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1. Introduction
Case 2 requirements of R18 gap enhancement was discussed during the previous RAN4 meetings. The last agreements can be found in [1]. In this contribution, we continue discussing the open issue.
2. Discussion
UE feature
The first issue we would like to discuss is about UE feature list for case 1. According to issue 1-1-1 in [1]:
Issue 1-1-1: Rel-18 NR UE features for NR_MG_enh2 WI for Objective 1:
< Way Forward > 
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· The following feature list will be used as a starting for further discussion in the next meeting.

	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	[32-1]
	Concurrent gap with Pre-MG in a FR
	Support of multiple per-UE (or per-FR) measurement gap patterns with at least one per-UE (or per-FR) Pre-MG. Detail in Clause [9.1.x.2] of TS 38.133. 

	19-3-x and 19-2
x = 1 or 2 
	Yes
	No
	Network should not configure concurrent gap with Pre-MG
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 

	[32-2]
	2 Pre-MG configuration with simultaneous activation/deactivation
	Support configurations of 2 Pre-MG with simultaneous activation/deactivation in the same FR. 
	32-1
	Yes
	No
	Unknown activation time for simultaneous Pre-MG is expected
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 

	[32-3]
	Dynamic collision
	Support the RRM requirements when the activation/deactivation delay of Pre-MG overlaps the other measurement gap with lower priority or Pre-MG
	32-1
	Yes
	No
	UE is not expected to meet the requirements
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 

	[32-4]
	Concurrent gap with NCSG in a FR
	Support of multiple per-UE (or per-FR) measurement gap patterns with at least one per-UE (or per-FR) NCSG. Detail in clause [9.1.y.2] of TS 38.133. 

	19-1 and 19-2
	Yes
	No
	Network should not configure concurrent gap with NCSG
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 

	[32-5]
	2 NCSG configuration in a FR
	Support configurations of 2 NCSG in the same FR
	32-4
	Yes
	No
	Network should not configure 2 NCSG in the same FR
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 



[32-1] ~ [32-3] are for case 1. We only need to review [32-4] and [32-5].
[32-4] is necessary, since it is a new feature introduced in R18. 
We also prefer to add [32-5]. When it comes to NCSG + NCSG, there might be some additional aspects that need to be considered. For example, there is one open issue regarding UE automatically change measurement on SCell from outside gap to NCSG when the SCell becomes deactivated. If there are two NCSG, then UE needs to know which NCSG to use for this measurement. For sake of flexibility, we see the need of FR1/FR2 differentiation.
[bookmark: _Ref157590334]Proposal 1: UE feature list for case 2:
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	[32-4]
	Concurrent gap with NCSG in a FR
	Support of multiple per-UE (or per-FR) measurement gap patterns with at least one per-UE (or per-FR) NCSG. Detail in clause [9.1.y.2] of TS 38.133. 

	19-1 and 19-2
	Yes
	No
	Network should not configure concurrent gap with NCSG
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 

	[32-5]
	2 NCSG configuration in a FR
	Support configurations of 2 NCSG in the same FR
	32-4
	Yes
	No
	Network should not configure 2 NCSG in the same FR
	Per UE
	No
	[Yes]
	N.A
	
	Optional with capability signalling 
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Rel-17 MGE maintenance core part (AI 5.2.3) + related issues on concurrent gaps with NCSG (AI 8.9.2.3)
Issue 4-1-2: [Rel-17] Whether scheduling restriction due to mixed numerology applies for inter-RAT E-UTRA measurement that are performed within NCSG?
< Agreement from Ad-hoc session>
· CR R4-2319971 is principle agreeable. Further revision on 
· the detail wording and 
· remove the condition of UE capability for Rel-17. FFS whether to add UE capability in Rel-18.
Although R4-2321509 was agreed, we found the wording in current spec is not precise. Scheduling restriction due to different SCS shall apply only when SCS is different. However, it is not mentioned. 
Regarding R18, a new UE capability [interRATDiffNumerology] regarding support of mixed numerologies was captured in the agreed CR. We propose to extend it to cover this case as well.
[bookmark: _Ref157590338]Proposal 2: extend UE feature [32-10: SimultaneousRxDataCRS-DiffNumerology] to cover inter-RAT LTE measurement with overlapped frequency with a different SCS within NCSG.

Another topic is about UE measurement with NCSG on deactivated SCC.
Issue 4-2-1: [Rel-17] Will all deactivated Scell be measured via NCSG regardless the UE capability report of intraFreq-needForNCSG? (Clarify Rel-17 understanding)
< Agreement from online session>
Continue discussion Rel-17 Issue 4-2-1, 4-2-2 in maintenance part. 
· Option 1: 
· No, 
· The deactivated SCell MO(s) are measured within NCSG if the UE reports ‘intraFreq-needForNCSG’ on the band(s) where the deactivated SCell MO(s) located in.
· Otherwise, the deactivated SCell MO(s) are measured outside of MG with interruption.
· Option 2: 
· The Rel-17 UE behavior is that when the SMTC of deactivated SCell is fully or partially overlapped with NCSG, the deactivated SCell is measured via NCSG regardless the UE capability report of intraFreq-needForNCSG.
· Option 3: 
· In Rel-17, if the UE supports NCSG (ncsg-MeasGapNR-Patterns-r17 or ncsg-MeasGapPatterns-r17) and the network configures an NCSG supported by the UE:
· A deactivated SCell is measured within NCSG if at least some of the SCell’s SMTC overlaps with NCSG occasions; otherwise, the deactivated SCell is measured outside of NCSG.
· An activated SCell is measured within NCSG only if either the SCell’s SSB is outside the active DL BWP or the SCell’s SMTC fully overlaps with NCSG, and the UE signaled that the SCell can be measured with NCSG via needForGapNCSG-InfoNR; otherwise, the activated SCell is measured outside of NCSG, if possible.

Issue 4-2-2: [Rel-17] Whether a new UE capability is needed for the support of NCSG for deactivated SCell?
< Agreement from online session>
· Continue discussion Rel-17 Issue 4-2-1, 4-2-2 in maintenance part. 
· Option 1: 
· No 
· Option 2: 
· A new indication shall be introduced enable support of NCSG for deactivated SCell only.
These several issues have been widely discussed in previous RAN4 meetings. One fundamental issue is that companies have different understanding of R17 UE behaviour, i.e., will all deactivated Scell be measured via NCSG regardless the UE capability report of intraFreq-needForNCSG?
In our understanding, RAN4 cannot simply assume “all deactivated Scell be measured via NCSG regardless the UE capability report of intraFreq-needForNCSG”. At least it hasn’t been explicitly discussed in R17 when RAN4 introduced NCSG in NR.
Support of NCSG feature (nr-NeedForGapNCSG-Reporting-r17) is reported per UE. However, feedback of NeedForGapNCSG-InfoNR is per band per band combination. For instance, if UE ONLY supports NCSG in FR1, then UE shall report nr-NeedForGapNCSG-Reporting-r17, and report ‘gap’ for all FR2 bands. However, we cannot assume deactivated SCell in FR2 can be measured via NCSG, since this UE doesn’t even support NCSG in FR2.
[bookmark: _Ref142320998][bookmark: _Ref145752135]Observation 1: NCSG is supposed to be a band dependent feature. However, nr-NeedForGapNCSG-Reporting-r17 is reported per UE.
[bookmark: _Ref145752140]Observation 2: NCSG can still be supported per band by indicating ‘ncsg’ in NeedForGapNCSG-InfoNR-r17 only for bands on which UE is willing to support NCSG.
[bookmark: _Ref145752144]Observation 3: “all deactivated Scell be measured via NCSG regardless the UE capability report of intraFreq-needForNCSG” would make NCSG a per-UE feature. 
[bookmark: _Ref142320989]Proposal 3: RAN4 shall NOT assume “all deactivated Scell be measured via NCSG regardless the UE capability report of intraFreq-needForNCSG”.

Regarding whether a new UE capability is needed for the support of NCSG for deactivated SCell, we see some benefit of it. According to R17 NCSG reporting, UE indicates two entries respectively for intra-frequency and inter-frequency measurement:
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One thing we would like to highlight is that the reporting is relatively static, based on the configured CA band combination and regardless of whether the SCell is activated or not. Therefore, if some MO cannot be measured within NCSG, e.g. SCell is activated and the MO is outside active BWP, UE shall not claim support of NCSG on this band or serving cell. For example:
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Figure 1 NCSG for SCell measurement
Assuming there is a vacant RF chain when the SCell is deactivated, then UE can use it for measurement on the deactivated SCell. However, when the SCell is activated and BWP2 is the active BWP, UE may not support the measurement with NCSG since the MO is outside active BWP. Note that the feedback of NCSG is per RRC level while SCell activation/deactivation is done via MAC, which is more dynamic than RRC. Conservatively, the UE shall not claim support of NCSG on this SCell. Unless the UE is always operating with larger BW, e.g. as CBW, the UE may still support NCSG for this SCell. Therefore, some optimization is needed.
[bookmark: _Ref134385379]Observation 4: according to R17 NCSG reporting design, UE shall NOT indicate support of NCSG for the band unless UE can always perform measurement within NCSG regardless of which BWP is the active BWP. In other word, once UE indicates support of NCSG for the band, the MO within this band can always be measured within NCSG. This jeopardizes the benefit of using NCSG for measurement on SCC.
[bookmark: _Ref134385638]Proposal 4: a new indication shall be introduced enable support of NCSG for deactivated SCell only.

3. Conclusion
In this contribution, we provide discussion on case 2 requirements. After discussion, the following conclusions are provided:
Proposal 1: UE feature list for case 2:
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	[32-4]
	Concurrent gap with NCSG in a FR
	Support of multiple per-UE (or per-FR) measurement gap patterns with at least one per-UE (or per-FR) NCSG. Detail in clause [9.1.y.2] of TS 38.133. 

	19-1 and 19-2
	Yes
	No
	Network should not configure concurrent gap with NCSG
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 

	[32-5]
	2 NCSG configuration in a FR
	Support configurations of 2 NCSG in the same FR
	32-4
	Yes
	No
	Network should not configure 2 NCSG in the same FR
	Per UE
	No
	[Yes]
	N.A
	
	Optional with capability signalling 


Proposal 2: extend UE feature [32-10: SimultaneousRxDataCRS-DiffNumerology] to cover inter-RAT LTE measurement with overlapped frequency with a different SCS within NCSG.
Observation 1: NCSG is supposed to be a band dependent feature. However, nr-NeedForGapNCSG-Reporting-r17 is reported per UE.
Observation 2: NCSG can still be supported per band by indicating ‘ncsg’ in NeedForGapNCSG-InfoNR-r17 only for bands on which UE is willing to support NCSG.
Observation 3: “all deactivated Scell be measured via NCSG regardless the UE capability report of intraFreq-needForNCSG” would make NCSG a per-UE feature.
Proposal 3: RAN4 shall NOT assume “all deactivated Scell be measured via NCSG regardless the UE capability report of intraFreq-needForNCSG”.
Observation 4: according to R17 NCSG reporting design, UE shall NOT indicate support of NCSG for the band unless UE can always perform measurement within NCSG regardless of which BWP is the active BWP. In other word, once UE indicates support of NCSG for the band, the MO within this band can always be measured within NCSG. This jeopardizes the benefit of using NCSG for measurement on SCC.
Proposal 4: a new indication shall be introduced enable support of NCSG for deactivated SCell only.
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