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Introduction
In the WI stage, WFs on mixed numerology were agreed in [1-3]. An LS was sent to RAN1 in [4]. Based on these WFs and LS, a text proposal is provided for the NR TR.
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4.6
Mixed numerology requirements
4.6.1
Mixed Numerologies FDM operation use cases
A potential feature of NR is that the BS may transmit data using multiple numerologies in the same sub-frame using frequency division multiplexing. It has been agreed that in release 15, UEs will not be required to be able to receive data on multiple numerologies. If different parts of the same carrier are used for transmitting different numerologies, then the numerologies will not be fully orthogonal. Potentially, filtering or windowing could be used to achieve isolation between numerologies. In band emissions or EVM requirements, and receiver selectivity requirements could be considered to improve the inter-numerology isolation.

Two use cases for mixed numerology operation 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
4.6.2
Data/Data mixed numerology FDM operation
The need for introducing RF requirements for isolating numerologies in such scenarios was investigated. The following conclusions were reached:
BS requirements:

· FDMed mixed numerologies for downlink and uplink data channel from BS perspective can be supported without additional in-band RF requirements compared to single numerology.
· UE shall be able to TX and RX with one of these numerologies.

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
The decision was based around the following observations:

· For systems performing beamforming, spatial isolation between different users/numerologies may be achieved

· Inter-numerology interference does not impact performance at low to medium SINR

· At high SINR, the gNB scheduler can mitigate inter-numerology interference by means of allocating a guard between the numerologies; this would be an implementation decision


RAN4 also made the following working assumption: Rel-15 NR UE is not mandated to support simultaneous DL reception or UL transmission of multiple FDM’ed physical channels (e.g. NR PDSCH, PDCCH, PUSCH, PUCCH) with different numerologies at the same time instance.
4.6.3
Data/SS mixed numerology FDM operation
Transmission of SS and data using different numerologies is needed in systems supporting a different data numerology to the SS. Similar to the data/data case, there may exist interference between the SS and data numerologies. The following decisions were made:
· 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
The decision was based around the following observations about interference of data onto SS:

· The SS is designed for cell search to function at low SINR. In general, inter-numerology interference is not significant

· One potential case in which the interference could be more significant is the case in which data is transmitted using a very narrow beam in the same direction as a user who is attempting to detect SS from the same basestation, and the SS beam is wider. In this case, data may be received with higher power than the SS. However, this scenario only occurs when the user performing cell search is in the same direction as the user to whom data is transmitted, which is low probability and the associated degradation is not seen as significant.

and following observations around the degradation on data caused by SS

· Since the SS beam sweeps and is not transmitted in all subframes, any interference from SS onto data is only for a limited portion of the time

· Data is likely to be always transmitted with the same or grater beamforming gain than SS

· Any interference from SS is only significant at high SINR

· If there is any risk of interference to a high SINR user from SS during a subframe, the gNB scheduler can mitigate the interference by leaving a guard between the two as an implementation decision.
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