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1. Introduction
In LTE, CRS and PSS/SSS are transmitted frequently, such that a measurement gap can be used to measure any carrier frequency by the UE. Measurement requirements are scaled by Nfreq, the total number of measurement objects that a UE is configured with, under the assumption to derive the requirements that the UE measures one measurement object (of its choice) during any measurement gap.
In NR, SS blocks are only known by the UE to be transmitted within an SMTC window. Therefore, the UE cannot freely choose which measurement object to measure in each measurement gap. The resulting scaling of measurement delays (identification and measurement period) is discussed further. 
2. Discussion

Case 1: Single configured measurement object measured in gaps
This case is the most straightforward scenario for measurement with gaps. Either the availability of SMTC or the availability of gaps may determine the measurement delays, so the single carrier delay is scaled by

Proposal 1: For single measurement objects, measurement delays are scaled by max(SMTC periodicity, MGRP)

For some SMTC to fall in gaps, either the gap periodicity (MGRP) must be a multiple of the SMTC periodicity, or the SMTC periodicity must be a multiple of MGRP.

If there are multiple SMTC periodicities applicable for different cells, (intrafrequency measurements with gaps), there will be different measurement delays for the cells corresponding to the different SMTC periodicities and proposal 1 may be straightforwardly extended

 Proposal 2: For single measurement objects with two SMTC periodicities, measurement delays for cells with SMTC periodicity SMTC1 are scaled by max(SMTC1 periodicity, MGRP) and measurement delays for cells with SMTC periodicity SMTC2 are scaled by max(SMTC2 periodicity, MGRP)

Case 2: Intra and one interfrequency measurement object

This case should be handled using the configurable intra/inter gap sharing which was agreed in [1]. We provide a separate contribution on suitable sharing schemes for NR measurements. For the purposes of this discussion, we can assume configurations of two types
1. Equal sharing

2. Sharing schemes where X% of gaps are used for intrafrequency measurements and 100-X% of gaps are used for interfrequency / interRAT measurements

For equal sharing, the intrafrequency layer is treated like an additional interfrequency layer in terms of gap sharing.  For a percentage based gap scheme, the requirements are naturally scaled according to the inverse of the percentages of gaps available.

Proposal 3: For equal sharing, intrafrequency layer is treated like an additional interfrequency layer in terms of gap sharing. For percentage based schemes, delays are scaled by 100/X (intrafrequency) and 100/(100-X) (interfrequency).

Case 3: Multiple interfrequency measurement object

The case which we particularly wish to highlight is that when there are multiple measurement object to be measured with a common gap pattern, the applicability of scaling by Nfreq depends on whether the SMTC are overlapping or not.
Consider a case where SMTC fully overlap for the two measurement objects. For example, if SMTC periodicity is 40ms and both measurement objects have the same SMTC offset. Since the SMTC are fully overlapping, the UE needs to decide in each measurement gap which measurement object to measure. This leads to a scaling factor of 2, or in general

Proposal 4 : For fully overlapping SMTC scenarios with multiple interfrequency measurement objects, measurement delays are scaled by Nfreq▪max(SMTC periodicity, MGRP)

If the SMTC are fully non overlapping, this formula is very pessimistic. Assume a configuration where both interfrequency SMTC periodicities are 80ms, and one SMTC has an offset of 40ms compared to the other. Assume also a 40ms MGRP as shown in figure 1.
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Figure 1 : Measurement of 2 interfrequency layers with offset SMTC which do not overlap, 40ms gap pattern
 According to proposal 4, the measurement delay would be scaled by 2*max(40ms,80ms)=160ms. However, as can be seen from figure 1 there is a measurement opportunity for each layer every 80ms. The problem is that the scaling by Nfreq=2 assumes that the UE would each frequency on every second SMTC. However, the 40ms MGRP and 40ms offset ensures that SMTC do not collide and the UE can measure each frequency on each SMTC.
To avoid this issue in the general case, groups of SMTC colliding measurement objects need to be identified. Within a group of SMTC colliding measurement objects, Nfreq scaling would apply (based on the number of objects in the group rather than the total number of measurement objects). Between measurement objects where the SMTC are fully non colliding, there is no reason for Nfreq scaling. In an extreme case there can be 20ms MGRP and 160ms SMTC periodicity, so up to 8 non colliding SMTC measurements are possible.
Proposal 5: Nfreq scaling applies to groups of fully overlapping SMTC, with a separate Nfreq value for each fully overlapping SMTC group according to the number of measurement objects in the group
The final scenario is for partially overlapping SMTC. An example is shown in figure 2
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Figure 2 : Measurement of 2 interfrequency layers with SMTC which partially overlap, 40ms gap period

In the example, every 2nd gap can only be used for f3 measurements, and every gap can be used for f2 measurements. One obvious implementation option would be to measure f2 on every 2nd SMTC, and f3 on every SMTC. Hence, Nfreq scaling would apply to f2 (and performance would also be based on 40ms SMTC periodicity of f2) and Nfreq scaling would not apply on f3 (and performance would be based on 80ms SMTC periodicity of f3). Howeve, it seems quite complicated to derive general rules for the partially overlapping SMTC case. To avoid this complication, and also to allow UE freedom to measure different measurement objects in the gaps where that is possible, it is proposed to handle the partially overlapping case in the same way as the fully overlapping case, ie Nfreq scaling would be 2 for both carriers in the example caase shown in figure 2. Hence the delays would be scaled by the following assumed rate of measurement opportunities:

F2 : 2 x 40ms =80ms

F3 : 2 x 80ms = 160ms

Proposal 6: Partially overlapping SMTC are handled as if they were fully overlapping SMTC from a requirements perspective.

Per frequency range gap capability

The final aspect we consider is the UE capability for independent gaps and measurements on FR1 and FR2. It was discussed that such UE would have independent RF and baseband capabilities, so then all of the considerations in earlier sections still apply, but there are separate Nfreq scaling factors for the FR1 measurement objects and FR2 measurement objects. Similarly, SMTC overlap only affects measurements within a frequency range.
Proposal 6 : For UE that support independent gaps and measurements on FR1 and FR2, theere are separate Nfreq scaling factors applicable on FR1 and FR2

Proposal 7 : For UE that support independent gaps and measurements on FR1 and FR2, proposals 1-5 are applied on a per frequency range basis
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