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1 Introduction
During RAN4#81, a way forward on NR bands was approved in [1]. In the WF, further study on NR bands definition was suggested and initial inputs of possible frequency ranges or bands for NR deployment were encouraged to provide in RAN4. Furthermore, during RAN4 NR #81AH meeting held in January 2017, some documents on NR spectra have been proposed [2]. The possible frequency ranges for NR are provided by companies as follows,
	Company 
	Proposal 

	Sprint, C-Spire 
	2496MHz – 2690MHz

	China Telecom 
	824- 849MHz/869 – 894MHz, 1920 – 1980MHz/2110 – 2170MHz, 1710 – 1785MHz/1805 – 1880MHz, 2496 – 2690MHz, 3300 - 3400MHz, 3400 – 3600MHz, 4400 - 4500MHz, 4800 - 4990MHz

	AT&T 
	37-37.6GHz, 37.6-40GHz 

	DISH Network 
	12.2-12.7GHz 

	Orange 
	703-748MHz/758-803MHz, 832–862MHz/791-821MHz、1920-1980MHz/2110-2170MHz,1710-1785MHz/1805-1880MHz,2500-2570MHz/2620MHz-2690MHz,3400-3600MHz,3600-3800MHz,5.925-8.5GHz,24.25-27.5GHz,31.8-33.4GHz 

	KT 
	880 – 915MHz/925 – 960MHz, 1920 – 1980MHz/2110 – 2170MHz, 1710 – 1785MHz/1805 – 1880MHz, 2300 – 2400MHz, 3400-3700MHz, 26.5-29.5GHz, 24.25-27.5GHz, 31.8-33.4GHz, 37-40.5GHz

	CMCC 
	Around 3.5GHz 

	DOCOMO 
	3.3-4.2GHz, 4.4-4.99GHz, 26.5-29.5GHz. 

	China Unicom 
	3400 - 3600 MHz,  4800 - 4990 MHz, 4400 – 4500 MHz,  3300 - 3400 MHz,  2496 - 2690 MHz, 24.5 GHz-27.5 GHz, 37 GHz-43.5 GHz

	Verizon, T-mobile 
	27.5 – 28.35 GHz

	Etisalat 
	1427 – 1518MHz, 3400 - 3600MHz, 10.7 – 11.7GHz, 24.25- 27.5GHz

	Huawei, Hisilicon 
	3.3-[3.8GHz~4.2GHz], 4.4-4.99GHz, 24.25-27.5GHz, 26.5-29.5GHz, 37-40GHz, 40.5-43.5GHz, 1427 – 1518MHz, 3400 - 3600MHz 

	ZTE 
	3.4-3.6GHz, 24.25-27.5GHz

	Ericsson 
	2496MHz – 2690MHz, Around 3.5GHz 

	Nokia 
	2496MHz – 2690MHz 


From the proposals suggested by companies, no agreement on frequency range has been reached during the last RAN4 NR #81AH meeting. The global spectrum for 5G and some principles on NR bands definition are proposed in [3]. In this proposal, further considerations on NR spectrum are proposed.
2 Harmonized spectrum for 5G NR within the scope of ITU
ITU is the United Nations specialized agency for information and communication technologies. It allocates global radio spectrum and develops the technical standards that ensure networks and technologies seamlessly interconnect worldwide. ITU-R WP5D has developed a detailed work plan, timeline and process for IMT-2020 as shown in the Fig. 1 [4]. The studies on technology aspect and spectrum aspect were initiated after WRC-15 at the 23rd WP5D meeting to support next generation of mobile broadband communication systems beyond IMT-Advanced.
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Fig.1 Timeline & process for IMT-2020 in ITU-R
The demands for spectrum resources are extremely increased in the stage of 5G NR. In WRC-15, some agreements on frequency range below 6GHz for IMT system illustrated in Fig. 2 has been achieved [5]. 

Fig.2 Results of WRC-15 Agenda Item 1.1
1) UHF band

In Region2 and 3, the whole or partial bands of 470-698MHz were identified as IMT bands. 

2) C-band

The frequency range of 3.4-3.6GHz was significantly internationally harmonized with Regions 1, 2 and a number of countries in Region 3 identifying the range for IMT. The frequency range of 3.3-3.4GHz was identified in 33 countries in Africa in Region 1, 6 countries in Region 2 and 6 countries in Region 3. The frequency of 3.6-3.7GHz was identified in 4 countries in Region 2. The frequency range of 4.8-4.99GHz was identified in 1 country in Region 2 and 3 countries in Region 3.
3) L-band
The frequency range of 1427-1452MHz and 1492-1518MHz were identified globally, while 1452-1492MHz was identified in Region 2 and Region 3 and in 53 countries in Region 1.
In addition to the spectrum below 6GHz, WRC-15 also approved WRC-19 agenda item 1.13 which considered identification of frequency bands for the future development of IMT, including possible additional allocations to the mobile service on a primary basis. Possible IMT identifications within 24.25-86GHz range includes,
- 24.25-27.5 GHz , 37-40.5 GHz, 42.5-43.5 GHz, 45.5-47 GHz, 47.2-50.2 GHz, 50.4-52.6 GHz, 66-76 GHz and 81-86 GHz, which have allocations to the mobile service on a primary basis; and

- 31.8-33.4 GHz, 40.5-42.5 GHz and 47-47.2 GHz, which may require additional allocations to the mobile service on a primary basis.
Spectrum harmonization refers to the uniform allocation of radio frequency bands across entire regions, not just individual countries. Uniform allocation comes with many advantages; it minimises radio interference along borders, facilitates international roaming and reduces the cost of mobile devices. Considering the fact that no agreement on NR frequency bands has been achieved yet in previous RAN4 meetings, it is suggested to choose harmonized NR frequency bands within the scope of ITU. The internationally harmonized frequency bands identified in WRC-15 for frequency range below 6GHz should be the baseline for harmonized NR frequency bands. Due to the already started NR trial system development and availability of contiguous bandwidth, C-band frequency range is considered as one of the best NR harmonized frequency bands. Furthermore, for frequency range above 6GHz, possible candidates for IMT identifications in WRC-19 agenda item 1.13 should be highlighted. Frequency bands below 6GHz are for NR network coverage, and frequency bands above 6GHz are for NR capacity and self-backhaul.
Proposal 1: Harmonized NR frequency bands should be chosen within the scope of ITU. 
Proposal 2: The internationally harmonized frequency bands identified in WRC-15 for frequency range below 6GHz should be the baseline for harmonized NR frequency bands. C-band frequency range is suggested as one of the best NR harmonized frequency bands. For frequency range above 6GHz, candidate frequency bands in WRC-19 agenda item 1.13 should be highlighted.

3 Further considerations on spectrum harmonization
Spectrum harmonization is a key element for 5G NR. Globally and regional harmonized spectrum should be the highest interested frequency bands. Considering that the different parts of the band 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 bands can be considered harmonized since it may be possible to design equipment to cover both 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 may provide global alignment benefits of economy, early deployment and roaming. Take the frequency range of 24.25-27.5GHz in high frequency band as an example; it is a good candidate for a tuning range solution together with the 28GHz frequency band (26.5/27.5-29.5GHz). 28GHz frequency band is currently considered as an important 5G frequency band in U.S, Japan and Korea, although it is not included in the agenda item 1.13 of WRC-19.
Proposal 3: Considering the wide range of 5G NR frequency band, the different parts of the band may be selected in different regions/countries. Tuning range solutions could be applied in 5G NR stage for harmonization.
4 Conclusion

Based on the above discussions, we have the following proposals for NR bands:

Proposal 1: Harmonized NR frequency bands should be chosen within the scope of ITU. 
Proposal 2: The internationally harmonized frequency bands identified in WRC-15 for frequency range below 6GHz should be the baseline for harmonized NR frequency bands. C-band frequency range is suggested as one of the best NR harmonized frequency bands. For frequency range above 6GHz, candidate frequency bands in WRC-19 agenda item 1.13 should be highlighted.

Proposal 3: Considering the wide range of 5G NR frequency band, the different parts of the band may be selected in different regions/countries. Tuning range solutions could be applied in 5G NR stage for harmonization.
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Region 1


(Europe & Africa)





1452-1492MHz (53 Nations)


3300-3400MHz (33 Nations)





3400-3600MHz





1427-1452MHz


1492-1518MHz





470-698MHz (7 Nations)


3300-3400MHz (6 Nations)


3600-3700MHz (4 Nations)


4800-4990MHz (1 Nation)





Region 2


(America)





1452-1492MHz





470-698MHz (7 Nations)


3300-3400MHz (6 Nations)


3400-3600MHz (11 Nations)


4800-4990MHz (3 Nations)





Region 3


(Asia Pacific)








