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1. Introduction
RAN2 has received an LS from RAN4 on Multiple concurrent and independent MG patterns of NR and MR-DC measurement gap enhancements [1]. This paper attempts to investigate the RAN2 protocol impacts based on RAN4 input, in accordance with the WI objective below [2].
	· 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



2. Discussion
2.1 How to configure the association between measurement gaps and dedicated use case(s)
According to the LS from RAN4 [1], the following agreements have been made by RAN4 for definition of concurrent gaps.
	For definition of concurrent gaps: 
· 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.


Based on the above agreements, whether the message to configure the multiple gaps should be same or separated is up to RAN2 discussion. However, if the messages to configure multiple gaps are separated, it may cause deterioration of signaling efficiency due to the redundant parameters and the duplication of signaling over the air. Additionally, current message structure should be extended anyway even if separated RRC messages are used, because UE cannot distinguish if the measurement configuration is for concurrent gap or legacy measurement gap so then the second message would be treated as override. Therefore, there is no benefit on separating the measurement configuration message. From these observations, the following is proposed.
Proposal 1:	The RRC message to configure multiple gaps should NOT be separated
With regard to the consideration whether new IE(s) should be introduced or the existing IE should be duplicated, the both way can be considered as solution. For the duplication of the existing IE, it can be implemented by adding list of MeasConfig in RRCReconfiguration or RRCResume like below.
RRCReconfiguration-v1610-IEs ::= SEQUENCE {
    <skip unrelated part>
    nonCriticalExtension             RRCReconfiguration-v17xy-IEs            OPTIONAL
}

RRCReconfiguration-v17-IEs ::= SEQUENCE {
    measConfigList			SEQUENCE (SIZE (1.. maxNrofMeasConfig)) OF MeasConfig	OPTIONAL, -- Need M
    nonCriticalExtension	SEQUENCE {}                                           OPTIONAL
}
In this case, one of the benefit is that no modification is needed on the specification of  IEs related to measurement configuration itself. However, some of parameters inside MeasConfig (e.g. measurement object, report configuration)　may be redundant when same configuration (even partially) is used for the multiple gaps. Therefore, the following is proposed. 
Proposal 2:	RAN2 to introduce new IE(s) and extend the existing IEs inside MeasConfig to configure multiple gaps
To discuss detail of the message structure, we can refer to the following agreements in LS from RAN4 [1] for applicability and configurations of concurrent gaps.
	For applicability and configurations of concurrent gaps: 
· 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


According to the above agreements, a MG can be associated to one or multiple use cases. With rewording "use cases" to "MOs", the basic solution can be associating MG configuration to MeasObject IEs somehow. Regardless of which IE to associate the MG configuration, we would like to propose to introduce ID and list for the MG configuration(s), because MG configuration may be redundant if the instance of MG configuration is directly associated to each MOs when the same MG configuration is associated to multiple MOs. The list of MG configuration can be added in MeasConfig similar to the existing measurement configurations such as MeasObject, ReportConfig, MeasId. 
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
    ]],
    [[
	measGapToRemoveList-r17         MeasGapToRemoveList-r17		OPTIONAL,	-- TBD
    measGapToAddModList-r17         MeasGapToAddModList-r17		OPTIONAL	-- TBD
	]]
}

MeasGapToRemoveList-r17 ::=   SEQUENCE (SIZE (1..maxNrofGapId-r17)) OF MeasGapId-r17

MeasGapToAddModList-r17 ::=   SEQUENCE (SIZE (1.. maxNrofGapId-r17)) OF MeasGapToAddMod-r17

MeasGapToAddMod-r17 ::=    SEQUENCE {
    measGapId-r17              MeasGapId-r17,
    measGapConfig-r17          MeasGapConfig
}
The above ASN.1 structure shows the example of the assignment of ID and the addition of list for the MG configurations.
Proposal 3:	RAN2 to assign ID to each MG configuration, and add list of MG configuration in MeasConfig
Regarding the consideration which IE to associate the MG configuration, the following can be the options. 
· Option1: MeasIdToAddMod
· Option2: ReportConfigToAddMod
· Option3a: MeasObjectToAddMod (same MG configuration for SSB and CSI-RS)
· Option3b: MeasObjectToAddMod (separate MG configuration for SSB and CSI-RS)
Option1 seems to be the simplest way and better from the consistency of message structure. However, with this message structure, multiple MGs can be associated to one MO (frequency layer). According to the LS from RAN4 [1] snipped below, one frequency layer can only be associated to a single MG. Therefore, if Option1 is introduced, this limitation should be explicitly described in the specification. Option2 is possible but there seems to be no much benefit compared to other options. Option3 can avoid associating multiple MGs to one MO structurally. However, if only one MG is associated in the MO structure (Option3a), same MG is used for the both SSB and CSI-RS. Based on the LS from RAN4 [1] snipped below, SSB, CSI-RS and PRS are treated as different frequency layers. Therefore, separated MG should be associated for each reference signal (Option3b).
	· 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.


The following is the sample of message structure for Option3b.
MeasObjectToAddMod ::=                      SEQUENCE {
    measObjectId                                MeasObjectId,
    measObject                                  CHOICE {
        measObjectNR                                MeasObjectNR,
        ...,
        measObjectEUTRA                             MeasObjectEUTRA,
        measObjectUTRA-FDD-r16                      MeasObjectUTRA-FDD-r16,
        measObjectNR-SL-r16                         MeasObjectNR-SL-r16,
        measObjectCLI-r16                           MeasObjectCLI-r16
    },
    [[
    measGapIdSSB-r17                            measGapId-r17,
    measGapIdCSI-RS-r17                         measGapId-r17
    ]]
}
Proposal 4:	MG can be associated for SSB and CSI-RS separately inside MeasObjectToAddMod to implement the limitation (one frequency layer can only be associated to a single MG) structurally
For PRS measurement, one of possible issue is that current IEs related to measurement do not have any field to indicate that the purpose of measurement is PRS explicitly, because parameters for PRS measurement are configured via LPP. Since this work item objective is to associate MG to each use case, the purpose of the measurement should be explicitly indicated even for PRS.
Proposal 5:	For PRS measurement, a field can be added to indicate that the purpose of measurement is PRS explicitly. FFS which IE to add the field
Another consideration for applicability and configurations of concurrent gaps we found is about the following description snipped from the LS from RAN4 [1].
	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.


One of interpretation about this description is that such combination of configuration is possible. However, another interpretation is possible that if an LTE measurement is associated to a gap, other measurements should be associated to other gap(s). If the second interpretation is true, the limitation should be explicitly described in the specification. From the consideration, the following is proposed.
Proposal 6:	Ask RAN4 for the intention about the description related to LTE measurement (one gap is purely used for LTE measurement)
Finally, we would like to conclude that it is feasible to configure the concurrent gaps with investigating the considerations mentioned above.
Proposal 7:	Send Reply LS to RAN4 to answer that configuring the concurrent gaps is feasible, and include clarifications in the LS

2.2 Other considerations on configuring multiple measurement gaps
According to WF on this WI objective [3], RAN4 is investigating how to handle colliding gap occasions.
	· FFS the rule for colliding gap occasions
· Option 1: Gap sharing
· A factor for gap sharing percentage, e.g., given 50% gap sharing, the measurement w.r.t. one gap will share roughly 50% of the time, while the other gap share the remaining
· Option 2: Priority
· UE will only do the measurement w.r.t. the gap with higher priority all the time
· Option 3: other option is not precluded


Option 2 mentions to select which measurement to perform by priority, however, there is no priority field in the current measurement related IEs. Therefore, the following is proposed.
Proposal 8:	Add priority field in an IE related to measurement configuration if Option 2 is introduced for colliding gap occasions. FFS which IE to add the field
It is not mentioned in WID/LS/WF, however, how to treat gap sharing configuration should be considered, since multiple gaps can be configured with this WI even though only one gap sharing can be configured in the current specification. In case one gap sharing configuration is applied to all gaps, no need to modify current specification. However, if gap sharing is configured for each gap separately, MeasConfig IE should be extended to include multiple gap sharing configurations. In this case, ID and list can be introduced for gap sharing configuration similar to the gap configuration as mentioned in Proposal 3. Then, ID of gap sharing configuration can be associated to a gap configuration.
Proposal 9:	Ask RAN4 if gap sharing is configured for each gap separately
Proposal 10:	Introduce ID and list for gap sharing configuration, and associate the ID to a gap configuration if gap sharing is configured for each gap separately

3. Summary and proposal
This paper investigates the RAN2 protocol impacts on NR/MR-DC measurement gap enhancements. In summary, the followings were proposed.
Proposal 1:	The RRC message to configure multiple gaps should NOT be separated
Proposal 2:	RAN2 to introduce new IE(s) and extend the existing IEs inside MeasConfig to configure multiple gaps
Proposal 3:	RAN2 to assign ID to each MG configuration, and add list of MG configuration in MeasConfig
Proposal 4:	MG can be associated for SSB and CSI-RS separately inside MeasObjectToAddMod to implement the limitation (one frequency layer can only be associated to a single MG) structurally
Proposal 5:	For PRS measurement, a field can be added to indicate that the purpose of measurement is PRS explicitly. FFS which IE to add the field
Proposal 6:	Ask RAN4 for the intention about the description related to LTE measurement (one gap is purely used for LTE measurement)
Proposal 7:	Send Reply LS to RAN4 to answer that configuring the concurrent gaps is feasible, and include clarifications in the LS
Proposal 8:	Add priority field in an IE related to measurement configuration if Option 2 is introduced for colliding gap occasions. FFS which IE to add the field
Proposal 9:	Ask RAN4 if gap sharing is configured for each gap separately
Proposal 10:	Introduce ID and list for gap sharing configuration, and associate the ID to a gap configuration if gap sharing is configured for each gap separately
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