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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 mainly for collision definition and handling. 

Discussion on collision definition and handling
The open issues are given as:
	Sub-topic 3-3: Collision handling
Issue 3-2-2: [Case 1] - [Scenario 1] Further clarification on the agreement from scenario 1?  
· Background:
· The collision scenario in this issue is depicted in the figure below:
[image: ]
< Agreement >:  
· 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
· FFS the exact wording to be captured in the specification in CR draft directly.

Issue 3-2-3: [Case 1] - [Scenario 2] 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 >:  
· Option 1: 
· Same agreement as in (scenario 1), which is Agreement of Issue 3-3-2 from WF [R4-2310175].
· Option 2: 
· When a pre-MG and a Type-2 MG collide and the pre-MG has higher priority, UE should drop the colliding Type-2 MG occasion, if 
· the deactivation procedure of pre-MG overlaps with time period T, where T starts from 4ms before the Type-2 MG occasion and ends at 4ms after the Type-2 MG occasion, and
· the deactivation procedure of pre-MG ends earlier than the start of pre-MG occasion.
· Option 2a: Additionally,
· 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.

Issue 3-2-4: [Case 1] - [Scenario 3] 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: ]
< Way forward>:  
· Option 1: Same agreement as issue 3-3-2 (scenario 1).
· Option 2: The UE continues the measurement within the overlapped concurrent gap occasion (MG#2), i.e. existing priority rule applies without any change.

Issue 3-2-5: [Case 1] - [Scenario 4] When one pre-configured MG deactivation procedure is fully overlapped with another pre-configured MG activation procedure triggered by single BWP switching 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 >:  
· Option 1: UE can still perform measurement within the overlapping gap. Activation delay is further extended to the end of the overlapping MG plus (5ms + T1).
· Option 2: Follow the same agreement as scenario 1 when the Type-2 MG is replaced by an activated pre-MG.
· Option 3: UE is NOT required to perform measurement within the overlapping gap. No further delay is needed. 
· Option 4: No need to discuss the case when two pre-configured MGs activation procedures are overlapped during the dynamic collision.
· Option 5: No gap dropping rule shall be applied (no gap collision will happen) and UE shall perform measurement within each activated Pre-MG.
Issue 3-3-6: [Case 1] Whether to define a new UE capability for dynamic collisions?  
< Way forward>:  
· FFS the options
· Option 1: Add a UE capability to indicate whether the UE supports Case 1 gap combinations that cause dynamic collisions.
· Option 2: No additional capability is needed to handle the dynamic collision.



The scenarios can be summarised as below:
	Scenario 1: 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)
	• RAN4 has an agreement.
Scenario 2: 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)
	• Open issue: whether to follow the same agreement from Scenario 1.
Scenario 3: pre-configured MG activation procedure is overlapped with one of concurrent gap occasion where the MG has higher priority than the Pre-MG.
	• Open issue: whether to follow 
· the same agreement from Scenario 1, or
· the dropping role based on priority rule, or
· other options.
Scenario 4: One pre-configured MG deactivation procedure is overlapped with another pre-configured MG activation procedure during the dynamic collision (This scenario is for Pre-MG + Pre-MG).
	• Open issue: whether to follow
· the same agreement from Scenario 1, and/or scenario 3, or
· extend the delay to align with (5ms + T1), or 
· Other options



Issue 3-2-3/3-2-4: In the previous RAN4 meeting, we discussed the issue of overlapping between a MG and Pre-MG (de)activation procedure delay. For scenarios 2 and 3, different views were captured in the way forward. To our understanding, the issue for scenario 2 is that the logic is the same as of that in scenario 1. This is because in scenario 1 the UE has already decided to drop the MG (MG#2), due to lower priority, during gap collision, where the UE can’t predict whether the Pre-MG will change status or not. Therefore, in this scenario 2, the UE shall drop the MG (MG#2) with lower priority. On the other hand, for scenario 3, given that the MG (MG#2) has higher priority then the UE shall keep the MG (MG#2) and drop the lower priority Pre-MG (MG#1), i.e., the UE shall follow the existing priority rule. 
Issue 3-2-5: In addition, scenario 4 includes two Pre-MG occasions and two deactivation/activation procedure which makes it hard to define requirements for such scenario. Therefore, RAN4 shall not define requirements for such case, i.e., leave it for UE implementation. 
Proposal 1: [bookmark: _Ref146034677][bookmark: _Ref142559436]For scenario 2: When a pre-MG and a Type-2 MG collide and the pre-MG has higher priority, UE shall drop the colliding Type-2 MG occasion, if 
- the deactivation procedure of pre-MG overlaps with time period T, where T starts from 4ms (≤ 4ms) before the Type-2 MG occasion and ends at 4ms (≤ 4ms) after the Type-2 MG occasion, and
- the deactivation procedure of pre-MG ends earlier than the start of pre-MG occasion.
Proposal 2: [bookmark: _Ref146034690]For scenario 3: 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, the UE continues the measurement within the overlapped concurrent gap occasion (MG#2), i.e. existing priority rule applies without any change.
Proposal 3: [bookmark: _Ref146034701]For scenario 4: When one pre-configured MG deactivation procedure is fully overlapped with another pre-configured MG activation procedure triggered by single BWP switching during the dynamic collision, no requirements shall be defined. 
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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. 

[bookmark: _Ref118740573]Issue 3-2-6: 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 4: [bookmark: _Ref146034715]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: For scenario 2: When a pre-MG and a Type-2 MG collide and the pre-MG has higher priority, UE shall drop the colliding Type-2 MG occasion, if 
- the deactivation procedure of pre-MG overlaps with time period T, where T starts from 4ms (≤ 4ms) before the Type-2 MG occasion and ends at 4ms (≤ 4ms) after the Type-2 MG occasion, and
- the deactivation procedure of pre-MG ends earlier than the start of pre-MG occasion.
Proposal 2: For scenario 3: 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, the UE continues the measurement within the overlapped concurrent gap occasion (MG#2), i.e. existing priority rule applies without any change.
Proposal 3: For scenario 4: When one pre-configured MG deactivation procedure is fully overlapped with another pre-configured MG activation procedure triggered by single BWP switching during the dynamic collision, no requirements shall be defined.
Proposal 4: RAN4 shall support a UE capability for the scenarios of dynamic collision.
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