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1. Introduction
In RAN2_116e meeting, the following agreements are made for concurrent MG:
	· RAN2 confirms the following understanding for concurrent gap operation:
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.

· RAN2 to clarify “frequency layer” and limitations as below:
PRS measurement can be associated with one gap pattern, no matter how many frequencies are measured for PRS.
Each measured SSB or LTE frequency is considered as one frequency layer.
Measured CSI-RS resources with the same center frequency is considered as one frequency layer. It is possible to have Multiple MOs including CSI-RS resources with same center frequency.
SSB and CSI-RS measurement in one MO are considered as different frequency layers.


In addition, RAN4 has approved a new LS [1] which includes more conclusions on concurrent gap. In this contribution, we discuss the remaining issues of concurrent gap and possible solution for MR-DC cases.
2. Discussion 
For the number of concurrent MGs, RAN4 indicates the following conclusion in LS [1]:
	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





Based on above information, some key points are summarized as below:
· For a given gap type (per-UE, per-FR1, per-FR2), up to 2 MGs can be configured;
· Different from legacy gap configuration, per-UE gap and per-FR gap may be configured simultaneously (see index 3/4/5).
For the first bullet, it relates to the ASN.1 design of concurrent MGs, according to the discussion in RAN2_116e, majority companies prefer to introduce multiple gap configurations in IE MeasGapConfig. Since the maximum number of concurrent MGs is 2 (for each gap type), then it is simpler to duplicate the GapConfig in MeasGapConfig, see below example:
MeasGapConfig ::=   SEQUENCE {
    gapFR2              SetupRelease { GapConfig }         OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1              SetupRelease { GapConfig }         OPTIONAL,   -- Need M
    gapUE               SetupRelease { GapConfig }         OPTIONAL    -- Need M
   ]],
    [[
    gapTwoFR2-r17        SetupRelease { GapConfig }        OPTIONAL,   -- Need M
    gapTwoFR1-r17        SetupRelease { GapConfig }        OPTIONAL,   -- Need M
    gapTwoUE-r17         SetupRelease { GapConfig }        OPTIONAL    -- Need M
    ]]
}
However, for how to indicate the association between gap pattern and measured frequencies, companies views are split. Based on the discussion last meeting [2], following options are on the table. 
· Alt-1: Indicate the associated gaps (via “gap ID”) in MO; (for PRS measurement, indicating in the association in MG configuration)
· Alt-2: Indicate list of MeasObjectID in the associated MG configuration;
· Alt-3:  Define a new IE to configure the association between a measurement gap and frequencies in MeasConfig (Similar to measurement ID link the MO and report configuration);
· Alt-4: Indicate the association between a measurement gap and particular use case, e.g. PRS, SSB, CSI-RS, E-UTRAN, UTRAN (coarse granularity).
In our view, all the options are workable in SA case, however, whether it can be applicable to MR-DC cases need careful analysis.
In Rel-15, for MR-DC cases, the following gap configuration principles are defined:
· (NG)EN-DC,
· MN decides per-UE gap pattern and per-FR1 gap pattern; SN decides per-FR2 gap pattern;
· For per-UE gap, SN forwards the SN configured measurement frequencies to MN;
· For per-FR1 gap, SN forwards the SN configured FR1 measurement frequencies to MN;
· For per-FR2 gap, MN forwards the MN configured FR2 measurement frequencies to SN. 
· MN informs SN the configured per-UE gap pattern and per-FR1 gap pattern.
· NR-DC;
· MN decides per-UE gap pattern, per-FR1 gap pattern and per-FR2 gap pattern;
· SN forwards all SN configured measurement frequencies to MN;
· MN informs SN the configured per-UE gap pattern, per-FR1 gap pattern and per-FR2 gap pattern.
· NE-DC
· MN decides per-UE gap pattern, per-FR1 gap pattern and per-FR2 gap pattern;
· SN(LTE) forwards all SN configured measurement frequencies to MN;
· MN informs SN the configured per-UE gap pattern and per-FR1 gap pattern.
When discussing concurrent gap for MR-DC, at least the following issues need to be considered:
· Issue 1: Which node (MN or SN) is responsible for deciding/configuring multiple gap patterns for a given gap type (same as legacy or new principle is needed)? 
· Issue 2: Which node (MN or SN) is responsible to provide the association between MGs and measured frequencies?
· Issue 3: Impact on MN-SN inter-node gap configuration coordination procedure. 
Let’s take NR-DC as an example, a typical gap coordination procedure for SN triggered measurements (in Rel-15) is shown in below figure:


Figure 1 Example of SN triggered measurements in Rel-15
As indicated in Figure 1, in case the SN wants to configure new measurements, if the SN hasn’t received gap pattern from the MN, or if the configured gap does not fit the new measurements, the SN will initiate SN Modification Required procedure, within the message, the SN informs the MN about the measured frequencies as well as an embedded SNRRC Reconfiguration (which includes the new measurement configuration). Then It is up to the MN to decide whether gap configuration is needed or updated, and the MN will send gap pattern together with embedded SN RRC Reconfiguration to UE, meanwhile, the MN will forward the gap pattern to the SN in step 4. 
So in Rel-15, it is possible that the SN may receives gap pattern after delivering the measured frequencies to the MN, and may after transmitting RRCReconfiguration to UE. 
Observation 1: In Rel-15/16, the SN may receive gap pattern after informing the MN the measured frequencies, and after transmitting the SCG reconfiguration to UE.
For concurrent gap in NR-DC, assuming all gap patterns are still be decided by the MN, then at step 3, it is up to MN to decide whether multiple gap patterns are needed. If the MN decides to configure a new gap pattern for SN configured frequencies, then the MN will forward the updated gap patterns to the SN at step 4. 
So, if association configuration Alt-1 is adopted, considering the gap association configuration is provided in measObjects, and it is impossible for the MN to update the SN configured measObjects. The MN needs to discard the received SN RRCReconfiguration container, and wait for the SN to deliver another updated SN RRCReconfiguration container (which includes updated measObjects with new gap associations). 
Such problem happens in MR-DC because the gap pattern and association configuration can be provided by different nodes. 
Observation 2: Association configuration Alt-1 may cause complex inter-node operation in MR-DC, because the gap pattern and corresponding association configuration can be provided by different nodes.
For association configuration Alt-2 in MR-DC, the problems are:
1. measObjectID is not unique across MCG and SCG. So besides measObjectID, UE should also be informed about the node who provides the measObjects, e.g. MCG or SCG.
2. MN and SN has to exchange the mapping relation between measured frequencies and measObjectIDs, thus network is forced to expose the configuration details to peer node. 
3. Current specification does not support gap coordination for CSI-RS based measurements (only SSB-based measurement frequencies are exchanged). 
4. Since the MN needs to update the association configuration, so every SN measurement reconfiguration requires MN involved (even if the SN knows the measured RSs are already contained in existing gap pattern and no gap reconfiguration is needed); Similarly, for MN configured FR2 measurement update in (NG)EN-DC (even if the MN knows the measured RSs can be covered by existing FR2-gap), the MN has to inform the SN to update the association configuration. This results in configuration delay and requires frequent inter-node operations.
For association configuration Alt-3 in MR-DC, the problems are same as above 2, 3 and 4.
Observation 3: Association configuration Alt-2 and Alt-3 requires frequent inter-node coordination, because one node needs to inform the peer node to update the association configuration upon each measurement reconfiguration.
Based on above analysis, we observed that Alt-1, Alt-2 and Alt-3 have drawbacks when applying to MR-DC scenarios. So in our view, when discussing the signaling design of association configuration, at least the following requirements should be taken into consideration:
· Requirement 1: 	Gap pattern and association between the gap pattern and measured frequencies are configured by single node;
· Requirement 2: 	Frequent update of association configuration upon measurement reconfiguration should be avoid;
Observation 4: The signaling design of association configuration of concurrent MG should (at least) fulfill following requirements:
· Gap pattern and association between the gap pattern and measured frequencies are configured by the same node;
· Frequent update of association configuration upon measurement reconfiguration should be avoid;
Then back to the association configuration Alt-4, just coarse granularity of association is configured. During last meeting, we did not support Alt-4 because it is less flexible compared with other alternatives. However, for MR-DC scenarios, Alt-4 seems more suitable because it can avoid strong coupling between the MN and the SN. 
For instance, for SN triggered new measurements and the SN haven’t received any gap configuration from the MN (e.g. example in Figure 1), the SN sends measured frequencies to the MN, in step 3, if the MN decides to configure a new per-UE gap associated with “ssb” purpose, the MN can indicate the gap purpose in MN RRCReconfiguration and inform the gap purpose to the SN in step 4. During the procedures, the embedded SN RRCReconfiguration container can also be delivered to the UE directly. 
On the other hand, if the SN wants to release or add measurements, and the SN knows the already configured gap pattern is still applicable (e.g. gap duration cover SMTCs), then SN can reconfigure the measurements via SRB3, without informing the MN to update the association configuration. And there is no need to coordinate measObjectIDs between the MN and the SN. 
Observation 5: Association configuration Alt-4 is more suitable for MR-DC scenarios, because frequent coordination between MN and SN can be avoid. 
During last RAN2 meeting, we support Alt-1 because the signaling design is quite straightforward. We should anyway take MR-DC into account, otherwise, the network operation will be quite complex when MR-DC is configured or de-configured. Considering the main use case of concurrent gap is to differentiate gap patterns for PRS and other measurements (because PRS needs very long gap duration), from network perspective, we now think that Alt-4 should be sufficient for most cases. So we suggest to only consider Alt-4 in Rel-17, while other finer configuration (e.g. Alt-1, Alt-2 or Alt-3) can be considered in future, if needed. 
The ASN.1 example of Alt-4 is shown below:
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
[bookmark: _Hlk92017012]    ]],
    [[
    gapPurpose-r17                      MeasGapPurpose-r17                  OPTIONAL    -- Need R
    ]]

}

MeasGapPurpose-r17 ::=              SEQUENCE {
    prs-r17                             ENUMERATED {true}               OPTIONAL,   -- Need R
    ssb-r17                             ENUMERATED {true}               OPTIONAL,   -- Need R
    csi-RS-r17                          ENUMERATED {true}               OPTIONAL,   -- Need R
    eutran-r17                          ENUMERATED {true}               OPTIONAL,   -- Need R
    utran-r17                           ENUMERATED {true}               OPTIONAL    -- Need R
}

Proposal 1: For the signaling design of the association between gap pattern and measured frequency layers, to only support Alt-4 in Rel-17:
· Alt-4: Indicate in GapConfig the association between a measurement gap and particular use case, i.e. PRS, SSB, CSI-RS, E-UTRAN, UTRAN (coarse granularity).
If P1 is not agreed, and RAN2 finally decides to adopt Alt-1~ Alt-3, considering the network needs to provide the association between each gap pattern and each configured frequency layer (or measObjectID), then we suggest to further clarify how to deal with the frequencies that do not need gap assistance, should network always associate those frequencies with gap pattern? 
Proposal 2: If association configuration Alt-1~Alt-3 is adopted, RAN2 is asked to clarify how to deal with the frequencies that do not need gap assistance.
Regarding the detailed specification changes of MR-DC scenario, except above listed issues, RAN3 also needs to discuss the changes to F1 interface (e.g. gap coordination between CU and DU), and how to obtain the capability of peer node (whether MN or SN supports concurrent gap)? In addition, RAN4 needs to define new UE requirements for MR-DC cases. In our view, due to the limited time, it is hard to finalize all the details in Rel-17, so it is recommended to focus on SA case in Rel-17, and postpone MR-DC discussion to future release, e.g. Rel-18.
Proposal 3: Only specify concurrent MG in SA case in Rel-17, postpone MR-DC cases to future release.
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1: In Rel-15/16, the SN may receive gap pattern after informing the MN the measured frequencies, and after transmitting the SCG reconfiguration to UE.
Observation 2: Association configuration Alt-1 may cause complex inter-node operation in MR-DC, because the gap pattern and corresponding association configuration can be provided by different nodes.
Observation 3: Association configuration Alt-2 and Alt-3 requires frequent inter-node coordination, because one node needs to inform the peer node to update the association configuration upon each measurement reconfiguration.
Observation 4: The signaling design of association configuration of concurrent MG should (at least) fulfill following requirements:
· Gap pattern and association between the gap pattern and measured frequencies are configured by the same node;
· Frequent update of association configuration upon measurement reconfiguration should be avoid;
Observation 5: Association configuration Alt-4 is more suitable for MR-DC scenarios, because frequent coordination between MN and SN can be avoid. 
Proposal 1: For the signaling design of the association between gap pattern and measured frequency layers, to only support Alt-4 in Rel-17:
· Alt-4: Indicate in GapConfig the association between a measurement gap and particular use case, i.e. PRS, SSB, CSI-RS, E-UTRAN, UTRAN (coarse granularity).
Proposal 2: If association configuration Alt-1~Alt-3 is adopted, RAN2 is asked to clarify how to deal with the frequencies that do not need gap assistance.
Proposal 3: Only specify concurrent MG in SA case in Rel-17, postpone MR-DC cases to future release.
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