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1. Introduction

In RAN4 Berlin meeting RAN4 had reached a conclusion on the definitions of intra/inter-frequency measurements for single SS block (SSB) transmission scenario. And in RAN4 Nagoya meeting RAN4 further discussed and reached consensus on the definitions of intra/inter-frequency measurements for multiple SSB transmission scenario. The updated definitions of intra/inter-frequency measurements were captured in [1] and reproduced here for information:
	SS block (SSB) based RRM Measurements:

· SSB based Intra-frequency Measurement: A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.
· SSB based Inter-frequency Measurement: A measurement is defined as a SSB based inter-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs are different.


On the other hand, categories of intra-frequency measurements are also discussed in WF [2]. The agreements are duplicated here：
	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 neighbor are the same, and 

· the subcarrier spacing of the SSB of the serving and neighbor 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 neighbor are the same, and 

· the subcarrier spacing of the SSB of the serving and neighbor 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


So in this contribution we further discuss remain issues on the measurement gaps for intra-frequency measurements in NR. 
2. Discussion

2.1. Need for Clarification of definitions
It is obvious to note that the definition of intra-frequency measurements in the LS to RAN2 [1] contradicts the definition of intra-frequency measurements in the WF [2]. In the LS [1], the SSB-based measurement is considered to be an intra-frequency one only if the SSB of the target cell and the SSB centre frequency of the serving cell indicated for measurement have the same centre frequency. On the other hand, in the WF [2], the SSB-based measurement is considered to be an intra-frequency measurement with measurement gap in the case where the centre frequency of the SSB of the target cell and the SSB of the serving cell have the same centre frequency but the different subcarrier spacing. Furthermore, the definition in WF does not limit the SSB of the serving cell to be the indicated one. This is clearly the confusion caused by lack of coordination. 

So RAN4 needs to clarify the definition of intra/inter-frequency. So we have the following proposal:
Proposal 1: the definitions of intra/inter-frequency measurements are updated as follows:

SS block based RRM Measurements:

	Categories
	Condition

	Intra-frequency Measurement without measurement gap
	· the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and

· the subcarrier spacing of the SSB of the serving and neighbor cell are the same, and

· UE operation CBW can cover both serving cell SSB and target cell SSB, and
· (Maybe some other conditions…)

	Intra-frequency Measurement with measurement gap
	· the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and
· the subcarrier spacing of the SSB of the serving and neighbor cell are the same, and
· 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
· (Maybe some other conditions…)

	Inter-frequency Measurement
	· the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are different, or
· the subcarrier spacing of the SSB of the serving and neighbour cell are different, and/or
· (Maybe some other conditions…)


Note that in the definitions above only the three agreed aspects are considered (the centre frequency of SSB, the SCS of SSB and whether SSBs can be covered by UE operation CBW). If more aspects are agreed in RAN4 84bis the definition of measurements should be further modified (the “Maybe some other conditions” part). 
2.2. Discussion on remain issues of definition of intra-frequency measurement
In Nagoya meeting companies had a detailed discussion on the conditions in which a SSB based intra-frequency measurement would need a measurement gap. Some conditions are agreed but there are still some conditions left for decision in RAN4 84bis. In the following section we will give our opinions on these conditions.
· 1. Depending on UE’s capability, if measurement gap is always needed for intra-frequency measurement of mmWave carriers
For millimetre waves, it is generally assumed that Rx beamforming will be applied at UE. Although the SSB of the target cell and the SSB of the serving cell indicated for measurement have the same centre frequency and the same SCS, the Rx beam for the SSB of the target cell and the Rx beam for the data transmission of the serving cell may be different. In this case, UE needs to switch the beam direction to the SSB of the target cell for measurement.  As a result, an interruption of the data transmission of the serving cell is caused. So the measurement gap is necessary. So we propose:
Proposal 2：Depending on UE’s capability, measurement gap is always needed for intra-frequency measurement of mmWave carriers.
· 2. 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.
It is proposed above that measurement gap is always needed for intra-frequency measurement of mmWave carriers. So we focus on sub-6GHz here. 
For sub-6GHz, although it is generally believed that the UE will use the omni-directional antenna for reception, but if Rx beamforming is used, measurement gap is always needed due to the same reason as the mmWave case. 
When omni-directional antenna is used, UE can sample the transmitted signal of the serving cell on the entire carrier to collect both SSB and non-SSB signal. Then UE can deal with SSB and non-SSB signal in two different ways. One way is that UE stores the samples in buffer and processes SSB REs and non-SSB REs sequentially. Another way is that UE equips multiple FFT units then SSB REs and non-SSB REs can be processed in parallel. Thus in principle, depending on UE’s capability, intra-frequency measurement can be evaluated without measurement gap when SSB RE and non-SSB RE in the same OFDM symbols of serving cell have different SCS. 
However, capturing the signal on the entire carrier is very energy-consuming because the sampling bandwidth to capture the signal on the entire carrier may be much bigger than UE’s activated BWP. Furthermore, it will need more hardware resources. Therefore, from the point of view of UE's energy saving we would like to limit the condition that intra-frequency measurements can be performed without a measurement gap to the case only if the centre frequency of the SSB is within the range of the UE’s activated BWP. 
Proposal 3: Depending on UE’s capability, intra-frequency measurement can be evaluated without measurement gap when SSB RE and non-SSB RE in the same OFDM symbols of serving cell have different SCS if the following conditions are satisfied:

· omni-directional antenna is used at UE, and

· the centre frequency of the SSB is within the range of the UE’s activated BWP
otherwise measurement gap is needed.
· 3. If measurement gap is needed if SCS of target cell SSB and collided serving cell non-SSB RE are different
The third issue is similar with the second one. So it is feasible that measurement gap is not needed when SCS of target cell SSB and collided serving cell non-SSB RE are different. 
Proposal 4: Depending on UE’s capability, intra-frequency measurement can be evaluated without measurement gap when SCS of target cell SSB and collided serving cell non-SSB RE are different if the following conditions are satisfied:

· omni-directional antenna is used at UE, and

· the centre frequency of the SSB of the target cell is within the range of the UE’s activated BWP
otherwise measurement gap is needed.
3. Conclusion

In this contribution we further discuss remain issues on the measurement gaps for intra-frequency measurements in NR. After discussion the following conclusions are made:
Proposal 1: the definitions of intra/inter-frequency measurements are updated as follows:

SS block based RRM Measurements:

	Categories
	Condition

	Intra-frequency Measurement without measurement gap
	· the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and

· the subcarrier spacing of the SSB of the serving and neighbor cell are the same, and

· UE operation CBW can cover both serving cell SSB and target cell SSB, and
· (Maybe some other conditions…)

	Intra-frequency Measurement with measurement gap
	· the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and
· the subcarrier spacing of the SSB of the serving and neighbor cell are the same, and
· 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
· (Maybe some other conditions…)

	Inter-frequency Measurement
	· the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are different, or
· the subcarrier spacing of the SSB of the serving and neighbour cell are different, and/or
· (Maybe some other conditions…)


Proposal 2：Depending on UE’s capability, measurement gap is always needed for intra-frequency measurement of mmWave carriers.
Proposal 3: Depending on UE’s capability, intra-frequency measurement can be evaluated without measurement gap when SSB RE and non-SSB RE in the same OFDM symbols of serving cell have different SCS if the following conditions are satisfied:

· omni-directional antenna is used at UE, and

· the centre frequency of the SSB is within the range of the UE’s activated BWP
otherwise measurement gap is needed.
Proposal 4: Depending on UE’s capability, intra-frequency measurement can be evaluated without measurement gap when SCS of target cell SSB and collided serving cell non-SSB RE are different if the following conditions are satisfied:

· omni-directional antenna is used at UE, and

· the centre frequency of the SSB of the target cell is within the range of the UE’s activated BWP
otherwise measurement gap is needed.
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