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1 Introduction
The measurement gap design for NR has been discussed for several RAN4 meetings. Most recently in RAN4-NR-AH#3, a WF [1] was agreed, which captures the agreements and next steps for   

· Measurement gap pattern
· Need for intra-frequency measurement gap
· Inter-frequency measurement
In this paper, we will provide our views on measurement gap pattern for NR.
2 Discussion 
The agreements and next steps on measurement gap pattern in [1] are

	· Background: Gaps with MGL=6ms and MGRP=40ms,80ms and 160ms have been agreed already by RAN4 for NSA and SA NR measurements. LTE measurement requirements with MGRP=160ms will not be specified. 

· Additional shorter MGRP and/or MGL can be considered

· Candidate MGL=[3,4,5]ms

· Candidate MGRP=[20]ms

· Other MGRP and ML is not precluded

· Not to add the additional shorter MGRP and/or MGL is also an option

· Final selection of MGL and MGRP is expected in RAN4#84bis

· Shorter MGL can be applicable to NSA, SA or both

· Shorter MGL can be applicable to sub 6GHz, mm-wave or both

· Shorter MGRP can be applicable to NSA, SA or both

· Shorter MGRP can be applicable to sub 6HGz, mm-wave or both

· Interested companies should provide further details such as the advantage/disadvantages for shorter ML/MGRP, operation of LTE measurements with shorter MGL/MGRP (if requirements for LTE measurement will be specified), considerations on whether shorter MGL/MGRP applies to SA, NSA or both, considerations on whether shorter MGL/MGRP applies to sub 6GHz, mm-wave or both. Other analysis is not precluded
· RAN2 needs to be informed of RAN4 findings on measurement gap pattern to complete their work


2.1 MGL

The motivation for shorter MGL is that the SSB burst per period can be much shorter than the 5ms measurement window. The mapping of SSB burst to slots in a 5ms window, as agreed in RAN1, is shown in Figure 1. It can be seen that for some SSB SCS, e.g. 30 and 240kHz, the SSB burst only takes a small portion in the window. Furthermore, it is likely that a cell will not transmit as many as L SSBs, so the cases where 5ms measurement time is needed are not likely to happen very often. Therefore, we think there is clear benefit to introduce shorter MGL for NR, at least for the SSB based measurement.
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Figure 1: Mapping of SSBs to slots in a half radio frame 
On the exact MGL, we think 3ms should be the most important one to be introduced. Looking at the SSB mapping in Figure 1, we find that for most cases where short measurement time is needed, the length of the SSB burst is around 2ms. Considering the margin for UE RF re-tuning, 3ms MGL should be the most useful configuration. Other MGL like 4ms or 5ms may also be useful if network does not transmit all the SSBs, but the use case is not as clear as for 3ms MGL or the difference compared to baseline 6ms MGL is not big, so we think there may be no need to introduce them in R15. 

One concern raised up regarding introducing shorter MGL during RAN4-NR-AH#3 is that the NSA part of the NR WI has to be finished by December 2017 and there may not be enough time to define requirements for shorter MGL. In our understanding, the use of shorter MGL should be configured by the network when the small MGL can still cover the SSB burst to be measured across all frequency layers. Therefore, similar as non-uniform gap in R14 gap enhancement WI, shorter MGL should not lead to any degradation in measurement performance or cause additional standardization efforts to agree on the related requirements. 

On the applicability of shorter MGL, since shorter SSB burst length is possible in both sub-6GHz and mmWave bands, shorter MGL should be applicable in both frequency ranges. During RAN4-NR-AH#3, there was concern about whether shorter MGL should be applicable for NSA. In our view, one use case where shorter MGL can be used in NSA is when there is no LTE inter-frequency measurement, i.e. mobility in LTE is good and network configures inter-RAT/frequency measurement on NR carriers in order to select the suitable cells for the SCG. On the other hand, shorter MGL can also be used in a fully synchronized NSA network, i.e. the timing in LTE and NR is synchronized such that the same shorter MGL can cover both SSB in NR side and PSS/SSS/CRS in LTE side. In any case, it would be up to network to decide if shorter MGL should be used, so there is no need for any restriction to apply shorter MGL in NSA.
Proposal 1: Shorter MGL of 3ms is introduced in R15.
Proposal 2: Measurement performance is same for 6ms and shorter MGL.
Proposal 3: Shorter MGL is introduced for both sub-6GHz and mmWave, and for both SA and NSA. 
2.2 MGRP

In RAN4#84, GP with 160ms MGRP is introduced for both NSA and SA in addition to the existing MGRP 40 and 80ms, and it is also agreed that 160ms MGRP is not used to measure LTE inter-frequency carriers in NSA. The reason to add 160ms MGRP is that SSB (and maybe also CSI-RS) can be transmitted every 160ms, and some gap occurrences may be not useful with 40 or 80ms MGRP.

On the other hand, shorter MGRP of 20ms is also under consideration. One motivation is to support high speed UE with up to 500km/h velocity. We this there could be a valid need for sub-6GHz. Besides that, we think shorter MGRP is also useful for mmWave because the beam coverage is small compared to traditional cell coverage in sub-6GHz, and more frequent measurement sampling may be needed for UE to track the beam change. One also needs to consider when UE Rx beamforming is used in measurement, the measurement delay could be extended as it would take more time for UE to measurement different spatial directions, and in such cases, there may be a need to use smaller MGRP to improve the total measurement delay. In summary, we think there is a clear benefit to introduce 20ms MGRP in NR, and we see no reason to limit the its usage in specification to a certain frequency range or certain deployment, instead it would be up to network configuration which MGRP should be used.
One concern regarding shorter MGRP like 20ms is about the overhead and impact to data. We agree that with 6ms MGL the overhead is quite large, but we should consider shorter MGL and shorter MGRP together, i.e. the overhead for 3ms MGL with 20ms MGRP is similar and current 6ms MGL and 40ms MGRP, so we do not think this is a problem. Another concern with additional MGRP is about the efforts and time to standardize it. Here we think the measurement requirements will be defined as a function of MGRP, so the same scaling rule could be used for baseline MGRP of 40/80ms and shorter MGRP of 20ms, and the efforts should be not an issue. 
On the applicability if shorter MGRP, similar as 160ms MGRP, 20ms MGRP does not exist for LTE today, so it does not make sense to introduce it in NSA for measurement of LTE inter-frequency layers. Similar restriction as 160ms MGRP should be introduced, i.e. if there is LTE inter-frequency layer to be monitored, 20ms MGRP won’t be used, and RAN4 will not define LTE inter-frequency requirements based on 20ms MGRP.
Proposal 4: Shorter MGRP of 20ms is introduced in R15.

Proposal 5: Shorter MGRP is introduced for both sub-6GHz and mmWave, and for both SA and NSA. Shorter MGRP is not used if there is LTE inter-frequency layer to be monitored.
3 Conclusions 

In this paper, we provided our views on measurement gap pattern for NR.
Proposal 1: Shorter MGL of 3ms is introduced in R15.

Proposal 2: Measurement performance is same for 6ms and shorter MGL.

Proposal 3: Shorter MGL is introduced for both sub-6GHz and mmWave, and for both SA and NSA. 
Proposal 4: Shorter MGRP of 20ms is introduced in R15.

Proposal 5: Shorter MGRP is introduced for both sub-6GHz and mmWave, and for both SA and NSA. Shorter MGRP is not used if there is LTE inter-frequency layer to be monitored.
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