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Introduction
This paper presents our view on remaining RRM core aspects related to further enhancements of measurement gaps for Rel-18 [1]. In particular, it presents our view on remaining open issues for Case 2 requirements as discussed at RAN4 #110 [2] [3], i.e., the combination of NCSG and concurrent MG and lists corresponding proposals.
Discussion
[bookmark: _Hlk146623455]Normative work
At RAN4 #110, Case 2 requirements were handled in the normative work. The Big CR [4] was agreed including Case 2 requirements. The respective clauses 9.1.13.2 and 9.1.13.3 from the Big CR 38.133 are duplicated below with proposed changes in revision style.
	----------------------START OF CHANGES 14----------------------------
9.1.13.2	Requirements
If the UE requires concurrent measurement gaps and/or NCSGs to identify and measure intra-frequency cells and/or inter-frequency cells and/or inter-RAT E-UTRAN cells, and the UE supports [concurrentNCSGPerUE-OnlyMeasGapwithNCSG-r18] but does not support independent measurement gap patterns for different frequency ranges as specified in [14], in order for the requirements in the following clauses to apply, the network can provide one per-UE concurrent measurement gap and one per-UE NCSG or at most two per-UE NCSGs for monitoring of all frequency layers.
If the UE requires concurrent measurement gaps and/or NCSGs to identify and measure intra-frequency cells and/or inter-frequency cells and/or inter-RAT E-UTRAN cells, and the UE supports [concurrentNCSGPerUE-PerFRCombMeasGapwithNCSG-r18] as specified in [14], in order for the requirements defined for [concurrent measurement gaps with NCSG] to apply, the network can provide the concurrent measurement gap with NCSG pattern combination configurations specified in Table 9.1.13-1 for monitoring of all frequency layers.

Table 9.1.13-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap with NCSG patterns, per-FR NCSG patterns and independent measurement gap patterns 
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 [measurement gap]
	Per-FR2 [measurement gap]
	Per-UE [measurement gap]

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	6
	2
	0
	0

	7
	0
	2
	0

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap with NCSG is concurrent MG (and cannot be NCSG) is associated to measure PRS for any RSTD, PRS-RSRP, UE Rx-Tx time difference and PRS-RSRPP measurement defined in TS 38.215 [4], and when the per-FR measurement gap with NCSG in an FR is NCSG.
[Note 2:	In Gap Combination Configuration Id #0, #1, #6, #7, one per-FR measurement gap in an FR (and cannot be NCSG) can be associated to measure PRS for any RSTD, PRS-RSRP, UE Rx-Tx time difference and PRS-RSRPP measurement defined in TS 38.215 [4] provided that UE supports independentGapConfigPRS-r17.]
Note 3:	In Gap Combination Configuration Id #0, #1, #2, #6, #7, one FR can be configured with up to 2 NCSGs, regardless they are per-UE or per-FR configured. Otherwise, the gaps can only be configured as Gap(s) configured via GapConfig without suffix or Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17.



For UE configured in the SA operation mode, when monitoring of multiple inter-RAT E-UTRAN carrier frequency layers and inter-frequency NR carrier frequency layers as configured by PCell using gaps, each monitored carrier frequency layer, including following measurement types:
-	a measurement object with SSB based measurement,
-	a measurement object with CSI-RS based measurement,
-	E-UTRA inter-RAT measurement object, 
can be associated to either one concurrent measurement gap pattern or one NCSG pattern, while the following measurement types:
-	E-UTRAN inter-RAT RSTD measurement,
-	NR PRS-based positioning measurements,
can be only associated to one concurrent measurement gap pattern. Requirements for [concurrent measurement gaps with NCSG] apply provided that each frequency layer is only associated with one concurrent measurement gap or one NCSG, and at least one of the gaps is NCSG. There can be one or more frequency layers associated with each concurrent measurement gap or each NCSG. [Furthermore, if the UE is not capable of [concurrentMeasGapEUTRA-r17][2], all E-UTRAN measurement objects are expected to be associated with a single concurrent measurement gap or NCSG.]
When UE supports [concurrent measurement gap with NCSG] , where at least one of the concurrent gaps is NCSG, supported concurrent measurement gap patterns are listed in Table 9.1.2-1 based on the applicability specified in table 9.1.2-3, while supported NCSG patterns are listed in Table 9.1.9.3-1 based on the applicability specified in table 9.1.9.3-2.
The requirements in clause 9.1.2 are also applicable for the UE capable of and configured with multiple [concurrent measurement gap with NCSG] patterns within eachone concurrent measurement gap pattern. The requirements in clause 9.1.9 are also applicable for the UE capable of and configured with multiple [concurrent measurement gap with NCSG] patterns within each NCSG pattern.
----------------------END OF CHANGES 14----------------------------
------------ START OF CHANGE 15--------------
9.1.13.3	Collision involving NCSGs
Collisions between occasions of concurrent measurement gap and NCSG or of two NCSGs[gap occasions with NCSG] may occur as specified in this clause if the two occasions are 
-	two per-UE NCSG, or
-	two per-FR NCSG in the same FR, or
-	one per-UE NCSG and one per-UE measurement gap, or
-	one per-UE measurement gap and one per-FR NCSG, or
-	one per-FR NCSG and one per-FR measurement gap in the same FR.
and if the gap collision condition specified in clause 9.1.8.3 is met then the gap collision rule applies. 
When the first occasion is NCSG, the ending point is the end of VIL2 and/or when the second occasion is NCSG, the starting point is the start of VIL1.The requirements with [concurrent measurement gaps with NCSG] apply provided that two gaps (at least one of the gaps is NCSG) colliding with each other are configured with different priorities.
-------------END OF CHANGE 15--------------



Following proposal is made:
Adopt the changes in section 2.1 to TS 38.133 to clarify Case 2 requirements.
Remaining open issues
UE capabilities for Concurrent gaps with NCSG and NCSG + NCSG
[bookmark: _Hlk146622364]RAN4 #110 achieved further progress on the issues whether to define a new capability for Case 2 and for the scenario of two configured NCSGs in an FR.
	Issue 3-3-1: [Case 2] R18 NR UE features (Concurrent gap with NCSG):
Issue 3-3-2: [Case 2] R18 NR UE features (2 NCSG configuration): 
<Way Forward>
Session Chair: 
Define in total 3 capabilities for MG enh partl (including both case 1 and case 2), with the condition below. FFS Details.
For 32-5, the capability can be further discussed based on R17 progress. Before any agreement reached for Rel-17, 32-5 is not considered.
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In particular, due to the compromised WF of session chair, only three capabilities in total for Case 1 and Case 2 requirements are defined. A majority of companies preferred 2 capabilities for Case 1 requirements and 1 capability for Case 2 requirements. Thus, FG 32-4 was agreed for support of Case 2 requirements and no further capability is defined for support of NCSG + NCSG. 
Following proposal is made:
No capability for the support of NCSG+NCSG combination in an FR is introduced. The configuration is supported if the UE indicates support of Case 2 requirements (concurrent gaps with NCSG).
Use of NCSG for deactivated SCell measurements
RAN4 #110 did not get further progress on the issue whether and how to use NCSG for measurement of deactivated SCells [2].
	Issue 3-2-1: [Case 2] When the UE is configured with Concurrent gaps with NCSG, what is the potential changes to UE behaviour for NCSG upon SCell activation (in Rel-18)
< Way forward >
· Option 1: 
· Still follow the gap association, i.e., (This implies we follow Rel-17 gap association rule) 
· Deactivated Scell MO associated with NCSG is measured within NCSG
· Deactivated Scell MO not associated with NCSG is measured outside NCSG
· Option 1a: 
· Based on the principle of reusing the gap association rule to determine in which MG the deactivated SCell MO would be performed, when the deactivated SCell switches to be activated, still reuse the R17 conditions to decide whether this SCell can be measured with the NCSG. That is, keep alignment with the understanding of R17 UE behaviours
· Option 2: 
· When the SCell is deactivated, the deactivated SCell’s MO will be measured within NCSG if the SMTC is partially or fully overlapped with NCSG regardless of gap association.
· Option 3: 
· The Rel-18 UE behavior (assume SMTC partially overlapped with NCSG) can follow the gap association, i.e., deactivated SCell MO associated with NCSG is measured within NCSG and the MO not associated with NCSG is measured outside NCSG.
· Option 4: 
· A new indication shall be introduced enable support of NCSG for deactivated SCell only.
· Option 5: 
· No need to distinguish the UE indication for activated status and deactivated status separately for a single serving cell.
· Option 6: 
· RAN4 can defer the issue below to Rel19.
· Option 7: 
· The collision case between measured deactivated SCell MO’s outside NCSG, if allowed in Rel-17, and concurrent MG occasions needs to be considered for Case 2 requirements in Rel-18.



In our view, as already mentioned in our past contribution to RAN4 #110 [5], the issue should first be resolved for Rel-17 NCSG. Then, the Rel-18 discussion can focus on presence of concurrent gaps with NCSG. 
2.2.2.1 Use of NCSG for deactivated SCell measurements in Rel-17
We here refer to the progress status of the Rel-17 discussion related to the use of NCSG for deactivated SCell measurements [6], duplicated below.
	Sub-topic 3-1: Rel-17 UE behavior for deactivated SCell measurements with NCSG
Sub-topic description: This sub-topic covers NCSG upon SCell activation issue in concurrent gap with NCSG.
Issue 3-1-1: [Rel-17] Will all deactivated Scell be measured via NCSG regardless the UE capability report of intraFreq-needForNCSG? (Clarify Rel-17 understanding)
· Proposals
· Option 1: Apple, OPPO, ZTE
· 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: CATT, vivo, E///, CMCC, HW, ZTE
· 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 4: Xiaomi,
· RAN4 can defer the issue below to Rel19.
· Discussion:
Apple: NCSG should be supported per band based. Option 2 suggests it is per UE based and cover all serving bands. 
Nokia: support option 2.
OPPO: the existing definition of IE can be contradicted to option 2. 
E///: option 2 has been captured in the current spec. Don’t see strong reason to make such change.
Apple: we have different understanding and don’t think option 2 is the current solution in the spec.
Qualcomm: NCSG indication for intra-frequency is per cell.
Moderator: Interested companies are encouraged to check the following aspects
1. If option 2 has been already captured in the spec.
2. If intraFreq-needForNCSG is limited to the activated SCell.
If the answer is Yes for both 1 and 2. Option 2 can be agreed. Otherwise, further discussion is needed.



The Rel-17 issue was left for further discussion, whether option 2 can be agreed. Related to first aspect, we observe that the current spec 38.133 V17.13.0 specifies the following highlighted phrase in clause 8.2.2.2.3:
	[bookmark: _Toc5952634]8.2.2.2.3	Interruptions during measurements on deactivated SCC
Interruptions on PCell or activated SCell(s) due to measurements when an SCell is deactivated are allowed with up to 0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer.
· If the PCell or activated SCell(s) is not in the same band as the deactivated SCell, the UE is only allowed to cause interruptions on PCell or activated SCell(s) immediately before and immediately after an SMTC. Each interruption shall not exceed requirement in Table 8.2.2.2.2-1.
If the PCell or activated SCell(s) is in the same band as the deactivated SCell, the UE is only allowed to cause an interruption on PCell or activated SCell(s) no earlier than X slots before TSMTC_duration and no later than X slots after TSMTC_duration, provided the cell specific reference signals from the active serving cells and the deactivated SCell are available in the same slot, where X and TSMTC_duration are given by Table 8.2.2.2.3-1. The interruption shall not exceed requirements in Table 8.2.2.2.3-1.
The interruption requirements in Table 8.2.2.2.3-1 are not applicable when a UE is configured with NCSG in the same frequency range as the SCell unless the SMTC on the deactivated SCC is fully non-overlapped with NCSG.
Table 8.2.2.2.3-1: Interruption duration for measurement on deactivated SCell for intra-band CA
	[image: ]
	NR Slot length (ms)
	X (slots)
	Interruption length (slots)

	0
	1
	1
	2 + TSMTC_duration * 

	1
	0.5
	1
	2 + TSMTC_duration * 

	2
	0.25
	2
	4 + TSMTC_duration * 

	3
	0.125
	4
	8 + TSMTC_duration * 

	5
	0.03125
	16
	32 + TSMTC_duration * 

	6
	0.015625
	32
	64 + TSMTC_duration * 

	NOTE 1:	TSMTC_duration measured in subframes is the longest SMTC duration among all above active serving cells and the deactivated SCell to be measured;
NOTE 2:	 is as defined in TS 38.211 [6].






Thus, our understanding is that option 2 is already captured in the specification. 
Related to second aspect, TS 38.331 specifies in clause 5.3.5.3 Reception of an RRCReconfiguration by the UE:
	3>	if the UE is configured to provide the measurement gap and NCSG requirement information of NR target bands:
4>	if the RRCReconfiguration message includes the needForGapNCSG-ConfigNR; or
4>	if the needForGapNCSG-InfoNR information is changed compared to last time the UE reported this information:
5>	include the NeedForGapNCSG-InfoNR and set the contents as follows:
6>	include intraFreq-needForNCSG and set the gap and NCSG requirement information of intra-frequency measurement for each NR serving cell;



And in clause 6.3.2: 
[bookmark: _Toc156073175]–	NeedForGapNCSG-InfoNR
The IE NeedForGapNCSG-InfoNR indicates whether measurement gap or NCSG is required for the UE to perform SSB based measurements on an NR target band while NR-DC or NE-DC is not configured.
NeedForGapNCSG-InfoNR information element
-- ASN1START
-- TAG-NEEDFORGAPNCSG-INFONR-START

NeedForGapNCSG-InfoNR-r17 ::=     SEQUENCE {
    intraFreq-needForNCSG-r17         NeedForNCSG-IntraFreqList-r17,
    interFreq-needForNCSG-r17         NeedForNCSG-BandListNR-r17
}

NeedForNCSG-IntraFreqList-r17 ::= SEQUENCE (SIZE (1.. maxNrofServingCells)) OF NeedForNCSG-IntraFreq-r17

NeedForNCSG-BandListNR-r17 ::=    SEQUENCE (SIZE (1..maxBands)) OF NeedForNCSG-NR-r17

NeedForNCSG-IntraFreq-r17  ::=    SEQUENCE {
    servCellId-r17                    ServCellIndex,
    gapIndicationIntra-r17            ENUMERATED {gap, ncsg, nogap-noncsg}
}

NeedForNCSG-NR-r17  ::=           SEQUENCE {
    bandNR-r17                        FreqBandIndicatorNR,
    gapIndication-r17                 ENUMERATED {gap, ncsg, nogap-noncsg}
}

-- TAG-NEEDFORGAPNCSG-INFONR-STOP
-- ASN1STOP

Hence, the indication is per NR serving cell or per activated SCell.
This yields the conclusion that option 2 can be agreed for Rel-17 deactivated SCell measurements using NCSG and we support this option.
Following proposal is made:
For Rel-17 deactivated SCell measurements using NCSG, agree option2: The Rel-17 UE behaviour 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. 
2.2.2.2 UE capability for deactivated SCell measurements using NCSG in Rel-17
RAN4 #110 did not get further progress on the issue 4-2-2 in RAN4 #109 WF whether a new UE capability for deactivated SCell measurements using NCSG is needed for Rel-17. 
For Rel-17, we don’t see a real need for it, as the UE behavior should be unique. That is, it is not desirable from network point of view to handle UEs using NCSG for deactivated SCell measurements and others not capable of doing so. If a UE supports NCSG in Rel-17, it should also mandatorily support deactivated SCell measurements using NCSG. 
RAN4 not to consider a new UE capability for NCSG based deactivated SCell measurements in Rel-17, as unique behavior of UEs supporting NCSG is desirable.
2.2.2.3 Use of NCSG for deactivated SCell measurements for Case 2 in Rel-18
Given option 2 above is agreeable for Rel-17, then collision rules between concurrent gap and NCSG in Rel-18, as specified in TS 38.133, clause 9.1.13.3, need to be followed in case NCSG is used for deactivated SCell MO’s (i.e. full or partial overlapping of deactivated SCell MO’s with NCSG) if supported by UE and configured by NW. In case deactivated SCell MO’s are measured outside NCSG (i.e. non-overlapping of deactivated SCell MO’s with NCSG), interruptions may occur and these measurements may collide with concurrent MG occasions. This collision case should also be dealt with for Rel-18 Case 2 requirements.
The collision case between measured deactivated SCell MO’s outside NCSG, if allowed in Rel-17 for scenarios with non-overlapping of deactivated SCell MO’s with NCSG, and concurrent MG occasions needs to be considered for Case 2 requirements in Rel-18.
2.2.2.4 UE capability for deactivated SCell measurements for Case 2 in Rel-18
Regarding whether a new UE capability should be defined for deactivated SCell measurements in Case 2, in our view, this is FFS. Consider the case a UE selects from a set of NCSG patterns, where one NCSG pattern with a short ML is used for short measurements, for instance in case of known SSB for the deactivated SCell, and another NCSG pattern with long ML being used for measuring inter-frequency cells with unknown SSB or inter-RAT E-UTRAN cells, then a UE capability is justified, as the network needs to provide the appropriate NCSG pattern for the measured MO when requested by the UE. 
RAN4 to further investigate for Rel-18 the case the UE needs a dedicated NCSG pattern for measuring deactivated SCell MO’s from a set of NCSG patterns and to introduce a UE capability for that.  
Conclusion
This paper has presented our views on the open issues related to Case 2 requirements as discussed at RAN4 #110 [2] [3], i.e., the combination of NCSG and concurrent MG. 
Resulting from this discussion, we make following proposals: 
1. Adopt the changes in section 2.1 to TS 38.133 to clarify Case 2 requirements.
No capability for the support of NCSG+NCSG combination in an FR is introduced. The configuration is supported if the UE indicates support of Case 2 requirements (concurrent gaps with NCSG).
For Rel-17 deactivated SCell measurements using NCSG, agree option2: The Rel-17 UE behaviour 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. 
RAN4 not to consider a new UE capability for NCSG based deactivated SCell measurements in Rel-17, as unique behavior of UEs supporting NCSG is desirable.
The collision case between measured deactivated SCell MO’s outside NCSG, if allowed in Rel-17 for scenarios with non-overlapping of deactivated SCell MO’s with NCSG, and concurrent MG occasions needs to be considered for Case 2 requirements in Rel-18.
RAN4 to further investigate for Rel-18 the case the UE needs a dedicated NCSG pattern for measuring deactivated SCell MO’s from a set of NCSG patterns and to introduce a UE capability for that.  
The companion Draft CR to Proposal 1 is submitted in [7].
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