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1 Introduction
In RAN4#100-e meeting, the item on pre-configured MG pattern was further discussed and some consensuses are reached. The agreements are captured in the approved WF [1] as below. 
	Parameter to differentiate the legacy MG and Pre-MG  
· The RRC parameter(s) used to differentiate Pre-MG with the legacy MG are needed when Pre-MG is being configured 
· The exact signalling can be designed by RAN2 
How pre-configured MGs can be activated/deactivated 
· 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 activation/deactivation 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
· Companies are encouraged bring inputs on the conditions when NW based activation/deactivation and explicit rules for activation/deactivation are used
Criteria of activation/deactivation pre-configured MG 
· The explicit rules for pre-configured MG autonomous activation/deactivation shall be defined for the case when signalling is not provided
Activation/Deactivation Delay
 Additional transition time (T = TBD) on top of the BWP switching delay shall be included in the pre-configured MG activation/deactivation time.
UE behavior after deactivation of pre-configured MG
Without considering concurrent gap, after Pre-MG being deactivated, UE shall perform measurement without MG and be able to receive and transmit in the serving cell. 
MG patterns used for the pre-configured MG mechanism 
 All existing MG patterns #0~25 in Rel-16 are applicable for the pre-configured MG


The conclusions related to signalling design have been informed to RAN2 in the LS [2]. But there are still many issues not agreed and the candidate options are also captured in the approved WF [1]. In this paper, we have some further discussions on the remaining issues and give our proposals. 
2 Discussion
2.1 Using scenarios
It was agreed in last meeting that it is feasible to configure Pre-MG for PRS measurement and CSI-RS based L3 measurement. And it is FFS whether UE assumes the Pre-MG is always activated. Since the PRS measurement and inter-frequency CSI-RS L3 measurement in R16 are always performed within gap, it is reasonable that the Pre-MG is always activated. 
For PRS measurement, based on the current R16 specification [3] as below, UE will indicate the positioning related information to network in LocationMeasurementInfo to assist with the configuration of measurement gaps. So no further clarification is needed for configuring Pre-MG for PRS measurement. 
	[bookmark: _Toc60777248][bookmark: _Toc83740203]–	LocationMeasurementInfo
The IE LocationMeasurementInfo defines the information sent by the UE to the network to assist with the configuration of measurement gaps for location related measurements.
LocationMeasurementInfo information element
-- ASN1START
-- TAG-LOCATIONMEASUREMENTINFO-START

LocationMeasurementInfo ::=     CHOICE {
    eutra-RSTD                  EUTRA-RSTD-InfoList,
    ...,
    eutra-FineTimingDetection   NULL,
    nr-PRS-Measurement-r16      NR-PRS-MeasurementInfoList-r16
}

EUTRA-RSTD-InfoList ::= SEQUENCE (SIZE (1..maxInterRAT-RSTD-Freq)) OF EUTRA-RSTD-Info

EUTRA-RSTD-Info ::= SEQUENCE {
    carrierFreq                 ARFCN-ValueEUTRA,
    measPRS-Offset              INTEGER (0..39),
    ...
}

NR-PRS-MeasurementInfoList-r16 ::= SEQUENCE (SIZE (1..maxFreqLayers)) OF NR-PRS-MeasurementInfo-r16

NR-PRS-MeasurementInfo-r16 ::=      SEQUENCE {
    dl-PRS-PointA-r16                   ARFCN-ValueNR,
    nr-MeasPRS-RepetitionAndOffset-r16  CHOICE {
        ms20-r16                            INTEGER (0..19),
        ms40-r16                            INTEGER (0..39),
        ms80-r16                            INTEGER (0..79),
        ms160-r16                           INTEGER (0..159),
        ...
    },
    nr-MeasPRS-length-r16               ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6, ms10, ms20},
    ...
}

-- TAG-LOCATIONMEASUREMENTINFO-STOP
-- ASN1STOP



Proposal 1: The Pre-MG configured for PRS measurement or inter-frequency CSI-RS L3 measurement is assumed always activated. 
Proposal 2: For PRS measurement, the current specification supports UE indicating positioning information to network to assistant measurement gap configuration already and no further clarification for Pre-MG configuration is needed. 
2.2 Configuration procedure
	Parameter to indicate the status (activation/deactivation) of Pre-MG at or during configuration  
· NW can control activation/deactivation of pre-configured MG 
· RRC based activation/deactivation method is supported
· Network can indicate activation/deactivation status per BWP
· Details of signalling are FFS
· FFS if MAC CE based activation/deactivation method is supported
· Companies are encouraged bring inputs on the conditions when NW based activation/deactivation and explicit rules for activation/deactivation are used.  
Relation of pre-configured MG and with the current legacy MG 
· Without considering concurrent MG and on top of the RRC parameter(s) used to differentiate Pre-MG with the legacy MG,
· FFS whether additional mechanism is needed to switch the configured pre-MG to serve as the same functionaries as the legacy MG (MG is always on).


For the parameter to indicate the status of pre-MG, we think it can be split into two aspects i.e. the initial state after configuration and the dynamic state associated with each BWP switching. 
If RRC based activation/deactivation method is used i.e. NW indicates the status per BWP by RRC signalling, the association information between activation/deactivation status and BWP ID should be provided in the pre-MG configuration. Then the initial status of Pre-MG can also be included in the RRC configuration of Pre-MG and UE can know the status of Pre-MG immediately after the configuration. 
If MAC CE based activation/deactivation method is used, no indication of status per BWP in pre-MG configuration is needed since NW will dynamically inform the activation or deactivation by MAC CE for each BWP switching. So the initial status of Pre-MG is needed to be indicated separately. 
Proposal 3: If MAC CE based activation/deactivation method is used, the initial status of pre-MG need to be indicated separately. 
And for the relation of pre-configured MG with the legacy MG, in our understanding, Pre-MG and legacy MG cannot exist simultaneously without considering concurrent gap patterns. And if the pre-configured gap is set always activated, it can serve as legacy gap. It has been agreed NW can control the activation or deactivation of Pre-MG. That means NW can control the pre-configured MG to serve as Pre-MG or legacy MG. Also it is up to NW to configure either Pre-MG or legacy gap for performing measurements. So we don’t see the necessity to define additional mechanism to switch the configured pre-MG to serve as the same functionaries as the legacy MG. 
Proposal 4: No additional mechanism is needed to switch the configured pre-MG to serve as the same functionaries as the legacy MG (MG is always on). 
2.3 Activation/deactivation procedures
	Conditions for pre-configured MG activation/deactivation 
· FFS if additional conditions beside BWP switching for pre-configured MG activation/deactivation shall be considered 
· Option 1: pre-configured MG activation/deactivation can be triggered by  finishing the following network commands and procedures: BWP switching, adding/removing any measurement object(s), adding/releasing/changing a PSCell, activating/de-activating any SCell(s).
· Option 2: pre-configured MG activation/deactivation is triggered ONLY by the DCI/Timer based BWP switch in accordance with the WID objective # 1.
· Other options not precluded


We agree that there are some other procedures e.g. adding/removing any measurement object(s), adding/releasing a PSCell can also change the need for measurement gap. But for this item, it is clearly stated in the WID that pre-configured MG is defined for DCI/timer based BWP switching. So we prefer option 2 to follow the WID. And it was agreed that NW indicates the activation/deactivation status per BWP. So for other procedures, the status of Pre-MG cannot be changed without BWP switching. 
Proposal 5: Pre-configured MG activation/deactivation is triggered ONLY by the DCI/Timer based BWP switch in accordance with the WID objective # 1. 
	How pre-configured MGs can be activated/deactivated 
· 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 activation/deactivation 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
· Companies are encouraged bring inputs on the conditions when NW based activation/deactivation and explicit rules for activation/deactivation are used


In last meeting, it was agreed to consider NW-Controlled activation/deactivation and UE autonomous activation/deactivation for Pre-MG. For NW-Controlled method, as discussed above, no additional conditions are needed since the indication per BWP is provided in the configuration of pre-configured MG for RRC based activation/deactivation method. Since the MAC CE activation delay is shorter than RRC signaling, using MAC CE can also reduce the gap configuration delay after BWP switching which is the intention of this item. And the indication of the status of Pre-MG using MAC CE after BWP switching is more dynamic and can adapt to more scenarios. We think it is reasonable to support MAC CE based activation/deactivation method. 
Proposal 6: For NW-Controlled activation/deactivation method, no additional conditions are needed except for DCI/timer based BWP switching. 
Proposal 7: For NW-Controlled activation/deactivation method, MAC CE based method is supported. 
For UE autonomous activation/deactivation, BWP switching is also the basic condition for activation and deactivation of Pre-MG and whether the Pre-MG is activated or deactivated depends on the active BWP and the reference signals to be measured. NW and UE should have the same understanding and assessment on the status of Pre-MG after BWP switching. Since Pre-MG can be used for SSB/CSI-RS based measurement and PRS measurement, the following principle can be used for UE autonomous activation/deactivation of Pre-MG: 
· Pre-MG is activated after DCI/timer based BWP switching if 
· the BW of the SSB configured for measurement is not fully within the BW of the active BWP, or
· inter-frequency CSI-RS based L3 measurement or PRS measurement is configured 
· Pre-MG is deactivated after DCI/timer based BWP switching if 
· the BW of the SSB configured for measurement is fully within the BW of the active BWP, and 
· inter-frequency CSI-RS based L3 measurement and PRS measurement are not configured 
As the NW-controlled activation/deactivation method is simpler for UE implementation, we would suggest making it as basic implementation and the UE autonomous activation/deactivation of Pre-MG can be a UE capability. 
Proposal 8: The following principle can be used for UE autonomous activation/deactivation of Pre-MG: 
· Pre-MG is activated after DCI/timer based BWP switching if 
· the BW of the SSB configured for measurement is not fully within the BW of the active BWP, or
· inter-frequency CSI-RS based L3 measurement or PRS measurement is configured 
· Pre-MG is deactivated after DCI/timer based BWP switching if 
· the BW of the SSB configured for measurement is fully within the BW of the active BWP, and 
· inter-frequency CSI-RS based L3 measurement and PRS measurement are not configured 
Proposal 9: UE autonomous activation/deactivation of Pre-MG can be a UE capability. 
2.4 RRM requirements with pre-configured MGs
	  FFS in the future meetings for the general principle to define the measurement period e.g.: 
· Applicability 
· Main components which shall be included in the measurement report period 
· Others


For the measurement with and without gap separately, the current requirements can still apply. If BWP switch occurs and the pre-configured MG is activated or deactivated during the measurement period, it is preferred to define requirements based on the number of resources within gap and without gap since the pre-configured MG approach reduced the transition time between the measurement with gap and without gap.  
But considering that additional transition time on top of the BWP switching delay is included in the pre-configured MG activation/deactivation time, the measurement period may be extended since the transition time may result in losing gap occasion or the resources to be measured. So we are also fine to use the measurement period requirements with longer delay when the status of Pre-MG changes. 
Since the status change of Pre-MG is related to BWP switch and can be frequent, we think it may be not reasonable to restart the measurement for every status change. 
Proposal 10: If BWP switch occurs and the pre-configured MG is activated or deactivated during the measurement period, it is preferred to define requirements based on the number of resources within gap and without gap respectively or to use the measurement requirements with longer delay. 
Base on the discussions above, a draft LS to RAN2 is provided in Annex to inform the further conclusions on the configuration and activation/deactivation of Pre-MG. 
3 Summary
In this paper, we have some further discussions on the pre-configured MG pattern and the following proposals are given：
Proposal 1: The Pre-MG configured for PRS measurement or inter-frequency CSI-RS L3 measurement is assumed always activated. 
Proposal 2: For PRS measurement, the current specification supports UE indicating positioning information to network to assistant measurement gap configuration already and no further clarification for Pre-MG configuration is needed. 
Proposal 3: If MAC CE based activation/deactivation method is used, the initial status of pre-MG need to be indicated separately. 
Proposal 4: No additional mechanism is needed to switch the configured pre-MG to serve as the same functionaries as the legacy MG (MG is always on). 
Proposal 5: Pre-configured MG activation/deactivation is triggered ONLY by the DCI/Timer based BWP switch in accordance with the WID objective # 1. 
Proposal 6: For NW-Controlled activation/deactivation method, no additional conditions are needed except for DCI/timer based BWP switching. 
Proposal 7: For NW-Controlled activation/deactivation method, MAC CE based method is supported. 
Proposal 8: The following principle can be used for UE autonomous activation/deactivation of Pre-MG: 
· Pre-MG is activated after DCI/timer based BWP switching if 
· the BW of the SSB configured for measurement is not fully within the BW of the active BWP, or
· inter-frequency CSI-RS based L3 measurement or PRS measurement is configured 
· Pre-MG is deactivated after DCI/timer based BWP switching if 
· the BW of the SSB configured for measurement is fully within the BW of the active BWP, and 
· inter-frequency CSI-RS based L3 measurement and PRS measurement are not configured 
Proposal 9: UE autonomous activation/deactivation of Pre-MG can be a UE capability. 
Proposal 10: If BWP switch occurs and the pre-configured MG is activated or deactivated during the measurement period, it is preferred to define requirements based on the number of resources within gap and without gap respectively or to use the measurement requirements with longer delay. 
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1	Overall description
RAN4 is working on pre-configured MG in R17 NR and MR-DC measurement gap enhancements and has sent LS [1] to RAN2 about the progress in RAN4#100e meeting. RAN4 further discussed pre-configured MG in RAN4#101e meeting and reached the following further agreements: 
	For use case: 
Agreements: 
· Pre-configured MG for SSB measurements shall be configured.
· It is feasible to configure Pre-MG for PRS measurements. 
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for PRS measurement
· It is feasible to configure a Pre-MG for CSI-RS L3 inter-frequency measurement. 
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for CSI-RS L3 inter-frequency

For activation/deactivation of Pre-configured MG: 
· MAC CE based activation/deactivation method is supported
· UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms should be defined. 


The discussion for pre-configured MG design is on-going in RAN4. RAN4 will provide further updates if the conclusions are reached.
RAN4 kindly asks RAN2 to take the above information into account when implementing the signalling support of pre-configured MG. 

2	Actions
To RAN WG2 
ACTION: 	RAN4 kindly asks RAN2 to take the above information into account when implementing the signalling support of pre-configured MG.  

3	Dates of next TSG RAN WG4 meetings
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG RAN WG4 Meeting #101bis-e		Jan. 17 – 25, 2022		Electronic Meeting
TSG RAN WG4 Meeting #102-e		Feb. 21 – Mar. 3, 2022		Electronic Meeting
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