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1. Introduction
In RAN4 AH#3, measurement gaps were extensively discussed. In this paper, we discuss measurement of multiple frequency layers with gaps and specifically the sharing of gaps between intrafrequency measurements and interfrequency NR/interRAT LTE measurements.
2. Discussion

In NR, it is likely that gaps will be needed for both intra and interfrequency/interRAT measurements. Interfrequency/interRAT measurements of multiple layers are likely to be handled from a requirements perspective using an Nfreq scaling factor, as has been used for LTE. 
When it comes to sharing gaps between intrafrequency and interfrequency/interRAT, our view is that there will be scenarios where equal prioritization between NR intrafrequency measurements and (NR+LTE) interfrequency measurements would be appropriate, and also there will be scenarios where some unequal sharing of the gaps (for example prioritizing intrafrequency mobility) would be appropriate. For example, if the network expects that there is continuous geographical coverage on the NR serving frequency layer then interfrequency handover/PSCell change is not critical to maintain the NR link and NR intrafrequency measurements should be prioritized) (LTE PCC measurements do not need to be made in gaps, so those do not need explicit prioritization). On the other hand, if the network is aware that different frequencies are used in adjoining geographical areas then it would make sense to prioritize interfrequency measurements and intrafequency NR mobility may be less important.
Observation 1 : When gaps are necessary for intrafrequency NR measurements, it seems that configurable propitiation is needed to control the gap sharing between intrafrequency NR measurements and (NR+LTE) interfrequency measurements

Even if gaps are not needed for intrafrequency measurements, it could be that the intrafrequency SMTC overlap partially or completely with a gap pattern which is configured for interfrequency (NR+LTE) measurements. In the case of partial overlap the UE can use the non overlapping subset of the intrafrequency SMTC to make measurements, but in the case of full overlap, prioritization still seems to be necessary, since the intrafrequency SMTC takes on a role very similar to an intra-frequency gap pattern (the UE cannot perform intrafrequency measurements at other times than the time where the intrafrequency SMTC/interfrequency gaps occur)

Observation 2 : When gaps are not necessary for intrafrequency NR measurements and at least one of the intrafrequency SMTC fully overlaps with the gap pattern, it seems that configurable propitiation is needed to control the gap sharing between intrafrequency NR measurements and (NR+LTE) interfrequency measurements

Regarding the prioritization mechanism, we think that a good approach would be to reuse as much as possible the existing solution from LTE cat M1.
Review of the LTE Cat M1 solution
The prioritization is configured using the MeasGapSharingConfig information element in RRC signaling. From 36.331:
MeasGapSharingConfig information element
-- ASN1START

MeasGapSharingConfig-r14 ::=           CHOICE {

    release                          NULL,

    setup                            SEQUENCE {

       measGapSharingScheme-r14               ENUMERATED {scheme00, scheme01, scheme10, scheme11}         

    }

}

-- ASN1STOP

	MeasGapSharingConfig field descriptions

	measGapSharingScheme

Indicates the measurement gaps sharing scheme for BL UEs in CE mode A and CE mode B, see TS 36.133 [16, Table 8.13.2.1.1.1-2 and Table 8.13.3.1.1.1-3]. Value scheme00 corresponds to “00”, value scheme01 corresponds to “01”, and so on.


This is used in RAN4 requirements for both intrafrequency and interfrequency measurements as follows
	8.13.2.1          E-UTRAN intra frequency measurements by UE category M1 with CE mode A
Table 8.13.2.1.1.1-1: Requirement on cell identification delay and measurement delay for FDD intrafrequency cell

Gap pattern ID

Cell identification delay (Tidentify_intra_UE cat M1)
Measurement delay (Tmeasure_intra_UE cat M1)
0

1.44 * Kintra_M1_NC seconds

480 * Kintra_M1_NC   ms

1

2.88 * Kintra_M1_NC  seconds

960 * Kintra_M1_NC ms

Kintra_M1_NC = 1 / X * 100 where X is a signalled RRC parameter TBD [2] and is defined as in Table 8.13.2.1.1.1-2.
Table 8.13.2.1.1.1-2: Value of parameter X for CEModeA
Network signaling ParameterName (to be determined by RAN2)
Value of X (%)
‘00’

[Equal split]

‘01’

[40]

‘10’

[50]

‘11’

[60]




	8.13.2.6          E-UTRAN inter frequency measurements by UE category M1 with CE mode A

Table 8.13.2.6.1.1-1: Requirement on cell identification delay and measurement delay for FDD interfrequency cell
Gap pattern ID
Cell identification delay (Tidentify_inter_UE cat M1_NC)
Measurement delay (Tmeasure_inter_UE cat M1_NC_NC)
0

1.44 * Kinter_M1 seconds

480 * Kinter_M1 ms

1

2.88 * Kinter_M1 seconds

960 * Kinter_M1 ms
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where X is signalled by the RRC parameter TBD [2] and is defined as in Table 8.13.2.6.1.1-2.
Table 8.13.2.6.1.1-2: Value of parameter X for CEModeA
Network signaling ParameterName (to be determined by RAN2)

Value of X (%)

‘00’

[Equal split]

‘01’

[40]

‘10’

[50]

‘11’

[60]




‘Equal split’ means that gaps are shared equally for each frequency layer including the intra layer. Otherwise the gaps are first split according to the configured splitting between intra frequency measurements with X% of the gaps assumed for intrafrequency requirements and (100-X)% of the gaps assumed for interfrequency requirements.

For NR, a similar approach seems beneficial. The values of X (%) should still be discussed, and an equal split option can also be considered. In the discussions, it also needs to be kept in mind that there may be an NR PSCell and also an NR SCell (in the SCG). One or both may need gaps for intrafrequency measurement.
Proposal 1 : RAN4 requirements use a gap sharing using a parameter to control the split of gaps between NR intrafrequency and NR+LTE interfrequency/interRAT measurements
Proposal 2 : RAN4 discusses the range of suitable values for X(%) 

Proposal 3 : RAN4 informs RAN2 of the need for a gap sharing configuration parameter
3. Conclusions

Proposal 1 : RAN4 requirements use a gap sharing using a parameter to control the split of gaps between NR intrafrequency and NR+LTE interfrequency/interRAT measurements

Proposal 2 : RAN4 discusses the range of suitable values for X(%) 

Proposal 3 : RAN4 informs RAN2 of the need for a gap sharing configuration parameter
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