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1	Introduction
In RAN4 meeting 84 in Berlin RAN4 agreed LS in [1] in which RAN4 informed RAN1 and RAN2 what RAN4 discussed concerning the NR mixed numerologies FDM operation and associated impacts on requirements and UE implementation.
Two use cases were discussed:
· Use Case #1: Data and Data mixed numerology FDM
· FDM’ed transmission or reception of physical channels (e.g. NR PDSCH, PDCCH, PUSCH, PUCCH) with different numerologies at the same instance in DL or UL
· Use Case #2: Data and SS block (SS, PBCH) mixed numerology FDM
· FDM’ed transmission or reception of SS block (SS/PBCH) and other physical channels (e.g. NR PDSCH, PDCCH) with different numerologies in DL
In this paper we discuss further on use case #2.

2	Discussion
In [1] use case #2 discusses:
· Case 2 Data/SS mixed numerology FDM operation
· Data/SS mixed numerology FDM operation can be supported for both BS/UE without additional in-band RF requirements compared to single numerology. 
· Do not define dedicated BS and UE in-band RF requirements in Rel-15 related to Data/SS mixed numerology FDM.
· Support of simultaneous reception of Data/SS with mixed numerologies is optional from UE implementation perspective.
· RAN4 will investigate further how UE RRM requirements will take this into account
· Case 1: Intra-frequency cell identification and measurements on the target cell while receiving Data from the serving cell with different numerology from SS
· Other cases are not precluded
· Observations: 
· Support of FDM of different numerologies transmission or reception leads to increased UE implementation complexity which depends on the number of different simultaneously supported numerologies.
As listed in the LS RAN4 will continue to investigate how the UE RRM requirements will account for the support of simultaneous reception of data/SS with mixed numerology.
As mentioned in the LS the support of simultaneously reception of data and SSB with mixed numerology is optional for the UE. One important angle of this discussion the potential impact from having UEs which are not able to simultaneously receive data and SSB with different numerologies.
UEs which are not able to simultaneously receive data and SSB with different numerologies in FDM operation will not be able to perform neighbor cell detection and measurements during data transmissions, if the neighbor cell SSB is having different SCS than the SCS used for data transmissions.
Such limitations could have severe impact on the UE mobility capability. E.g. if the UE is not able to perform measurements during data transmissions due to mismatch between the SSB and data SCS, this could result in drop of connection. Additionally, limitations on the UE capability could lead to restrictions on the combinations of SCSs. E.g. to enable UE measurement simultaneously with data reception, the data SCS would need to be same as the SSB SCS.
Having UEs in the field which would not support intra-frequency cell identification and measurements on the target cell while receiving Data from the serving cell with different numerology from SS – even if it is only a part of the UEs – will have impact on overall system. Consequently, RAN4 needs to discuss how to account this.

2.2	Intra- and inter-frequency measurements
In RAN4#84 meeting a definition of the intra-frequency and inter-frequency categorization was agreed, and informed RAN2 about the definitions in [2]:
· 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 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 center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs are different.
It is still under discussion in RAN4 which measurements would be gap-assisted and which would not need measurement gaps.

2.2	SCS used for SS/PBCH Block for NSA
SS-Block contains PSS, SSS and PBCH. For each band, there will be a defined SCS for SSB for initial access while using other SCS for SSBs is not precluded. In RAN1 meeting Berlin RAN1 agreed that for NSA the UE can assume a single SSB SCS per carrier frequency [3]:
R1-1714667	WF on NW adaptation and indication of numerology used for SS block in NSA scenario	NTT DOCOMO, AT&T, InterDigital
Agreements:
· NR supports NW adaptation and indication of SCS used for SS/PBCH block for NSA carrier access
· RAN1 assumes that NSA carrier is the carrier that UE cannot access without NW assistance information
· UE can assume a single subcarrier spacing of SS/PBCH block per frequency carrier
· In case that target NSA carrier is in below 6 GHz range, 
· NW can adapt either 15 kHz or 30 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE
· In case that target NSA carrier is in between 6 GHz and 52.6 GHz range, 
· NW can adapt either 120 kHz or 240 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE
· If there is no indication on SCS used for SS/PBCH block transmission on target NSA carrier, UE assumes default SCS for SS/PBCH block transmission
From these agreements, it is seen that the UE for NSA can assume a single SCS of SSB per carrier frequency.

2.3	Mixed Data and SSB
Addressed in the agreements related to SSB based intra- and inter-frequency measurements and the SSB SCS is not directly addressing the mixed numerology between SSB and data. E.g. one example could be that SSB uses 120KHz SCS while the SCS for data is 240KHz.
As agreed support of mixed numerology between SSB and data is optional from UE point of view. However, from system operation it is important to ensure that also UEs, which do not support mixed data and SSB numerology, will be able to operate in such scenario. 
In order to enable all UE implementations there would be a need to ensure that UEs which are not supporting simultaneous multiple SSB/data numerology reception will also work well in those situations where were mixed numerology is used in the deployment.
In general, we assume that most UEs would support simultaneous reception of SSB and data with different numerology. Additionally, we assume that in most cases there will be no collision between data and SSB, as a collision would mean that data is transmitted in the same symbols as the SSBs. I.e. there would normally be enough opportunities for the UE to measure. When SSB and data using different numerologies are not transmitted simultaneously, even UEs which do not support simultaneous reception of SSB and data with different numerologies, will be able to perform cell detection and SSB based measurements without impact compared to supporting UEs. Based on this we propose:
Proposal 1: No relaxation is allowed when SSB and data with different numerologies is not occurring simultaneously.
For those cases where there is mixed numerology between SSB and Data, but there is no collision between SSB and data, there will be no relaxation in the requirements compared to the requirements for UEs supporting mixed numerology.
Proposal 2: Intra-frequency requirements applies when SSB and data with different numerologies are not overlapping.
For those situations where the SSB and data with different numerology is transmitted simultaneously, RAN4 should study how to ensure prober UE minimum requirements such that the requirements also cover the UEs which does not support the simultaneous reception SSB/Data reception with different numerologies. Our view is that there need to be well defined UE behavior and requirements for all UE types, independent whether they support of simultaneous reception of mixed SSB/data numerology or not.
Proposal 3: RAN4 need to develop requirements for UE supporting and not supporting simultaneous reception of data and SSB with different numerologies.

3	Conclusion
In this paper. we have discussed the issue of mixed numerology support. We list some agreement of interest for in connection with the topic of simultaneous reception of SSB and data with mixed numerologies. In general, we do not expect that collision of SSB and data will happen often. 
For those cases where there is mixed numerology between SSB and Data, but there is no collision between SSB and data, there will be no relaxation in the requirements compared to the requirements for UEs supporting mixed numerology.
Proposal 1: No relaxation is allowed when SSB and data with different numerologies is not occurring simultaneously.
Proposal 2: Intra-frequency requirements applies when SSB and data with different numerologies are not overlapping.
Proposal 3: RAN4 need to develop requirements for UE supporting and not supporting simultaneous reception of data and SSB with different numerologies.
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