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1. Introduction
In the last RAN4 meeting, there were discussions on mixed numerology in NR [1-3]. In the agreed way forward [4] whether intra-frequency measurement should be based on measurement gap is FFS.

· 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 the agreed way forward [5] it is also FFS the need of gaps for intra frequency measurement for the mixed numerology cases.
· FFS for the use cases related to:

· To enable  UE to perform intrafrequency measurement using a different sub carrier spacing than the serving cell PDCCH/PDSCH 

In this contribution we provide our further views on mixed numerology RRM requirements in NR.
2. Discussion
In the agreed way forward [6] it was agreed simultaneous reception of data and SS with mixed numerologies FDM operation is optional from UE implementation perspective. It means if data and SS are transmitted with FDM mixed numerologies UE will receive either data or SS only. Consequently either there will be data reception interruption or this SS block is discarded for RRM measurement.
There are two categories of intra frequency measurement. One is with RF retuning and the other is without RF retuning. For intra frequency measurement with RF retuning the data reception should be stopped anyway so there would be no problem with mixed numerologies. However for intra frequency measurement without RF retuning it needs to be further considered.
Scenarios for intra frequency measurement 

In RAN1 LS [7] following are agreed on SMTC configuration for intra-frequency  CONNECT mode measurement.
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,

· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured

· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
Based on the agreement, there are three possible scenarios for of SMTC configuration for intra-frequency measurement.
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Figure 1. Scenario 1:  One SMTC
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Figure 2. Scenario 2:  Two SMTCs, shorter periodicity for serving cell
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Figure 3. Scenario 3: Two SMTCs, longer periodicity for serving cell

For mixed numerology use case, non SSB serving cell signals, e.g. PDCCH/PDSCH etc, are FDM scheduled with serving cell SSBs. In scenario 3 it could also be overlapped in frequency domain with target cell SSB when no serving SSB overlaps with target cell SSB.
Generally from UE RRM measurement perspective, the mixed numerology use cases can be categorized into two cases. 

Case 1 is that serving cell non SSB signals are FDM scheduled with serving cell SSBs. 

Case 2 is that serving cell non SSB signals are only FDM scheduled or overlapped with target cell SSBs.
The case 2 were mainly discussed in the last meeting.  The case 2 corresponds to target cell SSBs are NOT overlapped with serving cell SSBs in scenarios 3. The case 1 corresponds to target cell SSBs are overlapped with serving cell SSBs in all the above three scenarios.
For UE not supporting simultaneous reception of SSB and non-SSB signals with mixed numerology, intra frequency measurement without gaps would have issues for the above cases. For case 2 it is obvious that UE cannot do intra frequency measurement when UE is receiving non-SSB signals with different SCS in the serving cell.  For case 1 we think UE cannot do intra frequency measurement either when receiving non-SSB signals in the serving cell. For example in scenario 3 it is not reasonable that when UE is receiving non-SSBs signals in the serving cell UE can measure target cell on SSBs overlapped with serving cell SSBs but UE cannot measure target cell on SSBs not overlapped with serving cell SSBs when non SSB signals are received.
Proposal 1: Both of cases that target cell SSBs overlapped and not overlapped with serving cell SSBs should be considered when specifying RRM requirements for mixed numerologies use cases.
Proposal 2: All of the three intra frequency measurement scenarios are considered when defining intra frequency measurement requirements for mixed numerologies use cases.
UE intra frequency measurement requirements 

For intra frequency measurement with gaps there should be no issue as no data receiving is expected during the measurement gap.  Only requirements for intra frequency measurement without gaps should be studied.
Proposal 3: No issue is identified for intra frequency measurement with gaps for mixed numerology.
Regarding the issues for intra frequency measurement without gaps, there were several options being raised in the last meeting. 

Option 1 is to define UE capability of supporting or not supporting simultaneous reception of SSB signals and non-SSB signals with different SCS. For UE supporting simultaneous reception it can measure intra frequency cells the same as the same numerology. However for UE not supporting simultaneous reception different requirements may be needed. It is beneficial if some UE support mixed numerology handling in terms of system throughput performance and mobility performance.
Option 2 is to use gaps for intra frequency measurement. The discussion was mainly on case 2. Actually if only case 2 is considered we don’t think measurement gaps would help. It is high likely only one measurement gap pattern is used for intra frequency measurement with gaps. The serving cell SSB should be included in measurement gaps which is not true for case 2. However if we consider case 1 and case 2 together, i.e. all of the three scenarios, then measurement gap could help. 
Option 3 is based on NW implementation that NW reserves enough SS blocks for UE measurement. Though it is beneficial that NW can make trade off between throughput and mobility, there are some conditions to be met. It depends on how requirements for intra frequency measurement without gaps are defined. If UE needs most of the SSBs during the measurement period for measurement then there would be not much SSBs being left for scheduling data. On the other hand UE needs to monitor PDCCH frequently which may make it hard to reserve the SS blocks for UE measurement.
Option 4 is based on UE implementation to discard the SSBs for measurement for drop data. Considering the measurement window would last for 5ms the interruption rate would be too high. Furthermore considering frequent PDCCH monitoring the interruption rate could be even higher.
In summary, following proposals are present.

Proposal 4: Introduce UE capability for UE supporting simultaneous reception with mixed numerology.
Proposal 5: Specify different RRM requirements for different UE capability.
· For UE not supporting simultaneous reception

· Gaps are needed for intra frequency measurement without RF retuning

· Requirements for intra frequency measurement with gaps apply

· For UE supporting simultaneous reception

· Requirements for intra frequency measurement without gaps apply

3. Conclusion
In this contribution, we provide our views on RRM requirements for mixed numerology in NR.
Proposal 1: Both of cases that target cell SSBs overlapped and not overlapped with serving cell SSBs should be considered when specifying RRM requirements for mixed numerologies use cases.
Proposal 2: All of the three intra frequency measurement scenarios are considered when defining intra frequency measurement requirements for mixed numerologies use cases.
Proposal 3: No issue is identified for intra frequency measurement with gaps for mixed numerology.
Proposal 4: Introduce UE capability for UE supporting simultaneous reception with mixed numerology.
Proposal 5: Specify different RRM requirements for different UE capability.
· For UE not supporting simultaneous reception

· Gaps are needed for intra frequency measurement without RF retuning

· Requirements for intra frequency measurement with gaps apply

· For UE supporting simultaneous reception

· Requirements for intra frequency measurement without gaps apply
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