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1. Introduction
In last RAN4 meeting, some agreements were made measurement gap pattern in [1], duplicated as below,
	· Gap design in NR needs to support measurement of intrafrequency layers (for cases where gap is needed) and multiple interfrequency layers

· RAN4 should decide the approach in RAN4#84bis

· Option 1 : NW will configure a single uniform periodic measurement gap pattern to cover the union of SMTC of different frequency layers

· Option 2 : NW will configure multiple measurement gap patterns to cover SMTC of different frequency layers. 

· Option 2a : Gap pattern per frequency layer
· Option 2b: Gap pattern per SMTC group
· Option 2c: Gap pattern per frequency range (eg. sub 6Ghz, mm-wave) 
· Option 3 : NW will configure a single non-uniform periodic measurement gap pattern to cover the SMTC of different frequency layers
· Option 4 : Other option is not precluded
· RAN2 needs to be informed of RAN4 findings on measurement gap for multiple frequency layers to complete their work

· RAN4 will define suitable requirements for multiple layer monitoring using gaps (intra and inter) based on the outcome 


In this contribution we discuss the feasibility of using single measurement gap for multiple layers measurement. 
2. Discussion

RAN1 has some design on the SMTC which can also be a reference for the gap design.

	Agreements:
· Candidate value(s) for SMTC window duration

· At least 1ms, 5 ms are supported

· FFS other values 

Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,

· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured

· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier


Depending on initial cell selection and availability of NAI, the SS burst set length can be configuration {5, 10, 20, 40, 80, 160} msec. Different measurement objects can come up with different SS burst set length on different frequency layer. Per measurement object, it is possible that different frequency layer may have different SS burst set length. Meanwhile, the offset of the SS burst set within period can be another variable to complicate the situation. However, regarding UE implementation complexity, we would like to suggest that at least the 1ms/5ms window position in time domain could be aligned for each single frequency layer, which also fit RAN1 conclusion of SMTC (i.e. Single measurement window offset and duration are configured per frequency carrier).
As per the current progress in RAN1 and RAN4, since SS block position may differ among different frequency layers, such kinds of information may be used for network to configure the most proper gap for UE to identify/measure the target cell. On the same frequency layer, all the SS blocks might be in the same 1ms/5ms measurement window, and that will be easy to configure the gap to cover this measurement window; however among different frequency layers these 1ms/5ms measurement windows might not aligned on the time domain. 
One of the worst cases is shown in figure 1,
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Figure 1. Example for SMTC windows with different offset
If the SMTC1 of F1 and SMTC2 of F2 has different offsets for the measurement window, which cannot be exactly divided by MGRP, e.g. 10ms, then it is not possible to use one single gap pattern to conduct the measurement on both F1 and F2. However, if the periodicity of SMTC is different among different frequency layers, e.g shown in figure 2, there is still possible to use a single gap with MGRP=40ms to cover both SMTC1window and SMTC2 window. 
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Figure 2. Example for overlapped SMTC windows
So that means a single uniform periodic measurement gap pattern can cover the union of SMTC of different frequency layers as long as network can guarantee that the corresponding SMTC windows are overlapped fully or partially on time domain. 
Alternative 1: NW can configure a single uniform periodic measurement gap pattern to cover the union of SMTC of different frequency layers only given that all the corresponding SMTC windows are overlapped on time domain.

The possible alternative is to decide the gap configuration based on different frequency layers, and we may also group some of the frequency layers into one group if the measurement windows of those frequency layers are synchronous. 

For example, in figure 3, if the SSB on F1 and F2 can be covered by an identical 5ms measurement window we may assume those frequencies F1 and F2 are in the same frequency group, but F3 may be grouped into another frequency group since SSBs on F3 cannot covered by the 5ms measurement window of F1 and F2.
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Figure 3. Example for frequency group for measurement gap configuration

So based on the last meeting discussion, we also can call it gap pattern per frequency range, and within an identical frequency range, the corresponding SMTC windows are overlapped on time domain, e.g. sub6GHz and mmWave.
Similar as LTE gap, the gap offset is used to indicate the beginning position of gap within each MGRP. But since the SS blocks might be different among different frequency range, the gap offset may also be different among frequency ranges. If the gap configurations for two frequency ranges have same MGRP but have different gap offset, that means the time interval between two gaps may be not exactly equal to MGRP which makes sense to the UE implementation for NR; however, in statistic the gap density shall keep in line with the MGRP. 
However, multiple gap pattern may need UE to monitor multiple time lines which will increase the UE complexity, and it’s better to limit the gap pattern number if multiple gap pattern is needed. We propose to support up to 2 different gap patterns from UE perspective.

Alternative 2: NW can configure up to 2 per-frequency range gap patterns to cover SMTC of different frequency layers given that the corresponding SMTC windows are overlapped on time domain in each frequency range.
3. Conclusions

In this contribution we discuss the feasibility of using single measurement gap for multiple layers measurement. 

Alternative 1: NW can configure a single uniform periodic measurement gap pattern to cover the union of SMTC of different frequency layers only given that all the corresponding SMTC windows are overlapped on time domain.

Alternative 2: NW can configure up to 2 per-frequency range gap patterns to cover SMTC of different frequency layers given that the corresponding SMTC windows are overlapped on time domain in each frequency range.
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