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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 need for measurement gap in NR.
2 Discussion 
The agreements and next steps on need for gaps in [1] are

	· It was agreed (R4-1707424) that there are 3 categories of measurement

· Intra-frequency measurement without measurement gap

· Intra-frequency measurement with measurement gap

· Inter-frequency measurement

· Corresponding definitions of intra and interfrequency measurement were also agreed

· Following use cases are agreed for measurement gap from RAN4 requirement point of view

· To enable UE to perform intrafrequency measurement when the SSB to be measured is not within the active bandwidth part

· To enable UE perform to RX beamforming in a different direction than the serving cell

· FFS for the use cases related to:

· To enable UE to perform intrafrequency measurement using a different sub carrier spacing than the serving cell PDCCH/PDSCH

· Interested companies are invited to analyze

· The need for measurement gaps for the additional use cases

· Any corresponding impacts such as UE capabilities to allow the gNB to correctly configure measurement gaps as needed

· Switching times to be assumed by RAN4 for each of the measurement gap use cases

· The target is to complete the analysis by RAN4#84bis

· RAN2 needs to be informed of any additional UE capabilities which may be necessary


2.1 Gaps for RF re-tuning

In RAN4#84, the definition of intra- and inter-frequency measurements were agreed. Also agreed was that inter-frequency measurement is assumed to be always gap based. In RAN4-NR-AH#3, it was further agreed that for intra-frequency measurement, in order to enable UE to perform intra-frequency measurement when the SSB to be measured is not within the active bandwidth part, measurement gaps are needed. In our understanding, the agreements are regarding whether intra/inter-frequency measurement requirements should be defined assuming gaps are used, but whether UE actually needs to re-tune its RF chain to perform the measurement is another issue.  
Proposal 1: RAN4 should separately discuss the need for gaps in terms of measurement requirements definition and requirement to network to provide gaps. 

For intra-frequency, the scenario where gaps are needed for intra-frequency measurement is shown in Figure 1. Based on [2], UE should be indicated with one specific SSB in the UE’s serving cell which is used for measurement for mobility purpose in multiple SSBs scenario, and measurement on the center frequency of this indicated SSB is considered intra-frequency. In Figure 1, there is only one SSB in the serving cell, and it is naturally the indicated SSB, however, this indicated SSB is not included in the UE active BWP, so the gap is needed and measurement should be assumed to be gap based. The scenario shown in Figure 1 is actually very similar as in LTE eMTC case. For eMTC, a capability intraFreq-CE-NeedForGaps-r13is defined to indicate whether UE can perform intra-frequency measurement without gaps, and we think similar capability should be also defined for NR.
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Figure 1: Example of intra-frequency measurement with gaps
For inter-frequency, in LTE inter-frequency requirements are gap based, but based on implementation, some UE may not actually need gaps to measure a certain band when operating on a certain band combination. This is indicated to the network as UE RF capability so that network does not need to configure gaps for such inter-frequency measurements. In our view, same approach should be followed in NR, and it is important to clarify the UE assumption regarding need for gaps, in order to allow network to save the overhead for gaps whenever possible.
Proposal 2: UE should report its capability on whether it can perform intra-/inter-frequency measurement without re-tuning to the network.

A particular scenario we are concerned is when inter-frequency carriers in the UE active BWP. In LTE 36.300, a measurement scenario like shown in Figure 2 is regarded as gap assisted and network would need to provide actual gaps, 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). Basically, UE should by default not require gaps for re-tuning if the signals to be measured are included in the UE active BWP.
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Figure 2: Examples of inter-frequency carriers without gaps
Proposal 3: UE should by default not require gaps for re-tuning to do intra/inter-frequency measurement on a carrier that is included in the UE active BWP.

The measurement gap length includes the measurement time and UE RF re-tuning time. In LTE the retuning time was assumed to be 0.5ms before and after the measurement time, thus giving the MGL 6ms. In NR it is reasonable to check if shorter re-tuning time is feasible as a general assumption for determining the MGL. In particular, if the measurement time is 2ms, in total 1ms re-tuning overhead is relative big. In addition, as the slot length in NR can be shorter than in LTE due to large SCS, shortening the re-tuning time can save more usable resources for data transmission. Therefore, we propose RAN4 to discuss the assumption of UE re-tuning time for NR.
Proposal 4: RAN4 to discuss the assumption of UE re-tuning time for NR.
2.2 Gaps for Rx beamforming
It is common understanding that when UE Rx beamforming is used, measurement gaps may be needed for UE to switch off from beams on its serving cell, in order to steer to other spatial directions to measure other beams in serving or neighbor cells, as this would cause interruption to data transmission in serving cell. On the other hand, RAN4 needs to discuss when network should assume UE is performing measurement with Rx beamforming and would require gaps in order to fulfill the measurement requirements, so that network can provide gaps as needed. 

In RAN4-NR-AH#3, two options on the assumption of UE need for gaps due to Rx beamforming were discussed

· Based on UE capability reporting
· Based on the band where the measurement is performed
Our preference is to introduce UE capability as different UEs may have different implementations on different bands. For example, some UE may use Rx beamforming for measurement on a specific band, while other UEs may not. The use of Rx beamforming may not necessarily on a certain band follow e.g. power class definition as proposed in [3]. Also, there may be some UE implementation (e.g. with multiple panels) that can do measurement without gaps even with Rx beamforming.

Proposal 5: UE should report its capability on whether it can perform Rx beamforming based measurement without gaps to the network. 
3 Conclusions 

In this paper, we provided our views on need for measurement gaps in NR.
Proposal 1: RAN4 should separately discuss the need for gaps in terms of measurement requirements definition and requirement to network to provide gaps.
Proposal 2: UE should report its capability on whether it can perform intra-/inter-frequency measurement without re-tuning to the network.
Proposal 3: UE should by default not require gaps for re-tuning to do intra/inter-frequency measurement on a carrier that is included in the UE active BWP.

Proposal 4: RAN4 to discuss the assumption of UE re-tuning time for NR.
Proposal 5: UE should report its capability on whether it can perform Rx beamforming based measurement without gaps to the network. 
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