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1. Introduction 
This contribution discusses and presents views on subcarrier spacing and scaling for new RAT (NR), with taking into account the agreements made in RAN1#84b:
· The subcarrier spacing for the NR scalable numerology should scale as

- Alt. 1: fsc = f0 * 2m, where m is an integer chosen from a set of possible values

- Alt. 2: fsc = f0 * M, M is an integer chosen from a set of possible positive values

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

- Alt.1: Subcarrier-spacing values include 15 kHz (i.e., LTE based numerology)
- Alt.2: Subcarrier-spacing values include 17.5 kHz with uniform symbol duration including CP length

- Alt.3: Subcarrier-spacing values include 17.06 kHz with uniform symbol duration including CP length

- Alt.4: Subcarrier-spacing values 21.33 kHz
2. Phase noise impact
Compared to a power of two scaling of the subcarrier spacing (f0*2m), the linear scaling (f0*M) provides more flexibility to select a subcarrier spacing which can well cope with inter-carrier interference (ICI) caused by oscillator phase noise. In mid band (~30 GHz) and high band (~100 GHz) carrier frequency cases, the subcarrier spacing much larger than the LTE 15 kHz subcarrier spacing should be considered to provide robust performance under the phase noise induced ICI. The power of two scaling (f0*2m) with f0 = 15 kHz can provide 60 kHz and 120 kHz subcarrier spacing for mid band cases. The linear scaling (f0*M) with f0 = 15 kHz can support 75 kHz and180 kHz subcarrier spacing as well as the ones provided by the power of two scaling, as seen in the table below.
	Scaling options
	Subcarrier values (kHz)

	f0 * M, f0=15 kHz
	3.75, 7.5, 15, 30, 60, 75, 120, 180, 240, 300, 360, 420, 480, …

	f0 * 2m, f0=15 kHz
	3.75, 7.5, 15, 30, 60, 120, 240, 480, …

	f0 * 2m, f0=17.5 kHz
	4.375, 8.75, 17.5, 35, 70, 140, 280, 560, …


In Figure 1, we show simulation results to show SNR degradation due to the phase noise induced ICI depending on the subcarrier spacing. Two phase noise models have been considered. Reference 1 model [3] and Reference 2 model [4] have the 3 dB cut-off bandwidth at 100 kHz and 1 MHz, respectively, in the phase noise power spectral density. In the evaluations, oscillator phase noise was randomly generated and phase error compensation was performed to the phase noise contaminated signal before demodulation. It can be seen in Figure 1 that even with adopting phase error compensation at the receiver, the SNR degradation occurs due to residual phase error components.
In case of Reference 1 model with 100 kHz for 3 dB cut-off bandwidth, the performance difference between different subcarrier spacing is significant with an increase in the subcarrier spacing. This implies that a specific value for subcarrier spacing is important depending on the adopted PLL implementations at the terminal. In case of Reference 2 model which corresponds to a PLL for high band carrier frequency (> 60 GHz) cases, the performance difference between subcarrier spacing is less significant than the case of Reference 1 model. 
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Figure 1. Subcarrier spacing vs. SNR against oscillator phase noise after the compensation.
3. Numerology examples

The following table compares specific numerology parameters for various cases of subcarrier spacing. It is seen that depending on the subcarrier spacing, an appropriate TTI can be different when keeping commonality with LTE subframe structure as much as possible. Accordingly it can impact the user plane latency as well. These aspects can be taken into account in selecting an appropriate subcarrier spacing.
	 
	 
	LTE
	f0 * M

(f0=15, M=5)
	f0 * 2m
(f0=15, m=2)
	f0 * 2m
(f0=17.5, m=0)
	f0 * 2m
(f0=17.5, m=2)
	f0 * 2m
(f0=16.875, m=0)

	subcarrier spacing
	kHz
	15
	75
	60
	17.5
	70
	16.875

	IDFT size (example)
	 
	2048
	2048
	2048
	2048
	2048
	2048

	TTI (example)
	ms
	1
	0.2
	0.25
	1
	0.25
	0.25

	# symbols per TTI
	 
	14
	14
	14
	16
	16
	16

	T_(signal+cp)
	us
	71.43
	14.29
	17.86
	62.50
	15.63
	62.50

	T_signal
	us
	66.66
	13.33
	16.66
	57.14
	14.28
	59.25

	T_CP
	us
	4.166
	0.83
	1.04
	5.35
	1.33
	3.24

	CP overhead
	
	5.83%
	5.83%
	5.83%
	8.57%
	8.57%
	5.19%

	T_sample
	ns
	32.55
	6.51
	8.13
	27.90
	6.97
	28.93

	f_sample
	MHz
	30.72 (=8*3.84)
	153.6

(= LTE*5)
	122.88

(= LTE*4)
	35.84 
(=LTE*7/6)
	143.36

(=LTE*14/3)
	34.56
(=LTE*9/8)

	Sample duration
	ns
	32.55
	6.51
	8.14
	27.90
	6.98
	28.94

	# samples TTI
	 
	30720
	30720
	30720
	35840
	35840
	34560

	# samples symbol
	 
	2194
	2194
	2194
	2240
	2240
	2160

	# samples CP
	 
	128
	128
	128
	192
	192
	112

	# samples signal
	 
	2048
	2048
	2048
	2048
	2048
	2048


4. Conclusion

In this contribution, we have compared subcarrier spacing and scaling alternatives. Based on the evaluations of SNR performance against oscillator phase noise and scaling flexibility of subcarrier spacing, we propose:
· Base subcarrier spacing f0=15 kHz, to maximize commonalities with LTE
· Subcarrier spacing to be investigated in NR SI, considering various service applications and phase noise performance
· 3.75, 15, 30, 60, 75, 120, 180, 240  kHz
· Subcarrier spacing scaling

· fsc = f0*M, to support some subcarrier spacing values supportable only by the linear scaling
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