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1 Introduction
In existing Rel-15/16 NR, two measurement gaps have been identified, which are per-UE and per-FR measurement gap. Later in Rel-17 NR, three measurement gap enhancement have been considered, which are: (i) pre-configured MG pattern(s) per configured BWP (fast MG configuration), (ii) multiple concurrent and independent MG patterns, and (iii) network controlled small gap (NCSG). Now in Rel-18, further work objective to enhance the existing measurement gap is agreed on, which is ‘Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG’, given in the revised work item description (WID) [1] as below:
	(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
· [bookmark: _Hlk114141673]Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or concurrent MGs and/or NCSG [RAN4]
· Define requirements only for the following two cases for UE configured with:
· [bookmark: _Hlk95478656]Case 1: Pre-configured MG(s) and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a Pre-configured MG)
· Case 2: NCSG and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a NCSG)
· Note 1: This WID does not include any inter-working with MUSIM gaps


[bookmark: _Hlk131066638]In the previous RAN4 107 meeting, the issues are captured in the way forward (WF) [2]. The analysis and discussion on the issues from the WF are provided in the next section. 
2 Discussion 
From the WF, the issues are given in five categories, which are: (i) a definition and a UE capability for Concurrent MG with Pre-MG, (ii) Pre-MG activation/deactivation processes, and (iii) collision definition and handling. 

Discussion on general issues
[bookmark: _Hlk142559317]Issue on definition: RAN4 needs to define the new Rel-18 Pre-MG requirements in the TS 38.133 specification to differentiate this from Rel-17 Pre-MG and Rel-17 concurrent MG. Therefore, RAN4 shall define the requirements of concurrent MG with Pre-MG as: ‘Concurrent MG with Pre-MG’.
Proposal 1: [bookmark: _Ref142559479]RAN4 shall define the new Rel-18 requirements in TS 38.133 of concurrent MG with Pre-MG as: ‘Concurrent MG with Pre-MG’.

Issue on UE capability for Concurrent with Pre-MG: In the previous meeting, it was agreed that a UE capability for simultaneous Pre-MG + Pre-MG case. Besides, the existing signalling capabilities from Rel-17 support Pre-MG in an FR, which allows the UE to support a single Pre-MG in an FR. While concurrent MG is supported in a different UE capability ‘concurrentMeasGap-r17’, which allows two Type-2 MG to be supported in the same FR. Yet, there is no existing signalling that allow the mix of Type-2 MG with Pre-MG in the same FR. Therefore, RAN4 shall define a new UE capability to support concurrent MG with Pre-MG.
Proposal 2: [bookmark: _Ref142488692]RAN4 shall support a UE capability for the scenario of Concurrent MG with Pre-MG in an FR and send an LS to RAN2 to ask them to define the signalling capability.


Discussion on Pre-MG activation/deactivation processes
The open issues are given as:
	Sub-topic 3-2: Pre-MGs activation/deactivation procedure
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:
a. Two Pre-MGs are triggered by 2 events of the same type at different time, as shown below:
[image: ]
b. Two Pre-MGs are triggered by different type of events at the same time, as shown below:
[image: ]
c. Two Pre-MGs are triggered by different type of events at different time, as shown below:
[image: ]
d. 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



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: ]

Issue 3-2-5: [Case 1] An issue for multiple SCell activations as trigger event in partially overlapping simultaneous multiple Pre-MGs activation delay  
< Way forward >:
This issue is merged in issue 3-2-3.


Issue 3-2-3: In previous meeting RAN4 discussed several scenarios as captured in the WF issue 3-2-3 above. To simplify the requirements for partially overlapped activation/deactivation, RAN4 should consider the scenario of 2a, which is: ‘Only case a is supported with the single trigger event, such as MAC-based multiple SCell activation in NR SA’, as depicted in the figure below.
[image: ]
Figure 2: two Pre-MGs are triggered by one event (partially-overlapped) with different processing delay.

Issue 3-2-4: The Pre-MG activation/deactivation process requires UE processing time, which specified in Rel-17 and equal to the processing time of BWP switching/SCell(de)activation/RRC reconfiguration + 5ms. In RAN4#105 meeting, RAN4 agreed to define requirements for the scenario of Pre-MG + Pre-MG. Hence, there is a chance that two activation/deactivation occur at the same time, yet they are partially overlapped. From the UE implementation point of view, additional UE processing is needed (i.e. more powerful UE) is needed to support simultaneous multiple Pre-MGs activation/deactivation. In previous meeting #107, it was agreed that ‘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, where T1= 2ms’. Regarding the case of partially overlap, given that one of the activation/deactivation durations is expected to be ending after the other first Pre-MG activation/deactivation duration, hence, the delay is expected to be ended by the end of the activation/deactivation delay of both overlapped Pre-MGs plus T2, where T2 is 2 ms. In other words, for the simultaneous two Pre-MGs activation/deactivation case, the simultaneous activation/deactivation delay is expected to be extended after the end of the latest Pre-MG activation/deactivation duration plus T2, where T2 = 2 ms, as depicted in Figure 2.
[image: ]
Figure 2: two Pre-MGs are triggered by one event (partially-overlapped) with T2.
Proposal 3: [bookmark: _Ref131896664][bookmark: _Hlk126141640][bookmark: _Ref110807415]The partially overlapped simultaneous Pre-MGs activation/deactivation requirements shall be defined for the scenario when the activation/deactivation are triggered by a single triggering event. 
Proposal 4: [bookmark: _Ref135051698]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 equal to 2 ms.
Proposal 5: [bookmark: _Ref131896677]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 value is equal to 2 ms. 
Discussion on collision definition and handling
The open issues are given as:
	Sub-topic 3-3: Collision handling
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

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.
Issue 3-3-6: [Case 1] Whether to define a new UE capability for dynamic collisions?  
< Way forward>:  
· UE capabilities can be discussed at later stage. Keep FFS for now.
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.
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.



Issue 3-3-3/3-3-5/3-3-8: In the previous RAN4 meeting, we discussed the issue of overlapping between a MG and Pre-MG (de)activation procedure delay. Some views were to take the priority role of the Pre-MG into consideration (as depicted in Figure 2 (a)), while another view was not to drop the MG because the Pre-MG status is not clear (as depicted in Figure 2 (b)). Then, it was agreed that ‘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]’. Nevertheless, RAN4 still have open issues for discussion, i.e. issue 3-3-3, 3-3-5 and 3-3-8. In order to simplify the specification and UE implementation it is better to have a unified solution for all issues. Therefore, to solve the issue of dropping the MG and the increase in UE processing, RAN4 should define requirement that the 5 ms of Pre-MG (de)activation, which is also the proximity condition, shall be started after the completion of the first gap (MG#1), regardless of the priority of this gap (MG#1). Figure 2 below depicts the scenario. 
Proposal 6: [bookmark: _Ref142559436]A collision between a change in the status of a pre-configured MG (MG#1) and a gap instance (MG#2) [whether it is Pre-MG or Rel-17 MG and regardless of their priority] happens when the change occurs ≤ 4 ms before the start or ≤ 4 ms after the end of a gap instance of a gap (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]’.

[image: A diagram of a diagram

Description automatically generated]
Figure 2: Pre-configured measurement gap activation/deactivation delay. Case (a) depicts collision between MG and Pre-MG activation/deactivation, case (b) depicts the case where MG is dropped, while case (c) depicts the suggested extension in the Pre-MG activation/deactivation procedure. 

Issue 3-3-6: In the previous issues, it is clear that the implementation might be challenging for some scenarios. Besides, it is common in RAN4 to introduce a UE capability when there is a feature with tight requirements that normal UE cannot achieve or a feature that is not typical for all NR UE. Therefore, RAN4 should support this with UE capability (i.e. it is left to the UE implementation).
Proposal 7: [bookmark: _Ref118740573]RAN4 shall support a UE capability for the scenarios of dynamic collision.

3 Summary
In this contribution, discussion on concurrent MG with Pre-MG is provided and we have the following proposals: 
Proposal 1: RAN4 shall define the new Rel-18 requirements in TS 38.133 of concurrent MG with Pre-MG as: ‘Concurrent MG with Pre-MG’.
Proposal 2: RAN4 shall support a UE capability for the scenario of Concurrent MG with Pre-MG in an FR and send an LS to RAN2 to ask them to define the signalling capability.
Proposal 3: The partially overlapped simultaneous Pre-MGs activation/deactivation requirements shall be defined for the scenario when the activation/deactivation are triggered by a single triggering event.
Proposal 4: 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 equal to 2 ms.
Proposal 5: 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 value is equal to 2 ms.
Proposal 6: A collision between a change in the status of a pre-configured MG (MG#1) and a gap instance (MG#2) [whether it is Pre-MG or Rel-17 MG and regardless of their priority] happens when the change occurs ≤ 4 ms before the start or ≤ 4 ms after the end of a gap instance of a gap (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]’.
Proposal 7: RAN4 shall support a UE capability for the scenarios of dynamic collision.
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