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1. Introduction
In the last meeting, the following agreements on the pre-configured MG pattern(s) were achieved [1]: 
	Whether shall the preconfigured MG for the positioning measurements beyond Rel16  be discussed in this WI?
· The preconfigured MG for the positioning measurements beyond Rel16 will NOT be discussed under this WI (MG_enh_core)
Using of pre-configured MG for CA 
· In this 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
· The companies are encouraged to bring the analysis and concrete solutions of pre-MG under CA case with activation/deactivation based on BWP switching on a single CC in R4#101e-b.
· By the end of R4#102e (Feb, 2022), if  the problems on pre-MG under CA case with activation/deactivation based on BWP switching on a single CC can’t be resolved in RAN4, by default they will be deferred to further release.
[bookmark: OLE_LINK5]How to indicate the initial status (activation/deactivation) of Pre-MG at or during configuration  
· 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.  
· FFS on initial status (activation/deactivation) of Pre-MG is determined based on the same rules used for autonomous activation/deactivation of Pre-MG.
Switching between pre-configured MG and with the current legacy MG
· Given the new MG configuration can override the obsoleted MG, it is unnecessary to add new switch mechanism (other than RRC re-configuration) between pre-MG and legacy MG.
The exact configuration of Pre-MG used for PRS measurement in Rel16
· Pre-MG shall be always activated, if PRS measurement in Rel16 is configured with it. 
· FFS on whether and how should UE indicate serving cell about the PRS measurement when pre-MG is used for Rel16 PRS measurement
The exact configuration of Pre-MG used for CSI-RS measurement
· Pre-MG shall be always activated, if inter-frequency CSI-RS L3 measurements are configured with it. 
Conditions for pre-MG activation/deactivation 
· Additional activation/deactivation conditions are not considered in application to network-controlled pre-MG activation/deactivation.
· Specific conditions can be further handled as a part of discussion on rules of UE autonomous activation/deactivation
Rules of for UE autonomous Pre-MG activation/deactivation
“Rules of for UE autonomous Pre-MG activation/deactivation shall be: 
· And the general applicability rules for measurement gap for SSB, CSI-RS L3, Rel16 PRS in TS38.133
· If MG is not required by any of the configured measurements, the MG is deactivated e.g. when.
· the UE is configured with only SSB measurements, and all the measured SSBs are fully within the BW of the active BWP.
· If MG is required by one or more of the configured measurements, the MG is activated e.g. when:
· the UE is configured with at least CSI-RS measurements or,
· the UE is configured with at least PRS measurements or ,
· the UE is configured with only SSB measurements, and one of the measured SSBs is not fully within the BW of the active BWPs or.
· the UE is configured with at least inter-RAT measurements.
Notes: Exact way to capture the rules for UE autonomous Pre-MG activation/deactivation can be discussed based on the CR.
How pre-configured MGs can be activated/deactivated 
· NW can control activation/deactivation of pre-configured MG for the specific BWP via RRC message ONLY. No additional activation/deactivation mechanism other than RRC-based BWP indication and UE autonomous rule will be introduced in Rel-17. 
Necessity to introduce the autonomous (de)activation criteria  
· The criteria(rules) for pre-MG autonomous (de)activation shall be defined.
Applicability of different activation/deactivation mechanisms 
· Define separate UE capabilities for different pre-MG activation/deactivation mechanisms
How can the activation/deactivation status of pre-configured MGs be indicated in case of DC
· “RAN4 can deprioritize pre-MG for MR-DC in Rel17. If any critical technical issues identified before/in the next meeting, we can revisit it. ”
Start point of Activation/Deactivation Delay 
· The pre-MG activation/deactivation delay starts from the time when received BWP switch request if the pre-MG activation/deactivation is triggered by BWP switching.
The applicable scenario of the measurement period with pre-MG measurements 
· The measurement period requirements for pre-MG based measurement can be defined for the scenarios below..
· Case 3: requirements for the measurement with both activated and deactivated pre-MGs
· The measurement period requirements for pre-MG based measurements can be leveraged from the current requirements for gap/gapless measurement defined in TS38.133
Interruption requirements 
· “The gap interruption requirements in TS38.133 only apply when the pre-MG status is ON”
L1 measurement requirements 
· [bookmark: OLE_LINK6]MG is assumed to be non-overlapped with the RS to be measured if the pre-MG status is OFF
UE behavior after deactivation of pre-configured MG
· Defer the discussion on UE behavior after deactivation of pre-MG to the joint discussion with concurrent MG.


There has been prominent progress achieved for most issues until 101 meeting. In this contribution, we provide some further discussions on the following remaining open issues.
· Using of pre-configured MG for CA
· How to indicate the initial status (activation/deactivation) of Pre-MG at or during configuration
· [bookmark: OLE_LINK8]Whether and how should UE indicate serving cell about the PRS measurement
· Rules of for UE autonomous Pre-MG activation/deactiv ation
· [bookmark: OLE_LINK9]Pre-configured MG activation/deactivation under CA
· [bookmark: OLE_LINK10]Measurement period
2. Discussion
2.1 Using of pre-configured MG for CA
According to the conclusion achieved during 101 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. Actually comparing the CA case with pre-configured MG activation/deactivation based on BWP switching on a single CC with the single carrier case, we can not find too much extra standardization effort is needed. If limit the scope of pre-configured MG only within single carrier case, which will largely restrict the use case of pre-configured MG, the effect of pre-configured MG can not be brought into full play, since CA case is also a common case for Rel-17 similar as single carrier case. For simplicity, imposing the limitation of applying pre-configured MG for the case of one CC BWP switching, not considering the CA case with multiple CC BWP switching, which can be a suitable scope of pre-configured MG in Rel-17.
For the exact activation/deactivation in CA case, we analysis this in later section. 
[bookmark: OLE_LINK12]Proposal 1: The scope of pre-configured MG should not preclude CA case in Rel-17. For simplicity, the CA of only one CC BWP switching can be considered. i.e. applying the pre-configured MG for single carrier case and single CC BWP switching case.  
2.2 How to indicate the initial status (activation/deactivation) of Pre-MG at or during configuration
Based on the conclusion approved during 100 meeting, in fact, the activation/deactivation mechanism of Pre-MG has split into two procedures:
· Procedure 1: NW indicates the activation/deactivation through NW signalling per BWP level. which can be conveyed as NW-controlled pre-MG activation/deactivation.
· Procedure 2: Without any NW signalling indication, UE autonomously determine Pre-MG’s activation/deactivation, based on some criteria. This procedure can realize activation/deactivation Pre-MG dynamically. Which can be conveyed as UE autonomous activation/deactivation. 
For the initial status indication, it has been declared that not introduce any additional indication for NW-controlled pre-MG activation/deactivation during 101 meeting. But for UE autonomous activation/deactivation, still FFS.
For UE autonomous activation/deactivation, once the pre-MG is configured through the RRC signaling, we believe the UE can determine the activation/deactivation of the pre-MG according to the rule without the need for additional indication initial status. No matter the initial status or the dynamic active/deactive status, UE can always decide autonomously based on the same rule. Therefore, not need any additional initial status indication for UE autonomous activation/deactivation.
Proposal 2: UE can decide the initial status of a pre-configured MG after the pre-configured MG being configured, not need any additional initial status indication for both NW-controlled pre-MG activation/deactivation and UE autonomous activation/deactivation.

2.3 Whether and how should UE indicate serving cell about the PRS measurement
During 101 meeting, it has been approved that if the pre-configured MG used for PRS measurement, the pre-configured MG shall be always activated. In our opinion, which is not an efficient solution since in such situation the pre-configured MG should actually degenerate as a legacy MG, losing the flexibility of dynamic on/off. In order to improve such defect, the RRC procedure of Location measurement indication in Rel-16 should be re-used. UE can report its request through Location measurement indication procedure to NW at the start and complete of PRS measurement, since such RRC procedure is already used to indicate that the UE is going to either start or stop location related measurement which requires measurement gaps. So that NW can determine whether configuring a suitable MG or de-configuring a useless MG.
Proposal 3: The existing RRC procedure Location Measurement Indication can indicate the start  or stop of PRS measurement, we do not see the necessity to introduce additional indication for PRS measurement.

2.4 Rules of for UE autonomous Pre-MG activation/deactivation
Between NW-controlled pre-MG activation/deactivation and UE autonomous activation/deactivation, we suggest the latter is more efficient and flexible compared with the former. Based on RAN 2’s LS reply to RAN 4[3] approved during the latest RAN2 meeting, similar preference can be seen since RAN2 only agreed on ‘Case 4’, but still FFS for ‘Case 5’. ‘Case 4’ corresponds to UE autonomous activation/deactivation, ‘Case 5’ corresponds to NW-controlled pre-MG activation/deactivation. The preference of RAN 2 should be noted in our RAN4 group.
Proposal 4: Comparing with NW-controlled pre-MG activation/deactivation, we believe UE autonomous activation/deactivation is more efficient and flexible.
Then we should clarify the specific rule as soon as possible so that the solution of UE autonomous activation/deactivation can be a complete one. The following specific rules were discussed during 101 meeting:
	· “Rules of for UE autonomous Pre-MG activation/deactivation shall be: 
· The trigger events that may change the activation status of pre-MG configured to UE include:
· BWP switching
· adding/removing any measurement object(s): FFS
· adding/releasing/changing SCell(s): FFS
· activating/de-activating any Scell(s):FFS
· LPP positioning request: FFS
· And the general applicability rules for measurement gap for SSB, CSI-RS L3, Rel16 PRS in TS38.133
· If MG is not required by any of the configured measurements, the MG is deactivated e.g. when.
· the UE is configured with only SSB measurements, and all the measured SSBs are fully within the BW of the active BWP.
· If MG is required by one or more of the configured measurements, the MG is activated e.g. when:
· the UE is configured with at least CSI-RS measurements or,
· the UE is configured with at least PRS measurements or ,
· the UE is configured with only SSB measurements, and one of the measured SSBs is not fully within the BW of the active BWPs or.
· the UE is configured with at least inter-RAT measurements.


For the trigger events, only the 1st one approved during 101 meeting, all others are still FFS. Some company argued that all the others are NW configuration, so should not be seen as trigger events for UE autonomous solution. In our opinion, for the 2nd, 3rd, 4th, they are really NW configuration, but all these NW configurations may lead to change of active BWP or change of target SSB’s frequency range, all these changes would request the activation/deactivation status’ switch. For the 5th one, which may update the PRS measurement request, of course would affect the activation/deactivation of pre-configured MG. 
Therefore, we suggest each sub-bullets should be considered as the trigger event for UE autonomous activation/deactivation solution.
Proposal 5: Each sub-bullets should be considered as the trigger event for UE autonomous activation/deactivation solution, so all the FFS can be removed.
2.5 Pre-configured MG activation/deactivation under CA
As we suggested in section 2.1, applying pre-configured MG under CA case should not be excluded. So for the detailed activation/deactivation under CA, which should be studied. We can analysis this for NW-controlled pre-MG activation/deactivation solution and UE autonomous activation/deactivation solution respectively.
For UE autonomous activation/deactivation under CA, the following principles proposed during 101 meeting:
	· 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. 


With such principles, UE can autonomously determine the activation/deactivation under CA case, no matter only one CC BWP switching happening or multiple CC BWP switching happening. The effect of these principles is that once the pre-MG is requested by at least one CC, then the pre-MG should be active. Nevertheless, only when all CC do not need the help of pre-MG, then the pre-MG can be inactive. So, we believe the above principles can be applied for the UE autonomous activation/deactivation under CA.
Proposal 6: The above principles can be applied for the UE autonomous activation/deactivation under CA.
Further more, the above principle is only applicable to UE autonomous activation/deactivation under CA, not applicable to NW-controlled pre-MG activation/deactivation under CA, since it violate the NW indication principle. 
[bookmark: OLE_LINK13]Then for NW-controlled pre-MG activation/deactivation, no matter the single carrier case or CA case, the activation/deactivation can only rely on NW indication. But for CA case, it is hard to indicate the activation/deactivation per BWP level. In CA, it is not enough to consider whether a single active BWP can totally cover the target SSB in frequency domain. It is necessary to consider whether all active BWPs in various BWP combinations can totally cover target SSB in frequency domain. Take 2 carriers CA as an example, if each carrier has 4 BWPs, the 4-bit per BWP indication under the single carrier will be OK, but for the CA case, 8-bit is far from enough. When determining the indication of BWP 1 in carrier 1, all possible combinations between BWP 1 in carrier 1 and the four BWPs in carrier 2 should be considered. If carrier 1 is PCell, then carrier 2 is deactive should also be considered. So the indication for PCell, as much as 5^4 possibilities should be considered. And the indication for SCell, there are totally 4^4 should be considered. It is obviously 8-bit is far from enough. Therefore, the per BWP indication for single CC case can not be directly extend to CA case by BWP number in CC1+BWP number in CC2. If we have no choice to use per BWP indication under CA, then each bit just means whether pre-MG is active or inactive for the case of only considering this CC itself, not considering the active BWP in other CCs. So UE should determine the status of pre-MG not only according to the per BWP indication but also according to the above two principles.  
Proposal 7: For NW-controlled pre-MG activation/deactivation, the per BWP indication solution for single CC case can not be directly extend to CA case. Since It is necessary to consider whether all active BWPs in various BWP combinations can totally cover target SSB in frequency domain.
2.6 Measurement period
For measurement period, an important reason for discussing measurement period is the existence of transition between activation/deactivation of pre-MG. For the case of transition between with gap and without gap, the minimum requirement has been provided in the section of 9.1.6 of Rel-15[2]. Which can be a reference for our analysis here. 
In Rel-15/16, once the gap is configured, it is always valid before reconfiguraion. Therefore, even the executing of measurement no longer needs the help of gap since the active BWP can fully contain the SSB in frequency domain, the gap still exists and scheduling restriction still exists. With the active BWP switch, actually UE can perform the SSB measurement no longer with the help of gap. 
For the measurement that can be performed with the help of gap, UE can perform the measurement only on the overlapping opportunities between SMTC configuration and gap configuration. However for measurement without gap, UE can perform measurement during each SSB opportunity determined by SMTC configuration. So when the switch between measurement with gap and without gap happens, the measurement period should be the larger one between the two periods, so as to ensure the measurement accuracy would not be affected by the decrease of the measurement samples.  
But for the transition of Pre-MG activation/deactivation, the transition delay should also be considered. It has been declared in 100 meeting, such transition delay should be larger than BWP switch delay, but considering the happening of BWP switch is uncertain, so the duration of pre-MG activation/deactivation delay maybe conflict with a measurement opportunity in time domain, for the conflicted measurement opportunity, UE can not perform measurement, so as to avoid the deterioration of measurement accuracy by the reduction of measurement sample, the measurement period should be extended backward. 
In conclusion, the measurement period for pre-MG should be max{measurement period without gap, measurement period with gap}+ transition delay if transition happens.
Proposal 8: The measurement period for pre-MG should be max{measurement period without gap, measurement period with gap}+ transition delay if transition happens.
3. Conclusion
In this contribution, we have the following proposals and observations for pre-configured MG patterns:
Proposal 1: The scope of pre-configured MG should not preclude CA case in Rel-17. For simplicity, the CA of only one CC BWP switching can be considered. i.e. applying the pre-configured MG for single carrier case and single CC BWP switching case.  
Proposal 2: UE can decide the initial status of a pre-configured MG after the pre-configured MG being configured, not need any additional initial status indication for both NW-controlled pre-MG activation/deactivation and UE autonomous activation/deactivation.
Proposal 3: The existing RRC procedure Location Measurement Indication can indicate the start  or stop of PRS measurement, we do not see the necessity to introduce additional indication for PRS measurement.
Proposal 4: omparing with NW-controlled pre-MG activation/deactivation, we believe UE autonomous activation/deactivation is more efficient and flexible.
Proposal 5: Each sub-bullets should be considered as the trigger event for UE autonomous activation/deactivation solution, so all the FFS can be removed.
Proposal 6: The above principles can be applied for the UE autonomous activation/deactivation under CA.
Proposal 7: For NW-controlled pre-MG activation/deactivation, the per BWP indication solution for single CC case can not be directly extend to CA case. Since It is necessary to consider whether all active BWPs in various BWP combinations can totally cover target SSB in frequency domain.
Proposal 8: The measurement period for pre-MG should be max{measurement period without gap, measurement period with gap}+ transition delay if transition happens.
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