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1 Introduction
Measurement gap is one of the most important issues in building NR RRM requirements, and it was extensively discussed in RAN4#84bis. An LS [1] was agreed which captures those aspects that require RAN2 signalling support. Also, a WF [2] was agreed which captures those aspects related to RAN4 further work. 
One open issue for RAN4 to further work is the measurement gap for intra-frequency measurement. Related agreements in [1] and [2] are copied below. 
	· RAN4 has discussed the following use cases for measurement gaps

· Measurement of interfrequency NR cells,

· Measurement of intrafrequency NR cells when the intrafrequency SS burst is not within the UEs active bandwidth part and hence the UE needs to perform RF retuning.

· RAN4 is still discussing if gap or other mechanism is used for

· Intrafrequency measurements within the active BW part on FR2 due possible RX beamforming

· Intrafrequency measurements within the active BW part with a different numerology between data/control and SS block

· In case gaps are used, or in case UE needs gaps for other purposes (e.g. interfrequency measurements), RAN4 assumption is that a single gap pattern as mentioned  in the measurement gap patterns section will be used.

	· It shall be assumed in release 15 that all UE are not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on FR2 serving cells during FR2 intra-frequency measurements, ie no capability is needed

· For UE not supporting mixed numerology scenarios in FR1 and FR2, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH for intra-frequency measurement without RF-retuning

· RAN4 is still discussing if gap or other mechanism is used for

· Intrafrequency measurements within the active BW part on FR2 due possible RX beamforming

· Intrafrequency measurements within the active BW part with a different numerology between data/control and SS block

To do in RAN4#85: study mechanisms on how to handle intra-frequency with no RF-retuning in both FR1 and FR2


The open issue is how to handle intra-frequency measurement in FR2 with RX beamforming and intra-frequency measurement with mixed numerology, whether measurement gap based solution or other solutions should be used. Besides, we have been discussing the need for gaps for intra- and inter-frequency measurement when signals to be measured are within UE active BWP, and this has not been considered carefully so far.
In this paper, we will provide our views on how to handle intra-frequency measurement with RX beamforming and mixed numerology, as well as need for gaps for the case when signals to be measured are within UE active BWP.

2 Discussion 
2.1 Intra-frequency measurement 
For UE doing intra-frequency measurement on FR2, it is agreed that UE is assumed not to be able to receive from different spatial directions at the same time due to Rx beamforming, so UE has to interrupt the data Tx and Rx on the serving beam so to sweep other directions for neighbour beams and cells, even the SSB is transmitted on the same carrier frequency as the serving beam of the serving cell. 
Similarly, for UE not capable of mixed numerology and doing measurement on SSB with different SCS than the data SCS from the serving cell (either overlapping in frequency domain or FDMed), UE has to interrupt the data Tx and Rx from the serving cell to measurement, even the SSB is transmitted on the same carrier frequency as the serving cell.

Solutions for above two cases were discussed in RAN4#84bis, and there are mainly two options:

1) Measurement based on explicit measurement gap

In this option, UE will be configured with measurement gaps even gaps are not needed for other purposes (e.g. inter-frequency measurement). If gaps are already configured for other purposes, same gaps will be shared for intra-frequency measurement. 

2) Measurement based on implicit gap e.g. SMTC

In this option, UE will not be configured with measurement gaps, but there is clear understanding between UE and network when UE would perform intra-frequency measurement thus is not expected to Tx or Rx data. Network is not expected to schedule any data to the UE when UE would perform measurement. One example mentioned during RAN4#84bis is that UE is always assumed to perform measurement during SMTC of the serving carrier.
Our view is that option 2), more specifically the SMTC based approach, should be adopted for handling intra-frequency measurement with RX beamforming or mixed numerology. Compared to explicit gap based approach, there are some benefits:
· The overhead for RF switching time is saved

· Avoid possible gap sharing with inter-frequency measurement

· For mixed numerology case, network can still schedule data with same SCS as SSB during SMTC

· Network can still schedule data in the SSB not used for measurement 

The last benefit comes from the below agreement from RAN1#90bis.

	· The network can indicate a set of SS blocks to be measured within the SMTC measurement duration (connected mode only) 
· The indication is per frequency layer
· The UE is not required to measure SS blocks not indicated as transmitted
· If there is no indication, the default value is that all SS blocks within the SMTC measurement duration 
· The signaling method is applicable to both intra- and inter-frequency measurements
· For connected mode:
· The signaling is via RRC and a full bitmap with length L 
· For idle mode
· No indication from gNB
· Note: this means that all SS blocks within the SMTC measurement duration 


Proposal 1: SMTC based approach is adopted for handling intra-frequency measurement with RX beamforming and mixed numerology.

· UE is not expected to Tx or Rx data in serving carrier SMTC in FR2
· UE is not expected to Tx or Rx data of different SCS than SCS of the serving carrier SSB in serving carrier SMTC.
2.2 Need for gaps 
In our paper [3] for RAN4#84bis, we proposed that RAN4 should separately discuss the need for gaps in terms of measurement requirements definition and requirement to network to provide gaps, same as in LTE. We think this is an important aspect to be captured in 38.133.

Basically RF switching is seen as needed for both intra- and inter-frequency measurement when the SSB is not in the UE active BW, so the measurement requirements are defined assuming gaps are used. However, some UE would support spare RF chain so measurement on certain carriers do not require network to provide the gaps (though the requirement are still based on gaps). For this RAN4 has made below agreement in [1].

	needforGaps capability signaling would reduce needed gaps in LTE+NR NSA operation and therefore is beneficial for capable UEs. RAN2 is recommended to evaluate the feasibility of extending the LTE ‘needforGaps’ signaling to include LTE+NR NSA operation


On the other hand, a particular scenario we are concerned is when inter-frequency carrier is in the UE active BWP. In LTE 36.300, a measurement scenario like shown in Figure 1 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 1: Examples of inter-frequency carriers without gaps
Proposal 2: 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.
3 Conclusions 

In this paper, we provided our views on on how to handle intra-frequency measurement with RX beamforming and mixed numerology, as well as need for gaps for the case when signals to be measured are within UE active BWP.
Proposal 1: SMTC based approach is adopted for handling intra-frequency measurement with RX beamforming and mixed numerology.

· UE is not expected to Tx or Rx data in serving carrier SMTC in FR2

· UE is not expected to Tx or Rx data of different SCS than SCS of the serving carrier SSB in serving carrier SMTC.
Proposal 2: 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.
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