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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meeting, RAN4 discussed the combination of the three types of gaps, Pre-MG, ConMGs, and NCSG which were agreed in Rel-17[1]. The general issues and the scope of the WI are listed as follow.
	Issue 2-3: [Case 1] Whether to consider Pre-MG + Pre-MG in an FR  
· Option 1: Yes
· Option 2: Deprioritize this combination
· Option 3a: Up to UE capability 
· Option 3b: It would be subject to a new UE capability if the Pre-MGs collide with each other or with other MGs
 
Issue 2-4: [Case 1] Whether to increase the max number of supported gaps
· Continue discussion in the next meeting. If no consensus can be achieved in the future, we stick to the agreed baseline in R4-2214346. 
· TBD a deadline to cut off the discussion.

Issue 2-10: [Case 1] Whether to consider gap sharing rule
· Option 1: RAN4 can further consider gap sharing rule to handle gap collision after priority based solution is stable (e.g. after RAN#99).
· Option 2: RAN4 not to consider gap sharing rule for collision handling unless clear benefits are identified.

Issue 2-15: [Case 2] Whether to consider NCSG + NCSG in an FR
· Option 1: Yes
· Option 2: Deprioritize this combination
· Option 3: Up to UE’s capability
 
Issue 2-16: [Case 2] Whether to increase the max number of supported gaps
· Continue discussion in the next meeting. If no consensus can be achieved in the future, we stick to the agreed baseline in R4-2214346. 
· TBD a deadline to cut off the discussion.

Issue 2-19: [Case 2] Whether to consider gap sharing rule
· Option 1: RAN4 can further consider gap sharing rule to handle gap collision after priority based solution is stable (e.g. after RAN#99).
· Option 2: RAN4 not to consider gap sharing rule for collision handling unless clear benefits are identified.



In this contribution, we will share our views on these general issues.
2 Scope and scenarios
Pre-MG+Pre-MG
In last meeting, we proposed to deprioritize the Pre-MG+Pre-MG combination, but most companies think it’s still valuable to define the requirement of Pre-MG+Pre-MG. Thus, we further analyze the potential scenarios in Pre-MG+Pre-MG.  
In Rel-17, only single BWP switching is allowed in 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. 
Furthermore, two different BWP switch 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.
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Figure 1. 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.  
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[bookmark: _Ref118238308]Proposal 1: If RAN4 supports the Pre-MG+Pre-MG, the following scenarios should be supported.
· Simultaneous multiple Pre-MGs activation/deactivation
· Non-simultaneous multiple Pre-MGs activation/deactivation
We also think two Pre-MGs’ activation/deactivation will bring more combinations on Pre-MG’s status. Thus, RAN4 needs 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 when the gap dropping rule is enabled/disabled. Thus, RAN4 needs to revisit the rules defined in Con-MGs in Pre-MG+Pre-MG when status changes among the following two Pre-MGs status combinations.
· Activation/activation
· Activation/deactivation
· Deactivation/deactivation
· Deactivation/activation
[bookmark: _Ref118238313]Proposal 2: If RAN4 supports the Pre-MG+Pre-MG, RAN4 to revisit the Con-MGs rules among the following Pre-MGs status change.
· Activation/activation
· Activation/deactivation
· Deactivation/deactivation
· Deactivation/activation
NCSG+NCSG
In last meeting, we proposed to deprioritize the NCSG+NCSG combination, but most companies think it’s still valuable to define the requirement of NCSG+NCSG. Thus, we further analyze the potential scenarios in NCSG+NCSG. When UE supports NCSG for band X and band Y, it implies UE has a spare RF chain which can be used to perform measurement for band X or band Y in parallel with the serving cells’ transmission and reception. It doesn’t mean the UE can perform two measurements from band X and band Y in parallel. We think such observation is valid. However, when RAN4 introduces NCSG+NCSG, we understand UE can at least perform two deactivated SCells measurement in parallel since UE can transmit/receive signals in SCells simultaneously.
[bookmark: _Ref118238288]Observation 1: UE can perform transmission/reception for two SCells simultaneously.
[bookmark: _Ref118238316]Proposal 3: If RAN4 supports the NCSG+NSCG, RAN4 to study possibility of parallel measurements when NW only configures the deactivated SCells’ measurement objects associating with two NCSG patterns.
3 Max number of supported MGs
In Rel-17, RAN4 agrees to support at most 2 per-UE gaps if UE doesn’t support per-FR gap and to support the following gap combinations when UE supports per-FR gap.
	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
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	6
	2
	0
	0

	7
	0
	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].


However, in Rel-18, new gap combination scenarios will be introduced. From our understanding, a possible use case is when network configures one per-FR Pre-MG for dynamically intra-frequency measurements, one legacy per-FR MG for inter-frequency and inter-RAT measurements and another legacy per-UE MG(s) for MUSIM. When UE supports NCSG, another typical use case is when the network configures one NCSG for the MOs capable of being measured within NCSG, one legacy MG for other MOs within the gap, and another legacy MG(s) for MUSIM measurement. However, it was already agreed to not consider the combination of MUSIM gaps in Rel-18 FeMG but within Rel-18 MUSIM gap. Thus, the enhanced max number of gaps can be further studied in Rel-18 MUSIM gaps WI.
[bookmark: _Ref110117945]Observation 2: In Rel-18, some typical usages of the gaps are as follow.
· one Pre-MG for dynamically intra-frequency measurements, one MG for inter-frequency and inter-RAT measurements and another legacy MG(s) for MUSIM measurement
· one NCSG for the MOs capable of being measured within NCSG, one MG for other MOs within the gap, and another MG(s) for MUSIM measurement.  
[bookmark: _Ref110117968][bookmark: _Ref118238319]Proposal 4: RAN4 to study the enhanced max number of gaps in Rel-18 MUSIM gaps WI instead of Rel-18 FeMG. Whether the conclusion in Rel-18 MUSIM gaps can be applied to Rel-18 FeMG is FFS.
4 Gap sharing rule
In Rel-17 Con-MGs, the gap priority rule was introduced. However, the UE’s behaviour is unclear if NW configures the equal priority for configured Type-2 MGs. In this scenario, NW may not know which gap should have a higher priority. Thus, the measurement opportunity sharing between two Type-2 MGs is a reasonable solution which can be a good complementation of gap priority rule.
   
[bookmark: _Ref118238324]Proposal 5: RAN4 to study the gap sharing rule when two Type-2 MGs configured with equal priority.
5 Conclusion
In the contribution, we discuss the general issues for Rel-17 gap combination. We have the following proposals:
Observation 1: UE can perform transmission/reception for two SCells simultaneously.
Observation 2: In Rel-18, some typical usages of the gaps are as follow.
· one Pre-MG for dynamically intra-frequency measurements, one MG for inter-frequency and inter-RAT measurements and another legacy MG(s) for MUSIM measurement
· one NCSG for the MOs capable of being measured within NCSG, one MG for other MOs within the gap, and another MG(s) for MUSIM measurement.  
Proposal 1: If RAN4 supports the Pre-MG+Pre-MG, the following scenarios should be supported.
· Simultaneous multiple Pre-MGs activation/deactivation
· Non-simultaneous multiple Pre-MGs activation/deactivation
Proposal 2: If RAN4 supports the Pre-MG+Pre-MG, RAN4 to revisit the Con-MGs rules among the following Pre-MGs status change.
· Activation/activation
· Activation/deactivation
· Deactivation/deactivation
· Deactivation/activation
Proposal 3: If RAN4 supports the NCSG+NSCG, RAN4 to study possibility of parallel measurements when NW only configures the deactivated SCells’ measurement objects associating with two NCSG patterns.
Proposal 4: RAN4 to study the enhanced max number of gaps in Rel-18 MUSIM gaps WI instead of Rel-18 FeMG. Whether the conclusion in Rel-18 MUSIM gaps can be applied to Rel-18 FeMG is FFS.
Proposal 5: RAN4 to study the gap sharing rule when two Type-2 MGs configured with equal priority.
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