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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 understanding of the concurrent gaps is as below [3].
1. Concurrent gaps are multiple measurement gaps and each gap pattern could be associated with one or multiple frequency layers.
2. Each frequency layer can be associated with only one of the concurrent gaps.
3. Without considering pre-configured MG, concurrent gaps are always activated if it is setup by the network.
4. No new gap pattern is introduced for concurrent gap, the existing R15/R16 gap pattern could be configured for the concurrent gaps.
Based on the LS [2] and RAN2 understandings, RAN2 needs to define mechanisms for signalling for configuring and releasing the concurrent gaps. Since all the properties of concurrent measurement gaps are same as legacy measurement gaps, except that there can be multiple gaps configured, it is possible to reuse the legacy gapConfig for concurrent measurement gaps along with gap identifier. 
From RAN4 LS [1], 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. But RAN4 also asks RAN2 to take into account the joint working among pre-configured gap, concurrent gap and NCSG in the signalling design. In our view, it is not too complex to define the signalling by considering pre-configured gap, concurrent gap and NCSG together. Since RAN4 might take up the joint working in any future release in case it is not finished in R17, we propose RAN2 to consider all three-pre-configured gaps, concurrent gaps and NCSG jointly for signalling design.
An example GapConfig structure is given below. GapConfig-r17 can be used for other NR and MR-DC enhancements also.
GapConfig ::=                       SEQUENCE {
    gapOffset                           INTEGER (0..159),
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},
    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...,
    [[
    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16           ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    mgl-r16                             ENUMERATED {ms10, ms20}                                             OPTIONAL    -- Cond PRS
    ]],
	[[
	gapConfig-r17						GapConfig-r17
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}
	
GapConfig-r17 ::=         SEQUENCE {
	measGapId					measGapId OPTIONAL   -- Need R
}
MeasGapId ::= INTEGER (1..maxNrofMeasGapId)
maxNrofMeasGapId INTEGER ::= 4 -- Maximum number of configured measurement gaps

There were two options discussed during RAN2#116e on on how to configure the multiple gaps.
· Alt 1 - Introducing multiple gap configuration in IE MeasConfig 
· Alt 2 - Introducing multiple gap configuration in IE MeasGapConfig 
Majority of the companies preferred Alt-2. We are also inclined towards Alt-2 –i.e. introduce multiple gap configuration in MeasGapConfig.
There were two variations of Alt-2 proposed in RAN2#116-e. ZTE paper had proposed below sample ASN.1 code.
MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }        OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }        OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }        OPTIONAL    -- Need M
    ]],
    [[
    gapUEToAddModList-r17         SEQUENCE (SIZE (1..TBD)) OF GapConfig		OPTIONAL,   -- Need N        
    gapUEToReleaseList-r17        SEQUENCE (SIZE (1..TBD)) OF GapConfigId	OPTIONAL,   -- Need N        
    gapFR1ToAddModList-r17        SEQUENCE (SIZE (1..TBD)) OF GapConfig		OPTIONAL,   -- Need N        
    gapFR1ToReleaseList-r17       SEQUENCE (SIZE (1..TBD)) OF GapConfigId	OPTIONAL,   -- Need N        
    gapFR2ToAddModList-r17        SEQUENCE (SIZE (1..TBD)) OF GapConfig		OPTIONAL,   -- Need N        
    gapFR2ToReleaseList-r17       SEQUENCE (SIZE (1..TBD)) OF GapConfigId	OPTIONAL    -- Need N        
	]]
}
During the discussions, Ericsson had presented below sample code.
MeasGapConfig ::=                   SEQUENCE {
    gapOneFR2                              SetupRelease { GapConfig }        OPTIONAL,   -- Need M
    ...,
    [[
    gapOneFR1                              SetupRelease { GapConfig }        OPTIONAL,   -- Need M
    gapOneUE                               SetupRelease { GapConfig }        OPTIONAL    -- Need M
    ]],
    [[
    gapTwoFR2-r17                              SetupRelease { GapConfig }        OPTIONAL,   -- Need R
    gapTwoFR1-r17                              SetupRelease { GapConfig }        OPTIONAL,   -- Need R
    gapTwoUE-r17                               SetupRelease { GapConfig }        OPTIONAL    -- Need R
	]]
}
We think that both the versions can work in R17, but we slightly prefer the first version since it can support any increase in the maximum number of gaps in future with minimum changes.
Proposal 1: Introduce multiple gap configuration in MeasGapConfig using AddModList of GapConfig. GapConfig includes a gap identifier when multiple measurement gaps are supported.
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.

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.
From RAN4 LS [1]
PRS measurement for positioning including all positioning frequency layers is associated with only one of the concurrent gaps. It is up to network whether to associate a gap only to PRS measurement.
RAN4 to focus on NR and EUTRAN measurement requirements with concurrent gaps before considering 2G/3G. It is up to RAN2 to decide whether to support gap association to 2G/3G from signalling perspective.
Measurements for different frequency layers but with the same reference signal can be associated to different concurrent MGs.


On how to indicate the mapping between measurement gap and measurement objects (MeasObjNR and MeasObjEUTRA), there are multiple options discussed during RAN2#116e as below.
· Option 1: Include the measurement object id in the measurement gap configuration.
· Option 2: Include the measurement gap id in measurement object configuration.
· Option 3: Associate the measurement gap id to particular use cases
· Option 4: Define a new IE to configure the association between a measurement gap and frequencies in MeasConfig.
Option 1 has an advantage that UE doesn’t need to update the measurement object configuration when the measurement gap configuration is changed. But there is a disadvantage with respect to MR-DC. In present specification, measurement gaps are allocated by one of the nodes, i.e. either MN or SN. MN or SN needn’t know about the measurement object configuration of other node. With option 1, the node configuring measurement gaps need to be informed about the MO configuration in other node. 
Option 3 is an optimization to reduce signalling overhead. For e.g. if the measurement gaps are associated to SSB, then if a new MO is added where SSB measurements are needed, there is no need for updating the gap configuration or MO configuration. But the option 3 can’t be a standalone option (i.e. it has to be combined with one of the other options) since there could be different measurement objects with SSB measurements that need to be mapped to different measurement gaps. Again, this may not be suitable for MR-DC as it has similar issue as option 1. Moreover, we think that cost of signalling association between measurement gaps and measurement objects even without this optimization will be acceptable.
Option 4 is similar to the way measurement objects and reporting configurations are currently linked. But unlike the case of MO and ReportConfig having a many-to-many mapping, each measurement object can be associated to only one measurement gap. i.e. mapping is one-to-many. So we think there is no need for defining a new IE.
Option 2 seems to be simple and straightforward. Range of Measurement gap identifiers will be smaller (max 4 according to [1]) than the range of measurement objects ID (max 64) and hence this option is signalling efficient. Moreover, this also works well for MR-DC configurations.
Proposal 2: RRC includes the measurement gap id in measurement object configuration.
For PRS, it is confirmed from RAN4 in [1] that even if there are multiple frequencies to be measured, all of them will be associated with a single gap. The gap for PRS needn’t be exclusive for PRS, i.e. same gap can be associated with other measurement objects also. Hence it is possible to either include measurement gap-id within PRS-Configuration or include a flag within the measurement gap configuration. We propose to indicate that a particular measurement gap is for PRS by including a flag within measurement gap configuration.
Proposal 3: RRC associates measurement gap to PRS by including a flag within the measurement gap configuration. 
One open point is whether concurrent measurement gaps can be used for 2G/3G measurements. 
RAN4 LS [2] has the following
	RAN4 to focus on NR and EUTRAN measurement requirements with concurrent gaps before considering 2G/3G. It is up to RAN2 to decide whether to support gap association to 2G/3G from signalling perspective.


Though RAN4 leaves whether to support gap association to 2G/3G from signalling perspective to RAN2, we think that it is better to add any support after RAN4 decision. First of all, if the support for 2G/3G is not handled in R17, it is not clear whether the support will be added in future releases.2G/3G was not part of the WI initially, and since the feature is an enhancement feature, RAN4 may finally decide not to work on it. We also think that it is not a very big effort to do it even if RAN4 requests later. So we would like to postpone this till RAN4 confirms the support.
Proposal 4: Postpone discussions on concurrent gaps for 2G/3G from signalling perspective till RAN4 confirms that concurrent gaps for 2G/3G are supported.
Release and update of association for concurrent measurement gaps
One or more of the concurrent 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 concurrent 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, as having the gaps without an association will be unnecessary and is not efficient.
Proposal 5: Explicit RRC signalling can be used for releasing and changing the association for concurrent measurement gaps.
Proposal 6: If all the associations of a measurement gap are removed, the measurement gap can be autonomously released.
Support of Dual connectivity
As per WI [3], Measurement gap enhancements are applicable to EN-DC, NE-DC and NR-NR DC. But [3] also mentions that further deprioritization of these use cases may happen at RAN4. From the LS [2], it is not clear about any deprioritization of MR-DC for concurrent gaps work item in RAN4. So in RAN2 we need to discuss whether we can support MR-DC use cases for concurrent gaps. In our view, supporting multiple gap configurations in EN-DC and NE-DC may lead to changes in LTE AS at least for per-UE and per-FR1 gaps and it is better to deprioritize these use cases in R17. For NR-NR DC, we can discuss whether RAN2 can work on concurrent gap support in R17.
Proposal 7: Deprioritize EN-DC and NE-DC support of concurrent gaps in R17. RAN2 to discuss if NR-NR DC support for concurrent gaps is feasible in R17.
Conclusion
In the previous sections, we have discussed enhancements needed for concurrent measurement gaps in NR and MR-DC and made the following proposals.
Proposal 1: Introduce multiple gap configuration in MeasGapConfig using AddModList of GapConfig. GapConfig includes a gap identifier when multiple measurement gaps are supported.
Proposal 2: RRC includes the measurement gap id in measurement object configuration.
Proposal 3: RRC associates measurement gap to PRS by including a flag within the measurement gap configuration.
Proposal 4: Postpone discussions on concurrent gaps for 2G/3G from signalling perspective also till RAN4 confirms that concurrent gaps for 2G/3G are supported.
Proposal 5: Explicit RRC signalling can be used for releasing and changing the association for concurrent measurement gaps.
Proposal 6: If all the associations of a measurement gap are removed, the measurement gap can be autonomously released.
Proposal 7: Deprioritize EN-DC and NE-DC support of concurrent gaps in R17. RAN2 to discuss if NR-NR DC support for concurrent gaps is feasible in R17.
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