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1	Introduction
[bookmark: _Ref178064866]The NR and MR-DC Measurement Gap Enhancements WI addresses three different objectives. In this paper, we focus on the following as copied from the WID, RP-213312 [1]: 
	(2) Multiple concurrent and independent MG patterns [RAN4, RAN2]
0. RRM requirements for concurrent and independent MG patterns [RAN4] 
0. Define requirements for UE maximum number of concurrent and independent MG patterns active at any time
0. Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP) 
0. Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 
0. Define the corresponding measurement requirements
0. Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 
0. Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 
0. Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input



RAN2 treated this WI objective in the previous meeting. Some agreements were reached, and an LS was sent to RAN4 with some questions (see R2-2111472).
We here address open issues left from RAN2#116-e, while taking into consideration the latest RAN4 agreements included in the following LS, see R4-2120304 [2].
2	Discussion
2.1	On jointly handling the WI objectives signalling
The following is included in RAN4’s latest LS to RAN2 R4-2120304 [2]:
	By the end of RAN4#101-e meeting, RAN4 has been focusing on the individual requirements for the three objectives in the NR_MG_enh WI. There is no consensus in RAN4 whether requirements for joint working among pre-configured gap, concurrent gap and NCSG will be defined in Rel-17, mainly due to time limitation. 
It is RAN4 understanding that RAN2 will take joint working among Pre-MG, NCSG and concurrent gaps into account in RRC signalling design for forward compatibility, if it is considered as feasible by RAN2.



We believe the above is feasible. Moreover, the design could also consider agreements reached under the new Agenda Item on Gaps Coordination (AI 8.0.3). Restrictions on the requirements for joint operation may be subject to further inputs from RAN4.
[bookmark: _Toc92798169]Design signalling for Pre-MG, concurrent gaps and NCSG allowing for joint operation and forward compatibility. Requirements and constraints are then subject to RAN4’s input.

2.2	Configuring concurrent gaps
The following is captured in RAN4’s LS R4-2120304 [2] regarding the configuration of concurrent gaps:
	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






On this matter, regardless of RAN4's determination for the “FFS scenarios”, one can notice that it is possible to address all the scenarios listed above by simply duplicating the current elements inside the MeasGapConfig field in TS 38.331 [3]. Therefore, the following approach could be adopted:
MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
    ]],
    [[
	concurrentGapFR2-r17                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    concurrentGapFR1-r17                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    concurrentGapUE-r17                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
    ]]
	
}

[bookmark: _Toc92798170]Introduce multiple gap configurations in the MeasGapConfig IE allowing legacy gaps to be seen as one of the concurrent gaps.

Let us notice that by following the approach in Proposal 2, the same principle could be adopted in later Releases to include new concurrent gaps requirements.
[bookmark: _Toc92798167]The principle in Proposal 2 could be used in future Releases to address new concurrent gaps requirements. 

2.2.1	Associating concurrent gaps
As agreed by RAN2/4, concurrent gaps are multiple measurement gaps, where each gap pattern could be associated with one or multiple frequency layers. It is then beneficial for the network to clearly signal this association to the UE in order to avoid ambiguities between what the network is trying to configure and how the UE behaves.  
Furthermore, and as pointed out during RAN2#116-e’s email discussion (see R2-2111471 [4]) this association should be introduced in MeasConfig. Otherwise, if introduced in MeasGapConfig, whenever a new frequency layer is configured, the measurement gap configuration would need to be re-configured to update the association between the measurement gap and the new frequency.
[bookmark: _Toc92798168]If the association is introduced in the MeasGapConfig IE, reconfiguration would be needed whenever a new MG or MO is configured. 
[bookmark: _Toc92798171]Introduce a new association field linking gaps to different frequency layers in the MeasConfig IE.

2.2.3	Collision handling
The following is included in RAN4’s latest LS regarding collision handling of concurrent MGs (see R4-2120304 [2]):
	Two measurement gap occasions are defined as colliding (overlapping) if at least one of the following conditions apply
· Condition #1: The gaps are physically fully or partially overlapping in time domain
· Condition #2: The gaps are not physically overlapping in time domain but the distance between the two gap instances is equal to or less than X
· X = [1 or 4] ms for FR1
· X = [1, 2, or 4] ms for FR2
· FFS if split between FR1/FR2 is needed
FFS the UE behaviour and signalling support for gap collision handling



Different approaches have been discussed within RAN4 to handle collisions of concurrent gaps. And as highlighted above, this is still FSS within that WG. However, even when this might purely be a RAN4 issue, as one of the objectives of this WI is to have faster MG configuration while allowing the gaps to be used only when needed (e.g., with pre-configured MGs), we believe that independently of whether signalling is required to handle collisions, the NW should be allowed to schedule data on unused gap occasions due to collisions.
[bookmark: _Toc92798172]The network should be allowed to schedule data on unused gap occasions due to collisions. Whether any signalling support is needed to handle gaps collisions is FFS.
[bookmark: _Toc92702477][bookmark: _Toc92702618][bookmark: _Toc92702478][bookmark: _Toc92702619][bookmark: _Toc92702479][bookmark: _Toc92702620][bookmark: _Toc92702480][bookmark: _Toc92702621][bookmark: _Toc92702481][bookmark: _Toc92702622][bookmark: _Toc92702482][bookmark: _Toc92702623][bookmark: _Toc92702483][bookmark: _Toc92702624]
[bookmark: _Ref189046994]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The principle in Proposal 2 could be used in future Releases to address new concurrent gaps requirements.
Observation 2	If the association is introduced in the MeasGapConfig IE, reconfiguration would be needed whenever a new MG or MO is configured.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Design signalling for Pre-MG, concurrent gaps and NCSG allowing for joint operation and forward compatibility. Requirements and constraints are then subject to RAN4’s input.
Proposal 2	Introduce multiple gap configurations in the MeasGapConfig IE allowing legacy gaps to be seen as one of the concurrent gaps.
Proposal 3	Introduce a new association field linking gaps to different frequency layers in the MeasConfig IE.
Proposal 4	The network should be allowed to schedule data on unused gap occasions due to collisions. Whether any signalling support is needed to handle gaps collisions is FFS.
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