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APT REPORT ON 

APT REPORT ON FREQUENCY ARRANGEMENTS FOR IMT IN THE 

BAND 470-703 MHZ



1	Introduction 

The 470-694 MHz frequency range is allocated to the broadcasting service and mobile service on a co-primary basis in Region 3. The frequency band 470-698 MHz, or parts thereof, was identified by WRC-15 in 7 countries in Region 3 through new footnote No. 5.296A for use by those administrations as listed wishing to implement terrestrial IMT systems. In addition, there is interest from other significant markets to do the same. Elsewhere, USA, Mexico and several other countries in Region 2 also identified this band for IMT through footnotes 5.295 and 5.308A. It is noted that resolves 2 of revised Resolution 224 (Rev.WRC-19) to encourage administrations to take into account results of the existing relevant ITU Radiocommunication Sector studies, when implementing IMT applications/systems in the frequency bands 694-862 MHz in Region 1, in the frequency band 470-806 MHz in Region 2, in the frequency band 790-862 MHz in Region 3, in the frequency band 470-698 MHz, or portions thereof, for those administrations mentioned in No. 5.296A, and in the frequency band 698‑790 MHz, or portions thereof, for those administrations mentioned in No. 5.313A;

Spectrum below 1 GHz is exceptionally well suited for mobile broadband applications.  In particular, the unique propagation characteristics of the bands below 1 GHz allow for wider area coverage, which in turn requires fewer infrastructures and facilitates service delivery to rural or sparsely populated areas. In this regard, the 700 MHz ecosystem is growing swiftly: there are over 100 commercial networks deployments.[footnoteRef:1] The APT700 band plan coming out from region 3 played a huge role in its success globally. Outside of APAC, some countries in Region 2 have adopted or plan to adopt the APT 700 MHz band plan (3GPP Band 28) for both LTE and NR (5G) system deployments. The lower duplexer of APT 700 MHz plan has also been adopted in some countries of Region 1 since the conclusion of WRC-15. [1:   https://data.gsmaintelligence.com/data/network-list
] 


As the utilisation the 700MHz spectrum increases over time, it is desirable to look at additional spectrum that could be considered as a companion to 3GPP Band 28. Therefore, the use of parts of the 600MHz band for the mobile broadband service would provide a vital means of delivering high quality, wide area broadband services including in rural areas and deep inside buildings. The timely availability of frequency arrangements is essential for the development of IMT specifications and standards and the early consideration by Administrations in the footnotes referred to above of suitable frequency arrangements. 



2	Scope

This Report covers aspects related to the harmonized frequency arrangement for the band 470-703 MHz. The objective is to develop possible harmonized frequency arrangements on 470-703 MHz in Asia Pacific Region based on the frequency allocation and arrangement in ITU and other Regions, for those countries in the APT region that wish to implement IMT in the existing primary mobile allocation in Region 3. 



3	Vocabulary of terms

APT      Asia Pacific Telecommunity

IMT	International Mobile Telecommunications

WRC	World Radiocommunication Conference

3GPP Band 28	UL 703-748 MHz DL 758-803 MHz

3GPP Band 71	UL 663 – 698 MHz DL 617-652 MHz

3GPP Band 105   UL 663–703 MHz DL 612-652 MHz



4	References

Recommendation ITU-R M.1036, “Frequency arrangements for implementation of the terrestrial component of International Mobile Telecommunications (IMT) in the bands identified for IMT in the Radio Regulations (RR)”.

APT Report APT/AWG/REP50, “APT survey report on frequency bands in relation to study on WRC-15 Agenda Item 1.1”.



5	Key Considerations for Frequency Arrangements 

To maximize the benefits for APT countries, the frequency arrangements for IMT should be harmonized to the maximum practical extent to facilitate interoperability, for economies of scale and to enable seamless roaming by users.  As far as practical, these arrangements should also reflect the importance of efficient usage of the spectrum.

In the ITU-R WP5D New Zealand, Mexico and Pacific Islands nations submitted a joint input (Document 162), proposing a band plan for the 600 MHz band. The proposed frequency arrangement is based on a reverse FDD configuration, where the frequency range 617-652 MHz is for base-station transmitter and the frequency range 663-698 MHz is for mobile-station transmitter. 

The 3GPP band 71 plan for implementation of IMT in the band 470-698 MHz is provided in Fig. 1 and the 617-698 MHz band specification has been included in Release 15 of 3GPP and approved in its RAN#77 meeting. The related document 3GPP TR 36.755 is attached in the appendix. It is noted that it has been developed with the consideration of a sharing/coexistence study with the Broadcasting and Radio astronomy services and other applications in the Mobile service. 

This arrangement is implemented in some countries in the world and already has a well-developed eco-system.
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Figure 1: 3GPP band 71 band plan for 470-698 MHz band



APT – AWG meeting 29 agreed on the band plan for the frequency range 612-703 MHz, based on a reverse-duplex FDD configuration, to be called the “ APT 600 MHz” band  and invited 3GPP to develop the technical specifications for a band. 

In April 2022 the Telecom Regulatory Authority of India (TRAI) adopted the “APT 600 MHz” band plan and recommended it for auction for IMT/5G. Both the APT 700 MHz and APT 600 MHz bands are among the bands auctioned in July 2022. [footnoteRef:2] The interest from many other countries using the same provides for a harmonization and possible healthy ecosystem. [2:  https://www.trai.gov.in/sites/default/files/Recommendations_11042022.pdf] 


The preference towards reverse FDD configuration is to ensure compatibility with existing frequency arrangements in the band above 703 MHz and the flexibility in implementing measures to protect lower adjacent services in the band below 612 MHz.

The 612-703 MHz band specification has been prioritised for inclusion in Release 18 of 3GPP. The band is defined as Band 105 and the related 3GPP specification is TR38.892



6	APT Harmonized Band Plan for IMT (APT 600 MHz)

The APT 600 MHz band plan for implementation of IMT in the band 470-703 MHz is provided in Figure 2. It is noted it was been developed with the consideration of a sharing/coexistence studies with the Broadcasting and Radio astronomy services and other applications in the Mobile service The APT 600 MHz band plan is a reverse duplex arrangement of 2 x 40 MHz that fits well with the APT 700 MHz band plan (with ordinary duplex) starting at 703 MHz.
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Figure 2: APT 600 MHz band plan for 470-703 MHz band
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APPENDIX



3GPP Specification of APT 600MHz for NR (band n105) 



Document to be added when available. 





For information

3GPP SPECIFICATION OF 

600 MHZ BAND FOR LTE/NR (Band 71/n71) 









3GPP TR38.860: Study on Extended 600 MHz NR band
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ANNEX



Summary and proposals from the informal correspondence activity towards APT Report on frequency arrangements for IMT in the band 470 to 698 MHz

Technical Considerations for new band options (B1 and B2) 
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Foreword



This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).



The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:



Version x.y.z



where:



x
the first digit:



1
presented to TSG for information;



2
presented to TSG for approval;



3
or greater indicates TSG approved document under change control.



y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.



z
the third digit is incremented when editorial only changes have been incorporated in the document.



1
Scope



The present document is a technical report for the work item of US 600 MHz LTE FDD band.


2
References



The following documents contain provisions which, through reference in this text, constitute provisions of the present document.



-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.



-
For a specific reference, subsequent revisions do not apply.



-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.



[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".



[2]
RP-170740, New WID US 600 MHz Band for LTE.


[3]
Expanding the Economic and Innovation Opportunities of Spectrum Through Incentive Auctions, GN Docket No. 12-268, Report and Order, FCC 14-50.


[4]
PROCEDURES FOR COMPETITIVE BIDDING IN AUCTION 1000, GN Docket No. 12-268, PUBLIC NOTICE, FCC 15-78.


[5]
"Clearing Target of 84 MHz set for Stage 4 of the Broadcast Television Spectrum Incentive Auction", FCC Public Notice, DA16-1354.


[6]
"Experimental Radio, Auxiliary, Special Broadcast and Other Program Distributional Services", 47 CFR Part 74.


[7]
"Radio Broadcast Services", 47 CFR Part 73.


[8]
Miscellaneous Wireless Communications Services, Title 47, Part 27 of eCFR https://www.law.cornell.edu/cfr/text/47/part-27.



[9]
ETSI EN 300 422-1 (V1.4.2) (2011-08): "Electromagnetic compatibility and Radio spectrum Matters (ERM); Wireless microphones in the 25 MHz to 3 GHz frequency range; Part 1: Technical characteristics and methods of measurement". 


[10]
3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception".


[11]
3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception".


3
Definitions, symbols and abbreviations


3.1
Definitions



For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].



3.2
Symbols



For the purposes of the present document, the following symbols apply:



BW
Bandwidth



(f
Separation between the channel edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency



(fmax 
The largest value of (f used for defining the requirement



FDL_low
The lowest frequency of the downlink operating band



FDL_high
The highest frequency of the downlink operating band



FUL_low
The lowest frequency of the uplink operating band



FUL_high
The highest frequency of the uplink operating band



f_offset 
Separation between the channel edge frequency and the centre of the measuring filter



f_offsetmax 
The maximum value of f_offset used for defining the requirement



NDL 
Downlink EARFCN



NOffs-DL 
Offset used for calculating downlink EARFCN



NOffs-UL 
Offset used for calculating uplink EARFCN 



NUL 
Uplink EARFCN



PREFSENS
Reference Sensitivity power level



3.3
Abbreviations



For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].



ACLR
Adjacent Channel Leakage Ratio



BS
Base Station



CBRS
Citizens Broadband Radio Service



CIM
Counter-InterModulation



CW
Continuous Wave



DL
Downlink



DTV
Digital Television



EARFCN 
E-UTRA Absolute Radio Frequency Channel Number



eCFR
electronic Code of Federal Regulation



EIRP
Effective Isotropic Radiated Power



ERP 
Effective Radiated Power



ETSI
European Telecommunications Standards Institute



E-UTRA
Evolved UTRA



FCC
Federal Communications Commission



FDD
Frequency Division Duplex



GEHC
GE Healthcare



HAAT
Height Above Average Terrain



LA
Local Area



LO 
Local Oscillator



MOP
Maximum Output Power



MR
Medium Range


MSR
Multi-Standard Radio



NF
Noise Figure



NRAO
National Radio Astronomy Observatory



NSF
National Science Foundation



PA 
Power Amplifier



PRB
Physical Resource Block



RAS
Radio Astronomy Service



REFSENS
Reference Sensitivity



RF
Radio Frequency



RX
Receiver



SEM
Spectrum Emission Mask



TX
Transmitter



UE
User Equipment



UHF
Ultra High Frequency



UL
Uplink



UMTS
Universal Mobile Telecommunications System



UTRA
UMTS Terrestrial Radio Access



VLBA
Very Long Baseline Array



WA
Wide Area




WMTS
Wireless Medical Telemetry Service


4
Background



The FCC has adopted rules for the Broadcast Incentive Auction [3]. The "clock phase" of the auction recently closed at stage 4, which aims to clear 84 MHz for mobile broadband services. This 84 MHz band plan [4] features a 2x35 MHz FDD spectrum with the uplink band (mobile transmit) in the upper 35 MHz from 663 to 698 MHz and downlink band (BS transmit) in the lower 35 MHz from 617 to 652 MHz; it also features an 11 MHz duplex gap and a 3 MHz guard band above Channel 37. The band plan is shown in Figure 4-1. With the "clock phase" now concluded, the 84 MHz band plan will be the final FCC band plan.



To facilitate the US 600 MHz eco-system development in a timely manner, it is proposed to standardize a new E-UTRA operating band based on the FCC 84 MHz band plan [2].
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· Figure 4-1: US 600 MHz Band Plan Scenarios


5
Frequency band arrangements and regulatory background



5.1
Operating band and channel bandwidth


The band plan for Band 71 is shown below. The Tx-Rx is "reverse-duplex"; in other words, the downlink frequency band is below the duplex gap while the uplink frequency band is above the duplex gap. This arrangement is opposite to conventional notation; however, for this band, it provides the benefit of aligning the uplink band adjacent to that of 700 MHz bands thereby minimizing interference conditions at the 698 MHz boundary.


Table 5.1-1: E-UTRA operating bands



			E‑UTRA 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


			





			71


			663 MHz


			–


			698 MHz 


			617 MHz


			–


			652 MHz


			FDD








Supported bandwidths are shown in Table 5.1-2.
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· Figure 5.1-1: Band 71 spectrum and possible full or split duplexer architectures



Figure 5.1-1 above provides a view of both full band duplexer and a 15 MHz overlap split duplexer approach. Given that frequency blocks A to G are allocated on a 5 MHz grid both approaches support all possible 20 MHz channels.



Band 28 already supports single and split duplexer for the same reason as seen for Band 71. This was captured in the specification by adding a note to the 20 MHz channel bandwidth support specifying the possible allocated carriers within two frequency ranges. In order to apply the same approach for Band 71 a note is introduced stating that for the 20 MHz bandwidth, the minimum requirements are specified for E-UTRA UL carrier frequencies confined to either 673-678 MHz or 683-688 MHz. The proposed changes to Table 5.6.1-1 in TS 36.101 [10] are highlighted in the extract of the table below. 


Table 5.1-2: E-UTRA channel bandwidth



			E-UTRA band / Channel bandwidth





			E-UTRA Band


			1.4 MHz


			3 MHz


			5 MHz


			10 MHz


			15 MHz


			20 MHz





			71


			


			


			Yes


			Yes


			Yes


			Yes1





			NOTE:
 1For the 20MHz bandwidth, the minimum requirements are specified for E-UTRA UL carrier frequencies confined to either 673-678 MHz or 683-688 MHz.








Tx-Rx separation is shown in Table 5.1-3.


Table 5.1-3: Default UE TX-RX frequency separation



			E-UTRA Operating Band


			TX – RX 
carrier centre frequency
separation





			71


			-46 MHz








5.2
Adjacent 3GPP bands



The nearby 3GPP bands are summarized as figure 5.2-1. The Band 12, Band 17, Band 13, Band 14, Band 28 and Band 29 are Region 2 bands, which should be considered especially in co-existence study of US 600 MHz band. However, Band 44, which is not utilized in Region 2, could be not taken into account in study of US 600 MHz band. 
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· Figure 5.2-1: Illustration on nearby 3GPP Bands


5.3
Nearby non-3GPP Services 



5.3.1 
Introduction


Existing primary operations near the 600 MHz Band include Television services and Channel 37 Wireless Medical Telemetry Service (WMTS) and Radio Astronomy Service (RAS), which are entitled to interference protection from 600 MHz broadband wireless services. While, unlicensed white space device and wireless microphone operations are allowed in the duplex gap, guard band and service band where 600 MHz licensees have not commenced operations; they are subjected to FCC rules to protect 600 MHz services from harmful interference. 


Coexistence issues and possible impacts on 600 MHz band RF requirements are analysed below.


5.3.2 
Coexistence between 600 MHz and TV Services



84 MHz band plan consists of seven 100% unimpaired blocks in all 416 Partial Economic Areas [5], meaning that Broadcast TV services are present only below channel 37. Such services include licensee of full power TV stations and low-power TV stations that have been accorded primary status as a Class A TV licensee under the section 73.6001(a) of electronic Code of Federal Regulation (eCFR).


Low power DTV stations are allowed to operate at a maximum ERP of 15 kW in UHF channels; while the power level of emissions on frequencies outside the authorized channel of operation must be attenuated below the average transmitted power within the authorized 6 MHz channel no less than what specified in section 74.794 of eCFR [6]. 



Full power DTV stations are allowed to operate in UHF channels at a maximum ERP of 1000 kW if their antenna height above average terrain (HAAT) is at or below 365 meters; and with lower maximum ERP levels as specified in section 73.622 (f) of eCFR at higher HAAT levels. The power level of emissions on frequencies outside the authorized channel of operation must be attenuated no less than 47 dB in the first 500 kHz from the channel edge, no less than 110 dB at more than 6 MHz from the channel edge; and no less than −11.5(ΔF 3.6) dB (where ΔF is the frequency difference in MHz from the edge of the channel) at any frequency between 0.5 and 6 MHz from the channel edge [7]. This attenuation is based on a measurement bandwidth of 500 kHz.



Broadcast TV services and Band 71 Downlink are separated by 9 MHz guard band (including channel 37), which is 2 MHz larger than the minimum frequency separation required by FCC to protect against a TV transmitter interfering with a mobile broadband UE receiver and an BS transmitter interfering with a TV receiver [3]. Being such protection guard band evaluated considering the emission limit specified by FCC in [8], no additional emission limits to protect TV services are considered necessary to be included in RF requirements for Band 71.



On the other hand, taking into account that the highest likely television signal that a wireless device may experience is -15dBm (before antenna gain is applied) as estimated in [3], the presence of broadcast TV operations in the close channel 36 requires to consider such RX power level in the definition of UE in band blocking requirement.


5.3.2 
Coexistence between 600 MHz and Channel 37 WMTS and RAS Services


5.3.2.1 
Coexistence with WMTS



Wireless Medical Telemetry Service (WMTS) is used for remote monitoring of patients'vital signs and other important health parameters. WMTS devices, regulated by subpart H of 47 CFR Part 95, are authorized to operate anywhere within a health care facility.



Both narrow band and broadband (i.e. spread spectrum) technologies are allowed. If spread spectrum is used, 4 non-overlapping 1.5 MHz channels are defined, and WMTS devices shall be capable to operate within one or more of such 1.5 MHz channels. 



WMTS is widely deployed in Channel 37 (more than 100K WMTS devices deployed, and WMTS infrastructure installed in 1300 hospitals - according to America Society of Health care engineering estimation at the end of 2012) Transmitters are generally frequency division multiplexed with typical occupied bandwidth of 10 kHz and employ relatively small TX power to permit several days of continuous data transmission. 


For channel 37 operations, WMTS devices (patient units) are generally TX only and the DASs (routing data to central monitoring stations) are RX only.



 The maximum field strength authorized for WMTS stations in the 608-614 MHz band is 200 mV/m (10.8 dBm/120kHz EIRP), as measured at a distance of 3 meters, using measuring instrumentation with a CISPR quasi-peak detector; while the out-of-band emissions limit below 960 MHz is 200 (V/m ((-49.2 dBm/120 kHz).The worst case WMTS emission at the FCC limit (200mV/m at 3 meter separation) would result in UE received power of -32.9 dBm for a single narrowband WMTS interferer (assuming -6 dBi UE antenna). There are no plans to standardize UE requirements for blocking protection against WMTS transmitters. 


With reference to wireless broadband BSs operations that pose a harmful interference risk if placed adjacent to channel 37 in locations near WMTS sites, to meet the GEHC protection criteria limiting the field strength, as measured at the perimeter of a health care facility at the edge of channel 37, to 20mV/m/MHz to protect WMTS from overload interference, and to 10μV/m/100 kHz (in channel 37) to provide WMTS protection from out-of-band interference, FCC specified 3 MHz guard band between 600 MHz DL and channel 37, and calculated example separation distances to protect WMTS from overload and OOB interference (up to 96 meters and 245 meters respectively). No additional emission limits to protect WMTS services are considered necessary to be included in BS RF requirements for Band 71.



5.3.2.2 
Coexistence with RAS



Radio Astronomy Service (RAS) is a receive-only service that uses highly sensitive receivers to examine and study radio waves of cosmic origin. There are twelve RAS telescopes that have been using channel 37 or plan to use it in the near future. Of these, ten comprise the National Radio Astronomy Observatory's (NRAO's) Very Long Baseline Array (VLBA), which are distributed in several locations in the United States and its territories. The remaining two telescopes are characterized as single dish instruments (Green Bank - WV and Arecibo - PR observatories).


To protect RAS from harmful interference, FCC requires 600 MHz wireless BSs located within 25 kilometres of VLBA observatories to coordinate with the National Science Foundation (NSF) prior to commencing operation; while those located close to dish radio astronomy installations are required to notify technical details of the proposed operations according to section 1.924 of Part 47 CFR. 



No additional emission limits need to be included in BS RF requirements for the 600 MHz band.


5.3.3 
Coexistence between 600 MHz and Unlicensed White Space Devices & Wireless Microphones



Unlicensed wireless microphones and white space devices operations in 600 MHz band are regulated by Part 15 of Title 47 of eCFR [8], which limits power, and specifies frequency and distance separations to protect authorized services, as reported below. 


White space devices, subject to the interference protection requirements in paragraph 15.711 and 15.712 and to emission limits in paragraph 15.709, are permitted to operate in the:


-
Upper 6 MHz segment of 600MHz duplex gap at 40 mW EIRP.


-
TV band and 600 MHz service band, where 600 MHz licensees have not commenced operations, at specified protection distances at up to 10 W EIRP (if fixed devices) and at up to 100 mW EIRP (if personal/portable devices). Fixed device operation in the 602-620 MHz band is limited to a maximum of 4 W (36 dBm) EIRP.



-
Channel 37 at up to 4 W EIRP (if fixed devices) and at up to 100 mW EIRP (if personal/portable devices). 


Unlicensed wireless microphones are permitted to operate in the:



-
upper 6 MHz segment of duplex gap at up to 20 mW EIRP;


-
guard bands adjacent to channel 37 excluding the 1MHz segment farthest from channel 37 at up to 20 mW EIRP;


-
service band, where 600MHz licensees have not commenced operations, at specified separation distances beyond wireless licensee's service areas at up to 50 mW EIRP;


-
channels allocated and assigned for the broadcast television service at up to 50 mW EIRP.



Emissions within the band from 1 MHz below to 1 MHz above the carrier frequency shall comply with the ETSI emission mask in section 8.3 of (9(. Emissions outside this band shall comply with the limit specified at the edges of the ETSI mask. 



Low power auxiliary stations may operate in the 4 MHz segment from 1 to 5 MHz above the lower edge of the 600 MHz duplex gap at up to 20 mW EIRP. 



Eventual impacts on 600 MHz services of such unlicensed operations in the duplex gap and guard band are not taken into account for the specifications of 600 MHz band RF requirements.


5.4
FCC regulation requirement



Wireless communication services in 600 MHz band are governed by Part 27 of electronic Code of Federal Regulations (eCFR) [8] adopting for such band technical rules similar to those in the adjacent lower 700 MHz band. Summary of the FCC rules relevant to RAN4 is provided below. 



1)
Power Limits



600 MHz fixed and base stations operating in non-rural areas must not exceed an effective radiated power (ERP) of 1000 watts (for emission bandwidths less than 1 MHz) or 1000 watts/MHz (for emission bandwidths greater than 1 MHz) and an antenna height of 305 meter height above average terrain (HAAT). Fixed and base stations located in a county with population density of 100 or fewer persons per square mile must not exceed 2000 watts or 2000 watts/MHz ERP and an antenna height of 305 meter HAAT. Antenna heights greater than 305 m HAAT are permitted if power levels are reduced below the maximum limits in accordance with Table 5.4.1 below.



Table 5.4-1: Power limits vs. Antenna HAAT



			Antenna HAAT (meters/feet)


			ERP (watts)


			ERP (watts/MHz)





			


			Emission BW ( 1MHz


			Emission BW > 1MHz





			


			Non-rural areas


			Rural areas*


			Non-rural areas


			Rural areas*





			> 1372 (4500)


			65


			130 


			65


			130 





			1220 (4000) to 1372 (4500)


			70


			140 


			70


			140 





			1067 (3500) to 1220 (4000)


			75


			150 


			75


			150 





			915 (3000) to 1067 (3500)


			100


			200 


			100


			200 





			763 (2500) to 915 (3000)


			140


			280 


			140


			280 





			610 (2000) to 763 (2500)


			200


			400 


			200


			400 





			458 (1500) to 610 (2000)


			350


			700 


			350


			700 





			305 (1000) to 458 (1500)


			600


			1200 


			600


			1200 





			Up to 305 (1000)


			1000


			2000


			1000


			2000





			NOTE:* 
with population density of 100 or fewer persons per square mile.








Portable stations (hand-held devices) and fixed and mobile stations in the 600 MHz uplink band are limited to 3 watts (34.8 dBm) ERP.



2)
Emission Limits



The power of any emission outside a licensee´s frequency band/bands of operations shall be attenuated below the transmitter power P, measured in watts, by at least 43+10log10(P) dB, considering a resolution bandwidth of 100 kHz or greater, except within 0-100 kHz immediately outside and adjacent a licensee´s frequency block where it is required to be 30 kHz. That corresponds to a single absolute emission power spectral density limit of -13 dBm (Emission limit = PdBW-43-PdB= - 43 dBW = -13 dBm) over the specified resolution bandwidth for all transmitters (including base stations and portable devices) regardless of actual ERP or frequency offset.



3)
Basic interoperability requirement



Mobile and portable stations that operate on any portion of frequencies in the 600 MHz band must be capable of operating on all frequencies in the 600 MHz band using the same air interfaces that the equipment utilizes on any frequencies in the 600 MHz band.


6
List of band specific issues for US600 MHz frequency band


Below is the list of issues that are studied for the US 600 MHz Band 71: 



-
Co-existence with other 3GPP operating bands and nearby non-3GPP service in the USA.


-
BS unwanted emission. 



-
UE MOP, unwanted emissions, REFSENS, in-band blocking and A-MPR.


7
Study of E-UTRA specific issues


7.1
UE aspect issues


7.1.1 
UE transmitter requirements



7.1.1.1
UE co-existence



It is proposed to add new 600MHz Band 71 into Table 6.6.3.2-1 of TS 36.101 to address UE co-existence of the Band 71 with other Region 2 bands utilized in US, which include Band 2, 4, 5, 12, 13, 14, 17, 24, 25, 26, 29, 30, 41, 48, 66 and 70, with legacy emission requirement of -50 dBm/MHz. No A-MPR or RB restrictions are needed. Harmonic exception should be allowed for Band71 UL to protect the DL of Band 2, 25, 41 and 70.


7.1.1.2
UE TX maximum output power


Undoubtedly, power class 3 should be still maintained for US 600 MHz Band 71. However considering current frequency range and filter implementation challenges, following aspects should be considered in the discussion of the lower tolerance of maximum output power of.


-
Challenged relative Duplex Gap (11 MHz/657.5 MHz) of 1.67%, legacy agreement is lower accuracy relaxation on band edge. 


-
Additional duplexer switch loss should be considered if dual-duplexer structure used. Furthermore it is not expected that delta Tc needs to be defined to account for the filter rolloff at frequencies within 4 MHz of the band edge due to such filter assumption.


-
According to survey on simulation results on filter performance, TX insertion loss is comparable to practical TX IL of Band 28 duplexer. Corresponding relaxation on accuracy of Band 28 can be adopted for Band 71.



Based on above discussion it is proposed to introduce additional 0.5 dB lower tolerance as an average one rather than normal way with delta Tc on the band edge. Hence the MOP requirement in table 7.1.1.2-1 shall apply for Band 71.


Table 7.1.1.2-1: UE Power Class


			EUTRA band


			Class 1 (dBm)


			Tolerance (dB)


			Class 2 (dBm)


			Tolerance (dB)


			Class 3 (dBm)


			Tolerance (dB)


			Class 4 (dBm)


			Tolerance (dB)





			71


			


			


			


			


			23


			+2/-2.5


			


			








7.1.1.3 
NS value and Spectrum Emission Mask



In a study of the regulatory requirements, the emission limits for the 600 MHz band were found to be consistent with those for the lower 700 MHz bands. The lower 700 MHz bands have been defined in 3GPP with consideration for FCC emission requirements by network signalling value NS_06. When NS_06 is signalled by the network, the additional emission requirements shown in the table below apply. These reflect the attenuation requirement of 43 + 10log(P) outside of the licensee's band with measurement bandwidth of at least 100 kHz except for within the first 100 kHz where 30 kHz can be used. NS_06 does not allow any A-MPR backoff as defined today for Bands 12, 13, 14, and 17. However, two observations are made that deserve consideration before applying these same requirements to the 600 MHz band. The first observation is that the existing NS_06 only includes channel bandwidths up to 10 MHz since, of course, the existing 700 MHz bands do not support 15 and 20 MHz channels. The second observation, is that the FCC regulation specifies a measurement bandwidth of 100 kHz for the 43 + 10log(P) attenuation requirement. However, the 3GPP-defined NS_06 requirement specifies a measurement bandwidth of 1 MHz for the same attenuation requirement. This is to maintain consistency with the 3GPP general SEM requirement which is defined with measurement bandwidth of 1 MHz. The 3GPP requirement with measurement bandwidth of 1 MHz is more stringent than the FCC requirement. Therefore, compliance with the 3GPP requirement automatically implies compliance with the FCC requirement. The disadvantage, however, is that the 3GPP requirement may be unnecessarily tight and may require A-MPR for the 15 and 20 MHz channels.



Given the above observations, there are three options to consider when extending the NS_06 requirement to Band 71. The first option is to maintain the NS_06 requirement, maintain the 1 MHz measurement bandwidth, and simply extend by adding 15 and 20 MHz channels. As described above, this would result in a 3GPP requirement that is tighter than the regulatory requirement.



Table 7.1.1.3-1: Additional requirements 



			


			Spectrum emission limit (dBm)/ Channel bandwidth 





			ΔfOOB


(MHz)


			1.4



MHz


			3.0



MHz


			5



MHz


			10



MHz


			15 MHz


			20 MHz


			Measurement bandwidth





			( 0-0.1


			-13


			-13


			-15 


			-18 


			-20


			-21


			30 kHz 





			( 0.1-1


			-13


			-13


			-13


			-13


			-13


			-13


			100 kHz





			( 1-2.5


			-13


			-13


			-13


			-13


			-13


			-13


			1 MHz





			( 2.5-2.8


			-25


			-13


			-13


			-13


			-13


			-13


			1 MHz





			( 2.8-5


			


			-13


			-13


			-13


			-13


			-13


			1 MHz





			( 5-6


			


			-25


			-13


			-13


			-13


			-13


			1 MHz





			( 6-10


			


			


			-25


			-13


			-13


			-13


			1 MHz





			( 10-15


			


			


			


			-25


			-13


			-13


			1 MHz





			( 15-20


			


			


			


			


			-25 


			-13 


			1 MHz





			( 20-25


			


			


			


			


			


			-25 


			1 MHz








The second option is to define the measurement bandwidth to be 100 kHz in exact accordance with the FCC rules. One could argue that the existing NS_06 could be modified in a similar manner even for the 1.4, 3, 5, and 10 MHz channel bandwidths since this is how they are specified according to FCC rules, however, since these requirement have been in place since the Rel-8 specifications and since there is no A-MPR "penalty" associated with them, it is recommended that any such change to the measurement bandwidth be only applied in Band 71. For example, a new SEM table to supplement the existing NS_06 table could be added as shown below. If this option is taken, due to the change in the requirement, it may be prudent to define a new NS value for Band 71 rather than to try to reuse NS_06.



Table 7.1.1.3-2: Additional requirements for 15 MHz and 20 MHz channels 



			


			Spectrum emission limit (dBm)/ Channel bandwidth





			ΔfOOB


(MHz)


			15 MHz


			20 MHz


			Measurement bandwidth





			( 0-0.1


			-20


			-21


			30 kHz 





			( 0.1-15


			-13


			-13


			100 kHz





			( 15-20


			-251


			-13 


			100 kHz





			( 20-25


			


			-25 


			1 MHz





			Note:
 1The measurement bandwidth shall be 1 MHz.








A third option also exists to apply the 100 kHz measurement bandwidth to all channel bandwidths 5, 10, 15, and 20 MHz in Band 71. A new NS would be needed applicable only to Band 71 as the 700 MHz bands would retain NS_06. However, this option may create some confusion to outside observers or regulators to see that different NS values and different requirements apply between 600 and 700 MHz bands in 3GPP since the FCC applies the same rules to both bands.



			Table 7.1.1.3-3: Additional requirements 



ΔfOOB


(MHz)


			5



MHz


			10



MHz


			15 MHz


			20 MHz


			Measurement bandwidth (unless otherwise stated)





			( 0-0.1


			-15 


			-18 


			-20


			-21


			30 kHz 





			( 0.1-6


			-13


			-13


			-13


			-13


			100 kHz





			( 6-10


			-251 


			-13


			-13


			-13


			100 kHz





			( 10-15


			


			-251


			-13


			-13


			100 kHz





			( 15-20


			


			


			-251 


			-13 


			100 kHz





			( 20-25


			


			


			


			-25 


			1 MHz





			Note:
 1The measurement bandwidth shall be 1 MHz.








It is proposed that the third option is adopted in the definition of Band 71 since it most accurately reflects the regulatory requirements for this band.



7.1.2
UE receiver requirements



7.1.2.1
UE REFSENS


Evaluation results for REFSENS of Band 71 are presented in table 7.1.2.1-1. And it is agreed to use average value to define the corresponding requirements. 


Table 7.1.2.1-1: Evaluation result summary on REFSENS(2RX) for Band 71


			Source#


			REFSENS for 5MHz(dBm)


			REFSENS for 10MHz(dBm)


			REFSENS for 15MHz(dBm)


			REFSENS for 20MHz(dBm)





			1


			-97


			-94


			-91.6


			-82.2





			2


			-97


			-94


			-92.2


			-87.9





			3


			-97


			-94


			-92.2


			-90





			4


			-97


			-94


			-91.2


			-85.5





			5


			-97


			-94


			-92.2


			-88.1





			6


			-98


			-95


			-92.9


			-89.2





			7


			


			


			


			-89.6





			Average value


			-97.2


			-94.2


			-92


			-87.5








Based on above assessments, the reference sensitivity requirement specified in table 7.1.2.1-2 shall be met for E-UTRA Band 71 for an uplink transmission bandwidth less than or equal to the specified in and table 7.1.2.1-3.


Table 7.1.2.1-2: Reference sensitivity QPSK PREFSENS(2RX)


			Channel bandwidth





			E-UTRA Band


			1.4 MHz
(dBm)


			3 MHz
(dBm)


			5 MHz
(dBm)


			10 MHz
(dBm)


			15 MHz
(dBm)


			20 MHz
(dBm)


			Duplex Mode





			71


			-


			-


			-97.2


			-94.2


			-92


			-87.5


			FDD








Table 7.1.2.1-3: Uplink configuration for reference sensitivity



			E-UTRA Band / Channel bandwidth / NRB / Duplex mode





			E-UTRA Band


			1.4 MHz


			3 MHz


			5 MHz


			10 MHz


			15 MHz


			20 MHz


			Duplex Mode





			71


			


			


			25


			25 1


			20 1


			20 1


			FDD





			NOTE:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth.








7.1.2.2
In-band blocking



Rx blocking interference from broadcast TV sources was studied previously in the context of Band 17 and MediaFLO as the interferer. An additional in-band Rx blocking requirement was imposed on Band 17 as shown below.


Table 7.1.2.2-1: In-band blocking (including old Band 17 requirements)


			E-UTRA band


			Parameter


			 Unit


			Case 1


			Case 2


			Case 3


			Case 4





			


			 PInterferer


			 dBm


			-56


			-44


			-30


			 -30





			


			FInterferer (offset)


			MHz


			=-BW/2 – FIoffset,case 1


&



=+BW/2 + FIoffset,case 1


			≤-BW/2 – FIoffset,case 2


&



≥+BW/2 + FIoffset,case 2


			-BW/2 – 15



&



-BW/2 – 9


			-BW/2 – 10





			1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 18, 19, 20, 21, 22, 23,



25, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43


			FInterferer


			MHz


			(Note 2)


			FDL_low – 15



to



FDL_high + 15


			


			





			12


			FInterferer


			MHz


			(Note 2)


			FDL_low – 10



to



FDL_high + 15


			


			FDL_low – 10









			17


			FInterferer


			MHz


			(Note 2)


			FDL_low – 9



to



FDL_high + 15


			FDL_low – 15



and



FDL_low – 9


			





			NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band.


NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 



a. the carrier frequency -BW/2 - FIoffset, case 1 and



b. the carrier frequency +BW/2 + FIoffset, case 1.


NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer centre frequencies. 



NOTE 4:
Case 3 and Case 4 only apply to assigned UE channel bandwidth of 5 MHz. 








The case 3 blocker was defined to be -30 dBm to account for the Tx power of the TV broadcaster as well as the propagation loss to the UE receiver. The wanted signal power level is set at 6 to 9 dB above reference sensitivity and the blocker is defined as a 5 MHz LTE signal. The Tx power of the TV broadcaster for MediaFLO is 50 kW and the separation from edge to edge is 12 MHz and 6 MHz between Band 17 downlink and 700 MHz blocks D and E, respectively. The propagation loss was predicted based on models and drive tests including data provided in [R4-100430]. It was concluded that with high probability, the Rx power level at the UE antenna should be -30 dBm or lower. Thus, the Rx blocker level was defined to be -30 dBm.



For the 600 MHz band, a similar situation exists with TV broadcast in adjacent channels. However, one significant difference is that power of the TV broadcast at 600 MHz is up to 1 MW. Assuming a similar propagation loss in 600 MHz compared to 700 MHz, the power level reaching the UE receiver is 13 dB higher for 600 MHz band compared to Band 17. However, considering that the propagation is slightly better at 600 MHz than 700 MHz, the maximum Rx power with high probability is 15 dBm higher, resulting in an Rx blocker level of -15 dBm. In FCC R&O 14-50, the television signal strength received by the UE is estimated at -23 dBm. This derivation is based on a received power level of -15 dBm coupled with a UE Rx antenna gain of -8 dBi. However, the 3GPP specifications also account for the case where the antenna gain may be as high as 0 dBi for different types of devices, for example, fixed or nomadic. In TS 36.101, it is stated that a reference antenna with a gain of 0 dBi is assumed for each antenna port. Taking this into account, the received power level is then also -15 dBm, consistent with the proposal here.



For the US 600 MHz band plan, the closest broadcast TV is located on Channel 36. The upper edge of Channel 36 is 608 MHz while the lower edge of the 600 MHz band is 617 MHz; thus, there exists a 9 MHz guard band. The separation from the lower band edge of the 600 MHz band to the centre frequency of Channel 36 is 12 MHz. 


Table 7.1.2.2-2: In-band blocking



			E-UTRA band


			Parameter


			Unit


			Case 1


			Case 2


			Case 3


			Case 4


			Case 5





			


			PInterferer


			dBm


			-56


			-44


			-15


			Void


			-38





			


			FInterferer (offset)


			MHz


			=-BW/2 – FIoffset,case 1


&



=+BW/2 + FIoffset,case 1


			≤-BW/2 – FIoffset,case 2


&



≥+BW/2 + FIoffset,case 2


			


			


			-BW/2 - 11





			1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23,



25, 26, 27, 28, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 65, 66, 68, 70


			FInterferer


			MHz


			(NOTE 2)


			FDL_low – 15



to



FDL_high + 15


			


			


			





			71


			


			


			


			FDL_low – 12 to FDL_high + 15


			FDL-low - 12


			


			





			30


			FInterferer


			MHz


			(NOTE 2)


			FDL_low – 15



to



FDL_high + 15


			


			


			FDL_low – 11





			NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 



NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 



a. the carrier frequency -BW/2 - FIoffset, case 1 and



b. the carrier frequency +BW/2 + FIoffset, case 1


NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer centre frequencies 








While the above describes the necessary condition for the UE to withstand TV blocking interference, the feasibility of the UE to meet such requirement should also be considered. It is expected that the Rx filter in the duplexer will be required to provide rejection of the TV blocker. Given that the normal requirement at 12 MHz offset from the band edge is -44 dBm, there is a 29 dB difference to overcome by the filter, assuming that the normal requirement can be met without filter assistance. 


Filter simulation data is shown below. Filter vendor "B" was able to provide Rx attenuation in Channel 36 of 30 dB while vendor "A" was only able to provide 14 dB. Moreover, vendor "A" was only able to provide 39 dB Tx isolation under typical conditions; therefore, this filter is not usable for this band without further improvement. Filter vendor C attenuation over Channel 36 frequencies are shown in the figure below. At the upper edge of Channel 36 at 608 MHz, it can be seen that the Rx filter attenuation is approximately 40 dB under typical conditions. Thus, it is expected that under worst case conditions including manufacturing margin and temperature drift, an attenuation of at least 29 dB can be met. Thus, the feedback from two filter vendors is that the necessary attenuation can be met in the Rx filter to support a blocking requirement of -15 dBm from Channel 36.



Table 7.1.2.2-3: Simulation results for the US 600 MHz band plan


			Vendor


			pass-band 


			Tx IL (typ.)


			Rx IL (typ.)


			Rx Iso (typ.)


			Tx Iso (typ.)


			RX Att @CH36





			A


			35 MHz


			3.4


			2.3


			65


			39


			14





			B


			35 MHz


			3 (max)


			2.6 (max)


			55 (min)


			55 (min)


			30 (min)





			C


			35 MHz


			3.0 (max)


			3.6 (max)


			50 (min)


			55 (min)


			See below








[image: image6.emf]


· Figure 7.1.2.2-1: Filter Attenuation 


7.1.2.3 
Out-of-band blocking



For out-of-band blocking, the standard requirements apply to Band 71 as well.


Table 7.1.2.3-1: Out of band blocking



			E-UTRA band


			Parameter


			Units 


			Frequency 





			


			


			


			Range 1


			Range 2


			Range 3


			Range 4





			


			PInterferer


			dBm


			-44


			-30


			-15


			-15





			1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 (NOTE 2), 43 (NOTE 2), 44, 45, 48 (NOTE 2), 65, 66, 68, 70, 71


			FInterferer (CW)


			MHz


			FDL_low -15 to



FDL_low -60 


			FDL_low -60 to



FDL_low -85 


			FDL_low -85 to 



1 MHz


			-





			


			


			


			FDL_high +15 to



FDL_high + 60 


			FDL_high +60 to



FDL_high +85 


			FDL_high +85 to



+12750 MHz


			-





			2, 5, 12, 17


			FInterferer


			MHz


			-


			-


			-


			FUL_low - FUL_high


(NOTE 5)





			NOTE 1:
For the UE which supports both Band 11 and Band 21 the out of blocking is FFS. 



NOTE 2:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2800 MHz and FInterferer < 4400 MHz.



NOTE 3:
For the UE that supports both Band 4 and Band 66, the out-of-blocking frequency range for Band 4 is defined relative to FDL_low and FDL_high of Band 66.



NOTE 4:
For a UE supporting CA_20A-28A the requirements for Band 20 and Band 28 apply with FDL_low given by the lower limit of the restricted operating frequency range in Band 28 and FDL_high by Band 20 (Table 5.5A-2).



NOTE 5:
Range 4 requirement does not apply to category M1.








7.2
BS aspect issues


The following BS specific TS 36.104 [11] changes are expected due to introduction of Band 71 in the USA:



6.6.3
Operating band unwanted emissions



6.6.3.1 
Minimum requirements for Wide Area BS (Category A)



For E-UTRA BS operating in Bands 5, 6, 8, 12, 13, 14, 17, 18, 19, 26, 27, 28, 29, 31, 44, 68, 71 emissions shall not exceed the maximum levels specified in Tables 6.6.3.1‑1 to 6.6.3.1-3.



6.6.3.2
 Minimum requirements for Wide Area BS (Category B)



6.6.3.2.1
Category B requirements (Option 1)


For E-UTRA BS operating in Bands 5, 8, 12, 13, 14, 17, 20, 26, 27, 28, 29, 31, 44, 68, 67, 71 emissions shall not exceed the maximum levels specified in Tables 6.6.3.2.1-1 to 6.6.3.2.1-3:



6.6.3.3
  Additional requirements



In certain regions the following requirement may apply. For E-UTRA BS operating in Bands 12, 13, 14, 17, 29, 71 emissions shall not exceed the maximum levels specified in Table 6.6.3.3-3.



Table 6.6.3.3-3: Additional operating band unwanted emission limits for E-UTRA (bands 12, 13, 14, 17, 29 and 71)



			Channel bandwidth


			Frequency offset of measurement filter ‑3dB point, (f


			Frequency offset of measurement filter centre frequency, f_offset


			Minimum requirement


			Measurement bandwidth (Note 8)





			All


			0 MHz ( (f < 100 kHz


			0.015 MHz ( f_offset < 0.085 MHz


			-13 dBm


			30 kHz 





			All


			100 kHz ( (f < (fmax 


			150 kHz ( f_offset < f_offsetmax 


			-13 dBm


			100 kHz








6.6.4.3
  Additional spurious emissions requirements



6.6.4.3.1
Minimum Requirement



Table 6.6.4.3.1-1: BS Spurious emissions limits for E-UTRA BS for co-existence with systems operating in other frequency bands



			System type for E-UTRA to co-exist with


			Frequency range for co-existence requirement


			Maximum Level


			Measurement Bandwidth


			Note





			E-UTRA Band 71


			617 - 652 MHz


			-52 dBm


			1 MHz


			This requirement does not apply to E-UTRA BS operating in band 71





			


			663 – 698 MHz


			-49 dBm


			1 MHz


			This requirement does not apply to E-UTRA BS operating in band 71, since it is already covered by the requirement in sub-clause 6.6.4.2








Table 6.6.4.3.1-1A: Home BS Spurious emissions limits for co-existence with Home BS operating in other frequency bands


			Type of coexistence BS


			Frequency range for co-location requirement


			Maximum Level


			Measurement Bandwidth


			Note





			E-UTRA Band 71


			663 – 698 MHz





			-71 dBm


			100 kHz


			This requirement does not apply to Home BS operating in band 71, since it is already covered by the requirement in sub-clause 6.6.4.2.








6.6.4.4
 Co-location with other base stations



6.6.4.4.1
Minimum Requirement



Table 6.6.4.4.1-1: BS Spurious emissions limits for Wide Area BS co-located with another BS



			Type of co-located BS


			Frequency range for co-location requirement


			Maximum Level


			Measurement Bandwidth


			Note





			WA E-UTRA Band 71


			663 - 698 MHz


			-96 dBm


			100 kHz


			








Table 6.6.4.4.1-2: BS Spurious emissions limits for Local Area BS co-located with another BS



			Type of co-located BS


			Frequency range for co-location requirement


			Maximum Level


			Measurement Bandwidth


			Note





			LA E-UTRA Band 71


			663 - 698 MHz


			-88 dBm


			100 kHz


			








Table 6.6.4.4.1-3: BS Spurious emissions limits for Medium range BS co-located with another BS



			Type of co-located BS


			Frequency range for co-location requirement


			Maximum Level


			Measurement Bandwidth


			Note





			MR E-UTRA Band 71


			663 - 698 MHz


			-91 dBm


			100 kHz


			








7.6.1
 General blocking requirement



7.6.1.1
  Minimum requirement



Table 7.6.1.1-1: Blocking performance requirement for Wide Area BS for E-UTRA


			Operating Band


			Centre Frequency of Interfering Signal [MHz]


			Interfering Signal mean power [dBm]


			Wanted Signal mean power [dBm]


			Interfering signal centre frequency minimum frequency offset from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap [MHz]


			Type of Interfering Signal





			20, 71


			(FUL_low -11)


			to


			(FUL_high +20)


			-43


			PREFSENS +6dB*


			See table 7.6.1.1-2


			See table 7.6.1.1-2





			


			1 



(FUL_high +20)


			to



to


			(FUL_low -11) 



12750


			-15


			PREFSENS +6dB* 


			(


			CW carrier 








Table 7.6.1.1-1a: Blocking performance requirement for Local Area BS for E-UTRA



			Operating Band


			Centre Frequency of Interfering Signal [MHz]


			Interfering Signal mean power [dBm]


			Wanted Signal mean power [dBm]


			Interfering signal centre frequency minimum frequency offset from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap [MHz]


			Type of Interfering Signal





			20, 71


			(FUL_low -11)


			to


			(FUL_high +20)


			-35


			PREFSENS +6dB*


			See table 7.6.1. 1-2


			See table 7.6.1.1-2





			


			1


			to


			(FUL_low -11)



12750


			-15


			PREFSENS +6dB*


			(


			CW carrier





			


			(FUL_high +20)


			to


			


			


			


			


			








Table 7.6.1.1-1b: Blocking performance requirement for Home BS for E-UTRA



			Operating Band


			Centre Frequency of Interfering Signal [MHz]


			Interfering Signal mean power [dBm]


			Wanted Signal mean power [dBm]


			Interfering signal centre frequency minimum frequency offset from the channel edge of the wanted signal [MHz]


			Type of Interfering Signal





			20, 71


			(FUL_low -11)


			to


			(FUL_high +20)


			-27


			PREFSENS +14dB*


			See table 7.6.1.1-2


			See table 7.6.1.1-2





			


			1 



(FUL_high +20)


			to



to


			(FUL_low -11)



12750


			-15


			PREFSENS +14dB*


			(


			CW carrier








Table 7.6.1.1-1c: Blocking performance requirement for Medium Range BS for E-UTRA


			Operating Band


			Centre Frequency of Interfering Signal [MHz]


			Interfering Signal mean power [dBm]


			Wanted Signal mean power [dBm]


			Interfering signal centre frequency minimum frequency offset to the lower/higher Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap [MHz]


			Type of Interfering Signal





			20, 71


			(FUL_low -11)


			to


			(FUL_high +20)


			-38


			PREFSENS +6dB*


			See table 7.6.1.1-2


			See table 7.6.1.1-2





			


			1 



(FUL_high +20)


			to



to


			(FUL_low -11) 



12750


			-15


			PREFSENS +6dB* 


			(


			CW carrier 








7.6.2
Co-location with other base stations



7.6.2.1
   Minimum requirement



Table 7.6.2.1-1: Blocking performance requirement for E-UTRA and NB-IoT Wide Area BS when co-located with BS in other frequency bands.



			Co-located BS type


			Centre Frequency of Interfering Signal (MHz)


			Interfering Signal mean power (dBm)


			Wanted Signal mean power (dBm)


			Type of Interfering Signal





			WA E-UTRA Band 71


			617 – 652 


			+16**


			PREFSENS + 6dB*


			CW carrier








Table 7.6.2.1-2: Blocking performance requirement for Local Area BS when co-located with BS in other frequency bands.



			Co-located BS type


			Centre Frequency of Interfering Signal (MHz)


			Interfering Signal mean power (dBm)


			Wanted Signal mean power (dBm)


			Type of Interfering Signal





			LA E-UTRA Band 71


			617 – 652 


			-6


			PREFSENS + 6dB*


			CW carrier








Table 7.6.2.1-3: Blocking performance requirement for E-UTRA Medium Range BS when co-located with BS in other frequency bands.



			Co-located BS type


			Centre Frequency of Interfering Signal (MHz)


			Interfering Signal mean power (dBm)


			Wanted Signal mean power (dBm)


			Type of Interfering Signal





			MR E-UTRA Band 71


			617 – 652 


			+8


			PREFSENS + 6dB*


			CW carrier








8
Study of MSR specific issues



There are no specific MSR issues for the new 600 MHz band.



9
Channel numbering for E-UTRA, MSR



The E-UTRA Absolute Radio Frequency Channel Numbers (EARFCNs) allocated for 600MHz FDD band in the USA are outlined in Table 9-1.



Table 9-1: E-UTRA channel numbers



			E-UTRA Operating Band


			Downlink


			Uplink





			


			FDL_low [MHz]


			NOffs-DL


			Range of NDL


			FUL_low [MHz]


			NOffs-UL


			Range of NUL





			71


			617


			68586


			68586-68935


			663


			133122


			133122-133471








10
Required changes to E-UTRA and MSR specifications



The required changes to the 3GPP specifications for the new 600 MHz band are summarised in Table 10-1.



Table 10-1: 3GPP specifications with required changes


			Affected existing specifications





			Spec No.


			Subject of the CR


			Comments


			CR (Tdoc)





			36.101


			E-UTRA; UE Radio transmission and reception


			Core part


			R4-1708808





			36.104


			E-UTRA; Base Station (BS) radio transmission and reception


			Core part


			R4-1707612





			36.113


			E-UTRA; BS and repeater EMC


			Core part


			R4-1707613





			36.124


			E-UTRA; EMC requirements for mobile terminals and ancillary equipment


			Core part


			R4-1707614





			36.133


			E-UTRA; Requirements for support of RRM


			Core part


			R4-1707789





			37.104


			E-UTRA, UTRA and GSM/EDGE;


Multi-Standard Radio (MSR) Base Station (BS) radio transmission and reception


			Core part


			R4-1707790





			37.113


			E-UTRA, UTRA and GSM/EDGE;


Multi-Standard Radio (MSR) Base Station (BS) Electromagnetic Compatibility (EMC)


			Core part


			R4-1707616





			25.104


			Base Station (BS) radio transmission and reception (FDD)


			Core part


			R4-1707611





			25.461


			UTRAN Iuant interface: Layer 1


			Core part


			R3-173243





			25.466


			UTRAN Iuant interface: Application part


			Core part


			R3-173244





			25.101


			User Equipment (UE) radio transmission and reception (FDD)


			Core part


			R4-1707088





			25.133


			UTRAN: Requirements for support of radio resource management (FDD)


			Perf part


			R4-1707787





			37.141


			E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) conformance testing


			Perf part


			R4-1707911





			36.141


			E-UTRA; Base Station (BS) conformance testing


			Perf part


			R4-1707615





			25.141


			Base Station (BS) conformance testing (FDD)


			Perf part


			R4-1707788





			25.123


			UTRAN: Requirements for support of radio resource management (TDD)


			Perf part


			R4-1707786
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[bookmark: foreword][bookmark: _Toc81297399]Foreword





[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).


The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:


Version x.y.z


where:


x	the first digit:


1	presented to TSG for information;


2	presented to TSG for approval;


3	or greater indicates TSG approved document under change control.


y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.


z	the third digit is incremented when editorial only changes have been incorporated in the document.


In the present document, modal verbs have the following meanings:


shall		indicates a mandatory requirement to do something


shall not	indicates an interdiction (prohibition) to do something


The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.


The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.


should		indicates a recommendation to do something


should not	indicates a recommendation not to do something


may		indicates permission to do something


need not	indicates permission not to do something


The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.


can		indicates that something is possible


cannot		indicates that something is impossible


The constructions "can" and "cannot" are not substitutes for "may" and "need not".


will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document


will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document


might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document


might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document


In addition:


is	(or any other verb in the indicative mood) indicates a statement of fact


is not	(or any other negative verb in the indicative mood) indicates a statement of fact


The constructions "is" and "is not" do not indicate requirements.


[bookmark: introduction][bookmark: scope][bookmark: _Toc81297400]
1	Scope


[bookmark: references]The present document is a technical report for the study item of APT 600 MHz NR FDD band.


[bookmark: _Toc81297401]2	References


The following documents contain provisions which, through reference in this text, constitute provisions of the present document.


-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.


-	For a specific reference, subsequent revisions do not apply.


-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.


[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications"


[2]	R4-2103270	Work plan of study on extended 600MHz NR band, Spark NZ Ltd, RAN4#98e


[3]	3GPP TR 36.755: "US 600 MHz band for LTE” 


[4]	ITU-R, “Radio Regulations“


[5]	APT/AWG, Report 79, “Frequency Arrangements for IMT in the bands 470- 698 MHz”.


[6]	3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception” 


[7]		ITU-R, Res 224, “Frequency bands for the terrestrial component of International Mobile Telecommunications below 1 GHz” WRC 2019


[8]	R4-2110978, “TP for TR 38.860:  Filter option B1”, Qualcomm Incorporated


[9]	R4-2110165, “TP to TR38.860 on band plan and duplex filter considerations for 600 MHz”, Apple


[10]	R4-2111045, “TP to TR 38.860: B1 full band filter feasibility analysis”, Huawei


[11]	RP-202143, “Liaison Statement to 3GPP RAN, 3GPP RAN4 by the 26th Meeting of the APT Wireless Group (AWG-26)”, APT


[12]	RP-202924, “Study on extended 600MHz NR band”, Spark NZ, CBN





[bookmark: definitions][bookmark: _Toc81297402]3	Definitions of terms, symbols and abbreviations


[bookmark: _Toc81297403]3.1	Terms


For the purposes of the present document, the terms given in 3GPP TR 21.905[1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].





[bookmark: _Toc81297404]3.2	Symbols


Void.





[bookmark: _Toc81297405]3.3	Abbreviations


For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].


ACLR	Adjacent Channel Leakage RatioB1A35	Lower duplexer of the option B1 with the split duplexers


B1B35	Upper duplexer of the option B1 with the split duplexers


B1F	Option B1 with full band duplexer


B1X25 	Outer 25 MHz duplexer for B1 option


B2F	Option B2 with full band duplexer


B2A35	Lower duplexer of the option B2 with the split duplexers


B2B35	Upper duplexer of the option B2 with the split duplexers


BS	Base Station


BW	Bandwidth


CH36	DTV Channel #36


DL	Downlink


DTV	Digital Television


EARFCN 	E-UTRA Absolute Radio Frequency Channel Number


FCC	Federal Communications Commission


FDD	Frequency Division Duplex


IL	Insertion Loss


IMT	International Mobile Telecommunications


n71F 	Full band n71 filter


nX	New band for eh B2a option


RAS	Radio Astronomy Service


REFSENS	Reference Sensitivity


RF	Radio Frequency


TC SAW	Temperature Compensated Surface Acoustic Wave


TX	Transmitter


UE	User Equipment


UHF	Ultra High Frequency


UL	Uplink












[bookmark: _Toc81297406]4	Background


4.1	General


During the RAN #90e meeting a new study item was agreed [12] to study various band configurations for the 600 MHz band in ITU R Region 3.A liaison statement from the APT Wireless Group (AWG) [11] was also received that had two filter combinations- namely B1 and B2 as candidates for study. 


The objectives for the extended 600 MHz study item are listed below:


-	Regulatory study of the frequency range around 600 MHz in Region 3


-	Co -existence study for the frequency range of 612-652/663-703MHz such as with DTV (if needed)


-	Study potential frequency arrangements and conclude the possible implications (such as insertion loss, transmitter and receiver characteristics for both the BS and UE, system limitations such as channel bandwidths etc.) of different duplex filter implementations.


-	Consider options B1 and B2 from AWG LS [11] but other options are not precluded.


-	Answer the request from AWG regarding technical feasibility of option B1 and B2 respectively. Further options are not precluded and may be included in LS to AWG.


NOTE:	Since regulatory study of frequency range around 600 MHz is for Region 3, the SI outcome will not impact any requirements defined for US 600 MHz band.


Furthermore, for option B2 including four different suggested sizes of the second duplexer overlapping with the US600 band n71, feedback on different suggested sizes of the second duplexer from a feasibility and cost-efficient perspective were requested by APT. 


Details of options B1 and B2 are based on inputs provided by APT LS [11] and in the work plan in [2] and provided in clauses 4.2 and 4.3, respectively. 


RAN4 feasibility analyses for options B1, B2 and B2a are provided in clauses 6.4 respectively. RAN4 decided not to provide any final recommendation on the frequency arrangements to apply in the frequency range in question. Decision on the frequency arrangement is to be taken by the AWG regulatory body.


The above studies have been on going in RAN4 meetings. The present document documents the results of the studies.


3GPP band 28 and US 600 MHz bands [3] are shown below in Figure 4.1-1:








[image: Diagram

Description automatically generated]


Figure 4.1-1: US 600 MHz band (n71) and 3GPP band 28


By examining the US 600 MHz band [3] it is noted that the band extends only up to 698 MHz leaving the range 698 - 703 MHz unusable.


The objective of the SI is to study spectrum options that will enable usage of 698- 703 MHz.


There are three duplex filter options considered in the present document.


[bookmark: _Toc81297407]4.2	Options for study: B1


This option is based on an extension to band n71 and is shown on figure 4.2-1. There are three cases, a single filter and two overlapping duplexer options case shown below. 


 [image: Diagram
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Figure 4.2-1: Filter options B1


The full band duplexer has a duplex spacing of 51 MHz.


The cases of dual duplexers demonstrate two different arrangements:


-	The first option B1 35 + 35 maintains same duplex spacing (i.e. 51 MHz) in both duplexers


-	The second option B1 35 + 25 has an n71 duplexer and 25 MHz wide second duplexer. In this case, the duplex spacing for both duplexers is different, i.e. 46 MHz and 66 MHz respectively.





[bookmark: _Toc81297408]4.3	Options for study: B2


This option uses two duplexers as shown in Figure 4.3-1 and the duplex distance is 46 MHz. Also the bottom duplexer is the same as that of band n71, with an additional upper duplexer that should have as large possible overlap as possible with the lower duplexer but at the same time being able to handle the duplex gap of 6 MHz. The size of this upper duplexer needs to be studied and decided prior to being specified. It can be considered to have variable bandwidths ranging from 35 MHz to 25 MHz respectively. Like option B1, this arrangement B2 is also a reversed duplex arrangement.


There are three cases, all with overlapping duplexers but in all cases one of the duplexers is that of US 600 MHz band.
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Figure 4.3-1: Filter options B2


[bookmark: _Toc81297409]4.4	Options for study B2a


It is proposed to use band 71/n71 as is covering the frequency range 663 – 698 MHz for UL and 617-652 MHz for DL in the APT region and specify a new band covering at least the additional 2x 5 MHz spectrum proposed in the SI, but it could also support up to 2x 30 MHz to maximize the overlap with band 71/n71.  The new band plan for a 2x 30 MHz overlapping duplexer could look like shown in Figure 4.4-1 below.
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Figure 4.4-1


The above option consists of two bands, the existing NR operating band n71 and a new band labelled as band nX for the purpose of this TR.









[bookmark: _Toc81297410]5	Regulatory landscape


[bookmark: _Toc81297411]5.1	General


The 470 - 694 MHz frequency range is allocated to the broadcasting service and mobile service on a co-primary basis in Region 3 [4]. The frequency band 470 - 698 MHz, or parts thereof, was identified by WRC-15 in 7 countries in Region 3 through footnote No. 5.296A for use by those administrations as listed wishing to implement terrestrial IMT systems. In addition, there was interest from other significant markets to do the same. Elsewhere, USA, Mexico and several other countries in Region 2 also identified this band for IMT through footnotes 5.295 and 5.308A. It is noted that resolves 2 of [7] Resolution 224 (Rev.WRC-19) states that : 


to encourage administrations to take into account results of the existing relevant ITU Radiocommunication Sector studies, when implementing IMT applications/systems in the frequency bands 694-862 MHz in Region 1, in the frequency band 470-806 MHz in Region 2, in the frequency band 790-862 MHz in Region 3, in the frequency band 470-698 MHz, or portions thereof, for those administrations mentioned in No. 5.296A, and in the frequency band 698-790 MHz, or portions thereof, for those administrations mentioned in No. 5.313A


The regulatory landscape overview for all regions in frequency range 470 – 694 MHz is provided in Table 5.1-1, based on ITU radio regulations [4].


Table 5.1-1: ITU-R frequency allocation to services [4]


 [image: ]


NOTE: 	Since regulatory study of frequency range around 600 MHz is for Region 3, the outcomes of the present document  item will not impact any requirements defined for US 600 MHz band, i.e. band n71.


The  footnotes in [4] referred in this clause are listed: 


“5.149		In making assignments to stations of other services to which the bands: 13 360-13 410 kHz, 25 550-25 670 kHz, 37.5-38.25 MHz, 73-74.6 MHz in Regions 1 and 3, 150.05-153 MHz in Region 1, 322-328.6 MHz, 406.1-410 MHz, 608-614 MHz in Regions 1 and 3, 1 330-1 400 MHz, 1 610.6-1 613.8 MHz, 1 660-1 670 MHz, 1 718.8-1 722.2 MHz, 2 655-2 690 MHz, 3 260-3 267 MHz, 3 332-3 339 MHz, 3 345.8-3 352.5 MHz, 4 825-4 835 MHz, 4 950-4 990 MHz, 4 990-5 000 MHz, 6 650-6 675.2 MHz, 10.6-10.68 GHz, 14.47-14.5 GHz, 22.01-22.21 GHz, 22.21-22.5 GHz, 22.81-22.86 GHz, 23.07-23.12 GHz, 31.2-31.3 GHz, 31.5-31.8 GHz in Regions 1 and 3, 36.43-36.5 GHz, 42.5-43.5 GHz, 48.94-49.04 GHz, 76-86 GHz, 92-94 GHz, 94.1-100 GHz, 102-109.5 GHz, 111.8-114.25 GHz, 128.33-128.59 GHz, 129.23-129.49 GHz, 130-134 GHz, 136-148.5 GHz, 151.5-158.5 GHz, 168.59-168.93 GHz, 171.11-171.45 GHz, 172.31-172.65 GHz, 173.52-173.85 GHz, 195.75-196.15 GHz, 209-226 GHz, 241-250 GHz, 252-275 GHz are allocated, administrations are urged to take all practicable steps to protect the radio astronomy service from harmful interference. Emissions from spaceborne or airborne stations can be particularly serious sources of interference to the radio astronomy service (see Nos. 4.5 and 4.6 and Article 29). (WRC-07)


5.295		In the Bahamas, Barbados, Canada, the United States and Mexico, the frequency band 470-608 MHz, or


portions thereof, is identified for International Mobile Telecommunications (IMT) – see Resolution 224 (Rev.WRC-19). This identification does not preclude the use of these frequency bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations. Mobile service stations of the IMT system within the frequency band are subject to agreement obtained under No. 9.21 and shall not cause harmful interference to, or claim protection from, the broadcasting service of neighboring countries. Nos. 5.43 and 5.43A apply. (WRC-19)


5.296A	In Micronesia, the Solomon Islands, Tuvalu and Vanuatu, the frequency band 470-698 MHz, or portions thereof, and in Bangladesh, Maldives and New Zealand, the frequency band 610-698 MHz, or portions thereof, are identified for use by these administrations wishing to implement International Mobile Telecommunications (IMT) – see Resolution 224 (Rev.WRC-19). This identification does not preclude the use of these frequency bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations. The mobile allocation in this frequency band shall not be used for IMT systems unless subject to agreement obtained under No. 9.21 and shall not cause harmful interference to, or claim protection from, the broadcasting service of neighboring countries. Nos. 5.43 and 5.43A apply. (WRC-19)


5.305	Additional allocation: in China, the band 606-614 MHz is also allocated to the radio astronomy service on a primary basis.


5.306	Additional allocation: in Region 1, except in the African Broadcasting Area (see Nos. 5.10 to 5.13), and


in Region 3, the band 608-614 MHz is also allocated to the radio astronomy service on a secondary basis.


5.307	Additional allocation: in India, the band 608-614 MHz is also allocated to the radio astronomy service on a primary basis.


5.308A 	In the Bahamas, Barbados, Belize, Canada, Colombia, the United States, Guatemala and Mexico, the


frequency band 614-698 MHz, or portions thereof, is identified for International Mobile Telecommunications (IMT) – see Resolution 224 (Rev.WRC-19). This identification does not preclude the use of these frequency bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations. Mobile service stations of the IMT system within the frequency band are subject to agreement obtained under No. 9.21 and shall not cause harmful interference to, or claim protection from, the broadcasting service of neighboring countries. Nos. 5.43 and 5.43A apply. (WRC-19)


5.313A	The frequency band, or portions of the frequency band 698-790 MHz, in Australia, Bangladesh, Brunei Darussalam, Cambodia, China, Korea (Rep. of), Fiji, India, Indonesia, Japan, Kiribati, Lao P.D.R., Malaysia, Myanmar (Union of), New Zealand, Pakistan, Papua New Guinea, the Philippines, the Dem. People’s Rep. of Korea, Solomon Islands, Samoa, Singapore, Thailand, Tonga, Tuvalu, Vanuatu and Viet Nam, are identified for use by these administrations wishing to implement International Mobile Telecommunications (IMT). This identification does not preclude the use of these frequency bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations. (WRC-19)”.


[bookmark: _Toc81297412]5.2	ITU Region 3


ITU Region 3 specific regulatory aspects for the frequency range 470 – 694 MHz are provided in this clause.


Referring to the APT LS, AWG-26 agreed to undertake the study to revise the APT/AWG/REP-79 [5] to develop frequency arrangements in the band 470-703 MHz for APT Members that wish to implement both the APT700 and a 600 MHz frequency arrangement that is optimal for APT Members.


According to Radio Regulations, in Region 3, the 610 – 890 MHz band is allocated to Fixed Service, Mobile Service and Broadcasting Service on a primary basis. Additionally, 606 – 614 MHz band is allocated for Radio Astronomy Service in China (i.e. footnote 5.305) and band 608 - 614 MHz is allocated for Radio Astronomy Service in India (i.e. footnote 5.307). Footnote 5.149 urges administrator to protect the radio astronomy service from harmful interference. 


Digital television has various channel allocations depending on country allocations in Region 3. IMT and DTV coexistence may require additional consideration on a per-country basis, leading to potential need for a guard band. 


No specific regional regulatory requirements on unwanted emissions were identified for the IMT operation in frequency range 470 – 694 MHz in Region 3, so far. 





[bookmark: _Toc81297413]6	Frequency band arrangements and regulatory background


[bookmark: _Toc81297414]6.1	Operating band and channel bandwidth


The band plan for the extended 600 MHz NR band are shown below in Tables 6.1-1 to 6.1-7.  Options B1 and B2 have split duplexers, partially overlapping, but part of the same band. Option B2a has two duplexers, but one is band n71 and the other is a new band. 


The Tx-Rx is "reverse-duplex"; in other words, the downlink frequency band is below the duplex gap while the uplink frequency band is above the duplex gap. This arrangement is opposite to conventional notation; however, for this band, it provides the benefit of aligning the uplink band adjacent to 3GPP band 28 thereby minimizing interference conditions at the 703 MHz boundary.


[bookmark: _Hlk71023975]Table 6.1-1: NR operating band (option B1)


			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


			





			663 MHz


			–


			703 MHz 


			612 MHz


			–


			652 MHz


			FDD











The above could be implemented as a single or overlapping duplexers. In case of overlapping duplexers, the following option is studied:


Table 6.1-2: Duplexer arrangements (option B1)


			Duplexer type


			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


			





			Full


			663 MHz


			–


			703 MHz 


			612 MHz


			–


			652 MHz


			FDD





			35 + 35


			663 - 698 MHz


668 - 703 MHz


			612 - 647 MHz


617 - 652 MHz


			FDD





			


			


			


			FDD





			n71 + 25


Dual 35+25


			663 - 698 MHz


678 - 703 MHz


			617 - 652 MHz


612 - 637 MHz


						FDD





			FDD




















Table 6.1-3.: NR operating band (option B2)


			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


			





			663 MHz


			–


			703 MHz 


			617 MHz


			–


			657 MHz


			FDD











The above could be implemented as a single or overlapping duplexers. In case of overlapping/split duplexers, three sub options are studied.


Table 6.1-4: Duplexer arrangements (option B2 35 + 35)


			Duplexer type


			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


			





			Duplex 1


Duplex 2


			663 MHz – 698 MHz


668 MHz   – 703 MHz


			617MHz – 652 MHz


622MHz – 657 MHz


			FDD





			


			


			


			FDD





			NOTE:		Both duplexers  will be part of the same band











Table 6.1-5: Duplexer arrangements (option B2 35+30)


			Duplexer type


			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


			





			Duplex1


Duplex 2


			663 MHz – 698 MHz


673 MHz   – 703 MHz


			617MHz – 652 MHz


627MHz – 657 MHz


			FDD





			


			


			


			FDD





			NOTE:	Both duplexers will be part of the same band











Table 6.1-6: Duplexer arrangements (option B2 35+25)


			Duplexer type


			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


			





			Duplex 1


Duplex 2


			663 MHz – 698 MHz


678 MHz   – 703 MHz


			617MHz – 652 MHz


632MHz – 657 MHz


			FDD





			


			


			


			FDD





			NOTE:	Both duplexers will be part of the same band











Table 6.1-7: NR operating bands (option B2a) [6]


			Operating Bands


			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


			





			n71


			663 MHz


			–


			698 MHz 


			617 MHz


			–


			652 MHz


			FDD





			nX


			673 MHz


			–


			703 MHz 


			627 MHz


			–


			657 MHz


			FDD





			NOTE:	These are two bands, band n71 plus band nX. A UE that complies with NR requirements in this specification shall also comply with NR Band 71 minimum requirements











Tx-Rx separation is shown in Table 6.1-9 and is dependent upon the filter options.


Table 6.1-9: Default UE TX-RX frequency separation


			Filter Option


			TX – RX 
carrier centre frequency
separation





			B1 (Full band)


			-51 MHz





			B1 (duplexer 1) 35 + 35


B1 (duplexer 2) 35 + 35


			-51 MHz


-51 MHz





			B1 (duplexer 1) n71 + 25


			-46 MHz





			B1 (duplexer 2) n71 +25


			66 MHz





			B2 (duplexer 1)


B2 (duplexer 2)


			46 MHz





			


			46 MHz





			B2a


			46 MHz for both bands











[bookmark: _Toc81297415]6.3	Nearby non-3GPP services 


[bookmark: _Toc81297416]6.3.1	Introduction


During the study item, multiple co-existence scenarios were discussed, with the aim to identify if dedicated requirements shall be considered in RAN4 for the possible protection of non-3GPP services. 


Adjacent to frequency range considered by APT, the following existing services are deployed, which are subject to interference protection from 600 MHz broadband wireless services: 


-	DTV service, and 


-	Radio Astronomy Service (RAS). 


Coexistence aspects between 600 MHz and the above two services are addressed in the following clause.


Unlicensed TV white space device (secondary service) may be allowed in APT which is not further discussed assuming that specific protection from 600 MHz broadband is not required, other than required for DTV protection.


[bookmark: _Toc71548297][bookmark: _Toc81297417]6.3.2	Coexistence between 600 MHz and TV services


In Region 3, multiple DTV systems exists with various channel allocations across countries. Consideration of all such DTV channel allocations would result in many frequency separation values between the lower edge of an NR band (DL) and DTV depending on the considered DTV system.


For all the frequency arrangements considered in this study item it was agreed that no specific emission limits are to be specified in RAN4 for the protection of DTV from 600 MHz BS. It was decided sufficient to rely on the general BS spurious emissions limits.


Additionally, the frequency separation between the lower edge of the NR band (DL) and DTV channel was discussed. It was concluded that due to various DTV channel arrangements across national regulations, the frequency separation is considered to be decided by administrators. 


Referring to [TR 36.755], broadcast TV services and Band 71/n71 Downlink are separated by 9 MHz guard band (including channel 37) for FCC channel arrangement, which is 2 MHz larger than the minimum frequency separation required by FCC to protect against a TV transmitter interfering with a mobile broadband UE receiver and an BS transmitter interfering with a TV receiver. Band 71/n71 guard band value (i.e. 9 MHz guard band is available between the APT 600 MHz band and DTV service) is also assumed for all frequency arrangement options for APT.  


The TV channels that do not have sufficient guard band may need to be vacated. It is noted that in some cases TV channel which is not vacated may impact feasible filtering solutions. 


NOTE:	Please note, that frequency allocation of option B1 starts 5 MHz lower than option B2. The referred Band 71/n71 guard bands apply to option B2 as is, but may need an additional 5 MHz shift down in case of option B1. In addition, since the research on the minimum frequency separation required by FCC is conducted in the LTE scenario, for NR system, the additional 5MHz shift down may not only cause the  additional DTV channels need to be vacated, but also  may require further market specific co-existence studies with DTV system, which are out of scope of this TR. The potential impact may require further evaluation. 


It was concluded that due to various DTV channel arrangements across national regulations, the frequency separation is considered to be decided by administrators. 


The value of 7 MHz separation derived from the FCC decision on the protection separation of broadcast from the band 71 can be considered as reference.  


For more details on the coexistence analyses between 600 MHz and DTV in Region 2, refer to [TR 36.755].





[bookmark: _Toc81297418]6.3.3	Coexistence between 600 MHz Radio Astronomy Service (RAS)


Radio Astronomy Service (RAS) is a receive-only service that uses highly sensitive receivers to examine and study radio waves of cosmic origin. The band 606-614 MHz in China and the band 608 - 614 MHz in India are allocated to the radio astronomy service on a primary basis, as captured in clause 5.


Referring to [3], FCC requires the geographical separation of 600 MHz base station from the RAS telescopes. This requirement is assumed as a baseline for the coexistence with RAS also for APT region until further detail is provided by these administrations.


ITU-R made a compatibility and sharing studies between the radio astronomy service and IMT systems. The conclusion, based on measured IMT equipments indicated that the compatibility between RAS stations and IMT systems can be achieved using separation distances of order 60 - 80 kilometres between a RAS antenna and an IMT macro rural base stations, and of order 1 - 20 kilometres for a mobile terminals (assuming an unwanted emission level of –50 dBm/MHz and a flat terrain profile). 


For all the frequency arrangements considered in this study item, it was agreed that no BS spurious emissions limits be specified for protection of RAS services. Any possible protections measured required for the RAS services protection are considered to be under the responsibility of each administration considering aspects such as distance separation site engineering solutions, etc.


[bookmark: _Toc81297419]6.4	Duplex filter implementation issues


6.4.1	Option B1


[bookmark: _Toc79176199][bookmark: _Toc81297420]6.4.1.1	Full band filter


Option B1 is based on spectrum allocation of 663-703 MHz for TX and 612-652 MHz for RX. The first considered approach is to use a full band filter option B1 as illustrated below.
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Figure 6.4.1.1-1: Option B1


One advantage of option B1 compared to other filtering options is that B1 is conducive to a single full-band filter implementation. The potential advantage of single filter is reduced size and bill-of-materials of the required front-end and reduced complexity for intra-band carrier aggregation across the filters and inter-band carrier aggregation with another band in close frequency proximity when quadplexing is needed are limited. On the other hand, the performance of a dual filter solution in insertion loss and stop band attenuation may be superior to a single filter.


For option B1, extending the 35 MHz filter passband to 40 MHz increases the relative bandwidth from 5.5% to 6.3% at 600 MHz. At the time that Band 28 was defined, such relative bandwidths were not feasible. However, since that time with technological advances in filter design and materials, wider relative bandwidths have now become available. Therefore, from a relative bandwidth perspective option B1 is regarded as feasible. Considering out-of-band rejection, the blocking requirement of Band 71/n71 at 12 MHz offset is considered below when the passband increases to 40 MHz. The filter rejection is checked at 9 MHz offset since the DTV channel is centered at 12 MHz offset so its edge is expected at 9 MHz offset. A reduction in filter rejection due to widening of the passband reduces tolerance to DTV jamming unless the linearity of the Rx path post filtering is improved to compensate. Tx and Rx isolation as well as passband insertion loss are also relevant in comparing the widened filter against the Band 71/n71 filter.


A second level filter simulation implementing design rules and including packaging parasitic effects but without optimization was conducted and provided in [8]. The filter technology used is a conventional, mass produced TC SAW filter technology rather than a more advanced technology and represents typical performance at this point. The focus of the design effort was on the transmit side to ensure that emissions and coexistence requirements could be met, while less effort was placed on the receiver side. The study below specifically evaluates the ability of the wide B1 filter to meet existing Band 71 filter requirements where the existing Band 71 filter requirements are those that are listed on the data sheet from the same filter vendor. Although the Band 71 filter requirements are largely met, there may be a loss in performance compared to a narrower Band 71 filter using the same generation of filter technology and the same constraints.


The Tx and Rx insertion loss is first shown.
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Figure 6.4.1.1-2.: Tx and Rx insertion losses


On the transmit side, the insertion loss is approaching 3 dB but still meets the Band 71 filter specification. In comparison to a narrower Band 71 filter using the same generation of filter technology and the same constraints, an increase in Tx insertion loss towards the band edge may be expected. Moreover, the maximum output power for Band n71 provides a lower tolerance of 2.5 dB so the insertion loss of the Tx filter is not expected to be a problem.


On the receiver side, the insertion loss is approaching 2 dB. The steep drop-off of the filter at the upper edge of the band at 652 MHz is likely due to the relatively narrow duplex gap and the need to provide sufficient Tx isolation. In comparison to a narrower Band 71 filter using the same generation of filter technology and the same constraints, an increase in Rx insertion loss may be expected. But since the reference sensitivity requirement for Band 71 is relatively relaxed to accommodate the noise and spurious products from the transmitter, it is not expected that the increase in Rx IL will hinder a device implementing the B1 filter from meeting Band 71 receiver requirements. Moreover, while the duplex gap is relatively narrow for Band 71 at 11 MHz, the Tx-Rx separation is 46 MHz so the Tx isolation at 11 MHz offset may be slightly compromised if band edge Rx insertion loss needs to be improved.


The Tx-Rx filter performance is studied next.
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Figure 6.4.1.1-3: Tx and Rx narrowband filter response


On the transmit side, all requirements in the Band 71 Rx band are met. On the receiver side, all requirements in the Band 71 Tx band are met, although the rejection is marginal at the 663 MHz edge. Slight filter tuning or shifting should improve the Tx rejection at the band edge.  


Coexistence with Band 29 is also critical for the Band 71 UE. The [6] specification imposes a requirement of -38 dBm/MHz into the receive band of Band 29, 717 – 728 MHz. The Band 71 filter rejection requirement over this frequency range is met by the wider filter, although the transition band is steep.  


The next aspect to consider is the ability of the filter to reject blockers. An in-band blocking requirement, as shown below, has been defined for Band n71 to reject interference from a nearby DTV transmission.


Table 6.4.1.1-1: In-band blocking for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz (Table  7.6.2-2 of TS 38.101-1 [6])


			NR band


			Parameter


			Unit


			Case 1


			Case 2


			Case 3


			Case 4





			


			Pinterferer


			dBm


			-56


			-44


			-15


			-38





			


			Finterferer (offset)


			MHz


			-BWChannel/2 – 


FIoffset, case 1


and


BWChannel/2 + 


FIoffset, case 1


			≤ -BWChannel/2 – 


FIoffset, case 2


and


≥ BWChannel/2 + 


FIoffset, case 2


			


			-BWChannel/2-11





			n71


			Finterferer


			MHz


			NOTE 2


			FDL_low – 12 to FDL_high + 15


			FDL_low – 12


			





			


NOTE 1:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.


NOTE 2:	For each carrier frequency, the requirement applies for two interferer carrier frequencies: a: -BWChannel/2 – FIoffset, case 1; b: BWChannel/2 + FIoffset, case 1


NOTE 3:	n48 follows the requirement in this frequency range according to the general requirement defined in Clause 7.1.











In the absence of this requirement, the case 3 blocking requirement would not have been present and the case 2 blocking requirement at -44 dBm would have extended to FDL_low – 15. Instead, the case 3 in-band blocker models a Channel 36 DTV transmission centered at approximately 605 MHz, extending from 602 to 608 MHz and received at -15 dBm. With the passband of the Rx filter extended down to 612 MHz, it was initially considered that there is no opportunity to provide meaningful filter rejection to a CH 36 blocker as shown in Figure 6.4.1.1-1.  Updated simulations with further optimization under typical conditions, however, do reveal that rejection of CH 36 is possible with this design. The spot attenuation at the edge of CH 36 at 608 MHz was found to be 31 dB (with average attenuation over the CH36 frequency range of approximately 30 dB and worst case attenuation over the CH36 frequency range of approximately 29 dB) with 2.5 dB at the Rx passband edge of 612 MHz as shown in Figure 6.4.1.1-4. The ability of the filter to rejection CH36 is also consistent with a separate finding reported in [10] and shown below in Figure 6.4.1.1-5. A channel 35 blocker at -15 dBm being one channel further away can be rejected. For other filter designs not fully optimized to reject CH36, some rejection to CH36 can be still achieved at the possible expense of increased Rx IL over the lowermost 5 MHz of the Rx band.
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Figure 6.4.1.1-4:  Further optimized B1 filter option to include Ch 36 Rx rejection.  Green trace is the optimized design.





The simulation results indicate that the B1 filter is technically feasible and despite the potential increase in IL is expected to fulfil Band 71 requirements including rejection of the CH36 blocker for optimized designs which have so far been evaluated under typical conditions. The results provided are not exhaustive and not yet optimized and only for the typical condition, so it is expected that worst case over process and temperature will be worse. On the other hand, the results are for a design that has not yet been optimized and is based on conventional technology in wide use today and are provided with the intention to investigate the filter option feasibility.  


Table 6.4.1.1-2 below lists another set of filter results reported in [9] from three vendors; it is likely that they will improve over time due to optimization:


Table 6.4.1.1-2: Performance Characteristics of a Single Duplexer for Option B1


			Vendor


			Vendor A


			Vendor B


			Vendor C





			Frequency range (TX)


			663 - 703 MHz


			663 - 703 MHz


			663 - 703 MHz





			TX Insertion loss relative to n71 duplexer (dB)


			+0.4


			+0.0


			<3dB absolute





			Rejection for n29


			>20


			>20


			~30





			Frequency range (RX)


			612-652 MHz


			612-652 MHz


			612-652 MHz





			RX Insertion loss relative to n71 duplexer (dB)


			+0.5


			+0.6dB, expected to come close to n71 duplexer with optimization


			<4dB absolute





			Rejection for CH36 band edge


			<15dB


			<20dB


			~20dB











Although these initial values are difficult to compare, it can generally be seen that the insertion loss for these filters will increase with the increasing bandwidth, especially at the band edges. For example, the loss of the RX filter at the upper edge can be degraded because the filter curve is shifted to lower frequencies. Generally, the loss in the middle of the passband is relatively constant, while at the band edges the insertion loss is increased compared to the n71 duplexer. With the exception of Vendor C which offers higher stop band rejection and whose insertion loss is reported as absolute, the Tx and Rx insertion loss increase relative to n71 is reported to be on the order of 0.5 dB.


If design optimization and employing more advanced filter technologies can become more prevalent for the extended 600 MHz band, it is expected that the results will improve.  


Yet another full band filter evaluation was provided in [10]. During the preliminary analyses it was identified that full band duplexer for option B1 is considered to be implementation feasible, while keeping enough Tx/Rx attenuation, as well as the rejection at Band 29. However, it was identified that the blocking to DTV channel 36 may be worse than that of band n71. Further evaluations were required to verify if the newly designed duplexer for B1 can provide enough rejection as that of band n71 duplexer. Although the study did not specifically evaluate the ability of the wide B1 filter to meet existing Band 71 filter requirements, where the existing Band 71 filter requirements are those that are listed on the data sheet from the same filter vendor, they are reasonably aligned with the studies provided above.


Based on further evaluation results with an optimized design, the full band duplexer for option B1 was recognized as being able to provide equivalent rejection capability as that of commercially available band n71 duplexer for DTV CH36.


With this, option B1 was confirmed to be technically feasible based on simulations for the available requirements. 


[image: ]


Figure 6.4.1.1-5: Duplexer evaluation for option B1 [10]


[bookmark: _Toc79176200][bookmark: _Toc81297421]6.4.1.2	Split filter


For completeness, other filter implementations of B1 using dual 35MHz duplexers have been studied and are described in Figure 6.4.1.2-1 with B1: 35+35 at the bottom. These are denominated as B1A35 for the lower duplexer and B1B35 for the upper duplexer and compared to the full band duplexer approach (B1F) in other figures.
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Figure 6.4.1.2-1: The different duplexer options for B1


The comparison of in-band insertion losses (top) and  the general performance (bottom) of the dual duplexer (dashed line for lower duplexer and dotted line for upper duplexer) with the full band duplexer (plain line) is shown in Figure 6.4.1.2-2.
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Figure 6.4.1.2-2: Top: Tx-Ant (blue) and Rx-Ant (green) losses for full duplexer (plain) and dual duplexer (two types of dashed lines), Bottom: same filter attenuation with CH36/37 and US/Asia neighbour bands.


As an alternative another dual duplexer approach enabling the reuse of the band n71 full band duplexer was studied and the duplexer frequency arrangement is shown in Figure 6.4.1.2-3.
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Figure 6.4.1.2-3: Dual duplexer filter arrangement reusing band n71 full band duplexer


In this case the inner 35MHz duplexer is the same as the full band n71 filter (n71F) that can thus be used to support the US spectrum with uncompromised performance. The outer 25MHz duplexer (B1X25) provides the support for the 5 MHz extension needed for B1.


Given that the overlap of the two duplexers is from the lower end in DL and upper end in the UL, duplex distance may vary between channels which can be supported by the NR specification. 





This aspect is further illustrated in Figure 6.4.1.2-4. In yellow is shown how the channels are distributed across the two duplexers. In the n71 duplexer from top to bottom channels are occupying from 35 to 20 MHz while 5 to 20 MHz occupies the second duplexer. In dark blue, the corresponding duplex distance for the channels in the n71 duplexer is provided (from 46 to 31 MHz for total channel BW varying from 35 to 20 MHz), while the light blue provides the one for the second duplexer (from 86 to 71 MHz for total channel BW varying from 5 to 20 MHz).
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Figure 6.4.1.2-4: Possible channel distribution across n71F and B1X25 duplexer and resulting duplex distances.


For information, Figure 6.4.1.2-5 shows the existing 35 MHz full band n71 duplexer (plain line) with the additional 25 MHz duplexer (dashed line). Using this duplexer arrangement, the band n71 filter can be reused as is for the spectrum without any compromise on performance and especially in term of rejection of channel 36 avoiding potential receiver blocking issues. The 25 MHz second duplexer has relaxed requirement and offers better insertion losses and overall no issue with other neighbour bands. But this configuration requires two duplexers and therefore does not enjoy the advantages of a single full-band filter design.  
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Figure 6.4.1.2-5: Top: Tx-Ant (blue), Rx-Ant losses (green) and Tx-RX isolation (red) for n71 duplexer (plain) and band extension duplexer (dashed lines), Bottom: same filter attenuation with CH36/37 and US/Asia neighbor bands.


6.4.2	Option B2


[bookmark: _Toc81297423]6.4.2.1	Band plan 6.4.2.1	Band plan 


Option B2 proposes a dual duplexer solution where one duplexer is supposed to cover the band 71/n71 frequency range and the other covers additional spectrum below or above band n71 according to Figure 6.4.2.1-1.
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Figure 6.4.2.1-1: Band plan for Option B2


Band 71 was originally specified as a dual duplexer band, since at that time filter vendors considered a 2x 35 MHz duplexer as not implementable with reasonable performance concerning insertion loss as well as stop band attenuation. Meanwhile technology has improved and there are single duplexers available for band 71/n71 that can cover the 2x 35 MHz with reasonable performance, however, they are still worse than usual duplexers with lower bandwidth. So having 2x 35 MHz as a duplexer is still marginal, but it can be used as one duplexer/band of a dual duplexer/band solution. The other advantage is that meanwhile band 71/n71 is mainstream and implemented in a huge number of smartphones, therefore it is useful to re-use it.


The second duplexer can be freely specified according to the band plan. However, since the 35 MHz BW is still marginal the second duplexer/band may cover less than 35 MHz to get a better performance of the duplexer concerning insertion loss and stopband attenuation.


[bookmark: _Toc81297424]6.4.2.2	Duplexer performance


Table 6.4.2.2-1 list the band definition and duplexer implementations that are studied in the following clauses, including the full 2x40 MHz duplexer. These duplexer arrangements are illustrated in Figure 6.4.2.2-2.


Table 6.4.2.2-1: band definition and duplexer implementation options that have been simulated


			Band definitions


Frequency range


			Duplexer


arrangement


			Name


			Duplexer UL range


			Duplexer DL range





			B2


UL: 663 - 703 MHz


DL: 617 - 657 MHz


Duplex Distance: 46 MHz


			Full 40 MHz


			B2F


			663 - 703 MHz


			617 - 657 MHz





			


			Dual 35 MHz*


			n71F/B2A35


B2B35


			663 - 698 MHz


668 - 703 MHz


			617 - 652 MHz


622 - 657 MHz





			


			Dual 35+25 MHz*


			n71F/B2A35


B2B25


			663 - 698 MHz


678 - 703 MHz


			617 - 652 MHz


632 - 657 MHz
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Figure 6.4.2.2-2: The different duplexer options





In Figure 6.4.2.2-3, the 46 MHz duplex distance B2 cases performance is presented with the addition of the 40 MHz full duplexer (B2F) in plain line while the 35 MHz dual duplexer uses dashed lines for lower duplexer (B2A35) and dotted lines for upper duplexer (B2B35).
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Figure 6.4.2.2-3: Top: Tx-Ant and Rx-Ant losses for 40 MHz full duplexer (plain), dual duplexer approaches B2A35/n71 35 MHz duplexer (dashed lines), B2B35 35 MHz duplexer (dotted lines) and alternative B2B25 25 MHz duplexer (dashed-dotted lines), Bottom: same filter attenuation with CH36/37 and US/Asia neighbor bands.


As expected, the 40 MHz full duplexer approach has higher insertion losses. It is compatible with n71 band and provides similar attenuation of CH36 than a 35 MHz n71 full duplexer. However, the main issue for this B2 solution is the performance in the 6 MHz duplex gap. To better asses this issue, Figure 6.4.2.2-4 zooms into the narrow 6 MHz gap.
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Figure 6.4.2.2-4: Same cases than Figure 6.4.2.2-2 zoomed in the 6 MHz gap.


Observations for 40 MHz B2F full duplexer is listed.


-	Thanks to a higher number of resonators it has a better duplex gap transition, thus it provides a slightly better protection of the DL, but the gap is truly 6 MHz so the filter is more subject shifts due to temperature coefficients, even with TC SAW.


-	Also, with this 6 MHz gap the Tx-Rx isolation is degraded compared with the dual duplexers case which still benefits from a 11 MHz gap and cannot reach 50dB in all conditions unless the design uses even more resonators and thus is even more subject to temperature shifts and higher insertion losses.


-	In any case, using a full duplexer for B2 results in further degraded REFSENS.





[bookmark: _Toc79176203][bookmark: _Toc81297425]6.4.2.3	Relative cost and size


It is not possible for us to provide exact and absolute numbers, but cost and sizes can be discussed relative to the band n71F duplexer baseline:


-	For option B2B35, it is simple since B2B25 duplexer size is only marginally bigger than n71F duplexer due to the scaling, it can be twice the cost and size of a band n71 solution


-	For option B2B25, due to the reduced BW and increased gap, the size and cost can be reduced compared to n71F thanks to lower number of resonators and simplified process steps.


Although full duplexer seems to be a much smaller size or cost-effective approach, it is only the case if they can be reused for n71 with negligible impact on n71 performance in terms of insertion losses or DTV CH36 attenuation. Also, a full duplexer implementation uses a more advanced technology and more resonators, thus cost is increased versus the reference 35 MHz full band n71 duplexer. As discussed above, the B2 40 MHz full duplexer feasibility and performance is highly questionable and would only result in further degradation of the n71 REFSENS performance.





Table 6.4.2.3-1: Comparison of the different extended 600 MHz implementation options


			Band definitions


Frequency range


			Duplexer


arrangement


			Pro


			Con


			Cost/size vs n71





			B2


UL: 663 - 703 MHz


DL: 617 - 657 MHz


Duplex Distance: 


46 MHz


			Full 40 MHz B2F


			Reusable for n71


			Issue with too small gap for the upper 5 MHz and increased MSD including for n71


			>1.5x if reused for n71but


probably not feasible





			


			Dual 35 MHz*


n71F-B2a35/B2B35


			Reusable for n71 without performance compromises


			Double the size and cost of n71


			~2x





			


			Dual 35+25 MHz*


n71F-B2a35/B2B25


			Reusable for n71 without performance compromises


			Reduced channel bandwidth support in the upper 25 MHz


			~1.7x











6.4.2.4	Summary of option B2


Single duplexer of full 2x40 MHz:


-	This duplexer implementation supports 663-703 MHz for TX and 617-657 MHz for RX. Since the duplex gap is just 6 MHz, severe REFSENS issues are expected. It is practically not feasible.


Dual duplexer with lower duplexer identical to n71:


-	This duplexer implementation is based on the lower duplexer the same as n71. The same performance as n71, when reusing n71 duplexer, is achieved. Own band protection may need to be reduced within the upper 5 MHz of the RX band, however smaller upper duplexer (than 35 MHz) can provide a balanced trade-off, though the channel bandwidth is restricted in the passband of upper duplexer.


[bookmark: _Toc81297426]6.4.3	Option B2a


[bookmark: _Toc81297427]6.4.3.1	General


A device that supports the extension of the 600MHz band may choose to also support the existing 600MHz band, n71, with the same or different hardware. Specifying a new dual duplexer solution, which accommodates a device that supports the extension of the 600 MHz band and the existing band n71, which is already specified allowing at least a dual duplexer architecture, may introduce implementation challenges. A new dual duplexer band or any other band that extends beyond the current 600 MHz band definitions would require new UE designs. To enable existing UE’s already on the market, the APT band plan would need to include the existing band 71/n71 band definition and its requirements. 





One option illustrated below is to use band 71/n71 as is, covering the frequency range 663-698 MHz for UL and 617-652 MHz for DL in the APT region, and specify a new band covering at least the additional 2 x 5 MHz spectrum proposed in the SI, but it could also support up to 2x 30MHz to maximize the overlap with band 71/n71 to enable CA/DC within the new band. The new band plan could look like shown in Figure 6.4.3.1-1 below.
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Figure 6.4.3.1-1: Band plan proposal for Option B2a


To maximize the overlap to enable CA/DC, option 5 above can specify one new single duplexer FDD band nX additionally to band n71, which is already specified. The operating band table can be as shown in Table 6.4.3.1-1 below:





Table 6.4.3.1-1: Operating band table for Option B2a


			NR operating band


			Uplink (UL) operating band
BS receive / UE transmit


FUL_low   –  FUL_high


			Downlink (DL) operating band
BS transmit / UE receive


FDL_low   –  FDL_high


			Duplex Mode





			n71


			663 MHz – 698 MHz


			617 MHz – 652 MHz


			FDD





			nX


			673 MHz – 703 MHz


			627 MHz – 657 MHz


			FDD





			NOTE:	UE that complies with the NR Band nX minimum requirements in the present document shall also comply with the NR Band n71 minimum requirements.














[bookmark: _Toc81297428]6.4.3.2	Option B2a with Single Duplexer


Band 71 together with Option B2a span 663-703 MHz for TX and 617-657 MHz for RX. Since the duplex gap is just 6 MHz, there are challenges to implement it with a single duplexer using current filter technology.


6.4.3.3	Option B2a with Dual Duplexer


Option B2a can be implemented with a dual duplexer configuration. One duplexer could cover the frequency range of n71 with 35MHz and 663-698 MHz for TX and 617-652 MHz for RX and the second the additional APT frequencies with a bandwidth of 35MHz or less, for example for a 30MHz duplexer 673-703 MHz for TX and 627-657 MHz for RX. Option B2a has no impact on the filter performance of the Band 71 duplexer.





Due to the small duplex gap there will be an issue to protect the upper part of the RX band with -50dBm/MHz from the own TX, in case this is specified as a single band with Option B2. If the band is split into n71 and the additional frequency range as Option B2a, this issue still exists since the n71 Tx filter is not able to provide rejection to the upper 652–657 MHz portion of the downlink in the new band with only 6 MHz separation without, e.g., a relaxation of the protection requirement.





[bookmark: _Toc81297429]7	List of band specific issues for APT600 MHz frequency band


[bookmark: _Toc81297430]7.1	General


The following general aspect is relevant for discussing reuse of the Band n71 ecosystem: an operating band is designated a band number, which is indicated as a frequency band indicator (FBI) by the network in the system information acquired by the UE attaching to a cell or as part of a handover procedure. The network can indicate more than one frequency band indicator in a serving cell, sometimes referred to as ‘multiple FBI’, thus allowing UEs supporting one of more frequency bands overlapping with the carrier frequency to attach to the said serving cell/carrier as long as the UE complies with the applicable requirements for the cell. The (overlapping) frequency bands are indicated in the IE frequencyBandList, a list containing frequency band(s) to which the carrier belongs, the UE applies the first listed band that it supports. Example: for APT 600 MHz, the frequency band indicators for both the APT band and n71 could be indicated in a cell depending on the band arrangement and the applicable regulatory requirements in the region.


Consideration of the antenna efficiency is also important for APT 600 MHz implementation but has not been considered in this study. It is noted that the extension down to 612 MHz merits further investigation since the relative antenna bandwidth is further increased. 





[bookmark: _Toc81297431]7.2	Unwanted emissions requirements


[bookmark: _Toc81297432]7.2.1	NS values for indicating UE additional requirements 


New network signalling (NS) values for indicating the unwanted emissions requirements applicable for the APT 600 MHz band must be specified unless the applicable UE unwanted emissions limits in different geographical regions are either accommodated by either


-	the general NR unwanted emissions requirement according to sub-clause 6.5 of [6] indicated by “NS_01” or


-	the FCC requirements for Band n71 according to sub-clause 6.5.2.3.1 of [6] indicated by “NS_35”.


The latter requirements are repeated below for convenience


Table 7.2.1-1: Additional requirements for "NS_35"


			ΔfOOB
(MHz)


			Channel bandwidth (MHz) / Spectrum emission limit (dBm)


			Measurement bandwidth





			


			5


			10


			15


			20


			





			 0-0.1


			-15 


			-18 


			-20


			-21


			30 kHz 





			 0.1-6


			-13


			-13


			-13


			-13


			100 kHz





			 6-10


			-251 


			-13


			-13


			-13


			100 kHz





			 10-15


			


			-251


			-13


			-13


			100 kHz





			 15-20


			


			


			-251 


			-13 


			100 kHz





			 20-25


			


			


			


			-25 


			1 MHz





			NOTE 1:	The measurement bandwidth shall be 1 MHz











and could allow use of n71-capable UEs in an APT 600 MHz deployment for channel bandwidths up to 20 MHz in case the APT 600 MHz unwanted emissions requirements for the region of operation are identical or less stringent than the FCC requirements above.


It is noted that NS values could also be used for other purposes, e.g. for facilitating compliance with the standard UE-UE band coexistence requirements across the APT 600 MHz duplex gap. 


[bookmark: _Toc81297433]7.3	Economies of scale: n71-capable UEs and APT 600 MHz deployments


[bookmark: _Toc81297434]7.3.1	Option B1


Band n71 is partially overlapping with arrangement B1. Use of multiple FBI for allowing n71-capable UE in cells of a B1 frequency plan is not straightforward for the B1 and n71 duplex spacings (TX-RX separation) are different. This could possibly be resolved by use of asymmetric bandwidths as supported by n71 could possibly be used (asymmetric bandwidths implicitly modify the TX-RX spacing) if the operator blocks permit.


[bookmark: _Toc81297435]7.3.2	Option B2


Band n71 is overlapping with the lower 35 MHz of arrangement B2. Use of multiple FBI for allowing n71-capable UE in cells of a B1 frequency plan is straightforward since the B1 and n71 duplex spacings are the same. Band n71 can be allowed in the cell if the unwanted emissions requirements are those listed in clause 7.2.1 or if the applicable regulatory requirements in the B2 cell are more relaxed than those indicated by NS_35 (FCC). 


A network indicating the FBIs for both the APT 600 band and n71 also supports operation of n71 UEs in the lower 35 MHz of the B2 arrangements irrespective of the n71 implementation (split duplexers of full band). Now, UEs supporting the APT 600 MHz band are likely to be implemented with a n71 lower filter with up to 35 MHz passband and an additional duplexer covering the remaining part of B2. Hence, use of multiple FBI in a B2 network with n71 in the list also covers the B2a option since APT 600 capable UEs would be implemented like UEs supporting both n71 and the additional band nX of B2a and UEs supporting n71 can attach to the lower 35 MHz of the APT 600 band.


[bookmark: _Toc81297436]7.3.3	Option B2a


Option B2a is based on n71. Use of the B2a option requires that the applicable unwanted emissions requirements in the region of deployment are as described in clause 7.2.1 and indicated in a cell by either NS_01 or NS_35. If not, a new NS value must be specified boy n71. A UE supporting the entire B2(a) frequency range must support both n71 and the additional band nX. The option B2a is essentially covered by option B2 with multiple FBI indication.


[bookmark: _Toc81297437]7.4	Band combinations


[bookmark: _Toc81297438]7.4.1	Option B1


Option 1 can be implemented with single full-band UE duplex filter. For CA combinations of the APT 600 MHz band with other regional bands below 1 GHz, this can possibly be supported by UEs implemented with a multiplexer (if feasible) depending on the CA configuration and the antenna performance required.


CA combinations of the APT 600 MHz band with other regional bands above 1.5 GHz are more readily supported by UEs (using duplexing).


[bookmark: _Toc81297439]7.4.2	Option B2


Option B2 must be implemented with split duplexers in the UE. For CA combinations of the APT 600 MHz band with other bands below 1 GHz, the split-duplexer design may require a duplication of a multiplexer implementation (if feasible).


CA combinations of the APT 600 MHz band with other regional bands above 1.5 GHz are more readily supported by UEs (using duplexing).


[bookmark: _Toc81297440]7.4.3	Option B2a


Option B2a requires UEs supporting both Band n71 and the new Band nX in CA configurations. Support of CA requires UEs supporting band combinations of regional bands with both n71 and nX.


[bookmark: _Toc81297441]8.	Conclusion


Option B1 requires that the adjacent broadcast spectrum is repurposed below 612 MHz. The main advantage of this option is that it could be supported with a single 40 MHz filter (channel bandwidths up to 40 MHz could be supported with a single duplex filter, the bill of materials for the UE is reduced, software complexity is reduced, interband CA and EN-DC configurations are more easily accommodated) while still maintaining Band n71 filter requirements). Preliminary data show that compliance with the n71 filter requirements including CH36 blocking requirement would be feasible. With this option B1, allowing n71 UEs in the network by multiple FBI requires further investigations since the duplex spacings of band n71 and option B1 are different. 


Option B2 requires that the broadcast spectrum is repurposed below 617 MHz. For option B2, a single UE filter does not appear to be technically feasible with state-of-the art technology at this time though may be achievable in the future as technology advances. Option B2 can be implemented with dual duplexers, e.g. either 35+35 or 35+25 configuration. UEs supporting B2 could also support band n71 and thus meet band n71 requirements. Some degradation in the protection of the own DL band might be expected for the full range due to the narrow 6 MHz duplex gap. With option B2, network could allow legacy n71 UEs by using multiple FBI within the n71 range of B2 (as long as option B2 SEM can be accommodated by either NR or n71).


Option B2a would introduce a new band overlapping n71. Carrier aggregation for B2a would have to rely on the band combinations defined for n71 (the same for the new band) and the unwanted emissions requirements throughout the B2 range should be aligned with FCC ones for n71.


Consideration of the antenna efficiency is also important topic but has not been considered in this study. 
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1. [bookmark: _Toc98883746]Scope





The purpose of the Informal correspondence activity is to investigate options for the APT 600 MHz band and Prepare an input contribution to AWG-29 on the technical aspects of the two new band options B1 and B2. 


	Quantifying the radio performance


Implementation complexity


Possible regional device market dynamics


Impact of network infrastructure architecture


The following topics have been investigated:


· Radio performance - including receiver sensitivity and out-of-band emission performance


· Implementation complexity to achieve those performance levels


· Option B1 specifics – guard band to BC, RAS, OOBE for one duplexer 2x40MHz (compare n71 & FCC)


· Option B2 specifics - guard band to BC, RAS, OOBE for n71 2x35MHz duplexer + one upper duplexer 2x25/2x20/2x15MHz (compare n71 & FCC)


· Regional device market dynamics (LAM vs APAC & Region 1); [cost issues], ecosystem over time, option A, option B1, option B2


· Network infrastructure architecture


· DTV Co-existence and guard bands





The scope of the report is to summarise the key aspects of the band(s), for the complete details of the bands and technical implementation please see the AWG and 3GPP documents referenced.
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· The AWG-27 tasked 3GPP to study two new band plan options (B1 and B2) for APT which add 5 MHz to the 35 MHz USA band to create a 40 MHz band 


· AWG-28 received a LS from 3GPP on feasibility of both bands and needed to select the APT 600MHz band/s to be finalised by 3GPP.


· At the AWG-28, there was support for each band option and proposals for sending a LS to 3GPP with the request of finalisation of both bands for APT. 


· AWG-28 decided to “continue keeping these options under review with the objective to decide on a single option at our next AWG-29 meeting as more information becomes available.”


· AWG agreed that at least one additional band should be considered for APT 600MHz. 
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The figures below depict the different options being studied for the APT 600 MHz band, with the US 600 Band being considered as Option A. Option B1 has 1 proposed configuration, while B2 has 3. 





Option A
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An Analysis of band plans, duplex arrangements and the implementation options required to enable 3GPP to complete the band specifications is contained in the following sections.


Detailed analysis of the Frequency band arrangements, regulatory requirements, coexistence with DTV and ACS can be found in the APT and 3GPP documents.





While the initial assumption was for a guard band of 9 MHz (the same as for B71) further studies have been carried out to confirm if other viable bandwidths may be suitable given the frequency arrangement options in the APT region. 





Due to various DTV channel arrangements across national regulations, the actual frequency separation will be decided by administrators.
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The band plans for the extended 600 MHz NR band are shown below in Tables 6.1-1 to 6.1-6 and 6.1-9.  For ease of cross referencing the Table numbers from 3GPP 38.860 have been kept.


Options B1 and B2 have split duplexers, partially overlapping, but part of the same band. 


The Tx-Rx is “reverse-duplex”; in other words, the downlink frequency band is below the duplex gap while the uplink frequency band is above the duplex gap. This arrangement is opposite to conventional notation; however, for this band, it provides the benefit of aligning the uplink band adjacent to 3GPP band 28 thereby minimizing interference conditions at the 703 MHz boundary.


Table 6.1-1: NR operating band (option B1)


			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


			





			663 MHz


			–


			703 MHz 


			612 MHz


			–


			652 MHz


			FDD











The above could be implemented as a single or overlapping duplexers. In case of overlapping duplexers, the following option is studied:


Table 6.1-2: Duplexer arrangements (option B1)


			Duplexer type


			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


			





			Full


			663 MHz


			–


			703 MHz 


			612 MHz


			–


			652 MHz


			FDD





			35 + 35


			663 – 698 MHz


668 – 703 MHz


			612 – 647 MHz


617 – 652 MHz


			FDD





			


			


			


			FDD





			n71 + 25


Dual 35+25


			663 – 698 MHz


678 – 703 MHz


			617 – 652 MHz


612 – 637 MHz


						FDD





			FDD




















Table 6.1-3.: NR operating band (option B2)


			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


			





			663 MHz


			–


			703 MHz 


			617 MHz


			–


			657 MHz


			FDD











The above could be implemented as a single or overlapping duplexers. In case of overlapping/split duplexers, three sub options are studied.


Table 6.1-4: Duplexer arrangements (option B2 35 + 35)


			Duplexer type


			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


			





			Duplex 1


Duplex 2


			663 MHz – 698 MHz


668 MHz   – 703 MHz


			617MHz – 652 MHz


622MHz – 657 MHz


			FDD





			


			


			


			FDD





			NOTE:		Both duplexers will be part of the same band











Table 6.1-5: Duplexer arrangements (option B2 35+30)


			Duplexer type


			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


			





			Duplex1


Duplex 2


			663 MHz – 698 MHz


673 MHz   – 703 MHz


			617MHz – 652 MHz


627MHz – 657 MHz


			FDD





			


			


			


			FDD





			NOTE:	Both duplexers will be part of the same band











Table 6.1-6: Duplexer arrangements (option B2 35+25)


			Duplexer type


			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


			





			Duplex 1


Duplex 2


			663 MHz – 698 MHz


678 MHz   – 703 MHz


			617MHz – 652 MHz


632MHz – 657 MHz


			FDD





			


			


			


			FDD





			NOTE:	Both duplexers will be part of the same band











Tx-Rx separation is shown in Table 6.1-9 and is dependent upon the filter options.


Table 6.1-9: Default UE TX-RX frequency separation


			Filter Option


			TX – RX 
carrier centre frequency
separation





			B1 (Full band)


			-51 MHz





			B1 (duplexer 1) 35 + 35


B1 (duplexer 2) 35 + 35


			-51 MHz


-51 MHz





			B1 (duplexer 1) n71 + 25


			-46 MHz





			B1 (duplexer 2) n71 +25


			66 MHz





			B2 (duplexer 1)


B2 (duplexer 2)


			46 MHz





			


			46 MHz











In the detailed analysis of the various duplexer configurations, TR 38 860 suggests:


B1 : Full band implementation only. 


B2 : three cases were studied:


· B2 single duplexer- not recommended further.


· 35 + 35 (one duplexer is same as n 71)- assumes n71 is implemented as a single duplexer


· 35 + 25 (one duplexer is same as n 71)- assumes n 71 is implemented as a full duplexer





For Option B2 the 35+35 MHz duplexer implementation is preferred for the following reasons.


· The Lower duplexer can be the same as the n71 duplexer and the upper duplexer is just frequency shifted, this may provide some cost efficiencies relative to other dual duplexer implementations.


· Maximises the possible bandwidth available (for Option B2) for an individual operator in either the lower or upper duplexer.


· Different operators will have similar performance that is not dependent on the frequency allocation within the band.


· Minimises the likelihood of an operator requiring intra-band CA and the significant implementation complexities and limitations for both Network and Ue.





It is recognised that using an upper duplexer with a bandwidth of less than 35 MHz may have some improved sensitivity however this was considered secondary to the above points.
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This analysis refers to:


· 3GPP TS 38.104 v17.4.0


· 3GPP TS 38.860 v17.0.0


· 3GPP TS 36.755 v15.0.0
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The discussions below are from 3GPP TS 38.104. Table numbers refer to the tables in TS 38.104 by way of reference.


Unwanted emissions consist of out-of-band emissions and spurious emissions according to ITU definitions. 


In ITU terminology:


· Out of band emissions are unwanted emissions immediately outside the BS channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. 


· Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions.


The out-of-band emissions requirement for the BS transmitter is specified both in terms of Adjacent Channel Leakage Power Ratio (ACLR) and operating band unwanted emissions (OBUE).


The maximum offset of the operating band unwanted emissions mask from the operating band edge is via the ΔfOBUE parameter. The Operating band unwanted emissions define all unwanted emissions in each supported downlink operating band plus the frequency ranges ΔfOBUE above and ΔfOBUE below each band.  Unwanted emissions outside of this frequency range are limited by a spurious emissions requirement.


The values of ΔfOBUE are defined in table 6.6.1-1 for the NR operating bands.


Note: FDL,high – FDL,low < 100 MHz  is the case for B1 and B2, therefore, OBUE region is 10 MHz outside of the band edge regardless of the band options (B1 or BS) and BS types (1-H or 1-C).


Table 6.6.1-1: Maximum offset of OBUE outside the downlink operating band


			BS type


			Operating band characteristics


			ΔfOBUE (MHz)





			BS type 1-H


			FDL,high – FDL,low < 100 MHz  


			10 





			


			100 MHz  FDL,high – FDL,low  900 MHz


			40 





			


			


			





			BS type 1-C


			FDL,high – FDL,low  200 MHz


			10 





			


			200 MHz < FDL,high – FDL,low  900 MHz


			40 





			


			


			














ACLR Limits generic to both B1 and B2





These are specified in Table 6.6.3.2-1 and 6.6.3.2-2 of TS 38.104 and are applicable to both B1 and B2 and are specified as a limit and a basic limit. These are common to both B1 and B2





For operation in paired and unpaired spectrum, the ACLR shall be higher than the value specified in table 6.6.3.2‑1 in any operating band.


Table 6.6.3.2-1: Base station ACLR limit


			BS channel bandwidth of lowest/highest carrier transmitted BWChannel (MHz)


			BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted


			Assumed adjacent channel carrier (informative)


			Filter on the adjacent channel frequency and corresponding filter bandwidth


			ACLR limit





			5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90,100 


			BWChannel


			NR of same BW (Note 2)


			Square (BWConfig)


			45 dB





			


			2 x BWChannel


			NR of same BW (Note 2)


			Square (BWConfig)


			45 dB





			


			BWChannel /2 + 2.5 MHz


			5 MHz E-UTRA


			Square (4.5 MHz)


			45 dB (Note 3)





			


			BWChannel /2 + 7.5 MHz


			5 MHz E-UTRA


			Square (4.5 MHz)


			45 dB (Note 3)





			NOTE 1:	BWChannel and BWConfig are the BS channel bandwidth and transmission bandwidth configuration of the lowest/highest carrier transmitted on the assigned channel frequency.


NOTE 2:	With SCS that provides largest transmission bandwidth configuration (BWConfig).


NOTE 3:	The requirements are applicable when the band is also defined for E-UTRA or UTRA.











The ACLR absolute basic limit is specified in table 6.6.3.2‑2.


Table 6.6.3.2-2: Base station ACLR absolute basic limit


			BS category / BS class


			ACLR absolute basic limit





			Category A Wide Area BS


			-13 dBm/MHz





			Category B Wide Area BS


			-15 dBm/MHz





			Medium Range BS


			-25 dBm/MHz





			Local Area BS


			-32 dBm/MHz




















Operating band out of band emission requirements for B1 and B2


Basic limits (unwanted emission limits) for both B1 and B2 are specified in the tables below, where:


[bookmark: _Hlk94630601]-	f is the separation between the channel edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.


-	f_offset is the separation between the channel edge frequency and the centre of the measuring filter.


-	f_offsetmax is the offset to the frequency ΔfOBUE outside the downlink operating band, where ΔfOBUE is defined in table 6.6.1-1.


-	fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.


Basic limits for Wide Area BS (Category A)





For BS operating in Bands n5, n8, n12, n13, n14, n18, n26, n28, n29, n71, n85, basic limits are specified in table 6.6.4.2.1‑1.


Table 6.6.4.2.1-1: Wide Area BS operating band unwanted emission limits 
(NR bands below 1 GHz) for Category A


			Frequency offset of measurement filter ‑3dB point, f


			Frequency offset of measurement filter centre frequency, f_offset


			Basic limits (Note 1, 2)


			Measurement bandwidth





			0 MHz  f < 5 MHz


			0.05 MHz  f_offset < 5.05 MHz
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			100 kHz 





			5 MHz  f <


min(10 MHz, fmax)


			5.05 MHz  f_offset <


min(10.05 MHz, f_offsetmax)


			-14 dBm


			100 kHz 





			10 MHz  f  fmax


			10.05 MHz  f_offset < f_offsetmax 


			-13 dBm (Note 3)


			100 kHz 





			NOTE 1:	For a BS supporting non-contiguous spectrum operation within any operating band, the emission limits within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap. Exception is f ≥ 10MHz from both adjacent sub-blocks on each side of the sub-block gap, where the emission limits within sub-block gaps shall be -13 dBm/100 kHz.


NOTE 2:	For a multi-band connector with Inter RF Bandwidth gap < 2*ΔfOBUE the emission limits within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap.


NOTE 3:	The requirement is not applicable when fmax < 10 MHz.











Basic limits for Wide Area BS (Category B)





For BS operating in Bands n5, n8, n12, n20, n26, n28, n29, n67, n71, n85, the basic limits are specified in table 6.6.4.2.2.1-1:


Table 6.6.4.2.2.1-1: Wide Area BS operating band unwanted emission limits 
(NR bands below 1 GHz) for Category B


			Frequency offset of measurement filter ‑3dB point, f


			Frequency offset of measurement filter centre frequency, f_offset


			Basic limits (Note 1, 2)


			Measurement bandwidth





			0 MHz  f < 5 MHz


			0.05 MHz  f_offset < 5.05 MHz
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			100 kHz 





			5 MHz  f <


min(10 MHz, fmax)


			5.05 MHz  f_offset <


min(10.05 MHz, f_offsetmax)


			-14 dBm


			100 kHz 





			10 MHz  f  fmax


			10.05 MHz  f_offset < f_offsetmax 


			-16 dBm (Note 3)


			100 kHz 





			NOTE 1:	For a BS supporting non-contiguous spectrum operation within any operating band, the emission limits within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap, where the contribution from the far-end sub-block shall be scaled according to the measurement bandwidth of the near-end sub-block. Exception is f ≥ 10MHz from both adjacent sub-blocks on each side of the sub-block gap, where the emission limits within sub-block gaps shall be ‑16 dBm/100 kHz.


NOTE 2:	For a multi-band connector with Inter RF Bandwidth gap < 2*ΔfOBUE the emission limits within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap, where the contribution from the far-end sub-block or RF Bandwidth shall be scaled according to the measurement bandwidth of the near-end sub-block or RF Bandwidth.


NOTE 3:	The requirement is not applicable when fmax < 10 MHz.











Note: Similar limits but different values are also specified for medium range and local area BS





The difference between wide area, medium area and local BS is in terms of rated output BS power.





Specific out of band emission requirements for B1


The above tables also apply to B1. 





Specific out of band emission requirements for B2


The frequency range for B2 towards the DTV side is same as n71.  Therefore, the operating band unwanted emissions for n71 can be fulfilled by Option B2.


Transmitter spurious emissions





The transmitter spurious emission limits  are  also common to B1 and B2 , they shall apply from 9 kHz to 12.75 GHz, excluding the frequency range from ΔfOBUE below the lowest frequency of each supported downlink operating band, up to ΔfOBUE above the highest frequency of each supported downlink operating band, where the ΔfOBUE is defined in table 6.6.1-1. 


Unless otherwise stated, all requirements are measured as mean power (RMS).


General transmitter spurious emissions requirements


The basic limits of either table 6.6.5.2.1-1 (Category A limits) or table 6.6.5. 2.1-2 (Category B limits) shall apply. The application of either Category A or Category B limits shall be the same as for operating band unwanted emissions in clause 6.6.4.


Table 6.6.5.2.1-1: General BS transmitter spurious emission limits in FR1, Category A


			Spurious frequency range


			Basic limit


			Measurement bandwidth


			Notes





			9 kHz – 150 kHz


			


			1 kHz


			Note 1, Note 4





			150 kHz – 30 MHz


			


			10 kHz 


			Note 1, Note 4





			30 MHz – 1 GHz


			


			100 kHz


			Note 1





			1 GHz   12.75 GHz


			-13 dBm


			1 MHz


			Note 1, Note 2





			12.75 GHz – 5th harmonic of the upper frequency edge of the DL operating band in GHz


			


			1 MHz


			Note 1, Note 2, Note 3





			12.75 GHz - 26 GHz


			-13 dBm


			1 MHz


			Note 1, Note 2, Note 5





			NOTE 1:	Measurement bandwidths as in ITU-R SM.329 [2], s4.1.


NOTE 2:	Upper frequency as in ITU-R SM.329 [2], s2.5 table 1.


NOTE 3:	This spurious frequency range applies only for operating bands for which the 5th harmonic of the upper frequency edge of the DL operating band is reaching beyond 12.75 GHz.


NOTE 4:	This spurious frequency range applies only to BS type 1-C and BS type 1-H. 


NOTE 5:	Applies only for band n46 and n96.











Table 6.6.5.2.1-2: General BS transmitter spurious emission limits in FR1, Category B


			Spurious frequency range


			Basic limit


			Measurement bandwidth


			Notes





			9 kHz – 150 kHz


			


			1 kHz


			Note 1, Note 4





			150 kHz – 30 MHz


			-36 dBm


			10 kHz 


			Note 1, Note 4





			30 MHz – 1 GHz


			


			100 kHz


			Note 1





			1 GHz – 12.75 GHz


			


			1 MHz


			Note 1, Note 2





			12.75 GHz – 5th harmonic of the upper frequency edge of the DL operating band in GHz


			-30 dBm


			1 MHz


			Note 1, Note 2, Note 3





			12.75 GHz - 26 GHz


			- 30 dBm


			1 MHz


			Note 1, Note 2, Note 5





			NOTE 1:	Measurement bandwidths as in ITU-R SM.329 [2], s4.1.


NOTE 2:	Upper frequency as in ITU-R SM.329 [2], s2.5 table 1.


NOTE 3:	This spurious frequency range applies only for operating bands for which the 5th harmonic of the upper frequency edge of the DL operating band is reaching beyond 12.75 GHz.


NOTE 4:	This spurious frequency range applies only to BS type 1-C and BS type 1-H. 


NOTE 5:	Applies only for band n46.











Protection of the BS receiver of own or different BS


This requirement shall be applied for NR FDD operation in order to prevent the receivers of the BSs being desensitised by emissions from a BS transmitter. It is measured at the transmit antenna connector for BS type 1-C or at the TAB connector for BS type 1-H for any type of BS which has common or separate Tx/Rx antenna connectors / TAB connectors.


The spurious emission basic limits are provided in table 6.6.5.2.2-1.


Table 6.6.5.2.2-1: BS spurious emissions basic limits for protection of the BS receiver


			BS class


			Frequency range


			Basic limits


			Measurement bandwidth


			Note





			Wide Area BS


			FUL,low – FUL,high


			-96 dBm


			100 kHz


			





			Medium Range BS


			FUL,low – FUL,high


			-91 dBm


			100 kHz


			





			Local Area BS


			FUL,low – FUL,high


			-88 dBm


			100 kHz


			











The above emission requirement shall be fulfilled regardless of option B1 or B2 to not allow self de-sensitization.
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BS reference sensitivity level is specified in clause 7.2 of TS 38.104.


The reference sensitivity power level PREFSENS is the minimum mean power received at the antenna connector for BS type 1-C or TAB connector for BS type 1-H at which a throughput requirement shall be met for a specified reference measurement channel.


Minimum requirements for BS type 1-C and BS type 1-H


The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in annex A.1 with parameters specified in table 7.2.2-1 for Wide Area BS, in table 7.2.2-2 for Medium Range BS and in table 7.2.2-3 for Local Area BS . 


Only wide area BS levels are shown below; the following sensitivity level shall be fulfilled regardless of option B1 and B2.


Table 7.2.2-1: NR Wide Area BS reference sensitivity levels


			BS channel bandwidth (MHz)


			Sub-carrier spacing (kHz)


			Reference measurement channel





			Reference sensitivity power level, PREFSENS


 (dBm)





			5, 10, 15 


			15


			G-FR1-A1-1 (Note 1)


			 -101.7





			


			


			G-FR1-A1-10 (Note 3)


			-101.7 (Note 2)





			10, 15 


			30


			G-FR1-A1-2 (Note 1)


			 -101.8





			10, 15


			60


			G-FR1-A1-3 (Note 1)


			 -98.9





			20, 25, 30, 35, 40, 45, 50 


			15


			G-FR1-A1-4 (Note 1)


			 -95.3





			


			


			G-FR1-A1-11 (Note 4)


			-95.3 (Note 2)





			20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100 


			30


			G-FR1-A1-5 (Note 1)


			 -95.6





			20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100 


			60


			G-FR1-A1-6 (Note 1)


			 -95.7





			NOTE 1:	PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full BS channel bandwidth.


NOTE 2:	The requirements apply to BS that supports NB-IoT operation in NR in-band.


NOTE 3:	PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single instance of G-FR1-A1-10 mapped to the 24 NR resource blocks adjacent to the NB-IoT PRB, and for each consecutive application of a single instance of G-FR1-A1-1 mapped to disjoint frequency ranges with a width of 25 resource blocks each.


NOTE 4:	PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single instance of G-FR1-A1-11 mapped to the 105 NR resource blocks adjacent to the NB-IoT PRB, and for each consecutive application of a single instance of G-FR1-A1-4 mapped to disjoint frequency ranges with a width of 106 resource blocks each.


NOTE 5:	Void.
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BS receivers shall fulfil the following common requirement to both B1 and B2 for in-band and out-of-band coexistence.


· Adjacent channel selectivity (ACS) is specified in clause 7.4.1 of TS 38.104 for the adjacent channel coexistence.


· In-band blocking is specified in clause 7.4.2 of TS 38.104 for coexistence in-band region, i.e., up to ΔfOOB = 20 MHz outside of the operating band.


· Out-of-band blocking is specified in clause 7.5 of TS 38.104, more than ΔfOOB = 20 MHz outside of the operating band.
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As per 3GPP TR 36.755, Clause 5.3.2.2 mentions the following to protect RAS:





To protect RAS from harmful interference, FCC requires 600 MHz wireless BSs located within 25 kilometres of VLBA observatories to coordinate with the National Science Foundation (NSF) prior to commencing operation; while those located close to dish radio astronomy installations are required to notify technical details of the proposed operations according to section 1.924 of Part 47 CFR. 





No additional emission limits need to be included in BS RF requirements for the 600 MHz band.
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From the point of view of out of band emissions, both B1 and B2 are no different and will be subject to the same requirements. There are additional requirements for n71 that could also apply to B2 but this is a local Administration issue.
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APT countries have multiple TV channel spacings - 6, 7 and 8 MHz, respectively. Guard band and co-existence studies were conducted for two options:


1. B1 – Full band;


2. B2 – 35 + 35 MHz. 


For each of these options, co-existence studies were done for DTV transmitters on three different TV channel spacings in use in APT countries and mobile B1 and B2 options. Figure 1 depicts an overall preview of the co-existence issues studied for the aforementioned bands with digital TV systems in the APT region.
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Figure 1. Mobile and DTV co-existence in the 600 MHz, with an illustration of the interference from DTV transmitter into the mobile UE receivers. 


The results presented in this summary document are a result of a detailed Monte-Carlo simulation which can be presented probabilistically as cumulative distribution function (CDFs) to determine the interference levels from a DTV transmitter to a mobile UE, and to determine guard band requirements so that the interference remains below the blocking level for 95% of the time. 


The CDFs are determined by the following simulation layout and key assumptions:


1. An 83 dBm (200 kW) DTV transmitter is placed 300 m high (effective antenna height). In the DTV coverage area, both DTV and mobile base stations, as well as the associated mobile UE receivers are uniformly distributed (located) with respect to the mobile and DTV coverage areas. This is based on the DVB-T, DVB-T2 assumptions from Report ITU-R BT.2383.


2. Density of users for DTV and mobile systems is consistent with Recommendations ITU-R M.2292-0 and ITU-R BT.2383, respectively. 


3. 50% of the mobile UEs are considered to be indoor, in which case a fixed outdoor-to-indoor propagation loss of 15 dB is considered in estimating field strengths. This is obtained from the Recommendation ITU-R M.2292-0. 


4. DTV transmitter pattern and DTV receiver antenna patterns are derived from Recommendations ITU-R BT.2383 and ITU-R BT 419-3, respectively (see Section 7.1.1). 


5. Propagation model used for the analysis is derived from Recommendation ITU-R P.1546-6 with parameters for rural/suburban land paths for a 50% exceedance window, and a log-normally distributed shadow fading standard deviation of 5.5 dB on top of the fixed path loss. The 20-step procedure is followed with the relevant parameters from Annex 6 of ITU-R P.1546-6. 


6. Mobile system parameters are largely derived from ITU-R M.2292-0 and ITU-R F.1336-5 for a rural setting. 


7. Blocking level of a mobile UE is specified in 3GPP TS 38.101-1 Table 7.6.2-2 as -44 dBm for +/- 15 MHz either side of the desired (UE receive band).  This level is defined as a value for which the throughput of the wanted signal is >= 95% of the maximum throughput of the reference measurement channels.  The simulations have made a simplified, yet conservative, assumption to ensure that the interferer level should be less than -44 dBm 95% of the time.


8. An integrated isolation provided by the UE duplex filter is assumed to be 15- 35 dB - based on information sought from different UE duplex filter vendors. Results shown below use a value of 20 dB as an average representation. However, the blocking level is also respected for the lower value of 15 dB.





The CDFs for DTV interference to a mobile UE, within the UE receive band are given below for option B1 (Figure 2) and B2 (Figure 3), respectively using a 4 MHz guard band:
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Description automatically generated with medium confidence]Figure 2. Interference CDFs at the mobile UE from the applicable APT region DTV channels, considering option B1 with a 4 MHz guard band.






































Figure 3. Interference CDFs at the mobile UE from the applicable APT region DTV channels, considering option B2 with a 4 MHz guard band.


[image: ]Using the 4 MHz guard band, the impacted TV channels in the APT region are shown in Figure 4:


Figure 4. A 4 MHz guard band example of the impacted DTV channels in the APT region with 6/7/8 MHz spacings for co-existence with 600 MHz mobile systems considering band options B1 and B2, respectively.





[image: ]To this end, for a minimum guard band of 4 MHz, the following DTV channels must be cleared/removed. 





Table 1. DTV channels in the APT regions to be cleared with a 4 MHz guard band for options B1 and B2. 
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The UE aspects related to B1 are discussed in 3GPP TR 38.830 with the key aspects highlighted below.





UE Tx power


Co-existence issues should be considered with DTV. Co-existence with band 28 is not a problem as duplex directions are reversed.


UE power class 3 – Table 6.2.1-1 of 38 101-1 – copied below- should be maintained as is also the case for n71


Table 6.2.1-1: UE Power Class


			NR band


			Class 1 (dBm)


			Tolerance dB


			Class 2 (dBm)


			Tolerance dB


			Class 3 (dbm)


			Tolerance dB





			N 71


			


			


			


			


			23


			+/- 2.5





			B1


			


			


			


			


			23


			+/- 2.5















Insertion Loss


TR 38 860 states that:


One advantage of option B1 compared to other filtering options is that B1 is conducive to a single full-band filter implementation. The potential advantage of single filter is reduced size and bill-of-materials of the required front-end and reduced complexity for intra-band carrier aggregation across the filters and inter-band carrier aggregation with another band in close frequency proximity when quadplexing is needed are limited. On the other hand, the performance of a dual filter solution in insertion loss and stop band attenuation may be superior to a single filter.


For option B1, extending the 35 MHz filter passband to 40 MHz increases the relative bandwidth from 5.5% to 6.3% at 600 MHz. At the time that Band 28 was defined, such relative bandwidths were not feasible. However, since that time with technological advances in filter design and materials, wider relative bandwidths have now become available. Therefore, from a relative bandwidth perspective option B1 is regarded as feasible. 


On the transmit side, the insertion loss is approaching 3 dB but still meets the Band 71 filter specification. In comparison to a narrower Band 71 filter using the same generation of filter technology and the same constraints, an increase in Tx insertion loss towards the band edge may be expected. Moreover, the maximum output power for Band n71 provides a lower tolerance of 2.5 dB so the insertion loss of the Tx filter is not expected to be a problem.


On the receiver side, the insertion loss is approaching 2 dB. The steep drop-off of the filter at the upper edge of the band at 652 MHz is likely due to the relatively narrow duplex gap and the need to provide sufficient Tx isolation. In comparison to a narrower Band 71 filter using the same generation of filter technology and the same constraints, an increase in Rx insertion loss may be expected. But since the reference sensitivity requirement for Band 71 is relatively relaxed to accommodate the noise and spurious products from the transmitter, it is not expected that the increase in Rx IL will hinder a device implementing the B1 filter from meeting Band 71 receiver requirements. Moreover, while the duplex gap is relatively narrow for Band 71 at 11 MHz, the Tx-Rx separation is 46 MHz so the Tx isolation at 11 MHz offset may be slightly compromised if band edge Rx insertion loss needs to be improved.





NS values and Spectrum emission mask


3GPP TR 38.860 notes that NS values could also be used for other purposes, e.g. for facilitating compliance with the standard UE-UE band coexistence requirements across the APT 600 MHz duplex gap.





This is common for both B1 and B2 options





UE Receiver requirements


UE RFSENS requirements are given in table 7.3.2-1 of 38 101-1 and for band n 71 they are:


			NR band


			SCS KHz


			Channel bandwidth





			


			


			5 MHz (dBm)


			10 MHz (dBm)


			15 MHz (dBm)


			20 MHz (dBm)





			N71


			15


			-97.2


			-94


			-91.6


			-86





			


			30


			


			-94.3


			-91.9


			-87.4











Note: The UL is limited to 20 MHz in case of n71 and this is likely to be the case for B1.


TR 38.860 mentions the duplexer Tx/RX isolation should be 50 dB


The following combinations shown in Fig 6.4.1.1-5 will meet the isolation:


· Tx- ant B1 full-band with RX antenna B1 full-band
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Figure 6.4.1.1-5: Duplexer evaluation for option B1





In band blocking


Rx blocking interference from broadcast TV sources needs to be studied.


For band n71 the power of the TV broadcast at 600 MHz is up to 1 MW a blocking signal level of -15 dBm is assumed in TR 36 755 and is deemed as a necessary requirement to withstand TV blocking interference. There is also a 9 MHz guard band as we discussed in the base station doc and further isolation provided by the Rx filter in the duplexer. A minimum attenuation of 29 dB is discussed in TR 36.755 and data from various filter vendors show this to be feasible.


The duplexer option B1 is most likely to respect the above conditions.





Summary


The feasibility of duplexer B1 was shown in TR 38.860. The following conclusion was noted in TR 38.860:


Option B1 requires that the adjacent broadcast spectrum is repurposed below 612 MHz. The main advantage of this option is that it could be supported with a single 40 MHz filter (channel bandwidths up to 40 MHz could be supported with a single duplex filter, the bill of materials for the UE is reduced, software complexity is reduced, interband CA and EN-DC configurations are more easily accommodated) while still maintaining Band n71 filter requirements). Preliminary data show that compliance with the n71 filter requirements including CH36 blocking requirement would be feasible. With this option B1, allowing n71 UEs in the network by multiple FBI requires further investigations since the duplex spacings of band n71 and option B1 are different. 


Band n71 is partially overlapping with arrangement B1. Use of multiple FBI for allowing n71-capable UE in cells of a B1 frequency plan is not straightforward for the B1 and n71 duplex spacings (TX-RX separation) are different. This could possibly be resolved by use of asymmetric bandwidths as supported by n71 could possibly be used (asymmetric bandwidths implicitly modify the TX-RX spacing) if the operator blocks permit.
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This section discusses the UE aspects for B2. The following options of B2 are discussed. Referring  to Tables 6.1.3, 6.1.4 and 6.1.6 above, (Table numbers refer to TR 38 860).





Duplexer bandwidths compare:





			


			UE Tx- MHz


			UE Rx- Mhz


			Gap- MHz


			BW - MHz


			Gap/fc


			BW/fc





			n71 full


			663


			698


			617


			652


			11


			35


			1.7%


			5.5%





			B2 split ( 35+35)


			668


			703


			622


			657


			11


			35


			1.7%


			5.5%





			Band 28 full


			703


			748


			758 


			803


			10


			45


			1.2%


			4%





			Band 5


			824


			849


			869


			894


			20


			25


			2.3%


			2.8%





			Band 8


			880


			915


			925


			960


			10


			35


			1.1%


			3.7%











Band n71 (full) and B2 split are the same and slightly higher in terms of gap/fc and BW/fc as compared to band 28. Therefore, they are similar from a complexity aspect.


UE Tx power


Co-existence issues should be considered with DTV and are shown in this report. Co-existence with band 28 is not a problem as duplex directions are reversed.


UE power class 3 – Table 6.2.1-1 of 38 101-1 – copied below- should be maintained as is also the case for n 71


			NR band


			Class 1 ( dBm)


			Tolerance dB


			Class 2 ( dBm)


			Tolerance dB


			Class 3 ( dbm)


			Tolerance dB





			N 71


			


			


			


			


			23


			+/- 2.5





			B2


			


			


			


			


			23


			+/- 2.5











Insertion Loss


TR 38 860, in section 6.4.2.1 Band plan 6.4.2.1 Band plan, states that:


“Band 71 was originally specified as a dual duplexer band, since at that time filter vendors considered a 2x 35 MHz duplexer as not implementable with reasonable performance concerning insertion loss as well as stop band attenuation. Meanwhile technology has improved and there are single duplexers available for band 71/n71 that can cover the 2x 35 MHz with reasonable performance, however, they are still worse than usual duplexers with lower bandwidth. So having 2x 35 MHz as a duplexer is still marginal, but it can be used as one duplexer/band of a dual duplexer/band solution. The other advantage is that meanwhile band 71/n71 is mainstream and implemented in a huge number of smartphones, therefore it is useful to re-use it.”


B2 is only shown to be feasible by the 3GPP with a dual duplexer. Whilst there are a number of duplexer options- relating to the bandwidth of the second duplexer we have only considered the 35+ 35 option. This is because from an implementation point of view having two duplexers with the same bandwidth but only offset by the centre frequency is simpler.  To date, the dual duplexer options in other bands ( i.e. band 28 and band n 71) both have the two duplexers with the same bandwidth. A smaller bandwidth of the second duplexer- say 25 MHz may improve the UE sensitivity but the implementation simplicity outweighs this improvement.





NS values and Spectrum emission mask


NS values for indicating UE additional requirements 


Additional emission requirements can be signalled by the network. Each additional emission requirement is associated with a unique network signalling (NS) value.  In addition to the NS value additional max power reduction A-MPR can also be specified. For n 71 A-MPR is 0 dB. This will also be the case for B2.


New network signalling (NS) values for indicating the unwanted emissions requirements applicable for the APT 600 MHz band must be specified unless the applicable UE unwanted emissions limits in different geographical regions are either accommodated by either


· the general NR unwanted emissions requirement according to sub-clause 6.5 of 38 101-1 indicated by “NS_01” or


· the FCC requirements for Band n71 according to sub-clause 6.5.2.3.1 of 38 101-1  indicated by “NS_35”.


The latter requirements are repeated below for convenience:


Table 7.2.1-1: Additional requirements for "NS_35"


			ΔfOOB
(MHz)


			Channel bandwidth (MHz) / Spectrum emission limit (dBm)


			Measurement bandwidth





			


			5


			10


			15


			20


			





			 0-0.1


			-15 


			-18 


			-20


			-21


			30 kHz 





			 0.1-6


			-13


			-13


			-13


			-13


			100 kHz





			 6-10


			-251 


			-13


			-13


			-13


			100 kHz





			 10-15


			


			-251


			-13


			-13


			100 kHz





			 15-20


			


			


			-251 


			-13 


			100 kHz





			 20-25


			


			


			


			-25 


			1 MHz





			NOTE 1:	The measurement bandwidth shall be 1 MHz











This could allow use of n71-capable UEs in an APT 600 MHz deployment for channel bandwidths up to 20 MHz in case the APT 600 MHz unwanted emissions requirements for the region of operation are identical or less stringent than the FCC requirements above.


TR 38 860 notes that NS values could also be used for other purposes, e.g. for facilitating compliance with the standard UE-UE band coexistence requirements across the APT 600 MHz duplex gap. 


UE Receiver requirements


UE RFSENS requirements are given in table 7.3.2-1 of 38 101-1 and for band n 71 they are:


			band


			SCS KHz


			Channel bandwidth





			


			


			5 MHz (dBm)


			10 MHz ( dBm)


			15 MHz ( dBm)


			20 MHz ( dBm)





			N 71


			15


			-97.2


			-94


			-91.6


			-86





			


			30


			


			-94.3


			-91.9


			-87.4











Note: The UL is limited to 20 MHz in case of n 71 and this is likely to be the case for B2.


TR 38 860 mentions the duplexer Tx/RX isolation should be 50 dB


The following combinations shown in Fig 6.4.2.2-2 will meet the isolation:


· Tx- ant B2B25 with RX antenna B2B 25


The case of Tx antenna B2B 35 with RX antenna B2B 35 is similar as n 71- where the isolation is degraded. The case of B2A Tx 25 with corresponding Rx appears to have much better isolation ( see attached ppt)





In band blocking


Rx blocking interference from broadcast TV sources needs to be studied. 


For band n71 the power of the TV broadcast at 600 MHz is up to 1 MW a blocking signal level of -15 dBm is assumed in TR 36 755 and is deemed as a necessary requirement to withstand TV blocking interference. There is also a 9 MHz guard band as we discussed in the base station doc and further isolation provided by the Rx filter in the duplexer. A minimum attenuation of 29 dB is discussed in TR 36 755 and data from various filter vendors show this to be feasible.


The DTV co-existence studies shown in this report confirm that TV channel clearance for  B2 is the same as for n 71 and a 4MHz guard band is required.


Summary


The feasibility of duplexer B2 was shown in TR 38 860. The following conclusion was noted in TR 38.860:


Option B2 requires that the broadcast spectrum is repurposed below 617 MHz. For option B2, a single UE filter does not appear to be technically feasible with state-of-the art technology at this time though may be achievable in the future as technology advances. Option B2 can be implemented with dual duplexers, e.g. either 35+35 or 35+25 configuration. UEs supporting B2 could also support band n71 and thus meet band n71 requirements. Some degradation in the protection of the own DL band might be expected for the full range due to the narrow 6 MHz duplex gap. With option B2, network could allow legacy n71 UEs by using multiple FBI within the n71 range of B2 (as long as option B2 SEM can be accommodated by either NR or n71).


Commonality with n 71 can be achieved via the use of frequency band indicators- FBI. A network indicating the FBIs for both the APT 600 band and n71 also supports operation of n71 UEs in the lower 35 MHz of the B2 arrangements irrespective of the n71 implementation (split duplexers of full band). Now, UEs supporting the APT 600 MHz band are likely to be implemented with a n71 lower filter with up to 35 MHz passband and an additional overlapping duplexer covering the remaining part of B2. Two duplexers will increase the bill of materials, but B2 25 MHz option may be slightly cheaper than the B2 35 Mhz option. 


Determining the cost impact is relative as one needs to consider the supporting customer base. Asia has countries very large populations and economies of scale over these large populations could be substantial.





[bookmark: _Toc98883762]Network Architecture Impacts of option A,B1 and B2 


[bookmark: _Toc98883763]5G System Architecture


In considering the various components from RAN and Core that may be impacted through Option A, B1 or B2, only the Radio Functions are materially impacted, with other functions transparently handling band specific IEs (information entities) if required.
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Using B28 dual duplexer as an example we’re able to combine multiple duplexers- in B28 there is typically a single duplexer implemented.





Example shown below is an extremely simplified case where 4 MIMO streams are sent- BS Tx is shown. The diagram shows 4 combiners, but there are also a total of four sets of duplexers and PAs – not shown.





A dual duplexer implementation does NOT need additional antenna ports over a single duplexer implementation
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Adapted from TS37.340 -  NSA / SA MR-DC Principles.


Most common NSA architecture – Option 3X


Impacts on RU/RRH bands irrelevant to architectural principles, and indeed existing NSA infra. can support Option A, B1, and B2.
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Adapted from TS37.340 -  NSA / SA MR-DC Principles.


Most common SA architecture – Option 2 – showing NR CA as well -


Impacts on RU/RRH bands irrelevant to architectural principles, and indeed existing SA infra. can support Option A, B1, and B2.
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Adapted from TS37.340 -  NSA / SA MR-DC Principles.


Most common SA architecture – Option 2 – showing NR DC as well – 


Impacts on RU/RRH bands irrelevant to architectural principles, and indeed existing SA infra. can support Option A, B1, and B2.


























[bookmark: _Toc98883766]Core / Architectural Impacts – MR DC


RRC Related aspects – UE Capability information – handled by AMF/MME however transparent containers to support RAN functions. Proxied MN/SN RRC messages will transparently support various RU band combinations.





Bearer mode changes – handled by both Control-Plane and User-Plane functions – however transparent to specific RAT frequency.





[bookmark: _Toc98883767]Summary


The options A, B1 and B2 have no impact on the network architecture. These options are internal to the radio.


5G radios are deployed as NSA or SA and will need other bands


The only architectural dependence (if we are to call it this way) is what band combinations are standardised in 3GPP 38 101 and implemented in the base station and in devices. 


CA needs to be supported by both duplexers in case of dual duplexers


Option A was designed for the US market and the band combinations allowed mostly follow the US bands that are not available in Europe and Asia.
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This section provides a comparison of the different options A, B1 and B2 from the user equipment (UE) perspective.
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•Advantages


•Single filter design is highly preferred.  The vast majority of 3GPP bands are single duplexer, only by exception are a few bands dual duplexer.  


•Single filter advantage:  Lower bill-of-materials, software complexity, simpler aggregation


•Potentially this single filter becomes the 600 MHz de facto standard (for n71and APT600)


•No technical showstoppers identified so far, assuming upper edge of highest DTV channel is ≤ 608 MHz


•Maximize FDD spectrum usage in the 612 –703 MHz frequency range (assuming 4 MHz guard band to DTV)


•40 MHz channel bandwidth available, no restriction in CBW or placement


•Disadvantages


•More challenging to share same hardware with n71, requires improved filter design (not necessarily new technology) but feedback from filter designers indicate that parity can be achieved with n71. 


•May require uppermost DTV channels above 608 MHz to be cleared.





[bookmark: _Toc98883770]Option B2


•Advantages


•One of the filters may reuse n71, so n71 performance can be maintained without any change needed to filter design


•Less dependency on improved filter designs; complexity of new filter is approximately same as n71 filter assuming no new coexistence requirements


•Disadvantages


•Requires two filters.  Increased BOM, less flexibility, risk of partial implementation, even more difficult for CA especially with low band+low band quadplexing (ex: CA_n20_n28, CA_18-28, CA_19-28 are restricted), limitations in variable duplex support (UL and DL have to be in the same duplexer) 


•Narrow duplex gap, so UE coexistence may not be met.  Interference in the upper block of DL.


•May require that the n71 filter be redesigned so benefits of reuse could be lost


•Restricted placement of large channels


•Channels must be fully contained within one filter, cannot straddle across two filters


•For example, channels larger than the second filter (35, 30, or 25 MHz) can only be placed within the first filter’s frequency range


•Intra-band CA especially NC is restricted


•DTV is still restricted to 608 MHz (upper DTV channel edge) and below when reusing the existing n71filter





[bookmark: _Toc98883771]Compatibility with legacy Band n71


•Option B1


•Possibly compatible over 30 MHz that overlaps with n71.  


•Best to deploy with new UE’s.  New UE’s can work in both n71 and new band.


•Option B2


•Fully compatible over the 35 MHz that overlaps with n71


•Not operable over the uppermost 5 MHz, only new UE’s can use this


•Best to deploy with new UE’s.  New UE’s can work in both n71and new band.





[bookmark: _Toc98883772]Option B1 compatibility with n71


[bookmark: _Hlk97819269]While it is expected new UE’s will be developed to support Option B1, a UE implementation that supports variable Rx-Tx separation for n71 and the network utilising blocks 2-8 (or a subset) could support the same frequency range as band n71.


•UL block 8 and DL block 1 are outside of n71 filter range and cannot be used by legacy device.


The difficulty is that Band n71 utilizes a different Tx-Rx separation than Option B1, even if the frequency ranges overlap.  This can be partially addressed as described below.





• UL 2-7 can be paired with DL 2-7 if the UE implementation supports variable Rx-Tx separation 





•Operators that own blocks 1 and 8 cannot take advantage of this


•Band n71 UE may not have been tested with other than default n71 Rx-Tx separation, but reading the SIB is mandatory for UE’s


•With this approach, it is possible to enable a UE implementation for n71 (over 30 MHz limited frequency range) and new option B1 UE’s
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With various DTV band plans across different regions in the Asia pacific a couple of examples are included below to understand the considerations different administrations may need to consider.
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A preliminary study was conducted looking at how the proposed APT600 band options would perform against a future B71 and existing B28 network deployments in an Australian context





[bookmark: _Toc98883775]600 MHz (B71) vs 700 MHz (B28) Comparison


Base station antenna gain: For a typical B28 macro site uses 10 element panel antennas.  These have wideband elements and are quoted by the antenna vendor as having ~ 0.3 dB lower gain at 600 MHz compared to 700 MHz.


Base station fixed losses: In most cases, a ground mounted base station UL sensitivity would be the same for each band since a TMA will be normally be in use, however the DL has approximately 0.2 dB higher losses at 700 MHz assuming a 50m feeder length (LCF78 feeder).   For a tower mounted RRU, losses are the same for each band (immeasurable difference).


UE sensitivity: Based on input contributions from 3GPP members, it has been identified that there are issues with UE Tx noise impacting the UE receiver sensitivity with increasing channel bandwidth (for B71 UE). Thus, the relative impairment (compared to B28) varies from 1.3 to 3.5 dB as the bandwidth increases from 5 MHz to 20 MHz.
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PREFSENS for various channel bandwidth.


This table is derived from 3GPP 36.101 17.3.0 Section 7.3.1 Table 7.3.1-1


Path Loss: The free space path loss is 2.14 dB lower at 610 MHz vs 780 MHz (both mid-band DL frequencies)





Summary: The table below compares the key parameters for a 20 MHz wide 700 MHz carrier (Band 28) with those for a Band 71 (600 MHz) carrier having either a 15 or 20 MHz bandwidth.
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The table shows that based on the current 3GPP specification, we could expect that for a 20 MHz channel bandwidth, the 600 MHz cell would have a 1.46 dB less coverage, thus reducing the footprint by approximately 6 %.


As 600 MHz performance is improved with lower channel bandwidths, a 15 MHz wide carrier in the 600 MHz band is likely to show a net 3.04 dB improvement in coverage compared to a 20 MHz 700 MHz carrier.  This would increase the footprint by 17 %.





Australian DTV Band Plan Impact


The Australian DTV environment is shown in the diagram below with


+87dBm EIRP TV transmissions


-15dBm RX Blocking limit is met once the UE is 5km from the broadcast transmitter within the current B71 band configurations.
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There are potential UE blocking concerns due to high power DTV TX up to 610 MHz These may be addressed through various options by the administration.


 Options include, among others, 


downshifting the DTV band to increase the guard band to 4 MHz, 


Geographical band planning to place the higher power DTV channels in block B.
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The spectrum utilization in India is depicted as shown in the figure below. There is no existing or planned DTV utilization beyond 582 MHz[footnoteRef:1].  [1:  https://trai.gov.in/sites/default/files/Additional_information_30122021_0.pdf] 
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The full utilization of 40 + 40 MHz in 612 – 703 MHz is possible in India. 
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New Zealand is considering the opportunity to use the 600 MHz band for mobile and is looking at technical aspects that include those around DTV and wireless microphones. The spectrum is presently occupied by DTV and wireless microphones. The 600 MHz band was among proposals in Preparing New Zealand for 5G consultation is part of the recently published Draft five-year spectrum outlook. The  timing and next steps on band still need to be determined.
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			Option B1 (single filter)


			Option B2 (n71 + 35 MHz)





			Time to Market


			


			





			Spectrum utilization


			Allows 40 MHz channels, no restrictions on placement of other channel bandwidths


			40 MHz is available, but max channel bandwidth is 35 MHz





			DTV


			Recent simulations show a guard band of 4 MHz is needed. Therefore, the TV channel clearance is the same as B2 and n 71


			Lower edge of 617 MHz allows greater separation to DTV. However recent simulations show a guard band of 4 MHz is needed. Therefore, the TV channel clearance is the same as B1 and n 71





			Implementation complexity


			Filter is more difficult. Modem is simpler. 


Front end is simpler


			Filter is simpler. 
Modem is more difficult. 
Overall front-end complexity is increased





			Compatibility with n71


			A UE implementation that supports variable Rx-Tx separation for n71, and the network utilising blocks 2-8 (or a subset) could support the same frequency range as band n71.





			Possible with network signalling (one of the duplexers same as n71)





			Ecosystem


			if a single filter can meet both B1 and n71 performance*then n71 is fully leveraged for these devices.


			n71 filter may be reused with redesign for narrow duplex gap, a second filter is unique to this band and would need to be populated by OEM








* A vendor indicated confidence that single filter B1 is feasible without adverse effect to Band n71
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1. A B1 or B2 base station (BS) with corresponding B1 or B2 UE’s is the recommended deployment approach. A B1 or B2 BS is expected to be able to support an n71 UE from the start. 


1. If an operator installs a B1 or B2 base station and starts with n71 handsets ahead of B1 or B2 handsets, for B1 this will require a UE implementation that supports variable Rx-Tx separation for n71. If a UE doesn’t support variable Rx-Tx separation for n71 it will use a different band. Eventually we can expect all handsets to be B1 or B2 capable globally.


1. If an operator installs n71 BS first and then needs to support B1 or B2 later, then this n71 base station may need to be swapped with a new B1 or B2 BS; or if the system software upgrade is possible, only some parts of hardware, such as RF and antenna (without full B1 or B2 support) may need to be replaced with new ones capable of B1 or B2.





[bookmark: _Toc98883780]Recommendations





The informal correspondence group arrived at the following conclusion after its deliberations and the industry therefore suggests: 


1. That B1 is the preferred option for APT and be referred to as the ‘APT 600 MHz’ band.


1. That AWG invites 3GPP to immediately start work on the technical specifications to support Option B1.


1. That B2 may be considered as an option for later standardization should it be required (in a 35 MHz + 35 MHz configuration).





[bookmark: _Toc98883781]Correspondence Group Involvement





The Informal Correspondence group included participants from the following APT Wireless Group members


Apple, Ericsson Vietnam Co Ltd, GSMA (Hong Kong), Huawei Technologies Co. Limited, IAFI, Nokia Pte Ltd, Qualcomm Inc, Samsung, Spark NZ Ltd and Telstra.
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