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1   Introduction
The SI for new radio (NR) was agreed in RAN#71 [1]. Objectives of the SI include developing a NR access technology that addresses a broad range of use cases, deployment scenarios and frequency bands. 
In this document, we discuss high level aspects of OFDM based numerology envisioned for the new RAT.

2   Discussion

The new RAT should provide multiple numerology options to ensure support for a broad range of scenarios and frequency bands. Table 1 describes our initial view on the numerology options. Detailed design for each option can be considered in later stages of the SI (Annex A shows two possible examples).
Table 1 – Numerologies for the new RAT

	
	Numerology N1
	Numerology N2
	Numerology N3
	Comments

	Carrier Frequency
	Up to 6GHz
	Up to 30GHz
	> 6GHz
	Preferred carrier frequency range. It may be possible to use N1 for some bands >6GHz, and N2 for >30GHz 

	Subcarrier spacing1
	15kHz
	~75kHz
	~300kHz
	A single subcarrier spacing that covers both N2 and N3 can also be considered

	Carrier Bandwidth
	Up to 20MHz
	Up to 200MHz
	Up to 1GHz
	Maximum non aggregated2 carrier bandwidth 

	Deployment
	Macro cells

Small cells
	Small cells
	Small cells
	Deployment assumptions can be used for determining CP length etc.

	Duplex Scheme
	FDD and TDD
	TDD
	TDD
	Initial assumption based on expected band plans.

	Frame structure(s)
	FDD: FS3 like DL 
TDD: Flexible UL/DL split
	TDD: Flexible UL/DL split
	TDD: Flexible UL/DL split
	Multiple TTI lengths supported for each option.

	Notes

1. LTE Rel13 NB-IoT numerology is assumed as starting point for extreme low coverage use cases.

2. Carrier aggregation should be possible between different numerologies. 


The options shown in the table are distinguished on the basis of sub-carrier spacing. For each option, multiple carrier bandwidths up to the maximum carrier bandwidth can be supported using the same sub-carrier spacing (and OFDM symbol duration). Also, each option can have a basic TTI length (examples shown in the Annex) and multiple TTI durations can be supported by creating subTTIs and/or concatenated TTIs from the basic TTI. 

· N1 (15kHz spacing) provides a numerology similar to LTE and is useful covering a broad range of macro and small cell deployments at least up to 6GHz. 
· N2 (~75kHz spacing) is a numerology that can be optimised for small cells and indoor deployments. Due to the relatively larger subcarrier spacing, N2 can be used for a large range of frequency bands at least up to 30GHz.

· N3 (~300kHz spacing) is primarily targeted for mmWave communication and is useful for supporting large carrier bandwidth values. 
In additional to the above options, an option with very narrow sub-carrier bandwidth should be provided for extreme low coverage applications. In our view, the current Rel13 NB-IoT work should be used as a starting point for such applications instead of considering another new numerology.
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Annex A – Example Numerology Details 
Table A1 – Numerology details (Example 1)
	
	Units
	Numerology N1
	Numerology N2
	Numerology N3

	Basic TTI Duration1
	ms
	1
	0.2
	0.05

	Maximum Channel Bandwidth2
	MHz
	20
	200
	1000

	FFT Size
	samples
	2048
	4096
	4096

	OFDM Sample rate
	Msps
	30.72
	307.2
	1228.8

	Subcarrier spacing
	kHz
	15
	75
	300

	Useful Symbol Duration (Tu)
	us
	66.67
	13.33
	3.33

	Guard Period (CP)3
	us
	4.69
	0.95
	0.24

	OFDM Symbol Duration
	us
	71.4
	14.3
	3.6

	OFDM Symbols per basic TTI
	syms/TTI
	14
	14
	14

	#Subcarriers
	sc
	1201
	2521
	3121

	#Resource Blocks
	RBs
	100
	210
	260

	Guard Period Fraction
	%
	7.0%
	7.1%
	7.1%

	Bandwidth occupancy
	%
	90%
	95%
	94%

	Notes

1. Multiple TTI durations supported by creating subTTIs and/or concatenated TTIs using the basic TTI.
2. Multiple channel bandwidths up to maximum channel bandwidth supported.

3. CP length shown for unicast. Larger CP can be defined for MBMS-like applications.


Table A2 – Numerology details (Example 2)
	
	Units
	Numerology N1
	Numerology N2
	Numerology N3

	Basic TTI Duration1
	ms
	1
	0.25
	0.0625

	Maximum Channel Bandwidth2
	MHz
	20
	200
	1000

	FFT Size
	samples
	2048
	4096
	4096

	OFDM Sample rate
	Msps
	30.72
	245.76
	983.04

	Subcarrier spacing
	kHz
	15
	60
	240

	Useful Symbol Duration (Tu)
	us
	66.67
	16.67
	4.17

	Guard Period (CP)3
	us
	4.69
	1.19
	0.30

	OFDM Symbol Duration
	us
	71.4
	17.9
	4.5

	OFDM Symbols per basic TTI
	syms/TTI
	14
	14
	14

	#Subcarriers
	sc
	1201
	3121
	3961

	#Resource Blocks
	RBs
	100
	260
	330

	Guard Period Fraction
	%
	7.0%
	7.1%
	7.1%

	Bandwidth occupancy
	%
	90%
	94%
	95%

	Notes

1. Multiple TTI durations supported by creating subTTIs and/or concatenated TTIs using the basic TTI.

2. Multiple channel bandwidths up to maximum channel bandwidth supported.

3. CP length shown for unicast. Larger CP can be defined for MBMS-like applications.
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