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1 Introduction

According to the evaluation results for the 5 cases [1-5] agreed in RAN1 #84bis and #85, the observations and proposals for NR waveform are further discussed and summarized in this contribution.
2 Observations
· PA non-linearity
From the PSD evaluation and test for the PA models and real PA [1], it is observed that PA non-linearity will dominate the far-end OOBE (out-of-band emission) in terms of the noise floor, while the transition region which ranges from the data pass-band edge to the noise floor, is mainly determined by the frequency localization performance of waveforms.
· Guard band requirements in a carrier
NR waveform can be much more spectrally confined than CP-OFDM of LTE, and thus, can support higher spectrum utilization than LTE for both downlink and uplink.
Based on the evaluation and test results, it is found that up to 98% spectrum utilization can be achieved while fulfilling the 3GPP spectrum mask, ACLR and EVM requirements. [1]
· In-band guard band requirements for frequency multiplexing of mixed numerology

For both downlink and uplink mixed numerology cases, the guard band requirement is dependent on the power offset between subbands, transmission MCS and scheduled bandwidth. In general, zero guard tone is preferred to achieve the best spectrum efficiency. In some specific cases, e.g. >10dB received power offset between subbands and high MCS, some guard band reservation is beneficial [4]. Therefore, it can be concluded that a non-zero fixed number of guard tones is inefficient for in-band mixed numerology co-existence.
· In-band guard band requirements for asynchronous uplink transmission
Similar observation as mixed numerology case above can be made. The in-band guard band requirement for asynchronous uplink transmission also depend on the power offset between subbands, MCS and scheduled bandwidth. Therefore, a non-zero fixed number of guard tones is not preferred for the best spectrum efficiency.
· Waveform parameters
Based on the subband interference analysis in [5], spectrally confined waveforms at both Tx and Rx are needed to suppress the inter-subband interference. Generally, the longer the window/filter length, the smaller the inter-subband interference level.

For W-OFDM, the window slope length has to be carefully chosen to provide a balance between spectrum confinement and ISI robustness. The ISI robustness is weakened by longer window at both Tx and Rx, which results in BLER performance loss especially in large delay spread channel.
For f-OFDM, the constraint on filter design can be much relaxed, since the filter tail is of small power and will not cause ISI issue in any practical fading channel even considering real channel estimation. 
3 Summary
Based on the above observations, we have the following proposals,
Proposal 1: NR should support a CP-OFDM based waveform which is more spectrally confined than LTE for DL and UL (i.e. up to 98% spectrum utilization in a carrier).
Proposal 2: NR should not define any non-zero fixed guard band between subbands with different numerologies.
References
[1] Huawei, HiSilicon, “Waveform evaluation updates for case1a and case 1b”, R1-166093, Gothenburg, Sweden, August 22-26, 2016.
[2] Huawei, HiSilicon, “Waveform evaluation updates for case 2”, R1-166120, Gothenburg, Sweden, August 22-26, 2016.
[3] Huawei, HiSilicon, “Waveform evaluation results for case 3”, R1-166090, Gothenburg, Sweden, August 22-26, 2016.

[4] Huawei, HiSilicon, “Waveform evaluation results for case 4”, R1-166091, Gothenburg, Sweden, August 22-26, 2016.

[5] Huawei, HiSilicon, “Further evaluation on NR waveforms”, R1-167201, Gothenburg, Sweden, August 22-26, 2016.

