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Background

At RAN1 #84b, the following was agreed in terms of NR numerology:

Values of subcarrier-spacing are derived from a particular value of subcarrier-spacing multiplied by N where N is an integer
· Alt.1: Subcarrier-spacing values include 15 kHz subcarrier-spacing (i.e., “LTE-based” numerology)
· Alt.2: Subcarrier-spacing values include 17.5 kHz subcarrier-spacing with uniform symbol duration including CP length
· Alt.3: Subcarrier-spacing values include 17.06 kHz subcarrier-spacing with uniform symbol duration including CP length
· Alt.4: Subcarrier-spacing values 21.33 kHz

It should be noted that, in practice, the 21.3 kHz baseline sub-carrier spacing (Alt 4) was really not proposed as a stand-alone alternative but as a complement to the 17.06 kHz sub-carrier spacing (Alt. 3) in order to enable a complementary extended cyclic prefix.
The majority of RAN1 #84b papers focusing on numerology were in favor of Alt. 1, i.e. a numerology aligned with LTE/NB-IoT, but no conclusion on further down-selection could be reached at the meeting.
There was also discussion of the possible values of the scale factor N:
· Alternative A: N limited to N = 2n, where n is an integer.
· Alternative B: N not limited N = 2n.
Especially, companies promoting alternative B was proposing to include 75 kHz as part of Alternative 1, i.e. a scale factor N=5 assuming 15 kHz being the base line sub-carrier frequency. 
Baseline numerology 
Below we briefly discussed some aspects related to the base-line numerology
Sampling rate
Being able to have a sampling rate which is a multiple of the LTE sampling rate is beneficial, for example in terms of being able to reuse LTE radio equipment when migrating spectrum from LTE to NR.
Alternative 1 (15 kHz) and alternative 3 (17.06 kHz) implies a sampling rate that is multiple of the LTE sampling rate while alternative 2 (17.5 kHz) assumes a sampling rate that is a rational number of the LTE sampling rate.
FFT size
Radix-2 FFT simplifies implementation of base station and device. 
Alternative 1 and alternative 2 are based on radix-2 FFT while alternative 3 is based on radix-2, 3, and 5.
Symbols in 1 ms
Having 2m symbols in 1 ms allows for better granularity in terms of different lengths of the scheduling interval while still being aligned with the LTE 1 ms subframe. 
Alternative 2 and 3 implies 2m symbols in 1 ms while alternative 1 has 14 symbols in 1 ms (for 15 kHz). 
Extended CP
Possibility to extend the cyclic prefix without going for a smaller sub-carrier spacing implies additional flexibility in deployment of the radio-access technology. Note that it may not necessarily be about having a longer cyclic for sub-carrier spacing in the order of LTE (15 kHz). A more important case could be about having the possibility for a longer cyclic prefix for the higher sub-carrier spacings where the “normal” cyclic prefix is relatively short.
Alternative 1 can reuse the LTE mechanism for extended cyclic prefix while alternative 2 and 3 does not allow for an extended cyclic prefix without going for a different sub-carrier spacing or, alternatively, breaking the 2m-symbols-in-1-ms property.
Co-existence with NB-IoT
A key reason for adopting a 15 kHz sub-carrier spacing for NB-IoT was the possibility to deploy NB-IoT inband within a legacy LTE carrier. Taking into account the long “life time” for IoT devices, it is clearly of interest to be able to migrate LTE spectrum to NR while still being able to support NB-IoT devices within the spectrum
Alternative 1 allows for keeping inband deployment of NB-IoT when migrating LTE to NR (assuming 15 kHz sub-carrier spacing) while alternative 2 and 3 only allows for “guardband” deployment.

Summary and recommendation
The table below summarizes the evaluation of the different proposals. 
	
	Alt 1 (15 kHz)
	Alt 2 (17.5 kHz)
	Alt 3 (17.06 kHz)

	Sampling rate
	KLTE
	K/LLTE
	KLTE

	Radix 2 FFT 
	Yes
	Yes
	No

	2m symbols per 1 ms
	No
	Yes
	Yes

	Extended CP for given sub-carrier spacing
	As in LTE
	Not possible
	Not possible

	Co-existence with NB-IoT
	Inband or guardband
	Guardband only
	Guardband only



Recommendation: 
Based on this table and the fact that most companies that expressed a view at RAN1 #84b was in favor of alternative 1, it is recommended that RAN1 concludes on Alternative 1 as the baseline for the NR numerology. 
Scale factors
It is assumed that the minimum scheduling units in time will also scale (inversely) with the subcarrier spacing.
[bookmark: _GoBack]To ensure good co-existence between different numerologies, smaller scale factors should divide larger scale factors, i.e.  N2 = K1N1, N3 = K2N2, etc. This would imply that scheduling intervals of different numerologies would match, something that would be necessary for example for efficient use of mixed numerologies within one carrier as proposed for example in [1].
It should be noted that this, in itself, does not rule out 75 kHz as part of a 15 kHz numerology (Alternative 1). However, having N = 2n provides the highest flexibility in numerology while still having smaller scale factors dividing larger ones. Especially, having sub-carrier spacing of 5 kHz and 75 kHz numerology would not allow for any sub-carrier spacings between 15 kHz and 75 kHz assuming the requirement that smaller scale factors should divide larger once.
Recommendation:
Based on this, it is recommended that RAN1 concludes on scale factors N = 2m as the baseline for the NR scalable numerology. 
It has been argued that having scale factor N=2n leads to too bad granularity in the scale factors for high sub-carrier spacing. We do not believe that to be the case. However, if it is found out that introducing additional (non-2n) scale factors is needed  this can be considered as complements to 2n scale factors. 

Conclusions
The following is proposed
· RAN1 concludes on alternative 1 (15 kHz) as the baseline for the NR numerology 
· RAN1 concludes on scale factors N =2n as the baseline for the NR numerology.
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