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1 Introduction
During RAN4#81, some documents have been proposed for NR bands. How to identify frequency range or bands for NR deployment is discussed in [1]. Furthermore, [2] suggests a methodology for NR band structure to categorize the NR bands into anchor bands and flexible bands. The way forward on 5G NR band has been approved in [3]. In the WF, further study on NR bands definition is suggested in RAN4 in order to facilitate the smooth transition into NR WI phase. In this proposal, we analyze the global spectrum for 5G and discuss our considerations on NR bands definition. Some principles on NR bands definition are proposed.
2 Global Spectrum for 5G NR
Spectrum is the lifeblood of mobile communication system. 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 has been achieved [4]. 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 L-bands of 1427-1452 & 1492-1518 MHz were globally harmonized for IMT. 694/698-790 MHz was internationally harmonized within Region 1. Other bands, including 470-694/698 MHz, 3300-3400 MHz, 3700-3800 MHz and 4800-4990 MHz were also identified for IMT usage by groups of countries. Agreement to a new agenda item AI 1.13 for WRC–19 to explore options for additional IMT identifications above 6 GHz in support of new 5G technologies was made. Bands above 6GHz for IMT-2020 will be decided on WRC-19. Possible IMT identifications within 24.25-86GHz range includes 24.25-27.5, 31.8-33.4, 37-40.5, 40.5-42.5, 42.5-43.5, 45.5-47, 47-47.2, 47.2-50.2, 50.4-52.6, 66-76, 81-86 GHz.
On July 14, 2016, the FCC voted and approved spectrum for 5G mobile wireless networks in US. The spectrum is in higher bands than currently used, including 28GHz (27.5-28.35GHz), 37GHz (37-38.6GHz), 39GHz (38.6-40GHz) and 64-71GHz, among which 3.85 GHz of licensed spectrum and 7 GHz of unlicensed spectrum are chosen for different types of services. The FCC will further seek rulemaking on additional Bands on 24GHz (24.25-24.45GHz and 24.75-25.25GHz), 32GHz (31.8-33.4GHz), 42GHz (42-42.5GHz), 47GHz (47.2-50.2GHz), 50GHz (50.4GHz-52.6GHz), 70/80GHz (71-76GHz and 81-86GHz) and bands above 95GHz [5]. 
On November 10, 2016, the EU Radio Spectrum Policy Group (RSPG) released the European spectrum strategy, to determine the initial deployment of 5G spectrum. The EU 5G spectrum strategy includes the recommends for low frequency band, medium frequency band and high frequency band. The detail opinion towards 5G spectrum for Europe is as follows [6]:
· 3.4-3.8GHz frequency band is the primary frequency band of 5G deployment before 2020 in Europe, the bandwidth of continuous 400MHz is suitable for the EU to initiate 5G deployment;
· 1GHz frequency bands below for harmonization, including particularly the 700MHz for nationwide and indoor 5G coverage;
· The bands above 24GHz are of potential interest for 5G in Europe, a timetable for availability of bands above 24GHz will be developed based on the existing business, such as mobile access and fixed services (including backhauling).
· 24.25-27.5GHz is recommended as a pioneer band for 5G above 24GHz. Conditions of use of this band will be determined by the year 2020. EU member states should make available a portion of this frequency band for 5G in response to market demand. The RSPG will study the protection of existing satellite earth exploration services, fixed-satellite services, inter-satellite links, and passive services in this band;
· 31.8-33.4GHz is also recognized as a promising band for 5G in Europe. RSPG will continue to study the applicability of this band, at this stage. It is recommended to avoid the migration of other services to this band to ensure that this band will be easily planned for 5G in the future;
· 40.5-43.5GHz can be used as a viable option for 5G in the long term. At present, shift of use from other bands to this band should be avoided as far as possible in order to keep the option open to make it available for 5G in the future.
In China, IMT-2020 (5G) Promotion Group is the major platform to promote the research of 5G in China. Spectrum subgroup in IMT-2020 (5G) is tasked to study the spectrum related topics [7]. On January 7, 2016, MIIT of China launched 5G compatibility trial in 3.4-3.6GHz band. Other low, medium and high frequency bands in 6-100GHz are TBD. The other candidate medium frequency bands include 3.3-3.4GHz, 4.4-4.5GHz, and 4.8-4.99GHz. The candidate high frequency bands including 26GHz group, 28GHz group, 30GHz group and 40GHz group are under research in the spectrum subgroup of IMT-2020 (5G) Promotion Group and will be determined according to the test requirements and test progress. Fig.1 shows the 5G spectrum development in China [8].
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Fig.1 5G Spectrum development in China (*)
(*) Note 1: 5.905-5.925GHz is assigned for LTE V2X trial;

Note 2: Promoting global/regional harmonization under WRC-19 AI 1.13 for high band above 6GHz.
Note 3: High priority for 20-40GHz for outdoor deployment.
In Japan, to cope with rapidly increasing mobile traffic, taking into account the studies on spectrum requirement for IMT in ITU-R, Japan focuses on both sub-6GHz and mmWave bands. The medium bands of 3400-4200MHz and 4400-4900MHz are considered for 5G, note that 3400-3600MHz is currently allocated to the 4G system. For mmWave bands, 24.25-27.5GHz, 27.5-29.5GHz and 31.8-33.4GHz are under consideration [9].
In Korea, considering the congested use of incumbent services below 6GHz, opportunities in bands for 5G are mainly focused on bands above 6GHz, especially above 24GHz. Band of 27.5-28.3 GHz for 2018 Olympics trial can be targeted for early deployments after trial [10].
To summarize the above-mentioned frequency bands, Table 1 illustrates the whole picture of 5G frequency bands to be considered at different deployment stages in different regions and countries. 

Table 1  5G candidate frequency bands
	Frequency Band
	Band Range
	Bandwidth
	Spectrum availability

	
	
	
	Europe
	US
	CHN
	JPN
	KOR

	Low Range Band (<1GHz)
	694-790MHz
	96MHz
	Nationwide & indoor coverage
	
	
	
	

	Medium Range Band (1~6GHz)
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3.3-3.4GHz
	100Mhz
	
	
	
	
	

	
	3.4-3.6GHz
	200MHz
	Primary band
	
	Trial band
	LTE in service 
	

	
	3.6-3.8GHz
	200MHz
	Primary band
	
	
	
	

	
	3.8-4.2GHz
	400MHz
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4.4-4.99GHz
	600MHz
	
	
	4.4-4.5GHz
4.8-4.99GHz
	4.4-4.9GHz
	

	High Range Band (>6GHz)
	24.25-27.5GHz
	3250MHz
	Pioneer band
	24.25-24.45GHz
24.75-25.25GHz
	26GHz group
	
	

	
	27.5-29.5GHz (*)
	2000MHz
	
	27.5-28.35GHz
	28GHz group
30GHz group
	
	27.5-28.3GHz

	
	31.8-33.4GHz
	1600MHz
	Promising band
	
	
	
	

	
	37-38.6GHz
	1600MHz
	
	
	
	
	

	
	38.6-40GHz
	1400MHz
	
	
	40GHz group
	
	

	
	40.5-43.5GHz
	3000MHz
	Viable option
	42-42.5GHz
	
	
	

	
	47.2-50.2GHz
	3000MHz
	
	
	
	
	

	
	50.4-52.6GHz
	2200MHz
	
	
	
	
	

	
	64-71GHz
	7000MHz
	
	
	
	
	

	
	71-76GHz
	5000MHz
	
	
	
	
	

	
	81-86GHz
	5000MHz
	
	
	
	
	

	
	>95GHz (*)
	
	
	
	
	
	


(*) Note 1: Not included in WRC-19 agenda item 1.13
	Early stage

	Short term stage

	Long term stage


From table 1, we can categorize the frequency bands by two ways. One way is to categorize according to spectrum ranges, i.e., low range band (<1GHz), medium range band (1~6GHz) 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 mainly include re-farmed 2G/3G/4G spectra. In order to make NR efficiently using re-farmed narrow bands from the existing bands assigned to the legacy RATs such as LTE, UMTS, etc. below 6 GHz, NR should at least support all of LTE channel BWs for these existing bands assigned to the legacy RATs. Whether legacy E-UTRA bands could be re-farmed to 5G NR band will depend on the requirements for 5G deployment. Low range band is to support widespread coverage across urban, suburban and rural areas. Medium range band offers a good mixture of coverage and capacity benefits. High range band above 6GHz is to meet the increasing frequency demand of NR services due to the scarcity of the lower bands. NR needs to define frequency bands in the three spectrum ranges respectively so as to balance the requirements of different coverage and use cases.
The frequency bands can also be categorized on the basis of the deployment time. We suggest categorizing it into 3 groups, i.e., the early stage group, the short term group and the long term group. The early stage group of frequency bands will be served for early deployment system or trial system of 5G from now on. The short term group of frequency bands will be decided some time before year 2020. The long term group of frequency bands will be decided after the year 2020. We can see that it is hard to find a common overlapping frequency band suitable for all countries worldwide. RAN4 should decide to which group of frequency band stage at this time we will define. Relatively speaking, 3.4-3.6GHz of medium range frequency band and 24.25-27.5GHz & 27.5-29.5GHz of high range frequency band are adopted by most of the countries. Also, taking into account the ITU/WRC recommendations on the NR candidate bands, the bands marked with red line in the table above can be recommended for the candidate bands for 5G in early or short term stages.
Observation1:  It is hard to find a unique band to deploy 5G all over the world. However, some frequency bands adopted by most of the countries could be selected for 5G.

Observation2:  Spectrum below 6 GHz may be the best resource for the early deployment of 5G. These bands mainly include re-farmed 2G/3G/4G spectra. Whether legacy E-UTRA bands below 6GHz could be re-farmed or not will be up to the requirements for 5G deployment. The utilization of legacy bands will help 5G network coverage at initial deployment.
Proposal 1: 5G needs to select sample frequency band(s) within three key frequency ranges which cover low band (<1GHz), medium band (1~6GHz) and high band (>6GHz). RAN4 should select 5G frequency bands in the three key frequency rages respectively.
Proposal 2:  For the 5G candidate bands, the ITU/WRC recommendations on the NR candidate bands should be considered. Meanwhile, depending on the urgency of deployment, 3 groups of frequency bands in early stage, short term stage and long term stage can be categorized. RAN4 should decide to which group of frequency band stage at this time we will define.
Proposal 3:  3.4-3.6GHz of medium frequency band which is the legacy E-UTRAN band is suggested to be included in the early stage frequency band group of 5G.

Proposal 4:  24.25-27.5GHz of high frequency band is suggested to be included in the short term stage frequency band group of 5G.
3 Frequency Arrangements
3.1 5G Frequency arrangements
With the increasing deployment requirement of 5G, new NR bands will be defined on the existing LTE spectrum by re-farming and NR spectrum newly allocated to 5G. Currently there are 53 E-UTRAN bands specified in TS 36.104 [11]. These bands can be re-farmed to NR bands. In which frequency range and how many new frequency bands will be specified in NR are relevant to the RF aspects such as filter, PA and the impact on implementation. In IMT system, the frequency bands are arranged from the point of view of enabling the most effective and efficient use of the spectrum to deliver IMT services, while minimizing the impact on other systems or services in these bands [12]. The same story will also be applied to 5G NR. In this section, we will discuss some principles to be considered when defining new 5G frequency band.
In IMT system, some frequency bands are segmented because of legacy system, technical, regulatory or some other reasons. Taking IMT band of 1.8-1.9GHz in China as an example, China Telecom has adjacent frequency band for LTE FDD with China Mobile’s frequency band authorized for LTE TDD shown in Fig.2. The LTE FDD DL in 1860-1875MHz will interfere with LTE TDD in 1880-1920MHz, where LTE TDD will cause interference to LTE FDD UL in 1920-1940MHz. Additional guard bands may be needed for protection from interference. Therefore, a lot of coordination work load on spectrum interference is raised. In 5G NR, there are benefits in the use of both FDD and TDD modes in the same band; however, this usage needs careful consideration to minimize the interference between the systems. For newly allocated frequency band, it is recommended that the frequency arrangements should, to maintain flexibility of deployment, be available for use in either FDD mode, TDD mode, or both, and should not, ideally, be segmented between FDD and TDD modes in paired spectrum except where necessary for technical and regulatory reasons. For the legacy frequency band in 5G NR, the re-farming of the frequency bands should keep the original usage of legacy system when the frequency bands re-farming can be applied.
Proposal 5:  In 5G NR, for newly allocated frequency bands, it is recommended that the frequency arrangements should be available for use in either FDD mode, TDD mode, or both, and should not be segmented between FDD and TDD modes in paired spectrum except where necessary for technical and regulatory reasons. For the legacy frequency bands in 5G NR, if the re-farming of the frequency bands can be applied, the original arrangement of re-farming frequency bands should be kept.
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3.2 Flexible use of 5G Frequency band
For harmonized utilization of spectrum for Mobile/Fixed Communications Networks operating, some frequency bands are introduced for FDD Supplemental Downlink (SDL) in E-UTRAN. Carrier aggregation allows the benefits of downlink only frequencies called supplemental downlink. In 3GPP RAN4, FDD SDL bands such as band 29, 32, 67 and 69 are defined. These bands can be used to enhance downlink data rates and capacity with carrier aggregation functionality. The concept is illustrated in Fig. 3. It can also suggest to be used in 5G NR stage. The asymmetric frequency band arrangement is particularly suitable for 5G asymmetric services.
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Proposal 6:  In 5G NR, the SDL frequency band can be introduced to improve spectrum utilization of asymmetric service.
Considering UL/DL traffic asymmetry and the limited available spectrum, [13] studied possible flexible duplex mode mechanism in E-UTRAN so as to utilize the underutilized uplink resources. The conclusion is that at least in one country and in some bands, utilizing UL spectrum for transmission from the network to UEs is possible. In 5G NR, the ratio between uplink and downlink traffic changes over the time, and the static allocation of the frequency resources between downlink and uplink transmission is not efficient to support dynamic asymmetric cell traffic. Uplink resource can be fairly underutilized for the paired spectrum usage of FDD in some scenarios. Fig. 4 illustrates the concept of possible flexible duplex mode in 5G stage.
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Proposal 7:  In 5G NR, utilizing UL spectrum for transmission from the network to UEs is possible in some scenarios.
4 Conclusion

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

Observation1:  It is hard to find a unique band to deploy 5G all over the world. However, some frequency bands adopted by most of the countries could be selected for 5G.

Observation2:  Spectrum below 6 GHz may be the best resource for the early deployment of 5G. These bands mainly include re-farmed 2G/3G/4G spectra. Whether legacy E-UTRA bands below 6GHz could be re-farmed or not will be up to the requirements for 5G deployment. The utilization of legacy bands will help 5G network coverage at initial deployment.
Proposal 1: 5G needs to select sample frequency band(s) within three key frequency ranges which cover low band (<1GHz), medium band (1~6GHz) and high band (>6GHz). RAN4 should select 5G frequency bands in the three key frequency rages respectively.
Proposal 2:  For the 5G candidate bands, the ITU/WRC recommendations on the NR candidate bands should be considered. Meanwhile, depending on the urgency of deployment, 3 groups of frequency bands in early stage, short term stage and long term stage can be categorized. RAN4 should decide to which group of frequency band stage at this time we will define.
Proposal 3:  3.4-3.6GHz of medium frequency band which is the legacy E-UTRAN band is suggested to be included in the early stage frequency band group of 5G.

Proposal 4:  24.25-27.5GHz of high frequency band is suggested to be included in the short term stage frequency band group of 5G.
Proposal 5:  In 5G NR, for newly allocated frequency bands, it is recommended that the frequency arrangements should be available for use in either FDD mode, TDD mode, or both, and should not be segmented between FDD and TDD modes in paired spectrum except where necessary for technical and regulatory reasons. For the legacy frequency bands in 5G NR, if the re-farming of the frequency bands can be applied, the original arrangement of re-farming frequency bands should be kept.
Proposal 6:  In 5G NR, the SDL frequency band can be introduced to improve spectrum utilization of asymmetric service.
Proposal 7:  In 5G NR, utilizing UL spectrum for transmission from the network to UEs is possible in some scenarios.
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Fig.2 Frequency bands of 1.8-1.9GHz used for IMT system in China



































Fig.3 SDL Frequency band usage
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Fig.4 Flexible duplex usage
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