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1. [bookmark: _GoBack]Introduction
For measurement gap configuration enhancement, the object of WID [1] includes following enhancements:
· Pre-configured MG pattern(s) per configured BWP (fast MG configuration)
· Multiple concurrent and independent MG patterns
· Network Controlled Small Gap (NCSG)
After last RAN4 meeting, an LS [2] is sent to RAN2, which includes the RAN4 agreements made for concurrent MG, and asks RAN2 to start defining the signalling support for concurrent MG. In this contribution, we discuss the RAN2 signalling impact and share our view. 
2. Configuration of concurrent MG 
Regarding the definition of concurrent MG, the RAN4 LS [2] includes the following agreements:
	Agreements: 
· 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.


In general, concurrent gaps means UE can be configured with multiple gap patterns, and the gaps can be configured via a single RRC message or multiple RRC messages.  
In addition, RAN4 LS also includes following information related to the applicability of concurrent gaps:
	For applicability and configurations of concurrent gaps:
Agreements: 
· 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.


Based on RAN4 LS, when concurrent gaps are configured, network should also configure the association between gaps and frequency layers. The different RSs or different frequencies can be considered as separate frequency layers. In addition, according to RAN4 agreements, each concurrent gap can be associated with one or more frequency layers, but each frequency layer can be associated with only one gap.
So far, NR supports following measurement types that may need gap assistance:
· Intra-RAT measurements:
· SSB based measurement; 
· CSI-RS based measurement;
· PRS measurement
· Inter-RAT measurements:
· E-UTRA measurement;
· UTRA-FDD measurement
For SSB or CSI-RS measurements, the measured target RSs are configured via MeasObjectNR. Specifically, the SSB and CSI-RS resources can be configured in single MO or separate MOs. 
For PRS measurement, there is no configured MO, instead, UE will send LocationMeasurementIndication to network, including the information of measured PRS, to assist network to configure gap. 
For E-UTRA measurement, the measured LTE frequencies are configured via MeasObjectEUTRA, and for UTRA-FDD measurement, the measured UTRA-FDD frequencies are configured via MeasObjectUTRA-FDD. 
Observation 1: Except PRS measurement, for SSB/CSI-RS based measurements and LTE/UTRA measurements, the target measured frequencies/resources are configured via MOs.
Regarding legacy gap configuration, for a given gap type (e.g. per-UE gap, FR1-gap, FR2-gap), only one gap pattern can be configured. Currently, 26 gap patterns are supported (#0~#25). However, considering different RSs may require different gap pattern (e.g. MGRP, MGL, etc). For instance, for PRS measurement, gap pattern #24/#25 with very 10ms/20ms MGL may be needed. But for SSB based measurement, small MGL will be sufficient. So if only one gap pattern can be configured, then it is hard to match the different requirements. Therefore, concurrent gaps mechanism is introduced.
In order to use different gaps to measure different frequency layers, network needs to configure the association between gap and frequency layers. 
Observation 2: According to RAN4 LS, network needs to configure the association between concurrent gaps and measured frequency layers.
Based on the discussion in RAN4, for concurrent gaps, gap type concept is kept, which means each configured gap belongs to one type (e.g. per-UE gap or per-FR gap). But RAN4 is still discussing whether to allow simultaneous configuring per-UE gap and per-FR gap. In addition, RAN4 discussed the maximum number of concurrent gaps across all FRs, but haven’t concluded all the cases. 
Besides the association between gaps and frequency layers, the other important thing that network cares is the interruption requirement defined for concurrent gaps. That when multiple gaps are configured, whether serving cell(s) should be interrupted during the MGLs of all configured gaps? This may impact network and UE behaviour when concurrent gaps are configured. Regarding this question, we note RAN4 has discussed it and made following agreements in [3], but the conclusion is not stable according to the added Note:
· Agreement--- RAN4#100e:
· Legacy MG interruption requirements apply, e.g., a slot is considered to be interrupted by gap if it is interrupted by any one of the gaps
· Note: RAN4 may revisit this issue (e.g., gap cancellation to resume data transmission on cancelled gaps) after RAN4 reaches consensus on Issue 4-1
Observation 3: The following open issues are still under RAN4 discussion.
· Issue 1: whether to allow simultaneous configuring per-UE gap and per-FR gap; 
· Issue 2: maximum number of concurrent gaps across all FRs;    
· Issue 3: MG interruption requirements and gap cancellation; 
From RAN2 perspective, for RRC signalling design, we can first discuss the followings:
· Q1: How to configure multiple gap patterns?
· Q2: How to configure the association between gaps and frequency layers?
For Q1, we think it is straightforward to extend the MeasGapConfig IE to provide list of gapConfig, in order to support delta configuration, we suggest to use “toAddModList” and “toReleaseList” structures, see below example:
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        

}

Proposal 1: Use “ToAddModList” and “ToReleaseList” structure to configure multiple gap patterns in MeasGapConfig.   
For Q2, two signalling design options can be considered:
· Option 1: Indicate “gap configuration ID” in MO; (for PRS measurement, indicate the applicable gap ID in MeasConfig directly); 
· Option 2: Indicate list of MeasObjectID in GapConfig; 
Between the two options, we think Option 1 is better because:
1) Gap configuration (e.g. MeasGapConfig) is per-UE configured, but UE can be configured with many measurement objects. Usually, measurement objects may be changed frequently. For Option 2, network needs to update the MeasGapConfig frequently, it may cause measurement reset at UE side (considering gap configuration is changed). But for Option 1, the update of one MO does not need reconfiguration of MeasGapConfig, so the impact on measurement can be avoid.
2) In case of MR-DC, the gap configuration may be provided by MN, but the gap can be used to measure the frequency layers configured in SN measurements, and the measObjectIDs configured by SN are transparent to MN, so it is hard for MN to configure MO list in gap configuration. 
So for configuring the association between concurrent gaps and frequency layers, we suggest to adopt Option 1 for RRC signalling:
Proposal 2: Introduce gap configuration ID (e.g. gapConfigId-r17) in GapConfig, each configured gap pattern is linked a unique ID.    
Proposal 3: Introduce gap configuration ID (e.g. gapConfigId-r17) in MeasObjectNR, MeasObjectEUTRA, MeasObjectUTRA-FDD, used to indicate the association between concurrent gaps and frequency layers.
More detailed, for SSB based measurement, and CSI-RS based measurement, although RAN4 said SSB and CSI-RS can be associated with different gaps. In our view, there is no need to introduce two gap configuration ID in MeasObjectNR. If network wants to apply different gap patterns for SSB and CSI-RS based measurement, network can configure SSB and CSI-RS resources by using separate MOs. 
For PRS measurement, we noticed RAN4 has made the following agreements in [3]:
· Agreement --- RAN4#100e:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]PRS measurement for positioning is [exclusively] associated with only one of the instance of multiple gaps at least for R17
· FFS whether to keep or remove “exclusively”
· How to handle the overlapping with the other gap can be discussed in a separate issue
So for PRS measurement, it can only be associated with one gap. 
Observation 4: RAN4 agreed PRS measurement is only associated with one gap pattern.  
Considering there is no measurement object configured for PRS, one way is to indicate the gap configuration ID for PRS in MeasConfig, see below example:
MeasConfig ::=                      SEQUENCE {
    measObjectToRemoveList              MeasObjectToRemoveList        OPTIONAL,   -- Need N
    measObjectToAddModList              MeasObjectToAddModList        OPTIONAL,   -- Need N
    reportConfigToRemoveList            ReportConfigToRemoveList      OPTIONAL,   -- Need N
    reportConfigToAddModList            ReportConfigToAddModList      OPTIONAL,   -- Need N
    measIdToRemoveList                  MeasIdToRemoveList            OPTIONAL,   -- Need N
    measIdToAddModList                  MeasIdToAddModList            OPTIONAL,   -- Need N
    s-MeasureConfig                     CHOICE {
        ssb-RSRP                            RSRP-Range,
        csi-RSRP                            RSRP-Range
    }                                                                 OPTIONAL,   -- Need M
    quantityConfig                      QuantityConfig                OPTIONAL,   -- Need M
    measGapConfig                       MeasGapConfig                 OPTIONAL,   -- Need M
    measGapSharingConfig                MeasGapSharingConfig          OPTIONAL,   -- Need M
    ...,
    [[
    interFrequencyConfig-NoGap-r16      ENUMERATED {true}             OPTIONAL    -- Need R
    ]],
    [[
    gapConfigIdforPRS-r17               GapConfigId-r17               OPTIONAL    -- Need R
    ]]
}

Proposal 4: Introduce gap configuration ID (e.g. gapConfigIdforPRS-r17) in MeasConfig, used to indicate the applied gap pattern for PRS measurement.
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1: Except PRS measurement, for SSB/CSI-RS based measurements and LTE/UTRA measurements, the target measured frequencies/resources are configured via MOs.
Observation 2: According to RAN4 LS, network needs to configure the association between concurrent gaps and measured frequency layers.
Observation 3: The following open issues are still under RAN4 discussion.
· Issue 1: whether to allow simultaneous configuring per-UE gap and per-FR gap; 
· Issue 2: maximum number of concurrent gaps across all FRs;    
· Issue 3: MG interruption requirements and gap cancellation; 
Observation 4: RAN4 agreed PRS measurement is only associated with one gap pattern.  
Proposal 1: Use “ToAddModList” and “ToReleaseList” structure to configure multiple gap patterns in MeasGapConfig.   
Proposal 2: Introduce gap configuration ID (e.g. gapConfigId-r17) in GapConfig, each configured gap pattern is linked a unique ID.    
Proposal 3: Introduce gap configuration ID (e.g. gapConfigId-r17) in MeasObjectNR, MeasObjectEUTRA, MeasObjectUTRA-FDD, used to indicate the association between concurrent gaps and frequency layers.
Proposal 4: Introduce gap configuration ID (e.g. gapConfigIdforPRS-r17) in MeasConfig, used to indicate the applied gap pattern for PRS measurement.
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