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1 Introduction

In last RAN4 meeting, a WF on NR sub-carrier spacing and channel bandwidth for NR was agreed [3]. Based on the WF, a range was agreed to be further studied in the WI phase for both sub 6GHzand above 6 GHz. 
· For sub 6GHz

· 15kHz, 30kHz, and 60kHz are feasible SCS

· For above 6GHz

· RAN4 has not yet reached a decision on which SCS are feasible

· 60kHz, 120kHz and 240kHz are potential candidates for SCS

· Feasibility of 480kHz is FFS

· Evaluation of feasible SCS should be made based on the phase noise model(s), CBW, FFT size, service to support etc.

· Which of the above mentioned SCSs are supported for NR bands will be discussed in WI phase.

· SCSs mentioned above are not applicable to all bands 

In this contribution, further considerations and proposals on subcarrier spacing per band are provided. 
2 Discussion
2.1 Support for enhanced mobile broadband (eMBB)
Impact of phase noise

As concluded in [1], phase noise for sub 6 GHz NR bands will not cause SIR degradation problem. 

Impact of delay spread 
For sub 6GHz NR bands, reuse of 15 kHz subcarrier spacing is quite straight forward. It provides better co-existence and compatibility with LTE for existing LTE band re-farming case.  And 15 KHz has longer CP which matches macro coverage scenarios. As evaluated in [2] , for the scenarios with larger delay spread, 15 KHz outperforms 30 KHz and 60KHz, due to the performance loss caused by larger ISI. 
Impact of Doppler frequency spread
For different UE speeds in different carrier frequency, subcarrier spacing candidates are chosen to minimize the impact of Doppler frequency spread. Higher UE speed and/or higher carrier frequency introduce larger Doppler frequency spread and require larger subcarrier spacing. As discussed in [1] and [2],15kHz have slightly better performance in low Doppler spread scenarios and 30kHz/60kHz have better performance in high Doppler spread scenarios. Compared 30kHz with 60Hz in 500km/h scenarios, 60kHz option perform slightly better.

2.2 Support for URLLC
For URLLC, the user plane latency requirement is as low as 0.5ms. Shorter scheduling duration is necessary 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.

Based on discussion above, a narrower subcarrier spacing which has a longer symbol period can tolerant larger delay spread, meanwhile wider subcarrier spacing can reduce the performance loss due to ICI caused by frequency spread. To support diverse services and deployment scenarios, it is proposed to define 15 KHz, 30 KHz and 60 KHz for every sub 6GHz NR bands.
3 Conclusion
Proposal: It is proposed to define 15 KHz, 30 KHz and 60 KHz for every sub 6GHz NR bands. Operator can choose the subcarrier spacing(s) in the real deployments.
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