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1 Introduction
Recently new bands for NR have been extensively discussed in RAN4 [1-5]. In RAN#75 plenary meeting, a new work item on New Radio (NR) Access Technology has been approved [6]. An overview of the frequency bands for NR has been provided as below.
Table 1: Frequency ranges and LTE bands for NR in the WI

	Frequency range
/LTE band
	REL-indep.

from
	contact

name, company
	contact

email
	other supporting companies

(min. 3)
	status

(new, ongoing, completed, stopped)

	3.3-4.2 GHz
	REL-15
	TBD
	TBD
	NTT DOCOMO, KDDI, SBM, CMCC, China Unicom, China Telecom, KT, SK Telecom, LG Uplus, Etisalat, Orange, Telecom Italia, British Telecom, Deutsche Telekom
	new

	4.4-4.99 GHz
	REL-15
	TBD
	TBD
	NTT DOCOMO, KDDI, SBM, CMCC, China Unicom, China Telecom, 
	new

	24.25-29.5 GHz
	REL-15
	TBD
	TBD
	NTT DOCOMO, KDDI, SBM, CMCC, KT, SK Telecom, LG Uplus, Etisalat, Orange, Verizon, T-mobile, Telecom Italia, British Telecom, Deutsche Telekom
	new

	31.8-33.4GHz
	REL-15
	TBD
	TBD
	Orange, Telecom Italia, British Telecom
	new

	37-40 GHz
	REL-15
	TBD
	TBD
	AT&T, Verizon, T-mobile
	new

	1.427-1.518G
	REL-15
	TBD
	TBD
	Etisalat
	new

	Band 3
	REL-15
	TBD
	TBD
	CMCC, China Telecom
	new

	Band 7
	REL-15
	TBD
	TBD
	CHTTL, British Telecom
	new

	Band 8
	REL-15
	TBD
	TBD
	CMCC
	new

	Band 20
	REL-15
	TBD
	TBD
	Orange
	new

	Band 28
	REL-15
	TBD
	TBD
	Orange, Swisscom, Telecom Italia, Telefonica, Vodafone
	new

	Band 41
	REL-15
	TBD
	TBD
	Sprint, China Telecom, C-Spire, China Unicom
	new

	Band 66
	REL-15
	TBD
	TBD
	T-mobile, DISH
	new

	Band 1
	REL-15
	TBD
	TBD
	China Unicom, China Telecom
	new


In this proposal, we will provide our views on NR band organization. How to organize the NR bands in the scope of NR new WI will be discussed in detail.
2 Discussion
2.1
NR frequency bands
Spectrum is the lifeblood of mobile communication system. The demands for spectrum resources are extremely increased in the stage of 5G NR. The frequency bands in NR stage can be divided into two groups according to the type of RATs it serves, i.e., legacy frequency bands such as UTRAN/E-UTRAN bands and new NR frequency bands. From the view of frequency range, the spectrum in NR stage can be categorized into two groups: low range band (<6GHz) and high range band (>6GHz). Generally speaking, spectrum below 6 GHz is the best resource in the near future. Apart from the newly defined bands, the legacy bands will mainly include re-farmed 2G/3G/4G spectra. Low range band is to support widespread coverage across urban, suburban and rural areas. High range band above 6GHz is to meet the increasing frequency demand of NR services due to the scarcity of the lower bands. The network in 5G NR stage will offer a good mixture of coverage and capacity benefits.
2.2
Frequency band organization
Fig.1 illustrates the frequency band organization for NR. For Low Range Frequency Bands (<6GHz), apart from the new NR Frequency Bands, Legacy Frequency Bands will inherit from UTRAN/E-UTRAN system, such as band 1,3,7, 8, 20, 28, 41 and 66 according to the new WI approved for NR [6]. It will be updated in accordance with the new requirements from operators in the future. For the Legacy Frequency Bands, LTE requirements could be reused with small modifications. In-band/out-of-band requirements should be changed due to the introduction of new waveform in NR. Some other new requirements will be introduced according to the new features in NR.

[image: image1]
Fig.1 NR Frequency Band organization
For High Range Frequency Bands (>6GHz), considering the large scale of the frequency range, for 24.25-29.5 GHz with 5.25GHz interval, 31.8-33.4GHz with 1.6GHz interval, and 37-40 GHz with 3GHz interval, it is hard to implement in a single frequency band. Some High Range Frequency Bands with large intervals are hence suggested to be further divided into several Sub-Frequency Bands. Features of UL/DL operating bands, duplex mode, maximum channel bandwidth and service type (eMBB, URLCC, etc) should be considered for the definitions of New NR Frequency Bands and New NR Sub-Frequency Bands.
Considering that the different sub-bands may be selected in different regions/countries, the so-called tuning range solutions could be applied in 5G NR stage. Spectrum harmonization does not necessarily imply using exactly the same spectrum in all countries or regions of the world, as in some cases adjacent sub-bands can be considered harmonized since it may be possible to design equipment to cover both sub-bands within the same tuning range. The same equipment could be used for all the countries with a spectrum arrangement in the tuning range. Thus such tuning solution with the introduction of sub-frequency band may provide global alignment benefits of economy, early deployment and roaming.
Table 2 illustrates the example for NR Frequency Bands and Sub-Frequency Bands definition.
Table 2 Example for NR frequency bands / Sub-frequency bands

	NR Frequency Band / Sub-Frequency Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode
	Maximum Channel Bandwidth
	Service Type

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	
	
	

	X
	XXXX MHz 
	–
	XXXX MHz
	XXXX MHz  
	–
	XXXX MHz
	FDD
	
	

	S
	N/A
	SSSS MHz  
	–
	SSSS MHz
	FDD (SDL)
	
	

	Y
	YYYY MHz 
	–
	YYYY MHz
	YYYY MHz 
	–
	YYYY MHz
	TDD
	
	

	Z
	Za
	aaaa MHz 
	–
	aaaa MHz
	aaaa MHz 
	–
	aaaa MHz
	TDD
	
	

	
	Zb
	bbbb MHz
	–
	bbbb MHz 
	bbbb MHz 
	–
	bbbb MHz
	TDD
	
	

	
	Zc
	cccc MHz
	–
	cccc MHz
	cccc MHz 
	–
	cccc MHz
	TDD
	
	


Proposal 1: For High Range Frequency Bands (>6GHz), considering the large scale of the frequency range and the requirements from different regions/countries, Sub-Frequency Bands for NR are suggested to be considered.

Proposal 2: NR Frequency Band organization illustrated in Fig.1 and the example table for NR frequency bands / sub-frequency bands shown in Table 2 are suggested.

3 Conclusion

In this paper, we provide our considerations on NR frequency band organization. Frequency Band / Range has been categorized into two groups, i.e. Low Frequency Range Band (<6GHz) and High Frequency Range Band (>6GHz). For High Frequency Range Bands, some of them with large intervals are suggested to be further divided into several Sub-Frequency Bands. The following proposals are concluded,
Proposal 1: For High Range Frequency Bands (>6GHz), considering the large scale of the frequency range and the requirements from different regions/countries, Sub-Frequency Bands for NR are suggested to be considered.

Proposal 2: NR Frequency Band organization illustrated in Fig.1 and the example table for NR frequency bands / sub-frequency bands shown in Table 2 are suggested.
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