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Introduction 
RAN4 has received an LS from RAN1 on studying the feasible sub-carrier spacings for different frequency bands and provide feedback [1]. In [2], the discussion on different aspects to settle the sub-carrier spacing was initiated. As phase noise performance for different mm-wave frequency ranges has an essential part in deciding the sub-carrier spacing, a parametric model for phase noise was presented in [3] which can be as an input for analysis of feasible sub-carrier spacing.
In this paper, we further elaborate on feasible subcarrier spacings for NR.
 Discussion
The choice of sub-carrier spacing would depend on other parameters and metrics and would result in different achievable NR maximum carrier bandwidths, spectrum utilization and in particular for mm-wave frequencies, SINR/throughput performance depending on the phase noise characteristics etc. 
Considering the ongoing discussion on sub-carrier spacings for sub-6 GHz,frequency bands, it seems that different working groups are converging to 15 kHz, 30 kHz and 60 kHz sub-carrier spacing (in addition, possibly lower spacings can be considered at a later stage). 
[bookmark: _GoBack]For sub-6 GHz, in our view, for the RAN4 specification and conformance work, considering the impact of a large number of possible combinations and permutations on test times, potentially a discussion on band specific support of different sub-carrier spacings considering foreseeable usage scenarios for different bands should take place. This is due to the need to keep the number of permutations and cases in RAN4 specifications and test specs to a reasonable level. 
Thus at this stage we would propose the following:
Proposal 1
For sub 6 GHz the sub-carrier spacings should be [15 kHz, 30 kHz and 60 KHz]. Supported numerologies should where possible be band specific depending on foreseen usage scenarios.

As outlined in [1] and [2], impairments such as phase noise and target achievable SINR would affect the choice of sub-carrier spacing, in particular for frequency bands in the mm-wave frequency ranges. Note that the phase noise performance is frequency range/band dependent for mm-wave frequencies implying the possible need to have larger spacings at higher end of mm-wave frequency ranges compared to lower ranges (i.e. 30 GHz proxy requency range might not necessarily would require same sub-carrier spacing compared to 70 GHz proxy requency). 
In addition, the discussion on Common Phase Noise (CPE) compensation in RAN1 is not settled. This can potentially also affect the choice of feasible sub-carrier spacings and thus, it is essential in our view to agree upon a realistic phase noise models and understand the impact of CPR compensation to make a final decision on sub carrier spacing for mm-wave requency bands. A parametric realistic model based on empirical validation of phase noise  model which can be used for BS and UE due to low power consumption is presented in [3].
Another aspect to consider is the relation between FFT/IFFT size, sub-carier spacing and achievable maximum bandwidths (of which neither part is settled at this stage).
Considering the need for taking to account various dependencies we would propose the following:
Proposal 2
For mm-wave frequencies at this stage, the sub-carrier spacings which should be frequency band dependent should be chosen from [60 kHz, 120 kHz and 240 kHz]. Pending the outcome of the evaluation of feasible FFT/IFFT size as well as maximum bandwidth and phase noise impact and CPE compensation, 480 kHz sub-carrier spacing for upper part of mm-wave frequency ranges should not be precluded.


Conclusion
In this paper, the important metrics and dependencies for settling the sub-carrier spacings were further discussed. The need for a realistic phase noise model for feasibility of sub-carrier spacing in essential in out view even CPE compensation is concerned. At this stage we would propose the following:
Proposal 1
For sub 6 GHz the sub-carrier spacings should be [15 kHz, 30 kHz and 60 KHz]. Supported numerologies should where possible be band specific depending on foreseen usage scenarios.

Proposal 2
For mm-wave frequencies at this stage, the sub-carrier spacings which should be frequency band dependent should be chosen from [60 kHz, 120 kHz and 240 kHz]. Pending the outcome of the evaluation of feasible FFT/IFFT size as well as maximum bandwidth and phase noise impact and CPE compensation, 480 kHz sub-carrier spacing for upper part of mm-wave frequency ranges should not be precluded.
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