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1. Introduction
In RAN4#86bis, there was discussion on inter-frequency measurement with multiple measurement objects. In [1] we presented a method of determining the scaling factor for each frequency depending on the SMTC configurations and measurement gap configuration. Essentially, the method for setting the requirements determines calculating how many competing measurement objects there are in each measurement gap and then assuming that in each MG, the UE puts an equal effort to measuring each competing MO, in the average sense. Regardless of the scaling scheme chosen, RAN4 will need to make some assumptions on the average effort the UE puts to measuring each MO, otherwise no requirement can be derived.
2. Discussion

We begin by reviewing the requirements for multiple measurement objects in LTE gaps. In LTE, due to CRS based measurements and the PSS/SSS periodicity any measurement object may be detected and measured in any measurement gap. This leads to the scaling of delay requirements by Nfreq where Nfreq is the number of configured measurement object. In practice, different measurement scheduling schemes may be used according to UE implementation, including those shown in figure 1a and figure 1b.
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Figure 1a illustrates sequential measurement scheduling where the yellow carrier is measured, then the blue carrier, then the UE returns to making measurements of the first carrier and so on. Figure 1b illustrates round robin scheduling of measurements, where measurements of yellow and blue carriers are interleaved with each other.

Both measurement schemes are allowed by LTE specifications and have advantages and disadvantages. For example, the sequential measurement scheme may be more straightforward for AGC, at least once the proper AGC setting is acquired it can be used/updated in multiple gaps which are quite close together, although a disadvantage from AGC perspective is that there are longer periods of time when the UE does not measure the carrier. The round robin scheme provides for uniform sampling of each carrier and hence will allow a more consistent response time when signal levels change. In figure 1a, if signal levels on the blue carrier change while the yellow carrier is being measured, it will not be noticed until the current cycle of yellow carrier measurements are complete.
Next, we consider NR. One important difference between NR and LTE is that SMTC configurations may be different between the carriers, and the UE can only measure a certain measurement object during the relevant SMTC. If each carrier has the same SMTC configuration (fully overlapping) the situation is not much different from that shown in figure 1a/b and Nfreq scaling could be used for this scenario. However, the more interesting question arises if the SMTC configurations are different.
If the SMTC configurations are fully non-overlapping, then the UE has no choice which carrier is measured in each measurement gap. For example, the SMTC configuration can imply that only a round robin scheme is possible, as shown in figure 2
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Figure 2: Round robin measurement scheme is implied by SMTC configuration

If a UE were to try to apply a sequential measurement scheme in this case, it would be very inefficient and there was already agreement in that when all SMTC occasions are non-colliding (no measurement gap contains SMTC from more than one frequency layer) there is no need for an additional scaling factor
Observation 1: In some scenarios, UE measurement order is fixed by the SMTC configurations.
The next case of interest is shown in figure 3. Two measurement schemes have been discussed 
· Option 1: unified delay requirement among different carriers SMTC configurations
· Option 2: requirements are defined per carrier
If option 1 is used, it assumes that UEs may measure each carrier sequentially, hence the measurement period is equivalent to the sum of the measurement periods of the individual carriers.  As has been discussed in RAN4, this will lead to wasted gaps as shown in figure 3
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Figure 3: Wasted gaps which will occur if UE measures carriers in a strictly sequential manner.

Given the significant challenges of NR measurements including AGC operation, and the need for UE RX beamsweeping in FR2, our view is that no reasonable definition of requirements would assume a significant proportion of unused measurement gaps. Hence, we propose

Proposal 1: Requirements are defined per carrier depending on SMTC configuration
For a UE which wants to perform measurements in a sequential manner, these can still be performed “semi-sequentially” in that the UE could measure the yellow carrier until it has enough samples to complete a measurement period, then suspend yellow carrier measurements until it has enough samples to complete a measurement period on the blue carrier. However, the gaps which are only useful for blue carrier measurements should be assumed to be used for that purpose. Similarly to observation 1, the SMTC configurations impose some unavoidable constrains on what the UE is able to measure.
In [3], we presented a derivation of Nscaling,i. In this contribution we focus on the underlying assumptions that are made. To avoid unused measurement gaps, we propose:
Proposal 2: For each measurement gap, it is determined based on SMTC configuration, which measurement object(s) are candidates to be measured in the measurement gap
One issue which needs to be considered is interRAT measurements such as GSM, UMTS or LTE, which do not have a corresponding SMTC configuration. In principle legacy RATs can be measured in every gap, but if RAN4 assume that they are measured in every gap for requirements setting then there is no way to prioritise NR (e.g. intrafrequency) strongly whenever iRAT measurements are configured. 

For this reason, we propose

Proposal 3:  iRAT measurements should only be assumed to be performed in measurement gaps where there are no intra-frequency NR measurement objects to be measured unless this leaves no gaps for interRAT measurement

There can be no gaps left for interRAT measurement under proposal 2 only if the intrafrequency SMTC implies intrafrequency measurement in every MG. For example, if intra SMTC period for type C measurement = 40ms and MGRP=40ms there would be no gaps which are not intra-frequency NR measurement gaps, and hence no gaps are left for interRAT measurement under proposal 3.
In this case we propose equal sharing, between intra and inter, in other words:
Proposal 4: In case there are no gaps for interRAT measurement under proposal 3, interRAT measurement may be assumed to be performed in every MG.
Proposal 5: A fairness criteria is used to determine requirements such as assumption on a gap by gap basis that the UE makes an equal effort to measure all the measurement objects that are candidates to measure in the gap.
Proposal 6: Sparse measurement opportunity measurement objects (such as LTE PRS) which have a longer periodicity than the longest used SMTC periodicity are always measured in the relevant gap, and these gaps are not shared with other carriers that can be measured more frequently
Proposal 7: Configurable measurement gap sharing between type C and interfrequency type D measurement or between fully colliding type A/B and interfrequency type D measurement is not introduced in release 15

It should be noted that the intention of the proposals is not to impose a specific measurement ordering on the UE beyond the limitations of the SMTC configurations which naturally restrict what the UE is able to measure. Rather, the intention is to extend the Nfreq scaling on a gap by gap basis, and then derive the corresponding scaling factor for each carrier.

In a corresponding CR, we provide a detailed proposal for 38.133.
3. Conclusion

Observation 1: In some scenarios, UE measurement order is fixed by the SMTC configurations.
Proposal 1: Requirements are defined per carrier depending on SMTC configuration
Proposal 2: For each measurement gap, it is determined based on SMTC configuration, which measurement object(s) are candidates to be measured in the measurement gap
Proposal 3:  iRAT measurements should only be assumed to be performed in measurement gaps where there are no intra-frequency NR measurement objects to be measured unless this leaves no gaps for interRAT measurement
Proposal 4: In case there are no gaps for interRAT measurement under proposal 3, interRAT measurement may be assumed to be performed in every MG.
Proposal 5: A fairness criteria is used to determine requirements such as assumption on a gap by gap basis that the UE makes an equal effort to measure all the measurement objects that are candidates to measure in the gap.
Proposal 6: Sparse measurement opportunity measurement objects (such as LTE PRS) which have a longer periodicity than the longest used SMTC periodicity are always measured in the relevant gap, and these gaps are not shared with other carriers that can be measured more frequently

Proposal 7: Configurable measurement gap sharing between type C and interfrequency type D measurement or between fully colliding type A/B and interfrequency type D measurement is not introduced in release 15
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