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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 for multiple frequency layers.
2 Discussion 
The agreements and next steps on gap for multiple frequency layers in [1] are

	· 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 LTE the GP is per-UE, i.e. a single uniform periodic measurement gap pattern, as there will be always a PSS/SSS and CRS within the MGL of 6ms, so a frequency layer is always measurable regardless of the gap offset. In NR, however, SSB can be transmitted with large periodicities like 40, 80, and 160ms, and how to ensure gaps are overlapping with SSB burst is a key question. 

In the end, there was no agreement in RAN4-NR-AH#3, but 3 options are listed while other options are not precluded. In our understanding, the question is still about the feasibility and willingness to synchronize SSB transmission across frequency layers. 
Two cases of synchronous SSB and asynchronous SSB transmission across frequency layers are shown in Figure 1.
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Figure 1: Illustration of per-UE GP and per-object GP

In the left part of Figure 1, the SSB transmission in frequency layers are synchronized such that a single per-UE GP can cover the union of the SSB burst in all layers. In this case a single GP is enough, and similar as in LTE, the performance requirements should in principle be scaled with number of the inter-frequency layers, while the exact gap usage (e.g. which layer is measured in a specific gap occurrence) is up to UE implementation. This is similar as LTE R12 SCE and R13 LAA measurement. 
In the right part of Figure 1, the SSB transmission in frequency layers are not synchronized, thus cannot be covered by a single uniform GP. Instead, in order to measure all the layers, the gap offset have to be different for each layer, which means the GP is per measurement object, or in different words, a single non-uniform gap has to be used. In this case, it is reasonable to leave the exact gap usage and corresponding performance requirements to network control. For example, in Figure 1, network configures the UE to do measurement on three layers alternately, and the overall overhead due to gaps are same as single per-UE GP. In this way, the gap offset (equivalently which layer to measure) is controlled by network. It is different from LTE principle, but we understand this is the only way for network and UE to have a common understanding about where the gaps will take place.
Based on the discussion in RAN4-NR-AH#3, our view is that in R15 only option 1 is supported with synchronous SSB transmission across frequency layers. The reasons are given below.
· Even option 2 or option 3 is used, from network perspective, network still needs to know the exact timing of SMTC windows transmitted on different layers, so the information needed is no less than having synchronous SSB transmission. In this case, there is no clear motivation for network not to align the SSB transmission across layers.

· R15 has to be completed by December 2017, so the time is limited; on the other hand, the standardization efforts for option 2 or option 3 is considerable. For example, either new non-uniform gap pattern has to be agreed, or new signaling has to be introduced in RAN2 (to support the network control).
· Option 2 or option 3 can be considered in R16, if seen as needed. The consequence is that R15 UE would not be able to measure multiple frequency layers if SMTC windows on those layers are not aligned. However, as mentioned by some companies, the issue can be solved by some network implementation based solution, e.g. network can reconfigure the GP for a R15 UE such that the UE can sequentially measure layers with asynchronous SSB transmission. This is clearly a sub-optimal solution compared to option 2 or 3, but we think it can still be acceptable given the time limit. 

Proposal 1: Option 1 (single uniform GP per UE) is used in R15 for measurement of multiple frequency layers.
With option 1, depending on the configuration of SSB transmission and gaps, some optimization in performance requirements is possible, e.g. the SMTC offsets in F2 and F3 are arranged in such a way that UE can measure them alternately, and the final scaling factor for all 3 layers can be 2 instead of 3 if the gaps are used smartly. However, there seem to be a lot of possible SMTC and GP configurations to be considered, e.g. as mentioned in [2], and it’s not clear if RAN4 would have time to find a good solution to cover all the cases in R15. Therefore, we think the requirements with option 1 can be simply defined based on Nfreq * max (MGRP, SMTC), where Nfreq is the total number of carriers that are measured based on gaps.

Proposal 2: The measurement requirements with option are simply defined based on Nfreq * max (MGRP, SMTC), where Nfreq is the total number of carriers that are measured based on gaps.
3 Conclusions 

In this paper, we provided our views on measurement gap for multiple frequency layers.
Proposal 1: Option 1 (single uniform GP per UE) is used in R15 for measurement of multiple frequency layers.
Proposal 2: The measurement requirements with option are simply defined based on Nfreq * max (MGRP, SMTC), where Nfreq is the total number of carriers that are measured based on gaps.
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