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1 Introduction

During RAN4#82bis, some papers were presented on in-band requirements for supporting multiple numerologies, although there was no formal conclusion on how the requirements should be written, or even whether specification of such requirements (and support for multiple numerologies) is needed for the first release of NR.
We reiterate our proposals as presented in [1,2] for supporting multiple numerology on the data channel, in case it be deemed useful to define such requirements in release 15. The proposals from [1,2] are copied into the conclusion of this document for further consideration. However consideration should also be given as to whether requirements are necessary in this release. As discussed in this paper, the need for such requirements appears fairly marginal.
Regardless of how to handle FDM of numerologies on the data channel, there is a need to ensure that multiplexing of a synchronization signal and a data channel carrying different numerology is properly handled in release 15. This document considers further handling of SS/data multiplexing with multiple numerologies, with the conclusion that there is no need to set RAN4 requirements for this case.
2 Discussion

The Synchronization Signal (SS) will be transmitted periodically in a subset of the carrier bandwidth. It is likely that a single numerology (per band) will be used for PSS/SSS transmission. It is quite possible that the PSS/SSS numerology (i.e. subcarrier spacing) may differ from the subcarrier spacing used for the data channel. Since this will be the case, there will be scenarios in which there is in effect FDM of multiple numerologies for PSS/SSS and data.
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The synchronization signal may be transmitted across a wider beamwidth than the data, since it is a common signal required for multiple access (to achieve the link budget in particular for range 2, the PSS/SSS may be transmitted with some beamforming at multiple times to multiple parts of the cell; however in many cases the beamwidth is likely to be larger than is the case for data). The data channel on the other hand may be beamformed. If the data channel is beamformed, then interference from the PSS/SSS to the data channel will be reduced by the difference in beamforming gain. Interference from the data channel onto the PSS/SSS will be high within the data channel beam, since the data channel interference will increase with the beamforming gain but will be relatively low elsewhere.
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Whether the scenario in which the PSS/SSS is blocked by a beamformed data channel is of importance is probably an RRM issue and may need some further thought. If the data channel is scheduled in a particular direction over several PSS/SSS instances, then synchronization for any UE that is in the same direction as the data beam may be compromised or fail. The probability of such an event occurring may need some further consideration, as well as the interference level (and hence degradation) that the data channel causes to the SS. It should be noted that degradation could occur due to inter-numerology interference at the transmit side (EVM) and/or at the receiver side (selectivity).
For a scenario in which there is no beamforming at the BS (e.g. at lower frequencies in range 1) or the PSS/SSS beamwidth is the same as the data channel beamwidth, then the antenna gain on the PSS/SSS and the data channel will be equal.

A preliminary qualitative analysis of the impact of inter-numerology interference can be made as follows:
Beamforming BS
A beamforming BS is considered in this case to be a BS with many antennas.

Interference from PSS/SSS to data channel: 

Since the data channel will experience the same or greater beamforming gain than the PSS/SSS, the interference from PSS/SSS to the data channel will be to some extent suppressed. Thus there is no need for any additional spectral isolation or selectivity towards the PSS/SSS and no need for RAN4 requirements for this scenario.
Interference from the data channel towards the PSS/SSS:

The PSS/SSS will need to be designed to be received at low SINR due to it’s nature as a common channel reaching to the edge of the cell. Since the data channel is beamformed, some of the coverage area of the PSS/SSS may be unaffected by the data channel transmission at a given time. Within the data channel beamwidth, the PSS/SSS may be subject to a relatively larger amount of interference from the data. However, considering that the PSS/SSS needs to be designed to operate at SINR as low as -6dB (i.e. an EVM of 200%), and also that the PSS/SSS is likely to have a wider subcarrier spacing than the data (hence the amount of inter-numerology interference from data to PSS/SSS is likely to be low) then even the beamformed data channel is not likely to cause a significant degradation of PSS/SSS performance.
Non-beamforming BS

In low frequency bands, the BS may not perform beamforming (although it is still the case that the BS will likely have 2 or 4 TX).
Interference from data channel to PSS/SSS
In this scenario, the interference from the data channel to the PSS/SSS will be received with the same power as the PSS/SSS (but attenuated in FFT sidelobes). Nonetheless, considering that the PSS/SSS will be designed to operate down to at least -6dB, which corresponds to 200% EVM, the data channel is unlikely to cause loss of detection performance.
Interference from PSS/SSS to data channel:

With no beamforming of the data channel, interference from the PSS/SSS to the data channel could have more of an impact at high SINR. However with no beamforming, the maximum achieved SINR that is achieved will be limited. Simulations in [1] suggest that even with no guard between numerologies and no spectral isolation mechanism, for SINR below 20dB interference between numerologies will not cause any significant loss in data throughput. Furthermore, PSS/SSS is not transmitted continuously, so even if there would be a small impact to throughput the average impact would be further reduced. Thus there appears to be no motivation to introduce additional RAN4 requirements relating to simultaneous transmission of PSS/SSS and data channels even in this scenario.
3 Conclusion

This contribution has considered the need for introducing RAN4 requirements covering situations in which PSS/SSS and data channels are transmitted simultaneously using different numerologies. A qualitative analysis suggests that it may not be necessary to introduce any RAN4 requirements relating to this situation.

Thus the only potential scenario suggesting RAN4 requirements relating to multiple numerology transmission would be situations in which data would be transmitted and received simultaneously on different numerologies (e.g. both numerologies transmitted to the same UE). Even in this case, when the SINR is low or beamforming can be used to achieve spatial differentiation, there is no need for any special spectral isolation and any RAN4 requirements. Previous analysis [1] suggested that there could be some small throughput improvement at high SINR from using windowing to separate numerologies. Of course, at high SINR, there is likely to be beamforming (for achieving the high SINR) and thus the probability for numerologies to be scheduled in the same direction is low. Thus the need for RAN4 requirements covering simultaneous transmission of data on different numerologies is also pretty marginal.

In case requirements are developed, our proposals are reiterated in the appendix. However it could also be considered that considering the pretty marginal benefits of introducing requirements and the high workload for achieving NR completion within the phase 1 timescale, no multiple numerology related requirements are introduced in phase 1.
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5 Appendix
The following are proposals  for setting an in-band requirement [1,2], in case this is useful As analysed in this paper, the need for setting requirements in rel-15 is marginal.
Proposal 1: When setting the BS and UE minimum requirements for inter-numerology, windowing should be assumed for any spectral localization between numerologies in the same carrier.

Proposal 2: It should be stated in specifications that the UE is required to be able to receive from a particular numerology regardless of the number of allocated PRBs and size of any inter-numerology guard.

Proposal 3: It should not be necessary for there to be any indication to the UE of RB or power allocation on other numerologies to other UEs on the same carrier.

Proposal 4: The minimum requirement should assume both numerologies being transmitter / received in the same direction.
Proposal 5: Assume [2] RB guard band for setting a minimum requirement for inter-numerology EVM.

Proposal 6: Study further the need to set an RX selectivity requirement (and possibly EVM) with zero guard between the numerologies.
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