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1	Introduction
NR and MR-DC measurement gap(MG) enhancements for release 17 was agreed as WI at RAN #89e, with following three measurement gap enhancements:
-	Pre-configured MG pattern(s) (fast MG configuration)
-	Multiple concurrent and independent MG patterns
-	Network Controlled Small Gaps (NCSG) specification
According to WID[1], RAN2 is expected to address the procedures and signaling for pre-configured MG pattern(s), based on RAN4 input. In RAN4#100 e-meeting, RAN4 LS[2] has been agreed to inform RAN2 to start the design according to the agreements reached in RAN4.
In this contribution, we will discuss how to support the pre-configured MG enhancements from RAN2 point of view. 
2	Discussion
For Pre-configured MG, RAN4 inform RAN2 the following agreements were reached and expect RAN2 to define the signalling support for configuration of pre-configured MG [2].
	· Pre-configured MG(s) are configured per UE or per FR and cannot be changed after BWP switching
· All existing MG patterns #0~25 in Rel-16 are applicable for the pre-configured MG
· The common configuration parameters of pre-configured MG (e.g. MGRP, MGL, etc) are the same as those of Rel-16 legacy MG. The pre-configured MG can be configured in way similar to the configuration of the Rel-16 legacy MGs
· The RRC parameter(s) used to differentiate pre-configured MG with the legacy MG are needed when pre-configured MG is being configured 
· The exact signalling can be designed by RAN2 

	· The pre-configured MG activation/deactivation is triggered by the DCI/Timer based BWP switch 
· FFS if additional conditions for pre-configured MG activation/deactivation shall be considered 
· NW can control activation/deactivation of pre-configured MG 
· RRC-based activation/deactivation method is supported. 
· Network can indicate active/deactive status per BWP
· Details of signalling are FFS.
· FFS if MAC CE based activation/deactivation method is supported
· Additional explicit rules for pre-configured MG autonomous activation/deactivation shall be defined for the case when signalling is not provided
· UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms can be further discussed
· Status of pre-configured MG is not fixed after RRC configuration
· FFS: how UE determines the status (active/deactive)



Regarding configuration of pre-configured MG (Pre-MG) patterns, RAN4 agreed in LS[2] that per-UE or per-FR gap patterns can be configured as Pre-MG in a way similar to the configuration of the Rel-16 legacy MGs via IE MeasGapConfig, where the MG configuration includes the measurement gap length (mgl), measurement gap repetition period (mgrp), measurement gap timing advance(mgta) and gapOffset etc. 
(Legacy) MeasGapConfig information element in 38.331
-- ASN1START
-- TAG-MEASGAPCONFIG-START

MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
    ]]

}

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
    ]]
}

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP

In our understanding, the Pre-MG discussed so far has been assumed to be assigned as single MG, and the use of Pre-MG in the context of concurrent MG operation has not been investigated yet in RAN4. This means it is unclear whether the Pre-MG can co-exist with legacy MG. Furthermore, under the structure of concurrent MG operation, there may have up to 3 or 4 concurrent gaps configured to the same UE. It is not clear whether any of the concurrent MG can be configured as Pre-MG. However, if either the Pre-MG can co-exist with legacy MG or Pre-MG can be configured as one of the concurrent MGs to UE, it would be flexible to introduce a new RRC IE for pre-configured MG type. Otherwise, the legacy MeasGapConfig IE can be reused. 
Furthermore, RAN4 also agreed that, when pre-configured MG is being configured, dedicated RRC parameter(s) should be used to differentiate pre-configured MG with the legacy MG.
Proposal 1: RAN2 to define a new RRC IE for pre-configured MG configuration, in which the RRC parameters are similar as legacy MeasGapConfig with an additional indicator for Pre-MG type.
Proposal 2: The design of the new RRC IE for pre-configured MG can be revisited after RAN4 concludes the co-existence between Pre-MG, legacy MG and concurrent MGs.
An NR cell can have up to 4 BWP’s in its channel bandwidth. The network may activate different BWP for UE in RRC CONNECTED in order to reduce interference in the network and/or UE's power saving. After BWP switching, the configured Pre-MG pattern will be used for all configured BWPs in case MG is required. Network and UE should have common understanding on if the Pre-MG is needed or not (i.e. MG activation/deactivation) when UE is served by each of the 4 BWP’s in the cell. With regard to the solution to enable activation/deactivation of pre-configured MG per BWP, two options have been agreed in RAN4. That is NW-controlled mechanism and UE autonomous pre-configured MG (de)activation. 
Observation 1: The pre-configured MG activation/deactivation can be either NW-controlled or UE autonomous mechanism.
In LS [2], UE capability on the support of (de)activation mechanisms is left to be further discussed. Hence, we propose to postpone the discussion on the UE capability of Pre-MG activation/deactivation until RAN4 has reached a clear conclusion.   
Proposal 3: RAN2 to postpone the discussion regarding the UE capability on the support of NW-controlled and/or UE autonomous pre-configured MG activation/deactivation mechanism, until further information from RAN4.
For NW-controlled pre-configured MG activation/deactivation, two options are on table:
· Option1: RRC based Pre-MG (de-)activation.  
· Option 2: MAC-CE based Pre-MG (de-)activation.
The MAC CE based (de)activation allows faster signalling and hence reduce the MG activation latency compared to the RRC based (de)activation, which is a good to fulfil the target of pre-configured MG enhancement (i.e. fast MG configuration). Based on input from LS[2], Option2 is still under investigation by RAN4 while Option1 has been agreed.
Observation 2: The RRC based pre-configured MG (de-)activation has been agreed in RAN4 while MAC-CE based pre-configured MG (de-)activation is under investigation.
For RRC based Pre-MG (de-)activation,  it is network who should indicate the pre-configured MG active/de-active status per BWP to UE via RRC (i.e. MG is needed or not when UE is served by each BWP of the cell), thus when BWP switching happened, UE will activate/deactivate the pre-configured MG based on the received Pre-MG activation status in the granularity of BWP.
Proposal 4: For RRC based pre-configured MG activation/deactivation mechanism, network should indicate the pre-configured MG active/de-active status to UE via RRC in the granularity of BWP.  
In Rel-16 NR, dynamic NeedForGap reporting mechanism was agreed, to support UE reports its gap requirement to network. The minimum granularity of NeedForGap capability is per band or per band combination (for CA case). In order to support network indicated gap requirement (i.e. pre-configured MG active/de-active status) in BWP level, the UE may need additionally report whether gaps are needed or not for each configured BWP.
Proposal 5: To enable network controlled pre-configured MG (de-)activation, UE need to report BWP-based NeedForGap capability. 
For the UE autonomous pre-configured MG activation/deactivation mechanism, since network will not indicate the pre-configured MG active/de-active status to UE in BWP level, RAN4 has agreed to define additional explicit rules for MG autonomous activation/deactivation. For example, it may depend on the overlapping of active BWP and measured SSB BW while it should be addressed by RAN4.
Observation 3: For the UE autonomous pre-configured MG activation/deactivation mechanism, network should not signal the pre-configured MG active/de-active status to UE. Instead, the additional explicit rules for pre-configured MG autonomous activation/deactivation shall be defined in RAN4.
From UE’s point of view, the expected behaviour is obviously different in NW-controlled and UE autonomous pre-configured MG activation/deactivation mechanism. Even UE supports both mechanisms, the network should decide which mechanism will be used by the UE and indicate it to UE at the time of Pre-MG configuration.
Proposal 6: Network should indicate at time of Pre-MG configuration whether NW-Controlled or UE autonomous pre-MG (de)activation will be used.
3	Conclusion
This document has made the following observations:
Observation 1: The pre-configured MG activation/deactivation can be either NW-controlled or UE autonomous mechanism.
Observation 2: The RRC based pre-configured MG (de-)activation has been agreed in RAN4 while MAC-CE based pre-configured MG (de-)activation is under investigation.
Observation 3: For the UE autonomous pre-configured MG activation/deactivation mechanism, network should not signal the pre-configured MG active/de-active status to UE. Instead, the additional explicit rules for pre-configured MG autonomous activation/deactivation shall be defined in RAN4.
And proposed the following:
Proposal 1: RAN2 to define a new RRC IE for pre-configured MG configuration, in which the RRC parameters are similar as legacy MeasGapConfig with an additional indicator for Pre-MG type.
Proposal 2: The design of the new RRC IE for pre-configured MG can be revisited after RAN4 concludes the co-existence between Pre-MG, legacy MG and concurrent MGs.
Proposal 3: RAN2 to postpone the discussion regarding the UE capability on the support of NW-controlled and/or UE autonomous pre-configured MG activation/deactivation mechanism, until further information from RAN4.
Proposal 4: For RRC based pre-configured MG activation/deactivation mechanism, network should indicate the pre-configured MG active/de-active status to UE via RRC in the granularity of BWP.  
Proposal 5: To enable network controlled pre-configured MG (de-)activation, UE need to report BWP-based NeedForGap capability. 
Proposal 6: Network should indicate at time of Pre-MG configuration whether NW-Controlled or UE autonomous pre-MG (de)activation will be used.
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