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Introduction
Numerology for NR was discussed in RAN1#84bis and RAN1#85. The following agreements were made [1][2]:
	Agreements:
· For NR, it is necessary to support more than one values of subcarrier-spacing
· Values of subcarrier-spacing are derived from a particular value of subcarrier-spacing multiplied by N where N is an integer
· Alt.1: Subcarrier-spacing values include 15 kHz subcarrier-spacing (i.e., LTE based numerology)
· Alt.2: Subcarrier-spacing values include 17.5 kHz subcarrier-spacing with uniform symbol duration including CP length
· Alt.3: Subcarrier-spacing values include 17.06 kHz subcarrier-spacing with uniform symbol duration including CP length
· Alt.4: Subcarrier-spacing values 21.33 kHz
· Note: other alternatives are not precluded
· FFS: exact value of a particular value and possible values of N
· The values of possible subcarrier-spacing will be further narrowed-down in RAN1#85

Working assumptions:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology

Working assumption:
· In the case of subcarrier spacing 15 kHz and 14 symbols per 1ms, the following applies:
· Baseline: Symbol boundary is aligned with LTE of normal CP
Agreements:
· For the numerology with 15 kHz and larger subcarrier spacing ,1 msec alignment is supported




It is noted that the above set of agreements and working assumptions refer to “LTE based numerology” which may be interpreted not only as a sub-carrier spacing value of 15 kHz but also a set of CP durations for each symbol. There was no discussion on the applicability of the above if a waveform not using a CP, such as ZT DFT-S-OFDM, GT DFT-S-OFDM or UW DFT-S-OFDM, is introduced for NR. 
This contribution describes an issue with the above set of agreements and working assumptions when using a waveform not using a CP, and proposes a way forward.

Symbol boundary alignment with non CP waveforms
For CP-based waveforms, symbol duration is a function of both subcarrier spacing and the CP length: 

where  is the CP duration. 
For non CP-based waveforms such as Unique-Word DFT-s-OFDM [3] [4], Guard-Interval DFT-s-OFDM [5] and Zero-Tail DFT-s-OFDM [6], symbol duration is only a function of subcarrier spacing. In this family of waveforms, the CP is replaced by a deterministic sequence which are part of the symbol:


In the case of a subcarrier spacing of 15 kHz, the LTE numerology makes it impossible to achieve a symbol boundary alignment between LTE CP-based OFDM, and non CP-based waveforms. This is due to the fact that for non CP-based waveforms such as UW DFT-s-OFDM, the number of symbols within 1 msec interval is 15 vs 14 symbols for normal CP in the legacy LTE system as can be seen in Figure 1. 


[bookmark: _Ref456082382]Figure 1: Subframe structure comparison between CP-based and Non CP-based waveforms
Observation: Symbol alignment with LTE is not achievable if a non CP-based waveform is used.
 In our understanding, RAN1 will make a decision on the type(s) of waveform supported in NR based at least on the outcome of the waveform evaluation exercise which is part of the SI. We envision that more than one type of waveform can be supported to allow possibility of using a waveform best suited to a particular deployment, and these waveforms may include both (or either) CP-based and non-CP based waveform. Accordingly, symbol boundary alignment agreements should take the the possibility of supporting non-CP based waveforms into account.
Proposal 1: Modify the working assumption on adopting alternative 1 (LTE-based numerology) as baseline such that it is applicable to CP-based waveform only, i.e
· RAN1 concludes on alternative 1 (15 kHz with LTE-based numerology) as the baseline design assumption for the NR numerology applicable to CP-based waveform

If RAN1 agrees on 15 kHz as the basic subcarrier spacing value as per the above working assumption, it would be natural that the same value is used for non-CP based waveform to simplify clock implementation. However, it should be understood that LTE-based numerology is not applicable in that case.
Proposal 2: In case the adoption of 15 kHz as basic subcarrier spacing is confirmed as baseline
· The basic subcarrier spacing from which other values of subcarrier-spacing are derived for non-CP based waveform is 15 kHz
· No symbol alignment with LTE-based numerology is assumed
 One msec Alignment
To support coexistence with the legacy LTE systems, it is already agreed that for the numerology with 15 kHz and larger subcarrier spacing, 1 msec alignment to be supported. Further extension of this agreement to other numerologies (e.g., smaller subcarrier spacing) could potentially limit the scalability of NR into new services in future. In fact, scaling by subcarrier spacing will directly impact subframe multiplexing. For example, as shown in Figure 2, for smaller subcarrier spacing of  the number of symbols within 1 msec would be limited to 6 in case of non CP-based waveform. This would imply 6.6% efficiency loss per 1 msec.


[bookmark: _Ref456170786]Figure 2: Implication of subframe multiplexing based on 1 msec alignment
Proposal 3: 1 msec alignment should not be extended to sub-carrier spacing values below 15 kHz. 
 
Summary
In this contribution, we discussed the impact of numerology on non CP-based wavefroms and make the following proposals:
Proposal 1: Modify the working assumption on adopting alternative 1 (LTE-based numerology) as baseline such that it is applicable to CP-based waveform only, i.e
· RAN1 concludes on alternative 1 (15 kHz with LTE-based numerology) as the baseline design assumption for the NR numerology applicable to CP-based waveform

Proposal 2: In case the adoption of 15 kHz as basic subcarrier spacing is confirmed as baseline
· The basic subcarrier spacing from which other values of subcarrier-spacing are derived for non-CP based waveform is 15 kHz
· No symbol alignment with LTE-based numerology is assumed

Proposal 3: 1 msec alignment should not be extended to sub-carrier spacing values below 15 kHz.
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