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Introduction
In RAN#89-e, a new Rel-17 WI for NR and MR-DC measurement gap enhancements was approved. The WID was further revised in RAN#90-e [1]. This contribution treats one of the three objectives of the WID: multiple concurrent and independent measurement gap patterns.
According to the WI work plan [2], the discussion in RAN4#98-e will focus on the topics listed below.
· Multiple concurrent and independent MG patterns
· Initial discussion on maximum number of concurrent and independent MG patterns active at any time. 
· Initial discussion on applicability of multiple concurrent and independent gap patterns.
· Technical aspects of RRM requirements

The rest of this contribution is organized in three sections addressing the following topics:
· Number of concurrent and independent MG patterns
· Applicability of concurrent and independent MG patterns
· RRM impact of concurrent and independent MG patterns
Number of concurrent and independent MG patterns
Determination of maximum number of concurrent and independent MG patterns should be driven by typical use cases where significant benefit would be expected.
Several companies have indicated in previous contributions that primary motivations for measurement gaps would be a) increased flexibility in scheduling measurements for diverse types or reference signals with different timing requirements and b) reducing overall measurement delay [5, 6].
One particular use case that would benefit from multiple concurrent MG patterns would be NR positioning since PRS measurements require MG in Rel-16. For increased flexibility and to reduce measurement latency, it would be desirable to enable the NW to configure independent MG patterns dedicated to RRM and NR positioning, respectively, during a positioning session [4].
Proposal 1: RAN4 should enable configuration of independent MG patterns dedicated to RRM and NR positioning, respectively, during a positioning session.
A scenario of interest in the future would be NR deployments in non-terrestrial networks (NTN) where the SSBs configured for measurement (from different satellites) could span a long time window that would be impractical or inefficient to cover with a single measurement gap pattern.
Proposal 2: RAN4 to discuss whether to consider NTN NR deployments during the specification of requirements for multiple concurrent and independent MG patterns.
Based on the above scenarios we think up to two per-UE or three per-FR concurrent and independent MG patterns, subject to UE capability, would be beneficial to address RRM and positioning measurements needs in diverse deployment scenarios including NR SA, NE-DC and NR-DC.
Proposal 3: RAN4 to specify UE capability to support up to a maximum of [2] per-UE or [3] per-FR concurrent and independent MG patterns.
Applicability of concurrent and independent MG patterns
Concurrent MG patterns should not be configured if any MG instances would overlap in time. This would clearly negate the main advantage of configuring multiple concurrent MG while introducing unnecessary complications.
Proposal 4: Concurrent MG patterns that would have overlapping instances in time should not be allowed (except in the case of per-FR gaps in different FRs).
We anticipate that RAN4 will discuss whether a minimum guard period should be required between measurement gap instances. This may be needed depending on UE implementation and could be subject to UE capability.
Proposal 5: RAN4 should discuss requirements for minimum guard period between measurement gap instances when multiple concurrent MG patterns are configured. 
Another consideration for configuring multiple concurrent MG patterns would be the aggregate fraction of time occupied by all the MG patterns (aggregate fractional interruption time)

where  is the least common multiple of all the measurement gap repetition periods. RAN4 should discuss whether a cap  on should be imposed as an applicability condition for configuring multiple concurrent MG patterns.
Proposal 6: RAN4 to discuss whether to specify a cap on aggregate fractional interruption time as applicability condition for configuring multiple concurrent and independent MG patterns.
RRM impact of concurrent and independent MG patterns
Observation 1: The definition of CSSF within gap would need to be updated to account for multiple concurrent and independent MG patterns.
To support NR positioning with lower measurement latency, it would be beneficial to dedicate at least one MG pattern for positioning measurements during a positioning session. In Rel-16 the UE can request a single MG pattern for positioning via RRC LocationMeasurementIndication [7]. If multiple concurrent MG patterns are introduced in Rel-17, the following changes may be considered:
a. If the number of configured MG patterns at the time when serving gNB receives the MG request is less than the maximum number of concurrent MG patterns supported by the UE, then the serving gNB would configure one additional MG pattern for NR positioning as requested by the UE.
b. On the other hand, if the number of configured MG patterns already equals the maximum number of concurrent MG patterns supported by the UE, then the serving gNB would release one of the active MG patterns and replace it with a MG pattern for NR positioning as requested by the UE. When the UE has completed performing the NR positioning measurements it would send LocationMeasurementIndication to release the MG pattern.
c. The specification of CSSF within gap would be updated to enable and account for MG dedicated to NR positioning measurements.

Proposal 7: RAN4 to discuss how to configure a dedicated MG pattern(s) for NR positioning measurements for the duration of a positioning session.
Conclusions
Proposal 1: RAN4 should enable configuration of independent MG patterns dedicated to RRM and NR positioning, respectively, during a positioning session.
Proposal 2: RAN4 to discuss whether to consider NTN NR deployments during the specification of requirements for multiple concurrent and independent MG patterns.
Proposal 3: RAN4 to specify UE capability to support up to a maximum of [2] per-UE or [3] per-FR concurrent and independent MG patterns.
Proposal 4: Concurrent MG patterns that would have overlapping instances in time should not be allowed (except in the case of per-FR gaps in different FRs).
Proposal 5: RAN4 should discuss requirements for minimum guard period between measurement gap instances when multiple concurrent MG patterns are configured. 
Proposal 6: RAN4 to discuss whether to specify a cap on aggregate fractional interruption time as applicability condition for configuring multiple concurrent and independent MG patterns.
Proposal 7: RAN4 to discuss how to configure a dedicated MG pattern(s) for NR positioning measurements for the duration of a positioning session.
Observation 1: The definition of CSSF within gap would need to be updated to account for multiple concurrent and independent MG patterns.
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