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Introduction
In RAN #71, the SID on the 5G new radio interface was agreed. The design of 5G new radio interface should support up to 100GHz carrier frequency and also the deployment scenarios as defined in 3GPP TR 38.913. It was agreed in SID that OFDM based waveform will be used for the 5G new radio interface. 
In this contribution, we discuss the considerations on the numerology design for the 5G new radio interface.
Discussion
1.1 General considerations on OFDM parameter selection
As stated in the SID, the 5G new radio interface with be OFDM based.   Selecting a set of OFDM parameters according to the targeting deployment scenario is the first step in the design of the new radio interface. The subcarrier spacing, the OFDM symbol length and CP length are the main parameters for OFDM based air interface, the selection of these parameters should consider the following aspects. 
· Subcarrier spacing and OFDM symbol length
The selection of subcarrier spacing should consider the Doppler shift and the phase noise in the operating frequency band and the UE speed. The subcarrier spacing should be sufficiently large to avoid the ICI caused by the Doppler shift and phase noise.  In addition, if ultra large carrier bandwidth (e.g. larger than 200MHz) is to be defined in the high frequency bands, the large subcarrier spacing would keep the required FFT size reasonable from the implementation perspective. 
 For extended coverage and low mobility scenarios, it is beneficial to use small subcarrier spacing.  One example is the 4.75 kHz subcarrier spacing in Rel-13 NB-IOT uplink.
The OFDM symbol length is then determined after the selection of proper subcarrier spacing. 
· CP length
In principle the CP length should cover the typical wireless channel delay spread in the targeting deployment scenario. The channel delay spread depends on the carrier frequency.  The CP overhead should take into consideration in the design of subcarrier spacing.  . In LTE, the CP overhead (CP length/ OFDM symbol length) is around 7%.
1.2 Considerations on 5G new radio interface numerology design
In this section, we discuss the OFDM numerology design for 5G new radio interface based on the identified 5G scenarios and requirements. 
In TR38.913, the typical eMBB deployment scenarios for the 5G new radio interface were captured, which can be summarized in the following table.
Table 1 Summarize of typical eMBB deployment scenarios (TR38.913)
	Deployment scenarios
	Indoor hotspot
	Dense Urban
	Rural
	Urban macro
	High speed

	Carrier freq. 
	4GHz,
30GHz,
70GHz,
	4GHz,
30GHz
	700MHz,
2GHz,
4GHz
	2GHz
4GHz
30GHz
	Macro 4GHz
BS-Relay: 4GHz/30GHz
Relay-UE: 4GHz/30GHz/70GHz

	Max System BW
	1GHz BW @30GHz
1GHz BW@70GHz
200MHz BW@4GHz
	1GHz BW@3GHz
200MHz BW@4GHz
	20MHz BW@700MHz
200MHz BW @4GHz
	200MHz BW@4GHz,
1GHz BW@30GHz
	200MHz BW@4GHz
1GHz BW@30GHz/70GHz

	UE speed
	3km/h
	3km/h for indoor
30km/h for outdoor
	120km/h for outdoor
3km/h for indoor
	30km/h for outdoor,
3km/h for indoor
	500km/h



The subcarrier spacing for OFDM system should be carefully selected considering the inter subcarrier interference mitigation as well as FFT complexity reduction. To mitigate the inter sub-carrier interference; the sub carrier spacing should be sufficient large considering the potential frequency shift caused by Doppler effects. The experience of LTE shows that the system performance can be guaranteed when the ratio of maximum Doppler frequency shift (fD) and subcarrier spacing (△f) is around 0.65kHz/15kHz = 0.043, which assumes maximum 350km/h moving speed @2GHz carrier frequency.  In 5G new radio numerology designs, such a ratio should also be kept as lower than a reasonable value to guarantee the performance, the LTE value can be referred as a starting point. From the implementation perspective, the sampling rate should be multiple or sub-multiple of  LTE sampling rate.  , The subcarrier spacing should be a multiple of existing LTE value, i.e. 15kHz. In the following table 2, we calculated the required subcarrier spacing for 5G new radio in some selected scenarios from the above table 1 and assumes the ratio of fD /△f keeps as close as possible to the LTE value below 5%. 
In can be observed that a new sub carrier spacing of around 60kHz can be required in the lower frequency case with high speed (i.e. 500km/h @4GHz) as well as the medium frequency case with medium speed (e.g. 100km/h @30GHz, or 30km/h @ 70GHz). It can also be observed that a subcarrier spacing as large as 300kHz can be required in the extreme case, i.e. BS to relay communication in the high speed train scenario using 30GHz carrier frequency, as captured in TR38.913. A large subcarrier spacing is also beneficial in general to reduce the FFT complexity for higher carrier frequency where the carrier bandwidth can be extremely large compared to LTE, e.g. up to 200MHz or even larger. 
In the higher frequency, the delay spread will be significantly smaller than the wide area deployment in lower frequency.   The delay spread is smaller than 1us or even 0.2us.. Therefore the CP length can be significantly reduced to keep the CP overhead reasonable in a short OFDM symbol duration case. 
At the same time, sthe 5G new radio shall also support the low frequency bands as current LTE, i.e. 6GHz or lower,. The existing LTE OFDM parameters can also be reused.  . Additionally, the smaller subcarrier spacing with long OFDM symbol duration can also be supported in 5G in order to support extreme wide coverage case, the Rel-13 NB-IOT parameters can be considered as a starting point. 
Table 2 Potential subcarrier spacing for 5G new radio following LTE experience
	
	LTE
	5G
	5G
	5G
	5G
	5G
	5G
	5G

	Carrier frequency
	2GHz
	4GHz
	4GHz
	4GHz
	30GHz
	30GHz
	30GHz
	70GHz

	Maximum UE speed
	350km/h
	30km/h
	100km/h
	500km/h
	30km/h
	100km/h
	500km/h
	30km/h

	Doppler freq (fD) kHz
	0.65
	0.12
	0.38
	1.86
	0.84
	2.79
	13.95
	1.95

	fD /△f 
	0.043
	0.008
	0.0248
	0.03
	0.056
	0.047
	0.046
	0.033

	Sub carrier spacing
(△f) kHz
	15
	15
	15
	60
	15
	60
	300
	60


Based on the above discussions, it can be considered to have four sets of OFDM parameters which are optimized for different use cases (frequency, speed, coverage, etc), as shown in table 3 as an example.
			Table 3  Candidate OFDM parameters for different use cases
	Frequency 
	Lower frequency, extreme wide coverage
(Rel-13 NB-IOT UL numerology)
	Lower frequency, wide coverage
(e.g. 2GHz)
	Low to Medium freq
(4GHz~30GHz)
	Medium to High frequency
(≥30GHz)

	UE speed 
	<3km/h
	Up to 350km/h @~2GHz
	Up to 500km/h @~4GHz
Up to 90km/h @30GHz
	Up to 500km/h @ ~30GHz
Low to medium speed @ freq>30GHz

	Subcarrier  spacing 
	3.75kHz
	15 kHz 
	60kHz 
	300k Hz 

	OFDM symbol duration
	266.67us
	66.67us
	16.67us
	3.33us

	Cyclic prefix 
	~8.33 us
	~4.7 us 
	~1.2us 
	~0.2us 

	Number of OFDM Symbols per time unit
	7 symbols/2ms
	14 symbols/1ms
	56 symbols/1ms 
	280 symbols/1ms



Conclusion
In this contribution, we discuss the numerology design for the 5G new radio interface. In order to efficiently support for difference use case, it is proposed to define multiple sets of OFDM parameters for the 5G new radio. As an example, four sets of basic OFDM parameters are given in table 3.
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