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1. Introduction
When we discuss excluding 27.5-28.35GHz (28GHz) from the U.S. satellite supplement definition in RAN4, the exclusion also applies to NTN-TN service based on the rules which have been issued in the U.S. regulations. These rules have become lawful under the U.S. federal after notice and comment with all U.S. satellite and terrestrial companies. And, it is necessary to understand U.S. regulations while planning an mmWave NR NTN-TN spectrum. 

We highlight the related FCC rules and federal regulations in this contribution. And then, we provide our proposals to the 3GPP RAN4 work to ensure these USA regulatory requirements will be applied into the work and in future field operations.
2. Discussion 
2.1 Regulatory rules for 28GHz spectrum
2.1.1	Rule for terrestrial wireless service
On July 14, 2016, FCC issued a decision in the FCC-16-89A1 Order [1] for spectrum 28GHz (and 39GHz) to step towards securing the USA nation’s future in the 5th generational evolution of wireless technology. The spectrum range is from the 27.50-28.35 GHz as one of mmWave bands.
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The main objective of this FCC Order is to constrain this 28 GHz band to be suitability of terrestrial wireless mobile and license the 28GHz band into the federal band plan. In the Order, FCC provides the detailed regulatory authorization, emission limits, the field strength limits, the federal coordination requirements for RF safety, and the operability requirement to ensure this mmWave band does not interfere with other wireless equipment. In addition, the Order also issues the rules to protect this 28 GHz band from other serious sources of interference, including the adjacent band satellite interference.  

For the terrestrial service, the regulated UE device power limits are in the Order for the links operating on the 27.50-28.35 GHz frequency range. In specific, as a licensed basis the EIRP limit is a maximum 43dBm/100MHz (20 Watts) for the Mobile Stations and a maximum 55dBm/100MHz (316 Watts) for the Transportable Stations depending on how high the antenna gain is. For the fixed and Basestation, the EIRP limit is a maximum +75dBm/100MHz (39810 Watts). These new power limit levels are comparable to other fixed microwave services. 

The 28GHz has been attracting considerable interest as it can be well suited to high-capacity communications with narrow beams in the 5G terrestrial wireless service. Therefore, 3GPP has defined the spectrum 28GHz into band n261, and all of the RF requirements since Rel-15 specifications [2] based on the FCC regulatory rules. Today, the band n261 has been commercially deployed on the fields by operators as a cornerstone of 5G networks to allow for supper high data throughputs and much higher bandwidth than ever before.

Table of 3GPP mmWave bands in Rel-15
(or Table 5.2-1: NR operating bands in FR2 in 38.101-2)
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD

	n261
	27500 MHz
	–
	28350 MHz
	27500 MHz
	–
	28350 MHz
	TDD



Observation 1:	FCC has adopted a rule for the spectrum range 27.5-28.35 GHz for the USA nation’s future in the 5G evolution of wireless technology on July 14, 2016.
Observation 2: 	The spectrum range 27.50-28.35 GHz has been defined by 3GPP as an mmWave band for broadband 5G terrestrial wireless services and facilities to the industry in Rel-15.
Observation 3: 	This mmWave band has been commercialized on the field to secure the USA nation’s 5G service. 

2.1.2	Rules for satellite bands 
2.1.2.1	Rule for GSO and NGSO FSS services
On November 19, 2020, FCC issued a decision in FCC 20-159 [4] for domestic and international public interest from satellite service. This order built up a licensing framework, aligned on the build-out requirements for satellite earth stations and space stations, and eliminated unnecessary reporting rules. 

The main purpose of FCC 20-159 Order is to streamline the rules governing satellite services by creating a structure for authorizing both the blanket-licensed earth stations and space stations of a satellite system through a unified license for the satellite authorized operators. The unified licenses in this order are for all of the eligible types of operation to both GSO FSS and NGSO FSS satellite networks along with the frequency bands indicated below from the Order. The unified licensing from FCC has also eliminated certain frequency bands from the satellite licenses that have proven unnecessary. 

Note the spectrum range of 27.50-28.35 GHz is NOT on the FCC unified licenses for both GSO, NGSO FSSs satellite services. This aligns on the FCC build-out requirements in the Order [1]. “Thus, unified licensing will not be available in any frequency band shared with UMFUS. But in bands adjacent to UMFUS operations” [3]. Here the “UMFUS” is a term for the terrestrial wireless bands. And, it concludes that the spectrum range of 27.50-28.35 GHz is not a candidate for NR NTN-TN service too. 

Instead, FCC Order permits some adjacent spectrums other than this 27.50-28.35 GHz terrestrial wireless band for the operation to GSO FSS satellite networks, and FCC believes there is no basis for treating NGSO FSS differently than GSO FSS in the scope of this FCC framework of the unified license. In addition, FCC defines a re-coordination procedure in the Order as part of the earth station build-out requirements, and FCC requires the earth station license must complete re-coordination within one year before its commencement of operation to ensure the interference environment to the licensed terrestrial wireless band.
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Observation 4:	A unified license from FCC is for all of the eligible types of operation to GSO and NGSO FSS satellite services. The spectrum range 27.5-28.35 GHz is no part of unified license for satellite operations.
Observation 5:	The unified license cannot be available in any frequency band shared with terrestrial wireless spectrum, but in bands adjacent to the terrestrial wireless spectrum. The out of band emissions limit for NGSO is being treated in an ongoing rulemaking.
Proposal 1: 	3GPP shall meet the regulatory rules from each particular country/region while defining NTN-TN band(s) and additional requirements. RAN4 shall naturally account for decisions made by various bodies, such as FCC, ECC, etc. 

2.1.2.2	Rule for GSO and NGSO earth stations in motion (ESIM)
On May 14, 2020, FCC issued a decision in the FCC-20-66A1 [5] to further clarify the addition of frequency bands for allowing ESIMs to communicate with both GSO and NGSO FSS satellites. The ESIM services here are all types of the fixed satellite antennas mounted on aircraft, ships, trains, and vehicles to enable high speed broadband services to consumers on the move, based on the FCC Order.  

In this Order, FCC proposes the ESIMs operation frequency bands for the earth stations at fixed locations with GSO FSS satellite networks. For the ESIMs with NGSO FSS systems, FCC uses analogous to the ESIMs communicating with GSO FSS systems. And, the detailed frequencies available for use by ESIMs communicating with GSO and NGSO FSSs are listed in the table below,
The requirement of satellite Ka-band frequencies is part of this FCC Order. And, FCC addresses each of possible frequency ranges in turn into the requirements with restrictions from ITU-R for the ESIMs with GSO FSS satellites in U.S. operation. Again, the 27.5-28.35 GHz band is not part of ESIMs to both GSO and NGSO FSS satellite services based on this Order. The FCC rule also provides the requirements of the ESIMs frequency availabilities, the power density limits to protect terrestrial systems, and the permitted ESIM service levels to the either terrestrial wireless license or other services. 

Specifically for use by ESIMs with NGSO FSS service, the Order affirms that FCC does NOT permit ESIM operations with NGSO FSS space stations in the lowest 50 megahertz of the 28.35-28.6 GHz band (28.35-28.4 GHz) for avoiding interference from out-of-band emissions into the adjacent 27.5-28.35 GHz band used by terrestrial wireless service. The ESIMs operation is only permitted in the remaining 200 megahertz of the 28.35-28.6 GHz band and processed ESIMs applications for use of spectrum between 28.4-28.6 GHz as indicated in the table below.
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Observation 6:	FCC addressed the Ka-band frequency ranges and provided restrictions in the Order for the U.S. satellite operation.
Observation 7:	The 27.5-28.35 GHz band cannot be part of GSO/NGSO FSS based on FCC and federal requirements.
Observation 8: 	The 27.5-28.35 GHz band cannot be part of ESIMs with GSO/NGSO FSS satellite services
Observation 9:	The lowest 50 megahertz of the 28.35-28.6 GHz band (28.35-28.4 GHz) is not permitted by FCC for the ESIM with NGSO FSS service for avoiding interference from out-of-band emissions into the adjacent 27.5-28.35 GHz terrestrial wireless band.
Observation 10: 	The remaining 200 megahertz in between 28.4 to 28.6 GHz are permitted by FCC for the ESIM with NGSO FSS service. 

Proposal 2:	The 27.5-28.35 GHz band shall be not part of GSO and NGSO FSS satellite services [1, 3, 5], and 
Proposal 3:	The 27.5-28.35 GHz band shall be not part of both ESIMs with GSO and NGSO FSS satellite services [5].
Proposal 4:	The lowest 50 megahertz of the 28.35-28.6 GHz band (i.e., 28.35-28.4 GHz) shall be a guard band to avoid interference from out-of-band emissions into the adjacent 27.5-28.35 GHz terrestrial wireless band [5].
Proposal 5:	The frequency 200 megahertz of the 28.35-28.6 GHz band in between 28.4 to 28.6 GHz can be defined for the ESIMs NGSO FSS service [5].

2.1.3	Regulations rules for FSS “Sharing” utilization over 28 GHz
After the FCC Order [1], the executive departments and agencies of the US federal government published Title 47 of “Code of Federal Regulations” (CFR) in October, 2019. The section 25.136 laid out the principle of official legal requirements for the “Earth Stations in the 24.75-25.25 GHz, 27.5-28.35 GHz, 37.5-40 GHz, 47.2-48.2, GHz and 50.4-51.4 GHz bands”[4].

For enabling grandfather FSS earth station service, this federal regulation affirms that the satellite FSS can continually use the 27.5-28.35 GHz band which was authorized prior to July 14, 2016 along with following federal criteria requirements,
· The FSS service is at 10 meters above ground level within an area where the earth station generates a PFD of greater or equal to -77.6 dBm/m2/MHz, and 
· There are no more than two other authorized earth stations operating in the 27.5-28.35 GHz band within the county 

First, the federal regulation states that “FSS is secondary to the Upper Microwave Flexible Use Service in the 27.5-28.35 GHz band” [4]. Here, the Upper Microwave Flexible Use Service (UMFUS) is the collective term of FCC for the terrestrial wireless band defined in [1]. Based on this “Code of Federal Regulations” [6], any “Secondary” radio communications cannot cause interference to the operations authorized on a primary basis and which are not protected from interference from these primary operations. Here, the terrestrial service over 27.5-28.35 GHz is the primary basis service although federal requirement allows the grandfather FSS earth station service to share utilization of frequency range 27.5-28.35 GHz.

Observation 11: 	FCC permits the grandfather FSS earth station service to continually use the 27.5-28.35 GHz band which was authorized prior to July 14, 2016, and the grandfather FSS earth station service has to meet following federal criteria requirements 
· The FSS license at 10 meters above ground level within an area where the earth station generates a PFD of greater or equal to -77.6 dBm/m2/MHz, and
· There are no more than two other authorized earth stations operating in the 27.5-28.35 GHz band within the county, and 
· The earth station area, in the aggregate for the total, cannot exceed the amount of population in § 25.136(a)(4)(II) as shown in table 1 below.
Observation 12: 	The grandfather FSS service can only be “secondary”, and cannot cause any interference to the operations authorized on the primary basis terrestrial wireless band. On the another hand, there is no any protection in requirements from interference from the primary operations [4, 6]
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Next, both FCC order and the federal rule prohibit the grandfather FSS earth station service in sharing the range 27.5-28.35GHz to infringe any major event venue, arterial street, interstate or U.S. highway, urban mass transit route, passenger railroad, or cruise ship port in both FCC order [1] and CFR [4] in the regulated FSS service environments. Because of the secondary status of the FSS earth station, the federal rule requires again the grandfather FSS applicant must use the applicable processes contained in the frequency re-coordination procedures with the terrestrial wireless band. 

Also because the GSO and NGSO FSS services cannot function to either originate or terminate communication traffic and need to interconnect the earth stations operating in the frequency bands, FCC emphasizes that the separate gateway earth station will be common solutions to the end users. According to the FCC Order [1], the grandfather FSS gateway earth stations operating in the 27.5-28.35 GHz band will be retained in the earth-to-space gateway-type service. And, the architecture of the earth-to-space gateway-type service is different from the possible NTN-TN required. 

In addition, besides the grandfather FSS applicant, FCC confirms that it will not grant UMFUS, or terrestrial wireless, licenses to the existing FSS earth station holders as indicated below [1].

Observation 13: 	The federal rule prohibits the FSS service to infringe any major event venue, arterial street, interstate or U.S. highway, urban mass transit route, passenger railroad, or cruise ship port.
Observation 14: 	FCC specifies that the satellite earth station licensed operation must be re-coordinated with terrestrial wireless services one year before of actual FSS operation for the interference environment.
Observation 15: 	The FSS license will be a gateway earth station operating as earth-to-space gateway-type service, instead of either originated or terminated communication traffic. This type of service is different from these IoT, Voice and other services. Therefore,
Observation 16: 	The architecture of earth-to-space gateway-type service will be different from the proposed NTN-TN required.
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Observation 17: 	FCC will not grant the terrestrial wireless band (27.5-28.35GHz) to the existing FSS earth station holders.  

Proposal 6:	RAN4 shall follow the U.S. federal regulated rules for the FSS utilization. And, only regularized service/user cases/scenarios shall be considered in the work for the possible NR NTN-TN services. 


2.2	Principle of 3GPP band
Principle of 3GPP band definition always aims at investigating the existing regulatory framework from different countries/regions in the permitted frequency range because a radio transmitter could be adjacent frequency bands and cause mutual interference. For the domestic use of the radio spectrum, both FCC and U.S. regulatory organizations have assigned the 28 GHz band transmission source as a band for terrestrial wireless service, and have regulated the band transmitter radiation pattern, and the maximum transmitter power. Of course, 3GPP needs to take into account these regulatory requirements in its working decision.

On another hand, 3GPP is an umbrella of standards organizations to define the radio specifications and protocols for mobile terrestrial wireless communications based on available and ongoing regulatory demanding requirements. One ongoing example of RAN4 work is to define the 6GHz band which was initialized at 3GPP TSG RAN #78. As this work also aims at the existing regulatory framework in different regions for the frequency range 5.925-7.125 GHz within regulatory organizations, so far, 3GPP has defined a unlicensed band n96 (5.925-7.125 GHz) for Region 2, and a licensed band n104 (6.425-7.125 GHz) for Region 1 based on the ECC, FCC, RCC, ISED, Brazil, Peru, Chile and others regulatory rules. This work provides useful information for consideration of NTN-TN or other new bands for potential NR operations if the frequency ranges are available for operations. 

Thus, we do not see reasons the work of NTN-TN spectrum cannot follow the same principle of band definition in 3GPP although ITU-R has provided the source of information about the spectrum allocated. In order to harmonize and have common requirements for the band(s) in different regions, a study in 3GPP for the NTN-TN spectrum is needed for both existing NR and new generation NR NTN technologies. RAN4 needs to analyze and document all of the regulation requirements for the spectrum while specifying the band requirement along with the same 3GPP principle.

Observation 18:	3GPP principle is to aim at investigating the existing regulatory framework from different countries/regions in the permitted frequency range. And, none of countries/regains regulatory rules shall be ignored.
Observation 19:	A study of the NTN-TN spectrum is needed. All of analysis information should be documented following the 3GPP principle. 
Proposal 7:	Same 3GPP principle shall be applied to the possible NR NTN spectrum. RAN4 shall study and document the requirements while specifying the band requirement.  
Proposal 8: 	While RAN4 defining new NR NTN-TN band(s), it shall not interfere the existing terrestrial wireless band authorized the frequency range of 27.5-28.35GHz.

3. Observations and Proposals 
We have summarized the published FCC rules and federal regulatory requirements for the terrestrial wireless frequency range 27.7-28.35 GHz in this contribution. In addition, we also reviewed the 3GPP working principle of a new spectrum and band definition in RAN4. Now, let us encapsulate our observations and proposals below for the work of the possible NTN-TN mmWave bands and for the RAN4 decision.
     
Observation 1:	FCC has adopted a rule for the spectrum range 27.5-28.35 GHz for the USA nation’s future in the 5G evolution of wireless technology on July 14, 2016.
Observation 2: 	The spectrum range 27.50-28.35 GHz has been defined by 3GPP as an mmWave band for broadband 5G terrestrial wireless services and facilities to the industry in Rel-15.
Observation 3: 	This mmWave band has been commercialized on the field to secure the USA nation’s 5G service. 
Observation 4:	A unified license from FCC is for all of the eligible types of operation to GSO and NGSO FSS satellite services. The spectrum range 27.5-28.35 GHz is no part of unified license for satellite operations.
Observation 5:	The unified license cannot be available in any frequency band shared with terrestrial wireless spectrum, but in bands adjacent to the terrestrial wireless spectrum. The out of band emissions limit for NGSO is being treated in an ongoing rulemaking.
Observation 6:	FCC addressed the Ka-band frequency ranges and provided restrictions in the Order for the U.S. satellite operation.
Observation 7:	The 27.5-28.35 GHz band cannot be part of GSO/NGSO FSS based on FCC and federal requirements.
Observation 8: 	The 27.5-28.35 GHz band cannot be part of ESIMs with GSO/NGSO FSS satellite services
Observation 9:	The lowest 50 megahertz of the 28.35-28.6 GHz band (28.35-28.4 GHz) is not permitted by FCC for the ESIM with NGSO FSS service for avoiding interference from out-of-band emissions into the adjacent 27.5-28.35 GHz terrestrial wireless band.
Observation 10: 	The remaining 200 megahertz in between 28.4 to 28.6 GHz are permitted by FCC for the ESIM with NGSO FSS service. 
Observation 11: 	FCC permits the grandfather FSS earth station service to continually use the 27.5-28.35 GHz band which was authorized prior to July 14, 2016, and the grandfather FSS earth station service has to meet following federal criteria requirements 
· The FSS license at 10 meters above ground level within an area where the earth station generates a PFD of greater or equal to -77.6 dBm/m2/MHz, and 
· There are no more than two other authorized earth stations operating in the 27.5-28.35 GHz band within the county, and 
· The earth station area, in the aggregate for the total, cannot exceed the amount of population in § 25.136(a)(4)(II) as shown in table 1 below.
Observation 12: 	The grandfather FSS service can only be “secondary”, and cannot cause any interference to the operations authorized on the primary basis terrestrial wireless band. On the another hand, there is no any protection in requirements from interference from the primary operations [4, 6]
Observation 13: 	The federal rule prohibits the FSS service to infringe any major event venue, arterial street, interstate or U.S. highway, urban mass transit route, passenger railroad, or cruise ship port.
Observation 14: 	FCC specifies that the satellite earth station licensed operation must be re-coordinated with terrestrial wireless services one year before of actual FSS operation for the interference environment.
Observation 15: 	The FSS license will be a gateway earth station operating as earth-to-space gateway-type service, instead of either originated or terminated communication traffic. This type of service is different from these IoT, Voice and other services. Therefore,
Observation 16: 	The architecture of earth-to-space gateway-type service will be different from the proposed NTN-TN required.
Observation 17: 	FCC will not grant the terrestrial wireless band (27.5-28.35GHz) to the existing FSS earth station holders.  
Observation 18:	3GPP principle is to aim at investigating the existing regulatory framework from different countries/regions in the permitted frequency range. And, none of countries/regains regulatory rules shall be ignored.
Observation 19:	A study of the NTN-TN spectrum is needed. All of analysis information should be documented following the 3GPP principle. 

Proposal 1: 	3GPP shall meet the regulatory rules from each particular country/region while defining NTN-TN band(s) and additional requirements. RAN4 shall naturally account for decisions made by various bodies, such as FCC, ECC, etc. 
Proposal 2:	The 27.5-28.35 GHz band shall be not part of GSO and NGSO FSS satellite services [1, 3, 5], and 
Proposal 3:	The 27.5-28.35 GHz band shall be not part of both ESIMs with GSO and NGSO FSS satellite services [5].
Proposal 4:	The lowest 50 megahertz of the 28.35-28.6 GHz band (i.e., 28.35-28.4 GHz) shall be a guard band to avoid interference from out-of-band emissions into the adjacent 27.5-28.35 GHz terrestrial wireless band [5].
Proposal 5:	The frequency 200 megahertz of the 28.35-28.6 GHz band in between 28.4 to 28.6 GHz can be defined for the ESIMs NGSO FSS service [5].
Proposal 6:	RAN4 shall follow the U.S. federal regulated rules for the FSS utilization. And, only regularized service/user cases/scenarios shall be considered in the work for the possible NR NTN-TN services. 
Proposal 7:	Same 3GPP principle shall be applied to the possible NR NTN spectrum. RAN4 shall study and document the requirements while specifying the band requirement.
Proposal 8: 	While RAN4 defining new NR NTN-TN band(s), it shall not interfere the existing terrestrial wireless band authorized the frequency range of 27.5-28.35GHz.




Reference 
[1] 	FCC-16-89A1
[2] 	3GPP 38.101-2
[3] 	FCC-20-159A1
[4] 	CFR 25.136: 	https://www.ecfr.gov/current/title-47/chapter-I/subchapter-B/part-25/subpart-B/subject-group-ECFR34f9987bbfcd1a8#p-25.136(a)
[5] 	FCC-20-66A1
[6] 	CFR § 101.3: 	eCFR :: 47 CFR 101.3 -- Definitions.

image2.emf

image3.emf

image4.emf

image5.emf

image6.emf

image1.emf

