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Discussion and Decision
1
Discussion
The waveform decisions are an important milestone in the new radio design, along with numerology and frame structure. Without concluding these aspects, most of the physical layer design cannot progress in realistic terms, as all these issues are interconnected. 

So far RAN1 has identified waveform candidates, has crafted a set of simulations scenarios which would provide further understanding on the pros and cons of different waveform proposals. The power amplifier discussion has also started with good progress and understanding on the modelling, at least for below 6GHz. There are however several benchmarking points which need to be stressed so that the remaining discussions on waveforms would conclude in a timely manner without jeopardising the NR completion timeframe.
Spectral efficiency in NR
The current waveform scenarios are looking at the same waveform numerology utilization in both DL and UL as well as at scenarios with mixed numerology utilization, which are highlighting one of the main questions RAN1 needs to answer, that is the in-band spectral efficiency when single and multiple numerologies are utilized. The latter point is particularly important as it may lead to several outcomes: a resource placement which indicates what guard tones need to be preserved when different numerologies are multiplexed in frequency, or ways in which the transmitter can handle such transmissions with multiple numerologies. In the chase for the best spectral confinement technique, ones needs to remember that spectral efficiency is a critical requirement for NR. This implies that higher order modulations, such as 256 QAM, should be used in the current evaluations for both DL and UL. 

Proposal 1: Waveform performance with higher order modulation and coding schemes are one of the main decision criteria in waveform selection.
PA utilization 

So far the calibration simulations for NR waveform with PA have been done using a fixed output power [2]. The agreed Rapp PA nominal operating point for the base station transmitter is at a fairly linear region, resulting in relatively ideal performance for all waveforms. The UE TX power used in the UL calibration simulations was around 22 dBm, which means noticeable PA back-off with the selected UL PA model. To further evaluate how the waveforms compare to each other, it should be investigated how much output power could be achieved, while meeting minimum requirements for EVM and unwanted spectrum emissions.
For reference, the LTE DL and UL signals and emission requirements can be used, at least for frequencies below 6 GHz. For DL, one reference point can be 45 dB ACLR; for UL 30 dB can be used.

Proposal 2: Waveforms should also be evaluated for their maximum achievable output power, while meeting EVM and unwanted spectrum emissions requirements. For below 6 GHz, existing LTE minimum requirements may be used as a starting point (45 dB and 30 dB ACLR for DL and UL, respectively).
Independent design of Tx and Rx units for NR
Up to this point, the discussion about NR waveforms has concentrated on the evaluation of Tx and Rx units supporting the same waveform. This allows the use of matched filtering in Rx side for example in the case of f-OFDM and UF-OFDM. In addition, the evaluations with interfering signals assume that the interfering signal uses the same waveform. In these cases, it is often mistaken that the good performance of a certain waveform is because the Tx and Rx use the same filter or window. In reality, both the transmitter and receiver need to have the liberty of having independent implementations and hence most of the gains would be achieved by using some method to improve spectral containment in Tx and provide side band attenuation in the Rx. This means that it is of paramount importance to continue the waveform testability with such independent design for Tx and Rx units.
Proposal 3: The waveform evaluations should consider independent design of Tx and Rx units.

One main question is related to the final goals RAN1 has on the waveform investigation. Indeed, the current discussions are involving important RAN4 expertise such as spectrum masks definitions, power amplifiers design, adjacent channel leakage ratios, etc. On the other hand RAN1 is interested in defining an efficient resource grid which would be the basis of further design. Hence RAN1 needs to conclude on the spectral utilization of a new radio carrier provided that spectral efficiency meets also the designed requirements.

Proposal 4: RAN1 concludes on the spectral utilization meeting the target spectral efficiency and communicates this outcome to RAN4. Further work on out of band and in-band performance and requirements in terms of emission requirements, demodulation performance requirements, etc, are performed by RAN4.
2
Summary
In this short contribution we have been highlighting several important points which should be considered in the waveform discussions. Our proposals are summarized as follows:
Proposal 1: Waveform performance with higher order modulation and coding schemes are one of the main decision criteria in waveform selection.
Proposal 2: Waveforms should also be evaluated for their maximum achievable output power, while meeting EVM and unwanted spectrum emissions requirements. For below 6 GHz, existing LTE minimum requirements may be used as a starting point (45 dB and 30 dB ACLR for DL and UL, respectively).
Proposal 3: The waveform evaluations should consider independent design of Tx and Rx units.

Proposal 4: RAN1 concludes on the spectral utilization meeting the target spectral efficiency and communicates this outcome to RAN4. Further work on out of band and in-band performance and requirements in terms of emission requirements, demodulation performance requirements, etc, are performed by RAN4.
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