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Introduction
Before the last meeting, an LS was received from RAN4 on pre-configured MG in the MG enhancement WI [1], in which RAN2 was asked to design the signalling support for configuration of pre-configured MG. And then, a further LS about pre-configured MG is received from RAN4 [2] that provides some further agreements. In this contribution, we will further analyse the issues mentioned in the LS and potential impacts on RAN2.
There were agreements about pre-configured MG in RAN4 as follow:
	· Pre-configured MG for SSB measurements should be supported. 
· It is feasible to configure Pre-MG for Rel-16 PRS measurements. 
· It is feasible to configure Pre-MG for CSI-RS L3 inter-frequency measurement. 
· In RAN4#101e meeting, RAN4 continue focus on the single carrier case and evaluate the additional working efforts to support the CA case with pre-configured MG activation/deactivation based on BWP switching on a single CC. It will be decided in further meeting whether CA case with pre-configured MG activation/deactivation based on BWP switching on a single CC will be supported in this release. 
· In current Pre-MG discussion, MR-DC case in Rel-17 is deprioritized. If any critical technical issues identified in the next meeting, it can be revisited. 
· Besides the per BWP indication, no additional explicit signalling is needed to indicate the initial pre-MG activation/deactivation status at or during pre-MG being configured.  
· NW can control activation/deactivation of pre-configured MG for the specific BWP via RRC message ONLY. 
· Specific conditions can be further handled as a part of discussion on rules of UE autonomous activation/deactivation. 
· Define separate UE capabilities for different pre-MG activation/deactivation mechanisms (i.e. NW-Controlled activation/deactivation mechanism and UE autonomous activation/deactivation mechanism).
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1.1. Pre-configured MG for single carrier
In current spec, when the measurement gap is configured, it is viewed as activated immediately, i.e., no UL or DL transmissions are scheduled during the gap. The measurement gap has to be configured to UE, if any of the configured BWPs doesn’t cover the frequency domain resources of the reference signal to be measured even though the gap is not needed when the UE is switched to a BWP which covers the reference signal to be measured. The pre-configured gap was discussed and agreed in RAN4 to reduce the interruption due to measurement gap, i.e. the UE can be pre-configured with measurement gap if at least one configured BWP doesn’t cover the RS to be measured (legacy behaviour), but whether the pre-configured gap is actually needed/activated can be based on the active BWP.  This can reduce the interruption when the UE is switched to a BWP containing the reference signals to be measured when measurement gap is configured. With respect to activation/deactivation of pre-configured MG, there are two options discussed in RAN4 as following:
· Rule-based solution
From the view of RAN2, the rule will be defined in RAN4 specs and one example would be the UE determines whether to activate the pre-configured MG based on whether the bandwidth of the active BWP covers all MOs to be measured. If the bandwidth of the specific BWP can cover all MOs, the pre-configured MG can be deactivated. If the bandwidth of the specific BWP cannot cover all MOs, the pre-configured MG should be activated. In this option, what we need to do in RRC spec is to only add an indicator to legacy MG configuration to indicate that the gap is pre-configured.
Proposal 1: For rule-based method, the only change is to add an indicator to indicate a gap is pre-configured or not.
· RRC-based solution
Based on the agreement of RAN4, network should indicate activation/deactivation status of the pre-configured MG per BWP via RRC signalling. The UE can decide whether the gap is activated/de-activated based on the active BWP and the configured status for this BWP. For detailed configuration, there could be two sub-options:
Option 1-1: The activation/deactivation status of each BWP is included in the configuration of pre-configured MG
In this option, activation/deactivation status of each (e.g., expressed by a bitmap) can be included in the configuration of pre-configured MG. For example, if bitmap ‘0010’ is set in the MG configuration, it indicates that the MG is pre-configured and should be activated only for the BWP3 (probably because the BWP3 cannot cover the RS to be measured whereas other BWPs can). In other words, if the active BWP is BWP1 or BWP2 or BWP4, both the network and the UE will ignore the pre-configured MG. With this option, the configuration of MG status of all BWPs will be updated whenever the BWP configuration is modified (i.e., addition/modification/removal of BWPs).
Option 1-2: The activation/deactivation status of the specific BWP is included in the configuration of BWP
In this option, an activation/deactivation status indication can be configured within the BWP configuration. For multiple BWPs, the activation/deactivation status can be indicated separately. Besides, an indication needs to be added to the legacy MG configuration indicating the MG is pre-configured. Based on this option, the addition/modification/removal of BWP is independent from the configuration of MG. If one BWP needs to be modified, only one MG status of this BWP will be updated if needed. And when the configuration of the MG is changed, the MG status of BWPs can be updated only if needed. When the MG is released, the MG status of BWPs in BWP configuration may not need to be released since it will not do anything only based on the MG status.
Therefore, option 1-2 is preferred from our perspective.
Proposal 2: For RRC-based method, choose from the following options:
· Option 1-1: The activation/deactivation status of each BWP is included in the configuration of pre-configured MG
· Option 1-2: The activation/deactivation status of the specific BWP is included in the configuration of BWP
RAN4 asks RAN2 to take joint working among Pre-MG, NCSG and concurrent gaps into account in RRC signalling design for forward compatibility. Then, considering the support of both Pre-MG and concurrent gaps, there are two options to provide the per BWP activation/deactivation status of the pre-configured MG.
Alt 1: introduce deactivatedMeasGapList in BWP-DownlinkDedicated
The full text proposal is provided in [4].
In this solution, the MeasGapId is always needed if preConfigInd or gapAssoication is included in GapConfig. If the UE receives the BWP configuration including the MeasGapId, it determines the status of the measurement gap associated with the MeasGapId to be deactivation when the configured BWP is the active BWP.

BWP-DownlinkDedicated ::=           SEQUENCE {
    <skip>
    [[
    deactivatedMeasGapList-r17  SEQUENCE (SIZE (0..xx)) OF MeasGapId-r17  OPTIONAL  -- Cond PreMG
    ]]
}
The condition of deactivatedMeasGapList-r17 should be: The field is optionally present, if there is at least one per-UE gap configured with preConfigInd or there is at least one per-FR gap of the same FR which the BWP belongs to and configured with preConfigInd. If RRC-based solution for pre-configured MG is applied and the measurement gap can be deactivated when the BWP is active BWP, this filed is present, otherwise it is absent. 
When the UE receives the gap activation/deactivation configuration for all BWPs, if there is no deactivatedMeasGapList in any BWP configuration, the UE should apply rule based solution. When the deactivatedMeasGapList is to be configured, the size (0) can be used to indicate the MG should be deactivated, if there is at most one MG configured with preConfigInd among the per-UE gap(s) if configured, and the per-FR gap(s) (if configured) of the same FR which the BWP belongs to.
Alt 2: introduce CHOICE type deactivatedMeasGap in BWP-DownlinkDedicated
In this solution, introducing a CHOICE type deactivatedMeasGap-r17 which includes preMeasGap-r17 and preMeasGapList-r17 can support pre-MG feature only, or both pre-MG and concurrent MGs. 

BWP-DownlinkDedicated ::=           SEQUENCE {
    <skip>
    [[
    deactivatedMeasGap-r17   CHOICE {
        preMeasGap-r17      ENUMERATED {true} 
        preMeasGapList-r17  SEQUENCE (SIZE (1..xx)) OF MeasGapId-r17
    }                                                                 OPTIONAL  -- Cond PreMG
    ]]
}
The condition of deactivatedMeasGap-r17 is the same as the condition of deactivatedMeasGapList-r17 in Alt-1, the difference is that the IE preMeasGap-r17 is used to indicate the scenario of size (0) of deactivatedMeasGapList-r17 in Alt-1.
Since Alt-1 is simpler than Alt-2, we prefer Alt-1. For the full text proposal for pre-configured MG along with concurrent MG and NCSG, please refer to [4].
Proposal 3: Introduce deactivatedMeasGapList IE in BWP configuration to indicate the MG activation/deactivation status.
1.2. Pre-configured MG for CA
According to the WF of RAN4 [3], for CA case, the principle was proposed as follow: 
	Issue#2-1a
	How can the activation/deactivation status of pre-configured MGs be indicated in case of CA
· FFS on the following principles: 
· When configured with per-UE gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs is ON, and assume the gap is OFF only if the pre-MG status of active DL BWP in all CCs are OFF. 
· When configured with per-FR gap, UE should 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. 
· FFS on the pre-MG activation/deactivation status indication in case of pre-MG activation / deactivation triggered by RRC signalling in case of CA.


As mentioned by RAN4, pre-MG activation / deactivation indication may be impacted by the CA scenario, especially for RRC signalling based pre-configured gap. For RRC-based pre-configured gap, in CA scenario, how to indicate the activation/deactivation of a MG for the relevant BWPs of a serving cell is under RAN4 discussion. But the rule-based solution in CA is much simpler.
· Rule-based solution in CA
The rule-based solution can be easily extended to CA scenarios. In CA, there can be multiple active BWPs at the same time, if all MOs are covered by active BWPs (not necessarily the same BWP), the pre-configured MO can be deactivated.
Observation 1: The rule-based solution can be easily applied to CA, i.e., the pre-configured MG is deactivated only when all MOs are covered by active BWP(s).
· RRC-based solution in CA
In CA, there can be multiple active BWPs at the same time. It is difficult for the network to configure the activation/deactivation signalling because you may never find a configured BWP which covers all MOs (including MOs belonging to other carriers). A possible solution is, when configuring the activation/deactivation status, only the measurements with RSs within the CC which the BWP belongs to is considered. The detailed solution would be: if a configured BWP can cover all SSBs to be measured within this CC, and cover all CSI-RSs to be measured within this CC, and there is no MO for PRS measurements, and all RSs to be measured are within all the configured CC (i.e., there is no inter-band measurements for CA), the gNB can indicate the pre-MG status for this BWP as deactivation. Apart from this configuration, there still needs to be some “rule” to let the UE know whether the gap is activated or not upon BWP switching. After BWP switching, if the indicators of all active BWPs indicate “deactivation”, the MG is considered as deactivated, otherwise it is activated.
Observation 2: A possible solution for RRC-based method in CA is: if a configured BWP can cover all SSBs to be measured within this CC, and cover all CSI-RSs to be measured within this CC, and there is no MO for PRS measurements, and all RSs to be measured are within all the configured CC (i.e., there is no inter-band measurements for CA), the gNB can indicate the pre-MG status for this BWP as deactivation. After BWP switching, if the indicators of all active BWPs indicate “deactivation”, the MG is considered as deactivated, otherwise it is activated.
For CA case, the SCell can be deactivated by not including sCellState in RRCreconfiguration message or when sCellDeactivationTimer expires. For the deactivated carrier, the serving cell MO of the carrier can be measured without MG, but if there are other MOs, the MG will be used. 
For rule-based solution, considering the SCell deactivation, it is feasible and easy for the UE to determine the MG status depending on whether all MOs except the serving cell MO of the deactivated cell can be covered by all active BWP(s).
Observation 3: For Rule-based solution in CA scenario, the pre-configured MG is deactivated only when all MOs except the serving cell MO of the deactivated cell are covered by active BWP(s), considering the sCell deactivation.
For the pre-configured MG, the MG status will be determined by the indicators for all active BWPs of all carriers, excluding indications for all BWPs of deactivated CCs. Based on this, if one cell is deactivated and all indications for active BWPs are deactivated, the MG status should be deactivation. However, if there are some MOs other than the serving cell MO for the deactivated carrier, the MG should be always activated. Thus, the principle proposed by RAN4 cannot work well for CA case when the SCell is deactivated. To deal with that, an indicator of pre-configured MG status for carrier when the carrier is deactivated may be introduced. With that, the UE should determine the MG status depending on both the indicators for all active BWPs of all carriers and the indicators for all deactivated carriers. Only when all indicators are shown as deactivation, the MG can be deactivated.
Observation 4: For RRC-based solution in CA scenario, the indicator of pre-configured MG status for carrier when the carrier is deactivated should be introduced.
In the last meeting, the rule based autonomous pre-configured MG activation/deactivation (as case 5) is agreed by RAN2. While the RRC based pre-configured MG activation/deactivation (as case 4) is still FFS. Considering the complexity of the RRC-based method in case of CA scenario, the rule based method is sufficient and easy for pre-configured MG activation/deactivation. We don’t see the additional benefit of RRC based method, but rather introduce some complex logics to the UE. Thus, if possible, RAN2 should send LS to RAN4 and try to postpone RRC based solution.
[bookmark: _GoBack]Proposal 4: RAN2 sends an LS to RAN4 and try to postpone RRC based solution.
Conclusion 
Based on the above discussion, we have the following proposals: 
Proposal 1: For rule-based method, the only change is to add an indicator to indicate a gap is pre-configured or not.
Proposal 2: For RRC-based method, choose from the following options:
· Option 1-1: The activation/deactivation status of each BWP is included in the configuration of pre-configured MG
· Option 1-2: The activation/deactivation status of the specific BWP is included in the configuration of BWP
Proposal 3: Introduce deactivatedMeasGapList IE in BWP configuration to indicate the MG activation/deactivation status.
Observation 1: The rule-based solution can be easily applied to CA, i.e., the pre-configured MG is deactivated only when all MOs are covered by active BWP(s).
Observation 2: A possible solution for RRC-based method in CA is: if a configured BWP can cover all SSBs to be measured within this CC, and cover all CSI-RSs to be measured within this CC, and there is no MO for PRS measurements, and all RSs to be measured are within all the configured CC (i.e., there is no inter-band measurements for CA), the gNB can indicate the pre-MG status for this BWP as deactivation. After BWP switching, if the indicators of all active BWPs indicate “deactivation”, the MG is considered as deactivated, otherwise it is activated.
Observation 3: For Rule-based solution in CA scenario, the pre-configured MG is deactivated only when all MOs except the serving cell MO of the deactivated cell are covered by active BWP(s), considering the sCell deactivation.
Observation 4: For RRC-based solution in CA scenario, the indicator of pre-configured MG status for carrier when the carrier is deactivated should be introduced.
Proposal 4: RAN2 sends an LS to RAN4 and try to postpone RRC based solution.
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