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1 Introduction
The measurement gap for NR has been discussed in RAN4-NR-AH#2, and following agreement were made [1].

	 It is agreed

· MGL:
· For SS block based cell identification and measurement, 6ms MGL is used as baseline 
· The requirement shall apply provided that at least the subset of measurement gap contains the 5ms window of SS blocks;
· MGRP

40ms, 80ms could be a starting point for defining MGRP in NR


For NSA, MGRP for NR measurement shall not be smaller than 40ms.

Further analysis is welcome on

· Whether other MGRP value is beneficial (should not be smaller than 40ms for NSA)

· Need for CSI RS based measurement in measurement gaps

· Multiple layer monitoring in gaps eg

· SS burst periodicity is differnet on different layers

· SS burst offset is different on different layers

· Other apsects


Despite the agreements made, there are still many open issues regarding the measurement gaps in NR, e.g.
· when gaps are needed
· exact gap pattern and SS bust periodicity
· gaps for EN-DC

· gaps for CSI-RS based measurement

In this paper, we will provide our views on the open issues for measurement gaps in NR. 
2 Discussion 
Need for gaps
In LTE, measurement gaps are introduced to allow UE to interrupt all the activities on the serving cell in order to perform inter-frequency or inter-RAT measurements. The fundamental need of gap comes from the fact that UE has to re-tune the RF chain that is used to serve the serving cell to another carrier frequency. As a result, if UE has a spare RF chain it does not need to indicate that it needs gaps to measure carriers in a certain band when it is configured with a certain band combination. Also for the same reason, in LTE Cat-M where UE has smaller RF BW than the cell BW, measurement gap is also introduced for intra-frequency measurement.
Now for NR there are some changes, e.g. UE may only operate in a sub-band of the cell BW, which may or may not include the SSB of serving cell. Also, different cells with the same center frequency may or may not transmit their SSBs in the same frequency domain location as the serving cell, which makes the definition of intra- and inter-frequency not as straightforward as in LTE. 
Therefore, need for gaps should not be coupled with intra- and inter-frequency. If we look at the fundamental need of gap it is straightforward that gaps are needed or assumed to be needed only when the frequency to be measured is outside the UE operating BW. 

When there are multiple carrier frequencies in the UE operating BW, this criterion leads to a different requirement from UE. In 36.300, a measurement scenario like shown in Figure 1 is regarded as gap assisted, since UE is assumed to use a narrow band FFT for cell search. For NR, we believe different UE implementation options need to be considered to reduce the cases where gaps are required. For example, UE can adjust in baseband domain the frequency of the searcher FFT thus avoiding the need to re-tune RF (thus need for gaps). 
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Figure 1: Examples of multiple carrier frequencies in UE operating BW
Proposal 1: Need for gaps depends on whether the measured carrier frequency is included in UE operating BW. UE should be able to measure multiple frequencies without gaps if all are included in UE operating BW.

Another different aspect in NR that may cause additional need for gaps is the directional measurement, i.e. measurement with Rx beamforming. For mmWave bands, it is expected that Rx beamforming is mandatory for UE to get proper received signal level from the cell. In such cases, UE measuring a cell with beams in a different direction from the serving beam may also cause interruption to the serving cell, if UE can only receive from one direction in a certain time. 

On the other hand, if UE has spare RF chain and antennas, it will be able to receive from different directions simultaneously, and there is no need for gaps for UE to measure carrier frequencies in its operating BW. Of course, whether there are dual RF chains and antennas for a single carrier frequency is up to UE implementation.
Proposal 2: Depending on UE implementation, measurement with Rx beamforming may or may not require gaps.

Gaps for EN-DC

As NR NSA with EN-DC (LTE-NR DC with Option 3) has to finalized first before the end of 2017, it is also important to consider how gaps are configured and used in EN-DC. In EN- DC, MN and SN can control its measurement independently. This means measurement gaps may be configured by both. In LTE DC, the measurement gap is per UE, i.e. the gaps apply to serving cells in both SCG and MCG, even UE has separate RF chains for them and only one of chains needs to be switched to perform the measurement on the inter-frequency non-serving carrier. This should definitely be changed for EN-DC, in particular since in Rel-14 LTE we have introduced the gap enhancement, where per-CC gap is introduced. 

In our understanding, in EN-DC UE would have separate RF chains to serve LTE and NR. With the principle of per-CC gap in LTE, the gaps configured by MN/SN should not apply to the serving cells in SN/MN. Of course, there may be interruption caused due to single RFIC design, and in such cases, NCSG can be considered to avoid the unknown interruption to MN/SN due to RF re-tuning during measurement gaps in SN/MN. 
Proposal 3: Gaps configured by MN/SN apply only to serving cells in MN/SN. 

Since measurement gaps will cause big degradation of data performance, one may consider whether measurement gaps are always needed in MN/SN when measurement objects are configured by MN/SN. In some cases, e.g. <6GHz frequency range, it could happen that a carrier frequency (no matter LTE or NR carrier) can be measured by both LTE RF chain or NR RF chain. In this case, to measure this carrier gaps are only needed in either MN or SN. For example, when SN configures a measurement object on a non-serving NR frequency, and if gaps are already configured in MN, there is no need to also configure gaps in SN, i.e. measurement of objects configured by MN/SN may be supported by SN/MN. Of course, this depends on UE RF capability, so similar as in LTE per-CC gap, UE may decide where (MN, SN, or both) the gaps are needed. We believe avoiding the unnecessary gaps as much as possible in EN-DC is meaningful.  

Proposal 4: In EN-DC, if allowed by UE RF capability,

· MN gaps can be used to measure objects configured by SN in addition to those configured by MN; 
· SN gaps can be used to measure objects configured by MN in addition to those configured by SN
Gap period

40ms and 80ms are agreed as baseline for defining MGRP in NR, while it is open whether other MGRP value is beneficial (should not be smaller than 40ms for NSA). In our view, since SS burst period of 160ms can be supported, it is meaningful to introduce 160ms gap period. Otherwise in case where only a measurement object with 160ms SS burst period is configured, quite many gap occasions will be wasted. Even in case measurement objects with smaller SS burst period exist, 160ms MGRP is still meaningful as a means to achieve UE power saving (tradeoff with measurement performance).
Proposal 5: 160ms MGRP is supported for NR. 

Gap for CSI-RS

RAN4 has not fully discussed the CSI-RS based measurement. In [2] RAN1 made some agreements regarding CSI-RS for L3 mobility as below.
	Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR

· Configurable periodicity (as already agreed)

· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)

· FFS candidate values

· Configurable measurement bandwidth (as already agreed) and frequency location

· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported

· FFS other candidate values for wider bandwidth for each SCS

· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported

· Configurable parameters for sequence generation 

· Configurable numerology

· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported

· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)

· CSI-RS design including RE mapping and density for beam management is assumed as baseline
· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties


From the agreements, we can see that 

· CSI-RS may need to be measured in different time window as SSB from the same cell
· CSI-RS may need to be measured in larger BW than the SSB from the same cell
· CSI-RS may need to be measured in a different Rx direction than the SSB from the same cell

In our view, CSI-RS based measurement may require separate gaps from the SSB based measurement, and this should be further clarified in RAN4.

Proposal 6: RAN4 should further discuss if separate gaps are needed for CSI-RS based measurement. 

Gaps and SSB burst set periodicity

Since in NR SSBs are transmitted periodically, and the period can be up to 160ms, to measure SSBs in multiple frequencies, network needs to ensure at least the subset of measurement gap contains the 5ms window of SS blocks. One open issue is whether the SS burst period or offset can be different in different frequencies, like shown in Figure 2. In [2] RAN1 also asked RAN4 “if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers”. 
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Figure 2: Different SS burst periods and offsets on different carriers

In our view, different SS burst period and offset in different frequencies can work, as long as the SSBs in each carrier overlap with a subset of measurement gaps. Of course, RAN4 need to further discuss what kind of performance scaling should be defined for such configurations, but we see no need to restrict the network to use same or different SS burst periods or offsets in different frequencies. 

Proposal 7: There is no need to restrict network to use single or multiple SMTCs across different frequency layers.

3 Conclusions 

In this paper, we provided our views on the measurement gaps in NR.

Proposal 1: Need for gaps depends on whether the measured carrier frequency is included in UE operating BW. UE should be able to measure multiple frequencies without gaps if all are included in UE operating BW.
Proposal 2: Depending on UE implementation, measurement with Rx beamforming may or may not require gaps.
Proposal 3: Gaps configured by MN/SN apply only to serving cells in MN/SN.
Proposal 4: In EN-DC, if allowed by UE RF capability,

· MN gaps can be used to measure objects configured by SN in addition to those configured by MN; 

· SN gaps can be used to measure objects configured by MN in addition to those configured by SN
Proposal 5: 160ms MGRP is supported for NR. 

Proposal 6: RAN4 should further discuss if separate gaps are needed for CSI-RS based measurement.
Proposal 7: There is no need to restrict network to use single or multiple SMTCs across different frequency layers.
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