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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 Spokane NR AH meeting, it was approved that a minimum of two ranges are considered as start point, which is below 6 GHz and above 24 GHz. It was also approved to study the phase noise model for NR. We think the discussion on phase noise model may take time while for below 6GHz phase noise will not cause performance degradation problem, similar as legacy LTE. Hence, in the contribution, we provide further considerations and our views on subcarrier spacing for NR for below 6GHz.
It is a reversion of R4-1700129.
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 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.
2.2 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.
2.3 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.
2.4 Supported channel bandwidth
For bands below 6 GHz, 15 kHz, 30 kHz and 60 kHz are the potential subcarrier spacings. Considering a similar implementation complexity as LTE, a 2048 point FFT is considered for NR. The maximum supported carrier bandwidth for each possible subcarrier spacing is summarized in following Table.
	Table 1 SCS and channel BW
　
	subcarrier spacing
(kHz)
	FFT size
	sampling rate
(MHz)
	Suitable Supported 
Max BW (MHz)

	below 6 GHz
	15
	2048
	30.72
	20

	
	30
	2048
	61.44
	40

	
	60
	2048
	122.88
	80/100


Based on the investigation above, we propose that:
Proposal : In Phase I, 15kHz, 30kHz and 60kHz are proposed to be supported for below 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.
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