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1 Introduction
In RAN4#84 meeting, RAN4 had extensive discussion on UE measurement capability. And the applicability for intra-frequency measurement was captured in [1]. The related agreements were captured as follows: 
	Way Forward on the applicability for intra-frequency measurement
SSB based measurement
	Categories
	Conditions

	Intra-frequency measurement without measurement gap 
	· the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour are the same, and 
· the subcarrier spacing of the SSB of the serving and neighbour cell are the same, and 
· UE operation CBW can cover both serving cell SSB and target cell SSB, and

	Intra-frequency measurement with measurement gap 

	· the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour are the same, and 
· the subcarrier spacing of the SSB of the serving and neighbour cell are different, and/or 
· UE operation CBW cannot cover serving cell SSB and target cell SSB (the UE CBW in this case might vary among different OFDM symbols), and/or 



It is to be decided in RAN4#84bis that
·  Depending on UE’s capability, if measurement gap is always needed for intra-frequency measurement of mmWave carriers
· Depending on UE’s capability, if measurement gap is always needed for intra-frequency measurement if SSB RE and non-SSB RE in the same OFDM symbols of serving cell have different SCS.
· If measurement gap is needed if SCS of target cell SSB and collided serving cell non-SSB RE are different



In this contribution, we further discuss the applicability for intra-frequency measurement and provide our consideration and proposals. 
2 Discussion
In last RAN4 NR Adhoc#3 meeting, we had a lot of discussion on the applicability for intra-frequency measurement with/without measurement gap.
In NR, especially for mmWave case, if the Rx beamforming is used for NR UE reception, UE may not able to perform neighbour intra-frequency cell measurement and PDCCH/PDSCH reception of serving cell simultaneously, since the direction of Rx beam for target cell SSB reception and serving cell data reception is different as shown in figure 1, UE needs to adjust its Rx beam direction from the serving cell to a neighbour cell for cell detection and intra-frequency RRM measurement assuming that UE only support one Rx beam pattern at one time.


Figure 1: Example of Rx beam switching for intra-frequency measurement
Proposal 1: Depending on UE’s capability, if Rx beamforming is used for NR UE, measurement gap is always needed for intra-frequency measurement.
In last meeting, the mixed numerology issues for intra-frequency measurement were raised and had extensive discussion. One scenario is that the SCS of SSB REs and data REs in the same symbols of serving cell may be different as show in figure 2, e.g. the SCS of SSB is 15KHz and the SCS of data is 30KHz. UE may not have the capability to treat the SSB and data of serving cell simultaneously, since the sampling rate for SSB and data is different. During the time of symbol m, UE is prioritized to perform the SSB based measurement, and it is better to not schedule data for UE. Thus, for such case, UE may not need RF retuning but measurement gap is needed.


Figure 2: The SCS of SSB REs and data REs are different during the time of symbol m of serving cell
Proposal 2: Depending on UE’s capability, if the SCS of SSB RE and non-SSB RE during the time of SSB symbol of serving cell are different, measurement gap is needed for SSB based measurement.
Another scenario is the situation if the SCS of target cell SSB and collided serving cell non-SSB are different when UEs perform intra-frequency measurement. Assuming that Rx beamforming is not used for UE, UE can receive simultaneously SSB of target cell and data of serving cell as show in figure3.  If the SCS of target cell SSB and collided serving cell non-SSB are different, UE may not have the capability to measure the target cell SSB and collided serving cell non-SSB at the same time. Thus, two alternative options can be considered. Option 1 is to define straightforward the measurement gap for such scenario. Option 2 is to define interruption requirements, if UE supports SCS switching dynamically, UE could switch to the SCS of target cell SSB for intra-frequency measurement and then switch back to the SCS of serving cell data for data reception. The SCS switching delay need to be specified.  Different companies have different preference between option 1 and option 2. From network scheduling point of view, we believe measurement gap is the better solution, since option 2 has some interruption due to SCS switching. Moreover, option 2 is more complicated from UE implementation point of view.

Figure 3: The SCS of target cell SSB REs and collided serving cell non-SSB REs are different
Proposal 3: Depending on UE’s capability, if the SCS of target cell SSB and collided serving cell non-SSB are different, measurement gap is needed for intra-frequency measurement.
3	Conclusion
In this paper, we further discuss the applicability for intra-frequency measurement and provide our proposals as follows:
Proposal 1: Depending on UE’s capability, if Rx beamforming is used for NR UE, measurement gap is always needed for intra-frequency measurement.
Proposal 2: Depending on UE’s capability, if the SCS of SSB RE and non-SSB RE during the time of SSB symbol of serving cell are different, measurement gap is needed for SSB based measurement.
Proposal 3: Depending on UE’s capability, if the SCS of target cell SSB and collided serving cell non-SSB are different, measurement gap is needed for intra-frequency measurement.
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