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1. Introduction

In RAN4 #84bis meeting, a WF was approved in [1], and some of the agreements were duplicated as below,
	· Agreement on intra-frequency measurements for FR1/2
· 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

· Agreements on measurement gap configuration
· 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

· Agreements on gap sharing

· Gap sharing between intra-frequency with gap  and inter-frequency measurement

· Configurable by NW with up to 4 levels including equal sharing


In this contribution we will continue to discuss how to handle the intra-frequency with no RF-retuning in both FR1 and FR2.
2. Gap patterns
2.1 Intra-frequency measurement with Rx beam switching

In FR2, if intra-frequency measurements are conducted within the active BW part with possible RX beamforming, it may results into a situation that UE need to use different Rx beam pattern to receive/measure signal from serving cell and to measure the reference signal from target cell, and in this case the Rx beamforming switching may cause RF adjustment on spatial domain during the measurement. 

For instance, SSB/CSI-RS of target cell is collided with serving cell data for the UE, and the Rx beam pattern for target cell SSB/CSI-RS and for data reception is different, so UE might be unable to conduct both neighbour cell measurement and serving cell data reception simultaneously. If the Rx beam pattern for serving cell data reception is same as for target cell measurement, then RF adjustment may be not needed. However, which Rx beamforming pattern is used is dependent to UE implementation, and that is transparent to network for all the periodical measurement occasions, so in order to avoid ambiguity between UE and network, we propose to use measurement gap or visible interruption for all FR2 measurement. Moreover, in the last meeting, there was discussion on how to handle intra-frequency measurement without gap in FR2. The arguments then are UE does not need RF retuning due to Rx beam switching and the corresponding 500us RF retuning time can be saved. However, it still takes time for UE to switch the Rx beam. Depending on phase-shifted based or Rx panel switching based Rx beam switching, it generally still requires from several tens of nano-seconds to tens of micro-seconds, which may be not a negligible part to a FR2 slot. That means one slot should be reserved for Rx beam switching. When SCS is 60KHz, 250us (one slot length) of Rx beam switching is required. So the existing gap shall be reused for intra-frequency measurement with Rx beam switching.
Proposal 1: The measurement gap shall be always assumed for intra-frequency cell measurement/identification in FR2.

The gap applicability shall be discussed further for different scenarios. If UE only support per-UE gap and it is working on LTE+FR2-NR DC, per-UE gap shall be always used for intra-frequency measurement of FR2 NR cell, while if UE declare to support independent gap (per band group gap) and it is working on LTE+FR2-NR DC, independent gap shall be always used for intra-frequency measurement of FR2 NR cell but will not cause any interruption to LTE RAT.
2.2 Intra-frequency measurement with mixed numerologies
If the intra-frequency measurements are conducted within the active BW part but with a different numerology between data/control and SS block, based on UE capability on mix numerologies of FDM, UE may need gap/interruption to measurement the SS of target cell. In previous meetings, some companies commented that this issue may be addressed by network implementation, e.g. scheduling optimization. However, if the semi-persistence scheduling (SPS) is used for this target UE, then it may be difficult to avoid this data/SS mixed numerologies. However serving cell is aware whether the scheduled data REs are collided with target SS or not. Therefore using a visible interruption is a flexible way for both network and UE, which means network can easily mute the data transmission during this visible interruption to this UE and network will also expect no UL signal from this UE during this visible interruption even though it is scheduled as SPS. 
The advantage of using visible interruption is: it don’t need to configure a repetition period and duration compared with legacy gap, and therefore it will be much more flexible than configuring a gap. Moreover, in proposal 1, the intra-frequency measurement in mmWave will always use measurement gap, and therefore in this section the visible interruption only need to consider for sub 6GHz cases. So in general, we would propose that,
Proposal 2: In FR1, visible interruption is needed for intra-frequency measurement when intra-frequency measurements are conducted within the active BW part but with a different numerology between data/control and SS block. During the visible interruption, serving cell will not expect that UE can receive or transmit any signal.
2.3 Gap with visible interruption
In FR1, if measurement gap is already configured for inter-frequency measurement and the gap duration is overlapped with the visible interruption of intra-frequency measurement, only gap will be applied for both inter-frequency and intra-frequency measurement. If the gap duration is not overlapped with visible interruption, the gap and visible interruption shall be handled separately, which may cause more data loss within a certain time period (because both gap and visible interruption exists), however, all the measurement objects configuration and scheduling is controlled by network, and network may be able to configure gap pattern to cover the SMTC measurement window, so we propose to
Proposal 3: In FR1, if measurement gap is already configured for inter-frequency measurement or intra-frequency measurement, UE will use this measurement gap to conduct the intra-frequency measurement with mixed numerologies, and no visible interruption will be assumed.

3. Conclusion
In this contribution we will continue to discuss how to handle the intra-frequency with no RF-retuning in both FR1 and FR2.

Proposal 1: The measurement gap shall be always assumed for intra-frequency cell measurement/identification in FR2.

Proposal 2: In FR1, visible interruption is needed for intra-frequency measurement when intra-frequency measurements are conducted within the active BW part but with a different numerology between data/control and SS block. During the visible interruption, serving cell will not expect that UE can receive or transmit any signal.
Proposal 3: In FR1, if measurement gap is already configured for inter-frequency measurement or intra-frequency measurement, UE will use this measurement gap to conduct the intra-frequency measurement with mixed numerologies, and no visible interruption will be assumed.
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