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1. Introduction
In this paper we discuss gap sharing for intra-frequency measurements with gaps and inter-frequency/interRAT measurement. Previously it has been agreed to use configurable gap sharing between intra gaps and inter-frequency gaps. The following information was sent to RAN2[1]
	Intra/inter gap sharing

· Since gaps are used for both intra and interfrequency measurements, RAN4 view is discussing that the sharing of gaps between intra measurement and inter-measurement may need to be configurable. RAN4 is working on the exact details of intra/inter gap sharing schemes and anticipates the need for a configuration similar to the one used for LTE category M1 measurements in 36.331:

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.

RAN4 believe that a maximum of 4 configurable sharing schemes would be suitable.. 




2. Discussion

Despite agreement that configurable sharing between intra and interfrequency measurements was needed in RAN4#84bis, there has been little progress on the details of how such configuration is used, and the 4 values to be defined. RAN2 has also not implemented the configuration IE, since they were of the initial opinion that UEs are able to measure both intra and interfrequency measurement objects in some way without such configuration, and so they saw it as a less critical part of the work in the run up to NSA RAN2 specification freeze in December 2017. The situation can be summarized as

· There is a linkage between discussion configurable gap sharing and the discussion on measuring multiple measurement objects with different SMTC configurations. Without good understanding of exactly how the SMTC configuration for each measurement object influences the requirements it is difficult to discuss configurable intra/inter gap sharing in parallel.
· RAN2 has not specified the corresponding signaling, and it would now be quite difficult to add, especially for EN-DC where gaps may be configured by the PCell using 36.331 LTE RRC signalling. Updates to 38.331 could be considered due to the use of extension markers to allow messages to be extended in a backwards compatible way, but updates to 36.331 are not feasible. As an aside, this means that it would still be possible to consider configurable RLM versus type B measurement sharing, which is another of our proposals in this meeting, since the sharing parameter could be added for example in RadioLinkMonitoringConfig in 38.331.

Observation 1: Based on RAN2 status it is difficult to consider configurable measurement gap sharing in rel15, at least for NSA

In the end we think a similar solution should apply for both SA and NSA, so observation 1 also seems to preclude gap sharing in SA operation if the same solution is used.
Based on this, in this contribution we explore the implications if explicitly configurable gap sharing for RRM measurements is not included in release 15.  We refer to explicitly configurable gap sharing, because gap sharing still needs to be performed at any time when the UE needs to measure more than one measurement object in gaps, and it might still be implicitly configurable e.g. if the SMTC configuration influences the UE behavior or requirements in some way.
For clarity, this contribution covers gap sharing for the following cases

Case 1: Sharing between type C and type D measurement. Note that type D measurement may be interfrequency or interRAT according to previous definitions

Case 2: Sharing between type A/B measurement and type D measurement in case the type A/B SMTC and the measurement gap pattern are fully overlapping.

In another contribution on collisions[3], we propose that case 2 is handled in a very similar way to case 1, in other words the type A/B measurement can be thought of like a gap based measurement (at least from the system/network perspective outside of the UE – within UE implementation there is a difference that RF retuning is not required but anyway the UE could not be scheduled in a measurement gap and the network has no knowledge about when the UE uses MG and when it performs type A/B measurement).
For this reason, without loss of generality, we think it is not necessary to differentiate between case 1 and case 2 for this discussion.

The first aspect that needs to be considered is how the intra/inter gap share can be implicitly influenced by other parameters such as SMTC periodicity or offset. This depends on the conclusion of the discussion on multiple measurement objects with different SMTC. Here we have used our own proposal in [4], however it should be noted that other company proposals in RAN4 have different possibilities for differentiating measurements based on SMTC and the possibility for some schemes may be quite limited.
To illustrate, we use an example where the UE is configured with one intrafrequency carrier and 3 NR inter-frequency carriers for measurements. We assume SSB is transmitted at least every 40ms, allowing SMTC periodicity of up to 40ms, and we also assume 40ms MGRP as an example case.

There are different configurations possible, for instance:

· With carrier 0 SMTC = 40ms, carrier 1,2,3 SMTC =40ms (equal sharing)

Carrier 0 scaling factor 1.000000/0.250000=4.000000 based on single carrier delays from 40ms SMTC
Carrier 1 scaling factor 1.000000/0.250000=4.000000 based on single carrier delays from 40ms SMTC

Carrier 2 scaling factor 1.000000/0.250000=4.000000 based on single carrier delays from 40ms SMTC

Carrier 3 scaling factor 1.000000/0.250000=4.000000 based on single carrier delays from 40ms SMTC

· With carrier 0 SMTC = 40ms, carrier 1,2,3 SMTC =80ms

Carrier 0 scaling factor 2.000000/1.250000=1.600000 based on single carrier delays from 40ms SMTC
Carrier 1 scaling factor 1.000000/0.250000=4.000000 based on single carrier delays from 80ms SMTC

Carrier 2 scaling factor 1.000000/0.250000=4.000000 based on single carrier delays from 80ms SMTC

Carrier 3 scaling factor 1.000000/0.250000=4.000000 based on single carrier delays from 80ms SMTC

· With carrier 0 SMTC=40ms, carrier 1,2,3 SMTC=160ms

Carrier 0 scaling factor 4.000000/3.250000=1.230769 based on single carrier delays from 40ms SMTC
Carrier 1 scaling factor 1.000000/0.250000=4.000000 based on single carrier delays from 160ms SMTC

Carrier 2 scaling factor 1.000000/0.250000=4.000000 based on single carrier delays from 160ms SMTC

Carrier 3 scaling factor 1.000000/0.250000=4.000000 based on single carrier delays from 160ms SMTC

So, it is possible to strongly prioritise any measurement object, such as intra frequency measurements. It is also possible to modify offsets and do more fixed partitioning between intra and inter. For the same example case, complete separation is possible: 

Carrier 0 scaling factor 1.000000/1.000000=1.000000 based on single carrier delays from 80ms SMTC

Carrier 1 scaling factor 1.000000/0.333333=3.000000 based on single carrier delays from 80ms SMTC

Carrier 2 scaling factor 1.000000/0.333333=3.000000 based on single carrier delays from 80ms SMTC

Carrier 3 scaling factor 1.000000/0.333333=3.000000 based on single carrier delays from 80ms SMTC

Observation 2: Under the proposal in [4] for multiple measurement objects, considerable flexibility to prioritise intra frequency or interfrequency measurements can be made with SMTC configuration, if there is sufficiently frequent SSB transmission.
Based on observation 1 and 2, we propose

Proposal 1: 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
However, one issue that we would like to highlight is that observation 2 does not necessarily hold for interRAT measurements of LTE (SA or NSA), UMTS CPICH(NSA), GSM RSSI etc. 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 2:  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.

In this case we propose equal sharing, between intra and inter, in other words:
Proposal 3: In case there are no gaps for interRAT measurement under proposal 2, interRAT measurement may be assumed to be performed in every MG.
In this way, the network can choose between equal sharing, or partitioning between interRAT and intrafrequency measurement.
3. Conclusion

Observation 1: Based on RAN2 status it is difficult to consider configurable measurement gap sharing in rel15, at least for NSA

Observation 2: Under the proposal in [4] for multiple measurement objects, considerable flexibility to prioritise intra frequency or interfrequency measurements can be made with SMTC configuration, if there is sufficiently frequent SSB transmission.
Proposal 1: 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
Proposal 2:  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 3: In case there are no gaps for interRAT measurement under proposal 2, interRAT measurement may be assumed to be performed in every MG.
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