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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. The learnings from LTE have shown that in order to support this wide range of spectrum bands is not efficient with a single OFDM numerology.
The following agreements on numerology was made in RAN1#86 [3]:

Agreements:
· NR numerology scalability should allow at least from [3.75 kHz] to 480 kHz subcarrier spacing 
· Necessity of support for less than 15 kHz subcarrier spacing (e.g., 3.75 kHz) should be studied
· Note that scalability does not mean everything should be scalable (e.g., RS density, UE/gNB processing time, signalling overhead)

In this contribution we provide the Nokia view on sub-carrier spacing that should be supported part of the first NR specifications.
2	Discussion on sub-carrier spacing options for Phase I
The coexistence and compatibility with LTE as well as the shown suitability of 15 kHz sub-carrier spacing to macro-cellular deployments makes 15 kHz support as the natural selection from the f0*2m, where f0 = 15 kHz. The downside of 15 kHz sub-carrier spacing is its limited bandwidth support without large-scale carrier aggregation, and its suitability for deployment in higher bands.
The NR design should be forward compatible so that regardless of what subset of the numerologies in the table 1 is adopted in the first NR release, it should be possible to introduce additional numerologies from the same set in a straight forward manner.
[bookmark: _Ref452368703]Table 1: Range of potential numerologies with normal CP scaled from LTE numerology
	Subcarrier spacing [kHz]
	3.75
	7.5
	15
	30*
	60*
	120*
	240*
	480*
	960*

	Symbol duration [us]
	267
	133
	66.7
	33.3
	16.7
	8.33
	4.17
	2.08
	1.04

	Nominal CP[footnoteRef:1] [us] [1:  Approximate values scaled from LTE NCP – extended CP may be considered ] 

	19
	9.4
	4.7
	2.3
	1.2
	0.59
	0.29
	0.15
	-

	Nominal max BW [MHz]
	5
	10/12
	20/25
	40/50
	80/100
	160/200
	320/400
	640/800
	1280/1600

	Max FFT size
	2048
	2048
	2048
	2048
	2048
	2048
	2048
	2048
	2048

	Min scheduling interval (symbols)
	7
	7
	7
	7
	7
	14
	28
	56
	120

	Min scheduling interval (slots)
	1
	1
	1
	1
	1
	1
	2
	4
	8

	Min scheduling interval (ms) 
	2
	1
	0.5
	0.25
	0.125
	0.125
	0.125
	0.125
	0.125


Minimum scheduling interval assumes slot-based scheduling (mini-slot based scheduling not considered here), 
and 7-symbol slot for SCS up to 60 kHz, 14-symbol slot for SCS above 60 kHz 
*slot and ‘TTI’ durations of 0.25 ms and below are nominal values, slight variance to the nominal exists due to accommodation of the longer CP

The 60 kHz sub-carrier spacing offers a good combination of wider bandwidth, robustness against phase noise as well as still fairly decent CP suitable for micro-cellular deployments.
In addition to 15 and 60 kHz, another numerology should be considered that allows for support of wide-bandwidth without carrier aggregation for bands >6 GHz and smaller cells. We see 240 kHz as a good sub-carrier spacing candidate for this purpose.
Sub-carrier spacings below 15 kHz could be used to serve a special purpose, such as mMTC traffic, and could be considered in Phase II
Sub-carrier spacings above 240 kHz, especially 960 kHz would be beneficial for ultra-wide band single carrier waveforms targeted for > 40 GHz systems, and should be considered further in Phase II. 
3	Proposed sub-carrier spacing set for Phase I
Hence we propose the following set of numerologies to be initially supported for NR targeting to bands below 40 GHz.
 
Table 2: Proposed set of numerologies to proceed with in the NR Study Item (Normal CP only shown)
	Subcarrier spacing [kHz]
	15
	60*
	240*

	Symbol duration [us]
	66.7
	16.7
	4.17

	Nominal CP [us]
	4.7
	1.2
	0.29

	Nominal max BW [MHz]
	20/25
	80/100
	320/400

	Max FFT size
	2048
	2048
	2048

	Min scheduling interval (symbols)
	7
	7
	28

	Min scheduling interval (slots)
	1
	1
	2

	Min scheduling interval (ms) 
	0.5
	0.125
	0.125


Minimum scheduling interval assumes slot-based scheduling (mini-slot based scheduling not
considered here), and 7-symbol slot for SCS up to 60 kHz, 14-symbol slot for SCS above 60 kHz
*slot and ‘TTI’ durations of 0.25 ms and below are nominal values, slight variance to the nominal exists due to accommodation of the longer CP
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