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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting a WF capturing agreements and open issues related to pre-configured measurement gap pattern (Pre-MG) was approved [1]. Furthermore, RAN4 also sent second LS to RAN2 on outstanding issues and for specifying signaling related to Pre-MG [2]. 
There are still very few open issues related to Pre-MG as identified in the WF in the last meeting [1]. In this contribution we further analyze these open issues.
2. Applicablity of Pre-MG activation/deactivation rules
The following issue was identified related to general applicability rules [1]:
-	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 )
In our view the current rules defined for activation/deactivation of Pre-MG in clause 9.1.2A.3 of the endorsed Big CR already clearly outlines the conditions under which the UE does not need gaps. Therefore, additional table or description will create redundancy and should be avoided. 
· Observation # 1: Rules defined for activation/deactivation of Pre-MG in clause 9.1.2A.3 of the endorsed Big CR already clearly outlines the conditions under which the UE does not need gaps
· Proposal # 1: To avoid redundancy, do not capture any reference table for clarification of pre-MG activation/deactivation rules in clause 9.1.2A.
3. Triggering Conditions for Pre-MG activation/deactivation
The following triggering events for changing the activation/deactivation status of Pre-MG are FFS [1]:
· 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
Event related to LPP request: 
The in clause 9.1.2A.3 of the endorsed Big CR already includes the use of Pre-MG for PRS measurements [2]. When PRS measurements are performed then the Pre-MG is deactived [2]. This means if the UE receives the LPP request then the Pre-MG is activated if it was deactivated. 
It was agreed that the UE shall inform network about the PRS measurement by LocationMeasurementIndication IE. In our view the existing signaling defined in TS 38.331 is sufficient. This allows gNB to clearly know that the UE needs gaps for PRS measurements. Even if the Pre-MG are configured the UE and gNB will assume the Pre-MG status as activated. 
Event other than LPP request:
After the triggering of any of the events other than LPP positioning request:
· if the UE meets any of the criteria for performing measurements without gaps defined in clause 9.1.2A.3 then the Pre-MG is activated. 
· if the UE meets any of the criteria for performing measurements with gaps defined in clause 9.1.2A.3 then the Pre-MG is dectivated. 
If the activation/deactivation is triggered by RRC based events, then the Pre-MG status changes after the RRC procedure delay and the transition time (T). In this case the Pre-MG activation/deactivation should include the RRC procedure delay and the transition time (T). 
If the activation/deactivation is triggered by SCell activation/deactivation, then the Pre-MG status changes after the SCell activation/deactivation and the transition time (T). In this case the Pre-MG activation/deactivation should include the entire SCell activation/deactivation delay and the transition time (T).
However, in this case the activation/deactivation is triggered by RRC signaling. Therefore, the activation/deactivation starts after the RRC procedure delay and the transition time (T). In other words the activation/deactivation should include the RRC procedure delay and the transition time (T). 
· Observation # 2: Clause 9.1.2A.3 of endorsed Big CR already includes use of Pre-MG for PRS measurements.
· Observation # 3: If UE receives LPP request then the Pre-MG should be activated (if it was deactivated).
· Observation # 4: LocationMeasurementIndication IE in TS 38.331 unambigiously allows gNB to know that the UE needs gaps for PRS measurements.
· Proposal # 2: UE shall inform network about PRS measurement based on the existing RRC signaling in 38.133.
· Observation # 5: If the activation/deactivation is triggered by RRC based events, then the Pre-MG status changes after the RRC procedure delay and the transition time (T).
· Observation # 6: If the activation/deactivation is triggered by SCell activation/deactivation, then the Pre-MG status changes after the SCell activation/deactivation and the transition time (T).
· Proposal # 3: After the triggering of any event other than LPP positioning request:
· if the UE meets any of the criteria for performing measurements without gaps defined in clause 9.1.2A.3 then the Pre-MG is activated. 
· if the UE meets any of the criteria for performing measurements with gaps defined in clause 9.1.2A.3 then the Pre-MG is dectivated. 
· Proposal # 4: Activation/deactivation delay for Pre-MG status change due to any RRC triggered event shall be the sum of RRC procedure delay and the transition time (T).
· Proposal # 5: Activation/deactivation delay for Pre-MG status change due to SCell activation/deactivation event shall be the sum of the SCell activation/deactivation delay and the transition time (T).
· Proposal # 6: Transition time (T) = 5 ms for Pre-MG status change due to any type of even.
4. Signalling based activation/deactivation of Pre-MG in CA 
The following was agreed regarding signalling based activation/deactivation status of Pre-MG in CA [1]:
· 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
When SCell is deactivated then the UE does not need any measurement gaps for performing measurements. Therefore, we support option 1a. 
· Observation # 7: When SCell is deactivated then the UE does not need any measurement gaps for performing measurements
· Proposal # 7: Support Option 1a for signalling based activation/deactivation status of Pre-MG in CA i.e. 
· 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
5. Pre-MG activation/deactivation delay in CA
The following open issue was identified related to Pre-MG activation/deactivation delay in CA [1]:
-	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 measurement requirements for measurements using Pre-MG apply for active BWP switching on single CC even if the UE is configured with multiple CCs. Therefore, 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.
· Observation # 8: The measurement requirements for measurements using Pre-MG apply for active BWP switching on single CC even if the UE is configured with multiple CCs.
· Proposal # 8: Pre-MG activation/deactivation delay for CA with single CC based BWP switching shall be the same as for non-CA with single CC.
6. UE behaviour for measurements using Pre-MG
The following options were identified regarding the UE behaviour for conducting measurements using Pre-MG [1]:
· Option 1 
· UE re-starts a new measurement period once the pre-MG status changes. .
· Option 2: 
· continue the ongoing measurement when pre-MG status changed.
· Option 3: 
· For measurements that can only be performed within MG, e.g. NR positioning measurements and CSI-RS inter-frequency measurements, requirements would not apply if the pre-configured gap is deactivated during the measurement period.
The UE uses the same SSB or CSI-RS resources for performing the same measurement before and after the change of the Pre-MG status. Therefore, there is no reason to restart the measurement after the change of the Pre-MG status. Furthermore, if the UE has to restart the measurement after the change of the Pre-MG status then there is no benefit of using Pre-MG. We therefore support Option 2. 
· Observation # 9: The UE uses the same SSB or CSI-RS resources for performing the same measurement before and after the change of the Pre-MG status.
· Observation # 10: Restarting the measurement after the change of the Pre-MG status will extend the overall measurement time and will make the use of Pre-MG less useful. 
· Proposal # 9: UE should continue the ongoing measurement when pre-MG status changes.
7. Measurement period requirements
The following options were identified regarding the measurement period requirements [1]:

· Option 1a: Define the more general requirements for the case in which UE can perform the measurements within “N” activated pre-MG and “M” deactivated pre-MG (N+M<total number of measurement required by a successful measurement report (e.g. 5)) .
· If there is any pre-MG status transition, the additional time shall be included
· Option 1b( Ericsson,ZTE, CATT) : Total measurement period (Tmeasure, total) can be expressed in terms of basic measurement period (Tmeasure, basic) and aggregated time consumed due to total number of Pre-MG status changes (K*Tstatus_change) during the ongoing measurement:
· Tmeasure, total = Tmeasure, basic+ N* Tstatus_change
· Where
· K=total number of Pre-MG status changes during the measurement period.
· Tmeasure, basic = MAX(Tmeasure,BWP, Tmeasure,MG); where:
· Tmeasure,BWP=It is measurement period when the measurement is fully performed without measurement gap
· Tmeasure,MG =It is measurement period when the measurement is fully performed with measurement gap.
· Option 2: Define the measurement period requirements for the cases (with activativated pre-MG and deactivated pre-MG) separately.
· if the pre-MG is activated, the measurement period should be same as existing requirements when legacy MG is configured
· if the pre-MG is deactivated, the measurement period should be same as existing requirements when legacy MG is not configured
· if the pre-MG status is changed during the measurement period, UE may re-start the measurement 
· Option 3: RAN4 does not specify measurement period requirements for scenarios in which there are changes in the activation/deactivation status of the pre-configured MG during the measurement period.
As described in the pevious section the UE configured with Pre-MG should continue the ongoing measurement after the change of the Pre-MG status. In this case the UE can easily combine samples obtained before and after the change in the Pre-MG status (between activation and deactivation). Therefore, the measurement period for the measurement performed with Pre-MG should include activation/deactivation delay of each activation/deactivation. Even then the overall measurement period will be shorter. 
Both options 2 and 3 mean there are no measurement requirements for Pre-MG if the status changes. However, Pre-MG status change is one of the key aspects of Pre-MG. Option 3 does not provide any tangible benefit of using Pre-MG. We therefore support Option 1b. 
· Observation # 11: Having no measurement requirements for scenarios in which the Pre-MG status changes does not lead to any tangible benefit of using Pre-MG. 
· Observation # 12: UE can combine samples before and after the change in the Pre-MG status. 
· Observation # 13: During the Pre-MG activation/deactivation delay the UE is not expected to obtain sample.  
· Proposal # 10: Support Option 1b for measurement period requirements i.e. 
· Total measurement period (Tmeasure, total) can be expressed in terms of basic measurement period (Tmeasure, basic) and aggregated time consumed due to total number of Pre-MG status changes (K*Tstatus_change) during the ongoing measurement:
· Tmeasure, total = Tmeasure, basic+ N* Tstatus_change
· Where
· K=total number of Pre-MG status changes during the measurement period.
· Tmeasure, basic = MAX(Tmeasure,BWP, Tmeasure,MG); where:
· Tmeasure,BWP=It is measurement period when the measurement is fully performed without measurement gap
· Tmeasure,MG =It is measurement period when the measurement is fully performed with measurement gap.
8. Summary and Proposals
[bookmark: _Hlk23953093]In this paper we have provided further analyze the remaining open issues for Pre-MG outlined in the WF [1]. Based on the analysis the following are the main observation and proposal: 
Applicablity of Pre-MG activation/deactivation rules:
· Observation # 1: Rules defined for activation/deactivation of Pre-MG in clause 9.1.2A.3 of the endorsed Big CR already clearly outlines the conditions under which the UE does not need gaps
· Proposal # 1: To avoid redundancy, do not capture any reference table for clarification of pre-MG activation/deactivation rules in clause 9.1.2A.
Triggering Conditions for Pre-MG activation/deactivation:
· Observation # 2: Clause 9.1.2A.3 of endorsed Big CR already includes use of Pre-MG for PRS measurements.
· Observation # 3: If UE receives LPP request then the Pre-MG should be activated (if it was deactivated).
· Observation # 4: LocationMeasurementIndication IE in TS 38.331 unambigiously allows gNB to know that the UE needs gaps for PRS measurements.
· Proposal # 2: UE shall inform network about PRS measurement based on the existing RRC signaling in 38.133.
· Observation # 5: If the activation/deactivation is triggered by RRC based events, then the Pre-MG status changes after the RRC procedure delay and the transition time (T).
· Observation # 6: If the activation/deactivation is triggered by SCell activation/deactivation, then the Pre-MG status changes after the SCell activation/deactivation and the transition time (T).
· Proposal # 3: After the triggering of any event other than LPP positioning request:
· if the UE meets any of the criteria for performing measurements without gaps defined in clause 9.1.2A.3 then the Pre-MG is activated. 
· if the UE meets any of the criteria for performing measurements with gaps defined in clause 9.1.2A.3 then the Pre-MG is dectivated. 
· Proposal # 4: Activation/deactivation delay for Pre-MG status change due to any RRC triggered event shall be the sum of RRC procedure delay and the transition time (T).
· Proposal # 5: Activation/deactivation delay for Pre-MG status change due to SCell activation/deactivation event shall be the sum of the SCell activation/deactivation delay and the transition time (T).
· Proposal # 6: Transition time (T) = 5 ms for Pre-MG status change due to any type of even.


Pre-MG activation/deactivation delay in CA:
· Observation # 7: When SCell is deactivated then the UE does not need any measurement gaps for performing measurements
· Proposal # 7: Support Option 1a for signalling based activation/deactivation status of Pre-MG in CA i.e. 
· 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
Pre-MG activation/deactivation delay in CA:
· Observation # 8: The measurement requirements for measurements using Pre-MG apply for active BWP switching on single CC even if the UE is configured with multiple CCs.
· Proposal # 8: 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 behaviour for measurements using Pre-MG:
· Observation # 9: The UE uses the same SSB or CSI-RS resources for performing the same measurement before and after the change of the Pre-MG status.
· Observation # 10: Restarting the measurement after the change of the Pre-MG status will extend the overall measurement time and will make the use of Pre-MG less useful. 
· Proposal # 9: UE should continue the ongoing measurement when pre-MG status changes.
RRM requirements: measurement period:
· Observation # 11: Having no measurement requirements for scenarios in which the Pre-MG status changes does not lead to any tangible benefit of using Pre-MG. 
· Observation # 12: UE can combine samples before and after the change in the Pre-MG status. 
· Observation # 13: During the Pre-MG activation/deactivation delay the UE is not expected to obtain sample.  
· Proposal # 10: Support Option 1b for measurement period requirements i.e. 
· Total measurement period (Tmeasure, total) can be expressed in terms of basic measurement period (Tmeasure, basic) and aggregated time consumed due to total number of Pre-MG status changes (K*Tstatus_change) during the ongoing measurement:
· Tmeasure, total = Tmeasure, basic+ N* Tstatus_change
· Where
· K=total number of Pre-MG status changes during the measurement period.
· Tmeasure, basic = MAX(Tmeasure,BWP, Tmeasure,MG); where:
· Tmeasure,BWP=It is measurement period when the measurement is fully performed without measurement gap
· Tmeasure,MG =It is measurement period when the measurement is fully performed with measurement gap.
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