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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]The measurement gap was discussed in RAN4-NR#3 meeting, with the following agreements achieved:
	· Gap design in NR needs to support measurement of intra-frequency layers (for cases where gap is needed) and multiple inter-frequency 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



Based on the latest progress of RAN4 agreement, we discuss the gap design in NR. 
2	Discussion on SMTCs offset Alignment across multiple frequency layers
As we know, the timing synchronization across different frequency layers can actually be achieved through many existing mechanisms, such as network time protocol (NTP) [1], precision time protocol (PTP) [2, 3] and GPS. For SMTCs on different frequency layers to be aligned, even without tight sub-frame timing synchronization, it might still be possible to allocate SS-blocks (SSBs) from different layers within the same gap. As shown in figure 1, it is fine that symbol or slot boundaries of different frequencies present a large timing difference, as long as they are all covered within a 5ms duration. 


Figure 1: An example that SMTCs aligned across multiple frequency layers.

[bookmark: _Ref494688013]Observation 1: The alignment of SMTC offsets from different frequency layers is possible.
[bookmark: _Ref494695258]Proposal 1: RAN4 concludes that SMTC offset alignment across different frequency layers is feasible. 

RAN4 has spent a lot of time discussing the alignment between SMTCs of different frequency layers and the measurement gap. However, another important scenario to be considered is the DRX case. Under the DRX mode, UE turns on its RF earlier to do the synchronization such that it can monitor the PDCCH in the on duration. In the meantime, UE may also try to measure either the intra-frequencies or inter-frequencies. Therefore, it is very likely that all SS burst sets should be allocated as closed as possible to the DRX on duration, otherwise DRX mode cannot provide sufficient power saving gain. Below we provide two examples to see different SMTC arrangements’ impact on UE DRX mode. Figure 2 shows a case that SMTCs offset aren’t aligned across multiple frequency layers. UE needs to wake up 80ms earlier to measure the frequency A, 40ms earlier to measure the frequency C, and even more longer 140ms earlier to measure the frequency D. That causes frequent RF on-off switching and intermittent RF-off intervals in UE. In the end, it leads to limited power saving gain of DRX. On the contrary, when SMTCs offset are aligned across multiple frequency layers, as shown in Figure 3, UE only needs to wake up 20ms earlier to measure both the intra-frequencies and inter-frequencies. The operation of RF on-off switching can be minimized for UE in the power saving mode.

Figure 2: SMTCs offset aren’t aligned across multiple frequency layers 

Figure 3: SMTCs offset are aligned across multiple frequency layers

Therefore, to maximize the UE sleep time, network is encouraged to align the SMTCs offset across multiple frequency layers.

[bookmark: _Ref494688020]Observation 2: The alignment of SMTC offsets from different frequency layers has benefit for UE low-power implementation. Without aligned SMTC offset, bad UE experiences is expected due to low battery life.
[bookmark: _Ref494726337]Proposal 2: Network is encouraged to align the SMTCs’ offset across different frequency layers, such that the UE sleep time can be maximized. 
3	Measurement of multiple frequency layers with gap 
In the latest agreement in RAN4-NR#3 meeting, 3 options are provided to conduct the multiple frequency layers measurement in NR. We actually share the same view as [4] that option 2 and option 3 are exactly the same. Therefore, we only focus on options 1 and 2. 
Among these options, option 2c is a special case that we like to discuss individually. It considers the case that two separate RF ICs are used, one for sub-6GHz and one for mmWave. Figure 3 shows the case that CC1 is in LTE sub-6GHz, and CC2 is in NR mmWave. Though these two frequency carriers are measured through two different RF ICs, the IF part of mmWave may share the same RF IC with sub-6GHz. Therefore, when CC1 RF IC retunes to measure other frequency layers, it causes interference to the mmWave reception in CC2. To avoid the increased ACK/NACK miss rate, measurement gap (MG, LTE legacy gap) or network controlled small gap (NCSG) can be configured to minimize the interruption. Considering that synchronization between LTE and NR is still under discussion and the NCSG may need more precise synchronization requirements, we believe that MG is a preferred solution and NCSG can be considered in later release when the use case gets clear.

 
Figure 4: Measurement gap of multiple frequency layers in LTE-NR DC, 
where CC1 is in LTE and CC2 is in NR. 

[bookmark: _Ref494703325]Observation 3: Measurement gap or network controlled small gap are benefit for interference reduction in the case that two different RF ICs of UE are used to conduct the measurement, one for sub-6GHz and one for mmWave.   
[bookmark: _Ref494726338]Proposal 3: Rel-15 requirement is defined based on single measurement gap even that two different RF ICs of UE are used for sub-6GHz and mmWave. Whether to define the requirement based on network controlled small gap is for future release.    

Now we further discuss the impact of multiple gap configurations in UE’s measurement behavior. In LTE, UE can always assume that the PSS and SSS from different inter-frequencies can be covered by a measurement gap (with MGL=6). UE has the freedom to choose which frequency to go under the current gap. For example, UE may need to measure a bit more frequently on some specific frequency layers when they are in low SNR or more likely to trigger an event. In NR, even if a uniform gap pattern can cover the SMTCs among different frequency layers, this freedom becomes limited due to the different periodicities of SMTCs. In general, UE may need to prioritize the frequency with longer SMTC periodicity once it is available in the current gap. 
With multiple gap patterns, the situation becomes even worse, because the frequency layers are grouped with respect to different measurement gap patterns. Under a certain gap occasion, UE may only have one specific frequency to go. As shown in Figure 5, multiple measurement gap is configured and in each gap occasion UE can’t decide which frequency layer to be monitored. On the contrary, in Figure 6, single uniform measurement gap is configured and in each gap occasion UE can decide which frequency layer to be monitored, so UE can measure frequency layer A twice in the beginning to meet the urgent need.


Figure 5: Multiple measurement gap configurations.  

Even for the network side, multiple measurement gap has some impacts as well. The first one is that NW need to arrange detail measurement behaviors for UE and also guarantee the gap pattern provided allows UE to meet different requirements. The need of test cases for BS may need to be considered. 


[bookmark: _Ref494688212]Figure 6: Single uniform measurement gap configuration.
In summary, we draw the following observations.
[bookmark: _Ref494726201]Observation 4: Single uniform measurement gap configuration is preferred for the following reasons: 
1) Easy to align with DRX on duration to minimize UE power consumption
2) No extra signaling over-head than LTE
3) Less limitation on UE’s measured behavior
[bookmark: _Ref494726203][bookmark: _Ref494707945][bookmark: _Ref494708232]Observation 5: From network side, multiple measurement gap configurations are not preferred due to:
4) NW needs to arrange detail measurement behaviors for UE 
5) NW needs to guarantee the gap patterns allow UE to meet different requirements. FFS test cases for BS 
And we propose that option 1 is used to define the measurement requirement.
[bookmark: _Ref494728536]Proposal 4: Rel-15 requirement is defined based on single uniform measurement gap configuration which covers the union of all SMTCs all frequency layers in LTE-NR DC.
4	Summary 
In this paper, we discuss the gap design to ensure that both SSS in LTE and SS-blocks in NR can be covered by a single measurement gap. It is observed that
Observation 1: The alignment of SMTC offsets from different frequency layers is possible.
Observation 2: The alignment of SMTC offsets from different frequency layers has benefit for UE low-power implementation. Without aligned SMTC offset, bad UE experiences is expected due to low battery life.
Observation 3: Measurement gap or network controlled small gap are benefit for interference reduction in the case that two different RF ICs of UE are used to conduct the measurement, one for sub-6GHz and one for mmWave.
Observation 4: Single uniform measurement gap is preferred, for the following reasons: 
1) Easy to align with DRX on duration to minimize UE power consumption
2) [bookmark: _GoBack]No extra signaling over-head than LTE
3) Less limitation on UE’s measured behavior
Observation 5: From network side, multiple measurement gap configurations are not preferred due to:
1) NW needs to arrange detail measurement behaviors for UE 
2) NW needs to guarantee the gap patterns allow UE to meet different requirements. FFS test cases for BS 
And we propose
Proposal 1: RAN4 conclude that SMTC offset alignment across different frequency layers is feasible.
Proposal 2: Network is encouraged to align the SMTCs’ offset across different frequency layers, such that the UE sleep time can be maximized.
Proposal 3: Rel-15 requirement is defined based on single measurement gap even that two different RF ICs of UE are used for sub-6GHz and mmWave. Whether to define the requirement based on network controlled small gap is for future release.
Proposal 4: Rel-15 requirement is defined based on single uniform measurement gap configuration which covers the union of all SMTCs all frequency layers in LTE-NR DC.
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