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Introduction
This paper presents Nokia’s view on RRM aspects related to further enhancements of measurement gaps for Rel-18 [1]. In particular, it presents our view on Case 1 requirements as discussed at RAN4 #104bis-e [2][3], i.e. the combination of pre-configured MG and concurrent MG and lists corresponding proposals.
Discussion
At last RAN4 #104bis-e, Core 1 requirements were discussed. Following agreements were reached and open issues treated [3]. 
	Issue 2-3: [Case 1] Whether to consider Pre-MG + Pre-MG in an FR  
< Wayforward >: FFS the following options
· Option 1: Yes
· Option 2: Deprioritize this combination
· Option 3a: Up to UE capability 
· Option 3b: It would be subject to a new UE capability if the Pre-MGs collide with each other or with other MGs



As commented during RAN4 #104bis-e, case 1 requirements should refer to joint requirements for Concurrent gap and Pre-MG. Hence a single configured Pre-MG pattern per FR should be considered, which corresponds to Pre-MG specified in Rel-17 where the scenario of two or more per-UE Pre-MG patterns was not considered. Hence the combination of concurrent MG pattern with a pre-configured MG pattern in FR1 and a pre-configured MG pattern in FR2 is covered. RAN4 can investigate the case of concurrent gap pattern with more than one Pre-MG or the case of 2 Pre-MG’s alone thereafter, but first we need to have a better understanding on the targeted scenario with 2 Pre-MG in the same FR. We welcome the discussion on such scenarios rather than on the type of MG combinations. Hence our preference is option 2. 
RAN4 to focus on single Pre-MG pattern per FR for Case 1 requirements and deprioritize 2 or more Pre-MG patterns in an FR. 
	Issue 2-4: [Case 1] Whether to increase the max number of supported gaps
< Agreement >: 
· Continue discussion in the next meeting. If no consensus can be achieved in the future, we stick to the agreed baseline in R4-2214346. 
· TBD a deadline to cut off the discussion.



As commented during RAN4 #104bis-e, the maximum number of supported gaps should be same as for Rel-17, and only the activated Pre-MG is counted. Thus, we support the current agreement in [4]:
· For the max number of gaps for Case 1 (Pre-configured MG and multiple concurrent MGs), the Rel-17 conclusions will be taken as the baseline.
For the max number of gaps for Case 1, the Rel-17 conclusions will be taken as the baseline.
	Issue 2-5: [Case 1] Detail combinations
< Wayforward >: 
· RAN4 to focus on high-level issues and postpone this discussion to later meetings



In our view, the following gap combination configurations should be considered for Case 1 requirements:
	Gap Combination
Configuration Id 
	The number of simultaneously active measurement gap patterns

	
	Per-FR1 
Pre-MG
	Per-FR2 
Pre-MG
	Per-UE 
Pre-MG
	Per-FR1
concurrent MG
	Per-FR2 concurrent MG
	Per-UE concurrent MG

	0
	0
	0
	1
	0
	0
	1

	1
	0
	1
	0
	0
	0
	1

	2
	1
	0
	0
	0
	0
	1

	3
	1
	1
	0
	0
	0
	1

	4
	0
	0
	1
	0
	1
	0

	5
	0
	1
	0
	0
	1
	0

	6
	1
	0
	0
	0
	1
	0

	7
	1
	1
	0
	0
	1
	0

	8
	0
	0
	1
	1
	0
	0

	9
	0
	1
	0
	1
	0
	0

	10
	1
	0
	0
	1
	0
	0

	11
	1
	1
	0
	1
	0
	0

	12
	0
	0
	1
	1
	1
	0

	13
	0
	1
	0
	1
	1
	0

	14
	1
	0
	0
	1
	1
	0

	15
	1
	1
	0
	1
	1
	0


Table 1: Gap combination configurations for Case 1
Gap combination configurations 0...14 are based on Rel-17 requirements for concurrent MG’s. Gap combination configuration 15 allows 2 MG’s being simultaneously active per FR, hence a total of 4 MG patterns, but this is not supported in Rel-17. The maximum number of configured Pre-MG’s thus is 2 and is equal to the maximum number of active Pre-MG’s.
Gap combination configurations 0 to 15 in Table 1 should be considered for Case 1 requirements.
	Issue 2-6: [Case 1] Potential clarifications/changes to Rel-17 activation/de-activation mechanism
< Agreement >: 
·  Take the following as the baseline
· For UE autonomous mechanism, only the measurements associated to the concerned pre-MG are used for the rule checking
· For Network-controlled mechanism, only the bits corresponding to the concerned pre-MG are used for determining the status
· FFS any further enhancement



In our view, no further enhancement is needed. The same rules as for Rel-17 can be used to determine the activation status of Pre-MG for UE autonomous and network-controlled mechanisms, as there is maximum one Pre-MG per FR. Thereafter the Rel-17 gap dropping rule for concurrent gaps is applied based on priorities assigned for Pre-MG and concurrent gap.
RAN4 to reuse Rel-17 Pre-MG (de-)activation rules for defining Case 1 requirements.
	Issue 2-7: [Case 1] Potential clarifications/changes to Rel-17 gap association
< Agreement >: 
· RAN4 reuses the explicit association from Rel-17 MGE for concurrent gap to Rel-18.
· FFS any further enhancement
· FFS how to interpret the gap association to an intra-frequency measurement that does not need MG/NCSG



The gap association for PRS measurements has been introduced for Rel-17 concurrent gaps in TS 38.331: 
GapConfig-r17 ::=                   SEQUENCE {
    measGapId-r17                       MeasGapId-r17,
    gapType-r17                         ENUMERATED {perUE, perFR1, perFR2},
    gapOffset-r17                       INTEGER (0..159),
    mgl-r17                             ENUMERATED {ms1, ms1dot5, ms2, ms3, ms3dot5, ms4, ms5, ms5dot5, ms6, ms10, ms20},
    mgrp-r17                            ENUMERATED {ms20, ms40, ms80, ms160},
    mgta-r17                            ENUMERATED {ms0, ms0dot25, ms0dot5, ms0dot75},
    refServCellIndicator-r17            ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL,   -- Cond NEDCorNRDC
    refFR2-ServCellAsyncCA-r17          ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    preConfigInd-r17                    ENUMERATED {true}                                                   OPTIONAL,   -- Need R
    ncsgInd-r17                         ENUMERATED {true}                                                   OPTIONAL,   -- Need R
    gapAssociationPRS-r17               ENUMERATED {true}                                                   OPTIONAL,   -- Need R
    gapSharing-r17                      MeasGapSharingScheme                                                OPTIONAL,   -- Need R
    gapPriority-r17                     GapPriority-r17                                                     OPTIONAL,   -- Need R
    ...
}

Such association for concurrent gaps in Rel-18 is preferable. For instance, the association may be related to
1) Intra-/Inter-frequency SSB measurements with configured gap sharing factor 
2) Inter-RAT measurements and CSI-RS inter-frequency measurements
3) PRS measurements
The measurement types of 1) may be configured as measurement objects for Pre-MG. Hence the Rel-17 Pre-MG indication can be reused. The measurement types of 2) and 3) may be configured as measurement objects for Rel-17 concurrent measurement gaps.  
RAN4 to extend the explicit association from Rel-17 MGE for defining Case 1 requirements. MG associations may be defined for i) Intra-/Inter-frequency SSB measurements with configured gap sharing factor, ii) Inter-RAT measurements and CSI-RS inter-frequency measurements, iii) PRS measurements. No further enhancement is needed and intra-/inter-frequency SSB measurements can be associated to Pre-MG.
	Issue 2-8: [Case 1] Overlapping with activated and de-activated Pre-MG
< Agreement >: 
· FFS further enhancement. If no consensus can be achieved in the future, we stick to the agreed baseline in R4-2214346. 
· FFS whether an additional capability is needed if collisions on Pre-MG is only considered when Pre-MG is activated
· TBD a deadline to cut off the discussion.



If Pre-MG is activated, UE will perform the measurements gap-assisted. Else if Pre-MG is de-activated, UE will perform the SSB measurements without gap and can be scheduled by serving cell. In case of collision with a concurrent MG, UE could not be scheduled in the latter case. Thus, overlapping needs to be considered both for activated and for deactivated Pre-MG, in that priority rules apply.
RAN4 to consider overlapping both for activated Pre-MG and deactivated Pre-MG for applying priority rules. 
	Issue 2-9: [Case 1] Potential changes on how to determine the priority
< Agreement >: 
· Take the following as the baseline in Rel-18
· The priority of a Pre-MG which concurrent with other gaps should be up to network assignment. For the priority of a Pre-MG, once it is configured, it should be same until it is reconfigured by RRC signalling 
· FFS whether to introduce priority based on associated MO(s)



In our view, the baseline agreement is fine, as associated MO(s) are configured for Pre-MG and hence the priority of the measurements is of static nature. Thus there is no need to change priority after configuration during operation. 
RAN4 not to consider a change of priority after configuration during operation.  
	Issue 2-10: [Case 1] Whether to consider gap sharing rule
< Wayforward >: FFS the following options
· Option 1: RAN4 can further consider gap sharing rule to handle gap collision after priority based solution is stable (e.g. after RAN#99).
· Option 2: RAN4 not to consider gap sharing rule for collision handling unless clear benefits are identified.



As commented during RAN4 #104bis-e, we do not see a clear benefit in considering a gap sharing rule in case of collision handling and hence we continue to support option 2. 
In our view, the baseline agreement is fine, as associated MO(s) are configured for Pre-MG and hence the priority of the measurements is of static nature. Thus, there is no need to change priority after configuration during operation. 
RAN4 not to consider gap sharing rule for collision handling unless clear benefits are identified.
	Issue 2-11: [Case 1] Additional gap dropping rule
< Wayforward >: 
· FFS whether UE shall drop the collided concurrent gap occasion, when the pre-configured MG activation procedure is overlapped with one of concurrent gap occasion. 



Pre-MG is activated due to BWP switching to measure intra-/inter-frequency SSB’s for mobility purposes. Hence, priority of Pre-MG should be rather high/highest. It is up to network to configure this priority against priorities for other measurements being measured with concurrent gaps. The same consideration applies for Pre-MG deactivation, i.e. the priority assigned to Pre-MG needs to be compared against priority assigned to the concurrent MG(s).
RAN4 not to consider additional gap dropping rule aside to that introduced for Rel-17 concurrent gaps which is extended to Pre-MG.
	Issue 2-12: [Case 1] Activation/deactivation delay
< Wayforward >: FFS the following options
· Option 1: In case of the activation procedures of multiple pre-configured gaps being overlapped, the pre-configured gap activation delay requirements need to be extended. 
· Note that this option is pending on the conclusion of whether to exclude Pre-MG + Pre-MG combo.
· Option 2: Pre-MG (de)activation delay from Rel-17 is re-used when the (de)activation procedures of multiple pre-MG overlap.



As stated above to issue 2-3, we do not see a need to configure more than one Pre-MG in an FR. Thus issue 2-12 does not need to be further studied. 
RAN4 not to further consider issue 2-12 before multiple Pre-MG in an FR are agreed in issue 2-3. 
	Issue 2-13: [Case 1] Measurement delay requirements
< Wayforward >: FFS the following proposals
· Proposal 1: The measurement requirements with concurrent MGs defined in Rel-17 can be reused except that only activated gaps are considered when defining CSSF, Kp and Kgap
· Proposal 2: Measurement requirements do not apply if the following parameters change during the measurement period due to changes in the status of any pre-configured MGs:
· Kp for intra-frequency and inter-frequency measurements without gaps
· Kgap for intra-frequency and inter-frequency measurements with gaps
· Kgap_EUTRA for inter-RAT measurements
· Kp_CSI-RS for CSI-RS L3 measurements
· Kp,PRS,I for NR positioning measurements
· CSSFintra for intra-frequency measurements
· CSSFinter for intra-frequency measurements
· CSSFinterRAT for intra-RAT measurements
· P scaling factor for L1-RSRP and L1-SINR measurements



As commented at RAN4 #104bis-e, both proposals are fine (for proposal 2 it should state: 
· CSSFinter for inter-frequency measurements
· CSSFinterRAT for inter-RAT measurements.
Both proposals can be further detailed, based on agreements on above issues related to number of concurrent gaps, gap association, gap priority and dropping rules. 
For measurement delay requirements proposal 1 and 2 (with 2 editorial corrections) are fine and can be further detailed after agreements on aspects such as number of concurrent gaps, gap association, gap priority and dropping rules.
	Issue 2-14: [Case 1] Other aspects
< Wayforward >: FFS the following proposals
· Proposal 1: Support of gap combinations including pre-configured MGs (Case 1) that cause dynamic collisions will be subject to new UE capability(ies).
· Dynamic collisions are gap collisions involving a pre-configured MG, where gap instances of other MGs are dropped.
· Proposal 2: Support of gap combinations including pre-configured MGs (Case 1) may be supported without a new UE capability if
· At most one pre-configured MG is configured and the pre-configured MG is assigned the lowest priority level among all the configured MGs.
· Proposal 3: Suggest to enable that priority can be defined for Rel-16 legacy MG. If this is agreeable, a LS to RAN2 should be sent to ask RAN2 to introduce related signalling (vivo)



For proposal 1, no new UE capability is needed for supporting the combination Pre-MG(s) and concurrent MG(s), i.e. Case 1 as we propose to have only 1 Pre-MG in an FR. That Pre-MG can be assigned a priority that is valid for both if an activated or deactivated Pre-MG collides with a concurrent MG. 
RAN4 to not consider a new UE capability for supporting the combination Pre-MG(s) and concurrent MG(s), i.e. Case 1.  
For proposal 2, we support the general principle except that the lowest priority level is assigned to Pre-MG among all configured MGs. As mentioned for issue 2-11, Pre-MG is activated due to BWP switching to measure intra-/inter-frequency SSBs for mobility purposes with gap or de-activated to measure SSBs gapless. Hence, priority of Pre-MG should be rather high/highest. It is up to network to configure this priority against priorities for other measurements being measured with concurrent gaps. 
RAN4 to agree that gap combinations including pre-configured MGs (Case 1) may be supported without a new UE capability if at most one pre-configured MG in an FR is configured and the pre-configured MG is assigned a configurable priority level among all the configured MGs.
For proposal 3, the combination of legacy MG and concurrent MG was discussed for Rel-17 but no requirements were defined for this case, i.e. in case of collision, UE behavior is not specified. This should be treated for Rel-18 and hence Type-1 MG, as defined in [3], needs to be assigned a priority. For instance, Type-1 MG may be configured with RRM measurements and Type-2 MG concurrent gap [3] may be configured for PRS measurements, then both gaps need to be assigned a priority level for the collision case. Hence, we support a reworded proposal 3. 
RAN4 to agree that priority can be defined for Type-1 MG and to liaise with RAN2.  
Conclusion
This paper has presented Nokia’s views on Case 1 requirements as discussed at RAN4 #104bis-e [2][3], i.e. the combination of pre-configured MG and concurrent MG. As part of this discussion, we make following proposals:
1. RAN4 to focus on single Pre-MG pattern per FR for Case 1 requirements and deprioritize 2 or more Pre-MG patterns in an FR. 
For the max number of gaps for Case 1, the Rel-17 conclusions will be taken as the baseline.
Gap combination configurations 0 to 15 in Table 1 should be considered for Case 1 requirements.
	Gap Combination
Configuration Id 
	The number of simultaneously active measurement gap patterns

	
	Per-FR1 
Pre-MG
	Per-FR2 
Pre-MG
	Per-UE 
Pre-MG
	Per-FR1
concurrent MG
	Per-FR2 concurrent MG
	Per-UE concurrent MG

	0
	0
	0
	1
	0
	0
	1

	1
	0
	1
	0
	0
	0
	1

	2
	1
	0
	0
	0
	0
	1

	3
	1
	1
	0
	0
	0
	1

	4
	0
	0
	1
	0
	1
	0

	5
	0
	1
	0
	0
	1
	0

	6
	1
	0
	0
	0
	1
	0

	7
	1
	1
	0
	0
	1
	0

	8
	0
	0
	1
	1
	0
	0

	9
	0
	1
	0
	1
	0
	0

	10
	1
	0
	0
	1
	0
	0

	11
	1
	1
	0
	1
	0
	0

	12
	0
	0
	1
	1
	1
	0

	13
	0
	1
	0
	1
	1
	0

	14
	1
	0
	0
	1
	1
	0

	15
	1
	1
	0
	1
	1
	0


Table 1: Gap combination configurations for Case 1
RAN4 to reuse Rel-17 Pre-MG (de-)activation rules for defining Case 1 requirements.
RAN4 to extend the explicit association from Rel-17 MGE for defining Case 1 requirements. MG associations may be defined for i) Intra-/Inter-frequency SSB measurements with configured gap sharing factor, ii) Inter-RAT measurements and CSI-RS inter-frequency measurements, iii) PRS measurements. No further enhancement is needed and intra-/inter-frequency SSB measurements can be associated to Pre-MG.
RAN4 to consider overlapping both for activated Pre-MG and deactivated Pre-MG for applying priority rules. 
RAN4 not to consider a change of priority after configuration during operation.  
RAN4 not to consider gap sharing rule for collision handling unless clear benefits are identified.
RAN4 not to consider additional gap dropping rule aside to that introduced for Rel-17 concurrent gaps which is extended to Pre-MG.
RAN4 not to further consider issue 2-12 before multiple Pre-MG in an FR are agreed in issue 2-3. 
For measurement delay requirements proposal 1 and 2 (with 2 editorial corrections) are fine and can be further detailed after agreements on aspects such as number of concurrent gaps, gap association, gap priority and dropping rules.
RAN4 to not consider a new UE capability for supporting the combination Pre-MG(s) and concurrent MG(s), i.e. Case 1.  
RAN4 to agree that gap combinations including pre-configured MGs (Case 1) may be supported without a new UE capability if at most one pre-configured MG in an FR is configured and the pre-configured MG is assigned a configurable priority level among all the configured MGs.
RAN4 to agree that priority can be defined for Type-1 MG and to liaise with RAN2.
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