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1. Introduction
In RAN4 AH NR#3 meeting, a WF was approved in [1] for the applicability for intra-frequency measurement, duplicated as below,
	SS block (SSB) based RRM Measurements:
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 continue to discuss the remaining issues of applicability for intra-frequency measurement. 
2. Definition
2.1. Rx beam switching in intra-frequency 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/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 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 4, 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 4. Rx beam pattern for serving cell data reception and target cell measurement

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, we propose that:

Proposal 1: The measurement gap shall be always assumed for intra-frequency cell measurement/identification in mmWave.
2.2. Mixed numerologies in intra-frequency measurement 

There are two cases identified in last meeting, which are related with mixed numerologies,

· 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

2.2.1. Scenarios for mixed numerologies 

We list all the possible mixed numerologies scenarios as below

( FDM scenario for serving cell : the signals with different numerologies are on different BW part.

(1) FDM-scenario 1: data/data mixed numerologies of serving cell

Two data parts from serving cell have different SCS.

(2) FDM-scenario 2: in-band data/SS mixed numerologies (SS includes SS block or CSI-RS)

As shown in figure 1, SS of target cell (target cell can be serving cell or neighbour cell) and data from serving cell has different SCS and they are FDM on the frequency domain, e.g., data part may be using 30kHz SCS and SS of target cell is using 15kHz.
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Figure 1. example of FDM-scenario 2: in-band data/SS mixed numerologies

( Colliding scenario: the signals with different numerologies are collided on time and frequency domain.

(1) Colliding-scenario 1: in-band data/SS mixed numerologies (SS includes SS block or CSI-RS)

UE is receiving the data from serving cell and meanwhile UE is required to perform the measurement for target cell SS. The SS of target cell is fully or partially overlapped with serving cell data REs. An example is shown as figure 2.
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Figure 2. example of colliding-scenario 1: in-band data/SS mixed numerologies
(2) colliding-scenario 2: in-band SSB/CSI-RS mixed numerologies 

UE is required to perform the measurement for SSB from target cell 1 and CSI-RS from target cell 2, but those SSB and CSI-RS has different numerologies and they are overlapped.
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Figure 3. example of colliding-scenario 2: in-band SSB/CSI-RS mixed numerologies

2.2.2. Intra-frequency measurement for mixed numerologies

Since in RF session the UE capability of support mixed numerologies is optional for FDM cases, for the intra-frequency case shall be more tightened case than FDM, and the minimum requirement of UE capability shall be specified that UE is required to support one numerology at the same time instance in the same band.
Proposal 2: To define the minimum UE capability requirement, UE is assumed to monitor a single numerology per frequency layer for one time instance.

In this section, we analyse the RRM requirement for both FDM-scenarios and colliding-scenarios, based on the baseline UE capability.

· FDM-scenario 1: in-band data/data mixed numerologies

No RRM measurement impacts. 

· FDM-scenario 2: in-band data/SS mixed numerologies (SS includes SS block or CSI-RS)

Data RE reception and SS measurement occur at same time, and even they are on FDM, based on UE capability on mix numerologies of FDM, UE may need gap to measurement the SS of target cell. In last meeting, 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 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. 
Observation 1: using visible interruption is a flexible way to deal with the FDM-scenario2 (in-band data/SS mixed numerologies). During the visible interruption, serving cell will not expect that UE can receive or transmit any signal.
· Intra-frequency-scenario 1: in-band data/SS mixed numerologies 

If the semi-persistence scheduling (SPS) is used for this target UE, then it may be difficult to avoid this data/SS mixed numerologies from network side. Therefore, similar as FDM-scenario 2, so the RRM requirement could also be designed with visible interruption.

Observation 2: using visible interruption is a flexible way to deal with the Intra-frequency-scenario 1 (in-band data/SS mixed numerologies).
· Intra-frequency-scenario 2: in-band SSB/CSI-RS mixed numerologies

As shown in figure 4, SSB from serving cell and CSI-RS from neighbour cell has different numerologies and they are overlapped. Based on the UE capability in proposal 1, UE is not able to measure both of those CSI-RS and SSB at the same time, and then the visible interruption might be needed in this scenario since serving cell is aware that the SSB of serving cell is collided with the CSI-RS from neighbour cell (if serving cell configure UE to measure the target CSI-RS). Regarding the network implementation, it might difficult to avoid this scenario since the CSI-RS is decided by neighbour cell rather than the current serving cell. So visible interruption is a most feasible way in this scenario.

Observation 3: using visible interruption is a more feasible way to deal with the Intra-frequency-scenario 2(in-band SSB/CSI-RS mixed numerologies) than limiting network implementation.
Based on the analysis, the RRM measurement for mixed numerologies scenarios may need visible interruption based on proposed UE capability. In addition, for some cases, UE need to detect an unknown intra-frequency cell without any SCS information about this target cell, then UE may need some hypothesis to try the possible SCS, and in this case UE may not be able to decode the data REs from serving cell. 
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 3: For sub 6GHz case, visible interruption is always needed for intra-frequency measurement as long as SSB RE and non-SSB RE are in the same OFDM symbols of serving cell. During the visible interruption, serving cell will not expect that UE can receive or transmit any signal.
Proposal 4: For sub 6GHz case, visible interruption is always needed as long as SCS of target cell SSB and serving cell non-SSB RE are collided on same time/frequency resource. During the visible interruption, serving cell will not expect that UE can receive or transmit any signal.
3. Conclusions

In this contribution we continue to discuss the remaining issues of intra-/inter-frequency measurement definitions. 
Proposal 1: The measurement gap shall be always assumed for intra-frequency cell measurement/identification in mmWave.
Proposal 2: To define the minimum UE capability requirement, UE is assumed to monitor a single numerology per frequency layer for one time instance.

Proposal 3: For sub 6GHz case, visible interruption is always needed for intra-frequency measurement as long as SSB RE and non-SSB RE are in the same OFDM symbols of serving cell. During the visible interruption, serving cell will not expect that UE can receive or transmit any signal.

Proposal 4: For sub 6GHz case, visible interruption is always needed as long as SCS of target cell SSB and serving cell non-SSB RE are collided on same time/frequency resource. During the visible interruption, serving cell will not expect that UE can receive or transmit any signal.
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