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1 Introduction

In the previous meeting (RAN1#86), several subcarrier spacing(s) for numerology are agreed as follows [1]: 
· NR numerology scalability should allow at least from [3.75 kHz] to480 kHz subcarrier spacing. 
Based on the contribution R1-166101 [2] provided in last meeting the influence of Doppler spread and phase noise on performance was evaluated. It was observed that larger subcarrier spacing is needed to combat phase noise for 70 GHz. 
In this paper, potential subcarrier spacing for 70GHz and above is considered. Comparison among several subcarrier spacing (s) and link level simulation will be provided. After that, proper subcarrier spacing for 70GHz and above is proposed.
2 Evaluation on different numerology
For high frequency, as the carrier frequency climbs up, phase noise due to the instability of local oscillators and multipliers are increased. Phase noise cause common phase error and inter-carrier interference. With similar modulation formats used in different high frequency bands and different fading channels, the numerology design must take phase noise into consideration. Suggested modelling of phase noise can be found in [3]. 
In addition, as the carrier frequency climbs up, the Doppler spread is also increased even if UE speed keeps the same as low frequency.
In this section evaluation and comparison are provided based on the impact of both phase noise and Doppler spread. The simulation assumptions can be found in Appendix A.
2.1 Numerology candidates

Numerology options in Table 1 are used to evaluate the impacts of phase noise and Doppler spread.
Table 1 Numerology options for evaluations
	Parameters
	Set 1
	Set 2

	Subcarrier spacing (kHz)
	480
	960

	OFDM symbol duration (usec)
	2.08
	1.04

	CP length (usec) (NCP/ECP)
	(0.16,0.15)*
	(0.08, 0.075) *

	No. of symbols per subframe
	56*
	112*

	Subframe duration (ms)
	0.125
	0.125

	CP overhead (NCP/ECP)
	6.67%*
	6.67%*


*Larger CP or re-arranged CP can also be defined if needed.
2.2 Impact of phase noise
In this section impact of phase noise on several subcarrier spacings for 70GHz frequency are investigated. Phase noise influence on system has been analyzed in details in [2]. Suggested modelling of phase noise can be found in [3]. Using the PSD of phase noise proposed, the achievable SIR for 70 GHz is also given in [3]. We also provide the phase noise level for evaluation in Appendix A Figure 6.
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Figure 1 BLER under different phase noise level for CDL-B with 256*16 antenna
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Figure 2 BLER under different phase noise level for CDL-B with 128*8 antenna
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Figure 3 BLER under different phase noise level for CDL-C with 256*16 antenna

[image: image10.png]BLER

10

10

fc=70GHz CDL-C DS=50ns,3km/h, AnthNum: 1288

2

—k—— 480kHZ 64QAM 3/4
—¥—— 960kHZ 64QAM 3/4
—©— 480kHz,16QAM,2/3
—O—— 960kHzZ, 16QAM,2/3
—

10

15 20 25 30 35 40
SNR(AB)



 [image: image11.png]BLER

10

fc=70GHz CDL-C DS=50ns,3km/h, AnthNum: 1288

10

—k—— 480kHZ 64QAM 3/4
—¥—— 960kHZ 64QAM 3/4
—©— 480kHz,16QAM,2/3
—O—— 960kHzZ, 16QAM,2/3

2

10

10 15 20 25
SNR(dB)

30




[image: image12.png]BLER

10

10

10

fc=70GHz CDL-C DS=50ns,3km/h, AnthNum: 1288

2

—k—— 480kHZ 64QAM 3/4
—¥—— 960kHZ 64QAM 3/4
—©— 480kHz,16QAM,2/3
—O—— 960kHzZ, 16QAM,2/3

W

10

15 20 25
SNR(dB)

30

35




Figure 4 BLER under different phase noise level for CDL-C with 128*8 antenna
Figure 1 to figure 4 provide the BLER performance for UE speed 3km/h. Figure 6 in Appendix A provide more results for UE speed 120km/h. 

From the simulation at 70 GHz we can see that for the scenarios evaluated under different phase noise level and different UE speed, 960kHz has better performance than 480 kHz. The reason is that larger subcarrier spacing can reduce ICI introduced by phase noise and has better performance to resist large Doppler spread.
Observation 1: Depending on the phase noise level and the beamforming strategy under consideration, 960 kHz has better performance than 480kHz for 70 GHz.
Proposal 1: 960 kHz is supported to combat phase noise for 70 GHz and above.
3 Conclusion
Observation 1: Depending on the phase noise level and the beamforming strategy under consideration, 960 kHz has better performance than 480kHz for 70 GHz.
Proposal 1: 960 kHz is supported to combat phase noise for 70 GHz and above.
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5 Appendix A
The assumptions used in evaluation are summarized in Table 4.
Table 2 Assumptions for Link Level Evaluation
	Assumptions
	Value

	Carrier frequency
	70GHz

	Simulation bandwidth per CC
	600MHz

	Tx mode
	LTE TM1, 1Rx

	Channel model
	CDL-B/CDL-C

	MCS
	{16QAM: 2/3}{64QAM: 3/4}

	Channel estimation
	Ideal

	Speed 
	3km/h, 120km/h

	Beamforming 
	Analog

Antenna number is shown in each figure
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Figure 5 phase noise level for different frequency
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Figure 6 BLER under different phase noise level for 120km/h
