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Introduction
In RAN#71, the SID for new radio access technology has been approved [1]. One of the important objectives is to investigate the fundamental physical layer signal structure for the new RAT including waveform, basic numerology and frame structure as well as channel coding schemes. In this contribution, we will present basic principles for the numerology design.
Discussion
Sample rate and waveform assumption for numerology design
The numerology design is highly related to the conclusions from the waveform discussions in RAN1. So far, an OFDM based approach (e.g. filtered/windowed OFDM/SC-FDM or CP-OFDM) seems to be a promising candidate [2]-[5] and is put into the first priority for the study [1]. 
A framework quite similar to the well-known CP-OFDM from LTE (e.g. sample rate, symbol interval) could be a good starting point for this investigation. 
In order to keep the design simple and cost efficient, it is preferred that the one device could simultaneously support LTE and the new RAT. Therefore, they should be able to share the same basic oscillator. The numerology framework should allow the flexibility to meet the diverse KPIs, but at the same time allow low implementation complexity for the devices that so require.
Proposal 1: 
The sample rate for the new RAT numerology should be chosen such that the same basic oscillator as in LTE can be used.
Proposal 2:
The numerology framework should allow the flexibility to meet the diverse KPIs, but at the same time allow low implementation complexity for the devices that so require.
Proposal 3:
The well-understood CP-OFDM should be the baseline for the investigations about numerology in UL and DL until further decisions by RAN1 have been made on the Waveform design.

Methodology for numerology design of new RAT
According to [6], the new RAT should be able to efficiently support a large frequency range (0~100GHz) and various usage scenarios, e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC) and ultra reliable and low latency communications (URLLC). Moreover, it should also be applicable to many kinds of deployment scenarios such as indoor hotspot, dense urban, extremely large coverage and high speed scenario, etc.
Observation 1:
Due to the diversity of applications and deployments, the requirements imposed on the numerology for the new RAT are much more diverse than for LTE.
It is not yet clear how the different requirements translate into the most efficient numerology. Probably more than one numerology configuration is needed to support such diverse use cases. Therefore, a basic methodology for the numerology design of the new RAT is proposed, which describes the relation between the various numerologies. The methodology and principles should be agreed before further numerology details are discussed. 
Proposal 4:
A methodology for supporting multiple different numerologies shall be studied. 
We suggest dividing the whole frequency range of the new RAT into several sub-ranges according to the channel characteristics. For example, the following four frequency sub-ranges could be considered: low (≤6GHz), medium (≤30Hz), high (≤60GHz) and extremely high (≤100GHz).  
Then, a basic numerology (e.g. sampling rate, sub-carrier spacing, FFT size, CP length, symbol length, nr of symbols per sub-frame) can be scaled to become the basic sub-range numerology. Within each sub-range, the basic sub-range numerology can be further scaled to meet the requirements of the specific use case, e.g. eMBB, mMTC or URLLC. An example of this concept is illustrated below in Figure 1.
[image: ]
Fig 1 Example for the methodology to generate various numerologies from a basic numerology
Proposal 5: 
· the whole frequency range of new RAT is divided into several frequency sub-ranges
· one basic numerology is scaled to basic sub-range numerologies 
· the numerology used for the specific use cases (e.g. eMBB, mMTC or URLLC) in a frequency sub-range can be derived from the basic sub-range numerology
Given Proposals 4 and 5 above, it is suggested to start the design of the methodology with the low frequency range (≤6GHz), which means the basic sub-range numerologies for higher frequency sub-ranges are obtained by scaling the parameters of the lowest frequency sub-range. This method would also be beneficial for reducing the work load in standardization.
If CP-OFDM is chosen as the waveform for the 5G new RAT, then it will be extremely important to support various CP lengths. In order to meet required KPIs in a specific deployment scenario (e.g. spectral efficiency, latency, energy efficiency, reliability, coverage, etc), the CP lengths need to be adjusted. The exact numbers are for further study, but the general numerology should allow certain flexibility for the CP length.
In general, at higher carrier frequencies a larger sub-carrier spacing (SCS) is needed in order to overcome the impact of severe phase noise and the Doppler frequency offset. Due to the larger SCS, the symbol length is reduced. If the CP overhead should be kept constant, then this would also result in a shorter cyclic-prefix. At high frequencies, on the other hand, a shorter CP might not have an impact on the performance, since the delay spread of the channel also will be shorter. The relationship between CP length and spectral efficiency should be studied for the different SCSs in different deployment scenarios. 







[bookmark: OLE_LINK9][bookmark: OLE_LINK14]Although a larger system bandwidth and a higher sampling rate will be expected for higher frequencies thanks to more available continuous spectrum, the sampling rate scaling factor may not be the same as the SCS scaling factor. The up-scaled sampling rate at a higher frequency sub-range can be expressed as, where and are the sampling rate and corresponding sampling rate scaling factor for frequency sub-range. Given the sampling rate scaling factor and the SCS scaling factor, the FFT size will be obtained as . The implementation complexity of the FFT should be taken into account in the selection of .
Proposal 6: 
· a method for a  scalable numerology design for different frequency sub-ranges is supported, 
· the basic sub-range numerology is scaled from the numerology of the lowest frequency sub-range.
· Separate scaling factors for different parameters like SCS, CP and sampling rate can be considered, i.e.
· 



, implementation complexity of FFT should be taken into account for where the corresponding SCS scaling factor is and the corresponding sampling rate scaling factor is.
· further evaluation is needed to find the optimal parameters for each frequency sub-range.
· some refinements (e.g. CP length) can be considered if the necessity is justified according to evaluation
LTE and its evolution have been widely used in low frequency for many kinds of applications (e.g. MBB, mMTC and uMTC) with excellent performance. Its numerology can be directly applied to the low frequency sub-range of the new RAT, which will dramatically reduce work load of standardization. 
On the other hand, the duration of OFDM symbols in LTE is non-uniform within one sub-frame, i.e. the first OFDM symbol in each LTE slot is slightly longer than the remaining ones. This can become inconvenient especially at low frequencies when we want to divide one LTE sub-frame into several short basic TTIs (in [7], the term “basic TTI” is introduced and discussed). Therefore, some changes of the LTE numerology may be considered in order to obtain a uniform OFDM symbol duration. It is much better to have 2n OFDM symbols in one LTE sub-frame to facilitate a flexible basic TTI design. Moreover, with the consideration of reducing the work load of standardization, the change should be as small as possible thanks to the robust performance of LTE numerology.
Proposal 7: 
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]two options can be considered for numerology design of low frequency sub-range of new RAT
· directly applying LTE numerology
· changing the numerology of LTE for uniform OFDM duration.
·  2n OFDM symbols in one LTE subframe is slightly preferred
·  the change should be as small as possible
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, methodology and principles for numerology design are discussed. According to the analysis in section 2, we have following proposals:
Proposal 1: 
The sample rate for the new RAT numerology should be chosen such that the same basic oscillator as in LTE can be used.
Proposal 2:
The numerology framework should allow the flexibility to meet the diverse KPIs, but at the same time allow low implementation complexity for the devices that so require.
Proposal 3:
The well-understood CP-OFDM should be the baseline for the investigations about numerology in UL and DL until further decisions by RAN1 have been made on the Waveform design.
Proposal 4:
A methodology how to support sets of different numerologies shall be studied.
Proposal 5: 
· the whole frequency range of new RAT is divided into several frequency sub-ranges
· one basic numerology is scaled to basic sub-range numerologies 
· the numerology used for the specific use cases (e.g. eMBB, mMTC or URLLC) in a frequency sub-range can be derived from the basic sub-range numerology
Proposal 6: 
· a method for a  scalable numerology design for different frequency sub-ranges is supported, 
· the basic sub-range numerology is scaled from the numerology of the lowest frequency sub-range.
· Separate scaling factors for different parameters like SCS, CP and sampling rate can be considered, i.e.
· 



, implementation complexity of FFT should be taken into account for where the corresponding SCS scaling factor is and the corresponding sampling rate scaling factor is.
· further evaluation is needed to find the optimal parameters for each frequency sub-range.
· some refinements (e.g. CP length) can be considered if the necessity is justified according to evaluation
Proposal 7: 
· two options can be considered for numerology design of low frequency sub-range of new RAT
· directly applying LTE numerology
· changing the numerology of LTE for uniform OFDM duration.
·  2n OFDM symbols in one LTE subframe is slightly preferred
· the change should be as small as possible
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