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Introduction
The discussion on requirements for multiple concurrent measurement gaps (MG) started in RAN#98-e. Agreements and issues were captured in a WF [1]. In this contribution we address the following topics:
· Definition of independent MG patterns
· Concurrence of per-UE and per-FR MG
· Overhead of multiple concurrent MG
· MG for NR positioning
Definition of independent MG patterns
In RAN4#98-e, questions were raised about the meaning of “independent” MG patterns and various companies expressed different views. Some options were listed in the WF [1]:
· Option 1: (configuration perspective) gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different. 
· Option 2: (UE behavior perspective) gaps are considered as independent gaps if they can operate simultaneously without impacting the measurement performance requirements.
· Other option is not precluded

A word of caution regarding this topic. Before spending a lot of time discussing it, we might ask ourselves how important this question is to achieve our objectives in RAN4. We are not convinced it is worth the time.
Our understanding of the meaning of “independent” MG patterns aligns more closely with option 1 above. By “independent” we understand that each MG pattern has its own measGapConfig (defined in TS 38.331), i.e. the network would be able to configure and modify the properties/parameters of each MG pattern without altering the properties of the others. Simply saying that at least one of the configuration parameters of each MG has a different value does not make them independent. In our view, different does not equal independent. As an example of inter-dependent (i.e. not independent) network configurations, consider the SSB measurement timing configuration fields smtc1 and smtc2 that can be included in a MeasObjectNR IE. Smtc2 is different from smtc1; it must have a shorter periodicity that smtc1. Meanwhile, the time offset and duration associated with smtc2 are specified in smtc1. i.e. smtc2 is different from smtc1 but it is not independent from smtc1 since it shares some of its parameters.
SSB-MTC ::=                             SEQUENCE {
    periodicityAndOffset                    CHOICE {
        sf5                                 INTEGER (0..4),
        sf10                                    INTEGER (0..9),
        sf20                                    INTEGER (0..19),
        sf40                                    INTEGER (0..39),
        sf80                                    INTEGER (0..79),
        sf160                                   INTEGER (0..159)
    },
    duration                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
}
SSB-MTC2 ::=                        SEQUENCE {
    pci-List                            SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,   -- Need M
    periodicity                         ENUMERATED {sf5, sf10, sf20, sf40, sf80, spare3, spare2, spare1}
}

While there may be different views about the meaning of “independent” MG, we would argue that the configuration aspect is relevant since it will have implications to signaling specified by RAN2. RAN4 should agree on whether each of these multiple MG will have its own separate configuration element (preferred) or whether some parameters will be shared among them. If there are any other aspects relevant to the definition of “independent” MG, they may be discussed separately. UE (and network) behavior when multiple MG are configured must be discussed but we don’t think it would be necessary to define the meaning of “independent” MG for that discussion to take place.
Proposal 1: RAN4 should discuss whether each of the multiple MG will have its own separate configuration (preferred) or whether some parameters will be shared among them.
[bookmark: _Hlk67757724]We understand that even if each MG has its own configuration, RAN4 will discuss applicability conditions that may limit the allowable combinations of MG that can be configured concurrently.
Proposal 2: RAN4 will discuss applicability conditions that may limit the allowable combinations of MG that can be configured concurrently.
Concurrence of per-UE and per-FR MG
The question of concurrence of different types of measurement gaps was raised in RAN4#98-e with the following options offered for further discussion [1]:
· Option 1: All concurrent MGs are of the same type (per UE MG or per FR MG).
· Option 2: The parallel MG patterns can be any of
· all per-UE, 
· all per-FR (for the same FR), or
· a combination of per-UE and per-FR MG patterns, with at least one per-UE and at least one per-FR
· Option 3:
· For a Per UE gap capable UE, multiple concurrent and independent MGPs applies per UE.
· For a Per FR gap capable UE, multiple concurrent and independent MGPs applies per FR
· Other option is not precluded

Our view on this issue aligns closely with option2. For a UE capable of supporting multiple concurrent MG and both per-UE and per-FR gaps, it is not clear that there is a compelling argument to limit concurrence to one type of gap. There are cases in which it would be beneficial to allow concurrence of per-UE and per-FR gaps. One such case would be when the UE is configured with low-latency NR positioning measurements (see discussion in Section 5). In the case of per-FR gaps, it should be possible to configure multiple MG in one or more FRs, subject to UE capability and to limits on the number of concurrent MG to be specified by RAN4.
Proposal 3: Concurrent MG can be any combination of per-UE and per-FR gaps (on one or more FRs), subject to UE capabilities to support of multiple MG and support of per-FR gaps.
There was another question raised in RAN4#98-e related to concurrence of MG of different types. Should a UE that supports both per-FR gap and concurrent gaps be required to support multiple concurrent gaps on at least one FR? It would be premature to answer this question without first deciding whether concurrent per-UE and per-FR gaps are allowed. E.g. if one per-UE gap and one per-FR gap, say for FR2, were a valid configuration, that would certainly qualify as having multiple concurrent gaps in FR2. However, it’s not clear that the UE would need to declare support of multiple per-FR gaps in that case.
Proposal 4: FFS whether a UE that supports both per-FR gap and concurrent gaps should be required to support multiple concurrent gaps of per-FR type. i.e. the UE could support concurrent per-UE and per-FR gaps instead.
Overhead of multiple concurrent MG
Another topic discussed in RAN4#98-e is the acceptable amount of overhead (interruption in communication between the UE and the network) incurred by multiple concurrent MG and whether RAN4 should impose a cap. The following options were captured in the WF [1]:
· Option 1: RAN4 to specify a cap on aggregate fractional interruption time as applicability condition 
· Option 2: Depends on NW configuration
· Other option is not precluded

We agree that RAN4 should discuss the need to impose a cap on aggregate overhead incurred by multiple concurrent MG. However, we are still in the very early stages of the discussion and it would be premature to make a decision at this point.
First, RAN4 should consider for which types of measurements objectives it would be applicable to configure multiple concurrent MGs. E.g. should multiple concurrent MGs be allowed when the UE is configured to perform only non-NR RAT measurements? By considering the different scenarios, RAN4 may exclude some cases from consideration and focus on the most critical ones. In the end, we may end up applying different overhead limits depending on the measurement objectives.
Another consideration when imposing a cap on MG overhead is that the cap should be applied per FR when multiple concurrent per-FR MGs are configured. 
Proposal 4: RAN4 to discuss whether to specify a cap on aggregate overhead of multiple concurrent MGs. RAN4 should first discuss which measurement objectives warrant configuring multiple concurrent MG.
Proposal 5: Multiple concurrent MGs are not applicable when the UE is configured to perform only non-NR RAT measurements.
Proposal 6: When multiple concurrent per-FR MGs are configured, MG overhead should be calculated per FR and limits on MG overhead, if any, should be applied per FR.
[bookmark: _Ref67466514]
[bookmark: _Ref67828950]MG for NR positioning
Enhancements to NR positioning in Rel-17 include significant reductions in measurement latency targets compared to Rel-16 [2]. To support low-latency NR positioning, 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 each positioning frequency layer (PFL) via RRC LocationMeasurementIndication [3]. However, in the Rel-16 the requested MG would be shared between positioning measurements and RRM measurements. A dedicated (or prioritized) MG for NR positioning would avoid large measurement delays that may be incurred by MG sharing. In addition, low-latency positioning measurements would impose high demands on UE processing. To enable the UE to meet such stringent requirements it may be necessary to avoid concurrence of NR positioning measurements with other high processing load operations.
If multiple concurrent MG patterns are introduced in Rel-17, the following changes may be considered to support low-latency NR positioning measurements.
Proposal 7:
a. Add signaling from the UE to the network, potentially via LocationMeasurementIndication, indicating whether the requested MG would be dedicated to NR positioning measurements. 
b. Add signaling from the UE to the network, potentially via LocationMeasurementIndication, indicating whether the requested MG for NR positioning is per-UE or per-FR.
c. The decision to request a dedicated MG of per-UE or per-FR type would be based on the requested/expected measurement latency and on the processing capabilities of the UE.
d. 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.
e. 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.
f. When the UE has completed performing the NR positioning measurements it would signal to the network to release the MG pattern.
g. The specification of CSSF within gap would be updated to enable and account for MG dedicated to NR positioning measurements.

In RAN4#98-e, RAN4 decided to prioritize specification of requirements for non-overlapping concurrent MGs [1]. For now the assumption would be that the MG requested for NR positioning would not overlap with other MGs that are already configured.
Proposal 8: RAN4 to discuss whether a dedicated MG requested for NR positioning would be prioritized over another MG pattern that is already configured if any instances of the two MG overlap in time. e.g. the network would release the conflicting MG.
Conclusions
Proposal 1: RAN4 should discuss whether each of the multiple MG will have its own separate configuration (preferred) or whether some parameters will be shared among them.
Proposal 2: RAN4 will discuss applicability conditions that may limit the allowable combinations of MG that can be configured concurrently.
Proposal 3: Concurrent MG can be any combination of per-UE and per-FR gaps (on one or more FRs), subject to UE capabilities to support of multiple MG and support of per-FR gaps.
Proposal 4: RAN4 to discuss whether to specify a cap on aggregate overhead of multiple concurrent MGs. RAN4 should first discuss which measurement objectives warrant configuring multiple concurrent MG.
Proposal 5: Multiple concurrent MGs are not applicable when the UE is configured to perform only non-NR RAT measurements.
Proposal 6: When multiple concurrent per-FR MGs are configured, MG overhead should be calculated per FR and limits on MG overhead, if any, should be applied per FR.
Proposal 7:
a. Add signaling from the UE to the network, potentially via LocationMeasurementIndication, indicating whether the requested MG would be dedicated to NR positioning measurements. 
b. Add signaling from the UE to the network, potentially via LocationMeasurementIndication, indicating whether the requested MG for NR positioning is per-UE or per-FR.
c. The decision to request a dedicated MG of per-UE or per-FR type would be based on the requested/expected measurement latency and on the processing capabilities of the UE.
d. 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.
e. 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.
f. When the UE has completed performing the NR positioning measurements it would signal to the network to release the MG pattern.
g. The specification of CSSF within gap would be updated to enable and account for MG dedicated to NR positioning measurements.

Proposal 8: RAN4 to discuss whether a dedicated MG requested for NR positioning would be prioritized over another MG pattern that is already configured if any instances of the two MG overlap in time. e.g. the network would release the conflicting MG.
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