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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meetings, RAN4 discussed the combination of Pre-MG and ConMGs [1].  Some terminologies for gap were agreed. 
	Issue 2-2: Definitions: legacy, concurrent, baseline and component gaps
< Agreement >: 
· Type-1 MG: Gap(s) configured via GapConfig without suffix
· Type-2 MG: Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17


In this contribution, we will continue to discuss the related issues for Pre-MG and ConMGs.
2 Pre-MG+ConMGs 
[bookmark: _Ref71471041][bookmark: _Ref78624429]Pre-MG collision rule
In last meeting, some companies proposed to recheck the Pre-MG collision rule to consider both activation and deactivation Pre-MG.
	Issue 3-2-1: [Case 1] Required changes for Pre-MG on collision  
< Wayforward >:  
· FFS whether RAN4 to consider overlapping both for activated Pre-MG and deactivated Pre-MG for applying priority rules. 
· Other enhancements are not precluded.
· If no consensus can be achieved in the future, we stick to the agreed baseline in R4-2214346.

Issue 3-2-4: [Case 1] dynamic collisions  
< Wayforward/Agreement >:  
· Support of gap combinations including pre-configured MGs (Case 1) that cause dynamic collisions will be subject to new UE capability(ies).
· FFS: Dynamic collisions are gap collisions involving a pre-configured MG, where gap instances of other MGs are dropped.
· FFS: Gap combinations that cause dynamic collisions when at least one Pre-MGs with higher priority are involved in gap collision.
· FFS: Gap combinations that does not cause dynamic collisions when at most one Pre-MG involved in the gap collision, and the Pre-MG is assigned the lowest priority level among all the colliding gaps.
· FFS: Define separate UE capability for the scenario where pre-MG is colliding with the other component gap and pre-MG has higher priority


The main intention of introducing Pre-MG is to handle the dynamical changes for the intra-frequency measurement within gap and outside gap due to BWP switching. Thus, if the Pre-MG is deactivated, the related intra-frequency measurement will be performed without gap and the scheduling restriction shall be enabled. In this case, the measurement collision rule will be disabled, and only single MG is assumed. 
For example, when NW configures Pre-MG with higher priority and legacy MG with lower priority, the gap occasions for legacy MG will be cancelled and data scheduling is expected on these occasions if Pre-MG is activated. After BWP switching, the Pre-MG is deactivated. Consequently, the gap collision rule is also disabled. The gap occasions for legacy gap won’t be cancelled.
[bookmark: _Ref125733646]Proposal 1: The gap collision and priority rules on Pre-MG are only applied when Pre-MG is activated. 
Furthermore, some companies suggest to introduce additional capability for such dynamic collision due to Pre-MG status change. In our understanding, UE should have the capability to handle the dynamic collision due to Pre-MG if UE supports Pre-MG+Con-MGs capability. No additional capability is needed.
[bookmark: _Ref125733650]Proposal 2: No additional capability is needed to handle the dynamic collision due to Pre-MG status change if UE supports Pre-MG and ConMGs capabilities.
Association rule for Pre-MG
In last meeting, an open issue for gap association is as follow. We think this association issue is unclear from Rel-17 ConMGs. We also prepared one discussion paper to share our views on further clarification the association in ConMGs. When RAN4 studies the association for Pre-MG+Type-2 MG, it’s better to agree the rules in Rel-17 ConMGs firstly. 
	Issue 3-3-2: [Case 1] Pre-MG association clarification  
< Wayforward >:  
· FFS: When NW configures a Pre-MG and a Type-2 MG in ConMGs, RAN4 to further study whether to clarify the UE's behaviour in the following scenarios:
· FFS: the MO associated with an activated Pre-MG which doesn’t need to be measured within gap
· FFS: the MO associated with a deactivated Pre-MG


In the Rel-17 ConMGs discussion, an important issue is the association of MGs and MOs. The association between MG and MO should be configured clearly by the network, otherwise, UE doesn’t know when to perform measurement in which MG for an MO to be measured within gap. In our understanding, whether an MO should be measured within gap only depends on the measurement type, such as whether SSB is within the active BWP other than whether NW configures the association. Thus, we propose to further confirm that when an MO doesn’t need to be measured within MG, the MO should be measured outside MG regardless of configured association in Rel-17. 
[bookmark: _Ref118322116][bookmark: _Ref127546961]Proposal 3: When NW configures a Pre-MG and a Type-2 MG in ConMGs, whether a MO is measured within MG shall be clarified in Rel-17 firstly. 
Furthermore, when NW configures an intra-frequency measurement which is associated with Pre-MG and the Pre-MG is deactivated, if the intra-frequency measurement is fully overlapping with MG, the intra-frequency measurement should be measured with MG.
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Figure 1. Pre-MG partially fully overlapping with Type-2 MG
[bookmark: _Ref110117976][bookmark: _Ref118322123][bookmark: _Ref127546966]Proposal 4: When NW configures a Pre-MG and a Type-2 MG in ConMGs, the MO associated with Pre-MG will be measured within Type-2 MG if Pre-MG is deactivated and the MO is fully overlapping with Type-2 MG.

MO based priority rule for ConMGs
In Rel-17, when RAN4 defines the concurrent gaps requirement, the collision rule is introduced and applied to two legacy MGs. The legacy MG can be believed as a static gap which can only be reconfigured by RRC signalling.
[bookmark: _Ref110117953]Observation 1: In Rel-17, the MGs’ priority is statically configured in concurrent gaps by RRC.
In last meeting, we proposed to further consider MO based priority rule due to Pre-MG in Rel-18. The reason is in Rel-18, NW is allowed to configure a legacy MG together with a Pre-MG which can be believed as a dynamic gap and activated/deactivated by RRC/MAC/DCI. Thus, we think the priority associated with Pre-MG can also be dynamically changed depending on the associated MOs for Pre-MG.
	Issue 3-3-1: [Case 1] Explicit and implicit association  
< Agreement >:  
· RAN4 to focus on high-level issue and discuss whether to consider implicit association of intra-frequency layers with Pre-MG?
· Option 1: RAN4 shall not define implicit association of intra-frequency layers with Pre-MG (RAN4 to extend the explicit association from Rel-17 MGE for defining Case 1 requirements).
· Option 2: RAN4 shall consider defining implicit association of intra-frequency layers with Pre-MG.


In Rel-15, when RAN4 defines the measurement requirement, the searcher’s concept is introduced. To guarantee the Pcell’s mobility performance, intra-frequency measurement for PCell will always has the highest priority and occupy an exclusive searcher. 
[bookmark: _Ref110117956]Observation 2: Dropping intra-frequency measurement will have severe performance impact for mobility.
Thus, we propose to always prioritize the Pre-MG’s priority when the PCell’s measurement is within Pre-MG. For example, in the beginning, network configures the legacy MG with a higher priority for PRS measurement f2, and Pre-MG with a lower priority for inter-frequency measurement f1. After BWP switching, the SSB to be measured for PCell f0 is outside active BWP. Thus, the intra-frequency f0 which is associated with the highest priority should be measured within Pre-MG. Thus, the priority of Pre-MG will be the highest compared with legacy MG.  
[image: ]
Figure 2. The priority changes for the Pre-MG 
[bookmark: _Ref110117993]Proposal 5: The Pre-MG’s priority can be further decided by the intra-frequency measurement.
 
Additional gap dropping rule
In last meeting, another issue is to clarify the UE’s behaviour during Pre-MG activation/deactivation period. It’s important to clarify UE’s behaviour during Pre-MG status change because both NW and UE need to understand whether data scheduling is expected during the Type-2 MG occasions within Pre-MG status change period.
	Issue 3-2-3: [Case 1] When the pre-configured MG activation procedure is overlapped with one of concurrent gap occasion  
< Wayforward >:  
FFS the options.


During Pre-MG status change period, the ConMGs’ gap dropping rule is invalid since Pre-MG’s status is unclear for NW. If the Pre-MG status change is due to BWP switch or RRC reconfiguration, the measurement isn’t allowed since no transmission/reception is exception during the BWP switch or RRC reconfiguration period. However, data scheduling should be allowed during SCell activation. Thus, we think whether gap dropping rule is needed depending on the scenarios. 
[bookmark: _Ref118322130]Proposal 6: RAN4 to define a clear UE behaviour to guarantee both NW and UE to understand whether data scheduling is expected within the Type-2 MG occasions during Pre-MG activation/deactivation period.
[bookmark: _Ref118322133]Proposal 7: During Pre-MG activation/deactivation period, the UE is not required to receive or transmit in the corresponding NR serving cells in the Pre-MG occasions since NW doesn’t know the Pre-MG’s status.
3 Pre-MG+Pre-MG 
Activation scenarios
In Rel-17, only single BWP switching is allowed in Pre-MG. In last meeting, RAN4 agreed to introduce Pre-MG+Pre-MG. When RAN4 introduces such Pre-MG+Pre-MG, multiple BWP switching shall be supported. For example, two MOs with multiple BWPs switch link with two different Pre-MGs. 
	Issue 3-1-3: [Case 1] Whether to support the following scenarios for Pre-MG + Pre-MG  
< Wayforward >:  
· FFS: RAN4 should further study the activation/deactivation options for Pre-MG + Pre-MG
· Option 1: Simultaneous multiple Pre-MGs activation/deactivation
· Option 2: Non-simultaneous multiple Pre-MGs activation/deactivation


In our understanding, both Pre-MG activation scenarios should be supported.
· Simultaneous multiple Pre-MGs activation/deactivation
Two different BWPs for different MOs which are associated with different Pre-MGs can be configured to perform BWP switch simultaneously. Subsequently, two Pre-MGs status will be changed simultaneously.
[image: ]
Figure 3. Simultaneous multiple Pre-MG activation/deactivation
· Non-simultaneous multiple Pre-MGs activation/deactivation
NW can also trigger first BWP switch associated with Pre-MG1 firstly and later trigger the 2nd BWP switch associated with Pre-MG2 immediately after finishing the first BWP switch. The change in the status of the 2nd Pre-MG is triggered partially overlapping with the 1st Pre-MG activation time period.  
[image: ]
[bookmark: _Ref118238308]Proposal 8: RAN4 to support the following scenarios for Pre-MG+Pre-MG
· Simultaneous multiple Pre-MGs activation/deactivation
· Non-simultaneous multiple Pre-MGs activation/deactivation
Status change period
We also think two Pre-MGs’ activation/deactivation will bring more combinations on Pre-MG’s status. 
	Issue 3-1-4: [Case 1] Whether to revisit the Con-MGs rules among the following Pre-MG status change  
< Wayforward >:  
· Activation/activation
· Activation/deactivation
· Deactivation/deactivation
· Deactivation/activation


Thus, we propose to further study the possible rule changes due to multiple Pre-MGs status change. For example, if two Pre-MGs status change between activated and deactivated, both NW and UE should have a common understanding on whether and when the gap dropping rule enable/disable. 
[bookmark: _Ref125733663][bookmark: _Ref118238313]Proposal 9: RAN4 to clarify the gap collision rule during the following Pre-MGs status change
· Activation/activation
· Activation/deactivation
· Deactivation/deactivation
· Deactivation/activation
Activation delay
In last meeting, another open issue is about the multiple Pre-MG activation delay requirement. In Rel-17, the Pre-MG activation delay equals the BWP switch/SCell activation/RRC reconfiguration delay plus the additional processing time 5ms.
	Issue 3-2-5: [Case 1] Activation/deactivation delay  
< Wayforward >:  
· Option 1: RAN4 shall extend the activation when multiple Pre-MG are activated.
· FFS whether condition is needed.
· FFS: if statuses of multiple Pre-MGs are changed due to the different events, e.g. before completion of the first (de)activation the second Pre-MG is (de)activated, additional delay is expected.
· Option 2: RAN4 shall reuse the Pre-MG (de)activation delay from Rel-17 when the (de)activation procedures of multiple pre-MG overlap.
· FFS whether condition is needed.
· FFS: if statuses of the two Pre-MGs are changed simultaneously, e.g. due to the same event, existing Pre-MG (de)activation delay requirements can be reused.


In our understanding, multiple Pre-MG activation requirement can be classified into simultaneous activation and non-simultaneous activation. The delay of simultaneous Pre-MGs activation can be multiple BWPs/SCells/RRC reconfiguration delay plus the additional processing time T. The delay of non-simultaneous Pre-MGs activation can follow the similar non-simultaneous multiple BWP switching with additional processing time.
[bookmark: _Ref126484250]Proposal 10: RAN4 to further study the multiple Pre-MGs activation delay scenarios as follow.
· simultaneous multiple Pre-MGs activation(with the same events)
· non-simultaneous multiple Pre-MGs activation(with the same/different events)
[bookmark: _Ref126484258]Proposal 11: The simultaneous multiple Pre-MGs activation delay equals multiple BWPs/SCells/RRC reconfiguration delay plus the additional post-processing time T.
[bookmark: _Ref126484261]Proposal 12: The non-simultaneous multiple Pre-MGs activation delay equals the additional waiting time T1(first Pre-MG activation time) plus the BWP/SCell/RRC reconfiguration delay and the post-processing time T2. 
4 Conclusion
In the contribution, we discuss the open issues for Pre-MG+ConMGs. We have the following proposals:
Observation 1: In Rel-17, the MGs’ priority is statically configured in concurrent gaps by RRC.
Observation 2: Dropping intra-frequency measurement will have severe performance impact for mobility.
Proposal 1: The gap collision and priority rules on Pre-MG are only applied when Pre-MG is activated.
Proposal 2: No additional capability is needed to handle the dynamic collision due to Pre-MG status change if UE supports Pre-MG and ConMGs capabilities.
Proposal 3: When NW configures a Pre-MG and a Type-2 MG in ConMGs, whether a MO is measured within MG shall be clarified in Rel-17 firstly.
Proposal 4: When NW configures a Pre-MG and a Type-2 MG in ConMGs, the MO associated with Pre-MG will be measured within Type-2 MG if Pre-MG is deactivated and the MO is fully overlapping with Type-2 MG.
Proposal 5: The Pre-MG’s priority can be further decided by the intra-frequency measurement.
Proposal 6: RAN4 to define a clear UE behaviour to guarantee both NW and UE to understand whether data scheduling is expected within the Type-2 MG occasions during Pre-MG activation/deactivation period.
Proposal 7: During Pre-MG activation/deactivation period, the UE is not required to receive or transmit in the corresponding NR serving cells in the Pre-MG occasions since NW doesn’t know the Pre-MG’s status.
Proposal 8: RAN4 to support the following scenarios for Pre-MG+Pre-MG
· Simultaneous multiple Pre-MGs activation/deactivation
· Non-simultaneous multiple Pre-MGs activation/deactivation
Proposal 9: RAN4 to clarify the gap collision rule during the following Pre-MGs status change
· Activation/activation
· Activation/deactivation
· Deactivation/deactivation
· Deactivation/activation

Proposal 10: RAN4 to further study the multiple Pre-MGs activation delay scenarios as follow.
· simultaneous multiple Pre-MGs activation(with the same events)
· non-simultaneous multiple Pre-MGs activation(with the same/different events)

Proposal 11: The simultaneous multiple Pre-MGs activation delay equals multiple BWPs/SCells/RRC reconfiguration delay plus the additional post-processing time T.

Proposal 12: The non-simultaneous multiple Pre-MGs activation delay equals the additional waiting time T1(first Pre-MG activation time) plus the BWP/SCell/RRC reconfiguration delay and the post-processing time T2.
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