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Introduction
At the RAN#71 meeting, the new SI of  “Study on NR New Radio Access Technology” [1] was approved with fundamental physical layer signal structure for new RAT as one of the targeting areas, including
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
In this contribution, we put forward some considerations on the waveform design for new RAT which apply to our performance evaluation assumptions [2].

Waveform Categorization
There have been various waveforms in recent study. In-band orthogonality can be adopted to categorize waveforms into the following four categories:
· Complex orthogonal
· Complex quasi-orthogonal
· Real orthogonal
· Non-orthogonal. 
For example, OFDM, SC-FDMA, and UFMC are complex orthogonal as the time-domain symbols are self-contained and the subcarriers within are orthogonal. F-OFDM is complex quasi-orthogonal as the sub-band filter is usually longer than the CP length, and thus introducing negligible in-band interference. FBMC-OQAM and GFDM-OQAM are real orthogonal as offset modulation is deployed. FBMC-QAM, GFDM-QAM and windowed-OFDM are non-orthogonal as there is non-negligible interference between subcarriers that requires cancellation.
Proposal 1 Waveform categorization can be based on in-band orthogonality. 

Prioritization
In-band interference is mainly caused by the non-orthogonality of the waveform. It can be interpreted as extra noise when evaluating demodulation performance. With non-negligible in-band interference, the receiver is required to perform interference cancellation, e.g., in a recursive manner, because interference pattern can only be estimated when sufficient demodulation is done. The processing complexity will grow exponentially when the interference cancellation incorporates channel estimation, equalization, and channel decoder altogether. Especially, the processing complexity may become prohibitively high when the non-orthogonal waveform is combined with non-orthogonal multiple access. For orthogonal or quasi-orthogonal waveforms, in-band interference is negligible and there is no such concerns. Therefore, we would like to suggest that the study on orthogonal waveforms should be prioritized. 
Proposal 2: The study on orthogonal or quasi-orthogonal waveforms, either in the complex dimension or in the real dimension, should be prioritized.

Evaluation methodology
Performance evaluation on waveforms requires a systematic methodology where a set of metrics are to be defined. Since spectrum analysis may not reflect the actual post-demodulation interference which is the real mitigation target of the waveform, we suggest use the post-demodulation signal-to-interference (SIR) on out-of-band subcarriers as one of the link-level metrics to evaluate the waveform’s performance on out-of-band interference suppression.
Proposal 3: Post-demodulation SIR should be one of the link-level metrics to evaluate the waveform’s performance on out-of-band interference suppression.

Filter design issues
For waveforms based on sub-band filtering, filter design is a big issue. Finite impulse response filters are usually generated by multiplying a time-domain window to an ideal low-pass filter, which expands the main lobe.
Longer filters usually have a narrower transition band. It keeps the in-band filter response flat and reduces the guard subcarrier consumption allocated in the transition band. However, longer filter yields a long effective channel which is usually longer than CP and thus may introduce inter-block interference to both in-band and out-of-band subcarriers. Such interference can be reduced by extending the CP length at the expense of spectral efficiency.
On the other hand, shorter filters may have a larger transition band which either introduces in-band attenuation at the band-edge or fails to suppress the out-of-band interference at the band-edge.
Therefore, filter length should be optimized based on demodulation performance.
Proposal 4: Filter length for subband-filtering-based waveform should be optimized according to the demodulation performance.

Conclusions
In the contribution, we put forward the following proposals on waveform design for new RAT:
Proposal 1 Waveform categorization can be based on in-band orthogonality. 
Proposal 2: The study on orthogonal or quasi-orthogonal waveforms, either on the complex dimension or on the real dimension, should be prioritized.
Proposal 3: Post-demodulation SIR should be one of the link-level metrics to evaluate the waveform’s performance on out-of-band interference suppression.
Proposal 4: Filter length for subband-filtering-based waveform should be optimized according to the demodulation performance.

References
RP-160671, “New SID Proposal: Study on New Radio Access Technology”, NTT DOCOMO, 3GPP TSG RAN Meeting #71, Göteborg, Sweden, 7.-10. March, 2016
R1-162750, “Link-level performance evaluation on waveforms for new RAT”, Spreadtrum Communications.
[bookmark: _GoBack]
