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1. Introduction
For measurement gap configuration enhancement, the object of WID [1] includes following enhancements:
· Pre-configured MG pattern(s) per configured BWP (fast MG configuration)
· Multiple concurrent and independent MG patterns
· Network Controlled Small Gap (NCSG)
After last RAN4 meeting, an LS [2] is sent to RAN2, which includes the RAN4 agreements made for pre-configured MG, and asks RAN2 to start defining the signalling support for per-configured MG. In this contribution, we discuss the RAN2 signalling impact and share our view. 
2. Configuration of pre-configured MG 
Regarding the configuration of pre-configured MG, RAN4 LS includes the following guidance:
	· 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 


For the first bullet, it means the pre-configured MG is also per-UE or per-FR gap, and the gap type remains the same upon BWP switching. The second bullet is straightforward that existing gap patterns #0~25 are applicable to the pre-configured gap. From signalling point of view, network does not configure pattern ID explicitly, instead, network configures MGRP, MGL, etc individually according to UE’s supported gap pattern. And based on the third bullet, configuration parameters of R16 legacy MG can be reused for pre-configured MG. The fourth bullet indicates that explicit signaling is needed to inform the UE whether configured gap pattern is pre-configured MG or legacy MG.  
However, from RAN4’s LS, it is unclear whether the pre-configured MG can be configured together with legacy MG, or when pre-configured MG is provided, there is no legacy MG. 
Observation 1: The RAN4 LS is unclear whether pre-configured MG can be configured together with legacy MG, or pre-configured MG is configured as the replacement of legacy MG?
To make sure companies in RAN2 have the same understanding, we suggest to clarify this first. So far, two interpretations are on the table: 
(Please note, according to WID, the joint requirements for pre-configured MG, concurrent MG and NCSG will be discussed after stabilizing individual requirements, so below discussion only focus on use case of pre-configured MG)
· Interpretation 1: pre-configured MG is the replacement of legacy MG, so for a given gap type (e.g. per-UE gap, FR1-gap, or FR2-gap), they can not be configured at the same time. 
· Once UE is configured with pre-configured MG, there is no configured legacy MG for the same gap type.
· Interpretation 2: pre-configured MG is configured together with legacy MG (i.e. may have different MGRP, MGL, etc), and pre-configured MG and legacy MG work at the same time. 
· Once UE is configured with pre-configured MG, no matter the pre-configured MG is activated or deactivated for a BWP, the configured legacy MG still works in legacy way. 
In our view, interpretation 1 is correct, because based on R15/R16 TS 38.300, the defined rules for providing gap configuration is too strict. For example, for intra-frequency SSB based measurement, the network needs to configure gap if any of the UE configured BWPs (except initial BWP) do not contain the measured SSB. So even if UE’s active BWP already covers the SSB, still, network cannot schedule the UE during the gap occasions. Therefore, pre-configured MG is introduced to avoid the unnecessary interruption, and to improve the MG efficiency.    
Observation 1: The gap configuration rules defined in R15/16 are strict. The motivation of introducing pre-configured gap is to avoid unnecessary interruption caused by gap (e.g. when activate BWP contains SSB). 
And interpretation 2 cannot fulfill the requirements, because it will increase the scheduling interruption caused by MG. 
Proposal 1: For pre-configured MG, confirm the understanding that, for a given gap type (e.g. per-UE, FR1-gap or FR2-gap), only one gap pattern can be configured to UE, it can be either per-configured MG or legacy gap.   
In addition, for per-FR gap, the UE can be configured with 2 gap patterns, one for FR1, the other for FR2. According to legacy principle, the FR1-gap is used to measure FR1 frequencies, and the scheduling of serving cells on FR1 should follow FR1-gap. And FR2-gap is used to measure FR2 frequencies, and the scheduling of serving cells on FR2 should follow FR2-gap. 
For pre-configured MG, since it can be activated or deactivated after BWP switching, and serving cell on FR1 and FR2 are work separately. In our view, the gap configuration for FR1-gap and FR2-gap can also be separate. 
Proposal 2: For per-FR gap, network is allowed to configure “pre-configured MG” for FR1-gap and “legacy MG” for FR2-gap; or vice versa (e.g. combined configuration is supported). 
Based on P1/2 and the forth bullet from RAN4 LS, to differentiate per-configured MG and legacy MG, the simplest way is to introduce 1 bit indication in GapConfig, see below example:
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
    ]],
    [[
    preConfiguredIndicator-r17          ENUMERATED {true}            OPTIONAL
    ]]
}

Proposal 3: Introduce 1 bit indication (e.g. preConfiguredIndicator-r17) in GapConfig, value ‘true’ indicates the corresponding gap is pre-configured MG.   
3. Activation/deactivation of pre-configured MG 
Regarding the activation and deactivation of pre-configured MG, RAN4 LS includes the following guidance:
	· 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)


As we can see, RAN4 agreed two mechanisms for pre-configured MG activation/deactivation:
· Method 1: Autonomous activation/deactivation; 
· Method 2: Network-controlled activation/deactivation. 
Method 1 means the SPEC will define explicit rules for MG activation/deactivation, such as “whether the activated BWP contains the measured frequency”. So upon BWP switching, both UE and network can determine the gap activation/deactivation status based on defined rules. 
Method 2 means network can explicitly configure the gap activation/deactivation status to UE, and the indication is per-BWP configured. Currently, RAN4 has agreed to use RRC based signalling, and FFS on the support of MAC CE. 
From signalling point of view, support of method 1 has no RRC signalling impact. But for method 2, RAN2 needs to configure the association between BWP and gap activation/deactivation status to UE. More detailed, two options can be considered:
· Option 1: Indicate per-BWP level “gap activation/deactivation status” in gap configuration, e.g. GapConfig; 
· Option 2: Indicate per-gap level “gap activation/deactivation status” in BWP configuration, e.g. BWP-DownlinkDedicated; 
Between the two options, we think Option 2 is better because:
1) Gap configuration (e.g. MeasGapConfig) is per-UE configured, but UE can be configured with multiple serving cell, so for Option 1, in addition to per-BWP indication, we also need to indicate the serving cell index that each BWP is belonging to. This will make the signalling complex. 
2) Usually, serving cell and BWP may be added/released/modified frequently, for Option 1, network needs to update the MeasGapConfig frequently, it may cause measurement reset at UE side (considering gap configuration is changed). But for Option 2, the update of BWP or serving cell does not need reconfiguration of MeasGapConfig, so the impact on measurement behaviour can be avoid. 
[bookmark: _GoBack]So for network controlled configured-gap activation/deactivation, we suggest to adopt Option 2 for RRC signalling:
Proposal 4: For network controlled gap activation/deactivation, to configure per-gap level “gap activation/deactivation status” in BWP configuration, e.g. BWP-DownlinkDedicated.    
4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1: The gap configuration rules defined in R15/16 are strict. The motivation of introducing pre-configured gap is to avoid unnecessary interruption caused by gap (e.g. when activate BWP contains SSB). 
Proposal 1: For pre-configured MG, confirm the understanding that, for a given gap type (e.g. per-UE, FR1-gap or FR2-gap), only one gap pattern can be configured to UE, it can be either per-configured MG or legacy gap.   
Proposal 2: For per-FR gap, network is allowed to configure “pre-configured MG” for FR1-gap and “legacy MG” for FR2-gap; or vice versa (e.g. combined configuration is supported). 
Proposal 3: Introduce 1 bit indication (e.g. preConfiguredIndicator-r17) in GapConfig, value ‘true’ indicates the corresponding gap is pre-configured MG.   
Proposal 4: For network controlled gap activation/deactivation, to configure per-gap level “gap activation/deactivation status” in BWP configuration, e.g. BWP-DownlinkDedicated.    
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