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Introduction
At RAN4 #101bis-e, the technical discussion on pre-configured measurement gap patterns as part of the Rel-17 work item on NR and MR-DC measurement gap enhancements, revised at RAN #94e [1], was continued. Agreements and open issues were captured in the WF [2]. 
Following agreements were reached and following items for further study were identified.
	Agreements
Use cases for preconfigured MG patterns
· Support pre-configured MG under CA but based on BWP switching on a single CC in Rel-17
Pre-MG configuration 
· How to indicate the initial status (activation/deactivation) of Pre-MG at or during configuration for the  rule-based activation/deactivation pre-MG: 
· For autonomous activation/deactivation of Pre-MG, the capable UE can determine the pre-MG status autonomously by Pre-MG (de)activation rules define in TS38.133 without any additional signalling.
· Exact configuration of Pre-MG used for PRS measurement 
· UE shall inform network about the PRS measurement by LocationMeasurementIndication IE
· FFS on when this indication shall be informed to NW:
· when UE is going to perform PRS measurement upon the measurement gap is needed [TS38.331]
· when UE is going to perform PRS with the configured Pre-MG only if UE has not informed NW before pre-MG configuration.
· Signaling parameters of Pre-MG 
· No further discussion on this. RAN4 can inform RAN2 the further agreements related to common and different signalling parameters of Pre-MG beside these including in the previous LSs out to RAN2.
· Simultaneous configuration supported for combinations: 
· pre-MG for FR1 + pre-MG for FR2
· legacy FR1 gap + Pre-MG for FR2,  legacy FR2 gap + Pre-MG for FR1, 
· legacy per-UE gap + one per-UE pre-MG (supported with concurrent MGs, RAN2 decision) 
Pre-MG activation/deactivation
· Trigger events for pre-MG activation/deactivation 
· For UE autonomous pre-MG activation/deactivation the following trigger events may change the pre-MG activation status
· BWP switching by DCI/Timer based
· activation/de-activation of SCell(s)
· FFS how to handle other cases in terms of UE and NW behavior
· addition/removal of any measurement object(s)
· addition/release/change of a SCell under CA 
· BWP switching by RRC
· LPP positioning request
· Pre-MG activation/deactivation criteria 
· The general applicability rules in TS38.133 for measurement gap for SSB, CSI-RS L3 in TS38.133 can be reused as the rules for UE to autonomously determine the pre-MG activation/deactivation status
· If MG is not required by any of the configured measurements, the MG is deactivated.
· If MG is required by one or more of the configured measurements, the MG is activated.
· FFS: When drafting CRs the reference table can be captured  in the clause (9.1.2A ) to clarify the bridge between pre-MG activation/deactivation rules to the existing generic rules for gap-less or gap based measurement in TS38.133 in the clause to define these criteria (9.1.2A ) 
· Which mechanism is used to determine the pre-MG activation/deactivation status
· 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.
· Criteria for the signalling-based pre-MG (de)activation under CA
· NW will forward the per-BWP pre-MG status indications to UE by RRC message, which is defined for each of individual CCs (e.g. Table S1, S2 for the CC1 and CC2 respectively)
· UE will combine the pre-MG status indication from NW for each individual CC for all configured measurement objects.
· FFS on the rules on how to combine the individual per-BWP pre-MG status.
· Whether for per-UE gap, the gap is activated if the pre-MG status of active DL BWP in one of the CC’s only or also in one of the deactivated SCCs is activated, else is deactivated.
· Whether for per-FR pre-MG, the gap is activated if the pre-MG status of active DL BWP in one of the CC’s only or also in one of the deactivated SCC’s in the same FR is activated, else is deactivated.
· Criteria for the rule-based pre-MG (de)activation under CA
· Same criteria as these for single CC rule-based pre-MG activation/deactivation are used. 
· NW controlled mechanism
· Case 4: NW signals the pre-configured gap (A+B in Q1) via RRC, then UE follows BWP status (B) to activate/deactivate gap upon BWP switching is supported.
· Additional transition time for Activation/Deactivation Delay
· In case of pre-MG activation/deactivation triggered by DCI-based/timer BWP switching, the additional transition time for activation/deactivation delay after BWP switch is 5 ms. 
· When does pre-MG activation/deactivation take effects 
· Activation and deactivation of pre-MG takes effect from the first MG occasion after the activation and deactivation delay.
UE feature list for pre-MG
· Pre-configured MG with network-controlled activation and deactivation mechanism is an optional UE capability signalled to NW. 
· Pre-configured MG with UE autonomous activation and deactivation mechanism is an optional UE capability signalled to NW.
Open issues
Configuration of Pre-MG under CA
· FFS on 
· In case of CA, it is up to RAN2 to decide if signalling extensions in the RRC Reconfiguration message for Pre-MG configuration are needed due to supported band combinations. For the currently operated band combination the initial Pre-MG activation/deactivation status may be delivered per BWP of each CC to the UE.
How to determine pre-MG (de)activation status when multiple trigger events happened
· Whether pre-MG can be (de)activated by BWP switching and SCell activation independently.
Start point of Activation/Deactivation Delay
· Whether in case of pre-MG activation/deactivation, triggered by events other than DCI-based/timer BWP switching, the starting time of the gap status changing delay is the slot that UE receives the network command which leads to gap status change.
Activation/deactivation delay under CA
· Whether the Pre-MG activation/deactivation delay for CA with single CC based BWP switching shall be the same as for non-CA with single CC.
UE behavior when pre-MG status changed when UE performing measurement with pre-MG
· Whether UE restarts a new measurement period, or it continues the ongoing measurement once the pre-MG status changes. 
· Whether for measurements, requiring always activated pre-MG, requirements do not apply in case pre-MG is deactivated.
General principle to define the requirements of measurement period with pre-MG measurements:
· Whether to specify measurement period requirements when there are changes in the activation/deactivation status of the pre-configured MG during the measurement period. 
· How to determine the measurement period in case of measurements with pre-MG activated and with pre-MG deactivated until the required number of measurements for a successful measurement report is reached.


This contribution provides our view on some of the above FFS items. 
Discussion
Use case Pre-MG for PRS measurements
The feasibility of using Pre-MG for PRS measurements was agreed at RAN4 #100-e. At RAN4 #101-e, the condition was agreed that Pre-MG shall be always activated, if PRS measurement in Rel-16 is configured with it, alternatively legacy MG can be adopted. It is noted, that for PRS measurement in Rel-16, the case of gapless measurement does not exist (as being agreed for enhanced positioning in Rel-17), hence measurement gap is always required when PRS measurement in Rel-16 is configured. 
At RAN4 #101bis-e, following agreement was found. 
	· UE shall inform network about the PRS measurement by LocationMeasurementIndication IE
· FFS on when this indication shall be informed to NW:
· when UE is going to perform PRS measurement upon the measurement gap is needed [TS38.331]
· when UE is going to perform PRS with the configured Pre-MG only if UE has not informed NW before pre-MG configuration.


In Rel-16, PRS measurements are configured by LMF which requests UE in the LPP positioning request message to perform PRS measurements providing the PRS configuration and the measurement configuration. The UE then evaluates whether it needs another MG pattern than the current one or whether it can reuse the current MG pattern. 
· In case it needs another MG pattern to measure PRS than currently used, it requests a suitable MG pattern from gNB sending the Location Measurement Indication message to gNB. This will trigger reconfiguration of the measurement gap pattern with gNB sending a RRC reconfiguration message to UE. The network may configure a legacy MG in this case or overwrite the Pre-MG with new MG pattern and set the Pre-MG activation status indication ON for all active BWPs.
· In case it reuses the MG pattern to measure PRS, it indicates this to network in the Location Measurement Indication message. Thus, the network is aware that the current MGP is used for Rel-16 PRS measurements, which in case of signalling-based Pre-MG activation triggers the RRC-based Pre-MG activation message setting the Pre-MG activation status indication ON for all active BWPs.
In the second case, the Pre-MG activation delay is estimated to be significantly shorter than in the first case. 
Thus, in case PRS measurements are requested by LMF and Pre-MG is already configured, Pre-MG needs to be always activated and UE should indicate to network, if the current MGP can be reused for PRS measurements or if MGP (using legacy MG or Pre-MG) needs to be re-configured. In the first case, network triggers the RRC-based Pre-MG activation message, in case of signalling-based Pre-MG activation, setting the Pre-MG activation status indication ON for all active BWPs.
This yields to following proposal:
	When UE is going to perform PRS measurement and Pre-MG is already configured, upon evaluation if the current MGP is suitable, UE should indicate to network, if the current MGP can be reused for PRS measurements or if another MGP (using legacy MG or Pre-MG) needs to be re-configured. In the first case, network triggers the RRC-based Pre-MG activation message, in case of signalling-based Pre-MG activation, setting the Pre-MG activation status indication ON for all active BWPs.
Trigger events for Activation/Deactivation of Pre-MG
Regarding trigger events for (de-)activation of Pre-MG, RAN4 #101bis reached following agreement.
	· Trigger events for pre-MG activation/deactivation 
· For UE autonomous pre-MG activation/deactivation the following trigger events may change the pre-MG activation status
· BWP switching by DCI/Timer based
· activation/de-activation of SCell(s)
· FFS how to handle other cases in terms of UE and NW behavior
· addition/removal of any measurement object(s)
· addition/release/change of a SCell under CA 
· BWP switching by RRC
· LPP positioning request


In our view, following trigger events: 
· activation/de-activation of SCell(s)
· addition/removal of any measurement object(s)
· addition/release/change of a SCell under CA 
· BWP switching by RRC
to identify whether Pre-MG needs to be activated can only be evaluated after reception of the RRC reconfiguration message containing the MO and SCell related information. Note, the case of LPP positioning request is dealt with in section 2.1. In general, we support the addition of the listed trigger events as Pre-MG may be configured for a longer time period. For BWP switching by RRC, this can be combined with the Pre-MG activation/deactivation RRC message in case of signalling-based Pre-MG activation/deactivation. 
This yields to following proposals:
	RAN4 to consider additional trigger events for pre-MG activation such as activation/de-activation of SCell(s), addition/removal of any measurement object(s), addition/release/change of a SCell under CA and BWP switching by RRC. 
	For signalling-based Pre-MG activation/deactivation, RRC based BWP switching command and Pre-MG activation/deactivation status indication are combined in the same RRC message.  
Use case CA with single CC based BWP switching
Pre-MG configuration in case of CA
Regarding Pre-MG configuration in case of CA, signalling extensions in the RRC Reconfiguration message for the signalling-based Pre-MG activation are not needed from RAN4 point of view except that the initial Pre-MG activation/deactivation status needs to be indicated per BWP of each CA carrier (CC). Network and UE can then derive, if Pre-MG is needed for measurements in the active DL BWP per each CA carrier or if they can be performed gapless. 
This yields to following proposal:
	In case of CA, no signalling extensions in the RRC Reconfiguration message for Pre-MG configuration are needed other than to indicate the initial Pre-MG activation/deactivation status per BWP of each CC to the UE.
Pre-MG activation/deactivation in case of CA
Upon BWP switching in one of the CCs, the need for Pre-MG, i.e. if Pre-MG is active (ON) or inactive (OFF), for all CC's is evaluated as discussed at RAN4 #101bis-e [3] and listed FFS for issue 2a-1 in [2]: 
	· 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


In our view, combining the individual per-BWP pre-MG status should not only take into account Pre-MG status in configured CCs but also deactivated SCC’s, for which the network has requested to perform measurements by measurement configuration. Hence option 1b is supported.  
This yields to following proposal:
	Option 1b for issue 2a-1 in R4-2202614 is supported.
One further open issue is the pre-MG activation/deactivation status indication in case of pre-MG activation / deactivation being triggered by RRC signalling in case of CA. In this case, the status indication per BWP of each CC is sent in similar way as for the initial Pre-MG activation status sent at time of Pre-MG configuration. The RRC message, triggering Pre-MG activation / deactivation for the CA case uses the same message format as for single CC case.   
This yields to following proposal: 
	The RRC message triggering Pre-MG activation / deactivation for the CA case uses the same message format as for single CC case and includes the status indication per BWP for each CC.
Pre-MG handling for changing between CA and non-CA configuration
When moving from CA configuration to non-CA configuration, or vice versa, the network signals the addition of measurement objects / SCells or removal of measurement objects / SCells to the UE in the RRC Reconfiguration message. In case of configured signalling-based Pre-MG activation/deactivation message, the Pre-MG activation status indication per BWP of each CC is indicated to the UE.
This yields to following proposal:
	When changing between CA and non-CA configuration, the network signals the addition of measurement objects / SCells or removal of measurement objects / SCells to the UE in the RRC Reconfiguration message. In case of configured signalling-based Pre-MG activation/deactivation message, the Pre-MG activation status indication per BWP of each CC is indicated to the UE.
Pre-MG activation delay
Regarding Pre-MG activation/deactivation delay for CA with single CC based BWP switching, we do not observe any impact due to multiple CC operation, as the additional delay after BWP switching for single CC is estimated to be same as for non-CA configuration with single CC. 
This yields to following proposal:
	The Pre-MG activation/deactivation delay for CA with single CC based BWP switching shall be the same as for non-CA with single CC.
Measurement period with Pre-MG measurements
Regarding whether measurement period requirements should be specified in case Pre-MG is activated or deactivated during the measurement period, discussed under issue 4-2-3 at RAN4 #101bis-e, we support to specify requirements for this case. The general principle can be based on option 1b, i.e. to define the total measurement period as a sum of a basic measurement period and the delay due to number of pre-MG status changes (ON/OFF) during the measurement period. The basic measurement period is defined as maximum period of measurements fully performed with gap and fully without gap (gapless). 
This yields to following proposal:
	The general principle for measurement period requirements with Pre-MG status change during the measurement period can be based on Option 1b for issue 4-2-3 in R4-2202614.
Conclusion
In last RAN4 meeting, the technical discussion on pre-configured measurement gap patterns as part of the Rel-17 work item on NR and MR-DC measurement gap enhancements [1] was continued. Agreements and open issues were captured in the WF [2]. In this paper, we discuss various open issues and list corresponding proposals.
Following proposals are made:
1. 	When UE is going to perform PRS measurement and Pre-MG is already configured, upon evaluation if the current MGP is suitable, UE should indicate to network, if the current MGP can be reused for PRS measurements or if another MGP (using legacy MG or Pre-MG) needs to be re-configured. In the first case, network triggers the RRC-based Pre-MG activation message, in case of signalling-based Pre-MG activation, setting the Pre-MG activation status indication ON for all active BWPs.
	RAN4 to consider additional trigger events for pre-MG activation such as activation/de-activation of SCell(s), addition/removal of any measurement object(s), addition/release/change of a SCell under CA and BWP switching by RRC. 
	For signalling-based Pre-MG activation/deactivation, RRC based BWP switching command and Pre-MG activation/deactivation status indication are combined in the same RRC message.  
	In case of CA, no signalling extensions in the RRC Reconfiguration message for Pre-MG configuration are needed other than to indicate the initial Pre-MG activation/deactivation status per BWP of each CC to the UE.
	Option 1b for issue 2a-1 in R4-2202614 is supported.
	The RRC message triggering Pre-MG activation / deactivation for the CA case uses the same message format as for single CC case and includes the status indication per BWP for each CC.
	When changing between CA and non-CA configuration, the network signals the addition of measurement objects / SCells or removal of measurement objects / SCells to the UE in the RRC Reconfiguration message. In case of configured signalling-based Pre-MG activation/deactivation message, the Pre-MG activation status indication per BWP of each CC is indicated to the UE. 
	The Pre-MG activation/deactivation delay for CA with single CC based BWP switching shall be the same as for non-CA with single CC.
	The general principle for measurement period requirements with Pre-MG status change during the measurement period can be based on Option 1b for issue 4-2-3 in R4-2202614.
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