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1. Introduction
In RAN4 #84 meeting, some discussion progress was recorded in an approved WF [1], duplicated as below,
	SS block (SSB) based RRM Measurements:
· SSB based Intra-frequency Measurement: A measurement is defined as a SSB based intra-frequency measurement provided:
· 
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.

· SSB based Inter-frequency Measurement: A measurement is defined as a SSB based inter-frequency measurement provided:
· the center frequency of the SSB of the serving cell and center frequency of the SSB of he neighbour cell are different, or 

· the subcarrier spacing of the SSB of the serving and neighbour cell are different. 

CSI-RS based RRM Measurements:
·  CSI-RS based Intra-frequency Measurement: A measurement is defined as a CSI-RS based intra-frequency measurement provided:
· the bandwidth of the CSI-RS resource configured for measurement on the neighbour cell is within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, and 

· the subcarrier spacing of serving cell and neighbour cell CSI-RS are the same.

·  CSI-RS based Inter-frequency Measurement: A measurement is defined as a CSI-RS based inter-frequency measurement provided:
· the bandwidth of the CSI-RS resource configured for measurement on the neighbour cell is not within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, or 

· the subcarrier spacing of serving cell and neighbour cell CSI-RS are different.
Three categories of measurement are agreed

· Intra-frequency measurement without RF retuning

· Intra-frequency measurement with RF retuning

· Inter-frequency measurement with RF retuning

It is FFS if the center frequency of SS block of serving and/or target cell is shifted within the cell identification and measurement period.


In this contribution we continue to discuss the remaining issues of intra-/inter-frequency measurement definitions. 
2. Definition
2.1. Definition extended to time domain for non-mmWave case
A LS[2]was sent to RAN2 to indicate the definition of intra-frequency and inter-frequency measurements, and in the definition two dimensions were considered: frequency position and subcarrier spacing. 

For SS block measurement: (1) whether center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are the same or not, and (2) whether the subcarrier spacing of the two SSBs are the same or not.
For CSI-RS measurement: (1) whether or not the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, and (2) whether the subcarrier spacing of the two CSI-RS resources are the same or not.
However, the time domain position of the reference signals were not considered in the approved definition, and that may also cause some ambiguity to apply the definition in RAN4/2/1. In the Figure 1, the SS block/CSI-RS of serving cell and target cell share the same center frequency and use the same SCS, but the SS block/CSI-RS of serving cell are carried on the different OFDM symbols from SS block/CSI-RS of target cell. The inter-frequency measurement definition is always assume RF retuning is used, and the figure 1 case may not need RF retuning at UE side. So the only possibility to categorize this case is intra-frequency measurement, and whether RF retuning is needed or not depends on UE operation CBW, e.g. if UE CBW is same as serving cell SS block/CSI-RS BW at t1 but UE CBW is changed to other BWP at t2, then it shall be defined as intra-frequency measurement with RF retuning.    
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Figure 1. example for measurement definition in time domain
Proposal 1: the definition of intra-frequency and inter-frequency measurement don’t need to be modified if the SS block/CSI-RS of serving cell and target cell are not overlapped on time domain.  
At t2, the SS blocks/CSI-RS of neighbour cell may collides with serving cell data REs, then there might be two possibilities, if the serving cell data REs SCS is same as SS blocks/CSI-RS of neighbour cell, then RF retuning may not be needed, otherwise RF retuning is needed. To summarize all the scenarios for non-mmWave case, the following tables are drawn (all the analysis are based on UE capability of supporting 1 numerology at one time instance). Similar to LTE, the RRM requirement may differentiate due to whether gap is used or not, so here we would like to categorize requirements into inter-frequency, intra-frequency with measurement gap and intra-frequency without measurement gap.
· SS blocks based measurement

	Categories
	Scenarios

	Inter-frequency measurement
	· the center frequency of the SSB of the serving cell and center 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

	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

· If the SSB of the serving and target cells are not overlapped on time domain, the subcarrier spacing of target cell SSB and serving cell data REs (scheduled to this UE) on the same frequency position are same

	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 the same, and 

· UE operation CBW cannot cover serving cell SSB or target cell SSB (the UE CBW in this case might vary among different OFDM symbols), or

· If the SSB of the serving and target cells are not overlapped on time domain, the subcarrier spacing of target cell SSB and serving cell data REs (scheduled to this UE) on the same frequency position are different


· CSI-RS based measurement

	Categories
	Scenarios

	Inter-frequency measurement
	· the bandwidth of the CSI-RS resource configured for measurement on the neighbour cell is not within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, or 

· the subcarrier spacing of serving cell and neighbour cell CSI-RS are different.

	Intra-frequency measurement without measurement gap
	· the bandwidth of the CSI-RS resource configured for measurement on the neighbour cell is within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, and 

· the subcarrier spacing of serving cell and neighbour cell CSI-RS are the same, and
· UE operation CBW can cover serving cell CSI-RS, and

· If the CSI-RS of the serving and target cells are not overlapped on time domain, the subcarrier spacing of target cell CSI-RS and serving cell data REs(scheduled to this UE) on the same frequency position are same

	Intra-frequency measurement with measurement gap
	· the bandwidth of the CSI-RS resource configured for measurement on the neighbour cell is within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, and 

· the subcarrier spacing of serving cell and neighbour cell CSI-RS are the same, and

· UE operation CBW cannot cover serving cell CSI-RS, or

· If the CSI-RS of the serving and target cells are not overlapped on time domain, the subcarrier spacing of target cell CSI-RS and serving cell data REs(scheduled to this UE) on the same frequency position are different


2.2. Rx beam switching in measurement 

In mmWave, if the Rx beamforming is used at UE, it may results into a situation that UE need to use different Rx beam pattern to receive data from serving cell and to measurement the reference signal from target cell, and in this case the Rx beamforming switching may cause RF retuning (RF adjustment on spatial domain) during the measurement. However, the Rx beam switching may not impact the definition of intra-frequency and inter-frequency measurement since the current definition is only related with the frequency and SCS. It’s worthwhile to further analyse the categories of measurement under Rx beamforming (all the analysis here are based on UE capability of supporting 1 Rx beam pattern at one time instance).
In figure 2, 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. In this case, the category of measurement shall be defined as intra-frequency measurement with RF retuning. However, if the Rx beam pattern for serving cell data reception is same as for target cell measurement, then RF retuning may be not needed. 
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Figure 2. Rx beam pattern for serving cell data reception and target cell measurement
So to summarize all the scenarios for mmWave case, the following tables are drawn(all the analysis here are based on UE capability of supporting 1 Rx beam pattern at one time instance),
· SS blocks based measurement

	Categories
	Scenarios

	Inter-frequency measurement
	· the center frequency of the SSB of the serving cell and center 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

	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

· If the SSB of the serving and target cells are not overlapped on time domain, the subcarrier spacing of target cell SSB and serving cell data REs (scheduled to this UE) on the same frequency position are same, and
· If the SSB of the serving and target cells are not overlapped on time domain, the Rx beamforming pattern of target cell SSB and serving cell data REs (scheduled to this UE) on the same frequency position are same

	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 the same, and 

· UE operation CBW cannot cover serving cell SSB or target cell SSB (the UE CBW in this case might vary among different OFDM symbols), or

· If the SSB of the serving and target cells are not overlapped on time domain, the subcarrier spacing of target cell SSB and serving cell data REs (scheduled to this UE) on the same frequency position are different, or
· If the SSB of the serving and target cells are not overlapped on time domain, the Rx beamforming pattern of target cell SSB and serving cell data REs (scheduled to this UE) on the same frequency position are different


· CSI-RS based measurement

	Categories
	Scenarios

	Inter-frequency measurement
	· the bandwidth of the CSI-RS resource configured for measurement on the neighbour cell is not within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, or 

· the subcarrier spacing of serving cell and neighbour cell CSI-RS are different.

	Intra-frequency measurement without measurement gap
	· the bandwidth of the CSI-RS resource configured for measurement on the neighbour cell is within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, and 

· the subcarrier spacing of serving cell and neighbour cell CSI-RS are the same, and

· UE operation CBW can cover serving cell CSI-RS, and

· If the CSI-RS of the serving and target cells are not overlapped on time domain, the subcarrier spacing of target cell CSI-RS and serving cell data REs(scheduled to this UE) on the same frequency position are same, and

· If the CSI-RS of the serving and target cells are not overlapped on time domain, the Rx beamforming pattern of target cell CSI-RS and serving cell data REs(scheduled to this UE) on the same frequency position are same

	Intra-frequency measurement with measurement gap
	· the bandwidth of the CSI-RS resource configured for measurement on the neighbour cell is within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, and 

· the subcarrier spacing of serving cell and neighbour cell CSI-RS are the same, and

· UE operation CBW cannot cover serving cell CSI-RS, or

· If the CSI-RS of the serving and target cells are not overlapped on time domain, the subcarrier spacing of target cell CSI-RS and serving cell data REs(scheduled to this UE) on the same frequency position are different, or
· If the CSI-RS of the serving and target cells are not overlapped on time domain, the Rx beamforming pattern of target cell CSI-RS and serving cell data REs(scheduled to this UE) on the same frequency position are different


However, which Rx beamforming pattern is used is dependent to UE implementation, and that is transparent to network, so in order to avoid ambiguity between UE and network, there might be two options:

Option 1: Configure gap for the cases when data REs are collided with target cell SSB/CSI-RS

Since the data scheduling is done by serving cell(e.g. semi-persistence scheduling) and serving cell is aware on which symbols data to this UE may collide with the target cell SSB/CSI-RS, serving cell may always configure measurement gap for this case regardless of any Rx beamforming information.

Option 2: Indicate Rx beamforming related information to serving cell when data reception is collided with target cell measurement.

UE may indicate serving cell whether the same Rx beamforming pattern will be used for serving cell data reception and target cell SSB/CSI-RS measurement, and then serving cell is easy to decide whether measurement gap is needed or not. But how to indicate this information may be FFS.
Proposal 2: RAN4 needs to discuss the solutions for the case when serving cell data reception is collided with target cell measurement in mmWave, e.g. option 1 or option 2 in this paper.
Proposal 3: RAN4 needs to decide the conditions for applying different measurement categories, e.g. tables in this paper. 
2.3. Multiple SS blocks case in measurement definition

The assumption in SS block based measurement definition is: the same cell transmits only one SSB [2]. If multiple SSB are distributed in different BWPs in the full CBW, there might be two possibilities based on the current progress,
(1) Configured in one measurement object

If there are multiple SSBs in the whole CBW and they are configured in one individual measurement object, then UE is required to measurement all of these SSBs and it may may need to compare the SCS and center frequency of the target cell SSBs within this measurement object with the serving cell SSBs. If any of the SSB of target cell has different center-frequency or SCS of corresponding SSB of serving cell then it shall be considered as inter-frequency measurement.

(2) Configured in different measurement object

If there are multiple SSBs in the whole CBW and each of those SSBs is contained into an unique measurement object, and the existing definition of measurement shall still be applicable for this case.
Besides the multiple SSBs case, there are one remaining open issue from last meeting, 
It is FFS if the center frequency of SS block of serving and/or target cell is shifted within the cell identification and measurement period.
In order to design a requirement to be applicable for this center-frequency shifting case, we would like to consider the worst one to be used here, that is, when the center frequency of SS block of serving and/or target cell is shifted within the cell identification and measurement period, as long as at least one inter-frequency measurement/identification occasion is observed within the whole measurement/identification period, the inter-frequency measurement/identification requirement shall be applied.

Proposal 4: When the center frequency of SS block of serving and/or target cell is shifted within the cell identification and measurement period, as long as at least one inter-frequency measurement/identification occasion is observed within the whole measurement/identification period, the inter-frequency measurement/identification requirement shall be applied.

3. Conclusions

In this contribution we continue to discuss the remaining issues of intra-/inter-frequency measurement definitions. 

Proposal 1: the definition of intra-frequency and inter-frequency measurement don’t need to be modified if the SS block/CSI-RS of serving cell and target cell are not overlapped on time domain.  
Proposal 2: RAN4 needs to discuss the solutions for the case when serving cell data reception is collided with target cell measurement in mmWave, e.g. option 1 or option 2 in this paper.
Proposal 3: RAN4 needs to decide the conditions for applying different measurement categories, e.g. tables in this paper. 
Proposal 4: When the center frequency of SS block of serving and/or target cell is shifted within the cell identification and measurement period, as long as at least one inter-frequency measurement/identification occasion is observed within the whole measurement/identification period, the inter-frequency measurement/identification requirement shall be applied.
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