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[bookmark: _Ref165266342]Introduction
A new work item “NR and MR-DC Measurement Gap Enhancements” [1] has been approved. In the WID, one of the objectives is to consider multiple concurrent and independent MG patterns, shown as below.
	Multiple concurrent and independent MG patterns [RAN4, RAN2]
· RRM requirements for concurrent and independent MG patterns [RAN4] 
· Define requirements for UE maximum number of concurrent and independent MG patterns active at any time
· Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP) 
· Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 
· Define the corresponding measurement requirements
· Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 
· Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 
· Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input


In this contribution, we provide our views on multiple concurrent and independent MG patterns.
Discussion
Configuration of concurrent MG
[bookmark: _GoBack]Concurrent gaps has been defined as multiple measurement gaps configured by RRC message(s) [2]. Based on the definition, RAN2 should discuss how to configure the multiple gaps by RRC message(s). Comparing with introducing new IE, it is a simple way to reuse existing IEs of R16 measurement gap configuration for concurrent MG configuration, which can be a baseline.
Proposal 1: Existing IEs of R16 measurement gap configuration can be reused for concurrent MG configuration.
For flexible management of multiple concurrent MGs, each measurement gap can be configured with independent ID. It is easy to release and modify multiple measurement gap configuration by using measurement gap ID. 
Proposal 2: Independent measurement gap ID can be introduced for concurrent MG configuration.
And then RAN2 need to discuss which existing IE can be duplicated to support concurrent MGs and how to introduce concurrent MG configuration in existing IEs. In last meeting, two alternative solutions have been discussed in email discussion [3].
Alt 1 - Introducing multiple gap configuration in IE MeasConfig (i.e. by duplicating MeasGapConfig)
Alt 2 - Introducing multiple gap configuration in IE MeasGapConfig (i.e. by duplicating GapConfig)
In R16, A MeasGapConfig can be configured with including two types gap (gapFR1 and gapFR2). So if Alt 1 supported, it will happen that two gaps share the same gap ID. Duplicating MeasGapConfig may not work well for concurrent MGs. Alt 2 may be a better and straightforward solution. Measurement gap ID can be introduced in GapConfig for different gap patterns and gap types.
In RAN4 LS [4], For UE not capable of per-FR MG, at maximum 2 per-UE MGs can be configured. For UE capable of per-FR MG, the following configurations are supported:
	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

	11
	2
	0
	0
	Supported

	12
	0
	2
	0
	Supported



Since the maximum value of simultaneous MG for each type is 2, adding a set of additional gap configuration (including per-UE gap, FR1 gap and FR2 gap) is an easy way.
Proposal 3: Duplicating GapConfig for concurrent MG configuration can be supported and a set of additional gap configuration can be added in MeasGapConfig.
Proposal 4: Measurement gap ID can be introduced in GapConfig. 
Association between gap and frequency layers 
In RAN4 LS [4], RAN4 think it is up to RAN2 to decide whether to support gap association to 2G/3G from signalling perspective. For forward compatibility, gap association to 2G/3G can be supported from signalling perspective. Measurement for 2G/3G can be considered as one frequency layer and associated with one gap pattern.
Proposal 5: Gap association to 2G/3G can be supported from signalling perspective. 2G/3G measurement can be considered as one frequency layer and associated with one gap pattern.
In last meeting, RAN2 confirms the following understanding for concurrent gap operation:
Concurrent gaps are multiple measurement gaps and each gap pattern could be associated with one or multiple frequency layers.
Each frequency layer can be associated with only one of the concurrent gaps.
RAN need to clarify how to associate frequency layer with MG. In email discussion [3], the following alternative solutions have been proposed:
Alt-1: Indicate the associated gaps (via “gap ID”) in MO; (for PRS measurement, indicating in the association in MG configuration); 
Alt-2: Indicate list of MeasObjectID or use cases in the associated MG configuration
Alt-3: The network can choose to configure a gap to associate with some particular use cases and/or frequency layer to be measured.
Alt-4: Define a new IE to configure the association between a measurement gap and frequencies in MeasConfig.
For Alt-1:
Gap configuration (including gap ID) need to be coordinated in MR-DC.
If gap configurations have been modified or released or add a new gap, the MO may need to be fully re-configured.
For Alt-2 and Alt-3:
MO configuration (including MO ID) need to be coordinated in MR-DC.
If MO configurations have been modified or released or add a new MO, the gap may need to be fully re-configured.
For Alt-4:
MO and Gap configuration need to be coordinated in MR-DC.
If MO or gap configurations have been modified or released or add a new MO or gap, only the new IE to configure the  association need to be updated and other MO or gap configurations will not be affected.
Based on the above, Alt-4 may be better. Comparing with others, the advantage of Alt-4 is that only the association information need to be updated when a gap or a MO is added/modified/released.
Proposal 6: The association between MG and frequency layers can be indicated by Alt-4.
· Alt-4: Define a new IE to configure the association between a measurement gap and frequencies in MeasConfig. 
Conclusions 
In this contribution, we provide some proposals as following: 
Proposal 1: Existing IEs of R16 measurement gap configuration can be reused for concurrent MG configuration.
Proposal 2: Independent measurement gap ID can be introduced for concurrent MG configuration.
Proposal 3: Duplicating GapConfig for concurrent MG configuration can be supported and a set of additional gap configuration can be added in MeasGapConfig.
Proposal 4: Measurement gap ID can be introduced in GapConfig.
Proposal 5: Gap association to 2G/3G can be supported from signalling perspective. 2G/3G measurement can be considered as one frequency layer and associated with one gap pattern.
Proposal 6: The association between MG and frequency layers can be indicated by Alt-4.
· Alt-4: Define a new IE to configure the association between a measurement gap and frequencies in MeasConfig. 
References
[1] RP-211591, Revised WID on NR and MR-DC measurement gap enhancements, Intel Corporation, MediaTek Inc.
[2] R2-2109361, LS on R17 NR MG enhancements – Concurrent MG, CATT & MediaTek
[3] R2-2111471, Report of [AT116-e][041][MGE] Concurrent MG, MediaTek
[4] R4-2120304, LS on multiple concurrent MGs, RAN4
	3/4	
