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1. Introduction

This document provides a brief description of current Brazilian regulatory scenario for 450-470 MHz band, with the purpose of supporting initial coexistence analysis in the scope of WI RP-121414, which has been recently approved in TSG RAN Meeting #57.
2. Discussion

2.1. Background
In 2010, Brazilian Government launched the National Broadband Program (NBP) with the purpose of increasing broadband access and providing low cost access to 40 million households all over the country. In order to accomplish these goals, among several other actions and policies, the Program comprises short term availability of 450-470 MHz band for broadband wireless services.

In this context, ANATEL (Brazilian National Telecommunications Regulatory Agency) Resolution 558 [1] established the new regulation for the 450-470 MHz band at Brazil, which defines the 451-458 MHz and the 461-468 MHz sub-bands on a primary, non-exclusive basis, for SMP, STFC and SCM services. According to this new regulation, a single license with 2 x 7 MHz channelization can be granted in each geographic area for mobile, fixed, and multimedia communication services on a primary basis. 
It’s worth mentioning that 450-470 MHz band has already been allotted for IMT mobile services on a global basis by the ITU in the 2007 World Radiocommunication Conference (WRC-07). In addition to voice services, broadband and multimedia, applications can be used to provide services for telemedicine, teleducation, remote access for businesses and utilities and public safety applications to assist in disaster mitigation, among others. Therefore, current ANATEL rules for 450-470 MHz band comply with ITU rules.
2.2. Current Brazilian 450-470 MHz band regulation 

The Brazilian regulation for 450-470 MHz band is currently defined by ANATEL Resolution 558 [1], and is shown in Figure 1. The 451-458 MHz / 461-468 MHz sub-bands are allotted for SMP, STFC and SCM services. All other services are random in time (PTT) and in position (fixed-to-mobile links), and use narrow-band channels such as 12.5 kHz or 25 kHz (NFM / Voice). SLP stations can be used to provide low speed data (FSK / PSK), for telemetry services. 
Appropriate coordination rules shall be adopted for the deployment of in-band services (SLP-Aero, SMM), so these services are not considered relevant for the coexistence analysis.
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Figure 1 - 450 MHz band overview.
2.3. Adjacent services to 451-468 / 461-468 MHz sub-bands 
This section provides a synthesis of the current regulatory rules at Brazil that turns into requirements for coexistence analysis of within of 450-470 MHz band, with focus on adjacent services to 451-458/461-468 MHz sub-bands. The rules are defined in terms of channel characteristics, such as width, spacing, nominal center frequency, output or effective radiated power and some antenna issues, are defined in the Frequency Band Channelization and Usage Conditions regulations, as shown in Table 1. 
The out-of-band interference characteristics, such as transmission mask, out-of-band spurious emissions and maximum output power, are defined in the Product Certification Requirements regulations, in section 2.5.

	Frequency Sub-Bands
	Service(s)
	Regulation

	451-458 MHz and 461-468 MHz

458-460 MHz and 468-470 MHz

450-451 MHz and 460-461 MHz
	STFC, SCM, SMP

 SLMP, SLP, SLE

SARC (*)
	#558 (Dec-20th/2010) [1]

	450-451 MHz and 460-461 MHz
	SARC
	#584 (Mar-27th/2012) [2]

	451.6-454 MHz and 456.6-459 MHz
	SLP-Aero
	#446 (Oct-17th/2006) [4]

	457.6-457.6 MHz and 467.5-467.6 MHz
	SMM
	SNC #52 (Jun-6th/1991) [5]


(*) The SARC service frequency allocation changes are established in Resolution 558, but the complete frequency usage and power limits are specified in Resolution 584[2].

Table 1 - Frequency band channelization and usage conditions regulations related to the 450-470 MHz band.
2.3.1. 450-470 MHz band channelization and frequency usage conditions

Tables 2 and 3 show the main rules defined by the ANATEL regulation 558/2010. Table 2 shows the uplink and downlink sub-bands allotted within 450-470. Table 3 shows all other sub-bands allotted to the potentially interfering services. 

	Frequency Sub-band
	Services
	Notes

	451-458 MHz

461-468 MHz
	SMP, STFC, SCM
	These sub-bands apply to telephony and broadband services mainly at rural areas with low density or underserved population. Authorization process will allow only one service provider for geographic region. The maximum Effective Radiated Power (E.R.P.) in the 451-458 MHz and 461-468 MHz sub-bands must be limited to the values presented in Table 4. The original channel spacing in these sub-bands is 1.25 MHz, but aggregation is allowed. Any antenna polarization and azimuth pattern for sector coverage can be applied, as well any arrangement of them. When a sectorized system is adopted in locations with more than 100,000 inhabitants the sector shall be limited to 120 degrees.


Table 2 - Services in 451-458/461-468 MHz sub-bands.

	Frequency Sub-band
	Services
	Notes

	450-451 MHz

460-461 MHz
	SARC
	Electronic news gathering, internal dispatch, studio-transmitter link, remote-control and telemetering. The channel spacing and nominal carrier frequencies are defined by Equations 1 and 2. The power limits is shown in Table 5. All other technical characteristics as established by ANATEL Resolution 584/2012.

	458-459 MHz

468-469 MHz
	SLMP
	The channel spacing and nominal carrier frequencies are defined by Equation 3 (uplink) and Equation 4 (downlink). The SLMP service is allotted in channels 1 to 80 and the SLP and SLE services are allotted in channels 81 to 160. The channels can be aggregated or used as in a submultiples way. In both cases the transmission bands must be respected and the carrier must be at the center of the aggregated channel. The maximum power, delivered to the antenna connector must be limited to the values presented in Table 6 and any antenna polarization and azimuth pattern for sector coverage, can be applied, as well any arrangement of them. The channels 81 (459.0000 / 460.0000 MHz) to 84 (459.0375 / 469.0375 MHz) will be authorized primarily for the telemetering service, allotted for the public service providers that operate in electricity, gas and water distribution sectors.

	459-460 MHz

469-470 MHz
	SLP, SLE
	

	451.5875-454 MHz

456.5875-459 MHz
	SLP-Aero
	Restricted to airports local operations, in primary basis and without exclusivity. The SLP-Aero has a 10 km radius of exclusive protected area without sharing the allotted sub-bands with other service. The protected area center is defined by the airport geographic coordinates. However, in accordance with regulation 558/2010, is possible to establish sharing / refarming agreements. The channels numbering and nominal carrier frequencies don't have a regular frequency step and are shown in Table 7. The Equivalent Isotropically Radiated Power (E.I.R.P) is limited to 43 dBm, for the Base and Repeaters Stations, 40 dBm for Vehicular Stations and 37 dBm for Mobile (Hand-held) Stations. The systems shall support electric field intensity lower than 28 mV/m in adjacent channels, and 2,6 mV/m of co-channel interference. The Base Station antenna has to use a coverage sector equal or greater than 60 degrees. There are 98 airports listed in the regulation annex with their geographical localization, that enables some simulations about the 10 km protected service area.

	457.525 MHz, 457.550 MHz, 457.575 MHz, 467.525 MHz, 467.550 MHz, 467.575 MHz
	SMM
	Six onboard operations channels. The new services that will operate in 457.5-457.6 MHz and 467.5-467.6 MHz sub-bands will have to have previous coordination with the SMM users operating in the same service area. The Effective Radiated Power is limited to 2W.


Table 3 - Sub-bands allotted to the potential interfering services.
	Station
	Power (ERP)

	Base Station
	48 dBm

	Terminal (Fixed or Mobile)
	30 dBm


Table 4 - 451-458 MHz and 461-468 MHz sub-bands ERP Power Limits.
	Channel width
	12,5 and 25,0 kHz

	Output Power (Fixed or Mobile Station conducted power)
	20 W

	Fixed Station E.I.R.P.
	61 dBm

	Mobile Station E.I.R.P.
	54 dBm


Table 5 - SARC Technical Characteristics.
	Station
	Power (W)

	Base Station
	250

	Terminal (Fixed or Mobile)
	25


Table 6 - 458-460 MHz and 468-470 MHz sub-bands power limits.
	Channel
	Base Station Tx (MHz)
	Mobile Tx 

(MHz)
	Channel
	Base Station Tx (MHz)
	Mobile Tx

(MHz)

	1
	456.800
	451.800
	21
	457.800
	452.800

	2
	456.850
	451.850
	22
	457.825
	452.825

	3
	456.925
	451.925
	23
	457.850
	452.850

	4
	457.025
	452.025
	24
	457.900
	452.900

	5
	457.075
	452.075
	25
	457.950
	452.950

	6
	457.125
	452.125
	26
	457.975
	452.975

	7
	457.200
	452.200
	27
	458.025
	453.025

	8
	457.250
	452.250
	28
	458.125
	453.125

	9
	457.300
	452.300
	29
	458.175
	453.175

	10
	457.350
	452.350
	30
	458.250
	453.250

	11
	457.425
	452.425
	31
	458.300
	453.300

	12
	457.475
	452.475
	32
	458.325
	453.325

	13
	457.550
	452.550
	33
	458.350
	453.350

	14
	457.575
	452.575
	34
	458.400
	453.400

	15
	457.625
	452.625
	35
	458.450
	453.450

	16
	457.675
	452.675
	36
	458.525
	453.525

	17
	457.700
	452.700
	37
	458.675
	453.675

	18
	457.725
	452.725
	38
	458.725
	453.725

	19
	457.750
	452.750
	39
	458.800
	453.800

	20
	457.775
	452.775
	40
	458.950
	453.950


Table 7 - SLP-Aero sub-band channeling as ANATEL Resolution 446/2006.

fN (MHz) = [(N x 0.025) + 450], N = 1 to 40.            (Eq. 1)

fN (MHz) = [(N x 0.025) + 460], N = 1 to 40.            (Eq. 2)

fN (MHz) = [((N-1) x 0.0125) + 458], N = 1 to 160    (Eq. 3)

fN (MHz) = [((N-1) x 0.0125) + 468], N = 1 to 160    (Eq. 4)
2.4. Adjacent services to 450-470 MHz band
In current Brazilian regulatory scenario, adjacent services to 450-470 MHz band are also recommended to be in the scope of coexistence analysis. Indeed, TS 36141 states that out-of-band interference shall be considered in a frequency range up to 20 MHz around the channels.

The 470-490 MHz sub-band is the first 20 MHz of the 470-806 MHz band, which is currently designated by ANATEL to UHF TV service. The coexistence between LTE broadband service in 450 MHz band and the UHF TV service can be evaluated taking into account the requirements specified in Resolutions 498 [6] and 284 [7].

Despite the 430-450 MHz band is recommended for coexistence analysis, the 430-440 MHz band is allotted by ANATEL for Amateur Radio Service. However, the occupation of this band is quite sparse at Brazil and the interference probability of this service on 450 MHz band is very low. Thus, the proposal is to focus on the coexistence analysis of 440-450 MHz band, considering adjacent services STFC, SMP, SME and SMC, as per Table 11 below, based on the requirements already detailed in sections 2.3 and 2.4.
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Table 8 - Narrowband services within 360 - 450 MHz range.
2.5. Product Certification Requirements regulations

Table 9 shows the regulation documents to be considered for evaluating potential interference among services, based on currently Product Certification Requirements for services related to 450-470 MHz band, as per ANATEL. Table 10 is describes the more relevant requirements defined in such regulation, for the purpose of coexistence analysis.

	Service
	Regulation
	Equipment

	SMP
	554/2010
	Base Station Tcvr

	Limited Service (SLP, SLE, SLMP)
	361/2004
	Tcvr (Fixed, Mobile or HH)

	Public service (STFC, SCM)
	359/2004
	Digital Tcvr < 1GHz

	SARC
	584/2012
	Tx and Rx

	TV – Analog
	284/2001
	Tx

	TV – Digital
	498/2008
	Tx


Table 9 - Product Certification Requirements for services.
	Service
	Regulation
	Scope
	Output Power
	Spurious Emissions

	Mobile Public Service

 (SMP)
	#554/2010
	Base Stations and Repeaters for the Mobile Personal Services.
	Shall comply with the frequency band usage conditions.
	For LTE: 3GPP TS36141V9.8.0 Section 6 (Transmitter Characteristics) and section 7.7 (Receiver Characteristics - Spurious Emissions).

	Limited Services 

(SLP, SLE, SLMP)
	#361/2004
	Analog FM and PM, half-duplex (PTT), single-channel, voice transceiver, that operates at frequencies bellow 1 GHz.
	Shall comply with the frequency band usage conditions or, if it's not specified, it shall be limited to +40 dBm.
	Shall be limited to the mask shown in Figure 2. The spurious and harmonics levels, measured at the antenna connector,  with frequency offset greater than 250% of the channel spacing, shall not exceed the limit established in Figure 2 for f'/∆f = 2.5. 



	Fixed Public Services

(STFC, SCM)
	#359/2004
	Transmitters and transceivers for Point-Multipoint Fixed services.
	Shall comply with the frequency band usage conditions or, when not specified, it shall limited to +43 dBm.
	Shall be limited to the mask shown in Table 11. 

Receiver spurious emissions - shall comply with ITU-R SM329-9 recommendation.



	Broadcast Ancillary Service

(SARC)
	#584/2012
	Transmitters and transceivers for the Ancillary Broadcast service, with channel bandwidth of 12.5 kHz or 25 kHz.
	20 W, for fixed or mobile stations, and limited to +61 dBm E.I.R.P. for fixed stations and to +54 dBm E.I.R.P. for mobile stations.
	Not specified.

	Broadcast Analog TV
	#284/2001
	Transmitters for Analog TV Broadcast service
	Limited by the values shown in Table 12.
	Limited to the values shown in Table 13.

	Broadcast Digital TV
	#498/2008
	Transmitters for Digital TV Broadcast service.
	Limited by the values shown in Table 14.
	Shall be limited to -60 dBc or to 20mW in any case, for output power greater then 25 W. For transmitters with less than 25 W of output power, the spurious emissions shall be limited to 25 uW. Table 15 shows these limits.


Table 10 - Relevant requirements for coexistence analysis.
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Figure 2 - Emission Spectrum Mask.
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f' - frequency shift from the center frequency

∆f - Channel spacing

M - Number of modulation levels

Table 11 - Transmission mask.
	Station Class
	Output Power (ERP)
	Protected Contour (km)

	Special
	1,600 kW (32dBk)
	53

	A
	160 kW (22dBk)
	40

	B
	16 kW (12 dBk)
	26

	C
	1,6 kW (2,04 dBk)
	14


Note: The UHF repeater transmitter output power (ERP) is limited to 360 W.

Table 12 - Output maximum power for UHF analog TV transmitters.
	Frequency offset related to the lower channel limit (MHz)
	Frequency offset related to the upper channel limit (MHz)
	Minimum attenuation related to the video peak power (dB)

	0
	0
	20

	-2,33
	-
	42

	-3,00
	+3,00
	40+10logP(W) (P<100W)

60 (P>100W)

Limited to 12mW


Note: any spurious emissions at frequency shift greater than 3 MHz up or down the channel limits shall be limited to the values shown in Table 9 for +/- 3MHz frequency offsets.

Table 13 - Out-of-channel spurious emissions for Analog TV transmitters.
	kW
	No.
	

	80,00
	100,00
	6%

	8,00
	493,00
	27%

	0,80
	677,00
	38%

	0,08
	406,00
	23%


Table 14 - Standard ERP limits for 93% of total allocated UHF Digital TV Channels.
	Frequency offset related to the OFDM carriers central frequency (MHz)
	Minimum attenuation related to the channel mean power (dB)

	> 15
	60 dB (P>25W) limited to 20 mW

	< 15
	25 uW (P<25W)


Table 15 - Maximum spurious emission for Digital TV transmitters.
3. Conclusion
In this contribution, an overview of current regulatory scenario for the 450-470 MHz band in Brazil is provided, comprising a first set or potential requirements for coexistence analysis, which we suggest to part of the technical report related to coexistence analysis for WI RP-121414.  
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3.3
Abbreviations

Follows the abbreviations adopted in this document.


SARC



Broadcast Auxiliary Service 

SCM



Multimedia Communication Service 

SLE



Specialized Limited Service 

SLMP



Private Mobile Limited Service

SLP



Private Limited Service 

SLP-Aero


Airport ground communications 

SMM



Maritime Mobile Service
SMP



Personal Mobile Service
STFC



Fixed Switched Telephony Service
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