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1 Introduction
        Extensive discussion around New Radio (NR) systems has initiated from previous RAN meetings. Formal SI commences from #78bis in RAN4. This contribution discusses spectrum considerations from RAN4 perspective. 
2 Discussion
The timely commencement of New Radio study in RAN4 serves two main purposes:

1. Develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. [1]
2. Provide material and reasonable specifications to external organizations, such as ITU, in order to facilitate feasibility of New Radio devices and systems timely. 
        In regards to spectrum identification, to determine wisely on subdivisions of spectrum is the cornerstone to conduct efficient and effective 5G study, because of below reasons:
1. From centimeter-wave to millimeter-wave, the frequency characteristics could change significantly. Thus, it could affect the 5G system behavior significantly;
2. The architectures for centimeter-wave devices and millimeter-wave devices could be significantly different, in terms of the degree of silicon integration, antenna elements and array, etc.;

3.  It would be too generic and insufficient to specify the necessary RF parameters under one frequency; meanwhile, it would be too burdensome and redundant to specify the necessary RF parameters under too many sub-spectrums.
        Therefore, we believe certain guidance should be used for determining frequency subdivisions for 5G, which are listed below but not limited to:

1. Potential implementation concern: there have been four defined implementation scenarios of enhanced mobile broadband. [2] The considered frequencies are detailed in Table 2.1. It could be summarized that below 6GHz, 30GHz and 70GHz are three representative spectrum breakpoints being considered.
Table 2.1

	
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Carrier frequency
	Around 30GHz or 

Around 70GHz
[around 4 GHz]
	Around 4GHz + Around 30GHz 
	Around 700MHz or 

Around 4GHz
	Below 6 GHz (around 2 GHz or around 4 GHz)

Above 6 GHz (around 30 GHz)

Below 6 GHz and above 6 GHz combined


2.  Hardware realization: from sub-GHz to 100GHz, the hardware realization and reference architecture may change significantly, such as higher degree of integration at millimeter wave frequency, or antenna array and multi-transceiver architecture at higher frequencies. It may be practical enough to treat the frequencies as below 6GHz and above 6GHz initially. Currently, LTE RF architectures is utilized up to 6GHz, as in LAA and V2X applications. Beyond 6GHz, around 30GHz will be the next spectrum breakpoint that New Radio would consider pragmatically.  It is believed certain higher degree of integration and antenna array involved architectures would fit more adequately than conventional LTE RF front-end architecture. Therefore, a new RF front-end architecture(s) shall be established for above 6GHz New Radio study.  Further subdivision may be needed under “above 6GHz” subcategory, because a range of above 6GHz up to 100GHz is fairly broad and one general reference architecture may not be sufficient to cover such wide range. 
3. Fulfillment of ITU-R request: there is some discrepancy between 3GPP guideline and ITU-R request, as “the NR system should be able to use any spectrum band ranging at least up to 100 GHz that may be made available for wireless communications even in a more distant future” is described in SID of 3GPP RAN [1], and “Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz” from ITU-R LS in [3]. Because only one body of study will be conducted in RAN4 to fulfill both above requirements, it should be sufficient if spectrum of up to 100GHz could be covered in the study. 
4. Additional operators’ implementation plan: New Radio is still at its early stage of development. Many operators may not be able to finalize the frequencies that can be used until later, due to technology feasibility, respective country/region regulatory status, and /or market decisions. Therefore, it is important to create the spectral subdivisions flexible enough to cover later-emerging frequency bands.
Based on the aforementioned discussion, an initial proposal for the consideration of spectrum subdivision is as follows:
· Below 6GHz: in this subdivision,  the RF requirements of LTE might be leveraged upon further investigation;

· 6GHz to 24.25GHz: Availability of this range for IMT is uncertain.
· Above 24.25GHz: it is not very realistic to entertain RF requirement in one range from 24.25GHz to 100GHz. Possible subdivisions are listed in Table 2.2. This considers RF parameters, reference architectures and performance may show substantial difference from difference between below 60GHz and above.  
Table 2.2

	
	Solution

	Frequency range 
	24.25GHz to 60GHz

60GHz to 100GHz


3 Conclusion
        In this contribution, spectrum subdivision has been analyzed and possible solution is proposed, though we are flexible to other solutions as long as the technical concerns will be addressed.
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