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1 	Introduction
In the last RAN4 meeting, Rel18 NR measurement gap enhance WI was initially discussed. In this paper, the further considerations on requirements for combinations of pre-configured MGs and multiple concurrent MGs under objective 1 in [1]was provided.
	The following objectives are considered in this WI:
1. Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
0. Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· Case 1: Pre-configured MG(s) and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a Pre-configured MG)
· Case 2: NCSG and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a NCSG)
· Note 1: Gaps that are configured for NTN are precluded in Case 1 and Case 2
· Note 2: The requirement discussions on the scenarios that NCSG is considered in Case 1 and that Pre-configured MG is considered in Case 2 will be started after RAN#99.
· Note 3: Prioritization among other possible combinations of pre-configured MG, concurrent MG, NTN gaps and NCSG can be discussed after RAN#99
· Note 4: This WID does not include any inter-working with MUSIM gaps



2 Discussion on RRM requirements for Case 1
2.1. [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Pre-MG activation/deactivation mechanism
In the last meeting, there were extensive discussion on Pre-MG activation/deactivation mechanism.
	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 Rel17, these two aspects of MG enhancement were discussed orthogonally because of the time limited. However, it is feasible to include the pre-configured gap as one of instance of multiple concurrent gap pattern if UE supported as illustrated in Figure 1 below. That is one of gap instance of concurrent gaps can be pre-configured and activated/deactivated when UE needs to perform the measurements within the gap. 


Figure 1. Joint configurations of pre-MG and concurrent MGs

Observation 1: For the individual gap instances which are pre-configured, how to configure and (de)activated is same as the rules in Rel17 because the other instance are completely independent with the gap activation rules. 

Proposal 1: The concurrent MGs can be pre-configured, but part of them can be activated depending on the rules defined in TS38.133[4] for the individual pre-configured MG. It is unnecessary to consider any enhancements on these activation/deactivation mechanism in Rel18 WI.
2.2. Gap association
	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




In Rel17, since there is no joint configuration between pre-MG and concurrent-MG, there is ONLY one available measurement gap. Thus, when UE needs switch the gapless measurement to gap based measurements when any conditions in TS38.133 satisfied, the pre-MG configured can be activated without any ambiguity. In Rel18, if the multiple measurement gaps can be configured together with the pre-MG, when the conditions to trigger the pre-MG activation satisfied, which types of MGs or which exact one MGs shall be used for the measurement object which remanded the gap based measurement after the trigger events occurred could be known explicitly by the association via “MeasObjectNR” IE [4]also.
Proposal 2: RAN4 can reuse Rel-17 explicit gap association with measurement objects for concurrent gap in Rel-18.

	MeasObjectNR information element
-- ASN1START
-- TAG-MEASOBJECTNR-START

MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                               OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                         OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                        OPTIONAL,   -- Cond IntraFreqConnected
    refFreqCSI-RS                       ARFCN-ValueNR                                                   OPTIONAL,   -- Cond CSI-RS
    referenceSignalConfig               ReferenceSignalConfig,
    absThreshSS-BlocksConsolidation     ThresholdNR                                                     OPTIONAL,   -- Need R
    absThreshCSI-RS-Consolidation       ThresholdNR                                                     OPTIONAL,   -- Need R
    nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)                          OPTIONAL,   -- Need R
    nrofCSI-RS-ResourcesToAverage       INTEGER (2..maxNrofCSI-RS-ResourcesToAverage)                   OPTIONAL,   -- Need R
    quantityConfigIndex                 INTEGER (1..maxNrofQuantityConfig),
    offsetMO                            Q-OffsetRangeList,
    cellsToRemoveList                   PCI-List                                                        OPTIONAL,   -- Need N
    cellsToAddModList                   CellsToAddModList                                               OPTIONAL,   -- Need N
    excludedCellsToRemoveList           PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    excludedCellsToAddModList           SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    allowedCellsToRemoveList            PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    allowedCellsToAddModList            SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    ...,
    [[
    freqBandIndicatorNR                 FreqBandIndicatorNR                                             OPTIONAL,   -- Need R
    measCycleSCell                      ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  OPTIONAL    -- Need R
    ]],
    [[
    smtc3list-r16                       SSB-MTC3List-r16                                                OPTIONAL,   -- Need R
    rmtc-Config-r16                     SetupRelease {RMTC-Config-r16}                                  OPTIONAL,   -- Need M
    t312-r16                            SetupRelease { T312-r16 }                                       OPTIONAL    -- Need M
    ]],
    [[
    associatedMeasGapSSB-r17            MeasGapId-r17                                                   OPTIONAL,   -- Need R
    associatedMeasGapCSIRS-r17          MeasGapId-r17                                                   OPTIONAL,   -- Need R
    smtc4list-r17                       SSB-MTC4List-r17                                                OPTIONAL,    -- Need R
    measCyclePSCell-r17                 ENUMERATED {ms160, ms256, ms320, ms512, ms640, ms1024, ms1280, spare1}
                                                                                                        OPTIONAL,   -- Cond SCG
    cellsToAddModListExt-v1710          CellsToAddModListExt-v1710                                      OPTIONAL    -- Need N
   ]],
   [[
    associatedMeasGapSSB2-v1720         MeasGapId-r17                                               OPTIONAL, -- Cond AssociatedGapSSB
    associatedMeasGapCSIRS2-v1720       MeasGapId-r17                                               OPTIONAL  -- Cond AssociatedGapCSIRS
   ]]
}




Meanwhile, for the “intra-frequency” measurement objects which can be measured within or outside of gap can be defined by “MeasObjectNR IE in which the carrier index (ARFCN value) is same as that of serving cells. UE can perform the measurements on this intra-f measurement object outside of gap if it can be contained by UE’s active BWP. Otherwise, the measurement within gap is needed.
Proposal 3: With the current Rel17 gap association with the measurement objects, the intra-f measurement can be associated with the configured measurement gaps, but whether UE performs measurements within or outside gap based on UE’s active BWP. 

2.3. Overlapping and gap dropping rules
	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



For this issue2-8, it shall be noted that for the pre-MG there is some extra (de)activation delay required (e.g. [5m]ms after BWP switching completion) in comparison Type1/2 MG within the concurrent MGs. That is if there are any other gaps which is overlapped with the pre-MG activation duration (e.g. t2~t3 in Figure 2) whether these gap instances (e.g. one pre-MG being activated/deactivate and other Type1 MG) are collided or not can be FFS.


Figure 2. Overlapping with pre-MG activation duration

Observation 2: When pre-MG being activated duration overlapped with other gaps occasion, there is some ambiguity to justify collisions for these concurrent MGs.   

However, in our views during the pre-MG status transition time UE may not to return to other RF chains for the carriers to be measured (e.g. UE RX @f2 in Figure 2) because UE can do this in RTT time which is included in the measurement length. On the other words, the impacts on the ongoing measurements with other gaps(e.g. MG R16 above) because of pre-MG status transition can be avoid. 
Observation 3: When justifying collisions due to RF operation on Pre-MG with other measurement gaps, the occasions of pre-MG activated can be considered only.
Proposal 4: It is unnecessary to define any additional capability if collisions on Pre-MG is only considered when Pre-MG being activated.
	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. 



Similarly as the analysis for issue 2-8 above, we can conclude that:
Proposal 5: It is unnecessary to define any enhanced dropping rules when activated Pre-MGs collided with other MGs in Case 1. 

2.4. Max number of supported gaps
Secondly, the other fundamental RRM impacts is the max number of concurrent MG to be supported can be same as these in Rel17 with some clarifications. 
Proposal 6: RRM requirements on the maximum number of UE supported concurrent gaps below need to be defined as: 

Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns [3]
	Gap Combination
Configuration Id 
	The number of simultaneous configured activated 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

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].
Note 2: For gap instances which are pre-configured they shall be activated.  



2.5. Activation delay

	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.




The additional RRM requirements impacted includes the Pre-MG activation delay in 8.19 of TS38.133[3]. In case of multiple activation procedures happened overlap, if the simultaneous activation is not allowed the extension on the delay requirements may be needed.


Figure 3. Concurrent gaps which can be simultaneously activated
Proposal 7: In case of the activation procedures of multiple pre-configured gaps being overlapped, the pre-configured gap activation delay requirements in [3] need to be extended.

The other RRM requirements defined in [3] for MG enhancement in Rel17 (e.g. trigger conditions, measurement reporting delay) can be independent.

In short summary, the potential RRM requirements impacted due to joint pre-MG and concurrent MGs in [3] can be listed in the table below.

	Clause in [3]
	RRM requirements 
	Impacted because of pre-MG + concurrent MG

	8.19
	Pre-configured measurement gap activation/deactivation delay
	Yes

	9.1.8.2 
	The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns
	Yes

	9.2.6
	Intra-frequency measurements with measurement gaps
	yes

	9.3.4
	[bookmark: _Hlk45205855]Inter-frequency measurement with measurement gaps
	Yes


 

                    
3 Conclusion
In this contribution, serval issues related to the measurement gap enhancement WI in Rel18 are discussed. The proposals can be summarized as:
Observation 1: For the individual gap instances which are pre-configured, how to configure and (de)activated is same as the rules in Rel17 because the other instances are completely independent with the gap activation rules. 

Proposal 1: The concurrent MGs can be pre-configured, but part of them can be activated depending on the rules defined in TS38.133[3] for the individual pre-configured MG. It is unnecessary to consider any enhancements on these activation/deactivation mechanism in Rel18 WI.
Proposal 2: RAN4 can reuse Rel-17 explicit gap association with measurement objects for concurrent gap in Rel-18.
Proposal 3: With the current Rel17 gap association with the measurement objects, the intra-f measurement can be associated with the configured measurement gaps, but whether UE performs measurements within or outside gap based on UE’s active BWP. 

Observation 2: When Pre-MG being activated duration overlapped with other gaps occasion, there is some ambiguity to justify collisions for these concurrent MGs.   
Observation 3: When justifying collisions due to RF operation on Pre-MG with other measurement gaps, the occasions of Pre-MG activated can be considered only.
Proposal 4: It is unnecessary to define any additional capabilities if collisions on Pre-MG is only considered when Pre-MG being activated.
Proposal 5: It is unnecessary to define any enhanced dropping rules when activated Pre-MGs collided with other MGs in Case 1. 
Proposal 6: RRM requirements on the maximum number of UE supported concurrent gaps below need to be defined as: 

Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns [3]
	Gap Combination
Configuration Id 
	The number of simultaneous configured activated 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

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].
Note 2: For gap instances which are pre-configured they shall be activated.  


Proposal 7: In case of the activation procedures of multiple pre-configured gaps being overlapped, the pre-configured gap activation delay requirements in [3] need to be extended.
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