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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 as follow. 
	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+Pre-MG 
In last meeting, RAN4 further discussed the scenarios of simultaneous/non-simultaneous multiple Pre-MGs activation/deactivation and made the following agreements.
Fully overlapping
	Issue 3-2-2: [Case 1] For how long to extend the delay for fully overlapped simultaneous activation/deactivation for Pre-MG + Pre-MG (T1)  
< Agreement from [R4-2306330] >:  
· The fully overlapped simultaneous multiple Pre-MGs activation/deactivation delay equals the BWPs/SCells/RRC reconfiguration delay plus existing processing time (5ms) plus the additional post-processing time T1, where T1 value is FFS. 
· An illustration example is captured below:
[image: ]
< Agreement from online session>:  
For Case 1 (Pre-configured MG and multiple concurrent MGs), under the assumption that the baseline requirement considers collisions on Pre-MG is only considered when Pre-MG is activated, extend the delay by T1 ms for fully overlapped simultaneous activation/deactivation for Pre-MG + Pre-MG
· T1 = 2ms.
· FFS if this activation delay collide with existing gaps


The remaining issue is the collision between the Pre-MG activation procedure with MG which can be discussed in next section.

Partially overlapping
One of the additional issues is to further clarify the scenarios based on fully and partially overlapping as follow. 
	Issue 3-2-3: [Case 1] Whether to consider both cases (given below) for Partially overlapped simultaneous Pre-MGs activation/deactivation for Pre-MG + Pre-MG?  
· Partially overlap:
1. Two Pre-MGs are triggered by 2 events of the same type at different time, as shown below:
[image: ]
 
2. Two Pre-MGs are triggered by different type of events at the same time, as shown below:
[image: ]
 
3. Two Pre-MGs are triggered by different type of events at different time, as shown below:
[image: ]
 
4. Two Pre-MGs are triggered by different type of events at different time but the delay finish at the same time, as shown below:
[image: ]
 < Way forward >:
FFS the options:  
· Option 1: All options are supported for partially overlapped simultaneous Pre-MGs activation/deactivation for Pre-MG + Pre-MG.
· Case a: Two Pre-MGs are triggered by two events of the same type at different time.
· Case b: Two Pre-MGs are triggered by different type of events at the same time.
· Case c: Two Pre-MGs are triggered by different type of events at different time.
· Case d: Two Pre-MGs are triggered by different type of events at different time but the delay finish at the same time.
· Option 2: Only case a is supported, i.e.:
· Supported cases: Two Pre-MGs are triggered by two events of the same type at different time. 
· Not supported cases: Two Pre-MGs are triggered by different type of events.
· Option 2a: Only case a is supported with the single trigger event, such as MAC-based multiple SCell activation in NR SA
· Option 3: Deprioritize all cases for partially overlap (deprioritize partially overlap simultaneous Pre-MGs (de)activation).
· Option 4: RAN4 to consider following scenarios for Pre-MG activation/deactivation:
	Scenario
	Specification support
	Comments

	3
	yes
	Non-simultaneous MAC-CE SCell activation 

	4
	yes
	Non-simultaneous BWP switching


  


[bookmark: _Ref130765967]For partially overlapping cases, we think some of them are unnecessary. In legacy requirements, RAN4 defined multiple BWPs switching, multiple SCells activation and RRC reconfiguration. However, RAN4 never discussed the cross procedures requirement. Thus, the start point of the Pre-MGs activation will be unclear since the total BWP/SCell activation delay is uncertain once the trigger events are different. Thus, case b, c, d is not needed. For case a, we also think the only valid scenario is for Rel-16 non-simultaneous multiple BWP switching. In Rel-16, RAN4 made an agreement that only same MAC-CE command is considered for multiple SCell activation in NR SA. Thus, RAN4 can also preclude multiple SCell activation in partially overlapping cases.
	8.3.7	SCell Activation Delay Requirement for Deactivated SCell with Multiple Downlink SCells
…
In EN-DC, NE-DC, standalone NR, or in one CG of NR-DC, the requirements in this clause shall apply when the following conditions are met:
-	UE only receives one single MAC command for multiple SCell activation within the activation period defined in this clause
…


[bookmark: _Ref133745567]Observation 1: RAN4 never discussed the activation delay due to different trigger events, such as BWP switching +SCell activation. 
[bookmark: _Ref133745570]Observation 2: In Rel-16, RAN4 agreed to only consider single MAC-CE command for multiple SCell activation.
[bookmark: _Ref141711350][bookmark: _Ref133745613]Proposal 1: For partially overlapping cases, only case a is supported,  
· with the single trigger event, such as MAC-based multiple SCell activation in NR SA.
· with two events of the same type at different time, such as multiple BWP switching. 

Activation delay
Another open issue is about the multiple Pre-MG activation delay requirement. The way forward of partially overlapping simultaneous activation is as follow.
	Issue 3-2-4: [Case 1] Whether to extend the delay for partially overlapped simultaneous activation/deactivation for Pre-MG+Pre-MG  
Note: following the same logic from agreement made in issue 3-2-2, the following agreement is made:
< Way forward >:
FFS whether the following can be agreed after the outcome of issue 3-2-3 is clear. 
· RAN4 shall extend the delay for partially overlapped simultaneous Pre-MGs activation/deactivation, when multiple Pre-MGs activation/deactivation processes are overlapped in time, until the end of the last Pre-MG activation/deactivation duration + T2. Where T2 is the additional processing time to (de)activation multiple Pre-MGs and the value of T2 is equal to 2ms.
· An illustration example to depict the T2 is provided below:
[image: ]



In our understanding, the suggested description for delay of partially simultaneous Pre-MGs activation can be accepted.
[bookmark: _Ref133745619][bookmark: _Ref141711353] Proposal 2: For partially overlapped simultaneous (de)activation, the delay is extended until the end of the last pre-MG (de)activation duration + T2, where T2 is 2ms.

3 Pre-MG Collision Rule
[bookmark: _Ref71471041][bookmark: _Ref78624429]Scenario 1: MG collision with Pre-MG activation procedure 
In last meeting, RAN4 agreed the Pre-MG collision rule and the UE behaviour during Pre-MG activation procedure as follow. However, whether this rule can be applied to other scenarios is FFS. Firstly, we confirm current UE’s behaviour based on the agreements in last meeting.
[bookmark: _Ref141711399]Proposal 3: When the pre-configured MG activation procedure is overlapped with MG(Pre-MG has higher priority than the MG), the Pre-MG status and dropping rule shall be applied 5ms after the overlapping MG and UE should continue the measurement within the MG. Data scheduling is not expected within the MG occasion colliding with the Pre-MG activation procedure.

	Issue 3-3-1: [Case 1] Required changes for Pre-MG on collision  
< Agreement made during online session >:  
Collision and priority rule on Pre-MG are considered only when Pre-MG is activated (i.e., deactivated Pre-MG is not considered in collisions).

Issue 3-3-2: [Case 1] When the pre-configured MG activation procedure is overlapped with one of concurrent gap occasion during the dynamic collision (i.e. Pre-MG has higher priority than the MG)  
< Background >
· The collision scenario in this issue is depicted in the figure below:
[image: ]
 
< Agreement made during online session >:  
· A collision between a change in the status of a pre-configured MG (MG#1) and a gap instance happens when the change occurs ≤ 4 ms before the start or ≤ 4 ms after the end of a gap instance of an activated concurrent MG (MG#2) the Pre-MG status and dropping rule shall be applied 5ms after the overlapping MG [and UE should continue the measurement within the MG#2]
· TBD whether same Pre-MG activation delay requirements as Rel-17 can still be re-used
 
Issue 3-3-4: [Case 1] Definition for Pre-MG activation/deactivation collisions with MG  
< Agreement >:  
· No additional definition is needed.
  



Scenario 2: MG collision with Pre-MG deactivation procedure (Pre-MG has higher priority)
The first remaining issue is to define UE’s behaviour during the Pre-MG deactivation procedure when Pre-MG has higher priority. Before Pre-MG deactivation procedure, the MG will always be dropped when collision happens. During the Pre-MG deactivation procedure, UE still doesn’t finish the Pre-MG deactivation and the Pre-MG’s status can still be believed as active. Thus, the MG which collides with Pre-MG deactivation procedure can still be believed as dropped. Thus, during the Pre-MG deactivation procedure, the gap dropping rule shall also be applied and the Pre-MG will be deactivated immediately after the Pre-MG deactivation procedure. UE should continue the measurement within the MG.
	Issue 3-3-3: [Case 1] When the pre-configured MG deactivation procedure is overlapped with one of concurrent gap occasion during the dynamic collision (i.e. Pre-MG has higher priority than the MG)  
· Background:
· The collision scenario in this issue is depicted in the figure below:
[image: ]
 
< Way forward >:  
· A collision between a change in the status of a pre-configured MG (MG#1) and a gap instance happens when the change occurs ≤ 4 ms before the start or ≤ 4 ms after the end of a gap instance of an activated concurrent MG (MG#2) the Pre-MG status and dropping rule shall be applied 5ms after the overlapping MG [and UE should continue the measurement within the MG#2]
· TBD whether same Pre-MG de-activation delay requirements as Rel-17 can still be re-used



[bookmark: _Ref141711403]Proposal 4: When the pre-configured MG deactivation procedure is overlapped with MG(Pre-MG has higher priority than the MG), the gap dropping rule shall still be applied. The Pre-MG will be deactivated immediately after the Pre-MG deactivation procedure. Data scheduling is expected within the MG occasion colliding with the Pre-MG deactivation procedure and the Pre-MG occasion after Pre-MG deactivation procedure.

Scenario 3: MG collision with Pre-MG activation procedure (Pre-MG has lower priority)
In this scenario, the MG shall be always active and Pre-MG will be dropped. Thus, during the Pre-MG activation procedure, the existing gap dropping rule can be applied without changes. The Pre-MG will be dropped.
	Issue 3-3-5: [Case 1] [Case 1] When the pre-configured MG activation procedure is overlapped with one of concurrent gap occasion where the MG has higher priority than the Pre-MG  
· Background:
· The collision scenario in this issue is depicted in the figure below:
[image: ]
 
< Agreement/ Way forward >:  
· Option 1: follow the same agreement as in issues 3-3-2, and 3-3-3. 
· Option 2: When the pre-MG (de)activation procedure is overlapped with one of concurrent gap occasion and the MG has higher priority, existing priority rule applies without any change.


[bookmark: _Ref141711406]Proposal 5: When the pre-configured MG activation procedure is overlapped with MG(MG has higher priority than the MG), the existing Rel-17 gap dropping can be reused.

Pre-MG+Pre-MG
When NW configures two Pre-MGs, the status of two Pre-MGs can be as follow.
· Case 1: Activation, Activation
· Case 2: Activation, Deactivation
· Case 3: Deactivation, Activation
· Case 4: Deactivation, Deactivation
There are several different scenarios need to be further studied. 
	Issue 3-3-7: [Case 1] When two pre-configured MGs activation procedures are overlapped during the dynamic collision
< Way forward >:  
FFS follow the same agreement as in issue 3-3-2.



In our understanding, most switching scenarios can be transformed to the Pre-MG+MG scenario, or no gap dropping rule needs to be considered(Case 1-> Case 4). However, one special scenario needs to further check is two Pre-MGs activation and deactivation happen at the same time(Case 2->Case 3).  
In this scenario, only one Pre-MG is activated in all the time. When one of the Pre-MG #1 is deactivated, and another Pre-MG #2 will be activated at the same time. Only gap switching other than gap collision happens in this scenario. UE can perform measurement within both Pre-MGs even if the configured Pre-MGs are close to each other. No gap dropping rule will be applied. Data scheduling is not expected within the Pre-MG occasion before and after the Pre-MG activation/deactivation procedure.
	Issue 3-3-8: [Case 1] When one pre-configured MG deactivation procedure is overlapped with another pre-configured MG activation procedure during the dynamic collision
· Background:
· NW configures Pre-MG1 associated with BWP-1 and Pre-MG2 associated with BWP-2.
· When UE switches the active DL BWP from BWP-1 to BWP-2, the SSB1 associated with BWP-1 will be outside the active BWP-2, but the SSB2 associated with BWP-2 will be within the active DL BWP. The Pre-MG1 will be activated and the Pre-MG2 will be deactivated.
 < Way forward >:  
· RAN4 to discuss the UE behaviour for this scenario, including the activation delay, Pre-MG status and gap dropping rule clarification.
· RAN4 to further discuss whether apply a unified approach to all the activation and collision scenarios for Pre-MGs.


[bookmark: _Ref141711408]Proposal 6: When one pre-configured MG(Pre-MG #1) deactivation procedure overlaps with another pre-configured MG(Pre-MG #2) activation procedure, no gap dropping rule shall be applied and UE shall perform measurement within each activated Pre-MG. Data scheduling is not expected within the deactivated Pre-MG occasions before and after the Pre-MG activation/deactivation procedure.

4 [bookmark: _Ref126484261]Pre-MG association
In RAN4 #106 meeting, we proposed to further clarify the Pre-MG association rules. During the meeting, RAN4 agreed to focus on Rel-17 concurrent gaps association rule firstly.
	Issue 3-4-2: [Case 1] Pre-MG association clarification  
Moderator’s note: This issue is currently being discussed in Rel-17 measurement gap enhancements during the maintenance phase, hence RAN4 should postpone the discussion on this issue until it is resolved in Rel-17 measurement gap enhancements.
< Agreement >:  
· Postpone until this issue is resolved in Rel-17 measurement gap enhancements maintenance.


In last meeting, RAN4 agreed to further clarify the association for concurrent gaps in Rel-17 as follow. Thus, RAN4 can further check Pre-MGs’ association rules based on these latest concurrent gaps agreements. In our understanding, the most important principle agreed in last meeting is 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.
	Sub-topic 5-1: For an MO that can be measured outside MG and associated with a MG
Agreement
· MO should be measured outside of associated MG when MO is partially or no overlapping with union of Con-MG
· A MO is measured only within the associated MG if the MO can be measured outside of associated MG but fully overlap with the union of the Con-MG and partially overlap with the associated MG.


When NW configures one Pre-MG(Pre-MG1) and another Pre-MG/MG, once Pre-MG1 is deactivated(which means all MOs associated with Pre-MG1 don’t need gap), if the MO associated with Pre-MG1 fully overlap with the other activated Pre-MG/MG, the MO is measured only within the other activated Pre-MG/MG . For example, if f0, f1, f2 are all associated with Pre-MG in the figure below, f0 and f2 shall perform measurement within Pre-MG when Pre-MG is activated, but perform measurement within MG when Pre-MG is deactivated.
[image: ]
[bookmark: _Ref141711412]Proposal 7: When NW configures a Pre-MG1 and a Pre-MG2/Type-2 MG in ConMGs, the MO associated with Pre-MG1 will be measured within activated Pre-MG2/Type-2 MG if Pre-MG1 is deactivated and the MO is fully overlapping with activated Pre-MG2/Type-2 MG.
5 Conclusion
In the contribution, we continue discussing the remaining issues for Pre-MG in Rel-18. We have the following observations and proposals:
Observation 1: RAN4 never discussed the activation delay due to different trigger events, such as BWP switching +SCell activation.
· with the single trigger event, such as MAC-based multiple SCell activation in NR SA.
· with two events of the same type at different time, such as multiple BWP switching. 
Observation 2: In Rel-16, RAN4 agreed to only consider single MAC-CE command for multiple SCell activation.
Proposal 1: For partially overlapping cases, only case a is supported,
Proposal 2: For partially overlapped simultaneous (de)activation, the delay is extended until the end of the last pre-MG (de)activation duration + T2, where T2 is 2ms.
Proposal 3: When the pre-configured MG activation procedure is overlapped with MG(Pre-MG has higher priority than the MG), the Pre-MG status and dropping rule shall be applied 5ms after the overlapping MG and UE should continue the measurement within the MG. Data scheduling is not expected within the MG occasion colliding with the Pre-MG activation procedure.
Proposal 4: When the pre-configured MG deactivation procedure is overlapped with MG(Pre-MG has higher priority than the MG), the gap dropping rule shall still be applied. The Pre-MG will be deactivated immediately after the Pre-MG deactivation procedure. Data scheduling is expected within the MG occasion colliding with the Pre-MG deactivation procedure and the Pre-MG occasion after Pre-MG deactivation procedure.
Proposal 5: When the pre-configured MG activation procedure is overlapped with MG(MG has higher priority than the MG), the existing Rel-17 gap dropping can be reused.
Proposal 6: When one pre-configured MG(Pre-MG #1) deactivation procedure overlaps with another pre-configured MG(Pre-MG #2) activation procedure, no gap dropping rule shall be applied and UE shall perform measurement within each activated Pre-MG. Data scheduling is not expected within the deactivated Pre-MG occasions before and after the Pre-MG activation/deactivation procedure.
Proposal 7: When NW configures a Pre-MG1 and a Pre-MG2/Type-2 MG in ConMGs, the MO associated with Pre-MG1 will be measured within activated Pre-MG2/Type-2 MG if Pre-MG1 is deactivated and the MO is fully overlapping with activated Pre-MG2/Type-2 MG.
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