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Abstract 

This report 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 shall serve as a solid and stable 
baseline for further LDACS testing and technical verification activities. Current maturity level of 
LDACS A/G data communication (i.e., enabler CTE-C02e τ New A/G datalink using ATN/IPS over L-
band) is TRL4. 
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1 Executive Summary 

This document represents deliverable D3.3.030 developed in WP3 of PJ14 EECNS. It provides an 
update of the L-Band Digital Aeronautical Communications System A/G link (originally called LDACS1, 
but referred to as LDACS in this document), which was originally produced in Project P15.02.04 of the 
SESAR1 Programme. 

The specification presented herein focuses on elements of the system design for the LDACS A/G link 
that are relevant for the subsequent development of the related ICAO standard.  

The updated LDACS A/G specification is based on the initial LDACS specification [LDACS1_D2] and on 
the Updated LDACS System Specification (EWA04-1-T2-D1) [LDACS1_Spec]. It corrects all errors 
identified so far in [LDACS1_Spec]. Additionally, improved wording and clarifications are provided in 
some areas. Minor modifications that will further improve the LDACS A/G specification have been 
implemented.  

When reviewing the Updated LDACS specification [LDACS1_Spec], some major modifications have 
been proposed in order to further improve 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 of this 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 deliverable D3.3.010 developed in WP3 of PJ14 EECNS. It provides an 
update of the L-Band Digital Aeronautical Communications System A/G link (originally called LDACS1, 
but referred to as LDACS in this document), which was originally produced in Project P15.02.04 of the 
SESAR1 Programme. 

The specification presented herein focuses on elements of the system design for the LDACS A/G link 
that are relevant for the subsequent development of the related ICAO standard.  

The updated LDACS A/G specification is based on the initial LDACS specification [LDACS1_D2] and on 
the Updated LDACS System Specification (EWA04-1-T2-D1) [LDACS1_Spec]. It corrects all errors 
identified so far in [LDACS1_Spec]. Additionally, improved wording and clarifications are provided in 
some areas. Minor modifications that will further improve the LDACS A/G specification have been 
implemented.  

When reviewing the Updated LDACS specification [LDACS1_Spec], some major modifications have 
been proposed in order to further improve 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 PJ-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 traceability to the Updated LDACS specification [LDACS1_Spec][LDACS1_D2], 
this report follows the same structure that was used in the original [LDACS1_Spec] document. 

This report is structured as follows: 

¶ Introductory part, comprising: 

o Chapter 2 (this chapter) ς general information about the purpose of this document, 
its organisation, intended readership and background. It also captures abbreviations 
used in the report and explains LDACS-specific terms. 

o Chapter 3 ς LDACS overview, summarising the main characteristics for the A/G 
mode. The A/A mode is addressed in a separate document. 

¶ The main body of the LDACS A/G specification, comprises: 

o Chapter 4 ς characteristics and capabilities that apply to the entire LDACS. 
o Chapter 5 ς 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 ς the specification of the airborne LDACS (transmitter, receiver, 
timing/frequency requirements shared between the airborne transmitter and 
receiver), 

o Chapter 7 ς the description of the LDACS protocol architecture, 
o Chapter 8 ς the specification of the LDACS Physical Layer (PHY) layer. 
o Chapter 9 ς the specification of the LDACS Medium Access Layer (MAC) sub-layer, 
o Chapter 10 ς the specification of the LDACS Management Entity (LME), 
o Chapter 11 ς the specification of the LDACS Data Link Service (DLS) entity, 
o Chapter 12 ς the specification of the LDACS Voice Interface (VI), 
o Chapter 13 ς the specification of the LDACS Sub-Network Dependent Convergence 

Protocol (SNDCP), 

¶ Appendices, providing supplementary information: 

o Appendix A- LDACS Link Budget 
o Appendix B - Brief overview of Extended LDACS System Capabilities (A/G voice) 
o Appendix C- Interference Reduction at LDACS RX 
o Appendix D - Tracking of Comments and Changes 

¶ List of references used for producing this report. 

2.1.2 Conventions 

For the purposes of this specification the following conventions are used in Chapters 3-13 to 
emphasize the strength of a particular requirement: 

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

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

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

The requirements themselves are formatted as normal text.  

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

2.2 Intended Readership 

This LDACS A/G Specification is addressed mainly to the SJU Partners that are involved with tasks 
related to mobile air-ground data link communications in the long-time frame (beyond 2020) and 
shall serve as input for developing the required material (SARPS and Manual) for standardizing 
LDACS. 

Partners involved with Multi-link (ML) operational concept as well Partners 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 updated LDACS system specifications will help in achieving the necessary 
acceptance for this new system within the world-wide aeronautical community. 

2.3 Acronyms and Terminology 

Term Definition 

% Prefix for binary numbers 

A/A Air-to-Air 

A/C Aircraft 

A/G 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 Multi-channel 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 users 
(FL). 

BER Bit Error Ratio 

BW Bandwidth 

CCCH Common Control Channel used by the Ground Station to announce control information for 
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 context 
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Term Definition 

DC sub-carrier Direct Current sub-carrier ("middle" sub-carrier in the spectrum of an OFDM signal, not being 
transmitted) 

DC tile Dedicated Control tile within the RL DC segment 

DC slot RL slot 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 of data DLL-PDUs. 

DLL Data Link Layer 

DLS Data Link Services Entity of the logical link control sub-layer (LLC). 

DME Distance Measuring Equipment 

E-ATMS European Air Traffic Management System 

EIRP Effective Isotropically Radiated Power 

FCS Frame Check Sequence 

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 frame - control information is broadcast to all users 

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

FL/BC slot MAC slot occupied by FL broadcast (BC) frame (comprising BC1+BC2+BC3 sub-frames) 

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 PHY-PDU Forward Link Physical Layer Protocol Data Unit (PDU) 

GF Galois Field 

GLONASS Global Orbiting Navigation Satellite System 

GMSK Gaussian Minimum-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 sub-layer of the data link layer 

LM_DATA Link Management Data 

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

LSB Least Significant Bit 

MAC Medium Access sub-layer of the data link layer. 

MAC slot Reserved space in time controlled by the MAC comprising a set of PHY-SDUs used to convey 
a logical channel. Each PHY-SDU must be contained within exactly one MAC slot. 

MACK_SEQ Multiple Acknowledgements 

ME Medium Access Entity (within MAC sub-layer) that assigns transport channels to physical 
channels. 

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

MIDS Multi-Function Information 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 symbols, comprising AGC symbols, 
synchronization symbols, pilot symbols and symbols carrying payload data. 

OFDM Symbol Combination of modulated data symbols transmitted on several OFDM sub-carriers. 

OFDM Tile The constellation of 150 symbols, spanning 25 contiguous symbols in frequency- and 6 
contiguous symbols in time direction. A tile comprises 4 PAPR reduction symbols, 12 pilot 
symbols and 134 data symbols. NOTE: Tiles are only used on the RL. 

OOB Out-Of-Band 

OSI Open System Interconnect 

P34 Denotes TIA-902 standard (public safety communications) 

PAPR Peak-to-Average Power Ratio 

PDU Protocol Data Unit 

PHY-PDU Physical Layer Protocol Data Unit. A PHY-PDU represents a constellation of modulated data 
symbols within the OFDM frame, sub-frame or tile that carry the actual payload. The PHY-
PDU size (number of modulated data symbols) and the number of FL PHY-PDUs within a 
particular frame depend on the OFDM frame type. On the RL each PHY-PDU corresponds to 



SESAR2020 ς PJ14-02-01 - LDACS A/G SPECIFICATION 
EDITION 00.02.02 ς 16 AUGUST 2019 

 

  

 

 

 21 
 

 

Term Definition 

the data symbols of one RA frame, one DC tile or one Data tile. The PHY-PDU, by definition, 
excludes any non-data symbols like AGC symbols, synchronization symbols, symbols for PAPR 
reduction, pilot symbols or unmodulated DC symbols. 

PHY-SDU Physical Layer Service Data Unit. PHY-SDUs are exchanged between PHY layer and its local 
MAC sub-layer, containing the payload exchanged between PHY-SDUs. The size of PHY-SDU 
is expressed 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 Access Channel used during cell-entry and hand-over to acquire the time 
advance value (RL) for an unsynchronised user. 

Radio burst Time-limited transmission event, containing a (number of-) physical OFDM frames with 
optional radio overhead (ramp-up/ramp-down times, AGC provisions), but excluding 
propagation guard times 

RC Raised-Cosine (window) 

RF Radio Frequency 

RL Reverse Link (from the AS to the GS) 

RL_ALLOC RL Allocation 

RL RA frame w[ wŀƴŘƻƳ !ŎŎŜǎǎ ŦǊŀƳŜΣ ŎƻƴǘŀƛƴƛƴƎ ǳǎŜǊǎΩ ŎŜƭƭ ŜƴǘǊȅ ǊŜǉǳŜǎǘǎΦ  

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

RL DC slot MAC slot providing a transmission opportunity for RL Dedicated Control (DC) segment. 

RL RA slot MAC slot providing two transmission opportunities for RL Random Access (RA) frames. 

RL PHY-PDU Reverse Link Physical Layer Protocol Data Unit (PDU) 

RMS Root-Mean-Square 

RS Reed-Solomon (coding) 

RSBN t͙͔͊͒ͦͭͻ͙ͤ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͙͔͚͋͗ͤ͡ ͍͙͎ͤ͊͊ͼ͙͙ ό{ƘƻǊǘ-range radio-navigation system) 

RSC_CANCEL Resource Cancellation 

RX Receiver 

SAC Sub-net Access Code 

SAP Service Access Point 

SDU Service Data Unit 

SESAR Single European Sky ATM Research Programme 

SESAR 
Programme 

The programme which defines the Research and Development activities and Projects for the 
SJU. 
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Term Definition 

SF Super-frame. This item has two equivalent meanings in the LDACS context. At the PHY layer 
it denotes a high-order repeating pattern of 240 ms length comprising OFDM frames/Multi-
Frames, at the MAC sub-layer it denotes high-order repeating pattern of 240 ms length, 
comprising MAC slots/Multi-Frames. 

SIB  System Identification Broadcast 

SJU SESAR Joint Undertaking (Agency of the European Commission) 

SJU Work 
Programme 

The programme which addresses all activities of the SESAR Joint Undertaking Agency. 

SLOT_DESC Slot Descriptor 

SSR Secondary Surveillance Radar 

SRC_RQST Single resource request 

STB Scanning Table Broadcast 

Symbol In the LDACS context, one sub-carrier of one OFDM symbol 

SYNC_POLL SYNC signalling 

TAV Timing Advance Value 

TBC FL Transport 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 voice DLL-PDUs. 

VDL VHF Digital Link 

VI-Entity Voice Interface Entity of the logical link control sub-layer. 

VoIP Voice over IP 

VSB Voice Service Broadcast 

Wide-area 
service 

Aeronautical service with an operational range that exceeds the coverage range of a single 
LDACS cell. Such service must be installed at multiple LDACS cells, with seamless service 
handover between the cells. 

WSSUS Wide Sense Stationary Uncorrelated Scattering  
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3 LDACS Overview   

This section gives an overview of the past activities that have led to the LDACS technology 
development and briefly explains the LDACS concept. Documents providing in-depth information are 
listed in section 14.1. 

3.1 Background 

The VHF COM band (118ς136.975 MHz) currently used for airςground 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 Future Communication Infrastructure (FCI) 
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 Administration (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 WG-C). 

One of the considered technologies in the first phase of AP17 activities was the Broadband ς Very 
High Frequency (B-VHF) system designed to be operated in the VHF COM range. This technology was 
developed within the research project Broadband VHF (B-VHF) and was co-funded by the European 
/ƻƳƳƛǎǎƛƻƴΩǎ {ƛȄǘƘ CǊŀƳŜǿƻǊƪ tǊƻƎǊŀƳƳe. 

The B-VHF project completed a substantial amount of work in developing and designing the OFDM-
based multi-carrier system for operation in the VHF band. The "overlay" implementation option for 
B-VHF was considered feasible, but it would require high effort. Taking into account the high 
congestion of the VHF band (especially in the European context) as well as the propagation 
characteristics of the candidate aviation bands (VHF, L and C bands), the joint EUROCONTROL FAA 
Action Plan 17 activities identified the 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 similar to B-VHF, but operating in 
the aeronautical L-band (960ς1164 MHz). This band has been made potentially available for the 
Aeronautical Mobile (Route) Service (AM(R)S). The related B-VHF system re-design work was 
conducted in a separate EUROCONTROL study. The generic name that was given to the proposed L-
band system was Broadband - Aeronautical Multi-Carrier Communication (B-AMC). The objective of 
the B-AMC study was to re-use the B-VHF system design up to maximum possible extent when 
designing the B-AMC system in the L-band. 

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

One option (LDACS1) is based on Frequency Division Duplex (FDD), utilizing OFDM modulation. The 
LDACS system has been derived from B-AMC, TIA-902 (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, EUROCONTROL funded the first specification of the L-band Digital Aeronautical 
Communication System. The specific EUROCONTROL task has produced an initial set of system 
specifications for LDACS1 [LDACS_D2], as well as a set of initial specifications for LDACS1 prototype 
equipment [LDACS_D3]. A similar parallel task has been executed with respect to the LDACS2 option. 

In 2011 the LDACS1 specification was updated in Project P15.02.04 of the SESAR1 Programme 
[LDACS_Spec]. During SESAR1 it became evident that only LDACS1 will be further enhanced to 
ƛƴŎǊŜŀǎŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ƳŀǘǳǊƛǘȅ ƭŜǾŜƭΦ ¢ƘŜǊŜŦƻǊŜΣ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ LDACS1 will always be referred as 
LDACS. 

This document is an update of the LDACS specification based on the initial LDACS specification 
[LDACS1_D2] and on the Updated LDACS System Specification (EWA04-1-T2-D1) [LDACS1_Spec].  

3.2 LDACS Description 

The FCI comprises both A/G and A/A data links. LDACS concept is designed to support both modes of 
operation. 

The LDACS design shall therefore offer two modes of operation, one for air-ground communications 
and another one for air-air communications. These two modes use different radio channels with 
different physical layer and data link layer approaches.  

In both modes, LDACS has to co-operate with the existing aeronautical L-band systems (DME, 
JTIDS/MIDS, UAT, GNSS, RSBN and SSR/Mode S), as well as with systems close to the aeronautical L-
band (e.g. GSM/UMTS). LDACS has been designed to minimize interference to and from these 
systems. The specific interference situation in the L-band has influenced decisions related to the 
LDACS system design. 

This document contains 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. Therefore, in SESAR2020 wave 1 just an FRD for the air/air functionality will be developed and 
reviewed (V1 Gate at the end of wave 1). 

3.2.1 Main Capabilities 

LDACS is a multi-application cellular broadband system capable of simultaneously providing various 
kinds of Air Traffic Services (including ATS-B3) and Aeronautical Operational Control (AOC) 
communications services from deployed Ground Stations (GS). The LDACS A/G sub-system physical 
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layer and data link layer are optimised for data link communications, but the system also supports 
air-ground voice communications1. 

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

The physical LDACS cell coverage is effectively de-coupled from the operational coverage required 
for a particular service. Services requiring wide-area coverage are installed at several adjacent LDACS 
cells. The handover between the involved LDACS cells is seamless, 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 sub-system provides a bi-directional point-to-point addressed data link comprising 
Forward Link (FL) and Reverse Link (RL) as well as optional broadcast capabilities (FL only). The LDACS 
data link sub-system (AS and GS) can be integrated as a sub-network into the Aeronautical 
Telecommunication Network ATN via an access router. It is controlled by a ground-station controller 
(GSC) as illustrated in Figure 1. 

 

GSn

...

GS1

ATN

L-DACS sub-network

End system
GSC

FL

RL

 

Figure 1: LDACS sub-network (highlighted) connected to the ATN. 

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

3.2.2 Interfaces and Scope of this Document 

                                                           

 

1
 LDACS voice functionality is not addressed in depth within this specification. Some further information about 

LDACS voice capability is provided in Section 12 - Voice Interface (VI) Specification and Appendix B-  Extended 
LDACS System Capabilities. 
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The LDACS architectural design is described in [PJ14 TS/IRS], however, a high-level overview is 
provided in Figure 2. According to the LDACS architecture the scope of this document is the 
air/ground interface R1. 

LDACS
AS

LDACS
GS

R1 G1A0, A1

LDACS
AS

LDACS
GS

R1

G2

 

Figure 2: LDACS sub-network architecture and interfaces. 

3.2.3 Topology 

The LDACS A/G mode implements the R1 interfaces shown in Figure 2. 

LDACS operating in the A/G mode is a cellular point-to-multipoint system. The A/G mode assumes a 
star-topology (Figure 3) in each cell where 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 instance that controls LDACS A/G communications within its cell. The LDACS GS can 
simultaneously support multiple bi-directional communication to the ASs under its control. LDACS 
ground stations themselves are connected to a ground station controller (GSC) controlling the LDACS 
sub-network. 

Prior to utilizing the system an AS has to register at the controlling GS to establish dedicated logical 
channels for user and control data. Control channels have statically allocated resources, while user 
channels have dynamically assigned resources according to the current demand. Logical channels 
exist only between the GS and the AS. 
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Figure 3: LDACS topology within one cell. 

3.2.4 L-band Specifics 

LDACS is intended to operate in the lower part of the L-band (960-1164 MHz) without causing 
interference towards or being influenced by the interference from existing L-band systems. 
Currently, several other systems are already operating in the L-band, as shown in Figure 4. 

 

Figure 4: Current L-band 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 the L-band. Parts of this band are used in some countries by the 
military Multifunctional Information Distribution System (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 Global 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 below the lower 
boundary of the aeronautical L-band (960 MHz). Additionally, different types of RSBN 
όt͙͔͊͒ͦͭͻ͙ͤ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͙͔͚͋͗ͤ͡ ͍͙͎ͤ͊͊ͼ͙͙ύ radio navigation systems may be found in some 
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 OFDM-based FDD system, supporting simultaneous transmission in Forward Link (FL) 
and Reverse Link (RL) channels, each with an occupied bandwidth of 498.05 kHz2. Within that 
bandwidth, 50 OFDM sub-carriers are placed, separated by 9.765625 kHz. Each sub-carrier is 
separately modulated, the total duration of each modulated OFDM symbol is Ts= 120 µs. The OFDM 
parameters have been selected taking into account specifics of an aeronautical mobile L-band 
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 information are 
transmitted on (logical) control channels.  

LDACS RL transmission is based on OFDMA-TDMA bursts, with silence phases between such bursts. 
The RL resources are assigned to different users (ASs) on demand by the ground station (GS).  

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

3.2.6 Framing Structure 

The LDACS framing structure (Figure 5) for FL and RL is based on Super-Frames (SF) of 240 ms 
duration. Each SF corresponds to 2000 OFDM symbols. The FL and RL SF boundaries are aligned in 
time (from the view of the GS). 

                                                           

 

2
 The occupied bandwidth comprises an unmodulated DC carrier and 25 OFDM carriers on each side of the DC 

carrier. The LDACS RF bandwidth has been selected as a trade-off between the achievable capacity and the 
restrictions of the inlay deployment concept (bandwidths larger than 500 kHz would lead to increased required 
separation distances between LDACS radios and other L band radio stations). 
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Figure 5: LDACS Framing Structure 

In the FL, an SF contains a Broadcast frame (BC) of duration TBC = 6.72 ms (56 OFDM symbols), and 
four Multi-Frames (MF), each of duration TMF = 58.32 ms (486 OFDM symbols). 

Each FL MF contains 9 OFDM frames with a frame duration of TDF/CC = 6.48 ms (54 OFDM symbols). 
Each OFDM frame has a total data capacity of 2442 symbols3 and comprises exactly three FL PHY-
PDUs that are used for transmitting either the common control (CC) information or payload data. The 
size of the CC slot and thus also the size of the data slot is variable. Within each MF, FL PHY-PDUs 1 to 
12 contain user payload data. The slot with CC information starts with the beginning of the 13th FL 
PHY-PDU. The CC slot has variable length between 1 and 8 FL PHY-PDUs (i.e. the maximum CC slot is 
from the 13th to the 20th FL-PHY-PDU). The remaining FL PHY-PDUs in the MF again contain user 
payload data. 

In the RL, each SF starts with a time slot of length TRA = 6.72 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 TMF = 58.32 ms as in the FL, but a different internal structure. 

Each RL MF is constructed from RL PHY-PDUs equivalent to OFDMA tiles. RL PHY-PDUs are used for 
dedicated control information (DC) or payload data by different AS. The size of the DC slot and thus 
also the size of the data slot is variable. An OFDMA tile spans a specified number of contiguous 
symbols, both in frequency and time direction. The size of an RL Data PHY-PDU and an RL DC PHY-

                                                           

 

3
 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 modulated data symbols of a corresponding DC/Data tile. DC tiles 
are stronger protected than Data tiles and have therefore less capacity. Synchronisation tiles do not 
contain any user data. The minimum size of the DC slot is 12 OFDM symbols, corresponding to one 
synchronisation tile, occupying 5 OFDM symbols followed by the single-symbol AGC preamble and six 
OFDM symbols carrying the dedicated control (DC) information for one or two users, which leads to a 
minimum DC segment duration of TDC,min = 1.44 ms. The maximum DC slot duration is 108 OFDM 
symbols, corresponding to TDC,max = 12.96 ms. The duration of the data segment in the RL is variable, 
equal to TDF = TMF ς TDC, resulting in TDF,min = 45.36 ms and TDF,max = 56.88 ms. 

3.2.7 Protocol Design 

The LDACS protocol architecture (Figure 6) defines five major functional blocks above the PHY layer. 

Four are placed in the Data Link Layer (DLL) of the AS and GS: 

¶ LDACS Management Entity (LME) 

¶ Data Link Service (DLS) 

¶ Voice Interface (VI) 

¶ Medium Access Control (MAC) 

One entity resides within the sub-network layer: 

¶ Sub-Network Protocol (SNP) 

The LDACS network is externally connected to voice units, radio control units, and the ATN network 
layer through a Sub-Network Dependent Convergence Function (SNDCF; OSI network layers), 
Convergence Sub-layer (CS; other network layers), or Interworking Function (IWF; legacy networks) 
not discussed in this specification. 

The SNP connects the AS and GS DLL providing end-to-end user plane connectivity between the 
LDACS AS and GS.  

The DLL provides Quality of Service (QoS) assurance according to [COCRv2] requirements. 
Multiplexing of different service classes is possible. Except for the initial aircraft cell-entry and the 
situation after Type 1 handover, medium access is deterministic, with predictable performance. 
Optional support for adaptive coding and modulation is provided as well. The four functional blocks 
of the LDACS DLL are organised into two sub-layers, the Medium Access Control (MAC) sub-layer and 
the Logical Link Control (LLC) sub-layer discussed in the next sections. 
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Figure 6: LDACS Protocol Suite in the AS and GS. 

The AS is connected to the Airborne 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 
Access-Router (AC-R) and Ground-Station Controller (GSC). 

3.2.8 MAC Sub-layer Design 

The Medium Access Control sub-layer 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 entities (Figure 7) to PHY layer resources. 
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Figure 7: LDACS DLL Logical Channel Structure in the AS and GS 



SESAR2020 ς PJ14-02-01 - LDACS A/G SPECIFICATION 
EDITION 00.02.02 ς 16 AUGUST 2019 

 

  

 

 

 32 
 

 

The DCH, CCCH, and DCCH logical channels are point-to-point 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 structure constructed from PHY-
PDUs. MAC slots provide opportunities for conveying different logical channels (Figure 8). Note that 
the FL slot structure is shifted versus the multi-frame structure. Slots are constructed from FL and RL 
PHY-PDUs, respectively. Every fourth FL data slot is interrupted by a BC slot. 
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RL DataDC
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CC FL Data

variable

FL DataCC

variable

FL Data

RL Data

58.32 ms

multi-frame (58.32 ms) multi-frame (58.32 ms)

FL PHY-PDU

RL PHY-PDU

F
re

q
u

e
n

c
y

Time

RA and BC slots are inserted here every 

4th MF (interrupting the FL Data slot).

 

Figure 8: LDACS Slot Structure. 

There are three types of FL MAC slots: 

¶ BC slot, carrying the Broadcast Control Channel (BCCH) for all airborne users 

¶ CC slot, carrying the Common Control Channels (CCCH) for airborne users 

¶ Data slot, carrying the FL data payload (DCH) 

Note: The FL DATA slot is not aligned with the multi-frame boundary, but between two consecutive CC 
slots!  

There are also three types of RL MAC slots: 

¶ RA slot, carrying the Random Access Channel (RACH) available to all airborne users 

¶ DC slot, carrying the Dedicated Control Channels (DCCH) of airborne users 

¶ Data slot, carrying the RL data payload (DCH) 

The size of FL CC slots and RL DC slots can be dynamically adjusted (in PHY-PDU steps), allowing for 
an optimum accommodation of varying levels of signalling traffic. 

3.2.9 LLC Sub-layer Design 

The LLC sub-layer of the DLL manages the radio link and offers to the sub-network layer a 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 GS. The GS LME performs link maintenance and 
manages AS registration (cell-entry) and deregistration (cell-exit) at a particular GS as well as 
handovers between GSs (mobility) under the control of the NME. During cell-entry the identity and 
authorization of an AS is verified. This is 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 to AS before 
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 ground-to-air transmissions this assignment is performed locally in the GS. However, air-to-
ground transmission resources have to be requested by the AS LME and are assigned by the GS LME. 
The air-to-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. 

Bi-directional exchange of user 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 CCCH channels for DLS 
control plane transmissions. 

LDACS offers a built-in 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 users to emulate party-line 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 Protocol Design 

The Sub-Network Protocol (SNP) provides the basis for the A1, G1, G2, G3, G4, G5, G7, and G8 
interfaces described in [PJ14 TS/IRS] and shown in Figure 2. It provides end-to-end user plane and 
control connectivity between the AS and GS as indicated in Figure 9.The Ground-Station Controller 
(GSC) controlling the LDACS sub-network is not part of this specification. 
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Figure 9: LDACS sub-network protocol architecture. 
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4 LDACS Characteristics 

This section describes radio aspects, characteristics and capabilities of LDACS that affect both AS and 
GS, considering the LDACS A/G mode of operation4. 

4.1 Polarization of LDACS Emissions 

The design polarization of LDACS emissions shall be vertical. 

4.2 LDACS Designed Coverage 

The maximum designed coverage range of LDACS is 200 nm. The designed coverage range is 
determined by the propagation guard time considered during the system design. Dependent on the 
interference situation, 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 LDACS Radio Frequency Range 

LDACS shall operate in the 960 ς1164 MHz range. 

The LDACS frequency bands for the A/G link are the following:  

¶ Forward Link: 1110-1156 MHz 

¶ Reverse Link: 964 ς 1010 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 surrounds the UAT frequency 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 LDACS FL/RL Duplex Spacing 

The duplex spacing between LDACS A/G FL and RL is 146 MHz. 

Note.τ 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, which gives more flexibility for deploying 
LDACS. 

                                                           

 

4
 In this LDACS specification no detailed information is provided for the A/A mode of operation. 
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4.5 LDACS RF Channel Grid 

4.5.1 FL/RL Channel Grid 

The nominal frequency of FL/RL channels for LDACS within the respective 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 first LDACS channel LC#1 shall operate at a centre 
frequency (DC subcarrier) of 964 MHz. Table 1 shows an excerpt of the mapping of LDACS channels 
to the frequencies. 

LDACS shall operate without guard bands between adjacent LDACS channels. 

LDACS co-channel interference rejection shall be at least 14 dB. 

Note 1: This corresponds to a frequency reuse factor of 7. 

Note 2: The figure for co-channel interference rejection ensures that at least all adaptive coding and 
modulation types involving QPSK modulation fulfil the required bit-error ratio (BER). 

 

Table 1: LDACS channel assignment 

LDACS channel Center Frequency 

LC#0 960.0 MHz 

LC#1 960.5 MHz 

LC#2 961.0 MHz 

Χ Χ 

LC#8 964.0 MHz 

Χ Χ 

LC#100 1010 MHz 

Χ Χ 

LC#330 1125 MHz 

Χ Χ 

LC#392 1156 MHz 

Χ Χ 

LC#408 1164.0 MHz 

 

Note: Only channels within the LDACS radio frequency bands shall be used. 

The LDACS channel number (LC#nb) shall be calculate by the following equation:  

LC#nb = (Assigned Frequency [MHz] ς Reference Frequency [MHz])*2 
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The Reference Frequency is 960 MHz. 

4.5.2 LDACS RF Channel Bandwidth 

The occupied bandwidth of the LDACS signal is Bocc = 498.05 kHz (Section 8.4.2). 

Note 1.τ LDACS in its basic profile occupies a transmit bandwidth of 498.05 kHz 
(51*9.765625 kHz). LDACS RF bandwidth has been selected as a trade-off 
between the system capacity and the capability of operating between DME 
channels without mutual influence (inlay concept). 

Note 2.τ It is foreseen that additional LDACS profiles are defined at a later stage 
which might use more than 51 subcarriers 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 of the LDACS GS operating in 
the A/G mode. The GS comprises the transmitter (TX), receiver (RX) 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 as specified in Section 4.3. 

5.2 GS Duplexer 

LDACS duplexer shall be of passband type. 

5.3 GS Transmitting Function 

Unless explicitly differently stated, all requirements upon the GS transmitter apply to 
the RF output connector of the transmitter. 

5.3.1 GS Operational Coverage 

The effective radiated power of the LDACS GS transmitter (TX) should be such as that it provides on 
the basis of free-space propagation the minimum required spatial power density at the AS antenna 
as specified in Section 6.4.6. 

LDACS GS 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 the LDACS system 
designed coverage of 200 nm (Section 4.2). 

The requirement specifies the required GS TX power, but is indirectly dependent upon 
the selected AS RX operating point (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 and Pd are proposed in Section 6.4.6. These 
parameters are selected based on satisfactory interference performance, considering 
also safety and banking margins. 

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 regular range mode averaged 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 mode might be smaller 
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 sub-carriers Nu (Nu is the maximum number of OFDM sub-carriers 
available on FL specified in Section 5.3.5), the following shall apply: 

¶ Absolute average power difference between adjacent sub-carriers: Җ лΦм Ř. όLŦ άƴB_FLέ Ř. Ǉƛƭƻǘ 
ōƻƻǎǘƛƴƎ ƛǎ ŀǇǇƭƛŜŘΣέ ƴB_FLέ Ř. ŀƭƭƻǿŀƴŎŜ ǎƘƻǳƭŘ ōŜ ŀŘŘŜŘ ŦƻǊ Ǉƛƭƻǘ sub-carriers). 

¶ Deviation of average power in each sub-carrier (Figure 10) from the measured sub-carrier 
power averaged over all Nu active sub-carriers: 

¶ Sub-carriers from [-12 to -1] and [1 to 12]: Җ ±2 dB 

¶ Sub-carriers from [-25 to -13] and [13 to 25]: Җ +2/ς4 dB 

¶ The average power transmitted at spectral line 0 shall not exceed ς15 dB relative to total 
average GS transmitted power (excluding the sub-carriers intentionally power-boosted or 
suppressed). 

 

Figure 10: TX Spectral Flatness 

The boosting level nB_FL shall be adjustable (Section 8.7.1). 

All above requirements apply to the RF output connector of the equipment. 

Under ideal conditions, all OFDM sub-carriers would be transmitted with nearly equal 
άǇŜǊ ǎǳō-ŎŀǊǊƛŜǊέ ǇƻǿŜǊΣ ǎƻ the OFDM signal spectrum would be flat. Under real 
conditions, the degree of spectral flatness must be specified for the OFDM transmitter 
in order to reduce implementation efforts at the receiver side. 



SESAR2020 ς PJ14-02-01 - LDACS A/G SPECIFICATION 
EDITION 00.02.02 ς 16 AUGUST 2019 

 

  

 

 

 39 
 

 

The postulated spectral flatness is only achievable in the mean, i.e. after long 
averaging, since within each OFDM symbol significant differences from sub-carrier to 
sub-carrier might occur. This holds especially for 16- and 64-QAM but also for QPSK. 

5.3.5 Ground TX Maximum Number of Used Sub-carriers 

Except for the synchronisation symbols where some sub-carriers are not transmitted, the ground 
LDACS TX uses in all FL frames the maximum number of OFDM sub-carriers: Nused = Nu = 50 sub-
carriers. 

Note: The Nu figure above does not include the DC sub-carrier at zero offset. 

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, OFDM frames and packets, shall not exceed an ACM mode dependent value according to 
Table 2. 

Table 2: Allowed Relative Constellation Error 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 calculated as 

Ὁὶὶέὶ
ρ

ὓ

ὍὭȟὮȟὯ ὍὭȟὮȟὯ ὗὭȟὮȟὯ ὗ ὭȟὮȟὯ

ὍὭȟὮȟὯ ὗ ὭȟὮȟὯ
ᶰ

 

where 

¶ M denotes the total number of measurements 

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

¶ Nf denotes the number of OFDM frames containing data used in the measurement, 
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¶ [I0(I,j,k), Q0(I,j,k)] denotes the ideal symbol point in the complex plane (in the constellation 
diagram) of the i-th OFDM frame, j-th OFDM symbol of the OFDM frame, k-th sub-carrier of 
the OFDM symbol modulated with data relevant to this measurement, 

¶ [I(I,j,k), Q(I,j,k)] denotes the observed symbol point in the complex plane (in the constellation 
diagram) of the i-th OFDM frame, j-th OFDM symbol of the OFDM frame, k-th sub-carrier of 
the OFDM symbol modulated with data relevant to this measurement, 

¶ S denotes the group of modulated data sub-carriers where the measurement is performed. 

5.3.7 Ground Transmit Filter 

LDACS transmit filter insertion loss should be less than 1 dB. LDACS 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 TX output terminated in a 
matched impedance load shall not exceed -36 dBm. 

The broadband noise power density measured across the spurious domain (Figure 11) at the GS TX 
output, when the TX terminated in a matched impedance load operates at the maximum power 
(Section 5.3.2) shall not exceed -133 dBc/Hz. 

5.3.9 Ground TX Spectrum Mask 

Within the out-of-band domain, the spectral density of the transmitted LDACS signal shall fall within 
the spectral mask shown in Figure 11 and Table 3. The measurements shall be made by using a 10 
kHz resolution bandwidth and a 30 kHz video bandwidth. The 0 dBr level is the average LDACS TX in-
band power density. 

Note 1.τ ɲŦ ƛǎ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦŦǎŜǘ ƛƴ ώƪIȊϐ ƳŜŀǎǳǊŜŘ ŦǊƻƳ the LDACS center frequency. 

Note 2.τ a is the attenuation in [dBr] relative to the LDACS passband power level. 

Note 3.τ ¢ƘŜ ŦǊŜǉǳŜƴŎȅ ŎƻƻǊŘƛƴŀǘŜǎ ƻŦ ǘƘŜ Ǉƻƛƴǘǎ !ΣΧΣD ŀǊŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ƘŀƭŦ ŎƘŀƴƴŜƭ 
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 for point 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 
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Figure 11: LDACS Ground TX Spectral Mask 

 

Table 3: LDACS Ground TX Spectral Mask 

 A(ɲf,a) B(ɲf,a) C(ɲf,a) D(ɲf,a) E(ɲf,a) F(ɲf,a) G(ɲf,a) Spur 

Frequency 

hŦŦǎŜǘ ɲf 
250.0 337.5 625.0 775.0 1250 2000 4000 >4000 

Attenuation a 0 34 53 59 69 76 90 90 

 

5.3.10 Ground TX Time/Amplitude Profile 

LDACS ground transmissions are continuous, without ramp-up or ramp-down phases. 

5.4 GS Receiving Function 

5.4.1 Ground RX Reference Bit Error Ratio 

For the LDACS receiver, the reference corrected BER (after FEC) shall be 10-6. 

The BEw ƳŜŀǎǳǊŜŘ ŀŦǘŜǊ C9/ ƛǎ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ǊŜŎŜƛǾŜǊΩǎ ŀōƛƭƛǘȅ ƻŦ 
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 receiver sensitivity depends on the chosen coding and modulation scheme and shall 
comply with Table 4. 

Note: The sensitivity level is defined as the power level measured at the receiver input when the bit 
error ratio (BER) is equal to 1 × 10-6 and all active sub-carriers are transmitted in the channel. In 
general, the requisite input power depends on the number of active sub-carriers of the transmission. 

Table 4: LDACS minimum receiver sensitivity values 

Modulation Coding Rate of Convolutional Code (CC) GS Receiver Sensitivity 

QPSK 1/2  -103 dBm 

QPSK 2/3 -101 dBm 

QPSK 3/4 -100 dBm 

16QAM 1/2 -97 dBm 

16QAM 2/3 -94 dBm 

64QAM 1/2 -92 dBm 

64QAM 2/3 -89 dBm 

64QAM 3/4 -88 dBm 

 

Note: The sensitivity values in Table 4 assume a receiver noise figure of 6 dB. 

Note: The sensitivity values in Table 4 assume 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 other relevant 
systems. 

5.4.4 Ground RX Selectivity 

LDACS receiver selectivity shall comply with Table 5 and Figure 12. 

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

Table 5: LDACS receiver selectivity values 

Passband Ripple (±250 kHz) within ± 1 dB 

Attenuation @ ±300 kHz > 6 dB 
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Attenuation @ ±400 kHz > 40 dB 

Attenuation @ ±500 kHz > 70 dB 

Attenuation @ ±750 kHz > 80 dB 

Attenuation @ ±1500 kHz > 90 dB 

 

 

Figure 12: LDACS receiver selectivity. 

5.4.5 Ground RX Operating Point 

When using all RL sub-carriers (Nused = Nu) with QPSK modulation, convolutional coding with rcc = ½, 
interleaving over 6 tiles and Reed-Solomon RS (98, 84, 7) coding, using RL Data tiles where AS uses 
full RL bandwidth, the ground LDACS RX shall fulfil the BER specified under 5.4.1 when the signal S15 
as defined in Table 6 or greater is present at the RX input. 

S1 defines the RX operating point ς a minimum required RX input signal power at the 
RX input under real interference conditions (cumulative L-band interference), 
considering an appropriate aeronautical channel and applicable banking margin. 

 

Table 6: GS RX Operating Point S1 and Power Density Pd 

                                                           

 

5
 The S1 value has been derived from the LDACS link budget in Appendix A - LDACS Link Budget and may have 

to be further adjusted. 
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Antenna Conversion Unit ENR TMA APT Equation 

Tx-Rx Distance nm 120 40 10 d 

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

Transmit mid-band 
frequency 

MHz 
987 987 987 

f 

Wavelength m 0.30 0.30 0.30 ‗ ὧ Ὢ 

Correction Factor dB 
-21.34 -21.336 -21.336 ὅὊ ρπzÌÏÇ

‗

τz “
 

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 

Minimum RX Antenna 
gain 

dBi 
12 12 12 

Lra 

Required power at RX 
antenna 

dBm 
-105.83 -103.03 -95.43 

Pa=S1+Lca-Lra 

Required power at RX 
antenna 

dBW 
-135.83 -133.03 -125.43 

Pa1=Pa-30 

Spatial power density at 
RX antenna 

dBW/m
2
 

-114.49 -111.69 -104.09 
Pd=Pa1-CF 

 

Assuming fixed antenna gain and cable losses, the GS RX operating point S1 for 
particular LDACS designed 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 specified under 5.4.1 when the spatial 
power density at the GS RX antenna is equal to or greater than the Pd value specified in the last row 
of Table 6. 

When calculating Pd, the conversion formula from ICAO Annex 10, Volume I, 

Attachment C, Section 7.2.1 has been used: Pd = Pa ς 10*log10(l2/(4*p)), where Pd is 
the spatial power density (dBW/m2), Pa is the isotropic received power at the 

receiving point (dBW) and l is the wavelength (m). 

When calculating the relation between Pd and the corresponding required signal 
power level S1 at the GS receiver input, the mid-range GS receiving frequency and the 
minimum available GS antenna gain towards the concerned AS at the coverage 
boundary have been assumed. The worst-case AS-GS antenna misalignment occurs in 
the TMA/APT environment (peak GS antenna gain of + 8 dBi has been reduced by 2 dB 
in these environments). This reduction is the ground contribution to the total GS-AS 
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 LDACS receiver shall be able to receive the desired LDACS signal in the presence of undesired 
signals received from other L-band 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 desired and 
undesired signal channels. 

The interference immunity performance cannot be stated based on the currently 
available LDACS parameters. 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 
Rejection (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 from the LDACS channel 
and the on-channel desired LDACS signal, for specified desired signal level (D) and 
specified reference BER (Section 5.4.1). 

IR shall be measured by setting the desired LDACS ǎƛƎƴŀƭΩǎ ǇƻǿŜǊ ǘƻ ǘƘŜ ƭŜǾŜƭ ά5έ 
(dBm) equal to the operating point S1 that is 6 dB above the rate dependent receiver 
sensitivity S0 (as specified in 5.4.2ύ ŀƴŘ ǊŀƛǎƛƴƎ ǘƘŜ ǇƻǿŜǊ ƭŜǾŜƭ ά¦έ όŘ.Ƴύ ƻŦ ǘƘŜ 
interfering signal until the target BER (as specified in 5.4.1) 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 frequency (or frequency offset to the 
LDACS channel), peak power, and duty-cycle. Table 7 illustrates one example of 
stating IR for a particular interfering L-band ǎȅǎǘŜƳ ά·έΦ Lw ƛǎ ŦǊŜǉǳŜƴŎȅ-dependent 
and shall be stated for different frequency offsets between the desired LDACS signal 
and undesired interference signal. 

 

Table 7Υ LƴǘŜǊŦŜǊŜƴŎŜ wŜƧŜŎǘƛƻƴ όLwύ wŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ D{ w· ό{ȅǎǘŜƳ ά·έύ 

Desired signal power D (dBm) D = S0 + 6dB 

CǊŜǉǳŜƴŎȅ ƻŦŦǎŜǘ ҟŦ όaIȊύ ҟf_1 ҟf_2 ҟf_3 ҟf_4 ҟf_n 

Tolerable undesired signal power U_x (dBm) U_1 U_2 U_3 U_4 U_n 

LwҐ¦κ5 ό{ȅǎǘŜƳ α·άΣ Ř.ύ U_1/D U_2/D U_3/D U_4/D U_n/D 

 

¢ƘŜ ҟŦ ǾŀƭǳŜǎ ƛƴ Table 7 ǎƘƻǳƭŘ ōŜ ǎŜƭŜŎǘŜŘ ŀǎ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ǘƘŜ {ȅǎǘŜƳ ά·έΦ Lƴ 
ǇŀǊǘƛŎǳƭŀǊΣ ŦƻǊ ǘŜǎǘǎ ǿƛǘƘ 5a9 ŜǉǳƛǇƳŜƴǘΣ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ҟŦ ǾŀƭǳŜǎ Ƴŀȅ ōŜ ҕ лΦр 
MHz, ±1 MHz, ± 1.5 MHz, ±2 MHz, ± 2.5 MHz etc. The IR values will be determined 
during the laboratory measurements. 

5.4.7 Ground RX Maximum Desired Signal 

The GS receiver shall be capable of decoding on-channel desired LDACS signal (D) with the peak 
instantaneous power of ς10 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 +42 dBm average AS TX power at 100 m 
distance to the GS antenna would produce -28.5 dBm average power at the GS RX 
input, assuming 0 dBi gain airborne antenna, 3.5 dB airborne cable and duplexer 
losses, free-space propagation, 8 dBi ground antenna gain and 2 dB ground cable 
losses, Assuming 17 dB provision for TX PAPR6, the peak received LDACS signal power 
becomes -11.5 dBm (rounded-up to -10 dBm). 

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

5.4.8 Ground RX Maximum Tolerable Input Signal Power 

The ground LDACS receiver 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 (desired or undesired) 
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 co-location with GSs of other aeronautical systems, the same 
(stringent) value has been proposed for the GS RX as for an AS RX (see Section 6.4.9). 
The implementation can be made easier by using radio frequency (RF) filters between 
the GS antenna and the receiver input; however, the usage of such filters is optional. 

5.4.9 Ground RX Measurement of RL Power Error 

The GS RX shall be able to measure ς separately for each RL user ς the 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. 

LDACS GS applies closed-loop power management to maintain the power level of 
airborne transmitters at the 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 FL, LDACS GS receiver must be able to accurately measure received 
signal power levels ς respective to its internal reference ς separately for each RL user. 
For that purpose, each RL RA frame contains two OFDM synchronisation symbols. If 

                                                           

 

6
 In the practical implementation it should be able to reduce the maximum possible PAPR value with 50 OFDM 

sub-carriers (17 dB) by using PAPR reducing techniques (Section 8.7.2). 
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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 Measurement 

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 received from the controlled AS. 

5.5 GS Frequency/Timing Requirements 

5.5.1 Network Synchronisation 

In order to support hand-over procedures between GSs, all LDACS GSs from a particular LDACS 
network shall be synchronised to a common timing reference. 

The external synchronising references may be e.g. a 1 pulse-per-second (PPS) timing pulse and a 10 
MHz frequency reference. In case of loss of the network timing signal, GSs shall continue to operate 
and shall automatically re-synchronise 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 situation registered 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 re-enter) the current cell. Type 2 handover is also not 
available between GSs of different LDACS networks that are not using common timing reference. 

The frequency- ŀƴŘ ǎȅƳōƻƭ ŎƭƻŎƪ ŀŎŎǳǊŀŎȅ ƻŦ ŀ άŦǊŜŜ ǊǳƴƴƛƴƎέ D{ ƛǎ ǎǇŜŎƛŦƛŜŘ ƛƴ {ŜŎǘƛƻƴ 5.5.4. 

5.5.2 GS Transmitter Synchronisation to Network Time Reference 

At the GS, the start of the first transmitted symbol in an FL super-frame shall be time-synchronous 
with the external timing reference. 

Time-synchronous in this context means that there is a fixed, time-invariant 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 symbols shall 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 µs represents the selected 
sampling time (Section 8.4.1). 

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

5.5.4 GS Centre Frequency and Symbol Clock Frequency Accuracy 
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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 (Section 5.5.1). 

5.5.5 GS to AS Frequency Synchronisation 

The GS shall be able to individually synchronise to-, receive, and decode RL RA frames.  

The GS frequency synchronisation to RL RA frames should be based on observing the synchronisation 
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 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 frequency synchronisation on RL within the 
tolerance7 that is sufficient for satisfactory reception on the RL (sensitivity requirement, as specified 
in Section 5.4.2). 

The initial GS RX frequency capture range shall be sufficient for accommodating both imperfect AS TX 
- GS RX reference frequency accuracy (Sections 6.5.1 and 5.5.4) and the maximum applicable GS - AS 
Doppler shift (1.7 kHz at 850 knots and 1156.5 MHz). 

When an LDACS AS 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 non-compensated TX-RX frequency error and/or Doppler shift. 

!ǘ ǘƘƛǎ ǘƛƳŜΣ !{ w[ ǘǊŀƴǎƳƛǎǎƛƻƴǎ ƻŎŎǳǊ ƛƴ ǘƘŜ άwŜŎŜƛǾŜ-ƻƴƭȅ ƳƻŘŜέ ōŀǎŜŘ ƻƴ C[-
derived estimates, where an AS has not yet received from the GS any absolute 
correction value for its RL power-, timing- and frequency settings. 

As RL RA frames/synchronisation 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 synchronised with the 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. 

                                                           

 

7
 This tolerance needs not to be exactly specified ς 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 GS to AS Time Synchronisation  

The GS shall be able to individually lock onto, receive, 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 RA 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 tolerance8 
that is sufficient for satisfactory reception 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 must first acquire time 
synchronisation with the AS RA frame. 

The reception of RA frames is supported by the large propagation guard times that 
are defined in Section 8.5.2.3 and 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 reference applicable to RL. The measurement tolerance shall be better than 1% 
of the sub-carrier 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 frames /  tiles and the 
local reference frame timing to an accuracy of ± 1/6 of the guard time Tg or better. 

 

                                                           

 

8
 This tolerance needs not to be exactly specified ς it will 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 of the LDACS 
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 specified in Section 4.3. 

6.2 AS Duplexer 

LDACS duplexer shall be of passband type. 

Recommendation: The in-band 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 the LDACS AS transmitter (TX) should be such as that it provides on 
the basis of free-space propagation the minimum required spatial power density at the GS antenna 
as specified in Section 5.4.5. 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 operating point (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 GS 
RX parameters S1 and Pd are proposed in Section 5.4.5 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 shall be able 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 maximum 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 average power PAS. Declared average power PAS is 
measured (must be maintained-) over the duration of any continuous RL transmission that uses all Nu 
OFDM sub-carriers. 

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

When the AS TX transmits OFDM data symbols with less than Nu sub-carriers (data symbols in RA 
frames, DC and Data tiles), it shall maintain the same per-sub-carrier power (for all sub-carriers 
except for boosted pilot tones) as in the case where all Nu sub-carriers are used. 

When transmitting AGC preambles and synchronisation sequences that do not use all 
RL carriers, the AS TX shall adjust the average per-symbol transmitting power such 
that it becomes equal to the average per-symbol transmitting power for RL OFDM 
data symbols that use Nu sub-carriers. 

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

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

6.3.3 Airborne TX Maximum PAPR 

LDACS AS peak-to-average power ratio (PAPR) shall not exceed 11 dB measured directly at the 
transmitter output. 

6.3.4 Airborne TX Power Dynamic Range 

The AS TX shall be able to transmit with declared nominal power level that shall not exceed the 
maximum specified power (Section 6.3.2). 

Airborne LDACS transmitter shall support 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 dB or better. 

6.3.5 Airborne TX Transmitter Spectral Flatness 

When transmitting on all usable sub-carriers Nu (Nu is the maximum number of OFDM sub-carriers 
that are available on RL), the following shall apply: 
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¶ Absolute power difference between adjacent sub-carriers: Җ лΦм Ř. όƛŦ άƴB_RLέ Ř. Ǉƛƭƻǘ 
ōƻƻǎǘƛƴƎ ƛǎ ŀǇǇƭƛŜŘΣέ ƴB_RLέ Ř. ǎƘƻǳld be added for pilot carriers) 

¶ Deviation of average power in each sub-carrier (Figure 10) from the measured per sub-carrier 
power averaged over all Nu active sub-carriers: 

o Sub-carriers from [-12 to -1] and [1 to 12]: Җ ±2dB 
o Sub-carriers from [-25 to -13] and [13 to 25]: Җ +2/ς4 dB 

¶ The average power transmitted at spectral line 0 shall not exceed ς15 dB relative to total 
average AS transmitted power (excluding the sub-carriers intentionally power-boosted or 
suppressed). 

The boosting level nB_RL shall be adjustable (Section 8.7.1). 

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

6.3.6 Airborne TX Maximum Number of Used Sub-carriers 

AS TX shall be configurable to use Nused = Nu OFDM sub-carriers, where Nu = 50 is the maximum 
possible number of sub-carriers), except for the RL RA frames where a fixed pre-defined number of 
sub-carriers is used in OFDM symbols carrying data (Section 8.5.2.3). 

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 airborne TX, averaged over all sub-carriers, OFDM 
frames and packets, shall not exceed an ACM mode dependent value according to Table 2 (Section 
5.3.6). 

The relative constellation RMS error is calculated as described in Section 5.3.6. 

6.3.8 Airborne Transmit Filter 

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

6.3.9 Airborne TX Noise and 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 exceed -36 dBm. 

Above 1 GHz, the level of any spurious signal measured in an active mode at the properly terminated 
AS TX output shall not exceed -60 dBm. 

This second requirement is based on [V4 MOPS]/Section 3.2.3.5 and may be further revised to be 
brought in line with related requirements for other L-band systems. In particular, it should be 
clarified whether it should be valid for all frequencies above 1 GHz or just over special sub-bands, e.g. 
around SSR/GPS/GALILEO channels. For the measurement method, please refer to Section 5.3.8.The 
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broadband noise power density measured across the spurious domain (Figure 11) at the AS TX 
output when the TX terminated in a matched impedance load operates at full power (Section 6.3.2) 
shall not exceed -133 dBc/Hz. 

6.3.10 Airborne TX Spectrum Mask 

In the out-of-band domain, the spectral density of the LDACS signal transmitted by an AS TX shall fall 
within the spectral mask defined in Section 5.3.7 (Figure 11 and Table 3). 

For further details, including the measurement method, please refer to Section 5.3.7. 

The preliminary LDACS TX 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 Time-Amplitude Profile 

The ramp-up/ramp-down behaviour of the RL RF burst is determined by the RC windowing function 
(Section 8.8.1). Therefore, the ramp-up/ramp-down time roughly corresponds to the window time TW 
(12.8 µs) as defined in Section 8.4.1. 

The RF RL burst duration is variable. The minimum RF burst 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 number/total duration of successive (in time) Data tiles allocated to that AS.  

6.3.12 Airborne TX Closed-loop 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 TX power through power correction messages (see Section 
10.3.2.2). 

This requirement applies as long as per sub-carrier 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 Section 10.3.3. 

An airborne TX shall accept GS power adjusting commands received by the AS on FL and 
ŎƻǊǊŜǎǇƻƴŘƛƴƎƭȅ ŀŘƧǳǎǘ ǘƘŜ !{Ωǎ w[ ǘǊŀƴǎƳƛǘ ǇƻǿŜǊ ǿƘŜƴ ǎŜƴŘƛƴƎ w[ 5/ ǘƛƭŜǎΣ 5ŀǘŀ ǘƛƭŜs and 
synchronisation tiles. 

6.3.13 Airborne TX Open-loop Power Control 

An airborne TX sending RL RA frames to the controlling GS should ς whenever applicable ς reduce its 
RL transmitting power below the declared maximum value (Section 6.3.3) by applying open-loop 
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 be calculated from the 
known GS EIRP and the FL S/N value provided by the airborne RX. 

6.3.14 Airborne TX Switch-over Time 




























































































































































































































































































































