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Introduction
During the email discussion [Post125][516][feMob] UE capabilities (Intel), based on company comments, the UE capabilities for CHO+Candidate SCG were not included in the agreed CR.  This needs further discussion to finalise the CRs.
The dependency of LTM capabilities on the RAN1 feature L1 measurement (45-1), especially on the band combination was also postponed.
This document discusses these capabilities for LTM and CHO+candidateSCG to try to reach a conclusion.
Discussion
This document first discusses the remaining issues on LTM and then the capabilities for CHO+candidate SCG.
LTM capabilities
During RAN2-125, the discussion of the draft CRs from the post email discussion 
R2-2400385	Report of [Post124][561][feMob] UE capability (Intel)	Intel Corporation	report	Rel-18	NR_Mob_enh2-Core
the following agreement was made related to LTM capabilities:
Intention to support LTM for band combinations for which L1 measurements (45-1) is supported. Discuss Draft CR in a short post email discussion. 
Extract from RAN1 feature list [R1-2401709] for the related LTM measurement are as follows (Annex B provides all the columns):
	45. NR_Mob_enh2
	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of intra-frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s)
2. Maximum number of RRC configured candidate cells for intra-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
5. Maximum number of LTM CSI report configs
	UE does not support intra-frequency L1 measurement and reports for Rel-18 LTM operation
	Per BC
	Optional with capability signalling

	45. NR_Mob_enh2
	45-1a
	Inter-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of inter- frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s)
2. Maximum number of RRC configured candidate cells for intra- and inter-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra- and inter-frequency L1-RSRP measurement
	UE does not support inter-frequency L1 measurement and reports for Rel-18 LTM operation
	Per BC
	Optional with capability signalling




RAN2 further agreed that UE needs to support these measurement features to support LTM; that is, blind LTM is not supported.  For intra-frequency, this implies UE has to support intra-frequency LTM for the serving band in order to support intra-frequency LTM.
Proposal #1: UE is required to support intra-frequency LTM measurements (45-1) in the serving band in order to support intra-frequency LTM.  
For inter-frequency LTM meaasurements (45-1a), the signalling is per BC.  For inter-frequency measurements, the BC can be inferred to mean that the serving and inter-frequency band to be measured.  As above, to support inter-frequency LTM, it is required to support inter-frequency LTM measurements for the serving and target band combination.
Proposal #2: A UE supporting inter-frequency LTM has to support the corresponding inter-frequency measurements (45-1a) between the serving and target band combination.
CHO+candidate SCG
For CHO+Candidate SCG (CHO+C-SCG), there are two components – the CHO component and candidate SCG component.  
The following are the relevant legacy CHO and CPAC features that have dedicated capabilities 
CHO: condHandoverTwoTriggerEvents-r16, condHandoverFDD-TDD-r16, condHandoverFR1-FR2-r16 
CPAC: condPSCellChangeTwoTriggerEvents-r16, condPSCellChangeFDD-TDD-r16, condPSCellChangeFR1-FR2-r16, inter-SN-condPSCellChangeFDD-TDD-NRDC-r17, inter-SN-condPSCellChangeFR1-FR2-NRDC-r17
For CHO+C-SCG, each of these components could have different capabilities.  For example, UE may support CHO between FR1and FR2 but not support it for C-SCG. 
Observation #1: CHO+C-SCG has two separate components – CHO and C-SCG and each may be supported differently for the different scenarios (for HO/SCG change between cells of FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands and between FDD and TDD cells, between FR1 and FR2 cells and also for 2 trigger events).
The capability signalling for CHO+C-SCG was discussed in RAN2-125 meeting with the following agreement
R2-2400392	Discussion on remaining open issues on UE capability for feMob	Intel Corporation	discussion	Rel-18	NR_Mob_enh2-Core
	R2-2400392	Discussion on remaining open issues on UE capability for feMob	Intel Corporation	discussion	Rel-18	NR_Mob_enh2-Core
P1 P2: Instead go with the outlined separation. 




In our understanding this agreement meant that proposals P1, P2 from the Tdoc was not agreed and instead the agreement is to have separate capabilities as discussed in the Tdoc – that is, the agreement was to have separate capabilities for 2 event trigger,  between FR1 and FR2 and between FDD and TDD for each of the CHO and C-SCG components.
Observation #2: RAN2-125 agreement was to allow the flexibility for CHO+C-SCG capability signalling as is possible for the individual features of CHO and C-SCG.
During the post email discussion related to the finalisation the CRs ([Post125][516][feMob] UE capabilities (Intel)), some companies commented that the captured agreement was not clear.  
During the post email discussion on the draft CRs, the rapporteur pointed out that:
0. R17 features don’t have separate capability (IOT) bits for 2 trigger events (it is simply captured as mandatory supported in the description).  Based on this, I assumed that we don’t’ need a separate capability for 2 trigger here either. If felt necessary, we can add the statement that 2 trigger is mandatory as done for R17 capabilities.
This was not commented on during the email discussion and seems agreeable:
Proposal #3: No capabilities are introduced for 2 trigger events for CHO or C-SCG.
For the capability differences between FR1-FR2 and between FDD-TDD, each component (CHO or C-SCG) may support different capabilities these two scenarios.  
The following capabilities are applicable for CHO and C-SCG components:
	CHO
	C-SCG change
	C-CSG addition

	UE supports CHO+C-SCG with CHO component supported in FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands
(currently signalled per band for CHO)
	UE supports CHO + C-CSCG, with C-SCG component supported in FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands
(currently signalled per band for CPC)
	UE supports CHO + C-SCG addition

	UE supports CHO+C-SCG with CHO component supported in the above bands and between FDD and TDD 
	UE supports CHO+C-SCG with C-SCG component supported in the above bands and between FDD-TDD
	

	UE supports CHO+C-SCG with CHO component supported in the above bands and  between FR1 and FR2
	UE supports CHO+C-SCG with C-SCG component supported in the above bands and between FR1 and FR2
	



One option that was proposed in [R2-2400392] was to just have one single capability bit for CHO+C-SCG.   A single bit can be used to indicate UE support for CHO+SCG.  This implies that UE supports CHO component for FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD as well as the C-SCG for FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD.  This was not acceptable to companies during the online discussion in R2-125 and not agreed.  However, it was later commented that not all companies were present during the online discussion.
Observation #3: A single capability bit for indicating UE’s capability for CHO+C-SCG, implying UE supports the combination across FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD was not agreeable during R1-125.
If we don’t consider the above option, there seems to be (at least) two approaches possible to represent the capability for CHO+C-SCG to meet the meeting agreement.
Approach 1) define the capability for the combined CHO+C-CSG feature for all the different capability combinations.  Defining a combined CHO+C-SCG capability that can provide the flexibility to indicate separate capabilities for each of the CHO and C-SCG components across the different scenarios seems to require a new, potentially complex structure.
Approach 2) define separate capabilities for the CHO and C-SCG components and link them together to derive the combined capability for CHO+C-SCG.  
Within this approach 2), there are (at least) 3 other options that were listed in the kick off email for [Post125][516][feMob] UE capabilities (Intel).  Companies had different views on which option to support.
Option 1:  We have introduced a single per UE capability for CHO component for condHandoverWithSCG-NRDC-r17.  A single capability can be used also here for the CHO component and we only need to split the candidate SCG component into FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD.  This would be simpler with far fewer capability bits but we lose the flexibility for the CHO component.  
Observation #4: Option 1: A single capability bit for indicating UE’s capability for CHO component as was agreed for condHandoverWithSCG-NRDC-r17 with different FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD  capabilities for the C-SCG component will reduce the number of bits needed but does not offer the full flexibility for CHO component.
Option 2: A different capability bit can be used for each combination of CHO and C-CSG. That is, different capability bits are used to indicate UE support for CHO in FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD with C-CSCG FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD.  This will allow the UE to indicate for example different capabilities for the CHO component between FDD-TDD for each of the C-SCG components (FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD).  This will require larger number of capabilities to cover all the different combinations, especially if we keep the current structure of per band signalling for  FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands.
Observation #5: Option 2: Full flexibility to indicate all the different capability combinations across  FDD-FR1 bands,  TDD-FR1 bands,  TDD-FR2-1 bands and  TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD for both CHO and C-SCG components will require more capability bits, especially if we keep the current capability structure of per band signalling for FRx/xDD difference.  
Option 3: Another option to reduce the number of capability bits is to assume that for CHO+C-CSG, a UE supporting CHO for a specific scenario  will support it for all the C-CSG component scenarios.  This kind of assumption can reduce the number of capabilities.  For example, if a UE that supports CHO+CSG, and CHO component between FDD and TDD, it supports it for all the C-SCG scenarios of  FDD-FR1 bands,  TDD-FR1 bands,  TDD-FR2-1 bands and  TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD.
Observation #6:  Option 3: If we can assume that a UE supporting  CHO a particular scenario also supports it for all of the C-CSG scenarios, and similarly UE supporting C-CSG for a particular scenario supports it all the CHO scenarios, it reduces the number of capabilities required.
Proposal #4: Discuss if it is acceptable that a UE supporting  CHO a particular scenario also supports it for all of the C-CSG scenarios, and similarly UE supporting C-CSG for a particular scenario supports it all the CHO scenarios.
Summary and proposal
This Tdoc discussed the remaining issues on LTM and CHO+Candidate SCG (CHO+C-SCG) capabilities.  The following observations and proposals were made:
LTM
Proposal #1: UE is required to support intra-frequency LTM measurements (45-1) in the serving band in order to support intra-frequency LTM.  
Proposal #2: A UE supporting inter-frequency LTM has to support the corresponding inter-frequency measurements (45-1a) between the serving and target band combination.
TP for these is shown in Annex A.
CHO+Candidate SCG
Observation #1: CHO+C-SCG has two separate components – CHO and C-SCG and each may be supported differently for the different scenarios (for HO/SCG change between cells of FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands and between FDD and TDD cells, between FR1 and FR2 cells and also for 2 trigger events).
Observation #2: RAN2-125 agreement was to allow the flexibility for CHO+C-SCG capability signalling as is possible for the individual features of CHO and C-SCG.
Proposal #3: No capabilities are introduced for 2 trigger events for CHO or C-SCG.
Observation #3: A single capability bit for indicating UE’s capability for CHO+C-SCG, implying UE supports the combination across FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD was not agreeable during R1-125.
Observation #4: Option 1: A single capability bit for indicating UE’s capability for CHO component as was agreed for condHandoverWithSCG-NRDC-r17 with different FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD  capabilities for the C-SCG component will reduce the number of bits needed but does not offer the full flexibility for CHO component.
Observation #5: Option 2: Full flexibility to indicate all the different capability combinations across  FDD-FR1 bands,  TDD-FR1 bands,  TDD-FR2-1 bands and  TDD-FR2-2 bands, between FR1-FR2 and between FDD-TDD for both CHO and C-SCG components will require more capability bits, especially if we keep the current capability structure of per band signalling for FRx/xDD difference.  
Observation #6:  Option 3: If we can assume that a UE supporting  CHO a particular scenario also supports it for all of the C-CSG scenarios, and similarly UE supporting C-CSG for a particular scenario supports it all the CHO scenarios, it reduces the number of capabilities required.
Proposal #4: Discuss if it is acceptable that a UE supporting  CHO a particular scenario also supports it for all of the C-CSG scenarios, and similarly UE supporting C-CSG for a particular scenario supports it all the CHO scenarios.
The draft TP for option 3/proposal #4 from the email discussion [Post125][516][feMob] UE capabilities (Intel) is shown in Annex C.
Annex A: TP for LTM proposals 1 and 2:

	ltm-MCG-r18
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]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 for a frequency shall also indicate support for the intra-frequency L1 measurement and report (FG45-1).
UE supporting inter-frequency LTM cell switch shall also indicate support for corresponding inter-frequency L1 measurement and report (FG45-1a).
UE supporting this feature shall also indicate support for TCI state indication (FG45-3 and FG45-4).
	UE
	No
	No
	No





Annex B: Related RAN1 features

	45. NR_Mob_enh2
	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of intra-frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s)
2. Maximum number of RRC configured candidate cells for intra-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
5. Maximum number of LTM CSI report configs
	2-21 or 2-22 or 2-23 or 2-23a
	Yes
	No
	UE does not support intra-frequency L1 measurement and reports for Rel-18 LTM operation
	Per BC
	No
	No
	n/a
	Component 2 candidate values: {1,2,3,4,5,6,7,8}

Component 4 candidate values:
L: {1, 2,3,4}
M: {1, 2,3,4}
M  L: {1,2,3,4, 6, 8, 9, 12, 16}

Component 5 candidate values:
Aperiodic: {0,1,2,3,4}
Periodic: {1,2,3,4}
Semi-persistent: {0,1,2,3,4}
	Optional with capability signalling

	45. NR_Mob_enh2
	45-1a
	Inter-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of inter- frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s)
2. Maximum number of RRC configured candidate cells for intra- and inter-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra- and inter-frequency L1-RSRP measurement
	2-21 or 2-22 or 2-23 or 2-23a, 45-1
	Yes
	No
	UE does not support inter-frequency L1 measurement and reports for Rel-18 LTM operation
	Per BC
	No
	No
	n/a
	Component 2 candidate values: {1,2,3,4,5,6,7,8}

Component 4 candidate values:
L: {1,2,3,4}
M: {1,2,3,4}
M  L: {1,2,3,4, 6, 8, 9, 12, 16}
	Optional with capability signalling




Annex C: Draft TP from email discussion for option 3 for CHO+C-CSG
	[bookmark: _Hlk160455476]condHandoverWithCandSCG-r18
Indicates whether the UE supports conditional handover for FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands with conditional NR PSCell change or addition.
The UE indicating support of this feature shall also indicate the support of condHandover-r16 and support of at least one NR-DC band combination. 
UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively.
UE supporting this feature shall also indicate support of at least one of condHandoverWithCandSCG-Addition-r18, condHandoverWithCandSCG-change-r18, condHandoverWithCandSCG-FR1-FR2-change-r18,  condHandoverWithCandSCG-FDD-TDD-change-r18
and the UE shall support the conditional CHO with a candidate SCG addition, change within FDD-FR1/ TDD-FR1/ TDD-FR2-1/ TDD-FR2-2 bands, between FR1 and FR2 cells or TDD and FDD cells respectively.
	Band
	No
	No
	No

	[bookmark: _Hlk160460287]condHandoverWithCandSCG-change-r18
Indicates whether the UE supports conditional handover with conditional NR PSCell change for FDD-FR1 bands, TDD-FR1 bands, TDD-FR2-1 bands and TDD-FR2-2 bands.
The UE indicating support of this feature shall also indicate the support of condHandoverWithCandSCG-r18 and support of at least one NR-DC band combination. 
UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively.
This capability along with condHandoverWithCandSCG-r18, condHandover-FDD-TDD-WithCandSCG-r18, condHandover-FR1-FR2-WithCandSCG-r18 provides the UE capability for conditional handover with candidate SCG.

	Band
	No
	No
	No



	condHandover-FDD-TDD-WithCandSCG-r18
Indicates whether the UE supports conditional handover between FDD and TDD bands with conditional NR PSCell change or addition.
The UE indicating support of this feature shall also indicate the support of condHandover-r16 and support of at least one NR-DC band combination. 
UE supporting this feature shall also indicate support of at least one of condHandoverWithCandSCG-Addition-r18, condHandoverWithCandSCG-change-r18, condHandoverWithCandSCG-FR1-FR2-change-r18,  condHandoverWithCandSCG-FDD-TDD-change-r18
and the UE shall support the conditional CHO with a candidate SCG addition, change within FDD-FR1/ TDD-FR1/ TDD-FR2-1/ TDD-FR2-2 bands, between FR1 and FR2 cells or TDD and FDD cells respectively.
	UE
	No
	No
	No

	condHandover-FR1-FR2-WithCandSCG-r18
Indicates whether the UE supports conditional handover between FR1 and FR2 bands with conditional NR PSCell change or addition.
The UE indicating support of this feature shall also indicate the support of condHandover-r16 and support of at least one NR-DC band combination. 
UE supporting this feature shall also indicate support of at least one of condHandoverWithCandSCG-Addition-r18, condHandoverWithCandSCG-change-r18, condHandoverWithCandSCG-FR1-FR2-change-r18,  condHandoverWithCandSCG-FDD-TDD-change-r18
and the UE shall support the conditional CHO with a candidate SCG addition, change within FDD-FR1/ TDD-FR1/ TDD-FR2-1/ TDD-FR2-2 bands, between FR1 and FR2 cells or TDD and FDD cells respectively.
	UE
	No
	No
	No

	condHandoverWithCandSCG-Addition-r18
Indicates whether the UE supports conditional handover with conditional NR PSCell addition. 
The UE indicating support of this feature shall also indicate the support of condHandover-r16 and support of at least one NR-DC band combination.
This capability along with condHandoverWithCandSCG-r18, condHandover-FDD-TDD-WithCandSCG-r18, condHandover-FR1-FR2-WithCandSCG-r18 provides the UE capability for conditional handover with candidate SCG.
	UE
	No
	No
	No

	condHandoverWithCandSCG-FDD-TDD-change-r18
Indicates whether the UE supports conditional handover with conditional NR PSCell change between FDD and TDD.
UE indicating support for this feature shall also indicate support for condHandoverWithCandSCG-change-r18.
This capability along with condHandoverWithCandSCG-r18, condHandover-FDD-TDD-WithCandSCG-r18, condHandover-FR1-FR2-WithCandSCG-r18 provides the UE capability for conditional handover with candidate SCG.
	UE
	No
	No
	No

	condHandoverWithCandSCG-FR1-FR2-change-r18
Indicates whether the UE supports conditional handover with conditional NR PSCell change between FR1 and FR2.  
UE indicating support for this feature shall also indicate support for condHandoverWithCandSCG-change-r18.
This capability along with condHandoverWithCandSCG-r18, condHandover-FDD-TDD-WithCandSCG-r18, condHandover-FR1-FR2-WithCandSCG-r18 provides the UE capability for conditional handover with candidate SCG.
	UE
	No
	No
	No



