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1. Introduction

In RAN#71, new SID for a study on new radio access technology (RAT) was approved [1]. In the SID, the following objectives have been captured:

	(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband
· Massive machine-type-communications
· Ultra reliable and low latency communications 
-- Omitted --

(3) Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing in the following areas 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)


In this contribution we provide our views on the scalable numerology for single technical framework for new radio access technology. 
2. Necessity of Scalable Numerology
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	Figure 2. Scalable numerology for variety of frequency bands and services


Figure 2 shows an example of scalable numerology for variety of frequency bands and services. In this example, assuming OFDM-based waveform, subcarrier spacing is scalable as an example.

Support of variety of frequency bands
To cope with traffic explosion, it is required to utilize wider bandwidth to achieve higher capacity in NR.
In sub-6GHz spectrum, there are only limited frequencies are available. Therefore, it is natural to support higher frequencies in NR, so it is captured in TR 38.913[2] that the support of up to 100 GHz frequency band is one of the requirements for NR. One of the issues to support higher frequency, such as the above 6GHz, is the frequency jitter. If the center frequency becomes higher, the frequency jitter becomes large and it causes the inter-frequency interference in multi-carrier system, such as OFDM. Therefore, larger subcarrier spacing is necessary for NR with higher frequency band, e.g. 100 kHz to several hundred kHz for around 30GHz band.
On the other hand, the support of sub-1GHz spectrum is also important for NR as a coverage spectrum.
Considering the support of the variety of frequency band, which is from sub-1GHz to 100GHz, it is necessary to support multiple subcarrier spacing in NR within the single technical frame work.
Once multiple subcarrier spacing are supported, it also means multiple symbol length will be supported too. In this case, it is natural to support multiple TTI length and this may be beneficial to achieve different delay requirement in NR.
Variety of use cases, services, vertical services
Varieties of use cases are required for NR. mMTC requires low data rate service, and large coverage. On the other hand, eMBB type service requires much wider frequency bandwidth. Therefore, scalable numerologies, such as subcarrier spacing, TTI length and system bandwidth, are one of the key requirements for NR.
Based on the above considerations, 
Observation 1:
· Scalable Numerology (e.g., subcarrier spacing, TTI length, system bandwidth etc) is one of the key requirements for 5G-NR to support:
· Variety of frequencies (from sub-GHz to 100GHz).
· Vertical services.
3. Multiple Sets of Numerologies for scalability
According to the above discussion, multiple sets of numerologies should be studied in Study item phase.
According to TR 38.913 [2], at least around 30GHz or 70GHz carrier frequencies are supported as one of deployment scenario in addition to sub-2GHz frequency.
For sub-2 GHz frequency, 15 kHz carrier spacing, which is the same as LTE, can be the starting point.
On the other hand, wider subcarrier spacing is required to cope with frequency jitter in higher center frequency, such as 30 GHz or 70 GHz. 200-300kHz subcarrier spacing may be one of the candidates at least for around 30GHz.The required subcarrier spacing highly depends on center frequency which we assume. So first discussion point should be subcarrier spacing, then we can discuss TTI length and subframe length later. 
Considering the specification complexity and workload, the support of at most three sets are preferable. In this case, several kHz subcarrier spacing can additionally be considered in below 900 MHz for example. Otherwise, another candidate may be wider subcarrier spacing which is applicable to around 100GHz band.
Table 1: An example of multiple sets of scalable numerology
	
	FFS: Set 0 (~ 900 MHz)
	Set 1 (~ 2 GHz)
	Set 2 (~ 30 GHz)
	FFS: Set 3 (~ 100 GHz)

	Subcarrier Spacing
	Several kHz
	15kHz
	Several hundred kHz
(e.g., 210kHz)
	FFS


Observation 2:
· Within a single framework, multiple sets of scalable numerology are supported in NR.
· FFS: Two sets or Three sets
· FFS: Multiple sets can be configured within one component carrier
· The subcarrier spacing should be decided first within numerologies.
· TTI length and subframe length will be discussed later.
Proposal:
· 15 kHz subcarrier spacing is the starting point for the subcarrier spacing (e.g., Set 1 in Table 1).
· This is intended to cover at least sub-2GHz frequency band, 
· Several hundred kHz (i.e., 200-300 kHz) subcarrier spacing is the additional subcarrier spacing to be supported (e.g., Set 2 in Table 1).
· This is intended to cover at least around 30 GHz frequency band
· FFS: the subcarrier space for third set if it is studied
· Alt.1: Several kHz subcarrier spacing
· Alt.2: wider than several hundred kHz subcarrier spacing
4. Conclusion
In this contribution, we present our views on new RAT. 
Observation 1:
· Scalable Numerology (e.g., subcarrier spacing, TTI length, system bandwidth etc) is one of the key requirements for NR to support.
· Variety of frequencies (from sub-GHz to 100GHz).
· Vertical services.
Observation 2:
· Within a single framework, multiple sets of scalable numerology are supported in NR.
· FFS: Two sets or Three sets
· FFS: Multiple sets can be configured within one component carrier
· The subcarrier spacing should be decided first within numerologies.
Proposal:
· 15 kHz subcarrier spacing is the starting point for the subcarrier spacing (e.g., Set 0 in Table 1).
· This is intended to cover at least sub-2GHz frequency band
· Several hundred kHz (i.e., 200-300 kHz) subcarrier spacing is the additional subcarrier spacing to be supported (e.g., Set 2 in Table 1).
· This is intended to cover at least around 30GHz frequency band
· FFS: the subcarrier space for third set if it is studied
· Alt.1: Several kHz subcarrier spacing
· Alt.2: wider than several hundred kHz subcarrier spacing
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