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1 Introduction
RAN1 has extensive discussion on subcarrier spacing for NR and sent RAN4 a LS to ask for feedback on feasible subcarrier spacings per frequency band [1]. The following agreements were made in RAN1. 
RAN1 has agreed on a subcarrier spacing fc=15·2n as the subcarrier spacing for NR. RAN1 has also discussed the possible values of the integer n and RAN1 currently discussing to support of at least 15, 30, 60, 120, 240, and 480 kHz while the need for smaller subcarrier spacings of e.g., 3.75 kHz is for further study according to the decision at RAN1 #86:

· NR numerology scalability should allow at least from [3.75 kHz] to 480 kHz subcarrier spacing 
· Necessity of support for less than 15 kHz subcarrier spacing (e.g., 3.75 kHz) should be studied
In the contribution, we provide considerations and our views on subcarrier spacing for NR.
2 Discussion

To reduce the overhead of inserting CP, one general principle is to choose a narrower channel which has a longer symbol period. Meanwhile narrow subcarriers may cause performance loss due to ICI caused by frequency error and phase noise. 
2.1 Below 6 GHz

2.1.1 Doppler spread
Possible available new spectrum below 6 GHz which may be used for 5G deployment is listed as below:
·   Europe: 700MHz, 3.4~3.8GHz
· Japan: 3.6~4.2GHz, 4.4~4.9GHz

· China: 3.3~3.4GHz, 3.4~3.5GHz, 4.4~4.5GHz, 4.8~4.99GHz

· Korea: 3.4~3.7GHz

· Others not precluded

It observes that the highest frequency is ~ 5GHz. From deployment scenarios (TR38.913) the highest UE speed is 500 km/h (high speed scenario). To minimize the impact of high speed Doppler frequency, the subcarrier spacing should be >> 2.3 KHz.
Doppler spread =f0*(v/c) =2.3 KHz
The impact of Doppler spread is evaluated via link simulation with the subcarrier spacing of 15kHz, 30kHz and 60kHz, at a carrier frequency of 6GHz [2]. The simulation results show that 15kHz have slightly better performance in low Doppler spread scenarios and 30kHz/60kHz have better performance in high Doppler spread scenarios.
2.1.2 Phase noise
For blow 6GHz, we did some measurements on the phase noise performance at 5 GHz carrier frequency. It can be found that at the larger than 10 KHz frequency offset phase interference can be suppressed to less than -100 dBc/Hz, which will not cause any ICI problem. Furthermore, the integrated phase error from 100 Hz to 10 MHz was calculated to be around –45 dBc. It will not cause SINR degradation problem.
2.1.3 Support for diverse services
Numerology impact on supporting for wide range of services is briefly analyzed in this section. 

· For eMBB, it can be used at different deployment scenarios discussed in the above section. To support different UE speed and different carrier frequency, 15kHz, 30kHz and 60kHz are proposed to be supported at below 6GHz

· For URLLC, the user plane latency requirement is as low as 0.5ms, while it is 4ms for eMBB[4]. Shorter scheduling duration is preferred for latency reduction. Two ways can be used to achieve shorter scheduling duration, option 1 is to maintain the subcarrier spacing and reduce the number of OFDM symbols in one scheduling unit, and option 2 is to increase the subcarrier spacing with more OFDM symbols and similar scheduling duration as option 1. Since URLLC is mainly discussed at below 6GHz, 60kHz and 7 symbols within one slot (scheduling unit) and 15kHz/30kHz with less than 7 symbols within one mini-slot (scheduling unit)  can be used for URLLC.
· Since mMTC will be discussed in Phase II, smaller subcarrier spacing than 15kHz with long symbol duration for larger UL coverage can be discussed in Phase II.
Based on the investigation above, we propose that:
Proposal 1: In Phase I, 15kHz, 30kHz and 60kHz are proposed to be supported for below 6GHz
2.2 Above 6 GHz

In RAN# 74 prioritization for the remaining 3 months of the study was endorsed (RP-162574):

      Frequency above 52.6 GHz except for activity of characteristics of terrestrial IMT systems for frequency sharing / interference analysis
Hence in the paper the range of bands from 24.25 GHz – 52.6 GHz identified for WRC-19 are considered and 30 GHz is chosen as a proxy for some analysis.
2.2.1 Doppler spread
The deployment scenarios (TR38.913) contain 30 GHz band is listed as below:
	Deployment scenarios
	Carrier Frequency
	 UE speed

	Indoor hotspot
	Around 30 GHz or Around 70 GHz or Around 4 GHz 
	3km/h

	Dense urban
	Around 4GHz + Around 30GHz (two layers)
	
80% indoor (3km/h), 20% outdoor (30km/h)

	Urban macro
	Around 2 GHz or Around 4 GHz or Around 30 GHz
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h

	High speed
	Macro only: Around 4GHz 
Macro + relay nodes: 
1) For BS to relay: Around 4 GHz
For relay to UE: Around 30 GHz or Around 70 GH or Around 4 GHz
2) For BS to relay: Around 30 GHz
For relay to UE: Around 30 GHz or Around 70 GHz or Around 4 GHz
	
Maximum mobility speed: 500km/h


From deployment scenarios identified in TR38.913 the highest UE speed is 30 km/h for typical scenarios. For Macro +Relay high speed scenario the maximum speed is 500 km/h. As analyzed in [2], Doppler compensation needs to be applied for 500 km/h scenarios. For typical Node B only scenarios (30 km/h), the Doppler spread at 52.6 GHz is about 1.5 KHz. Hence the subcarrier spacing should be >> 1.5 KHz. 
The impact of Doppler spread is evaluated via link simulation with the subcarrier spacing of 60kHz, 120kHz, 240kHz and 480 kHz, at a carrier frequency of 30GHz [2]. The simulation results show that 60kHz/120kHz subcarrier spacing have almost the same performance in low Doppler spread scenarios, and 120kHz has better performance than 60kHz in high Doppler spread scenarios.
2.2.2 Phase noise

For mm wave, a summary on the phase noise level achieved by different fabrication methods and materials is given in figure 2-1 [5]. Based on the trade-off between the achieved phase noise level and reasonable cost and power consumption, suggested modelling of phase noise are also proposed in [5]. Phase noise influence on performances of high frequency 30 GHz, 40 GHz and 70 GHz are evaluated in [3]. The phase noise model used in the evaluation is shown in Figure 2-2. The evaluations show that 60 kHz and 120 kHz almost have the same performance.
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Figure 2-1: A brief summary of the phase noise level achieved by different fabrication methods and materials
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Figure 2-2: phase noise level for different frequency

Based on the investigation above, we propose that:
Proposal 2: 60kHz and 120kHz are proposed to be supported for NR bands up to 52.6GHz.

3 Conclusion
In this contribution, we provide discussion on the details on SCS for the response to RAN1 R1-1613748. Based on the discussion above, it is proposed that,
Proposal 1: 15kHz, 30kHz and 60kHz are proposed to be supported for below 6GHz.
Proposal 2: 60kHz and 120kHz are proposed to be supported for NR bands up to 52.6GHz.
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