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1
Introduction

An objective of the new radio (NR) study item [1] is to identify and develop technology components 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 following agreements were made in RAN WG1 meeting #84bis:
· 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

In this contribution we discussed about subcarrier scaling principles. A base subcarrier spacing is discussed further in [7]. 
2
Discussion
Effectively two different sub-carrier scaling principles were discussed in RAN1#84bis The two different scaling alternatives [3],[4] and [5], and summarized below:
1. Exponential scaling, f0*2N , where N is an integer

2. Linear scaling f0*N, where N is a positive integer or fraction
The base sub-carrier spacing f0 assumed in all the three documents [3], [4] and [5] was 15 kHz, and the comparable up-scaled sub-carrier spacings suggested in the documents are summarized in table 1:
Table 1: Sub-carrier scaling alternatives
	Scaling 
	15*N kHz

(N=5)
	15*2N kHz (N=2)

	Sub-carrier space [kHz] 
	75
	60

	Carrier BW [MHz]
	100
	80

	Clock Rate [Msps] 
	153.6
	122.88

	Ts[us] 
	13.33
	16.67

	(I)FFT size 
	2048
	2048

	# of used sub-carriers for 90 % eff.
	1200
	1200

	#symbols per subframe
	7/14
	7/14

	sub-frame length with 7/14symbols [us] 
	100/200
	125/250

	CP [us]  
	0.94/1.04
	1.17/1.30

	CP Overhead [%] 
	6.67
	6.67


In [3] the arguments converge to 60 kHz and 75 kHz sub-carrier spacings being equally good, with the sole argument based on which 75 kHz and linear scaling is adopted over 60 kHz and exponential scaling being the observation 7 below:
Text extracted from [3]

Observation 7: It was shown in [10] that better EVM can be achieved as subcarrier spacing increases at a high frequency. Thus, wider subcarrier spacing is needed to mitigate phase noise effects while keeping reasonable CP overhead ratio.

Observation 8: Based on observations 3, 4, and 5, desirable subcarrier spacing has the range between 55.5 kHz and 100 kHz in the carrier frequency from 24 GHz to 40 GHz.

Another aspect to be taken into account for designing of subcarrier spacing is implementation cost. It is preferred that subcarrier spacing designed for bands above 6 GHz is integer multiples of LTE subcarrier spacing (15 kHz), because this could simplify the implementation of LTE/5G multi-mode terminals with a single clock circuitry. In that sense, it is observed that 60 kHz, 75 kHz, and 90 kHz could be good candidates as subcarrier spacing for 5G new air interface. However, 90 kHz is not preferable because 90 kHz is 15 kHz × 6 and 1 ms (a TTI for 15 kHz) is not divisible by 6.

Observation 9: If subcarrier spacing designed for 5G new air interface is integer multiples of LTE subcarrier spacing (15 kHz), then it may simplify the implementation of LTE/5G multi-mode terminals with a single clock circuitry.

Observation 10: 90 kHz of subcarrier spacing is not preferable due to lack of scalability in time domain.

Observation 11: According to observations 8, 9 and 10, 60 kHz and 75 kHz could be good candidates as subcarrier spacing for 5G new radio interface over 6 GHz.
CP Overhead Ratio

Assuming that 1 TTI consists of 14 symbols as LTE Based on observation 12, CP overhead ratio of 60 kHz and 75 kHz is identical. For 60 kHz subcarrier spacing, total CP length per TTI is 250 μs – (14 × 1/ (60 kHz)) = 16.67 μs and CP overhead per a TTI is 16.67/250 = 0.0667 (6.67%). Similarly, for 75 kHz subcarrier spacing, CP length per TTI is 200 μs – (14 × 1/ (75 kHz)) = 13.33 μs and CP overhead per a TTI is 13.33/200 = 0.0667 (6.67%). Thus, CP overhead ratio is identical for both cases.

Observation 12: CP overhead ratio is identical to 6.67% for 60 kHz and 75 kHz of subcarrier spacing. 

Proposal 4: Based on observations 7, 11 and 12, it is preferred to use 75 kHz as subcarrier spacing for 5G new radio interface over 6 GHz.  

The key arguments for exponential f0*2N scaling with f0 = 15 kHz are related to efficient multi-RAT implementation and good LTE/eMTC/NB-IoT coexistence properties while providing a very flexible framework for introducing a vastly different OFDM numerology sets applicable for different deployment environments, carrier bands and bandwidths.

While the argument made in observation 7 of [3] (copied above) is in general true, based on the initial analysis in [6], 60 kHz S-C spacing appears to be performing well at least up to 40 GHz, and if 60 kHz would not provide sufficient protection against phase noise for a given arbitrary frequency band above 40 GHz, moving to 75 kHz cannot be expected to provide sufficient additional protection, and the next step of 120 kHz in the exponential scale would most likely be necessary.
3
Conclusions
This document discussed the linear and exponential scaling of the base sub-carrier spacing for flexible numerology in NR. In a more concrete terms, the argumentation behind linear f0*N scaling with f0=15 kHz and N=5 was largely the same as the ones used for exponential f0*2N scaling with f0=15 kHz and N=2 or 3. The ~1 dB difference between the two spacings cannot be expected to provide sufficient protection margin to be able to justify 75 kHz S-C spacing for a frequency band in which the performance of 60 kHz S-C spacing is not acceptable.
Proposal: The sampling rates and corresponding subcarrier spacing should be 2N from the one base sampling rate to facilitate efficient implementation of multiband base stations and multiband fronthaul interface.
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