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1	Introduction
RAN4 NR ad hoc in June 2017 made the following agreements related to NR in-band mixed numerology requirements in [1]:

	· Case 1 Data/Data mixed numerology FDM requirements
· UE requirements
· Case 1 mixed numerology FDM can be supported without additional UE in-band RF requirements compared to single numerology (e.g. via using inter-numerology guard bands)
· Do not define in-band UE RF requirements for Case 1 mixed numerology FDM in Rel-15
· FFS if any additional mixed numerologies requirements need to be introduced in future releases
· Note: BS requirements are based on R4-1706320 (i.e. no BS requirements)

· Case 2 Data/SS mixed numerology FDM requirements
· Companies views in NR#2 meeting
· View 1: Do not define dedicated RF requirements for Data/SS mixed numerology use case
· View 2: Develop Rel-15 UE requirements for the mixed numerology in-band case where UE receives data and SS/PBCH
· UE receiver intra-band RF requirements
· UE intra-band neighbour cell identification requirements
· Way forwards
· FFS if BS or UE requirements for Data/SS mixed numerology use case are needed. Companies are encouraged to bring further inputs on
· Feasibility of Case 2 mixed numerologies FDM operation from RAN1 design perspective
· Impact on Data channels performance due to mixed numerologies FDM operation
· Impact on SS/PBCH performance due to mixed numerologies FDM operation
· Target BS and UE requirements (e.g. BS RF, UE RF, RRM, UE demodulation)





As RAN4 has now confirmed that no mixed numerology FDM requirements for data only will be defined in Rel-15, in this contribution we continue the discussion on need for mixed numerology FDM requirements between data and synchronization signals and PBCH.  

2	Discussion
Since RAN4 has now agreed that in Rel-15 mixed numerology FDM requirements are only considered between data and SS/PBCH, it should also be possible to confirm that no UE or BS mixed numerology FDM requirements are developed for UL in Rel-15. 
Proposal 1: RAN4 to agree that no UL requirements for UE or BS are developed for mixed numerology FDM case in Rel-15.


The remaining open item on mixed numerology FDM requirements in Rel-15 is whether to define any UE or BS requirements for the Case 2 with Data and SS/PBCH in the agreed RAN4 way forward. Companies were encouraged to provide further input on the feasibility and impacts on data and SS/PBCH mixed numerology case. 
As already discussed in [1], it is not always possible to avoid different numerologies in DL between data and SS/PBCH since all the subcarrier spacings defined for data are not supported for SS/PBCH. For instance, 60 kHz subcarrier spacing for data is not supported for SS/PBCH. Thus, if NR network uses 60 kHz SCS for data, it has to use mixed numerologies between data and PBCH on the same NR carrier. Then the question remains if it is always possible to use time multiplexing of DL data and SS/PBCH or if also frequency domain multiplexing of DL data and SS/PBCH is needed. Considering that SS and PBCH do not occupy full channel bandwidth it would seem reasonable to assume that it should be possible to use other remaining PRBs for data instead of needing to leave them always empty. It also our understanding that this is also RAN1’s current assumption.
Observation 1: In DL, mixed numerology FDM cannot always be avoided between data and SS/PBCH in practical NR network deployments, even within Rel-15 time frame.
It has been shown earlier e.g. in [3] that DL FDM mixed numerology transmission can be supported without any in-band spectral confinement method as the DL EVM performance will remain good even in mixed numerology case.  In the case 2 with mixed numerologies between data and SS/PBCH the same UE may need to be able to receive both data and SS/PBCH with different numerologies and at the same time. Thus, in-band spectral confinement methods between data and SS/PBCH may not necessarily even be beneficial in all cases since spectral confinement could degrade SS signal quality (EVM) like we have seen in earlier RAN4 studies for in-band spectral confinement methods.  Like noted in [4], we also see that no UE or BS RF requirements are needed a for mixed numerology FDM requirements between DL data and SS/PBCH. 
Proposal 2: No UE or BS DL RF requirements are developed for Data/SS mixed numerology FDM case in Rel-15
When different numerologies are used between DL data and SS/PBCH, one UE needs to be able to receive both data and synchronization signals on the same cell and channel bandwidth with different numerologies. It is even possible that this UE needs to be able receive both DL data and SS/PBCH at the same time but with different numerologies. The UE also needs to be able to search and identify neighboring cells on the same carrier using SS while receiving data and SS/PBCH from its own serving cell or beam.  This would indicate that UE demodulation and cell identification requirements with different numerologies between data and SS/PBCH transmitted and received at the same time would need to be developed in Rel-15.
Proposal 3. Develop UE demodulation and cell identification requirements for DL data and SS/PBCH mixed numerology case in Rel-15.
3	Conclusions
Following the earlier RAN4 decisions on mixed numerology FDM requirements, we have analyzed the case 2 with different numerologies between data and SS/PBCH. Based on the analyses we propose the following for the RAN4 requirement work in Rel-15:  

Proposal 1: RAN4 to agree that no UL requirements for UE or BS are developed for mixed numerology FDM case in Rel-15.
Proposal 2: No UE or BS DL RF requirements are developed for Data/SS mixed numerology FDM case in Rel-15
Proposal 3. Develop UE demodulation and cell identification requirements for DL data and SS/PBCH mixed numerology case in Rel-15.
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