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1. Introduction

At RAN#84bis, a study on numerology of new radio access technology (RAT) started and the following agreements were made [1].
	Agreements:
· For NR, it is necessary to support more than one values of subcarrier-spacing
· 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

· Note: other alternatives are not precluded

· FFS: exact value of a particular value and possible values of N
· The values of possible subcarrier-spacing will be further narrowed-down in RAN1#85
· Companies are encouraged to provide detailed analysis and input the views in the following table
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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:
· 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. Considering hardware reusing, it is natural to assume 15 kHz as a basis of carrier spacing and to scale it by using the power of 2 fashion, i.e. 15*2N kHz.
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. Assuming 15*2N kHz formula, 240 kHz may be a suitable subcarrier spacing for up to 30GHz.
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: Multiple sets of scalable numerology
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	Set 1
	Set 2
	Set 3

	Subcarrier-spacing (kHz)
	15
	240
	FFS

	OFDM symbol length (us)
	66.7
	4.17
	FFS

	CP-length (us)
	5.2/4.7
	FFS (depending on time coherence of channel)
	FFS

	No. of symbols / Subframe
	14
	Up to 24 (depending on CP length)
	FFS

	Subframe length (ms)
	1
	FFS
	FFS

	Frame length (ms)
	10
	FFS
	FFS

	NOTE
	Set 1 is the same as LTE numerology for sub-2 GHz

Set 2 is used for up to 30 GHz


Proposal:
· 15 kHz subcarrier spacing is the basis of subcarrier spacing (e.g., Set 1 in Table 1).
· This is intended to cover at least sub-2GHz frequency band, 
· The other subcarrier spacing should be 15*2N kHz.

· 240 kHz subcarrier spacing is supported targeting up to 30 GHz frequency band.

· FFS: the other subcarrier spacing.
4. Conclusion
In this contribution, we present our views on new RAT numerology. 
Proposal:
· 15 kHz subcarrier spacing is the basis of subcarrier spacing (e.g., Set 1 in Table 1).
· This is intended to cover at least sub-2GHz frequency band, 

· The other subcarrier spacing should be 15*2N kHz.

· 240 kHz subcarrier spacing is supported targeting up to 30 GHz frequency band.

· FFS: the other subcarrier spacing.
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