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1. Introduction 
RAN4 led work item “NR measurement gap enhancements” is approved in [1]. Main objectives are introducing (1) pre-configured MG patterns(s) per configured BWP; (2) Multiple concurrent and independent MG patterns; and (3) Network controlled small gap (NCSG). In this contribution, we focus on discuss on concurrent measurement gap. 
RAN2 received LS on R17 NR MG enhancements – Concurrent MG in [2] from RAN4:
RAN4 is working on multiple concurrent MG patterns in R17 NR and MR-DC measurement gap enhancements and has reached the following agreements: 
	For definition of concurrent gaps: 
Agreements: 
· Concurrent gaps are multiple measurement gaps configured by RRC message(s)
· Either by same or separate RRC messages
· Whether and how to introduce new IE(s) or duplicate the existing IE is left to RAN2.
· Note: if existing IE is to be used, the configuration mechanism shall allow NW to use the same IE to either configure additional concurrent MGP or update the configured MGP.

For applicability and configurations of concurrent gaps: 
Agreements: 
· When concurrent MGs are configured, the association between concurrent MGs and frequency layers (dedicated use case(s)) to be measured shall be RRC configured
· If it is not feasible from RAN2 perspective to ensure that association between concurrent MGs and frequency layers to be measured is always provided, then additional solution can be discussed on how to handle this use case.
· The measurement gap can be associated to one or multiple use cases in the following, while the detail on how to implement the association is left to RAN2
· One or more MO(s) for same or different RATs
· SSB and/or CSI-RS in each associated NR MO
· PRS
· It is feasible that one of the concurrent gap is purely used for measuring LTE and other gaps are used for other MOs, e.g.,
· One gap is associated with only LTE measurement 
· One gap is associated with other measurements including NR.

Note: 
· It is RAN4 common understanding that frequency layer includes positioning frequency layer. 
· Each frequency layer can be associated with only one MG (leave it for RAN2 on how to implement the association)
· SSB, CSI-RS and PRS are treated as different frequency layers
· One MG can be associated with multiple frequency layers, while one frequency layers can only be associated to a single MG.


The discussion for concurrent gaps design is on-going in RAN4. RAN4 will provide further updates if the conclusions are reached.
RAN4 kindly asks RAN2 to take the above information into account and implement the configuration of concurrent MG patterns and the association between multiple measurement gaps and frequency layers/dedicated use cases to be measured.
In this contribution, we would like to further discuss the support of concurrent gap as per request by RAN4.
2. Discussion 
Based on RAN4 LS, our understanding of the concurrent gaps is that the network can configure more than one measurement gaps simultaneously to the UE by RRC messages. It seems like RAN4 intention is to have each configured measurement gap associated to a frequency layer. RAN4 explicitly ask if it is feasible from RAN2 prospective.
In NR, measurement configuration of a frequency layer is configured using a measurement object. In TS38.331, each measurement object is associated with a unique frequency:
· for all SSB based measurements there is at most one measurement object with the same ssbFrequency;
· to ensure that all CSI-RS resources configured in each measurement object have the same center frequency, (startPRB+floor(nrofPRBs/2))
· to ensure that, if a measurement object has the same ssbFrequency as a measurement object configured in TS 36.331 [10]: …
As for SSB, all measurements with the same SSB frequency with be configured to the same measurement object. In other words, there is only one MO per SSB frequency. For inter-RAT measurement, there is also exactly one MO per SSB frequency.
Observation 1: Only one MO per SSB frequency for SSB based measurement.
Observation 2: Only one MO per SSB frequency for inter-RAT measurement.
However, the specification mentioned all CSI-RS measurement must share the same center frequency in the same MO but it doesn’t preclude there may be multiple MO with the same center frequency for CSI-RS measurement.
Observation 3: All CSI-RS configured in the same MO has the same center frequency. But there may be more than one MO per center frequency for CSI-RS measurement. 
RAN4 indicates that one MG can be associated to multiple frequency layers, hence one MG can be associated to multiple MO. 
Observation 4: one MG can be associated to multiple MO. 
But RAN4 also indicates that one frequency layer can only be associated to a single MG. For SSB based measurement and inter-RAT measurement, it can be viewed as one MO can only be associated to a single MG because there is a one-to-one mapping between frequency and MO. However, CSI-RS may have multiple MO associated to the same center frequency. In that case, in addition to one MO can only be associated to a single MG, multiple MO with the same center frequency will also only be associated to the same MG.
Observation 5: one MO can only be associated to a single MG.
Observation 6: multiple MO associated with the same center frequency for CSI-RS measurement can only be associated to the same MG. 
Proposal 1: one MO can only be associated to a single MG for all measurements.
Proposal 2: multiple MO associated with the same center frequency for CSI-RS measurement can only be associated to the same MG. 
With the above proposal, as long as there is such mapping between MO and MG provided by the network, we can confirm to RAN4 that it is feasible from RAN2 perspective to ensure that association between concurrent MGs and frequency layers to be measured is always provided. 
Proposal 3: RAN2 confirmed that it is feasible to ensure that association between concurrent MGs and frequency layers to be measured is always provided.
In term of how to implement such mapping in the specification, currently we have a MO list already. We can create a MG list with each MG map to corresponding MO in the MO list. For example, first MO in the list will map to first MG in the list. This will satisfy one MO per MG and MG can map to multiple MO. As for CSI-RS measurement, the additional limitation where multiple MO with the same center frequency has to map to the same MG, this can be added to the specification.


3. Conclusion
Observation 1: Only one MO per SSB frequency for SSB based measurement.
Observation 2: Only one MO per SSB frequency for inter-RAT measurement.
Observation 3: All CSI-RS configured in the same MO has the same center frequency. But there may be more than one MO per center frequency for CSI-RS measurement. 
Observation 4: one MG can be associated to multiple MO. 
Observation 5: one MO can only be associated to a single MG.
Observation 6: multiple MO associated with the same center frequency for CSI-RS measurement can only be associated to the same MG. 
Proposal 1: one MO can only be associated to a single MG for all measurements.
Proposal 2: multiple MO associated with the same center frequency for CSI-RS measurement can only be associated to the same MG. 
Proposal 3: RAN2 confirmed that it is feasible to ensure that association between concurrent MGs and frequency layers to be measured is always provided.
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