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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN#71, a new SID [1] on “Study on NR New Radio Access Technology” was approved. The proposals for RAN1 are the following, 
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 
0. Fundamental physical layer signal structure for new RAT
0. Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
0. FFS: other waveforms if they demonstrate justifiable gain
0. Basic frame structure(s)
0. Channel coding scheme(s)
In this contribution, we provided our views on the waveform based on OFDM a.k.a numerology and the frame structure for NR study.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Numerology
The numerology for NR has the advantage of sharing the commonality with LTE numerology. Some LTE numerology can be scaled to NR. But NR should support the following 3 scenarios [2]
- Enhanced mobile broadband
- Massive machine-type-communications
- Ultra reliable and low latency communications
And the requirement for these 3 scenarios is under discussion and the agreement will affect the numerology design later. So at first, we could discuss the applicable frequency and the affected parameters in parallel.
2.1 Frequency band and bandwidth
In TR 38.913 [2], it is agreed that NR should support potential use of frequency range up to 100 GHz. So the numerology design should cover a large frequency range from below 6 GHz to up to 100 GHz. In high frequency band, there is larger bandwidth and the carrier spacing will be larger. So the phase noise is also higher which requires a robust design [3]. 
2.2 OFDM parameters
The OFDM parameters for numerology have been discussed in several papers [4-5]. They are summarized in table 1 which can be used as a starting point for numerology discussion. The result of channel model above 6 GHz will also contribute to these parameters, e.g. the CP length depends largely on the study result of the delay spread. But firstly we need to figure out which parameter should be considered in the discussion. Then companies are encouraged to contribute to the actual value of each parameter. Hopefully the parameter design can converge and will be used for the NR system design.
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57]Proposal 1: Confirm the numerology can be applied from below 6 GHz to 100 GHz. The bandwidth can be larger than 20 MHz.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67]Proposal 2: Consider Table 1 for NR numerology discussion. Companies are encouraged to contribute to the actual value of each parameter.
Table 1 Parameters for NR numerology
	Parameters
	LTE
	[4]
	[5]
	Proposal for discussion

	Carrier bandwidth
	1.4/5/10/15/20 MHz
	200 MHz
	5/75/100/125/250/500 MHz
	50/100/150/200 MHz (FFS:1GHz)

	Carrier spacing
	15 KHz
	60 KHz
	300 KHz
	150 KHz

	Effective carriers
	[bookmark: OLE_LINK68][bookmark: OLE_LINK69]1200 (20 MHz)
	3300
	NA
	1200 (200 MHz)

	Number of RBs
	100 (20 MHz)
	275
	NA
	[bookmark: OLE_LINK70][bookmark: OLE_LINK71]100 (200 MHz)

	Sampling freq.
	30.72 MHz (200 MHz)
	245.76 MHz
	NA
	307.2 MHz (200 MHz)

	FFT size
	2048 (20 MHz)
	4096
	NA
	512~2048 (200 MHz)

	TTI duration
	1 ms
	0.25 ms
	0.1 ms
	0.1 ms

	Symbol length
	66.7 us
	16.67us
	4.16 us
	6.67 us

	CP length
	4.7 us
	1 us
	0.83 us
	0.47 us



3 Frame structure
Current LTE has three kinds of frame structures, FDD, TDD and FS3 for LAA. The NR will have the unique characteristics than that of the legacy LTE including high frequency (e.g. 30/70 GHz in [2]), large bandwidth and up to 256 Tx and Rx antenna elements. If current LTE frame structure will be directly applied to NR, the RS and CSI feedback overhead would be a serious problem. The similar problem has occurred when we want to increase the number of antenna ports in FD-MIMO in Rel-13. But for TDD system, beamforming for downlink transmission can be based on uplink channel information if the channel reciprocity is maintained. So in NR, the channel reciprocity could be utilized to save the CSI feedback overhead when the antenna is well calibrated. 
On the other hand, for NR, backward compatibility to LTE is not required. The frame structure can based on TDD, but the frame structure might be different than that of LTE. The details can be further discussed. 
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK62][bookmark: OLE_LINK72][bookmark: OLE_LINK73]Proposal 3: Consider TDD frame structure as a starting point for numerology frame structure.
4 Conclusion
In this contribution, we discussed the numerology design and frame structure, and propose
Proposal 1: Confirm the numerology can be applied from below 6 GHz to 100 GHz. The bandwidth can be larger than 20 MHz.
Proposal 2: Consider Table 1 for NR numerology discussion. Companies are encouraged to contribute to the actual value of each parameter.
Proposal 3: Consider TDD frame structure as a starting point for numerology frame structure.
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