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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 this paper, we provide some discussion in relation to the RAN1 request and some aspects that need to be considered to conclude on feasible sub-carrier spacings for different bands.
Discussion
The received LS from RAN1 contains the following:
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

The feasibility of a certain subcarrier spacing may depend on e.g. implementation imperfections such as phase noise at different carrier frequencies. The feasibility may also depend on the deployment scenario. RAN1 would therefore ask RAN4 for feedback which subcarrier spacings that are feasible at different carrier frequencies. RAN1 is currently studying the design and performance of phase noise tracking reference signal.

2. Actions:
ACTION: 	RAN1 would like to ask RAN4 to provide feedback on feasible subcarrier spacings per frequency band
As outlined in the LS, the 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. To address this, we have initiated the discussion on mm-wave phase noise [2] & [3] where the mechanisms and performance characteristics for phase noise is extensively described. To reach consensus on sub-carrier spacing considering the phase noise impact, RAN4 first should reach consensus on the phase noise model which can be used for different frequency bands in the mm-wave frequency range. [4] provides a comprehensive discussion on modelling of phase noise and an empirically validated model is proposed.
In addition, the choice of sub-carrier spacing would define the modulation spectrum which is a key parameter when the spectrum utilization and guards for NR is concerned. Thus the spectrum utilization level is also another parameter that should be considered when sub-carrier spacing is settled (and/or vice versa). In this respect, there are ongoing discussions in RAN4 since a few meetings back; currently the discussion is focussed on below 6GHz.
Considering the size of FFT/IFFT for NR possibly for different frequency bands, the sub-carrier spacing is an important parameter to settle the achievable carrier bandwidths for NR. There is already another LS from RAN1 [5] on the achievable maximum carrier bandwidths from implementation feasibility point of view which is under investigation in RAN4.
The selected sub-carrier spacing and relation to phase noise will also impact the EVM budget and the EVM requirement.
Taking to account that the NR SI does not consider any specific frequency band and the ongoing RAN4 discussion on outlining the candidate bands for NR WI, the choice of sub-carrier spacing would thus relate to the agreed NR bands during WI. 
Thus the subcarrier spacing fits into a wider jigsaw of RAN4 decisions and requirements on aspects such as EVM, utilization, bandwidth etc. From this perspective, RAN4 decision on applicable subcarrier spacing on a band dependent basis seems the best way forwards.
Considering the aspects and dependencies outlined above including frequency band candidate selection which are within the mandate of RAN4, we would propose to send an LS response to RAN1, describing the dependencies, the ongoing RAN4 work on different aspects and formally request to move the decision on sub-carrier spacing for different frequency bands to RAN4.
Proposal 1:
Outline to RAN1 the RAN4 dependencies on subcarrier spacing and propose that the decision on applicable spacing for each band is taken in RAN4.
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