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EECNS

PJ14 EECNS (ESSHNAMD EFFICIENT COMNCATION NAVIGATIAND
SURVEILLANCE INTEXEHRASYSTEM)

Thisreport is part of a project that has received funding from the SESAR Joint Undertaking under
grant agreement No734168 dzy RS NJ 9 dzNP LJJokizgn 2D20 Aedeh@hs and innovation
programme.

Abstract

Thisreport represents deliverable D3.3.010 developed in WP3 of PJ14 EECNS, providing an update of
the already existing LDACS specification produced in SESAR1 P15.02.04 with modified wording and
additional clarifications in some areas. The updated specification séale asa solid andstable
baseline for further LDACS testing and technical verification activii@sent maturity level of

LDACS A/G data communicatipre., enablelCTEC02et New A/G datalink using ATN/IPS over L

band) is TRL4.
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1 Executive Summary

This document represents deliverable D33 0developed in WP3 of PJ14 EECNS. Niges an
update of the EBand Digital Aeronautical Communications System A/G link (originally called LDACS1,
but referred to as LDACS in this document), whichavagnallyproduced in Project P15.02.04 of the
SESAR1 Programme.

The specification presentduerein focuses on elements of the system dedmnthe LDAC2V/G link
that are relevant for the subsequent development of the related ICAO standard.

The updated LDAQSG specification is based on the initial LDACS specificfitibACS1_D2jnd on
the Updated LDACS System Specification (EVIAGAD1) [LDACS1_Speclt corrects all awors
identified so far iIfLDACS1_Speddditionally, improved wording and clarifications are provided in
some areas. Minor modifications that will further improve theAd@® A/G specification have been
implemented.

When reviewing the Updated LDACS specificafiddACS1_Speciome major modifications have
been proposed in order to furthamprove the LDACS design. After having them validated up to the
possible extent, such items are now also captured in this report.

The LDACS A/G specification update is performed in Task 1 of WP3 of PJ14 (also referred to as PJ
14.02.01). The outcome dhis task shall serve as input when producing the material required for
progressing with the LDACS standardization at ICAO.
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2 Introduction

2.1 Purpose of the Document

This document represents deliverable3.B.010developed in WP3 of PJ14 EECN$rovides an
update of the EBand Digital Aeronautical Commaations System/G link (originally called_.DACS1
but referred to as LDACS in this documewnthich wasriginallyproduced in Project P15.02.04 of the
SESAR1 Programme

The specification presented herein focuses on elements ofyis¢em desigifior the LDAC3VG link
that are relevant for the subsequent development of the related ICAO standard.

The updated LDAQSG specification is based on the initlaDACSpecificaton [LDACS1_D2jnd on
the Updated LDACSSystem Specification (EWAQA2-D1) [LDACS1_Speclht corrects all errors
identified so far iITLDACS1_Speddditionally, improved wording and clarifications are provided in
some areas. Minor modifications that wilirther improvethe LDAC3VG specification have been
implemented.

When reviewing theUpdated LDACSpecification[LDACS1_Speciome major modifications have
been proposed in order to further improwee LDACS design. After havihgm validated up to the
possible extent, such items are now also captured in this report.

The LDACR\/G specificationupdate s performedin Task 1 ®WP3 ofP}14 (also referred to as PJ
14.02.01) The outcome of this task shall serve as input when producing the material required for
progressing with the LDACS standardization at ICAO.

2.1.1 Organisation of the Document

In order to preserve the traceabilitp the UpdatedLDACSpecificatiofLDACS1_Sp¢cPACS1_D2]
this report follows the sametructure that was used in the originglDACS1_Spedbpcument.

This report is structured as follows:
9 Introductory part, comprising:

o0 Chapter2 (this chapter)¢ general information about the purpose of this document,
its organisation, intended readership and background. It also captures abbreviations
used in the report and explains LDA<®cific terms.

0 Chapter3 ¢ LDACSverview, summarising the main characteristics for the A/G
mode. The A/A mode is addressed in a separate document

I The main body of the LDABSS specification, compriss

o0 (hapter4 ¢ characteristics and capabilities that apply to the entire LDACS.

o0 Chapter5 ¢ the specification of the ground LDACS installation (transmitter, receiver,
timing/frequency requirements shared between the ground transmitter and
receiver)
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o Chapter 6 ¢ the specification of the airborne LDACS (transmitter, receiver,
timing/frequency requirements shared between the airborne transmitter and
receiver)

Chapter7 ¢ the description of the LDACS protocol architecture

Chapter8 ¢ the specification of the LDACS Physical Layer (PHY) layer.

Chapter ¢ the spediication of the LDACS Medium Access Layer (MAGagah
Chapterl0¢ the specification of the LDAG&nagement EntityLME)

Chapterll ¢ the specification of the LDACS Data Link Service (DLS) entity
Chapterl2 ¢ the specification of the LDACS Voice Interface (VI)

Chapter13 ¢ the specification of the LDACS S\ibtwork Dependent Convergence
Protocol (SNDCP)

O O O0OO0OO0OOoOOo

1 Appendices, providing supplementary information:

Appendix ALDACSink Budget

Appendix B Briefoverview ofExtended_.DACSystem Capabilitigg\/G voice)
Appendix €Interference Reduction diDACRX

Appendix D Tracking of Comments and Changes

o O O O

9 List of references used for producing this report.

2.1.2 Conventions

For the purposes of this specification the following conventions are used in Chapi&403
emphasize the strength of a panti@r requirement:

i The word SHALL has the same meaning as the phrase "REQUIRED" and means that the
definition is amandatory requirement of the specification.

i The word SHOULD or the adjective "RECOMMENDED", means that there may exist valid
reasons in partiglar circumstances to ignore a particular item, but the full implications must
be understood and carefully weighted before choosing a different course.

1 The word MAY or the adjective "OPTIONAL" means that an item is truly optional.

The requirements themseds are formatted as normal text.

Explanatory items (e.g. rationales, references) are formatted as italics or inserted as
NOTEs.

2.2 Intended Readership

ThisLDAC\/G 9Pecification is addressed mainly to the SJU Partners that are involved with tasks
related © mobile airground data link communications in the lotime frame (beyond 2020and

shall serve as input for developing the required material (SARPS and Manual) for standardizing
LDACS

Partners involved with MuHiink (ML) operational concept as welafthers involved with other
mobile technologies (AeroMACS, new AMSS link) may also benefit from understanding the features,
constraints and limitations of LDACS.
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Finally, final versions of updatddDACSystem specifications will help in achieving the rsseey
acceptance for this new system within the worldde aeronautical community.

2.3 Acronyms and Terminology

Term Definition

% Prefix for binary numbers

AJA Air-to-Air

AIC Aircraft

AIG Air-to-Ground

ACB Adjacent Cell Broadcast

ACK Acknowledgement

ACK_CUM Cumulative Acknowledgement

ACK_FRAG Fragment Acknowledgement.

ACK_SEL Selective Acknowledgement

ACM Adaptive Coding and Modulation

AGC Automatic Gain Control

AMACS All-purpose Multichannel Aviation Communication System

AS Aircraft Station

ATM Air Traffic Management

ATN Aeronautical Telecommunications Network

AWGN Additive White Gaussian Noise

BCCH Broadcast Control Channel used to announce the properties of the cell to newly arrived
(FL).

BER Bit ErrorRatio

BW Bandwidth

CCCH Common Control Channel used by the Ground Station to announce control information
all users (FL).

CE Channel Estimation

CP Cyclic Prefix

CELL_EXIT Cell exit

CELL_RQST Cell entry request

CELL_RESP Cell Entry Response

CMS_FL CMS FL Map

CRC Cyclic Redundancy Check

dBr Relative difference (in dB) to some reference value that is made apparent in the contex
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Term Definition

DC sukcarrier Direct Current suzarrier ("middle" sukcarrier in the spectrum of an OFDM signal, not be
transmitted)

DC tile Dedicated Control tile within the RL DC segment

DCslot RLslot carrying Dedicated Control Channel (DCCH) information

DCCH Dedicated Control Channel used for LLC signalling information (RL).

DCH Logical channel used on FL/RL for the transmission ofDlat&®DUs.

DLL Data Link Layer

DLS Data Link Services Entity of the logical link controHaybr (LLC).

DME Distance Measuring Equipment

EATMS European Air Traffic Management System

EIRP Effective Isotropically Radiated Power

FCS Frame ChecBequence

FDD Frequency Division Duplex

FEC Forward Error Correction

FFT Fast Fourier Transformation

FL Forward Link (from the GS to the AS)

FL_ALLOC FL Allocation

FL BC frame FL Broadcast OFDM frameontrol information is broadcast to all users

FLframe FL frame containing either broadcast control information for all users or addressed datg
control information for multiple users, together with pilot symbols, prefixed by
synchronisation symbols.

FL/BC slot MAC slot occupied by FL broadcast (B&he (comprising BC1+BC2+BC3fsaimes)

FL/CC slot MAC slot occupied by the FL Common Control (CC) frame

FL/DATA slot MAC slot used for the transmission of Data Frame (DF)

FL PH¥YDU Forward Link Physical Layer Protocol Data Unit (PDU)

GF Galois Fiel

GLONASS Global Orbiting Navigation Satellite System

GMSK GaussiatMinimum-Shift Keying

GNSS Global Navigation Satellite Systems

GS Ground Station

GSM Global System for Mobile Communications

HO_COM Handover Command

ISI Inter Symbol Interference

JTIDS Joint Tactical Information Distribution System
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Term Definition

KEEP_ALIVE Keep alive

LDACS L-band Digital Aeronautical Communication System
LLC Logical Link Control stlayer of the data link layer
LM_DATA Link Management Data

Logical channel

Logical channelare defined by WHAT TYPE of information is transferred and can be
classified into control channels (BCCH, RACH, DCCH, CCCH) for control plane data ar
channels (DCH, VCH) for user data.

LSB Least Significant Bit

MAC Medium Access sulayer of thedata link layer.

MAC slot Reserved space in time controlled by the MAC comprising a set e6PH¥ used to convey,
a logical channel. Each RBPU must be contained within exactly one MAC slot.

MACK_SEQ Multiple Acknowledgements

ME Medium Access Entitfvithin MAC suHayer) that assigns transport channels to physical
channels.

MF Multi-frame. This item has two equivalent meanings in tEBACSontext. At the PHY layer
denotes a repeating pattern of OFDM CC/Data frames of 58.32 ms length, at the MAC
layer it denotes repeating pattern of MAC slots of 58.32 ms length carrying payload for
corresponding OFDM frames

MIDS Multi-Function hformation Distribution System

MNWG Multi-National Working Group

NF Noise Figure

OFDM Orthogonal Frequency Division Multiplexing

OFDMA Orthogonal Frequency Division Multiple Access

OFDM Frame | Fixed length combination of contiguous OFDM symhmas)prising AGC symbols,
synchronization symbols, pilot symbols and symbols carrying payload data.

OFDM Symbol | Combination of modulated data symbols transmitted on several OFDMaulers.

OFDM Tile The constellation of 150 symbols, spanning 25 contigugymbols in frequenepnd 6
contiguous symbols in time direction. A tile comprises 4 PAPR reduction symbols, 12 p
symbols and 134 data symbolOTETiles are only used on the RL.

0o0B Out-Of-Band

oSl Open System Interconnect

P34 Denotes TIA02standard (public safety communications)

PAPR Peakto-Average Power Ratio

PDU Protocol Data Unit

PHYPDU Physical Layer Protocol Data Unit. A FHDU represents a constellation of modulated date

symbols within the OFDM frame, s@itame or tile that carry the actual payload. The PHY
PDU size (number of modulated data symbols) and the number of FPBH¥ witin a
particular frame depend on the OFDM frame type. On the RL eactPBPd\torresponds to
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Term Definition

the data symbols of one RA frame, one DC tile or one Data tile. ThEPH Yoy definition,
excludes any nowata symbols like AGC symbols, synchronization syndyatshols for PAPE
reduction, pilot symbols or unmodulated DC symbols.

PHYSDU Physical Layer Service Data Unit. F¥DYJs are exchanged between PHY layer and its loc
MAC suBbayer, containing the payload exchanged between S8BYs. The size of RBDU
isexpressed in uncoded data bits.

PID Packet Identifier

POW_REP Power report

ppm Parts per million

QAM Quadrature Amplitude Modulation

QPSK Quadrature Phase Shift Keying

RACH Logical Random AcceShannel used during cadhtry and hanebver to acquire the time

advance value (RL) for an unsynchronised user.

Radio burst Timelimited transmission event, containing a (numbes)gfhysical OFDM frames with
optional radio overhead (rampp/ramp-down times, AGC provisions), but excluding
propagation guard times

RC RaisedCosine (window)

RF Radio Frequency

RL Reverse Link (from the AS to the GS)
RL_ALLOC RL Allocation

RLRAframe |w[ wlyR2Y ! 0O0S&aa FNIYSs O2y il AyAy3a dzaSN

RLDATA slot MAC slot providing a transmission opportunity for RL data segment.

RLDC slot MAC slot providing a transmission opportunity for RL Dedicated Control (DC) segment.
RLRA slot MAC slot providing two transmission opportunities for RL Random A@ie@3srames.

RL PHPDU Reverse Link Physical Layer Protocol Data Unit (PDU)

RMS RootMean-Square

RS ReedSolomon (coding)

RSBN t*" ot ge . m_* Yy m mt a “rangeTadiGnavigationesystem) -

RSC_CANCEL | Resource Cancellation

RX Receiver

SAC Subnet Access Code

SAP Service Access Point

SDU Service Data Unit

SESAR Single European Sky ATM Research Programme

SESAR The programme which defines the Research and Development activities and Projects f
Programme SJu.
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Term Definition

SF Superframe. This item has two equivalent meanings in LIBPACSontext. At the PHY layer

it denotes a higkorder repeating pattern of 240 ms length comprising OFDM frames/Mul
Frames, at the MAC stlayer it denotes higiorder repeating pattern of 240 mength,
comprising MAC slots/MuHrrames.

SIB System Identification Broadcast

SJu SESAR Joint Undertaking (Agency of the European Commission)

SJU Work The programme which addresses all activities of the SESAR Joint Undertaking Agency
Programme

SLOT_DESC Slot Descriptor

SSR Secondary Surveillance Radar

SRC_RQST Single resource request

STB Scanning Table Broadcast

Symbol In the LDACS context, one scéxrier of one OFDM symbol

SYNC_POLL SYNC signalling

TAV Timing Advance Value

TBC FLTransport channel carrying logical BCCH channel.

TDMA Time Division Multiple Access

TX Transmitter

UAT Universal Access Transceiver

UMTS Universal Mobile Telecommunications System

VCH Logical channel used on FL/RL for the transmission of idditEDUS.

VDL VHF Digital Link

VIEntity Voice Interface Entity of the logical link control dalger.

VolP Voice over IP

VSB Voice Service Broadcast

Wide-area Aeronautical service with an operational range that exceeds the coverage rangingie
service LDACS cell. Such service must be installed at multiple LDACS cells, with seamless ser

handover between the cells.

WSSUS Wide Sense Stationary Uncorrelated Scattering
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3 LDAC®verview

This section gives an overview of the past activitieat have led to the LDACS technology
development and briefly explains the LDACS conddptumentsproviding irdepth informationare
listed in sectioril4.1

3.1 Baclground

The VHF COM band (I186.975 MHz) currently used for ajround communications is becoming
congested, and the future Air Traffic Management (ATM) concepts will require much greater use of
data communications than today. Seeking to define a Futwer@unicationInfrastructure (FC)

suitable for planned ATM operations, the Federal Aviation Administration (FAA) and EUROCONTROL
initiated a joint study in the frame of Action Plan 17 (AP17), with support from the National
Aeronautics and Space Adminisicat (NASA) and the United States (U.S.) and European contractors,

to investigate suitable technologies and provide recommendations to the ICAO ACP Working Group T
(formerly called WEC).

One of the considered technologies in the first phase of AP17 &siwitas the Broadband Very

High Frequency (BHF) system designed to be operated in the VHF COM range. This technology was
developed within the research project Broadband VHVKE-) and was efunded by the European

| 2YYA&4aA2y Qa8 {AEGK CNIYSE2N] tNRBINIYY

The BVHF project completed a substantial amount of work in developing and designing the-OFDM
based multicarrier system for operation in the VHF band. The "overlay" implementation option for
B-VHF was considered feasible, but it would require highreffdaking into accounthe high
congestion of the VHF band (especially in the European congextwell as the propagation
characteristics of the candidate aviation bands (VHF, L and C bands), the joint EUROCONTROL FAA
Action Plan 17 activities identifiethe L-band as the target band for the new terrestrial data link
system for the year 2020 and beyond.

In 2007, EUROCONTROL launched investigations of a technology simildrfQ But operating in
the aeronautical tband (96@1164 MHz) This bandhas beenmade potentially available for the
Aeronautical Mobile (Route) Service (AM(R)S). The relatsHB system rdesign work was
conducted in asseparateEUROCONTROL study. The generic rihatevasgiven to theproposedL-
band systenwas Broadband- Aeronautical MultiCarrier Communication {BMC). The objective of
the BAMC study was to rase the BVHF system design up to maximum possible extent when
designing the BAMC system in the-hand.

The final outcome of AP17 activities was that no singkehielogy could be recommended for
further consideration, primarily due to concerns about the operational compatibility (interference
between the new system and different already deployeldaind systems). However, AP17 activities
have identified desirableehtures the future tband system should fulfil. Based on these features,
two options for the tband Digital Aeronautical Communication System (LDACS) were proposed.

One option [DACS1is based on Frequency Division Duplex (FDD), utilizing OFDM modul&ion.
LDACSystem has been derived fromAMC, T1A02 (P34), and WIMAX (IEEE 802.16e) technologies.
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Another option (LDACS2) uses Time Division Duplex (TDD) combined with GMSK modulation. It is a
derivative of LDL and AMACS technologies.

In 2008, EUROCONJR funded the first specification of the-band Digital Aeronautical
Communication SysteniThe specific EUROCONTROL task has produced an initial set of system
specifications foLDACSJLDACSD?2] as well as a set of initial specifications EGWACSE prototype
equipment[LDACSD3] A similar parallel task has been executed with respect to the LDACS2 option.

In 2011 the LDACS specification was updateih Project P15.02.04 of the SESAR1 Programme
[LDACSSpec]. During SESARL1 it became evident that ODKCSwill be further enhanced to
AYONBIlI asS GKS aegaidsSyQa Yl (dzNIDAGBwil Sways foabrefdrr&dSaslls T 2 NB
LDACS.

This document is an update of the LDACS specification based on the LiBiA&Specification
[LDACS1_D2)hd on the Updatedl DACSystem Specification (EWAQ4A2D1)[LDACS1_Spec]

3.2 LDACS Description

The FCI comprises both A/G and A/A data links. LDACS cindepigned tsupportboth modesof
operation

The LDACS design shall therefofier two modes of operation, one for aground communications
and another one for aiair communications. Thesevo modes use different radio channels with
different physical layer and data link layer approaches.

In both modes, LDACS has to-aperate with the existing aeronauticatbdand systems (DME,
JTIDS/MIDS, UAT, GNSS, RSBN and SSR/Mode S), as well stemglckse to the aeronautical L
band €.g. GSM/UMTS). LDACS has been designed to minimize interference to and from these
systems. The specific interference situationthe l-band has influenced decisions related to the
LDACS system design.

This documentontains the specification of the LDACS air/ground mode.
This document does NOT specify the LDACS air/air mode.

Note: The air/air mode will not reach the same maturity level the end of wave 1 as the air/ground
mode. Thegfore, in ERR2020 wavd just anFRD for the air/aifunctionality will be developed dn
reviewed(V1 Gate at the end ofvave 1).

3.2.1 Main Capabilities

LDACS is a mutpplication cellular broadband system capable of simultaneously providing various
kinds of Air Traffic Servicesn€luding ATSB3 and Aeronautical Operational Control (AOC)
communications services from deployed Ground Stations (3f8).LDACS A/G sapstem physical
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layer and data link layer are optimised for data link communications, but the system also supports
air-ground vace communication's

LDACS supports communication in all airspaces (airport, TMA, ambter), and on the airport
surface.

The physical LDACS cell coverage is effectivebpaigled from the operational coverage required

for a particular service. Services requiring wadea coverage are installed at several adjacent LDACS
cells.The handover between the involved LDACS celé®amless, automatic, and transparent to the
user. Therefore, the LDACS A/G communications concept is open to the future dynamic airspace
management concept.

The LDACS A/G sapstem provides a firectional pointto-point addressed data link comprising

Forward Link (FL) and Reverse Link (RL) as well as optional broadcast capabilities (FL only). The LDACS
data link subsystem (AS and GSgan be integrated as a suietwork into the Aeronautical
Telecommunication NetworRTN via a access routerlt iscontrolled by agroundstation controller

(GSCas illustrated irFigurel.

L-DACSsub-network

Figurel: LDACS subetwork (highlighted) connected to theATN

In addition to communication the LDACS system can also be used for ranging. The LDACS ranging
capability may provide input to Alternative Positioning and TiminBNA) solution.

3.2.2 Interfaces and Scope of this Document

! LDACSoice functionality is not addressed in depth within this specificat®sme @irther information about
LDACSoice capabilityis provided inSection12 - Voice Interface (VI) Specification aAgpendix B Extended
LDACSystem Capabilities
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The LDACG&rchitectural design is described [RJ14 TS/IRShowever, a highevel overview is
provided in Figure 2. According to the LDACS architecture the scope of this meot is the

air/ground interface R1
— é

LDACS LDACS
RO AL— R T G
[
@
\
LDACS - LDACS
AS Gs

Figure2: LDACS subetwork architecture and interfaces.

3.2.3 Topology

The LDACS A/G mode implements the R1 interfaces shadvigure?2.

LDACS operating in the A/G mode is a cellular goimultipoint system. The A/G mode assumes a
startopology Figure3) in each cellwhere Airborne Stations (AS) belonging to aircraft within a
certain volume of space (the LDACS cell) are connected to the controlling GS. The LDACS GS is a
centralised instancehat controls LDACS A/G communicatiomihin its cell The LDACS GS can
simultaneously support multiple {glirectional communicationto the ASs under its controLDACS

ground stations themselves are connected to a ground station controller (GSC) ¢ogtiiodl LDACS
sub-network.

Prior to utilizing the system an AS has to register at the controllingp @Stablish dedicated logical
channels for user and control data. Control channels have statically allocated resources, while user
channels have dynamidplassigned resources according to the current demadmgjical channels

exist only between the GS and the AS.
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Figure3: LDACS$opologywithin one cell.

3.2.4 L-band Specifics

JOINT UNDERTAKING

=

LDACS is inteed to operate in the lower part of the-hand (9601164 MHz) without causing
interference towards or being influenced by the interference from existidgand systems.
Currently, several other systems are already operating in tharld, as shown iRigure4.

GSM/
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DME-Y
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Founding Members

EUROPEAN UNION  EUROCONTROL

1000.5

1025
(NIATI 1|
969 1008 1053 1065
978 (UAT) 1030 (SSR/
ACAS)

[§

|
1213

1087 1150
!IIIIIIIIIIIIIIIIIIIIIIIIIIIIII(
1113 1206
1090 I(SSR/
ADS-B)
|
1164
[ [l _I
= =
1166 1186 1215 1563
EE
1217 | 1558
! 1263

11961205

Figure4: Current kband Usage
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Distance Measuring Equipment (DME) operating as a Frequency Division Duplex (FDD) system on the
1 MHz channel grid is a major user of thiednd. Parts of this band are used in some countries by the
military Multifunctional Information Distribution Syste(MIDS). Several fixed channels are allocated

for the Universal Access Transceiver (UAT) and for Secondary Surveillance Radar (SSR)/Airborne
Collision Avoidance System (ACAS) systems. Fixed allocations have been made in the upper part of
the L:band for Gloll Position System (GPS), Global Orbiting Navigation Satellite System (GLONASS)
and GALILEO channels. Universal Mobile Telecommunications System (UMTS) and Global System for
Mobile Communications (GSM) commercial systems are operating immediately belolewbe
boundary of the aeronautical -hand (960 MHz). Additionally, different types of RSBN

6t~ ot ge - m_ "~y m mtrgdi havijatiorsystems_mayebe found ih some 0

parts of the world, operating on channels between 960 MHz and 1164 MHz.

3.2.5 Physical Layer Design

In order to maximise the capacity per channel and to optimally use the available spectrum, LDACS is
defined as an OFDMased FDD system, supporting simultaneous transmission in Forward Link (FL)
and Reverse Link (RL) channels, eaclh &it occupied bandwidth of 498.05 KHVithin that
bandwidth, 50 OFDM sutarriers are placed, separated by 9.765625 kHz. Eackcasuler is
separately modulated, the total duration of each modulated OFDM symbgki&ZD ps. The OFDM
parameters have ben selected taking into account specifics of an aeronautical mobilant
channel.

LDACS FL PHY is a continuous OFDM transmission. Broadcast and addressed user data are
transmitted on a (logical) data channel, while dedicated control and signalling iaflamare
transmitted on (logical) control channels.

LDACS RL transmission is based on OFIDMA bursts, with silence phases between such bursts.
The RL resources are assigned to different users (ASs) on deém#relground station (GS)

LDACS A/G desi includes propagation guard times sufficient for the operation at a maximum
distance of 200 nautical miles (nm) from the GS. At this distancewageoropagation delay is 1.26
ms, roughly corresponding to the duration of 10 LDACS OFDM symbols. Irtieapdeployment,
LDACS can be designed for any range up to this maximum range.

3.2.6 Framing Structure

The LDACS framing structureigure5) for FL and RIs based on Supdframes (SF) of 240 ms
duration. Each SF corresponds to 2000 OFDM symbols. The FL and RL SF boundaries are aligned
time (from the view of the GS).

% The occupied bandwidth comprises an unmodulated DC carrier af@FZ8V carriers on each side of the DC
carrier. The LDACRF bandwidth has been selected as a traffebetween the achievable capacity and the
restrictions of the inlay deployment concept (bandwidths larger than 500 kHz would leéadrémsedequired
sepaation distances betweebhDAC®adios and other L band radio stations).
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Time >

Figure5: LDACS Framing Structure

In the FL, an SF contains a Broadcast frame (BC) of durggen6l72 ms (56 OFDM symbols), and
four Multi-Frames (MF), each of duratiopsE 58.32 ms (486 OFDM symbols).

EachFLMF contains OFDMframes with a frame duration ofpfcc= 6.48 ms (54 @M symbols).
EachOFDMframe has a total data capacity of 2442 symbalsd comprises exactly three FL PHY
PDUs that are used for transmitting either the common control (CC) information or payload tata.
size of the CC slot and thus also the size ofitita slot is variabléVithin each MFFL PHYDUSs 1 to
12 contain user payload data. Thsot with CC information starts with the beginning of th8" FL
PHYPDU The CGlot has variable lengthbetween 1 and FL PH¥YDUYi.e. the maximum C€lotis
from the 13" to the 2™ FI-PHYPDU) The remainingL PHYPDUsin the MFagain contain user
payload data.

In the RL, each SF starts with a time slot of lengi{+T16.72 ms with two opportunities for sending
Reverse Link Random Access (RL RA) frames, followed by four MFs. These MFs have the same fixed
duration of Tye= 58.32 ms as in the FL, but a different internal structure.

Each RL MF is constructed from RL-PBWYs equivalent to OFDMA tiles. RL-PBYs are used for

dedicated control information (DC) or payload datadifferent ASThe size of the DC slot and thus
also the size of the data slot is variablsn OFDMAtile spans a specified humber of contiguous
symbols, both in frequency and time directiohhe size of an RL Data PPDU and an RL DC PHY

®The indicated data capacity is related to modulated data symbols, excluding the DC carrier and pilot.symbols
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PDU correspond to the number of modulatddta symbols of a corresponding DC/Data G€ tiles

are stronger protected than Data tiles and haherefore less c@acity. Synchronisation tiles do not
contain any user datalhe minimum size of the DC slot is 12 OFDM symbols, corresponding to one
synchronisation tile, occupying 5 OFDM symbols followed by the ssggieol AGC preamble and six
OFDM symbols carrying tliedicated control (DC) information for one or two users, which leads to a
minimum DC segment duration opdmin= 1.44 ms. The maximum DC slot duration is 108 OFDM
symbols, corresponding taodmax= 12.96 ms. The duration of the data segment in thesRAaiiable,
equal to b= Tur ¢ Tpg resulting in B min= 45.36 ms andpf ma= 56.88 ms.

3.2.7 ProtocolDesign

The LDACS protocol architectuFégure6) definesfive major functional blocks above the PHY layer.
Four are placed in the Data Link Layer (BEthe AS and GS

1 LDACS Management EntftyME)
1 Data Link Service (DLS)

1 Voice Interface (VI)

T Medium Access Control (MAC)

One entity resides within theub-network layer:
1 SubNetwork Protocol (SNP)

The LDACS network is externally connected to voice units, radio control units, and the ATN network
layer through a SulNetwork Dependent Convergence Function (SNDCFISI network layefs
Convergence Sdlayer CS; other network layersyr Interworking Function (IWF; legacy networks)

not discussed in this specification

The SNP connects the AS and GS DLL providintp-@md user plane connectivithetween the
LDAC®S and GS

The DLL provides Quality of Service (Qo0S) assurance accordifl@ORv2]requirements.
Multiplexing of different service classes is possible. Except for the initial aircraéintsiland the
situation after Type 1 handover, medium access is deterministic, with predictable performance.
Optional support for adaptive coding and modulation is provided as Wed.four functional blocks

of the LDACS DLL are organised into twelawrs, the Medium Access Control (MAC)-tajer and

the Logical Link Control (LLC) 4$ajerdiscussed in the next sections
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Figure6: LDACS Protocol Suite the ASand GS.

The AS is connected to ti#erborne Voice Interface (AVI) and the Airborne Network Interface (ANI).
The GS is connected to a Voice Unit (VU) for interconnection with external voice services, and the
AccessRouter (ACR) and Groundbtation Controller (GSC).

3.2.8 MAC SuHayerDesign

The Medium Access Control sdi@syer comprises the Medium Access Control (MAC) entity. MAC
entities are present in the AS and the GS. The MAC entity maps logical channels that run between
peer DLL entitiedHgure7) to PHY layer resources.

Aircraft Ground-Station
User Plane
| DCH |
T
¢ ] DLS DLS )
1 el ots <~ |ER-
© s |- CCCH ITH%) —
5 Si2 =5 2
_GC) nio =) M o C.T LC<D
9) zZ |\ACI 1 > % a
DCCH | o
|l CCCH
|l CCCH
MA MA
C DCCH P c
Control Plane

Figure7: LDAC®LLLogical Channel Structuiie the AS and GS
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The DCH, CCCH, and DCCH logical channels aropgoimt channels and require at the GS one DLS
instance per each controlled AS.

The access to the PHY layer is organised by the MAC entity in a slot staariataicted from PHY
PDUs MAC slots providepportunities for conveying different logical channdigg(re8). Note that
the FL slot structure is shifted versus the mrilime structure. Slots are constructé®m FL and RL
PHYPDUSs, respectively. Every fourth FL data slot is interrupted by a BC slot.

<—multi-frame (58.32 ms)——<«——multi-frame (58.32 ms)——
—Vvariable-m —Vvariable-p

| l
RA and BC slots are inserted here every ! R L P HY- P D U
4th MF (interrupting the FL Data slot). \:
—variable— : —Variable—
FL Data CcC

| | |||| FLiData ||||| CC“LData |
+«+—bHh8.32ms——m

FL PHY-PDU

Aduanbaliy

Time >

Figure8: LDACS Slot Structure
There are three types of FL MAC slots:

1 BC slot, carrying the Broadcast CohtChannel (BCCH) for all airborne users
I CC slot, carrying the Common Control Channels (CCCH) for airborne users
9 Data slot, carrying the FL data payload (DCH)

Note: The FL DATA slot is not aligned with the fmaltine boundary, but between two consecut@€
slots!

There are also three types of RL MAC slots:

1 RAslot, carrying the Random Access Channel (RACH) available to all airborne users
1 DC slot, carrying the Dedicated Control Channels (DCCH) of airborne users
9 Data slot, carrying the RL data payload (PCH

The size of FL CC slots and RL DC slots can be dynamically adjustedPtuRt#ps), allowing for
an optimum accommodation of varying levels of signalling traffic.

3.2.9 LLC SulmyerDesign

The LLC sulayer of the DLL manages the radio link and offer¢heosub-network layera bearer
service with different classes of service. It contains the LME, DLS, and VI entities. The DLS and VI may
be present in multiple instances.
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There is one LME in each AS and one LME in the G&SIME perforns link maintenance and
manage AS registration (centry) and deregistration (cedixit) at a particular GS as well as
handovers between GSs (mobilityhder the control of the NMEDuring celentry the identity and
authorization of an AS is verified.i$ts conducted over BCCH (GS to AS) and RACH (AS to GS) logical
channels. These two channels are special in the sense that they are available hefok&
registration Otherwise, excluding registration, the LME uses the CCCH and the DCCH for exchanging
control information.

The dynamic assignment of physical layer resources to logical data channels is provided by the GS
LME. For grountb-air transmissions this assignment is performed locally in the GS. However; air

ground transmission resources havelte requested by the AS LME and are assigned by the GS LME.
The airto-ground resource allocation mechanism uses DCCH (AS to GS) and CCCH (GS to AS) logical
channels for the exchange of resource request and resource allocations.

Bidirectional exchange afiser data between the GS and the AS is performed by the DLS entities.
There is one DLS entity in each AS and one peer DLS entity for each AS in the GS. All DLS entities use
the DCH logical channel for DLS user plane transmissions and the DCCH and C@Hf@hBihS

control plane transmissions.

LDACS offers a built support for the transmission of digital voice. This service is provided by the VI
entity. A voice stream is transmitted over the DCH logical channel. The channel may be shared by
several uses to emulate partyline voice communication. If several voice channels should be
simultaneously available on a single LDACS radio channel, LME selects the logical voice channel to be
used via the VI (in this case LME is controlled from an external system)

3.2.10 Sub-Network ProtocolDesign

The @b-Network Protocol (SNP)provides the basis fothe Al, G1, G2 G3, G4, G5, G7, and G8
interfacesdescribed inPJ14 TS/IRSNhd shownin Figure2. It provides eneio-end user plane and
control connectivity between the Adhd GSas indicated irFigure9.The GrouneStation Controller
(GSC) controlling the LDACS-sebwork is not part of this specification.

4
E Al
; ¥ ¥
A0 Sub-Net
mu, SNP [ unctions
i = Classasevce LME
\Y| DLS
% nnck ‘”"‘:’m" Logical channel
MAC
X ) I’ 3
vﬁ £ - Li v
PHY R1 PHY
AS GS GSC
Figure9: LDACS subetwork protocol architecture.
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4 LDACS Characteristics

This section describes radio aspects, characteristics and capabiliti®Aaf$hat affect both AS and
GS, considering theDAC®/G mode of operatioh

4.1 Polarization ofLDACE&Emissions

The design polarization @DAGemissions shall be vertical.

4.2 LDAC®esigned Coverage

The maximum designed coverage rangelL&fACSs 200 nm.The designed coverage range is
determined by the propagation guard time considered during the system design. Dependent on the
interference situaibn, real operational coverage may be chosen to be smaller than 200 nm.

Note: An extended range mode for ranges beyond 200 nm will be defined in a later update of this
specification.

4.3 LDAC®Radio Frequency Range

LDACSNhall operate in the 9691164 MHz rane.
TheLDAC®equency bands for the A/G link are the following:

1 Forward Link: 1120156 MHz
I Reverse Link: 9641010 MHz

Note: The reverse link is proposed to operate in the lower part of the DME, which does not have an
international allocation (and as result there are not international DMEs operating in this band). The
complete Reverse Link frequency band also surroundgAfiefrequency at 978 MHz for regions were

UAT is deployed parts of the reverse link frequency band cannot be used and means must be defined
to allow a parallel operation of LDACS and UAT.

4.4 LDACSL/RL Duplex Spacing

The duplex spacing between LDAXIS FLand RL is 146 MHz.

Noter There is no fixed assignment between the forward link channels and the revers link channels.
This allows a dynamic allocation of FL and RL channels, whichngive flexibility for deploying
LDACS.

*In thisLDACSpecification no detailed information is provided for the A/A mode of operation.
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45 LDACRF Channel Grid

45.1 FL/RLChannel Grid

The nominal frequency of FL/RL channels for LDACS withiresipeative transmission/reception

range shall lie on the 0.5 MHz grid. All FL and RL channels shall have a unique channel number
starting with the first allocated frequency. The filsDACS channel LC#1 shall operate egrdre
frequency (DC subcarrier) of 964 MHable 1 shows an excerpt of theappingof LDACShannels

to the frequencies.

LDACS shall operate without guard bands between adjacent LDACS channels.
LDACS cohannel inerference rejection shall be at least 14 dB.
Note 1: This corresponds to a frequency reuse factor of 7.

Note 2: The figure for cehannel interference rejection ensures that at least all adaptive coding and
modulation types involving QPSK modulation fulfil the requiredrhitr ratio (BER).

Tablel: LDACS channel assignment

LDACS®hannel| Center Frequency
LC#0 960.0 MHz
LC#1 960.5MHz
LC#2 961.0MHz
X X

LC#8 964.0 MHz
X X

LC#100 1010 MHz
X X

LC#330 1125 MHz
X X

LC#392 1156 MHz
X X

LC#408 1164.0 MHz

Note: Only channels within the LDACS radio frequency bands shall be used.
TheLDACS channel numb&G#b) shall be calculate by the following equation:

LC#b = (Assigned Frequency [MidAReference Frequency [MHz])*2
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TheReference Frequendy 960 MHz

45.2 LDACKF Channel Bandwidth

The occupied bandwidth of tHeDACSignal is B.= 498.05 kHz (Secti@4.2).

Note 11 LDACS in its basic profile occupies a transmit bandwidth of 498.05 kHz
(51*9.765625 kHz)LDACS RF bandwidth has been setkets a tradeoff
between the system capacity and the capability of operating between DME
channels without mutual influence (inlay concept).

Note 2.1 It is foreseen that additiondlDAC®rofiles are defined at a later stage
which might use more than 51 Iscarriers and with that occupy a larger
bandwidth.
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5 System Characteristics of the Ground
Installation

This section comprises items that are specific to the implementation oLDW®CSS operating in

the A/G mode. The GS comprises the transmitter (TX),weicéRX) and some common functions,
e.g. common timing/frequency reference. RF duplexer and RF filtering equipment may appear within
the GS architecture but are considered as optional.

5.1 GS Radio Frequency Range

The GS radio frequency range shall be asipddn Sectiort.3.

5.2 GS Duplexer

LDACS duplexer shall be of passband type.

5.3 GS Transmitting Function

Unless explicitly differently stated, all requirements uponGi&etransmitter apply to
the RF output connector of the transmitter.

5.3.1 GS Operational Coverage

The effective radiated power of theDACSS transmitter (TX) should be such as that it provides on
the basis of freespace propagation the minimum required spatial power density at the AS antenna
as specified iBectior6.4.6

LDACSGS will provide communications service to airborne users within service
volumes characterised via Designated Operational Coverage (DOC). The GS
operational coverage may be less than or at most equal to LBACSsystem
designel coverage of 200 nm (Sectidr?).

The requirement specifies the required GS TX power, but is indirectly dependent upon
the selected AS RX opengfipoint (minimum required operating signal power) S1
(dBm) under interference conditions that in turn is firmly coupled with a spatial
received power density Pd (dBW/m2), assuming the reference antenna/cabling
configuration. The AS RX parameters S1 andr@groposed in Sectidh4.6 These
parameters are selected based on satisfactory interference performance, considering
also safety and banking mgins.

5.3.2 Ground TX Maximum Transmitting Power

LDACS GS equipment shall be able to generate a transmit power of 42 dBm averaged over
continuous FL transmissions and measured directly at the transmitter output.
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The maximum EIRP of an LDACS GS in regularmaigeaveraged over continuous FL transmissions
shall be 52 dBm.

Note 1: In defining the maximum EIRP, 42 dBm transmit power, 2 dB cable loss as
well as 12 dBi antenna gain is assumed.

Note 2: The actual EIRP used of an LDACS GS in regular range modeensighatler
depending on the coverage area of the LDACS GS.

5.3.3 Ground TX Maximum PAPR

LDACS GS PAPR shall not exceed 11 dB measured directly at the transmitter output.

5.3.4 Ground TX Transmitter Spectral Flatness

When transmitting on all usable swdarriers N (N, is the maximum number of OFDM saérriers
available on FL specified in Sectt8.5), the following shall apply:

f Absolute average power difference between adjacent-sabyiers>X 1 oM. FRE G VR . LIA £ 20
022al0Ay3 3& RLILIXASRDd yOS & KRmehriersd) S | RRSR T2 N
91 Deviation of average power in each scdrier EFigurel0) from the measured subarrier
power averaged over all Mctive subcarriers

9 Subcarriers from {12 to-1] and [1 to 12]>Kt2 dB
I Subcarriers from {25 to-13] and [13 to 25]+2/c4 dB
1 The average power transmitted at spectral line 0 shall not execd&ddB relative to total
average GS transmitted power (excluding the -sahiers intentionally poweiboosted or
suppressed).
- |
+2 dB ! : 1
R N 3 Loy, power —all 80 sub-carriers [ mmmmm——m—————— -—
4 db *
- -
-25 -12 0 +12 +25
-13 -1 +1 +13 Sub-carrier index

FigurelO: TX Spectral Flatness
The boosting levelggshall be adjustableSection8.7.1).
All above requirements apply to the RF output connector of the equipment.

Under ideal conditions, all OFDM stdariers would be transmitted with nearly equal

G LIS ND laNidaR S NE thd RADM Ninal &p2ctrum would be flat. Under real
conditions, the degree of spectral flathess must be specified for the OFDM transmitter
in order to reduce implementation efforts at the receiver side.
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The postulated spectral flathess is only achievableha mean, i.e. after long
averaging, since within each OFDM symbol significant differences frocastgdr to
sub-carrier might occur. This holds especially forar@ 64QAM but also for QPSK.

5.3.5 Ground TX Maximum Number of Used Saaérriers

Except for tle synchronisation symbols where some ssriers are not transmitted, the ground
LDACSX uses in all FL frames the maximum number of OFDMasubrs: Nseq = N, = 50 sub
carriers.

Note: The Nu figure above does not include the DCcauntier at zero dket.

5.3.6 Ground TX Relative Constellation Error

To ensure that the receiver SNR does not degrade more than 0.5 dB due to the ground transmitter
SNR, the relative constellation Root Mean Square (RMS) error of a ground TX, averaged over all sub
carriers, OFDMrames and packets, shall not exceed an ACM mode dependent value according to
Table2.

Table2: Allowed Relative Constellatiokrror for Ground TX

ACM mode Relative constellation error [dB]
QPSK, 1/2 -15,0
QPSK, 2/3 -17,0
QPSK, 3/4 -18,5
16QAM, 1/2 21,5
16QAM, 2/3 -23,0
64QAM, 1/2 -25,0
64QAM, 2/3 -28,5
64QAM, 3/4 -31,0

The relative constellation RMS error is calculadsd

Cc
=7

P 0AaQ 'O '3an
5

Q
"0 "ARQ NQ

C
1Sy

I M denotes the total number of measurements

1 L, denotes the number of OFDM symbols used in a measurement (length of the OFDM frame
with data relevant to the measurement),

1 N:denotes the number of OFDM frames containing data used in the measurement,
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T [o(l,j,k), Q(l,j,k)] denotes the ideal symbol point in the complex plane (in the constellation
diagram) of the-th OFDM frame,-jh OMM symbol of the OFDM framesttk sub-carrier of
the OFDM symbol modulated with data relevant to this measurement,

1 [I(1,},k), Q(l,j,k)Henotes the observed symbol point in the complex plane (in the constellation
diagram) of the-th OFDM frame,-jh OFDMsymbol of the OFDM frame;th sub-carrier of
the OFDM symbol modulated with data relevant to this measurement,

I Sdenotes the group of modulated data s@hrriers where the measurement is performed.

5.3.7 Ground Transmit Filter

LDACS transmit filter insertionsl® should be less than 1 dBDACS transmit filter shall provide a
rejection to ensure a sufficient protection of other relevant systems.

5.3.8 Ground TX Noise and Spurious Emissions

The level of any spurious signal measured in an active mode at the GS TXteutpoated in a
matched impedance load shall not exce86 dBm.

The broadband noise power density measured across the spurious dofgingl1) at the GS TX
output, when the TX terminated in a matched impedance load operates at the maximum power
(Sectionb.3.2 shall not exceeell33 dBc/Hz

5.3.9 Ground TX Spectrum Mask

Within the out-of-banddomain, the spectral density of the transmittédDACSignal shall fall within
the spectral mask shown iRigurell and Table3. The measurements shall be made by using a 10
kHz resolution bandwidth and a 30 kHz video bandwidth. The O dBr levelasehegel DACS X in
band power density.

Notelt n ¥ A& GKS FTNBIdzSy Oe &L PACS Gentaryfeqoeicy.T 8 Y SI &
Note 21 ais the attenuation in [dBr] relative to the LDACS passband power level.

Note31 ¢ KS FNBIjdzSyOe O22NRAYylIGSa 2F GKS LRAyda
bandwidth of an LDACS transmit signal, which is 250 kHz:

Frequency coordinate for point A [kHz]: 250*1
Frequency coordinate for point B[kHz]: 250*1.35
Frequency coordinate fgroint C[kHz]: 250*2.5
Frequency coordinate for point D[kHz]: 250*3.1
Frequency coordinate for point E[kHz]: 250*5
Frequency coordinate for point F[kHz]: 250*8
Frequency coordinate for point G[kHz]: 250*16

= =4 -8 -8 -8 -8 "
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out-of-band domain
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Figurell: LDAC®round TX Spectral Mask
Table3: LDACSround TX Spectral Mask
A(nf,a) | B(nf,a) | Qnf,a) | D(nf,a) | Epf,a) | Apf,a) | G(nf,a) | Spur
Frequency
A 250.0 337.5 625.0 775.0 1250 2000 4000 >4000

hFF&Sa n
Attenuation a 0 34 53 59 69 76 90 90

5.3.10 Ground TX Time/Amplitude Profile

LDACS§round transmissions are continuous, without raimp or rampdown phases.
5.4 GS Receiving Function

5.4.1 Ground RX Reference Bit Errgatio

For theLDACS®eceiver, the reference corrected BER (after FEC) shall'be 10

The B YSI adzZNBR FFGSNJ C9/ Aada |y FLILINRPLNRFGS Y
receiving and properly decoding incoming data messages. It is equally suitable for
measurements with and without external interference.
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5.4.2 Ground RX Sensitivity

LDACS minimum receivegensitivity depends on the chosen coding and modulation scheme and shall
comply withTable4.

Note: The sensitivity level is defined as the power level measure@ atckiver input when the bit
error ratio (BER) is equal to 1 x-&@nd all active subarriers are transmitted in the channel. In
general, the requisite input power depends on the number of activeauiers of the transmission.

Table4: LDACS minimum receiver sensitivity values

Modulation | Coding Rate of Convolutional Code (C GS Receiver Sensitivi

QPSK 1/2 -103 dBm
QPSK 2/3 -101dBm
QPSK 3/4 -100dBm

16QAM 1/2 -97dBm

16QAM 2/3 -94dBm

64QAM 1/2 -92dBm

64QAM 2/3 -89dBm

64QAM 3/4 -88dBm

Note: The sensitivity valuesTiable4 assume a receiver noise figure of 6 dB.

Note: The sensitivity values Trable 4 assune absence of any source of interference except for
thermal and receiver noise.

5.4.3 Ground RX Filter

LDACS receive filter insertion loss should be less than 1 dB.

LDACS receive filter shall provide a rejection to ensure a sufficient protection from othernteleva
systems.

5.4.4 Ground R)XSelectivity

LDACS receiver selectivity shall comply Wwable5 and Figurel2.

Note: The receiver selectivity values comprise the complete LDACS receiver chain after the duplexer,
i.e. the duplexer is not included.

Table5: LDACS receiver selédgty values

Passband Ripple (x250 kHz) within + 1 dB
Attenuation @ +300 kHz >6dB
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Y (a
Attenuation @ +400 kHz > 40 dB
Attenuation @ +500 kHz >70dB
Attenuation @ +750 kHz >80dB
Attenuation @ +1500 kHz >90dB

a [dBr]

i i P , L i i
-1500 -750 -500 -250 0 250 500 750 1500
Af [kHz]

Figurel2: LDACS receiver selectivity.

5.4.5 Ground RX Operating Point

When using all RL swudarriers (Nsea= N)) with QPSK modulation, convolutional coding wigh=rvz,
interleaving over 6 tiles and Re&blomon RS (98, 84) coding, using RL Data tiles where AS uses
full RL bandwidth, the groundDACSRX shall fulfil the BER specified unBigt.1when the signal S1

as defined inTable6 or greater is present at the RX input.

S1 defines the RX operating pairee minimum required RX input signal power at the
RX input under reainterference conditions (cumulative-bland interference),
considering an appropriate aeronautical channel and applicable banking margin.

Table6: GS RX Operating Point S1 and Power Density Pd

®The S1 value has been derived from the LDACS link budget in ApperddALS Link Budget and may have
to be further adjusted.
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Antenna Conversion Unit ENR | TMA APT Equation

TxRx Distance nm 120 40 10 d

Speed of Light m/s 3E+08 | 3E+08 3E+08 c

Transmit midband MHz 987 987 987 f

frequency

Wavelength m 0.30 0.30 0.30 _ 0 Q
Correction Factor dB 2134 21.336 21.336 60 pmii %j i
Rx operating point (S1) | dBm -95.83 -93.03 -85.43 S1

RX cable loss dB 2 2 2 Lca

Duplexer loss dB 0 0 0 Lda

Mlnlmum RX Antenna | dBi 12 12 12 Lra

gain

Required power at RX | dBm 105.83 | -103.03 -95.43 Pa=S1+Lehra
antenna

Required power at RX | dBW 13583 | -133.03 19543 Pal=P&0
antenna

Spatial power density at dBW/nt 11449 | -111.69 104.09 Pd=PaiCF
RX antenna

Assuming fixed antenna gain and cable losses, the GS RX operating point S1 for

particular LDACSlesigned operational coverage (environment) is related to the
minimum required signal power density Pd (dBW/m2) in front of the GS receive
antenna.

Under above conditions, the GS RX shall provide the BER specifiedashdarvhen the spatial

A

power density at the GS RX antenna is equal to or greater than the Pd value specified in the last row

of Table6.

When calculating Pd, the conversion formula from ICAO Annex 10, Volume I,
Attachment C, Section 7.2.1 has been used: Pdc=1B'dog10( 2/(4* p)), where Pd is

the spatial power density (dBW/m2), Pa is the igpit received power at the
receiving point (dBW) andis the wavelength (m).

When calculating the relation between Pd and the corresponding required signal
power level S1 at the GS receiver input, the-raidje GS receiving frequency and the
minimum avaible GS antenna gain towards the concerned AS at the coverage
boundary have been assumed. The waete AS5S antenna misalignment occurs in

the TMA/APT environment (peak GS antenna gain of + 8 dBi has been reduced by 2 dB

in these environments)his redction is the ground contribution to the total @S
antenna misalignment loss (7 dB) that was used in TMA/APT link budget calculations.

5.4.6 Ground RX Interference Immunity Performance
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The LDACS3eceiver shall be able to receive the desileldACSignal in thepresence of undesired
signals received from otherthiand sources at power levels that may exceed the power of the desired
signal. This receiver feature is highly dependent on the frequency offset between the deasded
undesired signal channels.

The inteference immunity performance cannot be stated based on the currently
available LDAC$arameters. Instead, it should be measured in the laboratory on
LDACS GS RX prototype.

It is expected that the interference immunity will be assessed as Interference
Rejestion (IR) dependent on the frequency spacing between involved systems.

The Interference Rejection (IR) represents the power difference (in dB) between the
interfering undesired signal (U) at specified frequency offset fronLEeC8hannel

and the onchannel desired.DACSignal, for specified desired signal level (D) and
specified reference BER (Sectohl).

IR shall be measured by setting the desik@ACH A Ay | f Q& LI2oSNI (2 GKS
(dBm) equal to the operating point S1 that is 6 dB above the rate dependent receiver

sensitivity SO (as specified34.2) | YR NI AaAy3a GKS LR2oSN f SOS:
interfering signal until the target BER (as specifigaldnl) is obtained.

IR shall be separately assessed and declared for each applicable type of interfering
signal (e.g. DME, SSR, UAT, GSM/UMTS, RSBN, JTIDS/MIDS). Each interfering signal
must be specified in terms of its operating frequencyf(equency offset to the
LDACShannel), peak power, and dutycle. Table 7 illustrates one example of

stating IR for a particular interferinglandd @ 8 0 SY & - ¢ ® -dépendehta
and shall be stated for different frequency offsets between the dekP2CSignal

and undesired interference signal.

F NB |j dzS

Table7Y LY GiSNFSNByOS wSa2SO0iGA2y 6LwO wSljdZANBYSyGa
Desired signal power D (dBm) D =S0 + 6dB
CNBIljdzSy oe 2FFasSi k¥ |kil kf 2 kf 3 kf 4 kf n
Tolerable undesired signal power U_x (dBm)| U_1 u?2 U3 U4 Un
Lwl! k5 o6{&@aiSY a-ax |U1D U_2/D U 3D U_4/D U_n/D
¢tKS kKT Ubé7BIKR dAYR 0S aSt SOGSR | I LILINE LINR | &

LI NI A Odzt I NE

duringthe laboratory measurements.

FT2NJ GSaia
MHz,+1 MHz, £ 1.5 MHz, +2 MHz, + 2.5 MHz etc. The IR values will be determined

5.4.7 Ground RX Maximum Desired Signal

The GS receiver shall be capable of decodingh@mnel desired.DACSignal (D) with the peak
instantaneous power of10 dBm (measured at the RX input).
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Due to internal implementation choices and constraints, e.g. clipping in the input
stage, an aeronautical receiver is generally able to decode desired incoming signals
only up to some specified maximum power level. If this level is exceeded, receiver
operation may fail.

An AS TX on the ground operating with ¢##8n average AS TX power at 100 m
distance to the GS antenna would produ28.5 dBm average power at the GS RX
input, assuming 0 dBi gain airborne antenna, 3.5 dB airborne cable and duplexer
losses, frespace propagation, 8 dBi ground antenna gain and 2 dB ground cable
losses, Assuming 17 dB provision for TX PARRpeak receivedDACSignal power
becomes11.5 Bm (roundeelp to-10 dBm).

This requirement represents the best current guess and may require further
refinement (e.g. frespace propagation model may not be applicable to airport
surface, or the minimum required distance to GS may be increased abowg.100

5.4.8 Ground RX Maximum Tolerable Input Signal Power

The ground_DACSeceiver shall tolerate at its input a pulsed interference signal with peak power of
up to ¥30 dBm without damage.

Receiver implementation imposes constraints on the maximum (desirediesited)

signal power at the receiver input such that it still does not cause permanent damage
of the receiver input circuit. The proposed value is the best current guess and may
have to be further adjusted.

Due to the possible docation with GSs of o#ér aeronautical systems, the same
(stringent) value has been proposed for the GS RX as for an AS RX (seé.8€}tion
The implementation can beade easier by using radio frequency (RF) filters between
the GS antenna and the receiver infawever the usage of such filters is optional.

5.4.9 Ground RX Measurement of RL Power Error

The GS RX shall be able to measuseparately for each RL usgthe difference between the signal
power of the incoming RL frames/tiles and the local reference (optimum) power setting at the GS
with an accuracy of £ 0.5 dB.

LDACS5S applies closddop power management to maintain the power level of
airborne transmitters athe minimum power level that is still sufficient for successful
decoding of RL messages by the GS receiver. In order to issue power correction
commands on FILDACSsS receiver must be able to accurately measure received
signal power levels respective ¢ its internal reference separately for each RL user.

For that purpose, each RL RA frame contains two OFDM synchronisation symbols. If

®In the practical implementation it shoulae able to reduce the maximum possible PAPR value with 50 OFDM
sub-carriers (17 dB) by using PAPR reducing techniques (S8cti@n
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required, the GS can request the AS to transmit a synchronisation tile within the RL DC
segment.

5.4.10 Ground RX S/N Measureemt

GS RX shall continuously measure S/N for RL frames/tiles received from the controlled ASs. The S/N
value shall be separately derived for each AS under control of the GS, permanently updated and
averaged after each new RL frame/tile has been receivad the controlled AS.

5.5 GS Frequency/Timing Requirements

5.5.1 Network Synchronisation
In order to support hanaver procedures between GSs, BIDACS5Ss from a particulatDACS
network shall be synchronised to a common timing reference.

The external synchroniginreferences may be e.g. a 1 pufser-second (PPS) timing pulse and a 10
MHz frequencyreference.ln case of loss of the network timing signal, GSs shall continue to operate
and shall automatically rsynchronise to the network timing signal when it is recovered.

A single GS shall be able to operate without a network timing signal. In such a situgisiares AS

will not be able to conduct a Type 2 handover and will not be able to scan adjacent cells without
losing synchronisation to (and having to -enter) the current cell. Type 2 handover is also not
available between GSs of differdriDAC8etworksthat are not using common timing reference.

Thefrequencyl YR aevYoz2f Of 201 | OOdzNIF 08 2F BS5ALATFTNBS NHzy vy
5.5.2 GS Transmitter Synchrasation to Network Time Reference

At the GS, the start of the first transmitted symbol in an FL sinaene shall be timesynchronous
with the external timing reference.

Timesynchronous in this context means that there is a fixed,-timariant relation
between the reference timing point of the transmitted FL SF, and therefore also
between the reference timing points for all FL frames within the SF, relative to the
reference timing point of the external time reference.

The timing of the transmitted symboéhall be tracked at the GS TX antenna.

5.5.3 GS Synchronisation Accuracy to Network Time Reference

The FL SFs transmitted by the serving GS shall be synchronised with the Network Time Reference to a
level of at least +1/11 cyclic prefix length.

The duration of the cyclic prefix is 11*Tsa, where Tsa = 1.6 ps represents the selected
sampling time (Sectiod.4.1).

For ranging the GS clocks Bl synchronized with an error of 50 ns or less

5.5.4 GS Centre Frequency and Symbol Clock Frequéwacyracy
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At the GS, the transmit centre frequency, receive centre frequency, and the symbol clock frequency
shall be derived from the same reference oscillator

At the GS, the reference frequency accuracy shall be better than £ 0.1 ppm.

This requirement is valid independently of whether the GS is synchronised to the
network reference or not (Sectiérb.1).

5.5.5 GSto AS Frequency Synchronisation

The GS shall be able to individually synchroniserézeive, and decode RL RA frames.

The GS frequency synchronisation to RL RA frames should be based on obkersimghronisation
symbol pairs that occur at the start of RL RA frames and/or RL synchronisation tiles.

Detailed methods for frequency acquisition and tracking are an implementation issue.
The GS RX frequency synchronisation to RL RA frames is expdatetiased on
synchronisation sequences. Additionally, pilot tones from the RA frame may be used.

When receiving RA frames, the GS RX shall acquire frequency synchronisation on RL within the
tolerance that is sufficient for satisfactory reception on the @ensitivity requirement, as specified
in Sectiorb.4.2).

The initial GS RX frequency capture range shall be sufficient for accommodating both imperfect AS TX
- GS RX reference frequency accuracy (Sec8dnhiand5.5.4 and the maximum applicable G&S
Doppler shift (1.7 kHz at 8%Mhots and 1156.5 MHz).

When anLDAC®\S contacts the new GS for the first time, it may transmit its RL RA
frame/synchronisation tile with a significant offset from the GS receiving frequency
due to a norcompensated T-RX frequency error and/or Doppleiifsh

'd GKAa GAYST 1 { w] ONI-FENVRAAXRRPE -POAER) Ry
derived estimates, where an AS has not yet received from the GS any absolute
correction value for its RL powgtiming and frequency settings.

As RL RA frames/synchrotisa tiles are relatively short, no frequency tracking is
required.

The GS shall be able to individually synchronise to RL synchronisation tiles received from different
ASs at the beginning of RL DC segments.

After initial contact, the AS is synchroniseithwhe GS, but for the synchronisation
maintenance it may be required that the AS selected by the GS sends a special
synchronisation tile at the beginning of the RL DC segment.

" This tolerance needs not toe exactly specified like AGC, synchronisation is just an enabler for the normal
operation of the AS RX. Synchronisation performance will be indirectly confirmed via AS RX sensitivity check.
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5.5.6 GSto AS Time Synchronisation

The GS shall be able to individually lock omgxeive, and decode RL RA frames received with
different power, frequency, and timing settings, relative to the GS reference values.

Detailed methods for timing acquisition and tracking are an implementation issue.
The GS RX time synchronisation to Rl frames is expected to be based on
synchronisation sequences. Additionally, pilot tones from the RA frame may be used.

When receiving RA frames, the GS RX shall acquire time synchronisation on RL within the folerance
that is sufficient for satisfactorgeception on the RL (sensitivity requirement, as specified in Section
5.4.2.

In order to be able to demodulate the RL RA frame, the GS RX stustduire time
synchronisation with the AS RA frame.

The reception of RA frames is supported by the large propagation guard times that
are defined in Sectio8.5.2.3and by the synchronisation symbol pairs that occur at
the start of RL RA frames.

5.5.7 GS Measurement of RL Frequency Error

The GS RX shall be able to measure frequency offset between the incoming RL centre frequency and
the local frequency rerence applicable to RL. The measurement tolerance shall be better than 1%
of the subcarrier spacing.

5.5.8 GS Measurement of RL Timing Error

The GS RX shall be able to measure the time offset between the incoming RL/ftdeseand the
local referencdrame timing to an accuracy of + 1/6 of the guard tim@iTbetter.

® This tolerance needs not to be exactly specifigtiwill be indirectly confirmed via AS RX sensitivity check.
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6 System Characteristics of the Aircraft
Installation

This section comprises specification items that are specific to the implementation diRRe&CS
Airborne Station (AS) operating in the A/G mode. The AS comprises the transmitter (TX), receiver
(RX), duplexer and some common functions, e.g. common timing/frequency reference.

6.1 AS Radio Frequency Range

The AS radio frequency range shall be as spedifi€ectiord.3.

6.2 AS Duplexer

LDACS duplexer shall be of passband type.
Recommendation: The-lmand insertion loss of the LDACS AS duplexer should be less than 1 dB.

The minimum attenuation of the LDACS AS duplexer from the transmit port to the receiver port at
the assigned LDACS FL frequency band shall be at least 69 dB.

6.3 AS Transmitting Function

6.3.1 AS Operational Coverage

The effective radiated power of theDACRS trarsmitter (TX) should be such as that it provides on
the basis of freespace propagation the minimum required spatial power density at the GS antenna
as specified irSection5.4.5 The requirement applies to ranges and altitudes appropriate to the
operational conditions applicable to the areas in which the aircraft is operated.

The requirement specifies the AS TX power, but is indirectly dependent upon the GS
RX operding point (minimum required operating signal power) S1 (dBm) under
interference conditions that in turn is firmly coupled wdtlspatial received power
density Pd (dBW/m2), assuming the reference antenna/cabling configuration. The GS
RX parameters S1 and Pd are proposed in Seé&tibd based on satisfactory
interference performance, considering also safety and banking margins. The
requirement may need to be separately stated for large cells with 200 nm radius.

6.3.2 Airborne TX Maximum Transmitting Power

LDACS AS equipment shaldble to generate a transmit power of 42 dBm averaged over continuous
RL transmissions and measured directly at the transmitter output.

The maximum EIRP of an LDACS AS averaged over continuous RL transmissions shall be 41 dBm.
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Note 1: In defining the marum EIRP, 42 dBm transmit power, 3 dB cable loss,1 dB
duplexer loss as well as 3 dBi antenna gain is assumed.

Note 2. The maximum EIRP is required to support communications up to the
maximum coverage.

The AS TX shall transmit with declared nominal avepmyeer Ris Declared average powends
measured (must be maintainedover the duration of any continuous RL transmission that useg all N
OFDM sukarriers.

Dependent on the AS capability, some ASs may be configured to use less than +42
dBm in some aiace types, but once selected, declared AS average powePlgvel
does not change during operation.

When the AS TX transmits OFDM data symbols with less thanlitarriers (data symbols in RA
frames, DC and Data tiles), shall maintain the same peub-carrier power (for all sulcarriers
except for boosted pilot tones) as in the case wheré&aub-carriers are used

When transmitting AGC preambles and synchronisation sequences that do not use all
RL carriers, the AS TX shall adjust the avepggasymbol transmitting power such

that it becomes equal to the average pgmbol transmitting power for RL OFDM
data symbds that use Nu subarriers.

If the number of active sutarriers allocated to a user by the GS is reduced or
increased, the totalransmitted power shall be proportionally reduced or increased by
the AS alone, without additional GS power control messages. The total average
powerPysmust always remain below +42 dBm.

In order to assure interferendece operation towards other-hand receivers the
maximum EIRP (antenna main lobe) for an AS should be limited.

6.3.3 Airborne TX Maximum PAPR

LDACS AS petkaverage power ratio (PAPR) shall not exceed 11 dB measured directly at the
transmitter output.

6.3.4 Airborne TX Power Dynamic Range

The AS TXhall be able to transmit with declared nominal power level that shall not exceed the
maximum specified power (Secti@n3.2).

AirborneLDAC®&ansmitter shall supprt monotonic AS TX power level reduction below the declared
nominal AS TX power within a control range not less than 50 dB.

TX power shall be adjustable in steps that are at maximum 1 dB.

TX power level minimum relative step accuracy shall be + 0.5 b&tter.

6.3.5 Airborne TX Transmitter Spectral Flatness

When transmitting on all usable swdarriers N (N, is the maximum number of OFDM saéarriers
that are available on RL), the following shall apply:
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f Absolute power difference between adjacent scduriers:>X 51 d®mM Rgé GRAF LAY 2 G
022a0Ay 3 A& [IRLIIBSRIRE for pilbt carriers)

9 Deviation of average power in each scérrier Figurel0) from the measured per subarrier
power averaged over all Mctive subcarriers:

0 Subcarriers from {12 to-1] and [1 to 12]>Kk:2dB
0 Subcarriers from {25 to-13] and [13 to 25]K+2/c4 dB

1 The average power transmitted at spectral line 0 shatl exceed¢l5 dB relative to total
average AS transmitted power (excluding the -sabriers intentionally poweboosted or
suppressed).

The boosting levelgrishall be adjustable (Secti@7.1).

All requirements on the AS transmitter apply to the RF output connector of the
equipment.

6.3.6 Airborne TX Maximum Number of Used Sahrriers

AS TX shall be configurable to usgeN= N, OFDMsub-carriers, where N= 50 is the maximum
possible number of subarriers), except for the RL RA frames where a fixeelpfimed number of
sub-carriers is used in OFDM symbols carrying data (SegttoR.3.

6.3.7 Airborne TX Relative Constellation Error

To ensure that the receiver SNR does not degrade more than 0.5 dB due to the airborne transmitter
SNR, the relative constellation RMS error of an aimbofX, averaged over all saarriers, OFDM
frames and packets, shall not exceed an ACM mode dependent value accordiaglé@ (Section

5.3.6.

The relative constellation RMS error is calculated as described in Se8ttn

6.3.8 Airborne Transmit Filter

LDACS transmit filter insertion loss should be less than 1LEABCS transmit filter shall provide a
rejection to ensure a sufficient protection of other relevant systems.

6.3.9 Airborne TX Noisand Spurious Emissions

The level of any spurious signal measured in an active mode at the AS TX output terminated in a
matched impedance load shall not exce86 dBm.

Above 1 GHz, the level of any spurious signal measured in an active mode at the peyp@rgted
AS TX output shall not exceegD dBm.

This second requirement is based prd MOPS3¥$ection 3.2.3.5 and may be further revised to be
brought in linewith related requirements for other-band systems. In particular, it should be
clarified whether it should be valid for all frequencies above 1 GHz or just over speeisrald) e.g.
around SSR/GPS/GALILEO channels. For the measurement method, glaseSectiors.3.8The
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broadband noise power density measured across the spurious dorfrégaré11l) at the AS TX
output when the TX terminated in a matched impedance load operates at full power (S6ci@n
shall not exceedl33 dBc/Hz.

6.3.10 Airborne TX Spectrum Mask

In the out-of-banddomain, the spectral density of tHeDACSignal transmitted by an AS TX shall fall
within the spectral mask defirtein Sectiorb.3.7 (Figurelland Table3).

For further details, including the measurement method, please refer to SBcigh

The preliminan.DACS X spectral mask as specified in this specification may have to
be adjusted, based on the laboratory measurements using real radio equipment.

6.3.11 Airborne TX TimeAmplitude Profile

The rampup/ramp-down behaviour of the RL RF burst is determined by the RC windowing function
(Section8.8.1). Therefore, the ramqup/ramp-down time roughly corresponds to the window timg T
(12.8 us) as defined in SectiBrit.1

The RF RL burst duration is variafilee minimum RF bst duration corresponds to the length of a
single synchronisation tile sent in the DC segment. Otherwise, dependent on the type of the RL
transmission, the burst duration is determined by the duration of the RL RA frame, duration of the
DC tile or the numér/total duration of successive (in time) Data tiles allocated to that AS.

6.3.12 Airborne TX Closetbop Power Control

To maintain at the GS a spectral power density consistent with the modulation and FEC rate used by
each AS, the GS shall change the AS TXrpthweugh power correction messages (see Section
10.3.2.3.

This requirement applies as long as per-safyier power received on RL from a
particular AS is above the threshold adjusted at the GS. Optionally, the GS may also
change the AS assigned modulation and FEC rate, see S&c8ch

An airborne TX shall accept GS power adjusting commands received by the AS on FL and
O2NNBalLRyRAy3Ife FRadzad GKS ! {Qa w] 0 NlsyagdY A 0 LJ2
synchronisation tiles.

6.3.13 Airborne TX Ope#oop Power Control

An airborne TX sending RL RA frames to the controlling GS shehkhever applicable reduce its
RL transmitting power below the declared maximum value (Sedi88 by applying opeiioop
power correction.

The correction factor for increasing/decreasing AS TX power shall be derived
according to the estimated RL link budget that in turn shall beutsted from the
known GS EIRP and the FL S/N value provided by the airborne RX.

6.3.14 Airborne TX Switctover Time
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