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1. Introduction

In the RAN#47 meeting in Vienna, a new work item was approved to support LTE operation in the L-Band in North America [1]. A list of foreseen changes and a skeleton TR has been approved and updated in [2].
This document provides the LTE eNodeB OOBE and UE spurious emission requirements for L-Band in North America which will have an impact on the specifications work being conducted by RAN4 in order to provide support for this band.  
Owing to the fact that satellite-driven intra-L-band requirements are not being standardized in 3GPP, for the reasons described below, the complete emission specifications for the BTS and the Device will comprise a public 3GPP baseline component and a proprietary component which will be shared with SkyTerra’s suppliers under NDA.  It will also be shared with individual, interested members of 3GPP under NDA.

2. Discussion

In 2003, the FCC and Industry Canada approved rules permitting Mobile Satellite Services (MSS) and Ancillary Terrestrial Component (ATC) operations in assigned L-Band frequency bands.  In the US and Canada, these rules allow ATC network operations to coexist with neighboring bands and services.  Subsequently in 2010, FCC improved the rules to allow for a high powered, cost-efficient LTE network. The arrangement of the band is shown below:
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Fig 1.  L-Band Spectrum Band Plan
Subject to coordination with other satellite operators, of which Inmarsat is the principal “other operator” in North America, the FCC permits Skyterra to operate its ATC (i.e. terrestrial LTE network) anywhere in the following bands:
· 1525 – 1559 MHz: Down-link (eNodeB transmit, UE receive)
· 1626.5 – 1660.5 MHz: Up-link (UE transmit, eNodeB receive)
Pursuant to the above authorization, Skyterra plans to deploy 5 MHz and 10 MHz LTE channels, along with satellite service, anywhere within the 34 MHz band of the UL/DL. 
2.1   Intra-L-Band Geographic Coordination Requirements

Within the L-band, coordination with other satellite operators is a bilateral matter between SkyTerra and the other operator(s) (both under ITU and FCC rules).  Furthermore, it is subject to confidentiality agreements with those operators and also subject to change over time.  Hence it is not considered appropriate to discuss them in 3GPP.  The only exception to the above is the requirement in the FCC Order to coordinate with the SAR and RAS services (see Fig 2 below), which are a public service with a fixed spectrum allocation within the L-band.  The requirements for coordinating these is described below. 
2.1.1 Search & Rescue (SAR) Protection
Every ATC BTS within 80 km or radio horizon of a SARSAT receiver operating in the 1544 – 1545 MHz, whichever is shorter, would be required to be coordinated with that SARSAT receiver. Similarly, every outdoor microcell within 45 km or radio horizon of a SARSAT receiver, whichever is shorter, would be required to be coordinated with that SARSAT receiver 

· SkyTerra plans to achieve compliance with the SAR requirements through geographical coordination between the ATC eNB and SARSAT receiver.  It is not considered necessary to introduce special emission rules, over and above normal 3GPP rules, for SAR coordination. 

2.1.2 Radio Astronomy System (RAS) Protection
ATC mobile terminals shall be operated in a fashion that takes all practicable steps to avoid causing interference to U.S. radio astronomy service (RAS) observations in the 1660–1660.5 MHz band.  Protection to RAS will be offered through coordination.
Fig 2.  Spectral location of SAR and RAS within L-band
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2.2    Out-Of-Band-Emissions (OOBE) to non-3GPP Bands outside L-band
The FCC Order obligates SkyTerra to protect services in adjacent bands as described below.  Where special protection requirements are not specified, general FCC rules (see Fig 3. below), described below, apply.

2.2.1  General Rule Regarding Unwanted Emissions FCC Emission Limitations, Par. 25.202
Unless specified, generic FCC emission limits apply outside L-band is:
· In any 4 kHz band, the center frequency of which is removed from the assigned frequency by more than 50% up to and including 100% of the authorized bandwidth:  25 decibels;
· In any 4 kHz band, the center frequency of which is removed from the assigned frequency by more than 100% up to and including 250% of the authorized bandwidth:   35 decibels;
· In any 4 kHz band, the center frequency of which is removed from the assigned frequency by more than 250% of the authorized bandwidth : an amount equal to 43 decibels plus 10 times the logarithm (to the base 10) of the transmitter power in watts 
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Fig 3.  FCC Unwanted Emissions Limitations
2.2.2 Defense/Aeronautical (MAT) Protection
The obligations of an ATC network to Mobile Aeronautical Telemetry systems operating in 1435 – 1525 MHz band are outlined as follows:

· Take all practicable steps to avoid locating ATC base stations within radio line of sight of Mobile Aeronautical Telemetry (MAT) receive sites in order to protect U.S. MAT systems consistent with ITU-R Recommendation ITU-R M.1459. MSS ATC base stations located within radio line of sight of a MAT receiver must be coordinated with the Aerospace and Flight Test Radio Coordinating Council (AFTRCC) for non-Government MAT receivers on a case-by-case basis prior to operation. For government MAT receivers, the MSS licensee shall supply sufficient information to the Commission to allow coordination to take place. A listing of current and planned MAT receiver sites can be obtained from AFTRCC for non-Government sites and through the FCC’s IRAC Liaison for Government MAT receiver sites.
As with SAR, protection will be offered through geographical coordination during deployment.  In addition to geographical coordination between the ATC eNB and MAT receiver, general FCC emission limits apply.
2.2.3 GPS Band Protection

The obligations of an L-band eNodeB to GPS band operating in 1559 – 1610 MHz are outlined as follows:
· Narrowband Emissions - (EIRP of discrete emissions of less than 700 Hz bandwidth, averaged over any 2 millisecond active transmission interval):    
· [-110 dBW from 1559 to 1610 MHz]
· Wideband Emissions - (averaged over any 2 millisecond active transmission interval):
· [-100 dBW/MHz from 1559 to 1610 MHz]
3. UE Emissions Requirements
The following information outlines the UE emissions masks for 3GPP and the FCC for L-Band ATC deployment.
· Out-of-Band Emissions for Mobile Terminals for Protection of GPS band:
· Narrowband Emissions - (EIRP of discrete emissions of less than 700 Hz bandwidth, averaged over any 2 millisecond active transmission interval):    
· 1559 – 1605 MHz:  [-110 dBW; 105 dBW after 5 years]
· 1605 – 1610 MHz:  [Linear interpolation from -100 dBW to -76 dBW; (after 5 years): linear interpolation from -105 dBW to -81 dBW]
· Wideband Emissions - (averaged over any 2 millisecond active transmission interval):
· 1559 – 1605 MHz:  [-90 dBW/MHz; (after 5 years) -95 dBW]
· 1605 – 1610 MHz:  [Linear interpolation from -90 dBW to -66 dBW; (after 5 years):  linear interpolation from -95 dBW to -71 dBW]
· OOCE limit of -58 dBW/4kHz per terminal at a 1 MHz offset from the edge of the spectrum used for ATC
· Per FCC rules ATC mobile terminal shall observe a maximum power limit of 0 dBW
· Figure 4 below plots UE emission mask using 3GPP allowed power limit of +23 dBm
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Fig 4.  UE L-band FCC  & 3GPP Emission limits
L-Band UEs will meet the 3GPP spurious emission requirements for UE-to-UE co-existence per 3GPP TS 36.101. Spurious emission requirements from the addition of this new band are expected to be the same as those required from the addition of other new US bands in 3GPP.  

4. Summary & proposal

It is proposed that following text will be drafted based on the information provided above to be included in the skeleton TR R4-102590 [2].  The text proposal is provided below. 
4.1
  Text proposal

<Start of change>
  4.2   Regulatory and Emissions Details
In 2003, the FCC and Industry Canada approved rules permitting Mobile Satellite Services (MSS) and Ancillary Terrestrial Component (ATC) operations in assigned L-Band frequency bands.  In the US and Canada, these rules allow ATC network operations to coexist with neighboring bands and services.  Subsequently in 2010, FCC improved the rules to allow for a high powered, cost-efficient LTE network. The arrangement of the band is shown below:
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Fig 1.  L-Band Spectrum Band Plan
Subject to coordination with other satellite operators, of which Inmarsat is the principal “other operator” in North America, the FCC permits Skyterra to operate its ATC (i.e. terrestrial LTE network) anywhere in the following bands:

· 1525 – 1559 MHz: Down-link (eNodeB transmit, UE receive)
· 1626.5 – 1660.5 MHz: Up-link (UE transmit, eNodeB receive)
Pursuant to the above authorization, Skyterra plans to deploy 5 MHz and 10 MHz LTE channels, along with satellite service, anywhere within the 34 MHz band of the UL/DL. 

4.2.1  Intra-L-Band Geographic Coordination Requirements

Within the L-band, coordination with other satellite operators is a bilateral matter between SkyTerra and the other operator(s) (both under ITU and FCC rules).  Furthermore, it is subject to confidentiality agreements with those operators and also subject to change over time.  Hence it is not considered appropriate to discuss them in 3GPP.  The only exception to the above is the requirement in the FCC Order to coordinate with the SAR and RAS services (see Fig 2 below), which are a public service with a fixed spectrum allocation within the L-band.  The requirements for coordinating these is described below. 
4.2.2 Search & Rescue (SAR) Protection

Every ATC BTS within 80 km or radio horizon of a SARSAT receiver operating in the 1544 – 1545 MHz, whichever is shorter, would be required to be coordinated with that SARSAT receiver. Similarly, every outdoor microcell within 45 km or radio horizon of a SARSAT receiver, whichever is shorter, would be required to be coordinated with that SARSAT receiver 

· SkyTerra plans to achieve compliance with the SAR requirements through geographical coordination between the ATC eNB and SARSAT receiver.  It is not considered necessary to introduce special emission rules, over and above normal 3GPP rules, for SAR coordination. 

4.2.3 Radio Astronomy System (RAS) Protection
ATC mobile terminals shall be operated in a fashion that takes all practicable steps to avoid causing interference to U.S. radio astronomy service (RAS) observations in the 1660–1660.5 MHz band.  Protection to RAS will be offered through coordination.
Fig 2.  Spectral location of SAR and RAS within L-band
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4.3    Out-Of-Band-Emissions (OOBE) to non-3GPP Bands outside L-band
The FCC Order obligates SkyTerra to protect services in adjacent bands as described below.  Where special protection requirements are not specified, general FCC rules (see Fig 3. below), described below, apply.

4.3.1 General Rule Regarding Unwanted Emissions FCC Emission Limitations, Par. 25.202
Unless specified, generic FCC emission limits apply outside L-band is:

· In any 4 kHz band, the center frequency of which is removed from the assigned frequency by more than 50% up to and including 100% of the authorized bandwidth:  25 decibels;
· In any 4 kHz band, the center frequency of which is removed from the assigned frequency by more than 100% up to and including 250% of the authorized bandwidth:   35 decibels;
· In any 4 kHz band, the center frequency of which is removed from the assigned frequency by more than 250% of the authorized bandwidth : an amount equal to 43 decibels plus 10 times the logarithm (to the base 10) of the transmitter power in watts 
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Fig 3.  FCC Unwanted Emissions Limitations
4.3.2 Defense/Aeronautical (MAT) Protection

The obligations of an ATC network to Mobile Aeronautical Telemetry systems operating in 1435 – 1525 MHz band are outlined as follows:

· Take all practicable steps to avoid locating ATC base stations within radio line of sight of Mobile Aeronautical Telemetry (MAT) receive sites in order to protect U.S. MAT systems consistent with ITU-R Recommendation ITU-R M.1459. MSS ATC base stations located within radio line of sight of a MAT receiver must be coordinated with the Aerospace and Flight Test Radio Coordinating Council (AFTRCC) for non-Government MAT receivers on a case-by-case basis prior to operation. For government MAT receivers, the MSS licensee shall supply sufficient information to the Commission to allow coordination to take place. A listing of current and planned MAT receiver sites can be obtained from AFTRCC for non-Government sites and through the FCC’s IRAC Liaison for Government MAT receiver sites.
As with SAR, protection will be offered through geographical coordination during deployment.  In addition to geographical coordination between the ATC eNB and MAT receiver, general FCC emission limits apply.

4.3.3 GPS Band Protection

The obligations of an L-band eNodeB to GPS band operating in 1559 – 1610 MHz are outlined as follows:
· Narrowband Emissions - (EIRP of discrete emissions of less than 700 Hz bandwidth, averaged over any 2 millisecond active transmission interval):    
· [-110 dBW from 1559 to 1610 MHz]
· Wideband Emissions - (averaged over any 2 millisecond active transmission interval):
· [-100 dBW/MHz from 1559 to 1610 MHz]
4.4  UE Emissions Requirements

The following information outlines the UE emissions masks for 3GPP and the FCC for L-Band ATC deployment.
· Out-of-Band Emissions for Mobile Terminals for Protection of GPS band:
· Narrowband Emissions - (EIRP of discrete emissions of less than 700 Hz bandwidth, averaged over any 2 millisecond active transmission interval):    
· 1559 – 1605 MHz:  [-110 dBW; 105 dBW after 5 years]
· 1605 – 1610 MHz:  [Linear interpolation from -100 dBW to -76 dBW; (after 5 years): linear interpolation from -105 dBW to -81 dBW]
· Wideband Emissions - (averaged over any 2 millisecond active transmission interval):
· 1559 – 1605 MHz:  [-90 dBW/MHz; (after 5 years) -95 dBW]
· 1605 – 1610 MHz:  [Linear interpolation from -90 dBW to -66 dBW; (after 5 years):  linear interpolation from -95 dBW to -71 dBW]
· OOCE limit of -58 dBW/4kHz per terminal at a 1 MHz offset from the edge of the spectrum used for ATC
· Per FCC rules ATC mobile terminal shall observe a maximum power limit of 0 dBW

· Figure 4 below plots UE emission mask using 3GPP allowed power limit of +23 dBm
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Fig 4.  UE L-band FCC  & 3GPP Emission limits
L-Band UEs will meet the 3GPP spurious emission requirements for UE-to-UE co-existence per 3GPP TS 36.101. Spurious emission requirements from the addition of this new band are expected to be the same as those required from the addition of other new US bands in 3GPP.
<End of change>
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