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1. [bookmark: _Ref165266342]Introduction
According to the WF agreed in RAN4 #98bis-e [1], “multiple concurrent gaps are configured by multiple IEs of MeasGapConfig”. Hence it can be assumed that the multiple concurrent and indepdent MGs patterns are independently configurable whereas RAN4 can further discuss the behavior of multiple gaps in the relevant aspects. 
	Concurrent gaps are configured by multiple RRC IE MeasGapConfig [during a common period of time]
· FFS on the definition of the “common period of time” and whether it shall be introduced
· FFS how to handle fully overlapping multiple MG case
· FFS how to handle activated/deactivated pre-configured MGs (in case they are defined)
· Detailed RRC configuration is up to RAN2
· UE behavior for measurement of multiple MG patterns is FFS


In this paper, we share views on key issues outlined in [1] for further considerations on defining the requirements for this feature. 
2. Discussions
2.1 “Common period of time”
	Common period of time:
· Without considering pre-configured gap: The common period of time is the duration in which UE is configured with more than one MGs 
· With considering pre-configured gap: FFS
E.g., The common period of time is the time during which the UE is operating with more than one active MG 


The term “common period of time” was discussed in the previous meeting. While we agree it is intended for imposing the applicability of the multiple gaps, the majority view agrees it refers to the time when UE receives multiple MG configurations. In our view, multiple MG configurations serve as “containers” to enable versatile purposed gaps concurrently, which implies the consisting gap of multiple gap patterns can be any of legacy MG, pre-configured MG and NCSG at least for the fully non-overlapping(FNO) case. On the other hand, it is not clear whether introduction of the term in the specification is needed. Instead it is necessary to agree whether multiple gaps permit a hybrid use model of various MG variants for the 2nd stage of the discussion.
Proposal1: Donot introduce the term “common period” of time if it is not directly relevant for defining the requirements.
2.2 Applicability and configurations
As section2.1 indicates that the multiple gaps can be consisted of different types of enhanced MG solutions in the 2nd stage of the WI, hence following proposal is provided.
Proposal2: Multiple concurrent gaps may be configured/consisted of legacy MG, pre-configured MG and NCSG at least for FNO(fully non-overlapped) case in a mixed way.
Proposal2.1: Discussion in the 1st stage shall ensure the flexibility to configure different enhanced MG schemes with legacy MGs in a multiple concurrent gap sequence.
Further question is whether and how to associate the consisting gap of multiple concurrent gaps with the dedicated uses, towards which RAN4 has following FFS’s in the WF.
	· The measurement purposes of concurrent gaps include:
· Different configuration (e.g. periodicity and/or offset) of reference signals from different cells or frequency layers that cannot be covered by one measurement gap, 
· SMTC from different cells or frequency layers that cannot be covered by one measurement gap, e.g., synchronous deployment 
· Different RSs, e.g., SSB, CSI-RS, PRS,RSSI 
· Different RATs
· FFS whether to allow concurrent MG when the UE is configured to perform only non-NR RAT measurements
· FFS relation between the parameters of the MGs’ configuration
· FFS whether RAN4 should associate gap(s) to dedicated use case(s).
· If Yes, Option 1: associate gap(s) to dedicated use case(s)
· FFS on whether to associate all gaps or only the new gap 
· FFS on which use cases should be associated. 
· Option 2: NW configures which MG is to be used for each MO
· Option 3: NW configures which MO is to be measured in new/each MG


As we observe, in the existing legacy RAN4 spec of 9.1.5.2 Monitoring of multiple layers within gaps, at least different RSs and IRATs are configured in the form of MOs and MO can be individually determined whether to be handled in a particular gap instance. Since different MOs have different configurations such as periodicity/offset and/or SMTC etc., UE shall determine for each MO which gap instance to empoy for running the measurement. As such, option2 can fullfill the task of association of gap and measurement purposes in a flexible way. 
On the other hand, as it is agreed that positioning measurement (PRS) as one of the desired measurement purposes, an purely MO based approach may not accommodate it well because we also observe that the positioning related measurements are typically triggered in the physical layer upon reception of the messages from the LMF via LPP. Then UE would indicate to the network that it is going to start/stop located related measurements (eutra-RSTD, nr-RSTD, nr-UE-RxTxTimeDiff, nr-PRS-RSRP) and demands the measurement gaps as regulated in 38.331 setcion 5.5.6. As such, RRC on the network side is expected to recognize the request and issue new gap pattern for (dedidcated) location measurement purpose. In view of above, we make following observations.
Observation1: RAN4 agrees multiple concurrent gaps support positioning measurement as one of the desired measurement purposes.
Observation2: Need of measurement gap could be triggered separately by a physical layer message from LMF via LPP. And MO based MG association alone is not sufficient to enable multiple gaps for the positioning purpose.
In view of both observations, we propose,
Proposal3: Dedicated use of a gap instance out of the multiple concurrent gap sequence for positioning measurement shall be supported.
Proposal4: A hybrid association mechanism of option1(associate gap(s) to dedicated use case(s)) and option2(which MG is to be used for each MO) shall be considered, which allows the positioning measurement by multiple concurrent gaps.
To achieve proposal4 for realizing a hybrid mechanism of association, there may be RAN4 implications on the design of the signaling by RAN2. Namely, the IE measGapConfig could be extended with the indication on whether the gap pattern is subject to a dedicated use reserved for an RS, e.g. positioning, or a generic use for booking by MOs. For another, the IE measObjectNR may be modified to include a index to one or more gap patterns of the multiple gap sequence. RAN4 may share the above high level requirements for RAN2’s considerations in the signaling design.
Proposal4.1: The definition of individual gap pattern belonging to a multiple concurrent gap sequence may consider introducing a property for reserving the gap for dedicated or universal measurement purpose.
Proposal4.2: The configuration of the measurement object may include additional IE for indicating one or more gap patterns can be used. 
2.3 UE capability related issues
Top issue in this aspect, in our opinion is whether to allow per UE and per FR gaps to be configured simultaneously according to WF.
	· When UE supports per-FR gap, 
· FFS whether to allow per-UE gap and per-FR gap to be configured simultaneously


There are multiple considerations to support simultaneous per UE and per FR gaps.
As we observe that majority view in RAN4 holds that multiple concurrent gap sequence involves multiple independent MeasGapConfigs, unlike legacy NR spec, each of the gap configurations can be individually directed by the network when UE capability supports per FR gap.  
Observation3: the configuration of multiple concurrent gaps permits independent configuring each gap of the gap sequence to be per UE or per FR if UE supports per FR gap.
More importantly, simultaneous per UE and per FR multiple gaps are motivated by the highly desired use cases such as the positioning measurement [2]. During the positioning measurement, per UE gap has to be assumed to alleviate the UE processing loading which motivates the legacy MG patterns of 24 and 25 to be per UE only. In this case, configuring per UE gap shall be permitted even though other gap patterns of the multiple gap sequence can be per FR.
Further optimizations on use of the per UE gap may also be preferred as some infra vendors commented in the last meeting. E.g. it is up to network to configure per UE gap for measuring overlapping RS resources for both FRs while sometimes, a gap is only needed for one FR but not the other. 
Due to above, we support,
Proposal5: Concurrent multiple gaps allow simultaneous per-UE and per-FR gap patterns/instances.
3. Conclusion
In this paper, we share our views on key issues of multiple concurrent and independent gaps.
Proposal1: Donot introduce the term “common period” of time if it is not directly relevant for defining the requirements.
Proposal2: Multiple concurrent gaps may be configured/consisted of legacy MG, pre-configured MG and NCSG at least for FNO(fully non-overlapped) case in a mixed way.
Proposal2.1: Discussion in the 1st stage shall ensure the flexibility to configure different enhanced MG schemes with legacy MGs in a multiple concurrent gap sequence.
Observation1: RAN4 agrees multiple concurrent gaps support positioning measurement as one of the desired measurement purposes.
Proposal3: Dedicated use of a gap instance out of the multiple concurrent gap sequence for positioning measurement shall be supported.
Observation2: Need of measurement gap could be triggered separately by a physical layer message from LMF via LPP. And MO based MG association alone is not sufficient to enable multiple gaps for the positioning purpose.
Proposal4: A hybrid association mechanism of option1(associate gap(s) to dedicated use case(s)) and option2(which MG is to be used for each MO) shall be considered, which allows the positioning measurement by multiple concurrent gaps.
Proposal4.1: The definition of individual gap pattern belonging to a multiple concurrent gap sequence may consider introducing a property for reserving the gap for dedicated or universal measurement purpose.
Proposal4.2: The configuration of the measurement object may include additional IE for indicating one or more gap patterns can be used. 
Observation3: the configuration of multiple concurrent gaps permits independent configuring each gap of the gap sequence to be per UE or per FR if UE supports per FR gap.
Proposal5: Concurrent multiple gaps allow simultaneous per-UE and per-FR gap patterns/instances.
4. References
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