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Introduction
RAN4 introduced various measurement gap (MG) enhancements for LTE/NR in Rel-17: concurrent MG, pre-confugured MG and NCSG [1]. However, RAN4 did not have sufficient time to define joint requirements for all these new features. Now, a follow-up WI has been approved for further measurement enhancements in Rel-18, including adding joint requirements for the Rel-17 MG features [2].
(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
· Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· [bookmark: _Hlk95478656]Case 1: Pre-configured MGs and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is a pre-configured gap)
· Case 2: NCSG and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is NCSG)
· Note: Prioritization among other possible combinations of pre-configured MG, concurrent MG and NCSG can be discussed in WI phase

In this brief paper, we provide our initial views on the requirements that will be discussed within the scope of the above objective.
Discussion
The key issue under the objective of joint requirements is enabling coexistence between different types of gaps (concurrent MG, pre-configured MG, NCSG). In Rel-17, RAN4 defined measurement requirements and applicability for each of the new MG features and we do not expect those aspects to change substantially as a result of the work on joint requirements.
 RAN4 has already introduced a framework to enable coexistence of multiple gaps per FR or per UE, as part of the concurrent MG feature. In our view, the same framework should be leveraged and extended to include pre-configured MG and NCSG. The framework comprises two aspects:
1. Resolution of gap collisions by applying a priority rule
· Each measurement gap must be assigned a unique priority level.
· A collision occurs when two gap instances are separated in time by ≤ 4 ms (FFS for FR2-2).
· When a collision occurs between two gap instances, the one with lower priority gets dropped.
2. Measurement objectives for each gap
· The network must specify which measurement objects are measured within each gap
· Each frequency layer can be associated with one of the gaps, except for CSI-RS and SSBs in NTN – both of which can be associated with two measurement gaps.
· All positioning frequency layers must share one gap
Proposal 1: Leverage the Rel-17 concurrent gap framework and extend it to include gap combinations where some of the gaps are pre-configured MG or NCSG.
Regarding measurement objectives, it should be straightforward to the extend this aspect of the framework to include pre-configured MG and NCSG. The applicability of each type of gap should be respected. E.g. NCSG are not applicable for NR positioning measurements.
Proposal 2: The applicability of each type of gap (e.g. pre-configured MG and NCSG) will not be changed by the joint requirements introduced in Rel-18.
Regarding the resolution of collisions, extending the framework to include NCSG should be quite straightforward, while more significant impact is anticipated when pre-configured MGs are involved. For NCSG, it should be clarified that the totality of the gap duration, including both the VILs and the ML, should be considered when determining if a NCSG instance collides with another gap instance.
Proposal 3: When determining if a collision occurs between a NCSG instance and another gap instance, the total NCSG duration, including both the VILs and the ML, should be considered.
Proposal 4: Support of concurrent gap combinations where one or more of the gaps are NCSGs will be subject to UE capability(ies).
For concurrent gap combinations where one of the gaps is pre-configured, it is noted that a deactivated pre-configured gap would not collide with any other gaps. Once the pre-configured gap is activated, then it may cause collisions with other gaps. Consequently, allowing a pre-configured gap to be configured as part of a concurrent gap combination may cause dynamic behavior in other concurrent gaps (if they collide with the pre-configured gap and they get dropped due to lower priority), regardless of their type.
Observation 1: A pre-configured gap would not collide with any other concurrent gaps while the pre-configured gap is deactivated.
Observation 2: Allowing a pre-configured gap to be configured as part of a concurrent gap combination may cause dynamic behavior in other concurrent gaps (if they collide with the pre-configured gap and they get dropped due to having lower priority), regardless of their type.
Proposal 5: Support of concurrent gap combinations where one or more of the gaps are pre-configured MGs will be subject to UE capability(ies).
Proposal 6: Support a new capability to indicate that the UE supports concurrent MG combinations where one of the gaps is a pre-configured MG only if the pre-configured MG has lower priority than all the other gaps.
Regarding impact to measurement requirements when concurrent gaps are configured, scaling factors for measurements within and outside measurement gaps may need to be revised in the specifications to reflect cases where some of the concurrent gaps are either NCSGs or pre-configured MGs.
Observation 3: Scaling factors for measurements within and outside measurement gaps when concurrent gaps are configured may need to be revised in the specifications to reflect the possibility that some of the concurrent gaps could be NCSGs or pre-configured MGs.


Conclusions
Proposal 1: Leverage the Rel-17 concurrent gap framework and extend it to include gap combinations where some of the gaps are pre-configured MG or NCSG.
Proposal 2: The applicability of each type of gap (e.g. pre-configured MG and NCSG) will not be changed by the joint requirements introduced in Rel-18.
Proposal 3: When determining if a collision occurs between a NCSG instance and another gap instance, the total NCSG duration, including both the VILs and the ML, should be considered.
Proposal 4: Support of concurrent gap combinations where one or more of the gaps are NCSGs will be subject to UE capability(ies).
Observation 1: A pre-configured gap would not collide with any other concurrent gaps while the pre-configured gap is deactivated.
Observation 2: Allowing a pre-configured gap to be configured as part of a concurrent gap combination may cause dynamic behavior in other concurrent gaps (if they collide with the pre-configured gap and they get dropped due to having lower priority), regardless of their type.
Proposal 5: Support of concurrent gap combinations where one or more of the gaps are pre-configured MGs will be subject to UE capability(ies).
Proposal 6: Support a new capability to indicate that the UE supports concurrent MG combinations where one of the gaps is a pre-configured MG only if the pre-configured MG has lower priority than all the other gaps.
Observation 3: Scaling factors for measurements within and outside measurement gaps when concurrent gaps are configured may need to be revised in the specifications to reflect the possibility that some of the concurrent gaps could be NCSGs or pre-configured MGs.
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