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Introduction
Measurement gap enhancement WI aims to enhance the current measurement gap design. Following measurement gap enhancements are considered:
· Pre-configured MG pattern(s) per configured BWP (fast MG configuration)
· Multiple concurrent and independent MG patterns
· Network Controlled Small Gap (NCSG)
As per the WI [1], the work on all objectives should consider UEs in RRC CONNECTED mode only. The work includes EN-DC, NE-DC, NR-NR DC and standalone operations and includes both per-FR MG capable UE and per-UE MG capable UE.
For multiple concurrent and independent MG patterns, RAN2 needs to specify the procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns. This includes specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input.
RAN4 has send an LS to RAN2 in this regard in [2]
Discussion
Configuration of multiple measurement gaps
From RAN4 LS [2]
	· Concurrent gaps are multiple measurement gaps configured by RRC message(s)
· Either by same or separate RRC messages
· Whether and how to introduce new IE(s) or duplicate the existing IE is left to RAN2.
· Note: if existing IE is to be used, the configuration mechanism shall allow NW to use the same IE to either configure additional concurrent MGP or update the configured MGP.



RAN2 needs to define mechanisms for signalling multiple measurement gaps. It is agreed in RAN4 that concurrent gaps will reuse most of the legacy requirements like MG patterns (or sequence), MG applicability, MG reference timing (including MGTA), and UE UL behaviour after MG. So RAN2 can consider existing release 16 measurement gaps as the baseline for introducing multiple measurement gaps. Further, RAN2 can discuss whether to extend the existing Measurement Gap IEs or to introduce new IEs based on existing measurement gaps for supporting multiple measurement gaps. It could be argued that since most of the parameters are similar, existing measurement gap IEs could be easily extended. But there may be additional considerations like future extensibility, joint consideration of concurrent gaps with preconfigured measurement gaps, NCSG etc. 
Proposal 1: Consider existing release 16 measurement gaps as the baseline for introducing multiple measurement gaps. RAN2 to further discuss whether to extend existing measGapConfig or to introduce new IEs based on measGapConfig. 
Association of multiple measurement gaps with frequency layers
Another aspect which RAN2 needs to discuss is how to associate the measurement gaps to different frequency layers. 
From RAN4 LS [2],
	·  When concurrent MGs are configured, the association between concurrent MGs and frequency layers (dedicated use case(s)) to be measured shall be RRC configured
· If it is not feasible from RAN2 perspective to ensure that association between concurrent MGs and frequency layers to be measured is always provided, then additional solution can be discussed on how to handle this use case.
· The measurement gap can be associated to one or multiple use cases in the following, while the detail on how to implement the association is left to RAN2
· One or more MO(s) for same or different RATs
· SSB and/or CSI-RS in each associated NR MO
· PRS
· It is feasible that one of the concurrent gap is purely used for measuring LTE and other gaps are used for other MOs, e.g.,
· One gap is associated with only LTE measurement 
· One gap is associated with other measurements including NR.
Note:
· It is RAN4 common understanding that frequency layer includes positioning frequency layer. 
· Each frequency layer can be associated with only one MG (leave it for RAN2 on how to implement the association)
· SSB, CSI-RS and PRS are treated as different frequency layers
· One MG can be associated with multiple frequency layers, while one frequency layers can only be associated to a single MG.




[bookmark: _GoBack]Since each of the multiple measurement gaps need to be identified during the association to frequency layers, RRC can allocate an identifier for each of these multiple measurement gaps. In our view, it is feasible to define the mapping between each measurement gap and one or more of frequency layers by RRC signaling itself. RAN2 can further discuss the RRC signaling details for this association.Further, the measurement gap identifier can be included in RRC IEs configuring frequency layers, for e.g. in IEs like MeasObjectNR, MeasObjectEUTRA, PRS-MeasurementInfo,CSI-RS-ResourceConfigMobility, ssb-ConfigMobility etc.
Proposal 2: RAN2 to discuss how to associate the measurement gap to different frequency layers.
Proposal 3: RRC allocates an identifier for each of the multiple measurement gaps. Measurement gap identifier can be included in RRC IEs configuring frequency layers.
Release and update of association for multiple measurement gaps
One or more of the multiple measurement gaps can be released by explicit RRC signaling, for e.g. using a RRC Reconfiguration. Explicit RRC signalling can be also used for removing the association between one of multiple measurement gaps and associated frequency layer(s) or for changing the association of a frequency layer from one measurement gap to other. Conversely, RRC signalling can be used also changing the association for a measurement gap- for e.g. add a new MO to the preexisting measurement gap. If all the associations of a measurement gap are removed, the measurement gap can be autonomously released.
Proposal 4: Explicit RRC signalling can be used for releasing and changing the association for multiple measurement gaps.
Proposal 5: If all the associations of a measurement gap are removed, the measurement gap can be autonomously released.

Inter-Node messaging for multiple measurement gaps
Measurement gap enhancements are applicable to EN-DC, NE-DC and NR-NR DC. In EN-DC, MN decides per-UE and per-FR1 gap patterns while SN decides per-FR2 gap patterns. In NE-DC and NR-DC, MN decides per-UE, per-FR1 and per-FR2 gap patterns. Since the multiple measurement gap feature can be implemented separately by MN and SN, MN should know about SN’s support of the feature before configuring multiple gaps. One option may be to include this information in Inter-Node RRC messages like CG-Config. It might be also possible to include this information in Xn messages etc. RAN2 can discuss how SN indicates whether it supports multiple measurement gaps to MN.
Proposal 6: RAN2 needs to discuss the need of inter-node messaging for supporting multiple measurement gaps. For e.g. how SN indicates whether it supports multiple measurement gaps to MN.
In EN-DC, when MN configures per-UE gaps and per-FR1 gaps while SN configures per-FR2 gaps, the number of gaps each node can allocate can vary based on the frequencies to be measured using the gaps. Maximum number of simultaneous measurement gaps can be either three or four pending RAN4 decision. It is also FFS in RAN4 whether per-UE and per-FR measurement gaps can be configured simultaneously. However, according to RAN4 WF [3] in EN-DC, it is possible for MN to allocate two per-FR1 gaps and SN to allocate one per-FR2 gap, or MN to allocate one per-FR1 gap while SN allocates two per-FR2 gaps, or only per-UE gap is allocated, or both MN and SN to allocate one per-FR gap each as given below.
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	1
	0
	1
	FFS

	4
	0
	1
	1
	FFS

	5
	1
	1
	1
	FFS

	6
	2
	2
	0
	FFS

	7
	0
	0
	1
	Supported

	8
	1
	1
	0
	Supported

	9
	1
	0
	0
	Supported

	10
	0
	1
	0
	Supported


Since the number of gaps allocated depends on the frequency layers to be measured, MN and SN should co-ordinate using Inter-Node RRC messages like CG-Config or CG-ConfigInfo on the number of gaps that can be allocated by each node in EN-DC.
Proposal 7: MN and SN should co-ordinate using Inter-Node RRC messages like CG-Config or CG-ConfigInfo on the number of gaps that can be allocated by each node in EN-DC.


Conclusion
In the previous sections, we have discussed enhancements needed for multiple measurement gaps in NR and MR-DC and made the following proposals.
Proposal 1: Consider existing release 16 measurement gaps as the baseline for introducing multiple measurement gaps. RAN2 to further discuss whether to extend existing measGapConfig or to introduce new IEs based on measGapConfig. 
Proposal 2: RAN2 to discuss how to associate the measurement gap to different frequency layers.
Proposal 3: RRC allocates an identifier for each of the multiple measurement gaps. Measurement gap identifier can be included in IEs configuring frequency layers.
Proposal 4: Explicit RRC signalling can be used for releasing and changing the association for multiple measurement gaps.
Proposal 5: If all the associations of a measurement gap are removed, the measurement gap can be autonomously released.
Proposal 6: RAN2 needs to discuss the need of inter-node messaging for supporting multiple measurement gaps. For e.g. how SN indicates whether it supports multiple measurement gaps to MN.
Proposal 7: MN and SN should co-ordinate using Inter-Node RRC messages like CG-Config or CG-ConfigInfo on the number of gaps that can be allocated by each node in EN-DC.
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