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1. Introduction
Case 1 requirement was widely discussed during the previous RAN4 meetings. The last agreements can be found in [1], in which there are quite many open issues. In this contribution, we continue discussing the open issues.
2. Discussion
The first issue is about Pre-MG + Pre-MG:
	Issue 3-1-1: [Case 1] Whether to consider Pre-MG + Pre-MG in an FR  
< Agreement >:  
· Narrow down options to Option 1 and 1a.
· Option 1: Yes
· Option 1a: Yes, with UE capability
Issue 3-1-2: [Case 1] Discussion on UE signalling capability  
< Wayforward >:  
· FFS: Signalling capability shall be defined:
· Option 1: A unified capability to indicate support of case 1, including Pre-MG + Type-2 MG and Pre-MG + Pre-MG
· Option 2: Two separate capabilities to indicate support of Pre-MG + Type-2 MG and Pre-MG + Pre-MG.
· Option 3: Others.


It has been agreed to consider Pre-MG + Pre-MG. The open issue is whether a unified capability is enough or two separate capabilities are needed for case 1.
We support option 2, i.e., introduce two separate capabilities to indicate support of Pre-MG + Type-2 MG and Pre-MG + Pre-MG. Reason is support of Pre-MG + Pre-MG may need some extra effort on top of Pre-MG + Type-2 MG. There are some aspects, which are specific to or more challenging with Pre-MG + Pre-MG, still being discussed in RAN4, such as simultaneous multiple Pre-MGs activation/deactivation vs non-simultaneous multiple Pre-MGs activation/deactivation, dynamic collisions, activation delay, implicit association and so on.
[bookmark: _Ref126919964]Observation 1: support of Pre-MG + Pre-MG may require some extra effort on top of support of Pre-MG + Type-2 MG.
[bookmark: _Ref126919970]Proposal 1: Two separate capabilities to indicate support of Pre-MG + Type-2 MG and Pre-MG + Pre-MG.

The second issue is whether to revisit the Con-MGs rules when Pre-MG status change
	Issue 3-1-4: [Case 1] Whether to revisit the Con-MGs rules among the following Pre-MG status change  
< Wayforward >:  
· Activation/activation
· Activation/deactivation
· Deactivation/deactivation
· Deactivation/activation


Issue 3-1-4 is not crystal clear. If it is about status combination of two Pre-MGs, we think it doesn’t need to be explicitly discussed:
· Activation/activation: effectively same as concurrent gaps
· Activation/deactivation: effectively same as one measurement gap 
· Deactivation/deactivation: effectively same as no gap
· Deactivation/activation: effectively same as one measurement gap

Next issue is about detail measurement gaps combinations:
	Issue 3-1-6: [Case 1] Detail measurement gaps combinations for UE supporting per-FR gap  
< Wayforward >:  
· FFS


Given that RAN4 already agreed not to increase the max number of configured gaps for Case 1 (Pre-configured MG and multiple concurrent MGs) comparing to Rel-17 concurrent MG design, RAN4 can discuss the gap combination for case 1 based on the existing gap combination of R17 concurrent gaps. The changes are:
1) When 2 gaps can be configured: for UE capable of [Pre-MG + Pre-MG], up to 2 gaps can be configured as Pre-MG. For UE capable of [Pre-MG + Type-2 MG] but not [Pre-MG + Pre-MG], up to 1 gap can be configured as Pre-MG.
2) When 1 gap can be configured: For UE capable of either [Pre-MG + Type-2 MG] or [Pre-MG + Pre-MG], up to 1 gap can be configured as Pre-MG.
[bookmark: _Ref126919974]Proposal 2: gap combination configuration of case 1 can be derived based on gap combination of concurrent gaps defined in TS38.133 table 91.8-1 with the following additional two Notes:
1) When 2 gaps can be configured: for UE capable of [Pre-MG + Pre-MG], up to 2 gaps can be configured as Pre-MG. For UE capable of [Pre-MG + Type-2 MG] but not [Pre-MG + Pre-MG], up to 1 gap can be configured as Pre-MG.
2) When 1 gap can be configured: For UE capable of either [Pre-MG + Type-2 MG] or [Pre-MG + Pre-MG], up to 1 gap can be configured as Pre-MG.
Table 9.1.8-1: 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 3
	0

	1
	1
	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].
Note 2:   for UE capable of [Pre-MG + Pre-MG], up to 2 gaps can be configured as Pre-MG. For UE capable of [Pre-MG + Type-2 MG] but not [Pre-MG + Pre-MG], up to 1 gap can be configured as Pre-MG.
Note 3:   For UE capable of either [Pre-MG + Type-2 MG] or [Pre-MG + Pre-MG], up to 1 gap can be configured as Pre-MG.


 
The nest issue is about required changes for Pre-MG on collision:
	Issue 3-2-1: [Case 1] Required changes for Pre-MG on collision  
< Wayforward >:  
· FFS whether RAN4 to consider overlapping both for activated Pre-MG and deactivated Pre-MG for applying priority rules. 
· Other enhancements are not precluded.
· If no consensus can be achieved in the future, we stick to the agreed baseline in R4-2214346.


For information, agreement in R4-2214346 [3] is duplicated here:
	Issue 2-14: Required changes for Pre-MG on collision 
< Agreement >: 
· For Case 1 (Pre-configured MG and multiple concurrent MGs), the baseline requirement considers collisions on Pre-MG is only considered when Pre-MG is activated.


For the sake of progress, we shall strictly follow previous agreements unless critical issue is identified. Regarding this case, we support the agreement made in RAN4#104e, i.e. baseline requirement considers collisions on Pre-MG is only considered when Pre-MG is activated.
Otherwise, if collision on deactivated Pre-MG is also considered, UE measurement behavior would be significantly changed compared to legacy. When the Pre-MG is deactivated in case 1, situation is effectively same as legacy with one measurement gap (the type-2 MG here). In legacy, when SMTC is partially overlapped with measurement gap, UE shall measure SMTC outside measurement gap. In order to meet corresponding RRM requirements, UE needs to very smartly determine which layer to measure on every SMTC and gap occasion. Such design has been implemented since the first release of NR. We don’t see any issue here. If SMTC can be somehow with higher priority than measurement gap, then UE may need to update the whole measurement scheme, including measurement inside and outside measurement gaps.
[bookmark: _Ref126920002]Observation 2: if collision is also considered when Pre-MG is deactivated, SMTC can somehow be with higher priority than measurement gap (type-2 MG). This would result in significant change in UE measurement scheme. 
[bookmark: _Ref126919976]Proposal 3: RAN4 shall stick to previous agreement in RAN4#104e, i.e. collision on Pre-MG is considered only when Pre-MG is activated.

Next issue is about gap sharing:
	Issue 3-2-2: [Case 1] Whether to consider gap sharing rule  
< Agreement >:  
· Gap sharing rules shall not be considered when the two gaps are with different priority.
< Wayforward >:  
· [bookmark: _Hlk119508266]FFS whether RAN4 to consider the gap sharing rule when two gaps configured with equal priority. 
· TBD a deadline to cut off the discussion


This issue has been discussed for several meetings. One possible solution is to confirm that NW will not configure equal priority for different gaps. Otherwise, RAN4 still needs to discuss UE measurement behaviour when equal priority is configured, for which we believe gap sharing rule is good candidate.
[bookmark: _Ref126919979]Proposal 4: two options to address equal priority:
· Option 1: add requirement applicability that RAN4 requirements do not apply when equal priority is configured for different gaps
· Option 2: introduce gap sharing rule when two gaps configured with equal priority

Next issue is activation/deactivation delay
	Issue 3-2-5: [Case 1] Activation/deactivation delay  
< Wayforward >:  
· Option 1: RAN4 shall extend the activation when multiple Pre-MG are activated.
· FFS whether condition is needed.
· FFS: if statuses of multiple Pre-MGs are changed due to the different events, e.g. before completion of the first (de)activation the second Pre-MG is (de)activated, additional delay is expected.
· Option 2: RAN4 shall reuse the Pre-MG (de)activation delay from Rel-17 when the (de)activation procedures of multiple pre-MG overlap.
· FFS whether condition is needed.
· FFS: if statuses of the two Pre-MGs are changed simultaneously, e.g. due to the same event, existing Pre-MG (de)activation delay requirements can be reused.


This issue is highly related to UE implementation. Typically, we think if the two Pre-MGs are changed simultaneously, e.g. due to the same event, existing Pre-MG (de)activation delay requirements can be reused. However, if statuses of multiple Pre-MGs are changed due to the different events, e.g. before completion of the first (de)activation the second Pre-MG is (de)activated, additional delay is expected. It could be quite challenging to determine the additional delay. Take the following figure for example:
[image: A picture containing graphical user interface

Description automatically generated]
Depending on UE implementation E2 could be very small (even as 0), E1 could be equal to or a bit greater than △t. Before extensive discussion on the extension, we are thinking if it is really necessary to consider such non-simultaneous multiple Pre-MG activation/deactivation. According to Pre-MG design, activation/deactivation can be triggered by the following events:
-	DCI, timer or RRC based active BWP switching, 
-	Activation/deactivation of SCell(s),
-	Addition/removal of any measurement object(s)
-	Addition/release/change of a SCell in carrier aggregation,
Note that all the events are controlled by network. We believe most of the time network can avoid the non-simultaneous activation/deactivation. Even if sometimes the timeline may not be very precisely controlled, e.g. RRC level signalling, we don’t see any issue to leave it with no requirement, since it is a corner case and the impact is only about one or two samples.
[bookmark: _Ref126919981]Proposal 5: if statuses of the two Pre-MGs are changed simultaneously, e.g. due to the same event, existing Pre-MG (de)activation delay requirements can be reused.
[bookmark: _Ref126919983]Proposal 6: not define RAN4 requirement for non-simultaneous multiple Pre-MG activation/deactivation. ‘Non-simultaneous’ means before completion of the first (de)activation the second Pre-MG is (de)activated

3. Conclusion
In this contribution, we provide further discussion on case 1 requirements. After discussion, the following conclusions are provided:
Observation 1: support of Pre-MG + Pre-MG may require some extra effort on top of support of Pre-MG + Type-2 MG.
Proposal 1: Two separate capabilities to indicate support of Pre-MG + Type-2 MG and Pre-MG + Pre-MG.
Proposal 2: gap combination configuration of case 1 can be derived based on gap combination of concurrent gaps defined in TS38.133 table 91.8-1 with the following additional two Notes:
1) When 2 gaps can be configured: for UE capable of [Pre-MG + Pre-MG], up to 2 gaps can be configured as Pre-MG. For UE capable of [Pre-MG + Type-2 MG] but not [Pre-MG + Pre-MG], up to 1 gap can be configured as Pre-MG.
2) When 1 gap can be configured: For UE capable of either [Pre-MG + Type-2 MG] or [Pre-MG + Pre-MG], up to 1 gap can be configured as Pre-MG.
Table 9.1.8-1: 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 3
	0

	1
	1
	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].
Note 2:   for UE capable of [Pre-MG + Pre-MG], up to 2 gaps can be configured as Pre-MG. For UE capable of [Pre-MG + Type-2 MG] but not [Pre-MG + Pre-MG], up to 1 gap can be configured as Pre-MG.
Note 3:   For UE capable of either [Pre-MG + Type-2 MG] or [Pre-MG + Pre-MG], up to 1 gap can be configured as Pre-MG.



Observation 2: if collision is also considered when Pre-MG is deactivated, SMTC can somehow be with higher priority than measurement gap (type-2 MG). This would result in significant change in UE measurement scheme.
Proposal 3: RAN4 shall stick to previous agreement in RAN4#104e, i.e. collision on Pre-MG is considered only when Pre-MG is activated.
Proposal 4: two options to address equal priority:
· Option 1: add requirement applicability that RAN4 requirements do not apply when equal priority is configured for different gaps
· Option 2: introduce gap sharing rule when two gaps configured with equal priority
Proposal 5: if statuses of the two Pre-MGs are changed simultaneously, e.g. due to the same event, existing Pre-MG (de)activation delay requirements can be reused.
Proposal 6: not define RAN4 requirement for non-simultaneous multiple Pre-MG activation/deactivation. ‘Non-simultaneous’ means before completion of the first (de)activation the second Pre-MG is (de)activated
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