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1. Introduction
In the last RAN4 meeting, there were discussions on intra-frequency measurement gap in NR [3-10]. In the way forward [1] there are agreements on intra-frequency measurement as follows.

· 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
· 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.

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

In the LS [2] to RAN2 the following UE capability of supporting intra-frequency measurement of different numerology is defined.
· 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.

UE capabilities

· For UE capabilities, RAN4’s agreements are

· The capability to concurrently perform intrafrequency measurement on serving cell or neighbor cell and receive PDCCH or PDSCH from the serving cell with a different numerology is a band independent UE capability

In this contribution, we further provide our views on intra-frequency measurement for NR.
2. Discussion
2.1 Mixed numerology
It was agreed that UE capability of supporting mixed numerology for intra-frequency measurement on serving cell and/or neighbour cell and receiving data from the serving cell will be defined. For UE not supporting mixed numerology it is not expected to transmit/receive data when UE is performing intra-frequency measurement without RF retuning. But how to define requirements for this kind of UE is not decided yet. There are different options to be considered.
One option, Option 1, is to use gaps for intra-frequency measurement without RF retuning for mixed numerology cases. The gaps are shared between intra-frequency measurement and inter-frequency measurement. In this approach the UE behaviour is clear to the network. Therefore the network can schedule the UE out of the gaps. The cons is that intra-frequency measurement delay would be compromised.
Another option, Option 2, is to use visible interruption as proposed in contribution [4]. In this approach the UE actually always prioritize intra-frequency measurement. When UE is scheduled with different numerology from serving cell and/or target cell SSBs, the network can mute the data transmission if it is aware that it is collided or FDMed with serving cell and/or target cell SSBs. As the network doesn’t know which SMTC occasion would be used by UE for intra-frequency measurement the network has to assume all the SMTC occasions are used by UE. For example in Figure 1 all the SMTC occasions of target cell is assumed for intra-frequency measurement which in reality may not be the case. If the SMTC periodicity of target cell is short, e.g. 5ms or 10ms, the mixed numerology cannot be used in the network at all.
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Figure 1 Two SMTCs, longer periodicity for serving cell

One additional option, Option 3, is to extend intra-frequency measurement delay requirements for mixed numerology use case. If it needs x STMC occasions to meet intra-frequency measurement delay requirements without gaps, then the measurement delay can be extended, e.g. y times longer for mixed numerology scenarios, as depicted in Figure 2. In this case the network can schedule the UE with mixed numerology on (y-1)/y SMTC occasions during the measurement delay period. It is up to network implementation on which occasions are reserved for intra-frequency measurement. In this case data reception/transmission is always prioritized. As long as there is no collided or FDMed data scheduling the SMTC occasion can always be used for intra-frequency measurement.
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Figure 2 Extension of intra-frequency measurement delay for mixed numerology

In our view, option 3 is more flexible than option 1 in terms of intra-frequency measurement delay and data scheduling. When no gaps are needed for other purpose option 3 is of a gapless solution. Of course option 1 is also a simple solution and can work well. Option 2 seems not be desirable as it is not allowed to schedule UE with mixed numerology to serving cell and/or target cell SSBs.
Proposal 1: To enable UE to perform intra frequency measurement using a different sub carrier spacing than the serving cell PDCCH/PDSCH, two options as follows can be considered.

Option 1: Intra-frequency measurement delay requirements are extended for mixed numerology scenarios and network reserve SMTC occasions for intra-frequency measurement.
Option 2: Gaps are used for intra-frequency measurement.

2.2 Rx beamforming
In RAN4 NR#3 meeting it was agreed to enable UE perform to RX beamforming in a different direction than the serving cell measurement gaps are needed from RAN4 requirements point of view. During the discussion in the RAN4#84bis meeting, there was agreement that in FR1 it is assumed that UE does not need gaps for intra frequency measurements due to RX beamforming. However in FR2 UE may need gaps and/or another interruption mechanism based on the SMTC configuration for intra-frequency measurements. 
In the LS [2] it indicated that 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. If there are gaps configured for inter-frequency measurement, then intra-frequency measurement in FR2 due to Rx beamforming can be performed by sharing gaps with inter-frequency measurement. When no gaps are configured for any other purpose, then gaps based or interruption based intra-frequency measurement in FR2 can be considered.
The gaps based intra-frequency measurement in FR2 is simple and easy to control the mobility performance by configuring different measurement gap periodicity despite the UE will lose the scheduling opportunity during the measurement gap.
For the interruption based on SMTC configuration mechanism is also fine from RAN4 requirements perspective. The network can either schedule the UE during the SMTC occasion for intra-frequency measurement in FR2 or not. If the UE is scheduled during the SMTC occasion, then it can be successfully received by UE with multiple panels or the Rx beam direction for intra-frequency measurement and serving cell data reception is the same. But for UE without multiple panels or Rx beam direction for measurement and data reception is different the UE could lost the data and retransmission is needed. If the UE is not scheduled during the SMTC occasion then there is performance loss which would be worse than gap based mechanism as the gap periodicity could be configured longer than SMTC periodicity.
It seems both solutions are fine to define intra-frequency measurement requirements in FR2. It is slightly preferred to use gaps based mechanism in Rel-15.
Proposal 2: Gaps based mechanism is used to define intra-frequency measurement requirements in FR2.
3. Conclusion
In this contribution, we further provided our views on intra-frequency measurement for NR. Based on observations following proposals are present.
Proposal 1: To enable UE to perform intra frequency measurement using a different sub carrier spacing than the serving cell PDCCH/PDSCH, two options as follows can be considered.

Option 1: Intra-frequency measurement delay requirements are extended for mixed numerology scenarios and network reserve SMTC occasions for intra-frequency measurement.
Option 2: Gaps are used for intra-frequency measurement.

Proposal 2: Gaps based mechanism is used to define intra-frequency measurement requirements in FR2.
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