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1. Introduction
Case 1 requirements of R18 gap enhancement was discussed during the previous RAN4 meetings. The last agreements can be found in [1]. In this contribution, we continue discussing the open issue.
2. Discussion
The first open issue for case 1 requirements in [1] is about detail measurement gaps combinations for UE supporting per-FR gap:
[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.
We support the agreement as proposed in our contribution in previous RAN4 meeting. Regarding details and notes, we continue supporting the following:
[bookmark: _Ref126919974]Proposal 1: 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 up to 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 only 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.



Next issue is about define definitions for simultaneous and non-simultaneous Pre-MGs activation/deactivation for Pre-MG + Pre-MG:
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.
The remaining FFS is about whether the activation/deactivations of Pre-MG are triggered by the same or different commands. For non-simultaneous case, the activation/deactivation of two Pre-MGs must be triggered by different events since they have different starting point. Hence the remaining FFS is only applicable to simultaneous activation/deactivation. Furthermore, according to the definition of simultaneous case, only fully overlapping simultaneous activation/deactivation can be triggered by the same event. The activation/deactivation delay for fully overlapping simultaneous case can be discussed under issue 3-2-4. So the open item under this issue is whether RAN4 needs to define requirements for partially overlapping simultaneous activation/deactivation. Note that partially overlapping simultaneous activation/deactivations are triggered by different events since they have different starting point. 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,
All events are triggered under network control. Typically we believe network can avoid partially overlapping simultaneous activation/deactivation of two Pre-MGs. In some corner case partially overlapping simultaneous activation/deactivation of two Pre-MGs indeed could happen since some of the above events cannot be precisely controlled by network, e.g. activation of an unkown SCell, or RRC reconfiguration related procedure. However, we have no problem not to define requirements for partially overlapping simultaneous activation/deactivation of two Pre-MGs since they are not considered as typical scenarios.
[bookmark: _Ref131586314]Observation 1: partially overlapping activation/deactivation of two Pre-MGs are triggered by different events. Typically, network can avoid it.
[bookmark: _Ref131586250]Proposal 2: RAN4 shall discuss whether it is necessary to define requirements for partially overlapping activation/deactivation of two Pre-MGs since it is not considered as a typical case.

Next issue is about overlapping between pre-configured MG activation/deactivation procedure and the other concurrent gap:
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.
During activation/deactivation of a Pre-MG, UE needs to update the measurement scheme and enable/disable the measurement gap. As a result, RAN4 allows 5ms for UE to complete the activation/deactivation. In case of collision with the concurrent gap, the simple solution is to extend the activation/deactivation delay. Option 1a seems a reasonable solution.
[bookmark: _Ref131586253]Proposal 3: 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.

Next issue is about delay for simultaneous activation/deactivation for Pre-MG+Pre-MG
Issue 3-2-4: [Case 1] Whether to extend the delay for simultaneous activation/deactivation for Pre-MG+Pre-MG  
< Wayforward >:  
· FFS.
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, i.e. partially overlapping (before completion of the first (de)activation the second Pre-MG is (de)activated), additional delay is expected. Per proposal 2 in this contribution, we encourage RAN4 to discuss the necessity of defining requirement this case.
[image: Text

Description automatically generated with medium confidence]
[bookmark: _Ref131586255]Proposal 4: for fully overlapping simultaneous activation/deactivation of two Pre-MGs due to same event, existing Pre-MG activation/deactivation requirements still apply.
[bookmark: _Ref131586256]Proposal 5: for partially overlapping simultaneous activation/deactivation of two Pre-MGs due to different events, RAN4 shall discuss necessity of defining requirement. The following two options can be considered:
· Option 1: only clarify in spec that extra delay can be expected in high-level.
· Option 2: the completion of activation/deactivation of the first Pre-MG is extended to the end of completion of activation/deactivation of the second Pre-MG.

Next issue is about collision when the Pre-MG is deactivated:
Issue 3-3-1: [Case 1] Required changes for Pre-MG on collision  
< Wayforward >:  
· No consensus on whether to consider deactivated Pre-MG in a collision. 
· FFS whether an additional capability is needed if collisions on Pre-MG is only considered when Pre-MG is activated.
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.
We would like to highlight that RAN4 actually already had agreement in RAN4#104e [3]:
	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.
[bookmark: _Ref131586319]Observation 2: in RAN4#104e, RAN4 already agreed that the 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 3: 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][bookmark: _Ref131586259]Proposal 6: RAN4 shall stick to previous agreement in RAN4#104e, i.e. collision on Pre-MG is considered only when Pre-MG is activated. Once the Pre-MG is deactivated, it shall not collision to the other concurrent gap. UE acts like the gap is not configured, i.e. existing RRM requirements can apply.

3. Conclusion
In this contribution, we provide further discussion on case 1 requirements. After discussion, the following conclusions are provided:
Proposal 1: 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 up to 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 only 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 1: partially overlapping activation/deactivation of two Pre-MGs are triggered by different events. Typically, network can avoid it.
Proposal 2: RAN4 shall discuss whether it is necessary to define requirements for partially overlapping activation/deactivation of two Pre-MGs since it is not considered as a typical case.
Proposal 3: 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.
Proposal 4: for fully overlapping simultaneous activation/deactivation of two Pre-MGs due to same event, existing Pre-MG activation/deactivation requirements still apply.
Proposal 5: for partially overlapping simultaneous activation/deactivation of two Pre-MGs due to different events, RAN4 shall discuss necessity of defining requirement. The following two options can be considered:
· Option 1: only clarify in spec that extra delay can be expected in high-level.
· Option 2: the completion of activation/deactivation of the first Pre-MG is extended to the end of completion of activation/deactivation of the second Pre-MG.
Observation 2: in RAN4#104e, RAN4 already agreed that the baseline requirement considers collisions on Pre-MG is only considered when Pre-MG is activated.
Observation 3: 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 6: RAN4 shall stick to previous agreement in RAN4#104e, i.e. collision on Pre-MG is considered only when Pre-MG is activated. Once the Pre-MG is deactivated, it shall not collision to the other concurrent gap. UE acts like the gap is not configured, i.e. existing RRM requirements can apply.
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