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1. Introduction
At RAN#71, the new study item, ‘New Radio Access Technology’, was approved aiming to develop a new radio access technology to meet a broad range of use cases including enhanced mobile broadband (eMBB), massive MTC (mMTC), and ultra-reliable and low latency communications (URLLC) [1]. During RAN1#84bis meeting [2], the following agreements were achieved regarding the NR numerology. In this contribution, we describe further considerations NR numerology and details of subcarrier spacing scaling method.

Agreements:
· RAN1 will continue further study and conclude between following alternatives in the next meeting

- Alt. 1:

· The subcarrier spacing for the NR scalable numerology should scale as

· fsc = f0 * 2m
· where

· f0 is FFS

· m is an integer chosen from a set of possible values

- Alt. 2:

· The subcarrier spacing for the NR scalable numerology should scale as

· fsc = f0 * M

· where

· f0 is FFS

· M is an integer chosen from a set of possible positive values

· All companies are requested to analyze/evaluate following aspects

· Realistic phase noise

· How each alternative allows mixing different numerologies

· All companies are requested to propose exact values of 

· f0, m, and M
Agreements:
· For the study of NR, RAN1 assumes that multiple (but not necessarily all) OFDM numerologies can apply to the same frequency range

· Note: RAN1 does not assume to apply very low value of subcarrier spacing to very high carrier frequency

2. Requirements of Scalable Numerology
In TR38.913 [3], different usage scenarios and deployment scenarios for the NR systems have been described, which have tight connection to the numerology design in the NR system. 
The families of usage scenarios include eMBB, mMTC, and URLLC. Due to the specific features and requirements inherent in each usage scenario, it is desirable to support scalable numerology with respect to different usage scenario.
For each usage scenario, different deployment scenarios need to be studied. For example of eMBB, deployment scenarios under discussion are indoor hotspot, dense urban, rural, urban macro and high speed. Given a deployment scenario, various attributes need to be defined, including carrier frequency, aggregated system bandwidth, network layout/ISD, eNB/UE antenna elements, UE distribution/speed and service profile, etc. Different attributes and ranges need to be considered in the numerology design. 
Take the carrier frequency as an example, a range of bands from 24 GHz – 40 GHz and 66 GHz – 86 GHz identified for WRC-19 are currently being considered [3]. Since different carrier frequencies have quite different properties, e.g., radio propagation characteristics and phase noise impact, the choice of numerology may be different [4, 5]. The aggregated system bandwidth is another aspect which needs to be carefully considered in the numerology design. To accommodate various allocation cases of frequency bands and bandwidth size, the numerology design should be scalable enough. 
In addition to the diverse usage/deployment scenarios, the TR38.913 describes the key performance indicators (KPIs) for the NR system design, where most of them are directly related to the numerology design. For example, the control plane latency/user plane latency requirements are related to the subframe length. The mobility requirement is tightly connected to the subcarrier spacing, since the Doppler impact needs to be minimized.

Observation 1: The NR numerology needs to be scalable enough to support diverse usage scenarios, deployment scenarios and various KPIs.
3. Principles of Scalable Subcarrier Spacing
Among the numerologies, subcarrier spacing is one of the most important factors. Basically, it is common understanding that the subcarrier spacing design needs to consider various aspects, e.g., coherence bandwidth, Doppler effect, phase noise, implementation cost, and so on. It would be worth to note that the choice of a suitable subcarrier spacing option should be driven by the requirements of newly defined usage/deployment scenarios and various technical considerations in the NR system, rather than by a scaling method only.
Observation 2: Determining a specific subcarrier spacing option should take into account the given usage/deployment scenario as well as various technical aspects, rather than a scaling method only.
Taking into account the requirements mentioned above, the principles of scalable numerology design are described. Since tight interworking between LTE and NR system is one of the important requirements [3], it would be beneficial to include the LTE subcarrier spacing as a baseline, i.e., f0 = 15 kHz. This is assumed in this document and more detailed analysis on the base subcarrier spacing for NR will be described in our companion document [6].

Scalability & Suitability
In Alt. 1 with 2m scalable numerology, the set of candidate subcarrier spacing options can be determined by fsc = f0 * 2m, which include {15 kHz, 30 kHz, 60 kHz, 120 kHz, etc.}. It is obvious that the set of candidate subcarrier spacing options in Alt. 1 with 2m scalable numerology is a subset of that in Alt. 2 with M scalable numerology. There is no doubt that Alt. 1 has limited scalability while Alt. 2 is scalable enough.
For each scaled subcarrier spacing option, the suitability needs to be decided based on a thorough study considering the requirements of newly defined usage/deployment scenarios in the NR system. Some cases are described below to show the drawback of limited scalability.

· Considering that 100MHz BW is allocated to an operator, one may think about 75 kHz subcarrier spacing with 2048 FFT size under the assumption of scaling LTE-based numerology (5 times).  However, this subcarrier spacing option is precluded in the family of 2m scalability. 
· It is common understanding that phase noise requires specific consideration in high carrier frequencies. In our companion document [7], it is observed that the subcarrier spacing sets provided by Alt.1 with 2m scalability are not be suitable enough and future-proof because they limit the possible candidate of subcarrier spacing considering up to 100 GHz of carrier frequency.
Observation 3: Due to the limitation of subcarrier spacing with 2m scalability in Alt. 1, the choice of subcarrier spacing options in a certain deployment scenario is highly restricted. It cannot be guaranteed that the subcarrier spacing candidates with 2m scalability are suitable enough and future-proof.
Multiplexing
Considering that two subcarrier spacing options are scaled with respect to the baseline subcarrier spacing by M1 and M2, the subframe durations are respectively scaled by 1/M1 and 1/M2. To enable multiplexing (TDM/FDM) of different subcarrier spacing options in an efficient manner, one may think to align the subframe boundaries among different subcarrier spacing options. If the scaling factors are dividable, e.g., 2, 5, or 10, the subframe boundary can be easily aligned, which makes multiple subframes from one subcarrier spacing fit into one subframe of the other subcarrier spacing. Similarly in the frequency domain, multiple subcarriers from one subcarrier spacing fit into one subcarrier of the other subcarrier spacing, and the RB (if defined) boundary can be easily aligned. When different subcarrier spacings are FDMed, it can be up to eNB configuration/scheduling to handle the interference among them, e.g., make some gap, as that of NB-IoT uplink case. Thus, in order to allow multiplexing of multiple subcarrier spacing options in a simple way, it is sufficient to have any scaling factor with good divisibility. The restriction of 2m scalability is not necessary. 
In summary, it is preferred to have the subcarrier spacing with M scalability, while keeping reasonable flexibility in the initial phase of the NR study, and make sure it is future-proof. 
Proposal 1: The subcarrier spacing for the NR numerology should be scaled as fsc = f0 * M in Alt. 2, rather than restricted by 2m scalability.
Considering the necessity of multiplexing different subcarrier spacing options, the scaling factor M can be constructed from multiples of pre-defined small integers with good divisibility, e.g., 2 and/or 5. Assuming that M = 2m·5n, where m and n are integers chosen from a set of non-negative values, some examples of candidate subcarrier spacing options are {15kHz, 30kHz, 75kHz, 150kHz, 300kHz} corresponding to M={1, 2, 5, 10, 20}, which provide more choices of suitable subcarrier spacing option considering diverse frequency bands/usage scenarios/deployment scenarios. Note that here we only list some of the candidates which satisfy the considered scalability, while the set of numerologies to be supported for NR is described in our companion document [8].

Proposal 2: The scaling factor M can be constructed from multiples of pre-defined small integers with good divisibility, e.g., M = 2m5n (m, n are integers chosen from a set of non-negative values).
4. Conclusions
In this contribution, the additional considerations and details of NR numerology scaling method are discussed. In summary, the observations and proposals are as follows:
Observation 1: The NR numerology needs to be scalable enough to support diverse usage scenarios, deployment scenarios and various KPIs.
Observation 2: Determining a specific subcarrier spacing option should take into account the given usage/deployment scenario as well as various technical aspects, rather than a scaling method only.
Observation 3: Due to the limitation of subcarrier spacing with 2m scalability in Alt. 1, the choice of subcarrier spacing options in a certain deployment scenario is highly restricted. It cannot be guaranteed that the subcarrier spacing candidates with 2m scalability are suitable enough and future-proof.
Proposal 1: The subcarrier spacing for the NR numerology should be scaled as fsc = f0 * M in Alt. 2, rather than restricted by 2m scalability.

Proposal 2: The scaling factor M can be constructed from multiples of pre-defined small integers with good divisibility, e.g., M = 2m5n (m, n are integers chosen from a set of non-negative values).
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