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1. Introduction 
In RAN Plenary #71, a new SI, Study on New Radio Access Technology [1], was approved. The following agreements were made for NR numerology during RAN1 #84bis [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
Agreements:
· RAN1 will continue further study and conclude between following alternatives in the next meeting

- Alt. 1:

· The subcarrier spacing for the NR scalable numerology should scale as

· fsc = f0 * 2m
· where

· f0 is FFS

· m is an integer chosen from a set of possible values

- Alt. 2:

· The subcarrier spacing for the NR scalable numerology should scale as

· fsc = f0 * M

· where

· f0 is FFS

· M is an integer chosen from a set of possible positive values

· All companies are requested to analyze/evaluate following aspects

· Realistic phase noise

· How each alternative allows mixing different numerologies

· All companies are requested to propose exact values of 

· f0, m, and M

Following the above agreements, this contribution discusses numerology design for the NR, in particular on coverage problems that could arise from scalable subcarrier spacing and CP length. 
2. Discussion 
2.1. Scalable subcarrier spacing  

As agreed in RAN1 #84bis [2], subcarrier spacing will be scalable in the NR. 
The NR will be deployed over very a wide frequency range up to 100 GHz [3]. Short delay spreads or broad coherence bandwidths can be observed in such high frequency bands. Therefore, wider subcarrier spacing may be required to optimize the NR performance in these high frequency bands. 

Wider subcarrier spacing may also be used for flexible frame structure. Wider subcarrier spacing yields shorter symbol length, and may help shorten TTI or schedulable time unit, which may be defined for frame structure in NR [4]. 

2.2. Possible options for CP structure 

When the subcarrier spacing is scalable, there are several options for CP structure in the NR numerology study as follows.
· Option (a): The CP length is scaled depending on the subcarrier spacing.

· Option (b): The CP length is equal to or more than a CP length of baseline, but the number of OFDM symbols is variable.
· Option (c): The CP length and the number of OFDM symbols are the same as the baseline, but the number of CP is variable.

Figure 1 illustrates the example options for the CP structure. In this figure, it is assumed that subcarrier spacing is double of the baseline one. 
The option (a) shows the CP length depends on the subcarrier spacing. In the example, the CP length is half of the baseline, and the OFDM symbols have uniform durations including CP length. On the other hand, Option (b) uses a longer CP length than the baseline, and less numbers of symbols. In Option (b), when the CP length is adjusted in order to keep a boundary of a given duration, e.g. TTI length, the symbol duration including CP length may be non-uniform as in LTE. Option (c) keeps the same CP length as the baseline, and uniform symbol duration. This option can be seen as a variation of GFDM [5]. 
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Figure 1. Examples of CP length options (it is assumed that subcarrier spacing is double of the baseline one).

2.3. Considerations on coverage 

As discussed above, there are several options for the CP structure. In some options, the resulting CP length may be shorter than the baseline. Therefore, the corresponding coverage should be carefully studied while taking into account the CP lengths. 

The shorter CP length may imply a smaller coverage compared to the baseline one. This situation may be suitable for deployment in higher frequency bands like millimetre wave. As mentioned in [3], short delay spreads can be observed at the higher frequency bands. Moreover, communication coverage at the higher frequency bands will be typically small due to severe path loss. A shorter CP length may therefore be sufficient in such conditions. Such short CP lengths will help directly to improve spectral efficiency. 
In contrast, the shorter CP length may be insufficient for other deployments in lower frequency bands such as below-6GHz bands. As mentioned in Section 2.1, a wider subcarrier spacing may be adopted to achieve TTI shortening for deployments regardless of frequency bands. In lower frequency bands, the CP length should be sufficient to keep the same coverage as the baseline and to overcome radio propagation phenomena such as multipath fading with longer delay spreads. Therefore, even when the wider subcarrier spacing is used, a sufficient CP length may still be required in the lower frequency bands. 
Observation 1: When CP length is scalable depending on subcarrier spacing, corresponding coverage may depend on the resulting CP length. 
Observation 2: Wider subcarrier spacing and shorter CP length may be suitable for deployments in higher frequency bands. 
Observation 3: Even when wider subcarrier spacing is used, a sufficient CP length may still be required for deployments in lower frequency bands. 

Following the discussion, the impact of CP length should be carefully studied particularly for cases where subcarrier spacing is scalable in the NR. 
Proposal: RAN1 should carefully study the impact of CP length on coverage when subcarrier spacing is scalable in NR. 
3. Conclusion

This contribution discussed the subcarrier spacing and CP length for the NR numerology. From the discussion the following observation has been made:  
Observation 1: When CP length is scalable depending on subcarrier spacing, corresponding coverage may depend on the resulting CP length.  

Observation 2: Wider subcarrier spacing and shorter CP length may be suitable for deployments in higher frequency bands. 

Observation 3: Even when wider subcarrier spacing is used, a sufficient CP length may still be required for deployments in lower frequency bands. 

Then, we summarize our proposal for the NR numerology study as below: 
Proposal: RAN1 should carefully study the impact of CP length on coverage when subcarrier spacing is scalable in NR. 
4. Reference
[1] RP-160671, NTT DOCOMO, “New SID Proposal: Study on New Radio Access Technology,” RAN Plenary #71, March 2016. 

[2] Chairman's Notes RAN1_84bis - final.doc, RAN1#84bis, April 2016. 

[3] TR38.900, “Study on channel model for frequency spectrum above 6 GHz.” 
[4] Email discussion following RAN1 #84bis, “[84b-15] Frame structure for NR.” 
[5] R1-162199, Qualcomm, “Waveform candidates,” RAN1 #84bis, April 2016. 
[6] TR38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies.” 

1 / 5

