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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. Activation/deactivation of Pre-MG in CA 
The following was agreed regarding how activation/deactivation status of Pre-MG can be indicated in CA [1]:
· 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.
The UE can only measure on a CC (CC1) of the CA if the BW of SSB is within the active BWP of that CC. At the same time if the BW of SSB is not fully within the active BWP of another CC (CC2) of the CA then the UE needs gaps for measurement on CC2. Therefore, the Pre-MG should only be deactivated if the active BWPs of all the CCs in the CA contain the BWs of their respective SSBs. However, Pre-MG should be activated if the active BWP of at least one of the CCs does not fully contain the BWP of its SSB. 
We therefore support the above principles when the status of Pre-MG is changes autonomously by the UE based on the rules. 
Regarding RRC triggered activation/deactivation of the Pre-MG, the UE should follow the RRC triggered activation of the Pre-MG regardless of whether the active BWPs of their CCs fully contain the BW of their respective SSB or not. Because the UE can still measure on all the CCs. The UE should also follow the RRC triggered deactivation of the Pre-MG regardless if the active BWPs of all the CCs fully contain the BW of their respective SSBs. However, if the Pre-MG is deactivated while the active BWP of at least one of the CCs does not fully contain the BW of its SSB then the UE cannot perform measurement on CCs whose active BWPs do not fully contain the BW of their respective SSBs. The UE can measure and meet requirements on other CCs i.e. CCs whose active BWPs fully contain the BW of their respective SSBs. However, this will impact overall performance of the CA. We therefore suggest that in the latter case the consider the gap as ON.
· Observation # 1: UE can only measure on a CC (CC1) of the CA if the BW of SSB is within the active BWP of that CC i.e. CC1.
· Observation # 2: If the BW of SSB is not fully within the active BWP of another CC (CC2) of the CA then the UE needs gaps for measurement on that CC i.e. CC2.
· Observation # 3: If RRC configures Pre-MG as deactivated while the Pre-MG status of active BWP of at least one CC in CA (among all CCs with per UE gap or among all CCs in the same FR for per FR gap) is ON is an ambiguous case.
· Proposal # 1: We support following principles for activation/deactivation of Pre-MG based on autonomous rules:
· 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. 
· Proposal # 2: When configured with per-UE gap, the UE shall assume the gap is ON on all CCs if the RRC triggered Pre-MG is deactivated while the Pre-MG status of active BWP of at least one CC in CA is ON.
· Proposal # 3: When configured with per-FR gap, the UE shall assume the gap is ON on all CCs in the same FR if the RRC triggered Pre-MG is deactivated while the Pre-MG status of active BWP of at least one CC in the same FR is ON.
· Proposal # 4: We support following principles for activation/deactivation of Pre-MG triggered by RRC:
· When configured with per-UE gap: 
· If the RRC triggered status is activated then the UE shall assume the gap is ON on all CCs regardless of Pre-MG status of active BWP of any of the CCs. 
· If the RRC triggered status is deactivated then the UE shall assume the gap is OFF on all CCs only if Pre-MG status of active BWP of all the CCs is OFF; otherwise the UE shall assume the gap is ON on all the CCs. 
· When configured with per-FR gap: 
· If the RRC triggered status is activated then the UE shall assume the gap is ON on all CCs in the same FR regardless of Pre-MG status of active BWP of any of the CCs in that FR. 
· If the RRC triggered status is deactivated then the UE shall assume the gap is OFF on all CCs in the same FR only if Pre-MG status of active BWP of all the CCs in that FR is OFF; otherwise the UE shall assume the gap is ON on all the CCs in that FR. 
3. Transition time for Pre-MG activation/deactivation delay
The following was agreed regarding additional transition time for Pre-MG activation/deactivation delay [1]:
· Option 1: 5ms 
· Option 2 :T=10ms – BWP switch delay
To reiterate the Pre-MG activation/deactivation delay is the sum of the active BWP switching delay (TBWP) and additional transition time (T). Option 2 therefore leads to fixed Pre-MG activation/deactivation delay = 10 ms. 
The DCI/timer based active BWP switching delay for single CC is at most 3 ms for UE capable of Type 2 BWP switching. However, for active BWP switching on multiple CCs depends on at least number (N) of CCs involved in the active BWP switching. The upper limit of N is the number of CCs configured in the CA with per UE gap or number of CCs configured in the same FR configured with per-FR gap. Therefore, in some scenarios Option 2 is not viable. We therefore support Option 1. 
· Observation # 4: Pre-MG activation/deactivation delay is the sum of the active BWP switching delay (TBWP) and additional transition time (T).
· Observation # 5: To support Option 2, the BWP switching delay (TBWP) should not exceed 10 ms.
· Observation # 6: Active BWP switching delay (TBWP) on multiple CCs depends on at least number (N) of CCs involved in the active BWP switching and may exceed 10 ms in some scenarios.
· Proposal # 5: Define fixed value of additional transition time (T), which is independent of TBWP.
· Proposal # 6: Additional transition time (T) = 5 ms (Option 1).
4. Measurement period requirements
The following was agreed regarding measurement period [1]:
Can be FFS on in the next meeting:
· Intra-frequency measurement requirement in 38.133 per sample 
· Inter-frequency measurement requirement in 38.133 per sample 
· Transition time between the activated pre-MG and deactivated MG
· BWP switching
· Others
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 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. 
Assuming the UE continues the measurement after the active BWP switching, the total measurement period (Tmeasure, total) can be expressed in terms of basic measurement period (Tmeasure, basic) and aggregated time to account for all the changes in Pre-MG as follows:
Tmeasure, total = Tmeasure, basic+ K*Tstatus_change                                             (1)
Where:
· K = It is the number of times the UE changes the status of Pre-MG between activation and deactivation due to active BWP switching during the measurement period.
· Tstatus_change = Pre-MG activation/deactivation delay.
· Tstatus_change = TBWP switch + T
· TBWP switch is the active BWP switching delay.
· T is the additional transition time for each Pre-MG activation/deactivation.
In our view Tmeasure, basic can be expressed as follows:
Tmeasure, basic = MAX(Tmeasure,BWP, Tmeasure,MG)                                                              (2)
Where:
· Tmeasure,BWP= It is the measurement period when the measurement is fully performed without measurement gap i.e. within active BWP.
· Tmeasure,MG= It is the measurement period when the measurement is fully performed with measurement gap.
· Observation # 7: UE can combine samples before and after the change in the Pre-MG status. 
· Observation # 8: During the Pre-MG activation/deactivation delay the UE is not expected to obtain sample.  
· Proposal # 7: The UE configured with Pre-MG shall continue the ongoing measurement after the change of the Pre-MG status.
· Proposal # 8: The total measurement period (Tmeasure, total) includes Pre-MG activation/deactivation delay due to all the Pre-MG status changes during the measurement period.
· Proposal # 9: 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
· Tstatus_change = TBWP switch + T
· TBWP switch is the active BWP switching delay.
· T is the additional transition time for each Pre-MG activation/deactivation.
· Proposal # 10: In proposal 8, Tmeasure, basic can be expressed as: 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.
1. 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: 
Activation/deactivation of Pre-MG in CA:
· Observation # 1: UE can only measure on a CC (CC1) of the CA if the BW of SSB is within the active BWP of that CC i.e. CC1.
· Observation # 2: If the BW of SSB is not fully within the active BWP of another CC (CC2) of the CA then the UE needs gaps for measurement on that CC i.e. CC2.
· Observation # 3: If RRC configures Pre-MG as deactivated while the Pre-MG status of active BWP of at least one CC in CA (among all CCs with per UE gap or among all CCs in the same FR for per FR gap) is ON is an ambiguous case.
· Proposal # 1: We support following principles for activation/deactivation of Pre-MG based on autonomous rules:
· 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. 
· Proposal # 2: When configured with per-UE gap, the UE shall assume the gap is ON on all CCs if the RRC triggered Pre-MG is deactivated while the Pre-MG status of active BWP of at least one CC in CA is ON.
· Proposal # 3: When configured with per-FR gap, the UE shall assume the gap is ON on all CCs in the same FR if the RRC triggered Pre-MG is deactivated while the Pre-MG status of active BWP of at least one CC in the same FR is ON.
· Proposal # 4: We support following principles for activation/deactivation of Pre-MG triggered by RRC:
· When configured with per-UE gap: 
· If the RRC triggered status is activated then the UE shall assume the gap is ON on all CCs regardless of Pre-MG status of active BWP of any of the CCs. 
· If the RRC triggered status is deactivated then the UE shall assume the gap is OFF on all CCs only if Pre-MG status of active BWP of all the CCs is OFF; otherwise the UE shall assume the gap is ON on all the CCs. 
· When configured with per-FR gap: 
· If the RRC triggered status is activated then the UE shall assume the gap is ON on all CCs in the same FR regardless of Pre-MG status of active BWP of any of the CCs in that FR. 
· If the RRC triggered status is deactivated then the UE shall assume the gap is OFF on all CCs in the same FR only if Pre-MG status of active BWP of all the CCs in that FR is OFF; otherwise the UE shall assume the gap is ON on all the CCs in that FR.
Transition time for Pre-MG activation/deactivation delay:
· Observation # 4: Pre-MG activation/deactivation delay is the sum of the active BWP switching delay (TBWP) and additional transition time (T).
· Observation # 5: To support Option 2, the BWP switching delay (TBWP) should not exceed 10 ms.
· Observation # 6: Active BWP switching delay (TBWP) on multiple CCs depends on at least number (N) of CCs involved in the active BWP switching and may exceed 10 ms in some scenarios.
· Proposal # 5: Define fixed value of additional transition time (T), which is independent of TBWP.
· Proposal # 6: Additional transition time (T) = 5 ms (Option 1).
RRM requirements: measurement period:
· Observation # 7: UE can combine samples before and after the change in the Pre-MG status. 
· Observation # 8: During the Pre-MG activation/deactivation delay the UE is not expected to obtain sample.  
· Proposal # 7: The UE configured with Pre-MG shall continue the ongoing measurement after the change of the Pre-MG status.
· Proposal # 8: The total measurement period (Tmeasure, total) includes Pre-MG activation/deactivation delay due to all the Pre-MG status changes during the measurement period.
· Proposal # 9: 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
· Tstatus_change = TBWP switch + T
· TBWP switch is the active BWP switching delay.
· T is the additional transition time for each Pre-MG activation/deactivation.
· Proposal # 10: In proposal 9, Tmeasure, basic can be expressed as: 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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