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1. Introduction
In RAN2#116bis-e meeting, pre-configured measurement gap was discussed in [1], with the following conclusions:
	· Add 1 bit indication in gapConfig to indicate pre-configured measurement gap.

· In case of simultaneous support of legacy gap and pre-configured gap, it is agreed to support option 2: combine concurrent gap to indicate pre-configured gap if both are enabled.

· RAN2 confirms that MAC-CE based activation/deactivation for pre-configured MG is NOT supported for MGE WI.


After meeting, the open issues were discussed and summarized in [2] with following open issues:
	Pre-configured MG:

Company tdocs invited:


P1-1: Discuss support of case 4 where NW signals the pre-configured gap and BWP status via RRC, then UE follows BWP status to activates/deactivates gap upon BWP switching

P1-2: Support pre-configured MG under CA based on BWP switching on a single CC


In this contribution, we will continue to discuss the above open issues for pre-configured MG pattern(s) from RAN2 perspective. 
2. Discussion
2.1. Act./De-act. of pre-configured MG
Regarding open issue:

	P1-1: Discuss support of case 4 where NW signals the pre-configured gap and BWP status via RRC, then UE follows BWP status to activates/deactivates gap upon BWP switching


Based on LS from RAN4 [3] in RAN4#100e meeting, RAN4 discussed and concluded two mechanisms for pre-configured MG activation/deactivation:
· Option 1: NW controlled MG activation/deactivation. RRC based method is supported, while MAC CE based method is FFS.
· Option 2: Autonomously/implicitly triggered by DCI/Timer based BWP switch.
In LS [4] in RAN4#101e meeting, RAN4 has agreed that 
	· NW can control activation/deactivation of pre-configured MG for the specific BWP via RRC message ONLY.

· Additional activation/deactivation conditions are not considered in application to network-controlled pre-MG activation/deactivation. (i.e. MAC CE based activation/deactivation is not supported)


In RAN2#116e meeting, it was agreed that Case 5: NW signals the pre-configured gap (A in Q1) via RRC, then UE determines whether the pre-configured gap should be activated or not upon BWP switching. For example, if it is overlapped with SSB, then pre-configured gap is deactivated, otherwise it is activated, while Case 4: NW signals the pre-configured gap (A+B in Q1) via RRC, then UE follows BWP status (B) to activates/deactivates gap upon BWP switching is still FFS. A reply LS was send to RAN4 in [5]. In RAN2#116bis-e meeting, RAN2 concluded that MAC-CE based activation/deactivation for pre-configured MG is NOT supported for MGE WI.
During the discussion in RAN2#116e in [6], some companies only support case 5 and think it is enough. We think case 4 could provide flexibility to network, and there is no conflict to support both case 4 and case 5. From UE capability point of view, NW controlled MG activation/deactivation could be naturally supported when pre-configured MG is supported by the UE, while UE autonomous solution would be supported according to UE capability. 
Furthermore, RAN4 also had the corresponding discussion in RAN4#101bis-e meeting, and an LS was sent to RAN2 in [7] with the following conclusions:

	Regarding activation/deactivation of Pre-configured MG, RAN4 has reached the following conclusions:
· If the network provides the activation/deactivation status via RRC signalling, the UE will not use autonomous rules to determine the activation/deactivation status of the pre-configured MG. It will follow the per-BWP status indicated by the network.


The case 4 above has been already concluded in RAN4. Thus, there is no reason to exclude such case to violate RAN4 conclusion. 
Proposal 1: RAN2 to confirm RAN4 conclusion to support RRC-based activation/deactivation method for pre-configured MG, i.e. network can indicate active/de-active status per BWP via RRC.
For RRC based activation/deactivation method, the details of signaling should be defined in RAN2. Thus, RRC signaling needs to be introduced to indicate the pre-configured MG activation/deactivation per-BWP. This would be a static indication for MG activation/deactivation. After/When switching to a new BWP, the RRC indication will configure whether the pre-configured MG is activated or de-activated. This indication could be optional. When it is absent, option 2, UE autonomous solution could be applied.
Proposal 2: An optional per-BWP indication (e.g. activatedPreMG) is introduced to indicate the pre-configured MG activation/deactivation for the corresponding BWP. 
In RAN4 LS [7], it was agreed: If the network provides the activation/deactivation status via RRC signalling, the UE will not use autonomous rules to determine the activation/deactivation status of the pre-configured MG. It will follow the per-BWP status indicated by the network.
Observation 1: RAN4 has concluded if the network provides the activation/deactivation status via RRC signalling, the UE will not use autonomous rules to determine the activation/deactivation status of the pre-configured MG. It will follow the per-BWP status indicated by the network.
When the activation/deactivation indication for pre-configured MG is not present, pre-configured MG could be activated/deactivated autonomously triggered by existing BWP switching, which could be timer/DCI based. More specifically, the UE will check whether any configured MO needs MG after BWP switch. This would be dynamic determination for pre-configured MG activation/deactivation. And in LS [4], RAN4 has agreed that specific conditions can be further handled as a part of discussion on rules of UE autonomous activation/deactivation, and the criteria (rules) for pre-MG autonomous (de)activation shall be defined in RAN4.
Proposal 3: When the per-BWP activation/deactivation indication (e.g. activatedPreMG) is not present, UE autonomous solution could be applied, i.e. pre-configured MG can be activated/deactivated autonomously triggered by criteria (rules) defined in RAN4. 

With this activation/deactivation indication, the corresponding MG configuration could be identified as pre-configured MG, which could be differentiated with the legacy MG. 

In this way, the configuration of pre-configured MG could be indicated by either explicit indication (i.e. isPreConfiguredMG) introduced in RAN2#116bis-e in gapConfig or implicit indication for activation/deactivation by RRC signaling (i.e. activatedPreMG). Thus, the indication for pre-configured MG (i.e. isPreConfiguredMG) should be optional. It could be absent when the indication for activation/deactivation (e.g. activatedPreMG) is present. 
Proposal 4: The indication (e.g. isPreConfiguredMG) in gapConfig for pre-configured MG is an optional field. It could be absent when the activation/deactivation indication (e.g. activatedPreMG) is present. 
2.2. UE capability for pre-configured MG
Regarding open issue:

	P1-2: Support pre-configured MG under CA based on BWP switching on a single CC


In RAN4#101bis-e meeting, this issue was discussed in [8]:
	Issue #3-2: Whether Pre-MG can be applied under CA in Rel17
Support pre-configured MG under CA but based on BWP switching on a single CC



RAN4 has concluded pre-configured MG could be applied under CA, while the status for pre-configured MG is based on the BWP switching on a single CC. How to combine the individual per-BWP pre-MG status for signaling-based or rule-based pre-MG activation/deactivation are still FFS in RAN4 [8], as below:

	Issue#2a-1: Criteria for the signaling-based pre-MG (de)activation under CA 
The principle for the signaling-based Pre-MG (de)activation under CA can be based on:

· NW will forward the per-BWP pre-MG status indications to UE by RRC message, which is defined for each of induvial CCs (e.g. Table S1, S2 for the CC1 and CC2 respectively)

· UE will combined the pre-MG status indication from NW for each induvial CC for all configured measurement objects.

· FFS on the rules on how to combine the individual per-BWP pre-MG status .

· Option 1a

· When configured with per-UE gap, 

· assume the per-UE gap is ON as long as the pre-MG status of active DL BWP in one of the CCs is ON, 

· and assume the per-UE gap is OFF only if the pre-MG status of active DL BWP in all CCs are OFF. 

· When configured with per-FR gap, 

· assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs in the same FR is ON, 

· and assume the gap is OFF only if the pre-MG status of active DL active DL BWP in all CCs in the same FR are OFF

· Option 1b 

· For per-UE pre-MG, 

· UE assumes the pre-MG is ON as long as the pre-MG status for active DL BWP in one of the activated CCs or for one of the deactivated SCCs is ON, 

· and assume the pre-MG is OFF only if the pre-MG status for active DL BWP in all activated CCs and for all deactivated SCCs are OFF. 

· For per-FR pre-MG, 

· UE assumes the pre-MG is ON as long as the pre-MG status for active DL BWP in one of the activated CCs or for one of the deactivated SCCs in the same FR is ON, 
· and assume the pre-MG is OFF only if the pre-MG status for active DL BWP in all activated CCs and for all deactivated SCCs in the same FR are OFF
Issue#2a-2: Criteria for the rule-based pre-MG (de)activation under CA 
Same criteria as these for single CC rule-based pre-MG activation/deactivation [refer to Issue 2-2 Option 1]


Proposal 5: RAN2 confirm RAN4 conclusion that pre-configured MG can be applied under CA, but the status for pre-configured MG is based on the BWP switching on a single CC. Wait for RAN4 decision on how to combine the individual per-BWP pre-MG status for signaling-based or rule-based pre-MG activation/deactivation.
2.3. TP for pre-configured MG
The corresponding TPs on TS 38.331 for this pre-configured MG considering the above proposals are provided in Annex. 
Proposal 6: RAN2 to consider the corresponding TPs on TS 38.331 for pre-configured MG.  

3. Conclusion

In this contribution, we discussed the remaining open issues on pre-configured MG. We have the following proposals:

Proposal 1: RAN2 to confirm RAN4 conclusion to support RRC-based activation/deactivation method for pre-configured MG, i.e. network can indicate active/de-active status per BWP via RRC.

Proposal 2: An optional per-BWP indication (e.g. activatedPreMG) is introduced to indicate the pre-configured MG activation/deactivation for the corresponding BWP. 
Proposal 3: When the per-BWP activation/deactivation indication (e.g. activatedPreMG) is not present, UE autonomous solution could be applied, i.e. pre-configured MG can be activated/deactivated autonomously triggered by criteria (rules) defined in RAN4. 

Proposal 4: The indication (e.g. isPreConfiguredMG) in gapConfig for pre-configured MG is an optional field. It could be absent when the activation/deactivation indication (e.g. activatedPreMG) is present. 
Proposal 5: RAN2 confirm RAN4 conclusion that pre-configured MG can be applied under CA, but the status for pre-configured MG is based on the BWP switching on a single CC. Wait for RAN4 decision on how to combine the individual per-BWP pre-MG status for signaling-based or rule-based pre-MG activation/deactivation.
Proposal 6: RAN2 to consider the corresponding TPs on TS 38.331 for pre-configured MG.  
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6.3.2
Radio resource control information elements

–
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

    ]]

}

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

    ]] ,
    [[

    isPreConfiguredMG-r17               ENUMERATED {true}                                                   OPTIONAL     -- Need S
    activatedPreMG-r17                  SEQUENCE (SIZE (1.. maxNrofBWPs)) OF ActivatedPreMGPerBWP-r17           OPTIONAL    -- Need S
    ]]
}
activatedPreMGPerBWP-r17 ::=            ENUMERATED {activated, deactivated}
-- TAG-MEASGAPCONFIG-STOP

-- ASN1STOP

	MeasGapConfig field descriptions

	activatedPreMG
Indicates the pre-configured MG activation/deactivation for the corresponding BWP. If it is absent, pre-configured MG can be activated/deactivated autonomously triggered by timer/DCI based BWP switching.

	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. 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].

	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. 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].

	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. If gapUE is configured, then neither gapFR1 nor gapFR2 can be configured. 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].

	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.

	isPreConfiguredMG
Indicate whether this gap configuration is pre-configured measurement gap. If it is absent, when the activation/deactivation indication (e.g. activatedPreMG) is present, this gap configuration is also pre-configured measurement gap.

	mgl

Value mgl is the measurement gap length in ms of the measurement gap. The measurement gap length is according to in Table 9.1.2-1 in TS 38.133 [14]. Value ms1dot5 corresponds to 1.5 ms, ms3 corresponds to 3 ms and so on. If mgl-r16 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. 

	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.
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