definition of ltm-RACH-LessCG-r18 and ltm-RACH-LessDG-r18 to “UE indicating support for this feature shall also indicate support of either ltm-BeamIndicationJointTCI-r18 or ltm-BeamIndicationSeparateTCI-r18 for at least one band and either ta-IndicationCellSwitch-r18 or ue-TA-Measurement-r18.”
The yellow highlighted part above implies that only if the UE supports both the ltm-MCG-r18 and ltm-SCG-r18, the ltm-RACH-LessCG-r18 (or ltm-RACH-LessDG-r18) can indicate whether the UE supports RACH-less LTM with configured grant (or dynamic grant), which is not clear. It should be allowed that the UE only indicates the support of one of ltm-MCG-r18 and ltm-SCG-r18 and the support of ltm-RACH-LessCG-r18 (or ltm-RACH-LessDG-r18).
Proposal 5: Update the definition of ltm-RACH-LessCG-r18 and ltm-RACH-LessDG-r18 to “for MCG LTM if the UE indicates support of ltm-MCG-r18 or for SCG LTM if the UE indicates support of ltm-SCG-r18 respectively”
2.3 ltm-MAC-CE-JointTCI-r18 and ltm-MAC-CE-SeparateTCI-r18
In the current TS 38.306, the IE name (i.e. ltm-BeamIndication-r18) referred in ltm-MAC-CE-JointTCI-r18 and ltm-MAC-CE-SeparateTCI-r18 is not correct. The UE supporting ltm-MAC-CE-JointTCI-r18 shall also support ltm-BeamIndicationJointTCI-r18. Similarly, The UE supporting ltm-MAC-CE-SeparateTCI-r18 shall also support ltm-BeamIndicationSeparateTCI-r18.
Proposal 6: Update the definition of ltm-MAC-CE-JointTCI-r18 to “A UE supporting this feature shall also indicate support of BeamIndicationJointTCI-r18.” Update the definition of ltm-MAC-CE-SeparateTCI-r18 to “A UE supporting this feature shall also indicate support of ltm-BeamIndicationSeparateTCI-r18.”
2.4 ta-IndicationCellSwitch and ue-TA-Measurement
UE capabilities ta-IndicationCellSwitch and ue-TA-Measurement are used to indicate whether the UE supports TA indication in cell switch command and UE-based TA measurement for a certain band, respectively. It makes sense that the UE supporting ta-IndicationCellSwitch or ue-TA-Measurement for a band shall also support at least one of ltm-BeamIndicationJointTCI-r18 and ltm-BeamIndicationSeparateTCI-r18 for this band. 
Proposal 7: The UE supporting ta-IndicationCellSwitch or ue-TA-Measurement for a band shall also indicate the support of ltm-BeamIndicationJointTCI-r18 or ltm-BeamIndicationSeparateTCI-r18 for the same band.
The corresponding TP for the above proposals for 38.306 is provided in Annex.
3	Conclusion
This contribution makes the following proposals:
Proposal 1:	Clarify in TS 38.306 that the UE supporting LTM should also indicate support of FG45-1 at least one BC of the corresponding CG and TCI status indication (i.e. FG45-3 or FG45-4) for at least one band for each BC where the UE indicates support of intra-frequency L1 measurement and report (i.e. FG45-1)
Proposal 2: Update the definition of ltm-MCG-r18 and ltm-SCG-r18 to “UE supporting this feature shall also indicate support for TCI state indication (FG45-3 or FG45-4)”.
[bookmark: _GoBack]Proposal 3: Introduce a separate UE capability to indicate whether the UE supports the release of NR-DC configuration as part of MCG LTM execution. This allows deploying MCG LTM even if no network implementation supports MCG LTM with SCG release (which may have issues for the network).
Proposal 4: Update the definition of ltm-RACH-LessCG-r18 and ltm-RACH-LessDG-r18 to “UE indicating support for this feature shall also indicate support of either ltm-BeamIndicationJointTCI-r18 or ltm-BeamIndicationSeparateTCI-r18 for at least one band and either ta-IndicationCellSwitch-r18 or ue-TA-Measurement-r18.”
Proposal 5: Update the definition of ltm-RACH-LessCG-r18 and ltm-RACH-LessDG-r18 to “for MCG LTM if the UE indicates support of ltm-MCG-r18 or for SCG LTM if the UE indicates support of ltm-SCG-r18 respectively”
Proposal 6: Update the definition of ltm-MAC-CE-JointTCI-r18 to “A UE supporting this feature shall also indicate support of BeamIndicationJointTCI-r18.” Update the definition of ltm-MAC-CE-SeparateTCI-r18 to “A UE supporting this feature shall also indicate support of ltm-BeamIndicationSeparateTCI-r18.”
Proposal 7: The UE supporting ta-IndicationCellSwitch or ue-TA-Measurement for a band shall also indicate the support of ltm-BeamIndicationJointTCI-r18 or ltm-BeamIndicationSeparateTCI-r18 for the same band.
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Annex: TP for 38.306
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<Omitted Texts>
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<Omitted Texts>
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	ltm-BeamIndicationJointTCI-r18
Indicates whether the UE supports unified TCI with joint DL/UL LTM TCI-state indication for LTM procedure, indicating and activating a single joint LTM TCI state in a cell switch command.
This capability comprises the following parameters:
-	maxNumberJointTCI-PerCell-r18 indicates the maximum number of configured joint LTM TCI state(s) per candidate cell
-	qcl-Resource-r18 indicates of the supported QCL source RS in the LTM TCI-state- configuration.
-	maxNumberJointTCI-AcrossCells-r18 indicates index N of the maximum number of configured separate DL LTM TCI state(s) across candidate cells. The maximum number of configured separate DL LTM TCI state(s) across candidate cells is N*8, where N={1..128}.
-	maxNumberCells-r18 indicates the maximum number of configured joint LTM TCI state(s) across candidate cells

A UE supporting this feature shall also indicate support of unifiedJointTCI-r17 and ltm-MCG-r18 and/or ltm-SCG-r18.
	Band
	No
	N/A
	N/A

	ltm-BeamIndicationSeparateTCI-r18
Indicates whether the UE supports unified TCI with separate DL/UL TCI-state indication for LTM procedure and indicating/activating a pair of UL/DL TCI-state in a cell switch command.
This capability comprises the following parameters:
-	maxNumberDL-TCI-PerCell-r18 indicates the maximum number of configured DL TCI state(s) per candidate cell.
-	maxNumberUL-TCI-PerCell-r18 indicates the maximum number of configured UL TCI state(s) per candidate cell.
-	qcl-Resource-r18 indicates the supported QCL source RS in the LTM TCI-state configuration.
-	maxNumberDL-TCI-AcrossCells-r18 indicates value N of the maximum number of configured separate DL LTM TCI state(s) across candidate cells. The maximum number of configured separate DL LTM TCI state(s) across candidate cells is N*8, where N={1..128}.
-	maxNumberUL-TCI-AcrossCells-r18 indicates value N of the maximum number of configured separate UL LTM TCI state(s) across candidate cells. The maximum number of configured separate UL LTM TCI state(s) across candidate cells is N*8, where N={1..64}.
-	maxNumberCells-r18indicates the maximum number of configured cells for separate DL/UL LTM TCI states

A UE supporting this feature shall also indicate support of unifiedSeparateTCI-r17.
	Band
	No
	N/A
	N/A

	ltm-MAC-CE-JointTCI-r18
Indicates whether the UE supports MAC-CE activated joint LTM TCI states.
This capability comprises the following parameters:
-	qcl-Resource-r18 indicates the supported QCL source RS for MAC-CE activated DL/UL LTM TCI states configuration.
-	maxNumberJointTCI-PerCell-r18 indicates the maximum number of MAC-CE activated joint LTM TCI states per candidate cell
-	maxNumberJointTCI-AcrossCells-r18 indicates the maximum number of MAC-CE activated joint LTM TCI states across candidate cells and serving cells

A UE supporting this feature shall also indicate support of ltm-BeamIndicationJointTCI-r18ltm-BeamIndication-r18.

NOTE: 	The maximum number of MAC-CE activated joint TCI states across all servings cells is limited by of unifiedJointTCI-r17.

	Band
	No
	N/A
	N/A

	ltm-MAC-CE-SeparateTCI-r18
Indicates whether the UE supports MAC-CE activated DL/UL LTM TCI states.
This capability comprises the following parameters:
-	qcl-Resource-r18 indicates the supported QCL source RS for MAC-CE activated DL/UL LTM TCI states configuration.
-	maxNumberDL-TCI-PerCell-r18 indicates the maximum number of MAC-CE activated DL TCI states per candidate cell
-	maxNumberUL-TCI-PerCell-r18 indicates the maximum number of MAC-CE activated UL TCI states per candidate cell.
-	maxNumberDL-TCI-AcrossCells-r18 indicates the maximum number of MAC-CE activated DL TCI states across all candidate cells and serving cells
-	maxNumberUL-TCI-AcrossCells-r18 indicates the maximum number of MAC-CE activated UL TCI states across all candidate cells and serving cells

A UE supporting this feature shall also indicate support of ltm-BeamIndicationSeparateTCI-r18ltm-BeamIndication-r18.

The maximum number of MAC-CE activated DL/UL TCI states across all servings cells is limited by unifiedSeparateTCI-r17.
	Band
	No
	N/A
	N/A

	ta-IndicationCellSwitch-r18
Indicates whether the UE supports TA indication in cell switch command.
A UE supporting this feature shall also indicate support of at least one of ltm-RACH-LessCG-r18 and ltm-RACH-LessDG-r18 and support of ltm-BeamIndicationJointTCI-r18 or ltm-BeamIndicationSeparateTCI-r18 for the same band.
	Band
	No
	N/A
	N/A

	ue-TA-Measurement-r18
Indicates whether the UE supports UE-based TA measurement by indicating the maximum number of candidate cells that the UE maintains the TA for.
A UE supporting this feature shall also indicate the support of at least one of ltm-RACH-LessCG-r18 and ltm-RACH-LessDG-r18 and support of ltm-BeamIndicationJointTCI-r18 or ltm-BeamIndicationSeparateTCI-r18 for the same band.
	Band
	No
	N/A
	N/A



<Omitted Texts>
4.2.9	MeasAndMobParameters
<Omitted Texts>
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	ltm-MCG-r18
Indicates whether the UE supports LTM for MCG with RACH as defined in TS 38.331 [9] and TS 38.321 [8] without NR-DC configured (including the scenario where NR-DC configuration is released as part of LTM execution when LTM cell switch command MAC CE is received).
UE supporting this feature shall also indicate support intra-frequency L1 measurement and report (FG45-1) for at least one BC of the MCG.
UE supporting inter-frequency LTM cell switch shall also indicate support for inter-frequency L1 measurement and report (FG45-1a).
UE supporting this feature shall also indicate support for ltm-BeamIndicationJointTCI-r18 and or ltm-BeamIndicationSeparateTCI-r18 for at least one band for each BC where the UE indicates support for intra-frequency L1 measurement and report (FG45-1).
	UE
	No
	No
	No

	ltm-MCG-NRDC-Release-r18
Indicates whether the UE supports the release of NR-DC configuration as part of LTM execution when LTM cell switch command MAC CE is received
	UE
	No
	No
	No

	ltm-MCG-NRDC-r18
Indicates whether the UE supports LTM for MCG with RACH with NR-DC configured as defined in TS 38.331 [9] and TS 38.321 [8].  UE indicating support for this feature shall also indicate support of ltm-MCG-r18.
	UE
	No
	No
	No

	ltm-SCG-r18
Indicates whether the UE supports LTM for SCG with RACH as defined in TS 38.331 [9] and TS 38.321 [8].
UE supporting this feature shall also indicate support intra-frequency L1 measurement and report (FG45-1) for at least one BC of the SCG.
UE supporting inter-frequency LTM cell switch for SCG shall also indicate support for inter-frequency L1 measurement and report (FG45-1a).
UE supporting this feature shall also indicate support for ltm-BeamIndicationJointTCI-r18 and or ltm-BeamIndicationSeparateTCI-r18 for at least one band for each BC where the UE indicates support for intra-frequency L1 measurement and report (FG45-1).
	UE
	No
	No
	No

	[bookmark: _Hlk159096014]ltm-RACH-LessCG-r18
Indicates whether the UE supports RACH-less LTM with configured grant for MCG LTM if the UE indicates support of ltm-MCG-r18 and or for SCG LTM if the UE indicates support of ltm-SCG-r18 respectively.  
UE indicating support for this feature shall also indicate support of either ltm-BeamIndicationJointTCI-r18 and or ltm-BeamIndicationSeparateTCI-r18 and either ta-IndicationCellSwitch-r18 or ue-TA-Measurement-r18.  
	UE
	No
	No
	No

	[bookmark: _Hlk159096000]ltm-RACH-LessDG-r18
Indicates whether the UE supports RACH-Less LTM with dynamic grant, for MCG LTM if the UE indicates support of ltm-MCG-r18 and or for SCG LTM if the UE indicates support of ltm-SCG-r18 respectively.
UE indicating support for this feature shall also indicate supports of either ltm-BeamIndicationJointTCI-r18 and or ltm-BeamIndicationSeparateTCI-r18 and TA indication in ta-IndicationCellSwitch-r18 or ue-TA-Measurement-r18.
	UE
	No
	No
	No




