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1	Introduction
RAN4 agreed the way forward on subcarrier spacing for NR [1]. The following was approved:

· RAN4 study in SI phase and intermediate reply to RAN1 (R4-1700239) will be based on per frequency range.
· A minimum of two ranges are considered as start point
· Below 6GHz
· Above 24 GHz
· More ranges may need to be added depending on the results of the study below
· 15kHz, 30kHz, 60kHz, 120kHz and 240kHz are considered as subcarrier spacings in phase 1 study

Companies are encouraged to provide contributions focus on following topics for RAN4#82.
· Phase noise model
· Feasible subcarrier spacings per frequency band with analyse on 
· Supported channel bandwidth
· Support for URLLC
· Test
· EVM
· Implementation impact due to multiple subcarrier spacing
· Others are not excluded

This contribution update the proposal on channel bandwidths and numerologies per spectrum range. Accompanying contribution on phase noise model is provided in [2].

2	Sub-carrier spacing and BW options for Phase I

RAN1 sent LS on wider bandwidth operation for NR [3] with following agreements:

· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15
· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands
· RAN1 asks the feasibility of at least followings
· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered
· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz
· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15
· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]
· The maximum FFT size is not larger than [8192, 4096, 2048]
· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth
· FFS: minimum bandwidth

Contribution [4] discussed the sub-carrier spacing options for initial Phase I focusing on spectrum below 52.6 GHz. ITU-R WP 5D is seeking technical support and information relevant to the frequency range (24.25‑86 GHz) being studied under AI 1.13 sharing and compatibility studies. Spectrum is divided into four different ranges in ITU-R, namely 24.25-33.4 GHz, 37-43.5 GHz, 45.5-52.6 GHz and 66-86 GHz. 
The coexistence and compatibility with LTE as well as the shown suitability of 15 kHz sub-carrier spacing to macro-cellular deployments makes 15 kHz support as the natural selection from the f0*2m (where f0 = 15 kHz) for spectrum below 3.5 GHz. The downside of 15 kHz sub-carrier spacing is its limited bandwidth support without large-scale carrier aggregation, and its suitability for deployment in higher bands. RAN1 consider 20/25 MHz nominal max BW for 15 kHz sub-carrier spacing. Considering available spectrum below 3.5 GHz and compatibility with LTE, the 20 MHz BW would be a reasonable choice.
The 60 kHz sub-carrier spacing offers a good combination of wider bandwidth, robustness against phase noise as well as still fairly decent CP suitable for micro-cellular deployments. It could be considered for covering deployments in ITU-R spectrum range below 43.5 GHz. On the other hand, it’s not the optimum solution for lower frequencies < 3.5 GHz. Also, the CP may be too short for Urban macro scenario. The 30 kHz sub-carrier spacing could be considered as intermediate value covering deployment scenarios, carrier frequencies and channel BWs between 15 kHz and 60 kHz. As there is more spectrum available in higher frequencies RAN4 could consider the higher BW options considered in RAN1 evaluations. 50 MHz for 30 kHz could be considered for spectrum range 2-6 GHz. Going for higher frequencies 100 MHz could be assumed for 60 kHz sub-carrier spacing considering the implementation impact and maximum FFT sizes.
Higher sub-carrier spacings allows smaller cells and support of wide-bandwidth without carrier aggregation for bands >6 GHz. For the frequency range below 52.6 GHz we see 120 kHz as a good sub-carrier spacing for this purpose. 200 MHz BW was chosen as simulation assumption for RAN4 co-existence studies. It represents a typical value for co-existence studies and was also considered as a representative value provided to ITU-R WP5D. 200 MHz BW would match well with 120 kHz sub-carrier spacing. RAN4 AH agreed to consider also 240 kHz sub-carrier spacing. For that the 400 MHz nominal max BW is a natural choice and also one of the option RAN1 is considering in their LS. Going for wider channel BWs may not be feasible for initial Phase I. Higher sub-carrier spacings would be beneficial for wider BW single carrier waveforms targeted for > 52.6 GHz systems, and should be considered further in Phase II. 

3				Conclusions

Proposal: The following set of numerologies and BWs to be initially supported for NR targeting to bands < 52.6 GHz
 
Set of numerologies to proceed within the NR Study Item 
	Subcarrier spacing [kHz]
	15
	30
	60
	120
	240

	Supported frequency range
	< 3.5 GHz
	2 – 6 GHz
	3.5 – 43.5 GHz
	6 – 52.6 GHz
	6 – 52.6 GHz

	Max FFT size
	2048
	2048
	2048
	2048
	2048

	Nominal max component carrier BW [MHz]
	20
	50
	100
	200
	400
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