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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 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]
· Prioritize at least joint requirements 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)
· [bookmark: _Hlk129201484]Note 1: Gaps that are configured for NTN are precluded in this WI
· Note 2: The scenarios that NCSG is considered in Case 1 and that Pre-configured MG is considered in Case 2 are precluded in this WI.
· Note 3: Prioritization among other possible combinations of pre-configured MG, concurrent MG and NCSG can be discussed after RAN#100


[bookmark: _Hlk131066638]In the previous RAN4 106 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) gap combination for Pre-MG, (ii) Pre-MG activation/deactivation processes, and (ii) collision definition and handling. 

Discussion on gap combination for Pre-MG
The open issues are given as:
	Sub-topic 3-1: Scope and combinations
Issue 3-1-1: [Case 1] Whether to consider a new capability for Pre-MG + Pre-MG in an FR  
< Agreement from online session >:  
· It is up to UE capability to support the simultaneous activation/deactivation of two Pre-MGs in the same FR.
[bookmark: _Hlk128646823]Issue 3-1-2: [Case 1] Detail measurement gaps combinations for UE supporting per-FR gap  
< Agreement >:  
· Gap combination configuration of case 1 can use gap combination of concurrent gaps defined in TS38.133 table 9.1.8-1 as formatting baseline with the clarification that each configured gap can be Pre-MG or Type-2 MG.
· FFS details and notes.


[bookmark: _Hlk131068437]Issue 3-1-2: In Rel-17 and Rel-18 concurrent measurement gaps requirements and agreements, RAN4 requirements for concurrent MGs are applied for two gap occasions occurring in the same FR. In addition, FR1 and FR2 use different RF chains and hence there is no collision between the two different FR gaps. Thus, per Rel-17 requirements, one FR can be configured with NCSG, and the other FR can be configured Pre-MG independent of whether the UE supports concurrent measurement gaps. Now in Rel-18, when two concurrent per-FR gaps are configured in one FR and a per-FR gap is configured in the other FR, the latter per-FR gap can be either Type-2 or Pre-MG independent of what are the two concurrent gaps in the first FR. 
The gap combination principles can be captured as below:
· [bookmark: _Hlk132039381]For UE capable of [Concurrent Pre-MG], one FR can be configured with up to 2 Pre-MGs, regardless they are per-UE or per-FR configured and the configuration in the other FR (This is Rel-18 new behaviour).
· For UE incapable of [Concurrent Pre-MG] but capable of Pre-MG, Pre-MG can only be configured if it is the single MG in that FR, but cannot be configured together with other MGs in the same FR, regardless they are per-UE or per-FR configured and the configuration in the other FR (This is Rel-17).

Observation 1: Measurement gaps in FR1 and FR2 are independent from each other because they operate on two different RF chains.
Observation 2: For UE capable of [Concurrent Pre-MG], one FR can be configured with up to 2 Pre-MGs, regardless they are per-UE or per-FR configured and the configuration in the other FR (This is Rel-18 new behaviour).
Observation 3: For UE incapable of [Concurrent Pre-MG] but capable of Pre-MG, Pre-MG can only be configured if it is the single MG in that FR, but cannot be configured together with other MGs in the same FR, regardless they are per-UE or per-FR configured and the configuration in the other FR (This is Rel-17).
Therefore, for Pre-MG concurrent MG, the gap combination can be divided into three cases:
1. When two concurrent per-FR gaps are configured in an FR, and one more per-FR gap occasion is configured in the other FR, i.e. gap combinations 0 and 1 in Table 1: the single per-FR gap can be either Type-2 or Pre-MG independent of what are the two concurrent gaps in the first FR. 
2. When only 1 gap is configured in an FR (either per-UE or per-FR): for UE capable of Rel-18 Pre-MG concurrent gaps, up to 1 gap can be configured as Pre-MG. This is the case we introduced in Rel-17.
3. When only 2 gaps are configured in an FR (either per-UE and/or per-FR): for UE capable of Rel-18 Pre-MG concurrent gaps, up to 2 gaps can be configured as Pre-MG. I.e. gap combinations 2 to 7 in Table 1.

Table 1 [bookmark: _Ref130479436]: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns.
	Gap Combination
Configuration Id
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2Note 2
	1Note 4
	0

	1
	1Note 4
	2 Note 2
	0

	2
	0
	0
	2 Note 2

	3Note 1
	1 Note 3
	0
	1 Note 3

	4Note 1
	0
	1 Note 3
	1 Note 3

	5Note 1
	1 Note 3
	1 Note 3
	1 Note 3

	6
	2 Note 2
	0
	0

	7
	0
	2 Note 2
	0

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4]. If UE is incapable of [Concurrent Pre-MG], all gaps can only be configured as Type-1/2 MG.
Note 2:	For UE capable of [Concurrent Pre-MG], up to 2 gaps can be configured as Pre-MG. Otherwise, both gaps can only be configured as Type-1/2 MG.
Note 3: 	For UE capable of [Concurrent Pre-MG], this gap can be configured as Pre-MG. Otherwise, the gap can only be configured as Type-1/2 MG
Note 4: 	For UE incapable of [Concurrent Pre-MG] but capable of Pre-MG, this gap can be configured as Pre-MG.


Proposal 1: [bookmark: _Ref118739091]RAN4 shall define gap combination based on the following cases: (i) When two concurrent per-FR gaps are configured in an FR, and one more per-FR gap occasion is configured in the other FR: the single per-FR gap can be either Type-2 or Pre-MG or NCSG independent of what are the two concurrent gaps in the first FR, (ii) When 1 gap is configured per-UE and/or per-FR: for UE capable of Rel-18 Pre-MG concurrent gaps, up to 1 gap can be configured as Pre-MG, and (iii) When 2 gaps are configured per-UE or per-FR: for UE capable of Rel-18 Pre-MG concurrent gaps, up to 2 gaps can be configured as Pre-MG.
Proposal 2: [bookmark: _Ref131896652]RAN4 shall support the gap combination table given in Table 1 in this contribution paper.

Discussion on Pre-MG activation/deactivation processes
The open issues are given as:
	Sub-topic 3-2: Pre-MGs activation/deactivation procedure
Issue 3-2-1: [Case 1] Define definitions for simultaneous and non-simultaneous Pre-MGs activation/deactivation for Pre-MG + Pre-MG  
< Agreement >:  
· Definitions for simultaneous and non-simultaneous multiple Pre-MGs activation/deactivation
· In simultaneous case, the multiple Pre-MGs activation/deactivation duration are fully or partially overlapping (before any potential delay extension) in time.
· In non-simultaneous case, the multiple Pre-MGs activation/deactivation duration are not overlapping (before any potential delay extension) in time.
· FFS the requirements, e.g., triggered by the same or different commands.
Issue 3-2-4: [Case 1] Whether to extend the delay for simultaneous activation/deactivation for Pre-MG+Pre-MG  
< Wayforward >:  
· FFS.
Issue 3-2-5: [Case 1] Whether to extend the delay for non-simultaneous activation/deactivation for Pre-MG+Pre-MG  
< Agreement >:  
· For the non-simultaneous two Pre-MGs activation/deactivation case, the existing Rel-17 Pre-MG (de)activation delay requirements can be reused.


Issue 3-2-1/3-2-4: 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. 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. Nevertheless, in RAN4#106 meeting, RAN4 agreed to have a UE capability to support the simultaneous activation/deactivation of two Pre-MG in the same FR. However, it is left for further study to decide on whether the two Pre-MG occasions are triggered by the same or different command. To our understanding, as long as there is an overlap between two Pre-MG activation/deactivation, regardless of whether they are triggered by the same or different command, there will be increase in UE processing, which is already covered in the additional simultaneous Pre-MGs UE capability. Therefore, the requirements for the simultaneous UE capability shall be applied regardless of whether the activation/deactivation are triggered by the same or different commands.
Regarding the delay of two simultaneous activation/deactivation Pre-MG delay, the existing requirements is not expected to be relaxed, however, 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. 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.
Proposal 3: [bookmark: _Ref131896664]The UE capability for simultaneous Pre-MG requirements shall be defined regardless of whether the activation/deactivation are triggered by the same or different commands. 
Observation 4: [bookmark: _Hlk126141640][bookmark: _Ref110807415]In order to allow the UE to perform multiple Pre-MGs activation/deactivation processes, additional UE processing is expected, and hence more powerful UE is needed.
Proposal 4: [bookmark: _Ref110807439][bookmark: _Ref131896677]RAN4 shall extend the delay for simultaneous Pre-MGs activation/deactivation, when multiple Pre-MGs activation/deactivation processes are overlapped in time, until the end of the latest Pre-MG activation/deactivation duration. 
Discussion on collision definition and handling
The open issues are given as:
	Issue 3-3-4: [Case 1] dynamic collisions definition  
< Agreement from online session>:  
· Dynamic collisions are gap collisions involving at least one [activated] pre-configured MG, where gap instances of other MGs (which has lower priority) are dropped.
· [activated] is based on the assumption that only activated Pre-MG can cause collisions.
Issue 3-3-5: [Case 1] Whether to define a new UE capability for dynamic collisions?  
< Wayforward >:  
· FFS.
Issue 3-3-6: [Case 1] dynamic collisions dropping rule  
< Wayforward >:  
· FFS.
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:  
· Option 1: QC, MediaTek, CATT
· A collision between a change in the status of a pre-configured MG 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. (UE shall extend the activation procedure)
· Option 1a: QC, 
· If a change in the status of a pre-configured MG collides with a gap instance, the change in status is delayed (until the end of the gap instance plus 5 ms) to avoid the collision.
· Option 1b: MediaTek
· If a change in the status of a pre-configured MG collides with a gap instance, the change in status is delayed by (MGL of the gap instance plus 5 ms) to avoid the collision.
· Option 1c: Nokia, 
· If a change in the status of a pre-configured MG collides with a gap instance, the change in status is delayed (until the end of the gap instance plus 4 ms) to avoid the collision.
· Option 2: CATT
· UE shall drop the activation procedure, when the pre-configured MG activation is overlapped with the other concurrent gap occasion.
· Option 3: Xiaomi, ZTE
· UE shall drop the measurement on the overlapped concurrent gap occasion, when the pre-configured MG activation is overlapped with the other concurrent gap occasion. The activation/deactivation procedure should be prioritized.
· Option 4: ZTE
· Firstly, regarding to the collision between pre-configured MG activation/deactivation procedure and one of concurrent gap occasion, the priority rule is not valid since of the status of the pre-configured MG is uncertain.
· Option 5: Huawei
· RAN4 to decide UE behaviour when pre-MG (de)activation procedure is overlapped with occasion of the other MG after concluding how to handle deactivated pre-MG in collision handling.
· Option 6: E///
· 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. 
· Option 7: CATT, Intel
· There is no need to define additional UE capability for the support of collision case.


Issue 3-3-5: The configuration of at least one activated Pre-MG with higher priority than the other overlapping gap will cause dynamic collision. This is due to the dynamic nature of the Pre-MG status that changes with various triggering events. Which in turn, this dynamic behaviour can be challenging to the UE implementation. Therefore, a new UE capability shall be defined for the scenario of gap combination that cause collision when at least one of the collided gaps is activated Pre-MG with higher or equal priority compared to the other overlapped gap.
Proposal 5: [bookmark: _Ref127428229]RAN4 shall defined additional UE capability for the scenario of gap combination that cause collision when at least one of the collided gaps is activated Pre-MG with higher priority compared to the other overlapped gap.
Issue 3-3-6/3-2-3: 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)). Nevertheless, if the MG is not dropped during the dynamic collision, then the earliest Pre-MG that can be activated should be separated by more than the proximity condition, which is equal to 4ms, from the MG. 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 MG (Figure 2 (c) depicts that). For example, the scenario shown in Figure 2 (a), when the Pre-MG activation procedure overlaps with MG and the Pre-MG occasions comes 4ms after the end of the overlapping MG then the Pre-MG occasion shall not be activated. However, a different example shown in Figure 2 (c), that if the Pre-MG comes 5ms after the end of the MG then the Pre-MG can be activated. In other words, if the end of activation/deactivation of Pre-MG is within a gap occasion (one of the con-MG), the UE shall be able to finish pre-configured activation or deactivation within 5 ms + MGL ms after the completion of the RRC processing, SCell activation/deactivation or BWP switching.
Alternative solution, RAN4 shall define a UE capability to handle the scenario of dynamic collision as mentioned in discussion for issue 3-3-5. 
Proposal 6: [bookmark: _Ref127428334]RAN4 shall specify that if the end of activation/deactivation of Pre-MG is within a gap occasion (one of the con-MG), the UE shall be able to finish pre-configured activation or deactivation within 5 ms + MGL ms after the completion of the RRC processing, SCell activation/deactivation or BWP switching. Alternatively, RAN4 shall define a UE capability for dynamic collision.
[image: ]
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. 

3 Summary
In this contribution, discussion on Pre-configured MG and concurrent MG is provided and we have the following proposals: 
Proposal 1: RAN4 shall define gap combination based on the following cases: (i) When two concurrent per-FR gaps are configured in an FR, and one more per-FR gap occasion is configured in the other FR: the single per-FR gap can be either Type-2 or Pre-MG or NCSG independent of what are the two concurrent gaps in the first FR, (ii) When 1 gap is configured per-UE and/or per-FR: for UE capable of Rel-18 Pre-MG concurrent gaps, up to 1 gap can be configured as Pre-MG, and (iii) When 2 gaps are configured per-UE or per-FR: for UE capable of Rel-18 Pre-MG concurrent gaps, up to 2 gaps can be configured as Pre-MG.
Proposal 2: RAN4 shall support the gap combination table given in Table 1 in this contribution paper.
Proposal 3: The UE capability for simultaneous Pre-MG requirements shall be defined regardless of whether the activation/deactivation are triggered by the same or different commands.
Proposal 4: RAN4 shall extend the delay for simultaneous Pre-MGs activation/deactivation, when multiple Pre-MGs activation/deactivation processes are overlapped in time, until the end of the latest Pre-MG activation/deactivation duration.
Proposal 5: RAN4 shall defined additional UE capability for the scenario of gap combination that cause collision when at least one of the collided gaps is activated Pre-MG with higher priority compared to the other overlapped gap.
Proposal 6: RAN4 shall specify that if the end of activation/deactivation of Pre-MG is within a gap occasion (one of the con-MG), the UE shall be able to finish pre-configured activation or deactivation within 5 ms + MGL ms after the completion of the RRC processing, SCell activation/deactivation or BWP switching.
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