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Introduction
In TS 38.331 [1], the IE MeasGapId is used to identify a per UE or per FR measurement gap. Current specification considers that MeasGapId has to be mandatorily used within gapConfig when concurrent gaps are configured.  This contribution analyses whether measGapId is needed for all the gap configurations in concurrent gaps based on existing RAN2 agreements.
Discussion

In RAN2#117-e, an agreement was made that for “additional” gap configuration in concurrent gap, ToaddModList or ReleaseList can be used.
For additional gap configuration in concurrent gap, use ToAddModList and ToReleaseList structure for each gap type to add or release the additional gaps, and gap sharing configuration to be consistent. 

In our understanding, this means that the first gap could still be configured using the legacy gapConfig, even without a gap identifier and that the additional gaps can be configured using ToAddModList. However, we understand that this point is not very clear in the current RRC specification [1] and the current specificiation has a condition (which still has an associated FFS ) that if there is a single gap configured, it is configured without a gap identifier. But when an additional gap is needed, i.e. when the UE is configured with concurrent gaps, a gap identifier is needed for all the gaps. 

We think that it will be helpful for the network to have flexibility to configure gaps to a UE using either gapUE/gapFR1/gapFR2 or gapUEToAddModList/gapFR1ToAddModList/gapFR2ToAddModList. 
As an example, let us consider the case where a UE is configured with one measurement gap (gap1) through gapUE/gapFR1/gapFR2 by a network which doesn’t support concurrent gaps and the UE is handed over to a network that supports concurrent gaps which wants to add a second gap(gap2) for additional MOs. Let us consider in another example, a. network which supports concurrent gaps that associates all NR MOs to a single measurement gap (gap1) and associates E-UTRA MOs to another measurement gap (gap2) and has configured the UE with a single gap (gap1) using gapUE/gapFR1/gapFR2 for NR measurements initially. Later the network adds a new gap (gap2) for E-UTRA measurements. 
There are two ways for adding the second gap in both these cases.
Option 1: gNB releases the gap which was earlier configured (ie gap1), by sending gapFR1/ gapFR2/gapUE set as “release” to the UE. gNB then adds both the gaps (gap1 and gap2) using gapUEToAddModList or gapFR1ToAddModList or gapFR2ToAddModList including gap identifier for each of these gaps. One gaps can be the same as the released gap, but with a gap identifier included
Option2:gNB adds the additional measurement gap using gapUEToAddModList/ gapFR1ToAddModListor/gapFR2ToAddModList IEs including the measurement gap identifier for the new gap and provides the mapping of frequency layers to new measurement gap. But gNB doesn’t release the already configured gap. 
Proposal 1: When gNB wants to add another gap where first gap is configured without gap-id follow one of the below two options
Option 1: Release the first gap and add both first gap and second gap with gap identifiers using ToAddModList.
Option 2: Add second gap with gap identifier using ToAddModList and associate second gap to the required frequency layers, without releasing the first gap. 

With the current RRC specification [1],gNB may follow the option 1 while option 2 is closer with RAN2 #117-e agreement [2] that “additional” gaps can be configured using ToAddModList. But we observe that with option 2, it needs to be clearly defined the frequency layers with which the measurement gap without a gap identifier is associated.

We observe that irrespective of whether concurrent measurement gaps are configured or not, both UE and gNB needs to know which frequency layers need measurement gaps. With this knowledge, if there are N measurement gaps configured, it is required to signal the association for only N-1 of those gaps as the remaining gap can be implicitly mapped to the frequency layers which are not associated to a gap. As a result, if there are N concurrent measurement gaps, only N-1 measurement gaps really need measurement gap identifiers. UE uses N-1 gaps to measure the frequency layers for which the association is explicitly provided and uses the Nth gap to measure the frequency layers for which the association is implicitly provided. Implicit association of the measurement gap without an identifier is to all the frequency layers which are not associated to any measurement gap explicitly.

We see several benefits of allowing such an implicit association as in option 2. 

1.It increases the flexibility of the network to configure measurement gaps. For e.g. the network can decide to associate the measurement gap identifiers and the configurations using ToAddModList to only one type of measurement objects like E-UTRA measurement objects, and this can simply the network implementation. 

2.This approach will reduce the signalling overhead in configuring concurrent measurement gaps-For e.g. if a per-UE gap with the measurement gap identifier is associated to only one frequency layer, there is no need to signal the association of the measurement gap identifier to all the remaining measurement objects. This approach could even reduce the number of reconfigurations needed.

3. Since the concurrent gap is a capability controlled feature, there will be UEs that doesn’t support this feature. Similarly, there can be gNBs which are not supporting concurrent gaps. This means that both UEs and gNBs need to continue supporting the legacy gap configurations even when they support concurrent gaps. As a result, the overhead for supporting gaps configured with gap identifiers along with the legacy gaps without gap identifiers in the concurrent gaps is minimal.

4.During handover, target gNB may decide to keep the measurement configurations including measurement gap configuration. If the measurement gaps are not explicitly released, even the gap configuration can be kept. In the case of handover from a gNB which doesn’t support concurrent gaps to a gNB which supports concurrent gaps, target gNB will be always forced to modify or release almost entire measurement configuration, if all the concurrent gaps need to be associated with a measurement gap identifier.

5.Similar to the handover, during RRC Resume also the new gNB which wants to add concurrent measurement gaps will be forced to modify or release almost entire measurement configuration, if the previous gNB was supporting only legacy gaps and if all the concurrent gaps need to be associated with a measurement gap identifier.

Since we clearly see that there are benefits and since any ambiguity due to the configuration of gaps without an identifier can be resolved by allowing implicit association of measurement gaps without gap identifiers to frequency layers, we propose that when there is more than one measurement gap configured, one of them may be configured without measGapId. We also propose that measurement gap configured without measGapId will be associated with all the frequency layers which needs gaps and is not associated with a measurement gap id.
If there is no measurement gap configured without meagapId, gNB associates measgapId with all the measurement objects that need a measurement gap. There can be a maximum of only one per-UE gap or one each per-FR gaps that can be configured without measgapId.
Proposal 2: One of the measurement gaps in concurrent gaps can be configured without measGapId. 
Proposal 3: A measurement gap configured without measGapId will be associated with all the frequency layers which need gaps and are not associated with a measurement gap id.
We also have added a TP in section 5 to show the changes needed to allow the inclusion of one legacy gap without a gap identifier in concurrent gaps. 
Conclusion
Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: When gNB wants to add another gap where first gap is configured without gap-id follow one of the below two options
Option 1: Release the first gap and add both first gap and second gap with gap identifiers using AddModList.
Option 2: Add second gap with gap identifier using AddModList and associate second gap to the required frequency layers, without releasing the first gap. 
Proposal 2: One of the measurement gaps in concurrent gaps can be configured without measGapId. 
Proposal 3: A measurement gap configured without measGapId will be associated with all the frequency layers which need gaps and are not associated with a measurement gap id.
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Annexure
[bookmark: _Toc60777253][bookmark: _Toc90651125]–	MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/release of measurement gaps.
	MeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START

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..maxNrofGapId-1-r17)) OF GapConfig                        OPTIONAL,   -- Need N
    gapUEToReleaseList-r17          SEQUENCE (SIZE (1..maxNrofGapId-1-r17)) OF MeasGapId-r17                    OPTIONAL,   -- Need N
    gapFR1ToAddModList-r17          SEQUENCE (SIZE (1..maxNrofGapId-1-r17)) OF GapConfig                        OPTIONAL,   -- Need N
    gapFR1ToReleaseList-r17         SEQUENCE (SIZE (1..maxNrofGapId-1-r17)) OF MeasGapId-r17                    OPTIONAL,   -- Need N
    gapFR2ToAddModList-r17          SEQUENCE (SIZE (1..maxNrofGapId-1-r17)) OF GapConfig                        OPTIONAL,   -- Need N
    gapFR2ToReleaseList-r17         SEQUENCE (SIZE (1..maxNrofGapId-1-r17)) OF MeasGapId-r17                    OPTIONAL    -- Need N
    ]]

}

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
    ]],
    [[
    measGapId-r17                       MeasGapId-r17                                                       OPTIONAL,   -- Cond GapID
    preConfigInd-r17                    ENUMERATED {true}                                                   OPTIONAL,   -- Need R
    nscgInd-r17                         ENUMERATED {true}                                                   OPTIONAL,   -- Need R
    mgta-r17                            ENUMERATED {ms0dot75}                                               OPTIONAL,   -- Need R
    mgl-r17                             ENUMERATED {ms1, ms2, ms5}                                          OPTIONAL,   -- Need R
    gapAssociationPRS-r17               ENUMERATED {true}                                                   OPTIONAL,   -- Need R
    gapSharing-r17                      MeasGapSharingScheme                                                OPTIONAL,   -- Need R
    gapPriority-r17                     GapPriority-r17                                                     OPTIONAL    -- Need R
    ]]
}

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP	
	MeasGapConfig field descriptions

	gapAssociationPRS
Indicates that PRS measurement is associated with this measurement gap. The network only includes this field for one per UE gap.

	gapFR1
Indicates measurement gap configuration that applies to FR1 only. In (NG)EN-DC, gapFR1 cannot be set up by NR RRC (i.e. only LTE RRC can configure FR1 measurement gap). In NE-DC, gapFR1 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR1 gap). In NR-DC, gapFR1 can only be set up in the measConfig associated with MCG. gapFR1 can not be configured together with gapUE unless concurrent MGs are supported. The applicability of the FR1 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapFR1ToAddModList
A list of of FR1 measurement gap configuartion to be added or modified. In this version of the specification, the network configures this field only in NR standalone.

	gapFR1ToReleaseList
A list of FR1 measurement gap configuartion to be released.

	gapFR2
Indicates measurement gap configuration applies to FR2 only. In (NG)EN-DC or NE-DC, gapFR2 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR2 gap). In NR-DC, gapFR2 can only be set up in the measConfig associated with MCG. gapFR2 cannot be configured together with gapUE unless concurrent MGs are supported. The applicability of the FR2 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapFR2ToAddModList
A list of FR2 measurement gap configuration to be added or modified. In this version of the specification, the network configures this field only in NR standalone.

	gapFR2ToReleaseList
A list of FR2 measurement gap configuration to be released.

	gapPriority
Indicates the priority of this measurement gap (see TS 38.133 [14], clause FFS). Value 1 indicates highest priority, value 2 indicates second level priority, and so on.

	gapSharing
Indicates the measurement gap sharing scheme that applies to this GapConfig. For applicability of the different gap sharing schemes, see TS 38.133 [14]. Value scheme00 corresponds to scheme "00", value scheme01 corresponds to scheme "01", and so on. The network does not include this field if this GapConfig is configured by gapFR1, gapFR2, or gapUE.

	gapUE
Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2). In (NG)EN-DC, gapUE cannot be set up by NR RRC (i.e. only LTE RRC can configure per UE measurement gap). In NE-DC, gapUE can only be set up by NR RRC (i.e. LTE RRC cannot configure per UE gap). In NR-DC, gapUE can only be set up in the measConfig associated with MCG. The per UE measurement gap is configured with other FR1 gap and/or FR2 gap simultaneously only while this per UE gap is associated with PRS measurement. The applicability of the per UE measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapUEToAddModList
A list of per UE measurement gap configuartion to be added or modified. A per UE measurement gap can be configured with other FR1 gap and/or FR2 gap simultaneously only while this per UE gap is associated with PRS measurement. In this version of the specification, the network configures this field only in NR standalone.

	gapUEToReleaseList
A list of per UE measurement gap configuartion to be released.

	gapOffset
Value gapOffset is the gap offset of the gap pattern with MGRP indicated in the field mgrp. The value range is from 0 to mgrp-1. If nscgInd-r17 is present, this offset value refers to the starting point of VIL1 (the visible interruption length before the ML).

	measGapId
The ID of this measurement gap configuration.
A measurement gap configured without measGapId will be associated with all the mesurement objects/reference signals which needs the gaps and has not been associated with a measurement gap through a measurement gap id. There can be a maximum of only one per-UE gap or one each per-FR gaps that can be configured without measgapId.

	mgl
Value mgl is the measurement gap length in ms of the measurement gap. If nscgInd-r17 is not present, the measurement gap length is according to in Table 9.1.2-1 in TS 38.133 [14]. If nscgInd-r17 is present, this field indicates the measurement length (ML) in NCSG pattern and is configured according to Table 9.1.2C-1 in TS 38.133 [14]. Value ms1dot5 corresponds to 1.5 ms, ms3 corresponds to 3 ms and so on. If mgl-r16 or mgl-r17 is present, UE shall ignore the mgl (without suffix).

	mgrp
Value mgrp is measurement gap repetition period in (ms) of the measurement gap. The measurement gap repetition period is according to Table 9.1.2-1 in TS 38.133 [14].

	mgta
Value mgta is the measurement gap timing advance in ms. The applicability of the measurement gap timing advance is according to clause 9.1.2 of TS 38.133 [14]. Value ms0 corresponds to 0 ms, ms0dot25 corresponds to 0.25 ms and ms0dot5 corresponds to 0.5 ms. For FR2, the network only configures 0 ms and 0.25 ms. If mgta-r17 is present, UE shall ignore the mgta (without suffix).

	nscgInd
Indicates that the measurement gap is a NCSG as specified in 38.133 [14].

	preConfigInd
Indicates whether the measurement gap is a pre-configured measurement gap.

	refFR2ServCellAsyncCA
Indicates the FR2 serving cell identifier whose SFN and subframe is used for FR2 gap calculation for this gap pattern with asynchronous CA involving FR2 carrier(s).

	refServCellIndicator
Indicates the serving cell whose SFN and subframe are used for gap calculation for this gap pattern. Value pCell corresponds to the PCell, pSCell corresponds to the PSCell, and mcg-FR2 corresponds to a serving cell on FR2 frequency in MCG.



