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1 Introduction

During previous meetings, the topic of requirements relating to operation of multiple numerologies has been discussed, and some top level agreements made as captured in [1]
Details of how requirement levels should be specified and what assumptions should be made for any gap between numerologies have not as yet been discussed.
The need for flexibility for the BS in allocating different numerologies and the management of interference between numerologies was discussed in [2]. Depending on the instantaneous situation, management of interference could involve allowing interference between numerologies, not allocating some RBs between numerologies to give frequency domain separation or relying on beamforming and spatial domain separation. The BS should not be constrained in the size of any guard between numerologies that it can apply.

Furthermore, it is not desirable to limit the instantaneous size of the numerologies. To do so would constrain the ability of the scheduler to perform resource management in a manner that could reduce the benefit of frequency multiplexing numerologies compared with only time domain multiplexing of numerologies.

Considering these design goals, this paper presents some proposals on how requirements could be set for multiple numerology.
2 Discussion

In principle, the RAN4 specification should not restrict reasonable implementations. As discussed in [3] and [4], however achieving the goal of scheduling flexibility is not possible to achieve if filtering is used. Thus any minimum requirement set assuming filtering could inherently prevent scheduling flexibility and vastly reduce the benefits of FDM multiplexing of numerologies. In any case, for inter-numerology, windowing seems to provide good performance [5]. To avoid restricting flexibility, the minimum in band requirements for multiple numerology should be set for both UE and BS based on assuming windowing to achieve isolation between numerologies.

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.

The gNB may decide to allocate no guard between numerologies when the link conditions are low SINR, or spatial separation can be achieved. In other circumstances, a guard may be allocated. The standards should require that the UE can receive independently of the number of PRBs allocated to the numerology and the size of any guard between numerologies. In case a more stringent interference situation than the minimum requirement arises, of course the performance will degrade.
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.
It is furthermore not desirable for there to be a need for signaling of the RB or power allocation to any other numerologies on that have not been scheduled to the UE.
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.

In principle, spatial differentiation can be used to avoid interference between numerologies. However for setting a requirement, it is preferable to avoid a test setup that requires multiple signal sources (for RX sensitivity) or measurement in multiple directions. Thus we propose that the requirement is based on both numerologies being transmitted & received in the same direction.

Proposal 4: The minimum requirement should assume both numerologies being transmitter / received in the same direction.
In order to set a minimum requirement, there is a need to define a test model with an assumed guard between numerologies. The guard used in the test model should not restrict the size of guard that can actually be used during real operation. Potentially, in order to ensure that the ability of the UE and BS to dynamically vary the guard size is properly excercised, several requirements could be set with different guard sizes.
Proposal 5: One or possibly 2 minimum requirements should be set. Each minimum requirement should have an assumed guard size between numerologies and an appropriate test model.

Since windowing is assumed for spectral confinement between numerologies, the EVM and selectivity requirement cannot be the same regardless of the guard size. Thus if more than one requirement is set, each requirement should have it’s own EVM and selectivity values that depend on the guard size.
Proposal 6: Each different requirement should have it’s own specific EVM and selectivity thresholds, that relate to the guard size.
3 Conclusion

This contribution has considered some of the issues for multiple numerology requirements and makes some proposals for ensuring that implementation flexibility is enabled whilst there is also a minimum requirement, defined in some circumstances.

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: One or possibly 2 minimum requirements should be set. Each minimum requirement should have an assumed guard size between numerologies and an appropriate test model.

Proposal 6: Each different requirement should have it’s own specific EVM and selectivity thresholds, that relate to the guard size.
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