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April 23, 2015 

Marlene Dortch 
Secretary 
Federal Communications Commission 
Washington, DC 20554 

2300 N STREE T, NW 

S U ITE 700 

WAS H I NG T ON , DC 20037 

TEL 202 .783 . 4141 

FAX 202.783.5851 

WWW. WBKLAW. CO M 

PAU L S1NDERBRAND 

Re: ET Docket No. 12-338: NOTICE OF EXP ARTE COMMUNICATION 

Dear Ms. Dortch: 

I am writing pursuant to Section l.1206(b)(2) of the Commission' s Rules to notify the 
Commission that yesterday, Declan Byrne, President of the WiMAX Forum, Brian Crowe and 
Shoichi Hanatani of Hitachi, Aloke Roy of Honeywell and Brent Phillips of the Federal Aviation 
Administration and the undersigned met with Scot Stone and Tim Macguire of the Wireless 
Telecommunications Bureau and Jamison Prime, Mark Settle, Tom Mooring and Aspasia 
Paroutsas of the Office of Engineering and Technology to inquire of the status of above­
referenced matter and to provide Commission staff with an update on the efforts of the WiMAX 
Forum to develop a consensus within the aviation industry over possible service rules to facilitate 
the deployment of the Aeronautical Mobile Airport Communications System. The attached 
presentation, which was distributed to the Commission attendees, summarizes the WiMAX 
Forum presentation. In addition, in advance of the meeting the WiMAX Forum provided 
Commission staff with a link to its recent white paper, "AeroMACS: Delivering Next Generation 
Communications to the Airport Surface," a copy of which is also attached. 

Pursuant to Sections l. 1206(b)(2) and l.49(f) of the Commission's Rules, this letter is 
being filed electronically with the Commission via the Electronic Comment Filing System. 
Should you have any questions regarding this presentation, please contact the undersigned. 

Paul J. Sinderbrand 

Attachments 
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AeroMACS Band-plan 
Discussion 
• Introduction & background 

- ITU adopted band-plan 

- Network reference model 

- Relevant standards organizations 

1. Technical parameters for equipment - slide 8 

Eligible licensees and users - slide 12 

Process for authorized channel access - slide 13 

Federal vs. non-federal users - slide 14 

2. 
3. 
4. 
5. Authorized services and applications (high level) - slide 15 

a J Other potential services 

6. Geographical coverage limits - slide 17 

,. Concluding remarks - slide 18 

-'-:-r: AeromACS Copyright 2015 WiMAX Forum. All rights reserved .,WiffiAXFORUM<; 
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International Spectrum for 
Aero MACS 
• Adopted by ITU at WRC-07 

• AeroMACS SHALL support 5 MHz channels in the 5000 
to 5150 MHz band1 

• Core Band: 5091-5150 
- ITU WRC-07 Adopted (Co-primary AM(R)S allocation) 

- Supports ELEVEN 5 MHz Channels 

• Future (as available): 5000-5030 MHz 
- Provides an additional FIVE 5 MHz Channels 

1 Minimum Operational Performance Standards (MOPS) For the Aeronautical Mobile Airport 
Communication System (AeroMACS) 

.J... ::J;: AeromACS Copyright 2015 WiMAX Forum. All rights reserved ~WiffiRXFORUM .. 
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AeroMACS Bandplan 

5091 MHz 

~M~il 

5095 MHz 

5000 MHz 
• 

~M~/1 .............. 

5005 MHz 
..J... 

:,(_: AeromACS 

30 MHz 

59 MHz 

5030_MHz 

5150 MHz 

5145 MHz 

• 5091-5150 MHz internationally 
allocated by ITU WRC-07 

• 5000-5030 MHz identified as 
possible additional spectrum as 
available nationally 

Copyright 2015 WiMAX Forum. All rights reserved ~WiffiAX FORUM 
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AeroMACS Airport Network 

R2 
~ ------: -------t --: : --: : ----: ---:--_-_-_-_-----_---, ------
I I I 
1-., ASN I I 

R1 
-L---~---------L------- - - - - - - BS t- 1 SS 

R3 I 

ASN: Access Service I RS AGSWN - F - - - -:- - - -~ -1 CSN 
Network -r R3 _ 
ASP: Application Service 1 

__....._____, 
Provider I CSN 
CSN: Connectivity Service BS 
Network 
GW: Gateway 
SS: Subscriber Station 
including: fixed, nomadic, & 
mobile stations 

Ii 

~-:r 
BS: Base Station including: 
pico, micro and macro cells 
Rn: IEEE 802.16e protocol 
interfaces 

Another ASN 
ASP #1 : 

FAA, ACSP, 
ANSP 

ASP #2: 
Airline if 

necessary 

CSN 

ASP #3: 
Airport if 

necessary 

Control and Data Path - -t - - Control Path Only - -t - · 
• BS Backhau/ comprised of wireline (fiber) and/or wireless media 

...L.. 

~:_: AeromACS Copyright 2015 WiMAX Forum. All rights reserved ~WiffiRX FORUM 
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Subscriber Stations Include: 
Category 
• Aircraft (A/C) 

- Commercial Passenger 

- Commercial Cargo 

- Private 

,. Equipment Pods 
- Multilateration pods 

- Weather observation pods 

., Airport Ground Handling 
Equipment (GHE) 

Tow vehicles 

- Cargo & baggage handling 

- Passenger shuttles 

- Etc. 

• Authorized personnel 
- Handheld portable devices 
-'-

Mobility Required 
• Mobile 

- Up to 50 nautical miles per hour 

• Stationary 

• Nomadic pico-cell BSs 

:1~: AeromACS Copyright 2015 WiMAX Forum. All rights reserved ., WiffiAX FORUM" 
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Relevant Standards 
Organizations 
• IEEE: IEEE std 802.16-2009 

• WiMAX Forum: AreoMACS Profile 

• RTCA (Radio Technical Commission for Aeronautics): 
Minimal Operational Performance Standards (MOPS) for 
the Aeronautical Mobile Airport Communications 

• ICAO (International Civil Aviation Organization): 
Standards and Recommended Practices (SARPs) 

• EUROCAE (European Organization for Civil Aviation 
Equipment): - Minimum Aviation System Performance 
Standards (MASPs) draft 

...J... 

~AeromACS Copyright 2015 WiMAX Forum. All rights reserved l-' wimRXFORUM 



1. Technical Parameters 

a) Channel BW: 5 MHz channels, 250 kHz step 
• size 

b) Duplexing: TDD 

c) BS & SS EIRP Limits: ensure 2% noise 
threshold limit for non-geostationary satellite 
uplink (Globalstar) slide 9 

d) BS Antenna Elevation slide 10 

e) Spectral Mask (i.e. OOBE) slide 11 

f) AeroMACS certified per WiMAX system profile 
based on IEEE 802.16-2009 

..J.. 

8 ::J: AeromACS Copyright 2015 WiMAX Forum. All rights reserved ~WiffiRX FORUM 
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1 c: BS/SS EIRP Limits1 

• Base Station: 
Dependent on 
elevation angle ---+ 

• Subscriber Station: 
- 30 dBm Maximum2 for 

A/C and GHE 

- 23 dBm for Handheld 
portable devices 

45.0dBm 

40.0dBm 

35.0dBm 
E 
:::s 30.0dBm 
E ·x 25.0dBm 
t"O 
Z 20.0dBm 
CL 
~ 15.0dBm 
w 

10.0dBm 

5.0 dBm 

O.OdBm 

AeroMACS Base Stations EIRP Limits 

19.4dBm 

0 20 40 60 80 

Antenna Elevation Angle in Degrees 

11.4dBm 

100 

1 Based on subgroup of RCTA SC-223 lead by ITT Exe/is to ensure < 2% increase in thermal 
noise temperature for Globalstar feeder links (note: consideration being given to change to 
5%, corresponding to 4 dB increase) 

2 Typically lower in gate areas in consideration of human safety exposure limits 
....L =.J: AeromACS Copyright 2015 WiMAX Forum. All rights reserved "'WiffiAX FORUM· 
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1 d: Recommended BS Antenna 
Elevation Mask [MASPs] 

• 15 dBi sector 
antenna 
- Azimuth 120 

degrees 

• Elevation as 
shown~ 

...I... 

~J~ AeromACS 

160 

ITU-R F-1336-2 Elevation Pattern and Mask 
-lOto 10deg 

l SO -

l~ O 

H ,O 

12.0 

11,0 

io e 
90 --- -- . , ________ ........ __ 

8 .0 

I 
~ 70 ~~--.......__,~~-,~·~~:~-· ~~....-~~.,.---~..__,~~--,\~- - _ _____, 

0 69 l I ~\. , 

so 

~ o I 
~.o - ~ -+--- _____.__ - .,,_ ... 

20 

10 ·.\-....------

00 -- .. --+ ""- """'= ' 
·l 0 

·20 

· JO 
·10 ·S 0 s 10 

a.vatJoa ...... o.c. 

Copyright 2015 WiMAX Forum. All rights reserved ~ WiffiRX FORUM 



1e: AeroMACS Spectral Mask 

AeroMACS Spectral Mask (5 MHz Chan BW) 

O.OdB • • 

-10.0 dB 

-20.0 dB 

-26.0dB 
-30.0 dB 

-32.0 dB - ' 

-40.0 dB 
-50.0dB 

-50.0 dB 

-60.0 dB 

0.0 MHz 2.0 MHz 4.0 MHz 6.0 MHz 8.0 MHz 10.0 MHz 12.0 MHz 

Frequency removed from Center Frequency 

Per: MOPS and SARPs 

.J.. 

11 :J_;- AeromACS Copyright 2015 WiMAX Forum. All rights reserved ~WiffiRX FORLJM• 



2. Eligible Licensees/Users 

• Potential Licensees 
- Network Access Provider (NAP) or, 

- Aeronautical Communication Service Provider or, 

- Airport Operator or, 

- FAA (or entity designated by FAA) 

,. Users 

- FAA 

- TSA or local authorized Security Organization 

- Airport Operator including authorized sub-contractors 

- Airline Carriers (passenger and cargo) 

...L.. 

12 ::J:: AeromACS Copyright 2015 WiMAX Forum. All rights reserved l_.~ WiffiRX FORUM 
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3. Process for Channel Access 

• Advanced security measures (PKMv2) will 
prevent unauthorized access to the AeroMACS 
network 

• AeroMACS SHALL support Quality of Services 
(QoS) and Class of Service (CoS) 

- Ensures critical services get appropriate priority 
access to channel capacity and ensures each 
authorized user has adequate access 

...J.. 

::-J~ AeromACS Copyright 2015 WiMAX Forum. All rights reserved ~WiffiAX FORUM 
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4. Federal vs. Non-Federal Users 

• Federal Users 
- FAA, TSA 

• Non-Federal Users 
- Airline Carriers 

• Medium & large hubs will have multiple commercial 
passenger & cargo carriers 

- Airport Operator 

..L... 

• Local municipality, port authority, private airport owner, law 
enforcement, authorized sub-contractors such as fueling, 
catering services, etc . 

~J:: AeromACS Copyright 2015 WiMAX Forum. All rights reserved ~WiffiRX FORUM 



5. Services & Applications 

• Data and Video will be primary, voice will be secondary 

• Authorized services fall into 5 domains: 
- Air Traffic Management (ATM)/ Air Traffic Control (ATC} 

- Aeronautical Information Services and Meteorological Data 
(AIS/MET) 

- Aircraft Owner/Operator 

- Airport Authority 

- Airport Infrastructure 

• Some examples on next slide 

..J.. 

15 ~J:.: AeromRCS Copyright 2015 WiMAX Forum. All rights reserved l~wimRX FORUM 
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5. Services & Applications (cont.) 

Aviation Authority 

FAA, EUROCONTROL,ACS~ 
ANSP, etc. 

•Air Traffic Control (ATC) 
•Air Traffic Management (ATM) 
• Surface Communications, 

Navigation, Surveillance (CNS) 
• Weather Sensors (Weather 

Observation Improvement, WOI) 

Airport 

Airport Operator/Port 
Authority/TSA Applications 

• Security Video 
• Routine and emergency operation 
•Aircraft de-icing, snow removal, 

etc. 

Airline Carrier 

Airlines (passenger & cargo) 
Applications 

• Advisory Information (to aircraft) 
• Aeronautical Operational Control 

(AOC) 
•System Wide Information 

Management (SWIM) 
• Aeronautical Information 

Services (AIS) 
• Meteorological (MET) data 

services 
• Airline Administrative 

Communications (AAC) 

• Enhanced ATM is essential for minimizing 'Taxi-out' times (significant financial 
benefit) 

• Can expect growth in video surveillance for enhanced airport safety and security 
• Capacity permitting, other lower priority applications may include the uploading of 

ale entertainment services, etc . 
....1... 

1f '-=' AeromACS --------- Copyright 2015 WiMAX Forum. All rights reserved ., WiffiAX FORUM 
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6. Geographical Coverage Limits 

• AeroMACS MUST provide connectivity anywhere on the 
airport surface where aircraft are located. This includes 
two airport domains: 

- Runway and Taxiway areas 

- Gate and/or Ramp areas 

,. AeroMACS coverage will not, intentionally, spill over to 
areas beyond airport surface. Exceptions for security 
purposes, may include: 

- Non-aeronautical airport-controlled areas, such as long & short 
term parking areas, shuttle bus routes, maintenance areas, etc . 

...L ::-Ir- AeromACS Copyright 2015 WiMAX Forum. All rights reserved ~WiffiAX FORUM 



Concluding Remarks 

• AeroMACS is a proven technology based on 
numerous trials and test-beds over the past 
several years 

• Large airport hubs (DFW for one) are interested 
in moving forward with 'Standalone Applications 
Phase' (MLAT, WOI, etc.) 

• AeroMACS will be one of the key enablers for 
'NextGen', a high priority congressionally 
approved and funded program 

...J.... 

1a ~I:: AeromACS Copyright 2015 WiMAX Forum All rights reserved " WiffiRX FORUM 
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Relevant References & Standards 
1. IEEE Std 802.16™-2009 (Revision of IEEE Std 802.16-2004) IEEE Standard for Local and metropolitan area 

networks Part 16: Air Interface for Broadband Wireless Access Systems 29 May 2009 

2. WMF-T32-001-R01 Ov09 - WiMAX Forum® Network Architecture -Architecture Tenets, Reference Model and 
Reference Points Part 0 - Release 1.0 

3. W iMAX Forum Network Architecture (Stage 2: Architecture Tenets, Reference Model and Reference Points) [Part 
1] WMF-T32-002-R010v05 (2009-03-19) 

4. MOPS: Minimum Operational Performance Standards (MOPS) For the Aeronautical Mobile Airport Communication 
System (AeroMACS) - RTCA 

5. MASPs: MINIMUM AVIATION SYSTEM PERFORMANCE STANDARDS For ENHANCED VISION SYSTEMS, 
SYNTHETIC VISION SYSTEMS, COMBINED VISION SYSTEMS And ENHANCED FLIGHT VISION SYSTEMS 
The European Organisation for Civil Aviation Equipment L'Organisation Europeenne pour l'Equipement de 
!'Aviation Civile, ED-179, December, 2008 

6. SARPs: Standards and Recommended Practices, ACP SWG N1/11 WP 13, INTERNATIONAL STANDARDS AND 
RECOMMENDED PRACTICES AERONAUTICAL TELECOMMUNICATIONS ANNEX 10 TO THE CONVENTION 
ON INTERNATIONAL CIVIL AVIATION VOLUME Ill - COMMUNICATION SYSTEMS 

..L.. 

~I~ AeromACS Copyright 2015 WiMAX Forum. All rights reserved ~ WiffiRX FORUM' 
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Copyright Notice, Use Restrictions, Disclaimer, and Limitation of Liability 

Copy right 20 15 WiM AX Forum. A II rights reserved. 

The WiM AX Forum® owns the copyright in this document and reserves all rights herein. This document is available for 
download from the WiMAX Forum and may be duplicated for internal use, provided that all copies contain all proprietary notices 
and disclaimers included herein. Except for the foregoing. this document may not be duplicated, in whole or in part, or 
distributed without the express written authorization of the WiM AX Forum. 

Use of this document is subject to the disclaimers and limitations described below. Use of this document constitutes acceptance 
of the following tenns and conditions: 

THIS DOCUMENT IS PROVIDED "AS IS" AND WITHOUT WARRANTY OF ANY KlND. TO THE GREATEST 
EXTENT PERMITTED BY IAW, THE WiMAX FORUM DISCLAIMS AIL EXPRESS, IMPLIED AND 
STATUI'ORY WARRANTIES, INCUJDING, WITHOUf lJMITATION, THE IMPLIED WARRANTIES OF TITLE, 
NONINFRING™™T, MERCHANTABil.JTY AND FITNFSS FOR A PARTICULAR PURPOSE. THE WiMAX 
FORUM DOES NOT WARRANT THAT THIS DOCUMENT IS COMPLEI'E OR WITHOUI' FRROR AND 
DISCIAIMS ANY WARRANTIES TO THE CONTRARY. 

Any products or services provided using technology described in or implemented in connection with this document may be 
subject to various regulatory controls under the laws and regulations of various governments worldwide. The user is solely 
responsible for the compliance of its products and/or services with any such laws and regulations and for obtaining any and all 
required authorizations, permits, or licenses for its products and/or services as a result of such regulations within the applicable 
jurisdiction. 

NOTHING IN THIS DOCUMENT CREATES At'l'Y WARRANTIES WHATSOEVER REGARDING THE 
APPLICABILITY OR NON-APPUCABII.ITY OF ANY SUCH IAWS OR REGULATIONS OR THE SUITABII.ITY 
OR NON-SUITABIUTY OF ANY SUCH PRODUCT ORSER.VICE FOR USE IN ANY JURISDICTION. 
NOTHING IN THIS DOCUMENT CREATES ANY WARRANTIES WHATSOEVER REGARDING THE 
SUITABILITY OR NON-SUITABILITY OF A PRODUCT OR A SERVICE FOR CERTWICATION UNOER ANY 
CERTIFICATION PROGRAM OF THE WJ!\'lAX FORUM OR At"llY THIRD PARTY. 

The WiMAX Forum has not investigated or made an independent determination rel:lflrding title or non-infringement of any 
technologies that may be incorporated, described or referenced in th.is document. Use of this document or implementation of any 
technologies described or referenced herein may therefore infringe undisclosed third-party patent rights or other intellectual 
property rights. The user is solely responsible for making all assessments relating to title and non-infringement of any 
technology, standard, or specification referenced in this document and for obtaining appropriate authorization to use such 
technologies, technologies, standards, and specifications, including through the payment of any required license fees. 

NOTHING IN THIS DOCUMENT CREATES ANY WARRANTIES OF TITLE OR NONINFRINGEMENT WITH 
RESPECT TO ANY TECHNOLOGIES, STANDARDS OR SPECIFICATIONS REFF.RENCFD OR INCORPORATED 
INTO THIS DOCUMENT. 

IN NO EVENT SHAIL THE WiMAX FORUM OR ANY MEMBER BE IlABLE TO THE USER OR TO A THIRD 
PARTY FOR ANY CLAIM ARISING FROM OR RELATING TO THE USE OF THIS DOCUMENT, INCUJDING, 
WffHOUI' LIMITATION, A CIAIM THAT SUCH USE INFRINGES A THIRD PARTY'S INTEl.IECTUAL 
PROPERTY RIGHTS OR THAT IT FAllS TO COMPLY WITH APPLICABLE IAWS OR REGULATIONS. BY 
USE OF THIS DOCUMENT, THE USER WAIVES ANY SUCH CLAIM AGAINST THE WiMAX FORUM AND ITS 
MEMBERS RELATING TO THE USEOFTHIS DOCUMENT. 

The WiM AX Forum reserves the right to modify or amend this document without notice and in its sole discretion. The user is 
solely responsible for determining whether this document has been superseded by a later version or a different document. 

"WiMAX," "Mobile WiMAX," "Fixed WiMAX," "WiMAX Forum," "WiMAX Certified," "WiMAX 
Forum Certified," ''WiGRID," the WiMAX Forum logo, the WiMAX Forum Certified logo, and the 
WiGRID logo are trademarks of the WiMAX Forum. Third-party trademarks contained in this document 
arc the property of their respective owners. 
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Author's Note 

Performance of wireless systems ~ highly dependent on the operating environment and deployment 
choices. Performance projections presented in this paper are based on simulations performed with specific 
multipath models, usage asswnptions, and equipment parameters. In practice, actual performance may 
differ due to local propagation conditions, multipath, and hardware choices. The performance numbers 
presented should not be relied on as a substitute for equipment field trials and detailed RF analysL~. 
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List of Acronyms 
A/C 
AAA 
AAC 
A CARS 
ACSP 
AES 
AeroMACS 
AIS 
AMRS 
AMS 
AMT 
ANSP 
AOC 
ARNS 
AS 
ASDE-X 
ASN 
ASP 
ASR 
ATC 
ATIS 
ATM 
BS 
BW 
CNS 
CoS 
COCR 
CPD LC 
CSN 
D-LIGHTING 
D-OTIS 
D-SIG 
DAUS 
DL 
OM 
EFB 
EIRP 
EUROCAE 
FAA 
FCC 
FMS 
FOQA 
GA 

Aircraft 
Authentication Authorization Accounting 
Airline Adrnim;trative Controls 
An-craft Communications And Reporting System 
Air Communications Service Provider 
Advanced Encryption System 
Aeronautical Mobile Airport Communications System 
Aeronautical Information Service 
Aeronautical Mobile Route Service 
Aeronautical Mobile Service 
Aeronautical Mobile Telemetry 
Air Navigation Service Provider 
Aeronautical Operational Control 
Aeronautical Radio Navigational Services 
Aeronautical Security 
Airport Surface Detection Equipment - Model X 
Access Service Network 
Application Service Provider 
Airport Surveillance Radar 
Air Traffic Control 
Automatic Terminal Infonnation Service 
Air Traffic Management 
Base Station 
Bandwidth 
Communications, Navigation, Surveillance 
Class of Service 
Communications Operating Concepts and Requirements 
Controller Pilot Data Link Communications 
Connectivity Services Network 
Digital Lighting Control (taxiways and runways) 
Data Link Operational Terminal Information System 
Digital Link Surface Information and Guidance 
Data Link Aeronautical Update Services 
Down Link 
Device Management 
Electronic Flight Bag 
Effective Isotropic Radiated Power 
European Organization for Civil Aviation Equipment 
Federal Aviation Administration 
Federal Communications Commission 
Flight Management System 
Flight Operational Quality Assurance 
General Aviation 
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GHE 
OPS 
GSO 
GTG 
GW 
HARQ 
ICAO 
IEEE 
IP 
1Pv4 
1Pv6 
ITU 
Los 
MAS PS 
MCS 
MET 
MIMO 
MLAT 
MLS 
MOPS 
MSC 
MSS 
NMS 
NOTAMs 
NRM 
OFDMA 
OH 
oss 
OTA 
PDC 
PHAK 
PHS 
PUSC 
QAM 
QPSK 
QoS 
RF 
RMM 
RP 
RTCA 
RTR 
RTW 
SARPs 
SE 

Ground Handling Equjpment 
Global Position Satellite 
Geo-Synchronous Orbit 
Graphical Turbulence Guidance 
Gate Way 
Hybrid Automatic Repeat Request 
International Civil Aviation Organization 
Institute of Electrical and Electronics Engineers 
Internet Protocol 
Internet Protocol version 4 
Internet Protocol version 6 
International Telecommunications Union 
Line of Sight 
Minimum Aviation System Performance Specifications 
Modulation and Coding Scheme 
Meteorological (data services) 
Multiple-Input and Multiple-Output 
Multilateration 
Microwave Landing System 
Minimal Operational Performance Standards 
Modulation and Coding Scheme 
Mobile Satellite Service 
Network Management System 
Notices to Airmen 
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1.0 Introduction 
It has been widely recognized that airport communications systems are greatly outdated. Major airports 
throughout the world lack the communications capacity to meet today's airport traffic demands and 
certainly will not be sufficient to address the requirements for improved weather information, better 
aircraft and ground-handling equipment traffic management, and the growing need for communications 
leading to improved safety and airport and aircraft security. Recently, wireless broadband capabilities 
have been considered to guarantee future safety and regularity of flight services at airports worldwide. 

To this end, the Aeronautical Mobile Airport Communications System (AeroMACS) profile has been 
proposed in [I], [2], [3], and [4] to support such emerging and evolving airport surface communications 
needs. AeroMACS operates in the aeronautical spectrum in the 5 GHz band A core allocation between 
5091 MHz and 5150 MHz was designated on a worldwide basis by the International Telecommunication 
Union (ITU) at the World Radiocommunication Conference in 2007 (WRC-07 [5]). EUROCONTROL 
and FAA have jointly recommended that an IEEE 802.16-2009 [6] (Mobile WiMAX profile release 1.0 
[7]) based system is considered for the provision of dedicated aeronautical communication services for 
the airport surface level [8]. The common short list of technologies recommended for further evaluation 
through prototype developments was approved by !CAO in April 2008 [9]. Gilbert et aL in [IO] provides 
details regarding evaluation of IEEE Std 802.16-2009 for the airport surface. 

This paper provides further details on how AeroMACS can meet the short- and long-term demands for 
improved airport surface communications and what it would take to facilitate a typical AeroMACS 
deployment in airports. 

2.0 AeroMACS Network Reference Model 

AeroMACS Bandplan 
At the International Telecommunications Union World Radio-communication Conference held in late 
2007 [5], agenda item 1.6 invited participants "to consider allocations for the aeronautical mobile route 
service (AM[R]S) in parts of the bands between 108 MHz to 6 GHz, and to study current frequency 
allocations that will support the modernization of civil aviation telecommunication systems." At the 
conclusion of WRC-07, a new AM(R)S co-primary allocation in the 5091 to 5150 MHz band was added 
to the International Table of Frequency Allocations (see Figure 1). The new allocation is limited to 
surface applications at airports. This allocation is in a region of the frequency spectrum commonly 
referred to as C-band. 

This specific 59 MHz of spectrum is also referred to as the Microwave Landing System (MLS) extension 
band. MLS carries an aeronautical radio navigation services (ARNS) allocation. The WRC-07 decision on 
agenda item l.6 essentially removed the prior limitation for support of ARNS only. Along with the 
existing MLS and new AeroMACS services, the other co-primary service allocations in this band include 
Earth-to-Space satellite feeder links for non-geostationary orbiting (GSO), mobile satellite service (MSS), 
and new co-allocations for aeronautical mobile telemetry (AMT) used with research aircraft during test 
flights and an aeronautical mobile service (AMS) limited to aeronautical security (AS). The AM(R)S 
communications are defined as safety communications requiring high integrity and rapid response. 
AeroMACS services can be provided to an aircraft anywhere on the airport surface, as long as wheels are 
in contact with the surface. AeroMACS can also be used for conununications with a variety of service 
vehicles and airport infrastructure components that directly support safety and regularity of flight. The 
protected allocation for AM(R)S in this portion of C-band enabled ICAO to approve international 
standards for AeroMACS wireless mobile communications networks on the airport surface. Based on the 
expectation of high demand for AeroMACS services, additional allocation of AM(R)S spectrum within 
the 5000 to 5030 MHz band may be considered nationally (see Figure 1). According to the AeroMACS 
profile [1][2], channel bandwidth is 5 MHz. 
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59 MHZ -------• 
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Figure J: AeroMACS Channels Are Defined across 5000-5150 MHz of which 509 I -5150 MHz Was Internationally Allocated by 
ITU in 2007 

Network Architecture 
To define the system performance requirements and outline possible implementation options (e.g. 
architectures and use cases) for AeroMACS, EUROCAE has released Minimum Aviation System 
Performance Specification (MASPS) [2], incorporating WiMAX Forum® inputs such as the Network 
Reference Model (NRM). 

As shown in Figure 2, the NRM is a general, logical representation of the network architecture including 
AeroMACS based on Mobile WiMAX Release 1 [7]. The NRM identifies functional entities and 
reference points over which interoperability is achieved between functional entities. Each of the entities 
(i.e. SS, ASN, and CSN) represents a grouping of functional entities. Each of these functions may be 
realized in a single physical functional entity or may be distributed over multiple physical functional 
entities. While the grouping and distribution of functions into physical devices within the ASN is an 
implementation choice, the AeroMACS architecture specification defmes one ASN interoperability 
profile. Figure 3 shows some details of ASN and CSN reference models. 

The purpose of the NRM is to allow multiple implementation options for a given functional entity, and 
yet achieve interoperability among different realizations of functional entities . Interoperability is based on 
the definition of communication protocols and data plane treatment between functional entities to achieve 
an overall end-to-end function, for example, security or mobility management. Thus, the functional 
entities on either side of Reference Point (RP) represent a collection of control and bearer plane end­
points. In this setting, interoperability will be verified based only on protocols exposed across an RP, 
which would depend on the end-to-end function or capability realized. 
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GW: Gateway 
SS: Subscriber Stat on 
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Figure 2: Overall Nenvork Reference Model 
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Figure 3: Detailed AeroMACS ASN and CSN Reference Model 
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AeroMAC S Air Interface 
The protocols and parameters associated with the RI interface (air interface) are key to understanding and 
assessing the perfonnance of the AeroMACS network based on WiMAX under the following conditions: 

Channel BW 5 MHz 

Duplex 

Permutation 

D L to UL Ratio 

Time Division Duplex (TDD) 

Partially Used Sub-Channel (PUSC), 360 Data sub-carriers in the DL and 272 
Data sub-carriers in the UL 

21 Symbols DL and 20 Symbols UL is assumed for this analysis ' 

Other considerations and factors impacting the link budget and channel capacity are: 

Uplink • Subscnber stations (SS) will be deployed with low gain omnidirectional 

Downlink 

antennas with anticipated gain of 6 dBi. 
• Aggregate interference to non-GSO satellite uplinks must not exceed a 

threshold corresponding to a 2% increase in noise temperature at the satellite 
receiver. Aggregate interference takes into account the impact of AeroMACS 
transmissions from all SSs in view of the satellite receiver. 

• EIRP limitations must be consistent with human safety exposure limitations (<I 
mw/sq-cm). 

• SS EIRP is limited to 30 dBm [2] in Runway and Taxiway areas and to 26 dBm 
in gate areas with single or multiple antennas. 

• Per [2], AeroMACS requirements MCS 16QAM-3/4 to QPSK-112 with 2 
repetitions. 

• Multiple antennas (MIMO) are not always easy to implement with all SSs. 

• It can be assumed base stations (BS) will be pointing at or below the horizon. 
This is essential to ensure that the aggregate interference from AeroMACS BSs 
to non-GSO satellite uplinks does not exceed the noise threshold, as described 
above. 

• Per [2], the maximum EIRP shall not exceed 39.4 dBm. 
• 64QAM-3/4 to QPSK-1/2 with 2 repetitions. 

The link budget in the DL and UL directions includes allowances for fade and interference margins to 
arrive at the maximum allowable path loss. The interference margin assumes a frequency reuse factor of 
3. The corresponding link budgets for the two airport domains are summarized in Table 1. 

Table 1: Downlink and Uplink Llnk Budget 

Airport Area DL Link Budget UL Link Budget 
Runway/Taxiways 130.7 dB 129.5 dB 
Gate/Ramp Areas 130.7 dB 125.5 dB 

1 AeroMACS supports variable DL to UL symbol ratios to acconunodate asymmetric traffic which is expected to be 
more dominant in the DL direction. 
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It is important to note that the UL link budget does not consider authorized airport personnel with hand­
held AeroMACS devices which would be equipped with a lower gain antenna and lower EIRP resulting 
in a 7 dB to IO dB lower link budget. Although this is not considered a priority use case, it certainly can 
be expected to take place for data and voice communications from time to time. These devices will still 
have connectivity most of the time given the assumed fade margin and support for up to 6 HARQ 
repetitions. The ability to move for a better connection will also be an aid when a reliable connection is 
required. 

Figure 4 illustrates the modulation and coding scheme (MCS) supported by AeroMACS as a function of 
the coverage area. The range and coverage area is detennined by the UL link budget and since the link 
budget is higher in the DL direction, subscriber stations at the cell edge will experience a higher over-the­
air (OTA) spectral efficiency (SE) or, as in the case of runway taxiway areas, a slightly higher margin. 
The asymmetric allocation of data sub-carriers with PUSC results in a DL to UL OTA rate of more than 
2:1 in the gate areas and l . 75:1 in the runway and taxiway areas. The anticipated payload for AeroMACS, 
with the aircraft dominating the channel loading, is expected to be biased to the DL direction. 

LDL 
I UL 
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SE vs Coverage Area - RTW Area 

lon Factor n•3 
OL: 640AM·3/4 
UL: 16QAM-3/4 

lOO!li 

- Ol 

- Ul 

J 
Data Sub· Peak OTA Average 

Symbols earners Rate OTA Rate 

21 360 6.80 Mbps 2.46 Mbps DL 

20 272 3.26 Mbps 1.41 Mbps UL 

Spectral Eff. vs Coverage - Gate Area 
6.0 

00 

°" 
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OL: 640AM·3/4 
UL: 16<lAM·3/d 

100% 

- Ill 

- ut 

Data Sub· Peak OTA Average 
Symbols earners Rate OTA Rate 

21 360 6.80 Mbps 4.04 Mbps 

20 272 3.26 Mbps 1.67 Mbps 

Figure 4: Spectral Efficiency and Over-the-Air Data Rate 

3.0 Applications for AeroMACS 
AeroMACS based on the Mobile WiMA.X standard can potentially support a wide variety of voice, video, 
and data communications and information exchanges among fixed and mobile users at the airport. This 
wideband communications network can enable sharing of graphical data and near real-time video to 
significantly increase situational awareness, improve surface traffic movement to reduce congestion and 
delays, and help prevent runway incursions. AeroMACS can reduce the cost of connectivity in 
comparison to underground cabling. A broadband wireless communications system like AeroMACS can 
enhance collaborative decision-making, ease updating of large databases and loading of flight plans into 
flight management system (FMS) avionics, and enable aircraft access to system wide information 
management (SWIM) services for delivery of time-critical advisory information to the cockpit. 

The services and applications provided by AeroMACS can be grouped into three major categories: 
aviation authority operations, airport and/or port authority operations, and airline carrier operations (see 
Figure 5). Within these broad categories, the data communications services and applications can be 
described as either fJX.ed or mobile, based on the mobility of the end user. 
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' Av1at1on AuthOnty 

FAA, EUROCONTROL, ACSP, 
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·Air Tratfic Management (ATM) 
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Navigation, Survelllance (CNS) 

• Weather Sensors (Weather 
Obseriatioo lmprowment, WOI) 

Airport 

Airport Opt'rator/Port 
Au1hontylTSA Apphcatlons 

• Security Video 

• Routine and emergency operation 
• Aircraft de-Icing, snow removal, 

etc. 

Figure 5: Examples of AeroMACS Applications 

Applications for Aviation Authorities 

Some ATC/ATM mobile applications have been identified: 

• System Wide Information 
Managemenl (SWIM) 

• Aeronaullcal Information 
Services (AIS) 

• Meteorologleal (MET) data 
seMcos 

•Airline Aom1nlstrat1Ye 
Communic:atlons (AAC) 

• Messages that arc currently conveyed over the aircraft communications addn:ssing and reporting 
system (ACAR.S) (e.g., pre-departure clearance [PDC]). 

• Controller pilot data link communications (CPDLC) messages (e.g.,4-dimensional trajectory 
negotiations [40-TRAD]). 

• COCR services (e.g., surface information guidance [D-SIG]). 
• Other safety-critical applications (e.g., activate runway lighting systems from the cockpit [D­

LIGHTING]). 

Potential fixed infrastructure applications include: 

• Navigation (e.g., instrument landing system data for glide slope and visibility data for nm.way 
visual range) 

• Surveillance (e.g., airport surface movement detection and airport surveillance radar [ASR]). 

AeroMACS can al<;o be used to convey electronic equipment perfonnance data for remote maintenance 
and monitoring (RMM). 

Applications for Airports and Port Authorities 

The airport or port authority operations are dominated by video applications required for safety services 
(e.g., fixed surveillance cameras and in-vehicle and portable mobile cameras for live video feeds and 
voice communications with central control during snow removaL de-icing, security, fire, and rescue 
operations). AeroMACS can also help ensure compliance with regulations for safety self-inspection (e.g., 
reporting status of airport runway and taxiway lights and monitoring and maintenance of navigational aids 
and time critical airfield signage). 

Many of these services and applications are currently provided to mobile users through a mix of VHF 
voice and data links, land mobile radio services, and commercial local area wireless networks. The fixed 
communications services and applications at airports are typically implemented via buried copper and 
fiber optic cables. AeroMACS offers the potentia l for integration of multiple services into a common 
broadband wireless network that also securely isolates the applications from each other. The first safety­
critical application expected to migrate to AeroMACS in the U.S. is airport surface detection equipment 
model X (ASDE-X). For ASDE-X, AeroMACS provides wireless interconnection of multilateration 
(MLA T) sensors distributed across the airport surface. MLAT data is combined with surface movement 
radar data and aircraft transponder information to dic;play detailed infonnation about aircraft position. The 
deployment of AeroMACS infrastructure at an airport to enable the migration or augmentation of one of 
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more existing services opens the potential for many additional services, especially those that require 
wider bandwidth, such as graphical information delivery and video services. 

Applications for Airline Carriers 

Mobile AIS/MET services have the potential to become significant drivers of AeroMACS design because 
of several high-volume data base synchroni?lttion services that would benefit from AeroMACS 
implementation. These include: 

• The AIS baseline synchroniz.ation service (e.g., uploading flight plans to the FMS and updating 
terrain and global positioning satellite [GPS] navigational databases and aerodrome charts to 
electronic flight bag (EFB]). 

• Data delivery to the cockpit (e.g. data link aeronautical update services (DA US), and 
airport/runway configuration information [D-OTIS]). 

• Convective weather information (e.g., graphical forecast meteorological information and 
graphical turbulence guidance [GTG] data and maps) . 

Additional applications that can be implemented over AeroMACS include: 

• Ground operations and services (e.g., coordination of refueling and deicing operations). 

• Sharing of maintenance information (e.g., offload of flight operational quality assurance [FOQA] 
data). 

• Aircraft and company operations (e.g., updates to flight operations manuals and weight and 
balance information required for takeoff). 

4.0 Airport Deployment Considerations 
From the perspective of an airport operator, an important consideration is what will it take to deploy an 
AeroMACS network; that is: how many bases stations or base station sectors are needed to achieve 
ubiquitous coverage over the airport surface and how many channels are needed to meet the capacity 
requirements? An airport can cover a fairly wide geographical area, and over the entire area there will be 
varied propagation characteristics and varied capacity requirements. In general, one can expect cells 
comprised of I, 2, or 3 sectors and a combination of: macro-cells where coverage is a key driver, rnicro­
cells where capacity is the primary objective, and pico-cells to provide coverage in areas that are heavily 
shadowed. Nomadic vehicular-installed base stations can also play an important role in the event of an 
emergency or a base station equipment outage. 
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Figure 6: A lcirge airport has varied BS requirements fer coverage and capacity 
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Runways and Taxiways 
Every airport has one or more nmways that must be long enough to handle the largest aircraft flying into 
or out of that airport. The airport also has taxiways connecting the runway to the gate or ramp area where 
passengers board and un-board the aircraft. Large or small runways and taxiway areas generally dominate 
the total airport area. Runways and taxiways are generally wide open areas with the only objects being the 
aircraft and some ground-handling equipment (GHE). It is safe to say that from a wireless perspective 
these areas are ''propagation-friendly." The primary difference between airports classified as large hubs 
versus those classified as small hubs would be the number of aircrafts in the taxiways at any given time. 
The busiest hubs handle more than 50 takeoffs plus landings per hour resulting in the presence of several 
aircrafts navigating the taxiways at any given time. Traffic at a small rural airport, on the other hand, may 
be no more than one or two arriving or departing aircrafts per hour. 

Another consideration for a wireless access deployment is base station antenna heights and base station 
locations. Runway/taxiway areas will not accommodate high cellular-like towers, and base station 
locations will be limited to areas that will not obstruct aircraft. A further consideration is the fact the 
aircraft are in motion. This, in many cases, results in fast fading due to multipath variations, and the 
moving aircraft will undergo base station to base station handoffs between the runway, taxiway, and the 
gate areas. 

Gate and Ramp Areas 
Airport gate areas present a more challenging environment from a propagation perspective. The presence 
of terminal buildings, airport offices, and a higher density of aircraft, jet-ways, and GHE create 
considerable propagation obstacles. Fortunately, the terminals themselves will serve as a reasonably high 
location for mounting base station equipment. Once an aircraft has arrived at the gate, it is stationary so 
BS to BS handoffs are not an issue. 

Based on these general characteristics, we can arrive at some propagation models to provide pre­
deployment estimates for range and coverage in order to gain a perspective as to what a deployment 
might look like for any given airport. Obviously more detailed RF plamting and site surveys will be 
necessary for a more detailed analysis, but the following can provide a reasonabb, close projection. 

Range, Coverage, and Capacity Estimates 
In designing the network, we are concerned with both coverage and capacity requirements. The goal for 
coverage is to ensure that an aircraft or ground vehicle servicing the aircraft has the ability to connect to 
the AeroMACS network wherever it is located on the airport surface. The gate areas will be more 
congested with closely spaced aircrafts and GHE so capacity will generally be the key driver for channel 
requirements. 
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~ Overlap w th sector ot "lCXt cell 

~ Scctorrar.gc (based on antenoa 
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Figure 7: Sector or Channel Coverage for 15 dBi BS Sector Antenna 
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Figure 7 shows the relationships between range and channel coverage for a typical sector antenna pattern. 
The overlap between sectors of the same cell and sectors in adjacent cells ensures SSs at the sector-edge 
or cell-edge have access to an alternate channel in the event of a deep fade with its primary channel 

Based on general airport characteristics, we propose a simplistic path loss model to account for 
propagation loss in the excess of free space loss, which is 20 dB per decade. The proposed path loss for 
the airport environment is described by the following equation: 

(4n:d) PL= 20log T + 10nlog(D/d) 

Where: 

,l. is the wavelength at 5150 MI Iz = 0.058 m 

d is selected to be 100 m (this implies that subscriber stations within I 00 meters of the base station are 
Line of Sight (LoS) 

D is the path length >d and 

n is a value >2 defining the excess path loss at path lengths > 100 m 

In practice, the value of n will be a function of relative antenna heights for the SS and BS and the density 
of obstacles between the BS and the SS that are in a position to impede the signal. 

The following table summarizes the expected range and sector coverage for the link budgets shown in 
Section 3 and the projected propagation loss, value of n, for the different airport areas. For the gate areas, 
rather than use coverage area, we use the number of gates that a sector will cover based on an average 
gate spacing of 80 to 120 meters. This is a more meaningful metric for gate area coverage since we are 
most interested on capacity for the gate areas. 

Table 2: Estimated Range and Coverage 

Airport Propagation Loss Expected Range Sector Coverage 

Large Airport's -30 dB/decade -2.5 km -5.4 sq-km (540 ha) 
Runway/Taxiways 

*Assume -500 ha to account for sub-
optimal site location 

Large Airport's -40 dB/decade -0.95 km 7-9 gates/sector 
Gate/Ramp Areas 

Small Airport's Between 20 and 30 -3km -7.8 sq-km (-780 ha) 
Runway/Taxiways dB/decade 

*Assume -700 ha to account for sub-
optimal s ite location 

Small Airport's Between 30 and 40 -1.5 km 10-12 gates/sector 
Gate/Ramp Areas dB/decade 

The DL and UL over-the-air (OTA) rate is shown in Figure 4 in Section 3. To determine the net payload 
or goodput that can be delivered per channel, it is necessary to take into account the higher layer 
overhead. This is a function of payload size, the transport layer format, and IP version as shown below. 
These estimates include ne ither the benefit of payload header suppression (PHS), which is a required 
feature for AeroMACS, nor added OH due to encryption. In this regard, AES- 128 is required for 
AcroMACS. 
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Table 3: MAC and Higher Layer Overhead 

Payload UDP/1Pv4 UDP/1Pv6 TCP/1Pv4 TCP/1Pv6 
190 Bytes 13.3 % 20.7 % 17.9 % 24.5 % 
1900 Bytes 1.94 % 2.95 % 2.55 % 3.55 % 

Table 4: Average Goodput per Channel (Sector) 

Airport Area Characteristics Time for Net Avg . Payload per Channel 
Data over the duration of the transfer 

Transfer period 
DL UL 

Runway/Taxiways Only a few aircraft per channel 3-5 min >44 MB >25 MB 
190 Byte a-..g. payload (2] 

Gates/Ramp Areas Up to 8 aircraft + GHE per 30 min or >880 MB >365 MB 
channel more >110 MB/Gate >45 MB/Gate 
1900 Byte payload (21 

5.0 Phased Infrastructure Deployment for AeroMACS 
It is important to note that several airport test beds and trials that have been underway have clearly 
demonstrated the viability of AeroMACS based on WiMAX technology. That said, we believe that 
AeroMACS is clearly ready to begin conunercial deployment in selected venues. Many factors ranging 
from economic to regulatory will enter into the timing for an AeroMACS deployment that will differ from 
airport to airport, case by case, and country by country. For our purposes, we defme three specific 
deployment phases2 as described in Figure 8. 

• F~ sectors per airport 
• Selected applications: 

MLAT, WOI, et c. 
• Couple with NextGen 
• Focus on airports with 

highest potential return 

COVERAGE 
PHASE 

• Many airports will enter 
at this phase 

• Driven by; AeroMACS 
enabled A/C & Proven 
benefits & FCC final 
ruling 

• Cover all essential A/C 
ATC/ATM 
communication~ 

CAPACITY 
PHASE 

• AeroMACS accepted 
• New applications 
• Continued growth In 

airport traffic 

EARLY ADOPTERS > MAJORITY BEYOND-2020 
- -

Figure 8: Phased deployment 

Standalone Appllcatlons Phase 
This phase describes a limited AeroMACS base station deployment at select airports driven by 
communication requirements necessary for the implementation of specific applications identified as 
having an immediate benefit to air transportation at that particular airport. 

2 This concept is similar to that encountered with any new technology adoption model or lifecy cle, which begins with 
"innovators" and "early adopters," followed by the "early and late majority," and finally, the "la~rds." 
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The Next Generation Air Transportation System [11], known as NextGen in the US, is a key 
congressionally-supported FAA program aimed at improving air transportation by increasing capacity and 
reliability, improving safety and security, and minimizing environmental impact. AeroMACS will be a 
key component for NcxtGen in managing the traffic on the airport surface. 

Installing AeroMACS cells at specific airports to provide communication links to airport multilateration 
sites and weather observation improvement sites are two important standalone applications that can drive 
early AcroMACS deployments and ties into the NextGen program. The NextGen program will focus on 
40-50 of the busiest airports for MLAT applications and probably more than 1,000 airports for WOI. 
Additionally, specific airports may have other applications for improved airport operational efficiencies 
that may be enabled with AeroMACS. 

While it does not necessarily provide coverage over the entire airport surface, it is prudent during this 
phase to do a complete site survey and RF planning exercise to ensure base stations deployed during this 
phase are installed in locations closely aligned with what will be necessary for the next phase, which is 
designed to provide total coverage. 

Coverage Phase 
The goal in this phase is to deploy sufficient base stations to ensure that an AeroMACS-equipped aircraft 
or ground vehicle would have a viable network connection anywhere on the airport surface. 

As aircrafts and GHE become AeroMACS-enabled and present-day communications system get more 
congested, there will be increased motivation to deploy base station infrastructure at more and more 
airports with ubiquitous coverage. The goal is to enable an aircraft upon landing at an airport and slowed 
to 50 runi per bour3 to gain connectivity to the AeroMACS network and continue connectivity anywhere 
it may be located on the airport surface, including the gate area to the time when it has reached 50 nmi per 
hour prior to takeoff. At a minimum, AeroMACS in this phase would provide connectivity for all Air 
Trame Control (ATC) and Aeronautical Operational Control (AOC) data, data that~ now handled by the 
current Aircraft Communications and Addressing Reporting Systems (ACARS). The majority of the 
communications will take place when the aircraft is positioned at the gate, as shown in Figure 9". 
Additional applications during this phase may also include: 

Moving map (video) display of airport with runway incursion alert 

D-Taxi 
Graphical weather 

• Navigational database & flight chart to aircraft (UL) 
Engine performance & FOQA (flight recorder data) (DL) 

NOT AMs (both textual & graphical) 
PDC & Digital A TIS 

3 I nautical mile (nmi) is equal to 1.15 statute miles, therefore 50 nmilhr = 57.5 mi/hr 

4 Source of image in Figure 9, Lufthansa 
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Example: CMU/ACARS Data/ink Applications 
Majority of payload requirements while aircraft is at gate 

Figure 9: AGARS Data/ink Applications 

With no more than 8 gates per channel, there will likely be sufficient capacity for several years. We do 
expect, however, the many new applications will emerge. These new applications along with increases in 
air transportation traffic may, in the future, necessitate added capacity. 

Capacity Phase 
The "Capacity Phase" describes an on-going phase to add network capacity as driven by continued 
growth in air traffic and growth in new applications that can be supported by AeroMACS. When it is 
necessary to increase network capacity, it will most likely be in the gate area rather than in 
runway/taxiway areas. One of two approaches can be adopted for increasing capacity when needed. One 
approach is to simply add channels to existing base stations in the gate areas. The channel addition drops 
the number of gates per channel from 8 to 4 thus doubling the available goodput per gate in both the DL 
and UL directions. 

The second approach is to deploy additional base stations between the existing terminal-mounted base 
stations. As with the first approach, this will also reduce the gate count per channel by a factor of two. 
Reducing the base station transmit power helps mitigate potential cell to cell co-channel interference with 
the more closely spaced base stations. If the subscriber station power is maintained at about the same 
level, th.is approach will lead to a greater goodput increase in the UL than in the DL. 

With the eleven 5 MHz channels available in the primary AeroMACS frequency band and five additional 
channels potentially available in the 5000-5030 MHz band, there is a sufficient number of channels to 
maintain a conservative frequency reuse for interference management while increasing capacity 2 times 
and even 4 times. 

Coverage Requirements for a Range of US Airports 
It is of interest to look at what the base station or sector requirements would be for some representative 
US airports to achieve the required coverage. The size and US rank in Table 5 refer to the number of 
passengers annually based on 2011 data. It is important to remind the reader that these are simply 
estimates based on what is felt to be a conservative propagation model for a typical airport environment. 
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Sectors, equivalent to channels, are used as the key infrastructure metric since not all base station sites 
will be deployed with the same number of sectors. The areas quoted in the following table come from 
different sources and may not always be consistent in what the area represents. Minimal AeroMACS 
requirements require runways, taxiways, and gate areas to be covered, whereas the quoted geographical 
areas may include airport areas where coverage is not required. The number of runways are included in 
the table as a point of reference and it is safe to assume that at least one sector per runway would be 
necessary for coverage. The gate numbers should be quite accurate and as can be seen with the busiest 
airports the sector requirements for the gate areas, at 8 gates per sector, dominate. 

Table 5: Estimated Airport Deployment Requirements 

Airport Size-US Rank Number of Number of 
Area 

Estimated 
Gates Runways Sectors 

ATL LH-1 207 5 1902 ha 26 + 5 = 31 
DFW LH4 160 7 4360 ha 20 + 7 = 27 
IAD LH-23 131 4 2255 ha 17 + 5 = 22 
POX MH-30 59 2 -1500 ha 8 + 4 = 12 
SAT MH45 24 2 1050 ha 3 +3 =6 
OKC SH-63 17 3 <1200 ha 2+ 3= 5 
AMA SH-138 6 2 <1500 ha 1 + 4 = 5 

6.0 AeroMACS Benefits 
In addition to the obvious cost savings in not having to support and supplement today's out-of-date 
airport communications systems, there will be significant long-term benefits arising from the 
implementation of the next generation communications system for the airport surface, AeroMACS. 

Airport Traffic Management 
With continual growth in aircraft traffic, there will be increasing challenges in managing the flow of 
aircrafts and GHE on the airport surface to minimize the potential for flight delays, maintain safety 
standards, and minimize the time an aircraft spends on taxiways waiting for takeoff clearance or for a gate 
to clear. 

Traffic management requires communications that are reliable, are accurate, and ensure the right message 
is delivered to the right aircraft in a timely fashion. In the previous sections, we have shown that 
AeroMACS will have considerable channel payload capacity. In addition to capacity, AeroMACS 
supports Quality of Service (QoS) and Class of Service (CoS), two additional attributes necessary to 
reliably meet future airport surface communications requirements. 

QoS enables packet prioritv~tion to ensure that rnission-critica~ latency-sensitive messages gain priority 
access to the communications channel over lower priority messages. With aircraft and GHE maneuvering 
taxiways at relatively high speeds with BS to BS hand-offs, QoS is essential to ensure reliable data link 
connectivity. CoS ensures the aviation authority, the airport operator, and the airline carrier all have 
access to sufficient capacity to meet their individual priority application requirements. 

AeroMACS will also provide a greater reliance on data, graphic, and video communications to screen 
displays on the flight deck with less dependency on voice communications as is prevalent today. Over the 
long-term with AeroMACS, voice communication will be "only by exception" rather than the rule. 

With more accurate and timely messaging, AeroMACS can play a key role in enhancing airport traffic 
management to reduce ' 'Taxi-out Times5" thus reducing runway/taxiway congestion and significantly 
reducing the number of flight delays. 

3 'Taxi-Out Tirre' is defined as the time duration between aircraft gate departure and aircraft takeoff. 

Page 21of23 

WiMAX FORUM PROPRIETARY 



AeroMACS: Delivering Next Generation Communications to the Airport Surface 

Airport Safety and Security 
With the channel capacity provided by AeroMACS, video surveillance can be expected to play an ever­
increasing role for safety enhancements and for added support to airport security measures. Video 
surveillance information linked with accurate surface location data for GHE and aircrafts on the airport 
surface will be essential for avoiding mishaps as airport traffic congestion increases. 

For example, runway incursions are occurring at an alanning rate. PHAK (Pilots Handbook of 
Aeronautical Knowledge) Appendix I [12] states: 

"Runway incursions are a serious safety concern and have involved air carrier aircraft, military 
aircraft, general aviation (GA), and pedestrian vehicles ", it goes on to say, "Approximately three 
runway incursions occur each day at towered airports within the United States. " 

With the ability to provide the pilot and air traffic controllers with a clear visual display of runway 
conditions and a reliable communications link to traffic that might be in the wrong place at the wrong 
time, AeroMACS can play an important role in reducing runway incursions and more importantly 
eliminate the potential for these incursions that result in a serious and possibly fatal outcome. 

Finally, we must also be mindful of the continued threat of unauthorized personnel or vehicles on the 
airport surface, whether they are there by accident, intending no hann, or are there for more destructive 
purposes, they must be detected and dealt with accordingly. Video surveillance is supported by 
AeroMACS and will be an important capability leading to enhancements to airport safety and security. 

7.0 Summary 
Much work has been done over the past several years to define the requirements for a new airport surface 
communications system. AeroMACS, based on IEEE Std. 802.16-2009 [6] and Mobile WiMAX profile 
release 1.0 [7], operating in the 5 GHz band has been identified as a solution that meets those 
requirements. 

The applications envisioned for AeroMACS are extensive and cover the essential requirements for: 

• Aviation Authorities (FAA,EUROCONTROL,etc.) 

• Airports (airport operator, port authority, TSA, etc.) 
• Airline Carriers (passenger and cargo) 

In this paper, we have descnbed what a typical airport configuration might look like from a network point 
of view. And, with a focus on the air interface, we have provided details on projected range, coverage, 
and channel capacity for the different airport domains: 

• Runway/taxiway areas 
• Gate/ramp areas 

These two domains have different propagation characteristics and different requirements and hence 
require different considerations for an AeroMACS deployment. 

A phased deployment approach has been discussed that coukl serve as a cost-effective implementation 
framework for AeroMACS at many airports. While many short-term benefits can be realized in the 
Standalone Applications Phase, the full complement of benefits will only be realized as airports complete 
the Coverage Phase, which ensures aircrafts and GHE have connectivity anywhere they may be located 
on the airport service. 

The long-term benefits of AeroMACS will greatly enhance airport traffic management and airport safety 
and security. 
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