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�1.	SCOPE

1.1.	Document Overview

This specification identifies the minimum waveform requirements for a programmable radio system. As such, it is intended to accommodate known ongoing work within the International Civil Aviation Organization (ICAO), and to provide sufficient growth for new and/or novel waveforms proposed for voice and data services in the Very High Frequency (VHF) band. The specification was written to accommodate future transition into the present National Airspace System (NAS).  This architectual implementation may be viewed as a suggestion; any different implementations can be discussed with the FAA Next Generation Communications (NEXCOM) system Team.  Even though the specification is written to provide for a narrowband waveform solution, the radio architecture should not preclude a possible future transition to an IS-95 type (wideband) waveform.  The DSB-AM sections contained in this document were taken directly from product specifications.  If changes in these DSB-AM specifications need to be made for cost savings, the FAA NEXCOM team will be glad to discuss such changes.  The DSB-AM specifications were used directly for backward compatibility.  Other specification suggestions need to be physically compatible with existing equipments.  The FAA NEXCOM team understands that there are significant issues related to this functional specification, and encourages comments and discussions between the FAA and industry.

1.2.	Identification

This document contains a Functional Specification for VHF communication equipment intended to be used for air-ground voice and data communications. The equipment includes Radio and Radio Interface Unit (RIU) functions.  The equipment specified herein will be compatible with the relevant International Civil Aeronautical Organization (ICAO) VHF Digital Link (VDL) Standard and Recommended Practices (SARPS) as described in VDL Time Division Multiple Access (TDMA) Mode (Mode 3) SARPS version 1.2a (including the Mode 2 SARPS provisions referenced therein), and the Double-Sideband Amplitude Modulation (DSB-AM) requirements of FAA purchase descriptions FAA-PD-130-TX and FAA-PD-130-RX. The equipment provides voice and data communication exchanges between airborne and ground based systems.  It is designed to be an Air/Ground subsystem of the Aeronautical Telecommunication Network (ATN) using the Aeronautical Mobile (Route) Services (AM(R)S) band and it is organized according to the Open Systems Interconnection (OSI) model (defined by the International Standards Organization, ISO). The equipment  is intended to provide reliable subnetwork services to the ATN system.  For services in addition to DSB-AM voice, the equipment is related to the two lower layers of the OSI model. The equipment specified herein will replace existing DSB-AM transmitters and receivers, and provides the Layer 1 and a portion of the Layer 2 services shown in figure 1-1:



� EMBED Word.Picture.6  ���

 

Fig 1-1:  Equipment relationship to VDL SARPs in the ATN/OSI organization





Layer 1 (Physical layer): provides transmitter/receiver frequency control, bit exchanges over the radio media, and notification functions. These functions are more often known as “radio” and “modulation” functions. The ICAO VDL Mode 2 and  Mode 3 SARPS define a single modulation type related to the two VDL modes:



Differential 8 Phase Shift Key (D8PSK) modulation scheme providing a 31.5 kb/s data rate (at layer 1).



Layer 2 (Link Layer):  The Media Access Control (MAC) sublayer provides access to the Physical layer by a Carrier Sense Multiple Access (CSMA) algorithm in charge of channel access for Mode 2, and a Time Division Multiple Access (TDMA) algorithm in charge of channel access for mode 3;



1.3	System interrelationships



The equipment specified herein is an element of the NEXCOM system.  Figure 1-2 identifies specifications currently under development, and related legacy specifications.  VSCS and RCE specifications are included in the document tree for transitional/interface purposes.   The NI Functional Specification will contain requirements for equipment, which will provide connectivity required for legacy systems, and interfaces to data link routers and their accompanying network services.  It is the intention that the NEXCOM equipment be compatible with existing NAS systems, and to allow expansion for new digital communications capabilities.  A System Description Document (SDD) is in development.  See MP97W000030, in section 2.2 for a high level system description. 



�



Figure 1-2:  NEXCOM Document Tree



The primary objective of the NEXCOM program is to provide air traffic controllers the ability to accommodate the growing number of control sectors and services using the available limited frequency spectrum.  Principal goals of the system architecture include production of a new generation of  VHF Radios (VRs) and Radio Interface Units (RIUs);  support of existing legacy interfaces with RCE and VSCS;  and transition to standardized, programmable digital operations for both ground sites and aircraft.  This transition includes support of ATN data link functions.  Production of new Network Interface (NI) equipment will support data the link routing for VHF subnet services.  Additionally, the NI equipment will perform functions currently performed by the VSCS and RCE equipments.

�1.4.	Functional diagram



Figure 1-3 provides a functional diagram of the Radio/RIU equipment specified herein. The principle radio
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Fig 1-3:  Equipment functional diagram



functions include transmission, reception, and modulation/demodulation (Modem) functions. The RIU includes a digital interface function, which includes all digital processing functions required for the VDL Mode 2 and Mode 3 MAC sublayer, and interfaces with the Radio and NI equipment;  and up to four voice units which provide vocoding functions, and interface with RCE and the radios, via digital interfaces.

�2. APPLICABLE DOCUMENTS



2.1.	Government Documents  



The following documents of the issues in effect on the date of the request for proposals (solicitation) form a part of this specification and are applicable to the extent specified herein.  In the event of conflict between the documents referenced herein and the contents of this specification, the contents of this specification shall take precedence.



2.1.1.	Specifications



FAA:		



	  FAA-G-2100			Electronic Equipment, General Requirements





Miltary:							



	  MIL-STD-498  			Software Development and Documentation



2.1.2.	Standards

FAA:



TSO-C37d				VHF Radio Communications Transmitting Equipment Operating 											within the Radio frequency Range 117.75 to 137.000 Megahertz



 

2.1.3.	Other Government Documents

    

FAA:



	  FAA-PD-130-TX		Purchase Description, VHF/UHF Air/Ground Radio Communications 												Transmitters

 

	  FAA-PD-130-RX	Purchase Description, VHF/UHF Air/Ground Radio Communications 												Receivers



	  NAS-IR-41024201	Interface Requirements Document Voice Switching and Control System to Radio 										Control Equipment



	  NAS-IR-41024202	Interface Requirements Document Tower Communication System (TCS)/Radio 										Control Equipment (RCE)



	  TBD							See para 3.2.1.1 (TBD IRD-may be a mod to NAS-IR-41024202 ????)

NTIA:	

									National Telecommunications and Information Administration, Regulations and 										Procedures  for Federal Radio Frequency Management 

2.2.	Non-Government Documents

ICAO:



				VHF Digital Link (VDL) CSMA Modes (Modes 1 & 2) Standards and Recommended 					Practices (SARPS)



				VHF Digital Link (VDL) TDMA Mode (Mode 3) Standards and Recommended Practices 				(SARPS) 



RTCA:

		

	  DO-160					Environmental Conditions and Test Procedures for  Airborne Equipment



	  DO-178					Software Considerations in Airborne Equipment and Equipment Certification



	  DO-224					Signal in Space Minimum Aviation System Performance Standards (MASPS) 										Advanced VHF Digital Data Communications Including Capability with Digital Voice 									Technique



EIA:



	  RS-530					High Speed 25-Position Interface for Data Terminal Equipment and 											Data Circuit Terminating Equipment, March 1987



IEEE:



	  IEEE-1149.1				Standard Test Access Port and Boundary Scan Architecture



MITRE Corporation:



	  MP97W000030   	Next Generation VHF Ground Network High-Level Description, R.M. Morganstern, 										February 1997

2.3.	Documentation Sources



2.3.1.	FAA Documents 



Copies of FAA specifications, standards, and publications may be obtained from the Contracting Officer, FAA, 800 Independence Avenue, S.W., Washington, D.C. 20591.  Requests should clearly identify the desired material by number and state the intended use of the material.

�2.3.2.	Military and Federal Documents 



Single copies of unclassified military and federal specification, standards, and publications may be obtained by writing the Naval Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA, 19120 or by calling (215) 697-3321 Monday through Friday, 8:00 a.m. to 4:30 p.m. (E.S.T.).

2.3.3.	Electronic Industries Association Documents 



Copies of Electronic Industries Association (EIA) standards may be obtained from the Electronic Industries Association, 2001 Eye Street, N.W., Washington, D.C., 20006.

2.3.4.	National Telecommunications and Information Administration    Documents 



Copies of National Telecommunications and Information Administration (NTIA) materials may be obtained from NTIA, Department of Commerce, 14th Street and Constitution Avenue, Washington, D.C., 20230, or by calling (202) 377-1832.

2.3.5.	International Civil Aviation Organization Documents



Copies of International Civil Aviation Organization (ICAO) draft SARPS may be downloaded via the FAA Next Generation Air/Ground - Standards web site http://www.faa.gov/nextgen/standard/standard.  These are currently working documents and not final products.

2.3.6.	RTCA, Inc. Documents



Copies of RTCA, Inc. documents may be obtained from RTCA, Incorporated., 1140 Connecticut Avenue, N.W., Suite 1020, Washington, D.C. 20036, or by calling (202) 833-9339

2.3.7.	IEEE Documents



IEEE documents may be ordered from the IEEE Computer Society Press.  Ordering information is available over the internet at http://www.computer.org/cspress/order.htm, or by calling (800) 272-6657.



�3.	SYSTEM REQUIREMENTS

3.1.	Definitions

3.1.1.	“Shall”

When used in this specification, the word “shall” refers to an explicit requirement for a capability or characteristic of a system component, a system capability, or the complete system.  If the following “shalls” in this document are seen as major cost drivers or are seen as unachievable by industry, the FAA is interested in having a dialogue concerning this.



3.1.2.	“Should”



When used in this specification, the word “should” refers to a desired capability or characteristic of a system component, a system capability, or the complete system.  If industry sees an alternative solution to these “shoulds”, the FAA is interested in having a dialogue concerning this.



3.1.3.	“Will”



When used in this specification, the word “will” provides information for a capability or characteristic of a related system component, a related system capability, or a complete related system.



3.1.4.	Co-channel interference



The co-channel interference protection for Mode 2 data and Mode 3 data /digitized voice is the overall capability of a receiver to demodulate a signal properly (to achieve a defined BER performance) in the presence of an unwanted modulated signal at the same assigned frequency. The co-channel interference protection for DSB-AM voice is the overall capability of the receiver to provide intelligible voice in the presence of an unwanted modulated signal at the same assigned frequency.  The power ratio of the unwanted signal level to the wanted signal level at the specified voice quality is the cochannel interference protection in dB (negative value).  The co-channel interference requirement has a major  impact on frequency re-use planning criteria.



3.1.5.	Adjacent channel emissions



Adjacent channel emissions are the amount of the modulated RF signal power transmitted outside of the assigned channel.  Adjacent channel emissions include discrete spurious frequency, and noise density (including phase noise) at the transmitter output.



3.1.6.	BER



The Bit Error Rate (BER) corresponds to the uncorrected bit error probability and is expressed as the ratio between the number of erroneous bits received and the number of bits received without benefits of Forward Error Correction (FEC).



3.2.	System Characteristics



The principal system characteristics described herein are for ground equipment.  Where functional requirements differ for aviation equipment, the specifications are annotated to indicate the differences.



Note:  This specification does not include all requirements for aviation equipment.  Industry is invited to comment on specific requirements not included herein, or specific differences in performance requirements for aviation vice ground equipment.

3.2.1.	System design description for  ground equipment



This paragraph describes the evolving VDL system configuration for FAA ground sites.  The system evolution is designed to allow graceful transition from the current DSB-AM voice environment to an all digital voice and data environment.  Ground equipment functions specified herein cover the transmitters, receivers and RIU.  NI functions will be specified in a separate document.  



NOTE:  The VR and the RIU are not required to be two separate units, and the VR may have a separate transmitter and receiver.

3.2.1.1.	Ground equipment separation



This paragraph describes the separation of the VDL functionalities into different equipments to support the transition. To support this transition, the VDL functionalities are distributed into the VR, the RIU, the NI, and the currently-deployed RCE. 



In the VR are located the Physical layer, and a function providing the data and management information transfer between the VR, the RIU and the RCE;

In the initial RIU configuration are the vocoders, the MAC sub layer, local command and control, data and management transfer between the RIU and NI and RIU and radio, and the Local Management Entity (LME).  As indicated in figures 3-1 through 3-5, the vocoders will relocate to the NI in future configurations.

In the NI are located the SubNetwork Access Protocol (SNAcP) sub layer, the DLS sub layer, the Global Management Entity (GME) and a function providing the data and management information transfer between the NI and the RIU.

In the RCE are located the Physical routing for selection of two main and two standby radio circuits (normally two VRs and two UHF radios), and the routing of transmit voice, receive voice and push-to-talk (PTT) signals to the VRs and other (normally UHF) radios. The RCE interfaces with the VSCS. RCEs are to be modified to include a means to remotely change radio frequencies and the RF Modulation Modes specified herein, via the RIU.  The RIU shall be compatible with this data and shall use it in accordance with the TBD IRD.



3.2.1.2.	Ground equipment transition



The separation of VDL functionalities into different equipments, as specified above, will allow the ground equipment configurations to transition from the current configuration, figure 3-1;





�

��to an initial configuration where the VRs are used as DSB-AM radios with a transparent (or no) RIU required, figure 3-2.





�EMBED Word.Picture.8��� Figure 3-2. Typical Initial Implementation (DSB-AM Mode)





In order to support the initial implementation, the VRs shall be capable of interfacing with existing RCEs and operating in the DSB-AM mode without an RIU.







�The next system transition is planned to be a VDL Mode 3, 4V configuration with the RIUs containing 4 vocoders each, and providing up to four voice interfaces with a similar number of RCEs, and a single integrated digitized voice interface with the VR, figure 3-3.
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Figure 3-3.  Typical Mode 3 Four Voice (4V) Implementation





In this configuration, four Mode 3 compatible voice units will be physically located in the RIUs.  The main and standby RIU design should consider including capabilities that allow rapid switchover from main to standby operation in the event of a failure in either the main VR or the main RIU.  �

The next transition will be a VDL Mode 3 multiple data/multiple voice circuit configuration (m voice circuits plus n data cicuits, where m + n  is less than or equal to four) with the RIUs containing m vocoders each;  and providing m voice interfaces with multiple RCEs, an integrated data interface for n data circuits with the NI, and a single integrated digitized voice/data interface with the VR.  Figure 3-4 shows a configuration where m = 2 and n = 2 (two voice and two data channels).
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Figure 3-4. Typical Mode 3 Two Voice/Two Data (2V/2D) Implementation





The vocoder function shall be capable of being relocated in the system to accommodate different voice/data configurations. �The final transition, figure 3-5,  will be a VDL Mode 3 multiple data/multiple voice circuit configurations (m voice circuits plus n data cicuits, where m + n  is less than or equal to four) with the m vocoders remotely located with the NIs, and the NIs providing a single integrated digitized voice/data interface with the VR via the RIU.  In this case, some of the RIU functions may require relocation to the NI equipment to meet voice timing constraints. 



�EMBED Word.Picture.8���Figure 3-5.Typical Mode 3 End State





The ground system shall be designed to accommodate this transition.  The voice units, containing the vocoder functions, shall be physically relocatable from the Radio Interface Units to the Network Interface, as indicated in the figure.















�Initial Mode 2 operation of the system will require additional VRs, as shown in figure 3-6.  No voice units are required in the RIU for Mode 2 operation.
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 Figure 3-6.  Typical Mode 2 Configuration.



3.2.2.	 System functions and software

3.2.2.1.	 Receivers



Receivers shall be capable of being used in a DSB-AM Mode, in VDL Mode 2, or in VDL Mode 3 utilizing a 25 kHz channel separation.



3.2.2.1.1.	Tuning range and channel increments



Receivers shall be capable of tuning to any 25 kHz channel from 112 MHz to 136.975 MHz.



Note :   Allocation of all or part of the frequency band from 112.000 MHz up to 117.973 MHz is being considered for Aeronautical Mobile Communication.

3.2.2.1.2.	  Modulation



3.2.2.1.2.1.	DSB-AM



The DSB-AM modulation shall be as defined in FAA-PD-130-TX, paragraph 3.2.1.2.1.8.7.



3.2.2.1.2.2.	Mode 2 and Mode 3 (D8PSK)



Mode 2 and Mode 3 shall use the D8PSK modulation scheme defined in the ICAO VDL Mode 2 and Mode 3 SARPS.  The Mode 2 and Mode 3 symbol rate shall be 10,500 symbols/s, resulting in a nominal data rate of 31,500 bits/s.



3.2.2.2.	Transmitters



Transmitters shall be capable of being used in a DSB-AM Mode, in VDL Mode 2,  or in VDL Mode 3 utilizing a 25 kHz channel separation.  



3.2.2.2.1.	Tuning range and channel increments



Transmitters shall be capable of tuning to any 25 kHz channel from 112.000 MHz to 136.975 MHz.



Note : Allocation of all or part of the frequency band from 112.000 MHz up to 117.973 MHz is being considered for Aeronautical Mobile Communication.  The transmitter shall be designed such that this frequency range can only be implemented 1 MHz increments as a maintenance operation.



3.2.2.2.2.	Modulation



3.2.2.2.2.1.	DSB-AM



The DSB-AM modulation shall be as defined in FAA-PD-130-TX, paragraph 3.2.1.2.1.8.7.



3.2.2.2.2.2.	Mode 2 and Mode 3 (D8PSK)



Mode 2 and Mode 3 shall use the Differential Eight Phase Shift Keyed (D8PSK) modulation scheme as defined in ICAO VHF Digital Link (VDL) Mode 2 and Mode 3 SARPS. The Mode 2 and Mode 3 symbol rate shall be 10,500 symbols/s, resulting in a nominal data rate of 31,500 bits/s.

3.2.2.3.	RF Modems



For purposes of this specification, the receiver performance specifications contained herein include RF modem demodulation performance requirements, and the transmitter performance specifications contained herein include RF modem modulation performance requirements. RF modems shall be capable of converting audio to DSB-AM modulation of the transmitted RF and of demodulating received DSB-AM RF into received audio. When operating in VDL Mode 2, in accordance with the Mode 2 SARPS, RF modems shall be capable of converting a single stream of digital data received from the RIU to D8PSK modulation of the transmitted RF;  of detecting a received RF signal and providing a Carrier Sense Signal to the RIU; and of demodulating received D8PSK RF into a received data stream. In addition, when operating in VDL Mode 3, in accordance with the Mode 3 SARPS, RF modems shall be capable of D8PSK modulating/demodulating a time-division multiplexed block of digitized voice and data  between the RIU and the transmitter/receiver in response to transmit/receive timing commands from the RIU. 



3.2.2.4.	RIU 



The RIU shall be capable of providing the following functions:

	(	support up to 4 voice units performing vocoder functions

	(	support a digital interface providing access to the NI for data transfer, Remote Maintenance Monitoring (RMM) capabilities, programmability, and command and control access. 

	(	support a data interface to the radio

	(	support an RMM interface to the radio

3.2.2.5.	Software and Processor Capabilities



The equipment design should include digital computer techniques to the extent required to meet the reconfigurability requirements herein.  Airborne Computer software packages used to implement these requirements should follow guidelines contained in RTCA document DO-178B, or later edition with the agreement of the Approving Authority.  Software to be delivered to FAA should be developed and documented using MIL-STD-498 for guidance.  The equipment design should allow reconfigurability of the modem and RIU through reprogramming  of modem firmware and RIU software using open system interfaces, as specified herein.



The equipment design should allow  physical layer programmability in modulation scheme (e.g. Bi-Phase Shift Keying (BPSK), Quadrature Phase Shift Keying (QPSK), etc), and modulation rate; and MAC layer programmability in protocols and user access/synchronization schemes. Modulation rates and user access/synchronization schemes shall be designed to concurrently allow the channel to service up to 4 user circuits at user data rates of at least 4.8 kbps.



Note:  The purpose of requiring programmability is to allow ease of changes as SARPS requirements are further refined/defined, and to allow implementation of future capabilities as the NEXCOM system evolves to meet NAS needs. Specifications herein are written to version 1.2A of the Mode 3 (TDMA) VDL SARPS, April 1997 and the 4 April 1996 version of the Mode 2 VDL SARPS.



Desired programmability includes:



Modulation formats - (D)BPSK, (D)QPSK, D8PSK (Differential 8 Phase Shift Keying), up to 64 QAM (Quadrature Amplitude Modulation), GMSK (Gaussian Minimum Shift Keying), FGMSK (Feher’s Gaussian Minimum Shift Keying), 4LFM and 8LFM (4 and 8 Level Frequency Modulation) 

Encoding - Differential, Convolutional, other (n,m) Reed-Solomon and Golay codes

Decoding - Differential, Viterbi, other (n,m) Reed-Solomon and Golay codes

Selectivity - As required to meet other requirements

Data rate -  10-100 kbps

Matched filter - Nyquist, root-raised and others as required to meet other requirements



Desired MAC layer programmability includes variations in user access protocols, such as TDMA and CDMA with different user acess rates, numbers of circuits and timing formats; and the associated headers, synchronization formats and other MAC layer functions required to support these protocols. 



The equipment design shall include sufficient processor clock speeds and spare memory to accommodate  the above programmability requirements without a major redesign of the equipment.  The equipment shall be able to accurately process date data (including, but not limited to, calculating, comparing, and sequencing) from, into, and between the twentieth and twenty-first centuries, including leap year calculations, when used in accordance with the product documentation provided by the designer, and provided that all listed or unlisted products (e.g. hardware, software, firmware) used in combination with the equipment properly exchange date data with it. 

3.2.3	Functional requirements

3.2.3.1.	Receiver/RF demodulator requirements



3.2.3.1.1.	Uncorrected BER



The uncorrected Mode 2 and Mode 3 BER requirement shall be equal to or better than 10-3.



The uncorrected BER requirement performance shall be achieved in the presence of the degradations  specified in sections 3.2.3.1.8, 3.2.3.1.19 through 3.2.3.1.24 and 3.2.3.1.29. 



3.2.3.1.2.	Receiver input voltage



Mode 2, Mode 3 and DSB-AM



See 3.3.1.1.1.



3.2.3.1.3.	Receiver Digital and Audio Interfaces



Mode 2 and Mode 3



The receiver/RF demodulator shall have a single digital data bus interfacing with the RIU, shared with the RF modulator/transmitter.  The digital interface shall carry time-multiplexed, quantized digitized voice  and  data modulation, carrier sense and clock signals  between the receiver/RFdemodulator and the RIU.  Appendix A contains a detailed specification for a proposed digital interface.  See 3.2.3.3.10 for voice unit audio interface requirements.



DSB-AM



The receiver/RF demodulator shall provide a main audio output.  The main audio output shall provide a balanced 600 ohm +/- 10% source impedance and 600 ohm audio output.  This audio output level shall be controllable both locally, and remotely via the RMM/control interface; see 3.2.3.3.12.  A desirable feature includes the main audio output level control being located on the front panel of the receiver.  The equipment shall have an additional electrical connector located on the rear of the receiver.  This connector shall be capable of interfacing with an existing FAA connector (part number MS3108A24-28S) and shall be labeled "J2".  The main audio output shall be a balanced signal between Pins "C" and "D" on electrical connector J2.  There shall be provisions for a second audio signal output terminated in a headset/headphone jack located on the front panel of the receiver.  This local output shall be controlled by a (hand control knob) logarithmic taper audio adjustment located on the front panel and provide for ready audio access during maintenance or local operation.



3.2.3.1.4.	Sensitivity/Carrier Sensing



Mode 2 Carrier Sensing



When the receiver receives on-channel power of at least -87 dBm for at least 5 ms, then:



with a likelihood of 90%, it shall continue to consider the channel occupied if the signal level is 	attenuated to below -92 dBm for less than 1 ms; and



with a likelihood of 90%, it shall consider the channel unoccupied if the  signal level is attenuated to 	below -92 dBm for at least 1.5 ms.



Once the receiver has declared the channel to be idle, then, with a likelihood of at least 0.9, the receiver shall consider the channel occupied within 1 ms after on-channel power rises to at least -90 dBm.



Note:	The maximum link throughput available to all users is highly sensitive to the RF channel sense delay (from the time when the channel actually changes state until a station detects and acts on that change) and RF channel seizure delay (from the time when a station decides to transmit until the transmitter is sufficiently ramped up to lock out other stations).  Accordingly, it is imperative that all efforts are made to reduce those times as the state-of-the-art advances.



Mode 2 and Mode 3



In  the absence of added external noise, the uncorrected BER requirement or lower shall be achieved at a signal level of -100 dBm at the receiver antenna connector (-95 dBm for aviation receivers) from a modulated VDL Mode 2 or Mode 3 signal source at the nominal data rate at room temperature.   The BER requirement or lower shall be achieved, under the above conditions, over the full dynamic range of the receiver.



DSB-AM



The sensitivity of the receiver shall be such that, in the absence of external added noise, when a signal generator having a source impedance of 50 ohms and RF output of no more than 1.8 microvolts (modulated at 30%, 1.0 kHz tone), is connected to the receiver antenna terminals though a 50 ohm transmission line, the receiver shall produce an audio output with an average 10 dB (S+N)/N or greater over the frequency range of the receiver.  With an RF output of 3.0 microvolts (modulated 30%, 1.0 KHz tone), the receiver shall produce an audio output with a 10 dB (S+N)/N or greater over the entire frequency range of the receiver.



3.2.3.1.5.	Passband Characteristics



Mode 2 and Mode 3



NA



DSB-AM



The response curve shall be essentially flat topped and symmetrical.  The peak-to-valley ripple amplitude between the 3.0 dB points on the selectivity curve shall not be greater than 1.0 dB.  Any decrease in the pass band envelope (+/- 8.0 kHz) shall not exceed 2.0 dB below the peak of the envelope.



3.2.3.1.6.	Selectivity



Mode 2 and Mode 3



TBD



DSB-AM



The selectivity of the receiver shall conform to the following profile with respect to the tuned channel center frequency:

			Level	     	Bandwidth                



            - 6.0 dB       +/-  9 kHz Minimum                



	        - 60.0 dB    	+/- 25 kHz Maximum          



The selectivity must remain constant across the entire frequency band in addition to meeting existing levels and bandwidth of this paragraph.



3.2.3.1.7.	Image Rejection



Mode 2, Mode 3 and DSB-AM



The response to image frequencies (if a superherodyne receiver) shall be at least 80.0 dB down from the response at the normal channel frequency.



3.2.3.1.8.	Intermodulation



Mode 2 and Mode 3



The BER requirement for a VDL Mode 2/3 receiver shall be achieved when two FM modulated undesired signals within the frequency range of 87.5 to 107.9 MHz, with levels at the receiver antenna connector of -5 dBm, are applied in addition to the wanted signal at the receiver antenna input.  Intermodulation suppression requirements for in-band interfering signals are 75dB for two tones with RF power levels of 

–24 dBm.



DSB-AM



Intermodulation suppression shall be at least 75 dB for third order products produced by interfering signals with RF power levels of –24 dBm separated by 100 kHz or more from the operating frequency.



3.2.3.1.9.	Frequency Stability



Mode 2, Mode 3 and DSB-AM



For ground equipment, the receiver local oscillator frequency stability shall be +/- 2 Parts Per Million (PPM) (0.0002 percent of the operating frequency) or better for each frequency selected for operation.  For airborne equipment, the frequency stability shall be +/- 5 Parts Per Million (PPM) or better. The receiver shall have a tuning adjustment adequate to compensate for 10 years of operational use.  As a minimum, the adjustment range shall be +/- 3 PPM.  The frequency shall be adjustable to within +/- 1 PPM.



3.2.3.1.10.	 Audio Output



Mode 2 and Mode 3



Not Applicable for Mode 2, see 3.2.3.3.10 for Mode 3.



DSB-AM



The receiver audio output circuitry shall provide a balanced 600 ohm +/- 10% source impedance and 600 ohm audio output via a connector (paragraph 3.2.3.1.3 herein) located on the rear panel of the receiver, and into a headset/headphone jack located on the front panel of the receiver.



�3.2.3.1.11.	 Audio Level Control



Mode 2 and Mode 3



Not Applicable 



DSB-AM



With an input signal of 10 microvolts (modulated 30% 1.0 kHz tone) and the receiver adjusted for an audio output level of 100 milliwatts, the audio signal shall not increase more than 3.0 dB as the modulation is increased to 90 percent (+/-5%).



3.2.3.1.12.	 Audio Output Level Regulation



Mode 2 and Mode 3 



Not Applicable



DSB-AM



With an initial audio output of 100 milliwatts into a 600 ohm resistive load from the main output circuit, the main output shall not drop more than 4.0 dB with a 5.0:1 reduction in the resistive load.  The receiver should have an input for either muting or attenuating the receiver during the transmit cycle.



3.2.3.1.13.	Average Audio Output

Mode2



Not Applicable



Mode 3 



See 3.2.3.3.10



DSB-AM



The audio output level (test tone)of the receiver during an alignment/performance check (typically 50 mV @ 30% modulation w/1004 Hz for DSB-AM) shall be adjusted between +10 dBm and –25 dBm.  The test tone shall reflect a level that does not exceed a level which will produce a 0 dBm level during actual in-service conditions and shall not exceed a level which will produce a –13 dBm level averaged over 3 seconds during actual in�service conditions



3.2.3.1.14.	Audio Distortion



Mode 2 and Mode 3



Not Applicable



DSB-AM



The total distortion in the audio output shall not be more than 10.0 percent with any RF input  level between 100 microvolts and 10,000 microvolts (modulated 50%, varied between 300 to 3500 Hz)



�3.2.3.1.15.	Audio Frequency Response



Mode 2 and Mode 3



Not Applicable



DSB-AM



The maximum variation in the audio output shall not be more than +/- 2.0 dB between 300 Hz and 3.0 kHz.  Above 3.0 kHz, the audio output shall decrease as the frequency increases, and shall be down at least 10.0 dB at 10.0 kHz.  Below 300 Hz, the audio output shall decrease as the frequency decreases and be down at least 10.0 dB at 100 Hz. 



										3.2.3.1.16.	Squelch



Mode 2 



Not Applicable



Mode 3 



See 3.2.3.3.6.3



DSB-AM



The receiver shall have a carrier to noise type of squelch system.  The squelch shall provide not less than 40.0 dB audio quieting when the receiver is in the squelch condition.  The reference shall be the normal audio output measured at the audio output terminals with an RF input of 3.0 microvolts (modulated 30% 1.0 kHz tone).



3.2.3.1.17.	Squelch Adjustment



Mode 2 and Mode 3 



Not Applicable



DSB-AM



The squelch adjustment shall provide the control and method for setting the squelch threshold in the absence of an RIU.  This squelch control should be located on the front panel of the receiver.  In addition, the receiver shall include provisions for remote squelch adjustment over the RMM/Control interface;  see 3.2.3.3.12.



3.2.3.1.18.	Squelch Attack and Release Times



Mode 2 and Mode 3



Not Applicable



DSB-AM

The squelch attack time shall be 50 milliseconds maximum and the release time shall be 150 milliseconds maximum with any RF input signal level between 3.0 microvolts and 100,000 microvolts (modulated 30% 1.0 kHz tone).



3.2.3.1.19.	Desensitization



Mode 2 and Mode 3



TBD



DSB-AM



With a 3.0 microvolt input signal (modulated 30% 1.0 kHz tone) applied to the receiver antenna  input  and the audio output control adjusted for an audio output of 100 milliwatts into the main output load, the desensitization shall be such that an off-channel unmodulated RF signal (+/- 0.9 MHz at -17.0 dBm) shall not reduce the receiver output more than 2.0 dB or reduce the signal plus noise to noise (S+N/N) ratio below 8.0 dB.



3.2.3.1.20.	Cross Modulation



Mode 2 and Mode 3



TBD



DSB-AM



An on-channel signal (modulated 30% 1.0 kHz tone) adjusted to produce a 10.0 dB S+N/N ratio, shall produce not less than 8.0 dB S+N/N ratio in the presence of off-channel signals modulated 30 percent at 400 Hz as defined below:   



	a.	For an off-channel signal separated from the desired on-channel signal by +/- 0.5 MHz, the level shall  be at least 70.0 dB above the level of the on-channel signal adjusted to produce an on-channel S+N/N ratio of 10.0 dB.

 	

	b.	For an off-channel signal separated from the desired on-channel signal by +/- 1.0 MHz, the level shall be at least 75.0 dB above the level of the on-channel signal adjusted to produce an on-channel S+N/N ratio of 10.0 dB. 



c.  For an off-channel signal separated from the desired on-channel signal by +/- 1.5 MHz, the level shall be at least 80.0 dB above the level of the on-channel signal adjusted to produce an on-channel S+N/N ratio of 10.0 dB.



3.2.3.1.21.	Collocation



Mode 2 and Mode 3 



The uncorrected BER requirement shall be met with a -100 dBm Mode 2 or Mode 3 input signal applied to the receiver antenna input, and  an off channel transmitter, keyed with a 10 watt output, DSB-AM modulated 30% at 400 Hz or a 25 watt D8PSK transmitter, when the following frequency separation and transmit-receive path isolation is provided for:



	a.  UHF - Path isolation greater than 42 dB (80 feet)

				 

	b.  VHF - Path isolation greater than 42 dB (80 feet)

				 Transmit-receive frequency separation greater

				 than 0.5 MHz.

�DSB-AM



With a 3.0 microvolt input signal of 1 KHz, modulated 30%, applied to the receiver antenna input  and an audio output of 100 milliwatts into the main output load, the effect of keying an off channel transmitter, with a 10 watt output, modulated 30% at 400 Hz, or a 25 watt D8PSK transmitter, shall not reduce the receiver output more than 2 dB or reduce the signal plus noise to noise ratio below 8 dB when the following frequency separation and transmit-receive path isolation is provided for:



	a.  UHF - Path isolation greater than 42 dB (80 feet)

				

	b.  VHF - Path isolation greater than 42 dB (80 feet)

				 Transmit-receive frequency separation greater

				 than 0.5 MHz.



3.2.3.1.22.	Adjacent Channel Rejection



Mode 2 and Mode 3



The uncorrected BER requirement shall be met in the presence of a -63 dBm adjacent interfering modulated Mode 2/3 signal power in addition to a -90 dBm wanted signal power applied to the receiver antenna input. The test shall be performed on each side of the wanted signal and at their nominal channel separation from it.



Note:  Aviation equipment requirements may be more stringent.



DSB-AM

 

Not Applicable



3.2.3.1.23.	Rejection of signals outside the VHF band



Mode 2 and Mode 3



The BER requirement for a VDL Mode 2/3 receiver shall be achieved when one of the specified unwanted signals is applied in addition to the wanted signal set at a level of -90 dBm at the receiver antenna input.



Unwanted signal A :



	Level : 			-36 dBm



	Modulation :			None



	Frequency range : 		108-156 MHz (excluding the range 111.975-137.000 MHz).



Unwanted signal B :



	Level : 			-7 dBm



	Modulation :			None



	Frequency range :		50 kHz-1215 MHz (excluding the range 87.5-156 MHz).





�Unwanted signal C :



	Level : 			-5 dBm



	Modulation :			None



	Frequency range : 		87.5-107.9 MHz.



DSB-AM



TBD



3.2.3.1.24.	Noise rejection



Mode 2 and Mode 3



The uncorrected BER requirement for a VDL Mode 2/3 receiver shall be met while Additive White Gaussian Noise (AWGN) is applied in addition to the wanted signal at the receiver antenna input. The power level of the AWGN spectrum applied to the receiver antenna input shall be -162 dBm/Hz (-157 dBm/Hz for aviation equipment).





DSB-AM



TBD



3.2.3.1.25.	Desired signal dynamic range



Mode 2 and Mode 3



The receiver shall achieve the uncorrected BER requirement when operating with desired signal levels up to -7 dBm at the receiver antenna input..



DSB-AM



With a 1000 microvolt RF input signal (modulated 90% 1.0 kHz tone) as a reference, the audio output shall not differ from the reference level more than -4.0 to +5.0 dB, for any antenna input signal between 3.0 microvolts and 0.5 volt (modulated 90% 1.0 kHz tone).  The receiver shall not be blocked and shall provide an intelligible signal with inputs up to 1.0 volt.



�3.2.3.1.26.	Symbol rate capture range



Mode 2 and Mode 3



The uncorrected BER requirement shall be achieved when a wanted signal level of -93 dBm with a symbol rate offset of five (5) parts per million from an airborne transmitter is applied at the receiver antenna input.



DSB-AM



Not Applicable



3.2.3.1.27.	Frequency capture range



Mode 2 



The receiver shall be capable of sensing and locking to the carrier frequency and meeting the uncorrected BER requirement with a frequency offset from nominal of +/- 825 Hz minimum (ground) or +/- 965 Hz minimum (airborne).





Mode 3



The receiver shall be capable of supporting synchronization/preamble acquisition and meeting the uncorrected BER requirement with a frequency offset from nominal of +/- 825 Hz minimum (ground) or +/- 965 Hz minimum (airborne).



Note:	This value takes into account the transmitter frequency error (685 Hz) from a miscalibrated transmitter, and twice the Doppler shift (280 Hz) for airborne receivers in air-to-air operation (one times the Doppler shift for ground receivers).



DSB-AM



Not Applicable



3.2.3.1.28.	Doppler rate



Mode 2 and Mode 3



The uncorrected BER requirement for a VDL Mode 2/3 receiver shall be met with a carrier frequency change rate of 18 Hz/s within the entire range of Doppler shift [+/- 140 Hz (ground), +/- 280 Hz (airborne)] and of meeting the requirement of section 3.2..3.1.26.



DSB-AM



Not Applicable



3.2.3.1.29.	Co-channel interference



Mode 2 and Mode 3



The uncorrected BER requirement shall be achieved when an unwanted signal is applied in addition to the wanted signal at the receiver  antenna  input.  The co-channel interference protection shall be at least 15 dB.



Note:  This requirement is recognized as being challenging and is different than those called for in the MASPS/MOPS.  Specifically, the co-channel performance requirement in the MASPS is 14 dB and the airborne MOPS calls for 20 dB.  Good co-channel performance will allow closer spacing of aircraft.  This results in more frequency re-use or spectrum efficiency, a highly desireable goal.  



DSB-AM



Note:  The current NAS requirement for co-channel interference protection is 14dB, based on the ability of controllers to reject unwanted voice conversations, when two simultaneous DSB-AM voice conversations are received.



3.2.3.1.30.	Conducted spurious emissions



See 3.3.2.

3.2.3.1.31.	Receiver AGC stabilization



Mode 2 



The receiver Automatic Gain Control (AGC) shall require no more than 2 transmitted symbols to allow for receiver AGC stabilization sufficient to sense and lock to the carrier frequency, over the specified receiver dynamic range (-100 dBm to -7 dBm for ground equipment; -95 dBm to -7 dBm for airborne equipment).



Mode 3



The receiver AGC shall require no more than 2 transmitted symbols to allow for receiver AGC stabilization sufficient to support synchronization/preamble acquisition by the RIU, over the specified receiver dynamic range(-100 dBm to -7 dBm; -95 dBm to -7 dBm for airborne equipment).



Mode 2 and Mode 3



With the collocation requirements specified herein, a receiver shall be capable of receiving and demodulating, with nominal performance, an incoming signal within 1.5 ms after  the transmitter has completed transmitting the final information symbol.



DSB-AM



Not  applicable



3.2.3.1.32.	RF release time and transmitter/receiver turn-around time



Mode 2 and Mode 3



The transmitter output power shall decay at least 20 dB below the steady state power level (defined in section 3.2.3.2.9) within 190 µs (2 symbol periods) after transmitting the final information symbol. The transmitter/receiver design shall allow the receiver to meet the uncorrected BER requirement with a -100 dBm input signal received within TBD symbols after the last symbol of a transmission.



DSB-AM



Not Applicable



�3.2.3.1.33.	Receiver and transmitter antenna connectors



Mode 2, Mode 3 and DSB-AM



The receiver and transmitter shall have separate antenna connectors, both of which shall be designed for connection to 50 ohm characteristic impedance coaxial cables. These Radio Frequency (RF) input and output connectors shall be coaxial type N female and shall conform to MIL-STD-1353, Section 200.



3.2.3.1.34.	Receiver and transmitter control



Mode 2, Mode 3 and DSB-AM



The receiver and transmitter shall have front panel controls for selection of operating frequencies and Mode.  Receiver and transmitter frequencies and Mode shall be independently selectable either from the front panel controls or from commands received over the Remote Maintenance Monitoring (RMM)/Control interface  in accordance with IRD TBD. The receiver and transmitter shall respond to the last received command, and shall provide a front panel control and display of the current settings on operator demand.



3.2.3.2.	Transmitter/RF modulator requirements



3.2.3.2.1.	Transmitter Input Voltage



Mode 2, Mode 3 and DSB-AM



See 3.3.1.1.1.



3.2.3.2.2.	Transmitter Digital and Audio Interfaces



Mode 2 and Mode 3



The RF modulator/transmitter shall have a single digital data bus interfacing with the RIU, shared with the receiver/RF demodulator.  The digital interface shall carry time-multiplexed, quantized digitized voice  and  data modulation, carrier sense and clock signals between the RF modulator/transmitter and the RIU.  Appendix A contains a detailed specification for a proposed digital interface.



DSB-AM



There shall be provisions for local audio input from a push-to-talk microphone that shall plug directly into the transmitter, and shall be present at Pin "J" and "F" on the electrical connector J5.  This electrical connector shall be capable of interfacing with an existing FAA connector (part number MS3108A24-28S) and shall be labeled "J5" located on the rear of the transmitter.



3.2.3.2.3.	Transmitter Time-Out



Mode 3 and DSB-AM



The transmitter shall contain a time-out function for protection against, and the elimination of, extended periods of inadvertent constant voice keying.  This adjustable transmitter time-out function shall range from zero transmit time-out up to 5 minutes transmit time-out (limiting the maximum continuous keying of the transmitter for this time period).  The time-out feature shall have provisions for disabling, to allow the transmitter the capability of unlimited continuous operation.



3.2.3.2.4.	Modulation



Mode 2 and Mode 3



Mode 2 and Mode 3 shall use the D8PSK modulation scheme defined in the VDL Mode 2 and Mode 3 SARPS.



DSB-AM



The modulation method shall be double sideband AM voice in accordance with the National Telecommunications and Information Administration, Regulations and Procedures for Federal Radio Frequency Management.



3.2.3.2.5.	Distortion



Mode 2 and Mode 3



Not Applicable



DSB-AM



The harmonic distortion in the demodulated transmitter output shall not exceed 10 percent at a carrier output level of 10 watts, modulated 90 percent for all modulating frequencies between 300 Hz and 3 kHz.  Under the same conditions, with maximum limiting, the total harmonic distortion shall not exceed 15 percent.



3.2.3.2.6.	Data rate



Mode 2 and Mode 3



VDL Mode 2/3 transmitter : 	31.5 kbit/s ± 0.0002 % (ground), 31.5 kbit/s ± 0.0005 % (airborne).



DSB-AM



Not Applicable



3.2.3.2.7.	Audio Compression and Limiting Circuits



Mode 2 and Mode 3



Not Applicable



DSB-AM



The transmitter shall contain audio compression and limiting circuitry designed to prevent overmodulation of the carrier under all conditions and to retain a modulation level of 90 percent (+/-10%) for a test tone under a variable audio input level from -25.0 dBm to +10.0 dBm.



3.2.3.2.8.	Audio Input



Mode 2 and Mode 3 



Not applicable



DSB-AM



The transmitter audio input  impedance shall be 600 ohms balanced and this circuitry shall interface with inputs from voice frequency signaling and control equipment, voice switching and control equipment, and radio control equipment.  A desirable feature includes a front panel mounted audio input level adjustment.  The transmitter shall also interface with an audio input signal generated via a push-to-talk microphone plugged directly into and utilized locally at the transmitter.



3.2.3.2.9.	Output power



Mode 2 and Mode 3



The transmitter mean output power, measured at the antenna output connector on the transmitter, on all frequency channels for which the equipment is designed, shall not be less than 15 watts .  The transmitter shall be capable of meeting this with a 100% duty cycle. The CW RF power output shall be adjustable over a range of 5 to 25 watts.



Note:	Output power delivered into a 50 ohm load shall be measured during signal transmission cycle, not averaged over the time intervals between signal transmissions.



DSB-AM



The Continuous Wave (CW) RF power output (without modulation) shall be 10 watts, when measured at the antenna output connector on the transmitter.  The CW RF power output shall be adjustable over a range of 5 to 25 watts.  The RF power output shall increase by no more than 45 percent when modulated 90 percent with a 1 kHz tone, as referenced to the CW RF power output.



3.2.3.2.10.	Intermodulation



Mode 2 and Mode 3



TBD



DSB-AM



All radiated intermodulation products from the transmitter shall be more than 20.0 dB below the carrier output level.  The transmitter shall utilize a design that limits intermodulation frequencies from being generated within the devices of the transmitter.



3.2.3.2.11.	RF power rise time



Mode 2 and Mode 3



The transmitter shall be within 90 % of the steady state power level (defined in section 3.2.3.2.9) in a time less than 190 µs (two symbols).



Note:	The transmitter power stabilization segment consists of 4 symbols each representing 000 (2 symbols for the RF power rise and 2 symbols to allow for receiver AGC stabilization).  These symbols are generated by the RIU.



DSB-AM



Not Applicable



3.2.3.2.12.	RF release time and transmitter/receiver turn-around time



Mode 2 and Mode 3



The transmitter output power shall decay at least 20 dB below the steady state power level (defined in section 3.2.3.2.9) within 190 µs (2 symbol periods) after transmitting the final information symbol. The transmitter/receiver design shall allow the receiver to meet the uncorrected BER requirement with a -100 dBm input signal received within TBD symbols after the last symbol of a transmission.



DSB-AM



Not Applicable



3.2.3.2.13.  Transmitter phase and amplitude balance



Mode 2 and Mode 3



The relationship between the quadrature components (I and Q) in the transmitted signal shall be 90 +/- 3 degrees in phase and equal in amplitude to within +/- 1 dB.



DSB-AM



Not Applicable



3.2.3.2.14.	Spurious emissions



Mode 2 and Mode 3



When the transmitter is modulated and terminated in a resistive load equal to the nominal output impedance, the power of any spurious emission at the output of the transmitter shall not exceed :



		- 2.5 microwatts at frequencies within the range 108-112 MHz.



		- 25 microwatts or a level 40 dB below the power at the selected frequency, whichever is the most stringent, at frequencies within the range 50 kHz-1215 MHz (excluding frequencies within the range 108-112 MHz and those within ±25 kHz of the selected frequency); however the power of the emission need not be reduced below 10 microwatts.  In the band 112-137 MHz discrete spurious levels shall be greater than 80 dB below the carrier fundamental (less than – 80 dBc).



DSB-AM



The level of each spurious frequency shall be less than – 80 dBc at all modulation levels up to 90 percent when measured at the transmitter RF output connector.



Note:  Spurious emissions exclude the harmonics specified in 3.2.3.2.15. 



3.2.3.2.15.	Harmonic Output



Mode 2, Mode 3 and DSB-AM



The level of each harmonic frequency of the carrier shall be less than -70.0 dBc when measured at the antenna connector.  This measurement will be at full carrier output power level and at a modulation level of 90 percent.



3.2.3.2.16.	Adjacent channel power



Mode 2 and Mode 3



Refer to figure 3-7.



The amount of power from an unfiltered transmitter output under all operating conditions when measured over the 25 kHz channel bandwidth of the first adjacent channel shall not exceed -42dBc.



The amount of power from an unfiltered transmitter output under all operating conditions when measured over the 25 kHz channel bandwidth centered on the second adjacent channel shall be less than -67 dBc and it shall decrease at the rate of no less than 5 dB per octave to at least -50 dBm.  An octave is defined as a 2n multiple of 25 kHz from the tuned center frequency, where “n” is an integer greater than or equal to zero (0).



The amount of power from an unfiltered transmitter under all operating conditions when measured over a 16 kHz channel bandwidth centered on the first adjacent channel shall not exceed -62 dBc.



Additional filtering or other techniques shall be employed to meet the requirements of 3.2.3.2.17.

� EMBED Word.Picture.6  ���



Figue 3-7.  D8PSK Transmitter Spectral Mask



Note:  Reference RTCA DO-160C, Section 21.



Note:  It is the objective of the FAA to achieve an adjacent channel frequency assignment criterion as close as possible to the present 0.6 nm, and to have no frequency assignment constraints on second adjacent channels and beyond.



Note:  Aviation equipment requirements may be more stringent.



DSB-AM



The transmitter occupied bandwidth shall be such that no less than 99 percent of the modulated signal energy shall be contained within a 25 kHz bandwidth (+/- 12.5 kHz of any selected channel frequency).  No 

more than 0.5 percent of the radiated power shall be contained in frequencies below the channel frequency and no more than 0.5 percent shall be contained in frequencies above the channel frequency.



�3.2.3.2.17.	Collocation



Mode 2 and Mode 3 



The uncorrected BER requirement shall be met with a -100 dBm Mode 2 or Mode 3 input signal applied to the receiver antenna input, and  an off channel transmitter, keyed with a 10 watt output, DSB-AM modulated 30% at 400 Hz or a 25 watt D8PSK transmitter, when the following frequency separation and transmit-receive path isolation is provided for:



	a.  UHF - Path isolation greater than 42 dB (80 feet)



	b.  VHF - Path isolation greater than 42 dB (80 feet)

				 Transmit-receive frequency separation greater than 0.5 MHz.



DSB-AM



With a 3.0 microvolt input signal of 1 kHz, modulated 30%, applied to the receiver and an audio output of 100 milliwatts into the main output load, the effect of keying an off channel transmitter, with a 10 watt output, modulated at 30% at 400 Hz, or a 25 watt D8PSK transmitter,  shall not reduce the receiver output more than 2 dB or reduce the signal plus noise to noise ratio below 8 dB when the following frequency separation and transmit-receive path isolation is provided for:



	a.  UHF - Path isolation greater than 42 dB (80 feet)



	b.  VHF - Path isolation greater than 42 dB (80 feet)

				 Transmit-receive frequency separation greater than 0.5 MHz.



3.2.3.2.18.	Carrier-induced noise



Mode 2 and Mode 3



Not applicable 



DSB-AM Noise Performance



The carrier induced audio noise level due to the transmitter, with a 10 watt CW (unmodulated) carrier, shall be at least 40.0 dB below the detected receiver output measured when modulating the carrier 90 percent with a 1 kHz test tone.



3.2.3.2.19.	Load VSWR capability



Mode 2 and Mode 3 



When a 2 : 1 mismatch under all possible phase angles is applied to the 50 ohm transmitter output the requirements of sections 3.2.3.2.13 and 3.2.3.2.16 shall be met. In addition, the power output shall be not less than -3 dB of the declared value (see paragraph 3.2.3.2.9).



DSB-AM



When a 2 : 1 mismatch is applied to the transmitter output terminals by a length of feeder, which is varied in electrical length by up to half a wave length, the power output shall be not less than -3 dB of the declared value (see section 3.2.3.2.9).



�3.2.3.2.20.	Keying



Mode 2 and Mode 3



See 3.2.3.3.11 



DSB-AM



The transmitter shall be capable of both local and remote keying. Local keying shall be via a push-to-talk microphone connected directly to the transmitter.  Remote keying shall be via the application of a ground, or alternately, a nominal +6 VDC (+5.5 VDC min. to +6.5 VDC max.), to electrical connector J5, Pin "H" as referenced in paragraph  3.2.3.2.2 herein.  Selection of the remote keying method shall be made via jumpers or other devices internal to the transmitter.  The source current required shall not exceed 10 milliamperes.  The keying time shall not exceed 35 milliseconds.  Remote and local keying shall remain at a steady state condition when keyed.



3.2.3.2.21.	Frequency Tolerance 



Mode 2 and Mode 3 and DSB-AM



The transmitter frequency stability shall be +/- 2 Parts Per Million (PPM) (0.0002 percent of the operating frequency) or better for each frequency selected for operation, for ground equipment (+/-5PPM for airborne equipment).  The transmitter shall have a tuning adjustment adequate to compensate for 10 years of operational use.  As a minimum, the adjustment range shall be +/-3 PPM.  The frequency shall be adjustable to within +/- 1PPM.



Note: The above requirements shall be met over the frequency range for which the equipment is designed.



3.2.3.2.22.	Receiver and transmitter antenna connectors



Mode 2, Mode 3 and DSB-AM



The receiver and transmitter shall have separate antenna connectors, both of which shall be designed for connection to 50 ohm characteristic impedance coaxial cables. These Radio Frequency (RF) input and output connectors shall be coaxial type N female and shall conform to MIL-STD-1353, Section 200.



3.2.3.2.23.	Receiver and transmitter control



Mode 2, Mode 3 and DSB-AM



The receiver and transmitter shall have front panel controls for selection of operating frequencies and Mode.  Receiver and transmitter frequencies and Mode shall be independently selectable either from the front panel controls or from commands received over the RMM/Control interface  in accordance with IRD TBD. The receiver and transmitter shall respond to the last received command, and shall provide a front panel control and display of the current settings on operator demand.

The transmitter ouput power shall also be controllable locally and remotely over the RMM/Control interface.

�3.2.3.3.	RIU functional requirements



Figure 3-8 provides a functional diagram of the initial RIU configuration.  Voice units shall be relocatable to the NI, as specified in 3.2.1.2.  The RIU functions shall include a local control process, a digital Interface to the NI, a frame level protocol state machine, an RMM/Control function to monitor the status of the RIU and radio, up to four analog voice interfaces. The frequency source and/or clock reference for all Mode 2 and Mode 3 timing, and for the frequency synthesizer(s) in the transmitter and receiver may be located in either the Radio or RIU, or distributed in both as dictated by design considerations, and the requirements of 3.2.1.2.  The system shall also be capable of accepting an external timing source.





�



Figure 3-8.  RIU Functional Diagram (Initial Configuration)





3.2.3.3.1.	Local Control



The RIU shall provide a control mechanism to change System Modes and System configurations.



3.2.3.3.1.1.	System Modes



The RIU shall exist in one of three mutually exclusive modes:  the fully operational mode, non-operational mode, or the off mode.



3.2.3.3.1.1.1.	Fully Operational Mode



The RIU shall be defined to be in the fully operational mode if it is able to provide the following:



	a.  System support and maintenance functions.



	b.  Bi-directional communications to the radio



An active digital interface to the NI. (If applicable in the configuration)



	d.  An active analog interface (If applicable in the configuration).



As indicated by items c and d, the definition of the Fully Operational Mode depends on the system configuration.  During the transition period, there will be instances when both interfaces will not be present simultaneously.  In these cases, the system is considered to be fully operational if the configured interface is operational.



3.2.3.3.1.1.2.	Non-Operational Mode



The RIU shall be defined to be in the non-operational mode if it is able to provide only the system support and maintenance functions.



3.2.3.3.1.1.3.	Off Mode



The RIU shall be defined to be in the off mode if electrical power to the system has been turned off.





3.2.3.3.2.	MAC Sublayer Functional Requirements



DSB-AM



The MAC sublayer is Not Applicable to DSB-AM.



Mode 2 and Mode 3



The RIU shall support both carrier sense multiple access (CSMA)  Mode 2 and Time Division multiple access (TDMA) Mode 3 MAC sublayers.  When in Mode 3, the MAC sublayer shall support both voice and data operation.  When in Mode 2 or Mode 3, for data operation, the MAC sublayer shall provide for the transparent acquisition of the shared communication path.



Mode 3 

For voice operation, the MAC sublayer shall support simplex voice communications with pre-emptive access for authorized users.



Note:  Pre-emptive access capabilities require further definition in the SARPS.



3.2.3.3.2.1.	MAC Services



The following subsections define the RIU MAC services.



3.2.3.3.2.1.1.	Multiple Access



Mode 2

The MAC sublayer shall implement a non-adaptive p-persistent CSMA algorithm to equitably allow all stations the opportunity to transmit while maximizing system throughput, minimizing transit delays, and minimizing collisions.



�Mode 3



For data operation, the MAC sublayer shall implement a ground station centralized, reservation-based access to the channel which permits priority-based access.  The sublayer shall implement both a polling based access and a random access method for reservation requests.



For voice operation, access shall be primarily supported by the user based on a “listen before talk” discipline.  Additionally, authorized ground users shall have the capability to pre-empt airborne users occupying the voice channel.



Note:  Pre-emptive access capabilities require further definition in the SARPS.



3.2.3.3.2.1.2.	Channel Occupancy



Mode 2



The Maximum channel occupancy time of a station shall be limited by the window size, data rate, and maximum frame size.  A VDL station shall be able to hold the channel for the time required to transmit k-1 maximum size data frames at the current data rate.



Note:  The permissible values of k for different station types require further definition in the SARPS.



Mode 3



Channel occupancy shall be considered as the amount of time spent on the channel per access event.



For data operation, an access event shall consist of no more than 7 V/D (data) burst opportunities.  For downlink data transmission, an access event shall be the result of a single Reservation Request, where V/D is a Voice/Data Burst as defined in the SARPS.



For voice operation, an access event shall not be limited to a fixed number of V/D (voice) burst opportunities.  However voice operation shall honor the voice signalling information issued in the M uplink burst.  An access event shall correspond with each push-to-talk (PTT) assertion.



3.2.3.3.2.1.3.	Channel congestion



Mode 2



The MAC sublayer shall notify the NI whenever channel congestion is detected



3.2.3.3.2.2.	MAC Protocol Framework (Mode 3)



The following subsections describe the MAC Protocol Framework for VDL Mode 3.



�3.2.3.3.2.2.1.	Timing Structure



Media access for Mode 3 shall observe the system timing structure described in this section.  Observing this timing structure shall be a necessary but not a sufficient condition for media access, as the procedures of Section 3.2.3.3.3.2 shall also be observed.



3.2.3.3.2.2.1.1.	TDMA Frame



The TDMA frame shall be of 120 ms duration and shall contain either 3 or 4 TDMA time slots as determined by the System Configuration (Section 3.2.3.3.2.2.4) in effect for the ground station.



3.2.3.3.2.2.1.2.	Time Slot



A TDMA time slot shall be of 30 or 40 ms duration depending on the System Configuration in effect for the ground station.  A time slot shall be the basic channel resource allocated to a user group for either voice or data transmission.



3.2.3.3.2.2.1.3.	Subslots



A TDMA time slot shall contain a Management (M) subslot for signalling and link management and a Voice or Data (V/D) subslot for user information.



Fields contained in the System Data segment of the M uplink subslots and the Header segment of the V/D subslots shall be used for controlling access to the channel and for link management functions (Section 3.2.3.3.3.)



3.2.3.3.2.2.2.	User Groups



An airborne radio shall be associated with a user group for purposes of channel access for voice and data transmissions and for aircraft addressing functions used by the ground station.  A single VDL frequency assignment (i.e., ground station radio) for Mode 3 shall support from 1 to 4 user groups depending on the System Configuration in effect for that ground station.



3.2.3.3.2.2.3.	 System Data and Header Field Formats



TBD



Note:  The RIU shall use/support the system data and header field formats defined in Appendix F to the Mode 3 SARPS. 



3.2.3.3.2.2.4.	System Configurations



The RIU shall support the set of system configurations shown in Table 3-1.  These configurations shall be software switchable and configurable.



3.2.3.3.2.2.5.	MAC Control Cycle (Mode 3)



The following subsections shall describe the Mode 3 MAC Control Cycle.  Media access shall be based an a MAC cycle of 240 ms (two consecutive TDMA frames, denoted even and odd frames).  

Table 3-1.  System Configurations



�

System Config.�

User Groups Supported/

Identifying Time Slots�

Services to 

Each Group�

Slots Assigned to Each Group��

Standard Range�

4V�

4/(A, B, C, D)�

Dedicated voice ckt�

1��

�

2V2S�

2/(A, B)�

Dedicated voice ckt w/2 station diversity�

2��

�

3V1D�

3/(A, B, C)�

Dedicated voice ckt w/shared data ckt�

2��

�

2V2D�

2/(A, B)�

Dedicated voice ckt w/dedicated data ckt�

2��

�

3T�

1 to 3/(B, C, D)�

Demand assigned voice and data�

1 to 3��

Extended Range�

3V�

3/(A, B, C)�

Dedicated voice ckt�

1��

�

2V1D�

2/(A, B)�

Dedicated voice ckt w/shared data ckt�

2��

�

3U�

3/(A, B, C)�

Unprotected voice ckt�

1��

3.2.3.3.2.2.5.1.	Logical Burst Access Channels  



The RIU shall be able to support 3T and non-3T configurations.



3.2.3.3.2.2.5.1.1.	Logical Burst Access Channels non-3T configuration



Each MAC cycle, for non-3T configurations, VDL shall grant media access individually for each of up to 8 separate Logical Burst Access Channels (LBAC) numbered 1-8.



3.2.3.3.2.2.5.1.2.	Logical Burst Access Channels 3T Configuration



Each MAC cycle, for 3T configurations, VDL shall grant media access individually for each of up to 18 separate LBACs numbered 1-18.



3.2.3.3.2.2.6.	Burst Access Timing



The System Configuration code provided in the M uplink burst  shall be used by the airborne VDL in conjunction with the timing reference point  to establish proper burst timing for the non-3T and 3T configuration LBACs.  The timing reference point shall be established as per Section 3.2.3.3.2.4.1.

3.2.3.3.2.3.	Airborne MAC Service System Parameters (Mode 3)



The Airborne Mode 3 MAC service system parameters shall be as defined in the following subsections.



3.2.3.3.2.3.1.	Parameter t (Truncation)

�tc  \l 43 ".5.3.1	Parameter t (Truncation)"�

The t Truncation parameter shall be the number of MAC cycles which can elapse while not receiving a primary time reference without requiring transmitted V/D (voice) bursts to be truncated.  This parameter shall be determined by the symbol clock stability of the airborne VDL and represents the number of MAC cycles prior to accumulating a timing drift of (1 symbol periods.  The t parameter shall have a minimum, maximum and default value of 1, 256, 4 respectively.  

3.2.3.3.2.3.2.	Parameter a (Alternate Timing)



The a (Alternate Timing) parameter shall be the number of MAC cycles which must elapse while not in receipt of a primary time reference before applying an alternate time reference, if available.  This parameter shall be determined by the symbol clock stability of the airborne VDL and shall represent the number of MAC cycles prior to accumulating a timing drift equivalent to [300 nmi] of propagation delay. The a parameter shall have a minimum, maximum and default value of 1, 256, 36 respectively.  The a parameter shall have an incremental value of 1.



3.2.3.3.2.3.3.	Timer TM1 (Coast Timer)



The TM1 (Coast Timer) parameter shall represent the maximum Coast Timing Counter value beyond which the timing lost state is entered.  This parameter shall be determined by the symbol clock stability and represents the number of MAC cycles of “coasting” allowed prior to accumulating a timing drift of 17 symbol periods. The TM1 parameter shall have a minimum, maximum and default value of 1, 256, 68 respectively.  The TM1 parameter shall have an incremental value of 1.



3.2.3.3.2.3.4.	Counter NM1 (Maximum Retry)



The NM1 counter shall be the maximum number of retransmissions of a Reservation Request message.  Upon exceeding of the NM1 counter, the LME shall be notified.  The NM1 parameter shall have a minimum, maximum and default value of 1, 10, 4 respectively.  The NM1 parameter shall have an incremental value of 1.



3.2.3.3.2.3.5.	Parameter p (Persistence)



The parameter p (0<p(1) shall be the probability that the station will transmit in any access opportunity for Net Entry message. The p parameter shall have a minimum, maximum and default value of 1/256, 1, 43/256 respectively.  The p parameter shall have an incremental value of 1/256.



3.2.3.3.2.3.6.	Counter M1 (Maximum Number of Access Attempts)



The parameter M1 shall be the maximum number of attempts that a station shall make for use of LBAC 1, 3 or 7 in non-3T configurations and LBAC 1, 2, 3, 4, 5, 7, 9, 13, 15, or 17 in 3T configuration when used for the Net Entry Request message.  After M1 attempts, authorisation to transmit shall be granted.  The M1 parameter shall have a minimum, maximum and default value of 1, 256, 6 respectively.  The M1 parameter shall have an incremental value of 1.



3.2.3.3.2.4.	Description of Procedures



Media access shall observe the procedures describe in the following subsections in addition to observing the timing structure limitations of Section 3.2.3.4.4.1



3.2.3.3.2.4.1.	Timing Acquisition and Maintenance (Airborne)



The Timing Acquisition and Maintenance shall be as described in the following subsections



3.2.3.3.2.4.1.1.	Primary Timing Reference



The airborne VDL shall derive its primary timing from the received M uplink burst (LBAC 5 for non-3T configurations and LBAC 11 for 3T configuration) associated with its assigned user group.  The timing reference point shall be established based on the first received symbol of the synchronisation sequence of the M uplink burst associated with the user group assigned.  VDL media access opportunities for transmitted bursts shall be set relative to this reference in terms of transmitted symbol periods. 

 

3.2.3.3.2.4.1.2.	Alternate Timing Reference



When required by the procedures of Section 3.2.3.4.6.3, the airborne VDL shall derive Alternate timing.  Alternate timing shall be obtained from a received airborne V/D (voice) burst associated with the user group (if available) during that MAC cycle.  This alternate timing shall be based on the first received symbol of the synchronisation sequence of the received V/D (voice) burst.  The timing reference point shall be established by biasing the received alternate timing by [-65] symbol periods for 4 slot configurations and by [-118] symbol periods for 3 slot configurations.



3.2.3.3.2.4.1.3.	Coast Timing Counter (CTC)



The airborne VDL shall maintain a CTC in order to determine the timing state for each MAC cycle.  The CTC shall be maintained as per Table 3-2.



	Table 3-2.  Rules for CTC Maintenance



Timing Received in MAC cycle n-1�

Action to update CTC in MAC cycle n��

Primary�

Reset to 0��

Alternate�

Reset to a* if currently > a��

None�

Increment��

*  Defined in Section 3.2.3.4.5.2�

��



3.2.3.3.2.4.1.4.	Timing States



The airborne VDL shall take on one of three possible timing states as determined by the CTC as shown in Table 3-3.

Table 3-3.  Timing States





Timing state�

CTC value��

Normal�

0 < CTC < t*��

Truncate�

t < CTC < TM1��

Timing Lost�

CTC > TM1��

*  Defined in Section 3.2.3.4.5.1



��3.2.3.3.2.4.2.	Voice Operation Support



The airborne VDL shall grant media access on a MAC cycle-by-MAC cycle basis based on the timing state and the voice signalling information received in the M uplink burst of the previous MAC cycle.  The rules for media access shall be as described in Table 3-4.  The conditions of both the timing state and the signalling shall be met in order to be granted access in a given MAC cycle.



	Table 3-4.  Conditions for Voice Media Access (Airborne VDL)





�

Voice Signal Field* Encoding�����

Timing State�

Ground Access�

Occupied by Airborne User�

Voice Channel Idle�

��

Normal�

No Access�

Access permitted if access granted in previous MAC cycle�

Access�

��

Truncate�

Access�

Access�

Access�

��

Timing Lost�

No Access�

No Access�

No Access�

��*  Defined in Appendix F, Section 1.1.3 of Mode 3 SARPS



Note:  Currently, only 3T system configuration supports voice reservation signalling.



3.2.3.3.2.4.3.	Airborne Link Management Support



The following subsection defines Airborne Link Management Support for VDL Mode 3.



3.2.3.3.2.4.3.1.	Polling



The airborne station shall respond to a poll by the ground station by transmitting a Reservation Request message in LBAC 1 for non-3T configurations and LBAC 2, 3, or 4 for 3T configuration  in the MAC cycle immediately following the poll.  This opportunity to request a reservation shall be used consistent with the procedures of Section 3.2.3.3.2.4.4.3.  If no reservation is needed by the airborne VDL, the Number of Slots Requested field and the Voice Request field shall be set to zero.



3.2.3.3.2.4.3.2.	Net Entry Request Message



When directed by the LME,  the airborne MAC sublayer shall transmit a Net Entry Request message.  The MAC sublayer shall attempt transmission in LBAC 1, 3 or 7 opportunities for non-3T configurations and LBAC 1, 2, 3, 4, 5, 7, 9, 13, 15, or 17 for 3T configuration when these LBAC channels are available for random access (RA) on a slotted aloha basis





Transmission attempts for the Net Entry Request message shall be based on the parameter p and counter M1.



3.2.3.3.2.4.3.3.	Initial Poll Response Message



When directed by the LME), the airborne MAC sublayer shall transmit the Initial Poll Response Message in LBAC 1 of the next MAC cycle for non-3T configurations or LBAC 2, 3, or 4 of the next MAC cycle for 3T configuration.



3.2.3.3.2.4.3.4.	Leaving Net Message



When directed by the LME, the airborne MAC sublayer shall transmit a Leaving Net Message in the first LBAC available for RA with probability 1.  There shall be no retransmission of this message.



3.2.3.3.2.4.4.	Data Operation Support



The following subsections define the VDL Mode 3 Data Operations requirements.



3.2.3.3.2.4.4.1.	Segmentation function



The MAC sublayer shall perform segmentation of the user message longer than one data burst received from the upper layer to support data burst transmission.  The segmentation function shall observe the following procedures:



Each segment, except the last, shall occupy an entire data burst and shall set the End Of Message (EOM) field of the Header segment to 0.  Each segment of the user message shall include the Segment Number in the Segment Number field of the Header segment of each V/D (data) burst.  The Segment Number shall begin with 1 for the first segment and shall be incremented by 1 for subsequent segments.  The final segment of the user message shall set the EOM field to 1 to indicate to the peer MAC entity that the user message is completed.



All downlink segments of the user message shall occupy only the time slots indicated in the Reservation Response field of the M uplink (Normal Message) burst user group and shall be transmitted in consecutive burst opportunities.



Any missing or corrupted segments shall result in discarding of the entire user message.



�3.2.3.3.2.4.4.2.	Uplink Data Transfer 



The RIU ground station shall determine burst scheduling for uplink user message transmission.  Methods used for priority scheduling of messages by the ground station shall be a local matter not subject to standardization in the SARPS.



3.2.3.3.2.4.4.2.1.	Acknowledgement Protocol



Upon receipt of an airborne Receive Ready (frame) (RR) frame from the local DLS sublayer, an Acknowledgement message shall be transmitted in the M burst downlink associated with the same slot on the following MAC cycle.  The Number (of slots) Requested (N(R)) field shall be set to reflect the N(R) value from the airborne RR frame that the MAC sublayer receives from the local DLS.  The airborne RR frame shall not be transmitted.  The RIU ground station shall forward the N(R) value to the DLS layer.



3.2.3.3.2.4.4.3.	Downlink Data Transfer 



The following subsections define the Downlink Data Transfer Requirements for VDL Mode 3.



3.2.3.3.2.4.4.3.1.	Airborne Data Transfer



The MAC sublayer shall transmit downlink data in Normal timing state only.



3.2.3.3.2.4.4.3.2.	Assemble Message for MAC Data Transfer



Every MAC cycle, the MAC sublayer shall determine if the transmit queue manager has traffic to be transmitted.  The existence of traffic in the transmit queue manager shall cause the MAC sublayer to initiate the data transfer procedure described the following sections.



3.2.3.3.2.4.4.3.3.	Request a Reservation



Immediately following a MAC cycle where downlink data traffic is offered by the transmit queue manager, or an access signal is received from the Voice Unit, the MAC sublayer shall transmit (with probability = 1) a Reservation Request in the first available M subchannel downlink available for RA.  A subsequent Reservation Request for transmission of a subsequent data message shall not be issued until the data transfer phase associated with the current message transmission is complete.  



3.2.3.3.2.4.4.3.4.	Reservation Request Retransmission



The Reservation Request Message shall be retransmitted in response to a poll until the request is granted or NM1 retransmissions of the request have been made.



3.2.3.3.2.4.4.3.5.	Reservation Confirmation Indication



Upon receipt of a Reservation Response signalling an “access scheduled,” the MAC sublayer shall authorize transmission of all segments of the user message in the slots indicated (“even,” “odd” or “both” as signalled in the Reservation Response) in the following MAC cycles.



3.2.3.3.2.4.4.3.6.	Acknowledgement Protocol



Acknowledgements to downlink transmissions shall be supported directly by the DLS with no special support from the MAC sublayer.



3.2.3.3.2.5.	MAC service system parameters (Mode 2)



The  following subsections define the MAC service system parameters for VDL Mode 2.



3.2.3.3.2.5.1.	Timer TM1 (inter-access delay timer)  



The TM1 timer shall be the time that a station shall wait between attempts to access the channel.  The TM1 parameter shall have a minimum, maximum and default value of  0, 125, 4.5 ms respectively.  The TM1 parameter shall have an incremental value of 0.5.



3.2.3.3.2.5.2.	Timer TM2 (channel busy timer) 



The TM2 timer shall be the maximum time that a station will wait after receiving a request to transmit.  If this timer expires, the channel shall be considered congested.  The LME shall be notified upon expiration of this timer.   The TM2 parameter shall have a minimum, maximum and default value of  0, 120, 60 s respectively.  The TM2 parameter shall have an incremental value of 1 s.



3.2.3.3.2.5.3.	Parameter p (Persistence)



The parameter p (0<p(1) shall be the probability that the station will transmit on any access attempt. The p parameter shall have a minimum, maximum and default value of 1/256, 1, 13/256 respectively.  The p parameter shall have an incremental value of 1/256.



3.2.3.3.2.5.4.	Counter M1 (maximum number of access attempts)



The parameter M1 shall be the maximum number of attempts that a station shall make for any transmission request.  After M1 attempts, authorization to transmit shall be granted. The M1 parameter shall have a minimum, maximum and default value of  0, 65535, 66 respectively.  The M1 parameter shall have an incremental value of 1.



3.2.3.3.2.6.	Description of procedures (Mode 2)



The following subsections describe the procedures for VDL Mode 2.



3.2.3.3.2.6.1.	Channel sensing



Before the MAC sublayer enables transmission, it first shall verify that the channel is idle.  If another station transmits while the MAC sublayer is waiting to transmit, then the MAC sublayer shall clear the TM1 timer and shall wait for the channel to become idle before trying to acquire the channel.



3.2.3.3.2.6.2.	Access attempt



An access attempt shall be a Bernoulli process with probability of success equal to p.



3.2.3.3.3.	Link Management Entity (LME) Functional Requirements  



Mode 2 and 3



The LME Sublayer shall provide link establishment and release services between local DLS and remote DLS, as specified in the Mode 2 and Mode 3 SARPS.

							

3.2.3.3.3.1	Operational Procedures (Mode 2)



The following subsections define the Operational Procedures for the LME for VDL Mode 2.

The  LME shall provide the following functions:



ground station identification;

aircraft frequency search;

initial link establishment and parameter negotiation;

link parameter modification;

aircraft-initiated ground station handoff and ground initiated ground station handoff;	  

link change notifications



3.2.3.3.3.1.1.	3.2.3.3.3.1.1.	CR006 CR050; V1.1  CR132  CR136; V1.2   CR011  CR142;  V1.3Ground station identification �tc "�autonumout �(i)�	Ground station identification " \l 4�

 

 The LME shall support ground station identification by generating Ground Station Information Frames (GSIFs) in accordance with the Mode 2 SARPS.



3.2.3.3.3.1.2	3.2.3.3.3.1.2.	CR133;  V1.2  CR006; V1.1Frequency search �tc "�autonumout �(ii)�	Frequency search " \l 4�  



The aircraft LME frequency search function shall be initiated on system initialization or after link disconnection, if no uplink VDL frames can be detected on the current frequency in a ccordance with the Mode 2 SARPS.

3.2.3.3.3.1.3	3.2.3.3.3.1.3.	CR006  CR049  CR050   CR051; V1.1  CR132  CR133  CR136; V1.2  CR011;  V1.3Link establishment, parameter negotiation and 	confirmation �tc "�autonumout �(iii)�	Link establishment and parameter negotiation " \l 4�  



The link establishment procedure shall consist of an aircraft LME choosing a ground station with which it wishes to establish a link based on the signal quality of all received uplink frames and on information in any received GSIFs.  It shall then attempt to establish a link with the chosen ground station in a ccordance with the Mode 2 SARPS. The ground LME shall confirm link establishment in a ccordance with the Mode 2 SARPS.



3.2.3.3.3.1.4	3.2.3.3.3.1.4.	CR006  CR049  CR050; V1.1  CR050  CR132  CR133; V1.2  CR011  CR142;  V1.3Link parameter modification �tc "�autonumout �(iv)�	Link parameter modification " \l 4� 



 The ground and aircraft LMEs shall support link parameter modification and broadcast link parameter modification in accordance with the Mode 2 SARPS.



3.2.3.3.3.1.5.	Hand-off



The LME shall support aircraft initiated ground station handoff, aircraft-requested ground initiated ground station handoff, ground initiated ground station handoff, and ground-requested aircraft initiated ground station handoff in a ccordance with the Mode 2 SARPS.



3.2.3.3.3.1.6.	Link Change Notifications



The LME shall generate and  process XID frames.  The XID frame shall be delivered using the data burst. 

The LME shall notify the higher layer entity of changes in link connectivity, supplying information contained in the XID frames received.



3.2.3.3.3.2.	Operational Procedures (Mode 3)



The following subsections define the Operational Procedures for the LME for VDL Mode 3.

The LME shall support Link establishment, Link release, Hand-off, and recovery procedures.



3.2.3.3.3.2.1.	Link establishment



The link establishment procedure shall consist of Net Initialization and Net Entry.



3.2.3.3.3.2.2.	Link Release



The Link release procedure shall consist of either an Explicit Link Release or Implicit Link Release.



3.2.3.3.3.2.3.	Hand-off



The LME shall be capable of performing a hand-off procedure through the same NI.  The LME shall be capable of performing a hand-off procedure when serviced by a different NI.



3.2.3.3.3.2.4.	Recovery



The recovery process shall be initiated through an indication received from the RIUNI frame processor, indicating the NI has lost its ISO 8208 and data link state machines.



3.2.3.3.3.3.	Link Management Frames



The LME shall generate and process Management Bursts (M Burst).  These M burst frames shall consist of Net Entry Request, Net Entry Response, Next Net Command, Leaving Net, Recovery and Initial Poll Response.  These M burst frames shall be used to establish and release the air/ground link.



3.2.3.3.3.4.	LME Service System Parameters



DSB-AM



NA



Mode 2



The ground LME shall support the following parameters: TG2 - Maximum idle activity time, TG3 - Maximum time between transmissions, and TG 4 - Maximum time between Ground Station Information Frames (GSIFs).  The air LME shall support the following parameters: TG1 -  Maximum frequency dwell time, TG2 - Maximum  idle activity time, and TG5 - Maximum link overlap time.



Mode 3



The ground LME shall support the following parameters:  NL2 -  Polling reply counter, TL3 - Disconnect delay timer.  The air LME shall support the following parameters:  NL1 (air)  Maximum net entry request retry, TL1 (air) Net entry request timer, TL3 - Disconnect delay, TL4 - Polling interval.



�3.2.3.3.4.	RIU/NI Frame Processor Functional Requirements



Mode 2 and Mode 3



The RIU/NI frame processor shall provide a frame level protocol to interface to the peer NI over the digital interface.    This protocol shall provide bi-directional communication services to the peer NI.  The frame level information shall include digitized data, status and control information.  The RIU/NI frame level protocol shall be defined in (TBD) Interface Requirements Document.



3.2.3.3.5.	Digital Interface Processor Functional Requirements

 

Mode 2 and Mode 3 



The digital interface processor shall include a transmit/receive queue for messages received from the LME for transmission, and messages received from the MAC layer for forwarding to the NI.  The digital interface processor shall perform the physical layer functions in the following paragraphs, in accordance with the Mode 2 and Mode 3 SARPS.



Mode 2 



The digital interface processor shall perform the following physical layer functions, when operating in Mode 2, for both transmitted and received messages.



Generation of the training sequence, synchronization and header decoding

Forward error correction

Interleaving/deinterleaving

Bit scrambling/unscrambling.



Mode 3 



The digital interface processor shall perform the following physical layer functions, when operating in Mode 3, for both transmitted and received messages.



Generation of the managemant burst uplink and processing of the management burst downlink (ground). Generation of the managemant burst downlink and processing of the management burst uplink (aircraft).

Composition of transmitted voice and data bursts and processing of received voice and data bursts

Bit scrambling/unscrambling.





3.2.3.3.6.	Voice Unit Functional Requirements



3.2.3.3.6.1	Services



The Voice Unit shall provide for a transparent, half duplex, "push-to-talk" audio and signalling interface between the user and the VDL.  Three separate mutually exclusive voice circuit types shall be supported.

Dedicated circuits: This shall provide service to a specific user group on an exclusive basis with no sharing of the circuit with other users outside the group.  Access shall be based on a "listen-before-push-to-talk" discipline.

Demand assigned circuits: This shall provide voice circuit access which is arbitrated by the ground station in response to an access request received from the airborne station.  This type of operation shall allow dynamic sharing of the channel resource increasing trunking efficiency.

Unprotected circuits: This shall support operation of many cochannel ground stations in proximity.  Access shall be based on a "listen-before-push-to-talk" user discipline.

3.2.3.3.6.1.1.	Priority Access



The Voice Unit operation shall support a priority override access for authorized ground users.



3.2.3.3.6.1.2.	Message Source Identification 



The Voice Unit operation shall support notification to the user of the source of a received message (i.e., whether the message originated from an air or ground station). 

3.2.3.3.6.1.3.	Coded Squelch. 



The Voice Unit shall support a coded squelch operation that offers some degree of rejection of undesired cochannel voice messages based on the burst time of arrival.

3.2.3.3.6.2.	Speech Encoding 



The Voice Unit shall analyze, encode and forward error correct (FEC) the user’s speech at a total bit rate of 4800 bps,  when in the normal data rate mode, and 4000 bps, when in the alternate data rate mode.

3.2.3.3.6.2.1.	Speech Encoding Algorithm 



The speech encoding algorithm shall use a voice frame size compatible with the TDMA frame of 120 ms.   In order to meet end-to-end voice delay time requirements of 250 milliseconds, voice framing and TDMA framing shall be synchronized.

3.2.3.3.6.2.2.	FEC Protection for Encoded Speech 

 

[Algorithm dependent] The FEC bits shall be included in the 4800 bps and 4000 bps transmission rates.  

3.2.3.3.6.2.3.	Voice Burst Framing 

 

Exactly [TBD] voice frames (dependent on frame size) shall be transmitted in a single V/D (voice) burst.

3.2.3.3.6.3.	Parameters 



The net parameters listed in this section shall be used to control the operation of the Voice Unit.

3.2.3.3.6.3.1.	Group ID 



For receive, the Group ID shall be used to control squelch operation in order to filter out any received V/D (voice) bursts which do not match the Group ID provided by the LME upon net entry.

For transmit, the Header segment of the of V/D (voice) burst shall be encoded with the Group ID provided by the LME upon net entry.

If the net entry procedure has not been executed, the value of Group ID shall be the same as the value of Slot ID upon net initialization.

3.2.3.3.6.3.2.	Squelch Window 



The squelch window shall be used to control squelch operation in order to allow the Voice Unit to reject undesired V/D (voice) bursts based on their timing.

The coding and use of the Squelch Window field shall be as provided in Section F.1.1.7 of the Mode 3 SARPs . 

3.2.3.3.6.3.3.	Algorithm Version Number 



[TBD] XID parameter if default is not to be used.

3.2.3.3.6.4.	Description of Procedures



3.2.3.3.6.4.1.	Link Establishment 



3.2.3.3.6.4.1.1.	Link Initialization 



Upon arrival on a new net, the airborne LME shall provide the Voice Unit with the net parameters as part of the LME=s net initialization procedure.  These parameters shall be the Slot ID and Squelch window.

3.2.3.3.6.4.1.2.	Net Entry 



Upon net entry , the airborne LME shall provide the Voice Unit the Local User ID parameter.	

3.2.3.3.6.4.2.	Timing 



Voice frames, on which the analysis and synthesis functions are based, shall be synchronized to the timing of V/D (voice) burst transmission.  When receiving a speech transmission, the Voice Unit shall derive voice frame timing from the received V/D (voice) bursts.

3.2.3.3.6.4.2.1.	Transmit Delay 



At the time of transmission of the V/D (voice) burst, that burst shall contain the analysis representation of speech input to the radio no earlier than 150 ms from the time of transmission.

Note.  This delay budget includes up to 45 ms additional delay for ground network functions.

3.2.3.3.6.4.2.2.	Receive Delay �tc  \l 45 ".4.2.2	Receive Delay"�



Speech output as a result of the synthesis function shall be available no later than 55 ms after receiving the V/D (voice) burst.  The speech shall be delayed sufficiently to handle the maximum variation in propagation delays in combination with maximum clock timing drift to ensure that the vocoder synthesis clock will remain a constant period throughout the PTT cycle.

Note.C  The delay budget includes up to 45 ms additional delay for ground network functions.

3.2.3.3.6.4.3.	Voice Transmit Function 



Upon PTT activation, the voice unit shall set the Ready-to-Send (RTS) flag to notify the MAC layer that the voice unit would like to transmit.  The voice unit shall also check the Clear-to-Send (CTS) flag to determine if the channel is available.   If the channel is available (i.e., CTS indication), the voice unit shall transmit the V/D (voice) burst.  If, upon PTT, the channel is occupied, the user shall be notified.  The final V/D (voice) burst transmitted as a result of release of PTT shall be indicated by setting the EOM flag in the Header Segment of the burst.

3.2.3.3.6.4.3.1 	Demand-Assigned Circuits



For the 3T configuration, enabling the RTS flag shall cause the MAC layer to generate a voice Reservation Request message.  When the corresponding response is received, the CTS flag shall be enabled, signalling when the speech should be transmitted.  The CTS flag shall signal every frame to provide timing synchronization with the assigned user group. 

3.2.3.3.6.4.3.2.	Truncation Mode 



If the Voice Unit is notified that it is to operate in the truncated burst mode, the voice unit shall truncate the data normally contained in the V/D (voice) burst as follows:

[TBD algorithm dependent]

The Voice Unit shall delay transmission of truncated bursts by 16 symbol periods relative to the nominal CTS signal.

Note: This allows for 16 symbol periods of positive or negative timing drift.

The Length bit of the V/D (voice) burst header shall be set to indicate to the receiver that the burst is truncated. 

3.2.3.3.6.4.3.3.	Alternate Data Rate Mode



As an alternative to truncation, the voice unit shall have a selectable mode in which the vocoder operates at a 4000 bps data rate. The Length bit of the V/D (voice) burst header shall be set to indicate to the receiver that the burst is in alternate data rate mode. 

3.2.3.3.6.4.3.4.	Access Pre-emption 



If the CTS indication is lost during transmission (signalling a ground pre-emption), the voice unit shall cease transmitting and shall process any received V/D (voice) bursts.  The ability to transmit voice shall be inhibited until PTT is reset by the user.  

3.2.3.3.6.4.4.	Voice Receive Function �tc  \l 35 ".4.4	Voice Receive Function"�



3.2.3.3.6.4.4.1.	Pre-processing �tc  \l 45 ".4.4.1	Pre-processing"�



3.2.3.3.6.4.4.1.1.	Source Filtering 



The Squelch Window parameter shall be applied as specified by the LME.  If the voice burst is outside the window, the burst shall be assumed to be co-channel interference and shall be suppressed.

For a Voice Unit in normal timing state, any received V/D (voice) bursts that are indicated as truncated shall be subject to the extended squelch window, i.e., -2 to +60 symbols of the nominal burst time, filtering.  For a Voice Unit in truncate timing state, any received normal or truncated V/D (voice) burst shall be subject to filtering within the window of -34 to +60 symbols of the beginning of its truncated V/D (voice) burst transmission time.  The voice unit shall only accept received bursts with a Group ID field that matches that provided to the voice unit during net entry.

3.2.3.3.6.4.4.1.2.	Truncation/Alternate Mode. 



The Length field in the header shall signal the voice unit to process the burst as normal, or truncated/ alternate mode . 

3.2.3.3.6.4.4.1.3.	Source Identification 



The user shall be notified of the source of the received voice message (ground or air) based on the first bit of the Message ID field.  

3.2.3.3.6.4.4.2.	Voice Synthesis 



The voice unit shall buffer and delay the speech sufficiently to maintain a constant period for the analysis and synthesis clocks of the vocoder regardless of the varying propagation delay, and relative clock timing drifts between transmitter and receiver.  

If bursts are missing, the voice unit shall slowly attenuate the speech to silence (or pseudo-noise).  The voice unit shall resume normal operation when receipt of the V/D (voice) bursts continues.  

3.2.3.3.7.	RIU Input Voltage



Mode 2, Mode 3 and DSB-AM



See 3.3.1.1.1.



3.2.3.3.8.	RIU-Radio Tx/Rx Interface



The RIU shall have a single digital data bus interfacing with the Receiver/RF demodulator and RF modulator/transmitter.  The digital interface shall carry time-multiplexed, quantized digitized voice  and  data modulation, carrier sense and clock signals  between the RIU and the other units.  Appendix A contains proposed detailed specifications for the digital interface.



3.2.3.3.9.	RIU-NI Digital Interface



The RIU shall have a single digital data bus interfacing with the NI. The RIU-NI digital interface shall comply with EIA RS-530 physical interface requirements and shall run  an HDLC frame level protocol.





3.2.3.3.10.	RIU Audio Outputs



Each voice unit in the RIU shall provide a main audio output to support Mode 3 operation.  Each audio output shall provide a balanced 600 ohm +/- 10% source impedance and 600 ohm audio output.  Each audio output level shall be controllable both locally, and remotely via the RMM/control interface; see 3.2.3.3.12.  A desirable feature includes each audio output level control being located on the front panel of the RIU.  The audio output level (I kHz test tone) of the voice unit during an alignment/performance check shall be adjusted between +10 dBm and –25 dBm.  The test tone shall reflect a level that does not exceed a level which will produce a 0 dBm level during actual in-service conditions and shall not exceed a level which will produce a –13 dBm level averaged over 3 seconds during actual in�service conditions. Each voice unit shall have an additional electrical connector located on the rear of the RIU.  Each connector shall be capable of interfacing with an existing FAA connector (part number MS3108A24-28S).  Connectors shall be labeled "J2A" through “J2D”, corresponding to Voice Units A, B, C, and D.  Each main audio output shall be a balanced signal between Pins "C" and "D" on electrical connector J2.  There shall be provisions for a single audio signal output terminated in a headset/headphone jack located on the front panel of the receiver, with access to Voice Units A, B, C or D controlled by a selector switch.  This local audio output shall be controlled by an audio adjustment located on the front panel and provide for ready audio access during maintenance or local operation.



3.2.3.3.11.	RIU Audio and Keying Inputs



There shall be provisions for local audio input to each voice unit from a push-to-talk microphone that shall plug directly into the RIU to support Mode 3 operation, with access to Voice Units A, B, C or D  controlled by a selector switch.  The audio input shall be present at Pin "J" and "F" on the selected electrical connector, labeled “J5A”, “J5B”, “J5C” or J5D”, on Voice Unit A, B, C, or D, respectively.  Each connector shall be capable of interfacing with an existing FAA connector (part number MS3108A24-28S) and shall be located on the rear of the RIU. The RIU audio input  impedance shall be 600 ohms balanced and this circuitry shall interface with inputs from voice frequency signaling and control equipment, voice switching and control equipment, and radio control equipment.  A desirable feature includes a front panel mounted audio input level adjustment for each input.



For Mode 3 operation, the RIU voice units shall be capable of both local and remote keying. Local keying shall be via a push-to-talk microphone connected directly to the RIU.  Remote keying for voice units A, B, C and D respectively shall be via the application of a ground, or alternately, a nominal +6 VDC (+5.5 VDC min. to +6.5 VDC max.), to the corresponding electrical connector J5A, J5B, J5C or J5D, Pin "H".  Selection of the remote keying method shall be made via jumpers or other devices internal to the RIU.  The source current required shall not exceed 10 milliamperes. Remote and local keying shall remain at a steady state condition when keyed.



3.2.3.3.12.	RIU-Radio RMM/Control Interface



RMM data from the radio, and control data to the radio, to be processed by the RIU as specified herein. 



3.2.3.3.12.1.	  RMM Requirements



RMM data supplied from the transmitter and receiver to the RIU shall include the following as a minimum:



Software Version

Synthesizer Locked/Unlocked

Receive Signal Strength

Power Supply Status

Forward Voltage Status

Reverse Voltage Status

Receive Audio Level Setting (for each audio output)

Squelch Setting

Squelch Status

Frequency Setting

Mode Setting

Transmit  Power Level Setting

 

The RIU shall buffer the data, and provide the data to RMM over the RIU-NI Digital Interface when requested by RMM (see 3.2.3.3.12.2).  In addition, the RIU shall provide an indication of RIU-Radio TX/RX interface status to RMM.

 

3.2.3.3.12.2.	  Remote Control



As a minimum, the RIU shall receive the following radio control signals over the RIU-NI Digital Interface and provide them to the radio over the RMM/Control Interface.



Data Requests from RMM

Receive Audio Level Setting (for each audio output)

Squelch Setting

Frequency Setting

Mode Setting

Transmit  Power Level Setting



The RIU shall have security provisions to only allow control of the radios by authorized personnel, and to prevent control by unauthorized personnel.  The RIU shall have provisions to log and report all attempts at unauthorized access over the RUI-NI digital interface.  Log entries shall be maintained until accessed and cleared by authorized personnel.  



3.2.3.3.13.	Test Interface



The design of the RIU/VR should include a test input port complying with IEEE 1149.1.  This port should allow Built-In-Test and troubleshooting locally, or remotely through RMM.





3.3.	Design and Construction

3.3.1.	Hardware

3.3.1.1.	Electrical requirements



3.3.1.1.1.	Power requirements



The equipment shall meet the requirements of this specification with primary line input voltage of 120 VAC (+/-10%), 60 Hz (+/-3 Hz) single phase and with an alternate line input voltage of 24 VDC, negative ground, (-10/+20%). During the loss of primary AC line input voltage (or non-availability of AC voltage) the equipment shall be designed for automatic line voltage switchover.  Activation of this internal switchover capability shall allow for equipment operation from a DC voltage source.  The equipment must operate under varying conditions such as slow variations of AC and DC line voltages and AC line frequency, within the ranges specified in FAA-G-2100, Table IV, Voltage Range.  The equipment shall be provided with(a)removable six foot, three conductor AC power cord(s) and (a) removable six foot, two conductor DC power cord(s).  The AC cord(s) shall have the ground lead configured for connection to chassis ground as specified in FAA-G-2100.  The equipment shall be protected from damage due to application of reverse polarity DC input voltage as specified in paragraph 3.2.1.2.1.7.9 of FAA-PD-130-TX.  Both AC and DC voltage inputs will be from the rear of the equipment, and when practical, be located on the lower right side of the equipment as viewed from the rear.  The maximum current draw for the equipment shall be as listed in Table 3-5.





Table 3-5  Power Requirements



COMPONENT�AC CURRENT (AMPERES)�DC CURRENT (AMPERES)��

Receiver�

0.4�

1��

Transmitter�

4.0�

10��

RIU�

TBD�

TBD��

3.3.1.1.1.1.	AC Harmonic content



The total harmonic content of the input current caused by the equipment (in all of its configurations) and fed back into the AC power source shall not exceed five percent of the fundamental AC power line frequency (60 Hz), and no single harmonic shall be greater than three (3) percent of the fundamental AC power line frequency.



3.3.1.1.1.2.	AC Inrush current limiting



The equipment AC inrush current characteristics (in all of the equipment configurations) shall fall below the Maximum Inrush/Nominal Peak vs. Duration Curve shown in figure 3-9.  The duration of the inrush current shall be measured from the point at which the power is turned on to the point that the current returns to within 110% of its normal value.



�



Figure 3-9.  Inrush Current Limiting Requiremnts





3.3.1.1.1.3.	  AC power factor



The equipment (in all of its configurations) shall present a power factor to the AC power source of not less than 0.85 leading or lagging when operating under steady state conditions, from 25% to 100% of full load at the nominal line voltage (120VAC).

3.3.2.	Electromagnetic Compatibility



TBS

3.3.2.1.	EMC characteristics



TBS



Mode 2 and Mode 3



In addition to the requirements specified above,  when the receiver antenna input is terminated in a resistive load equal to the nominal receiver input impedance, the level of any spurious emission appearing across the load shall not exceed - 57 dBm over the frequency range of 50 kHz to 1215 MHz, with the exception of the range of 108 to 137 MHz, where it shall not exceed -94 dBm.





4.	Quality Assurance Provisions.



The contractor shall establish and maintain a Quality Control Program in accordance with contract requirements.





5.	Preparation for Delivery.



This section is not applicable to this specification.





�APPENDIX A



Proposed RIU-Transmitter-Receiver Test Interface Requirements 



A1.  General requirements



The interface between the RIU, transmitter and receiver shall provide for a high performance Digital Signal Processor (DSP) Time Division Multiplexed (TDM) serial bus with buffered external 3 line hardware access for test and maintenance.  As indicated in figure A1-1, one line shall interface the RIU master clock, operating at a 5.376000 MHz rate between the RIU and the transmitter and receiver. The second line shall carry a synchronization pulse derived from the Mode2/3 Synchronization sequences and the third line shall carry the serial data.  The clock rates and data formats specified for these proposed interface requirements are tailored to Modes 2 and 3, and may change for other waveforms.





�



Figure A1-1.  RIU-Transmitter-Receiver Interface





A2.  Serial data format



The serial data format shall be as follows:



32 time slots per frame

16 bits per slot

10,500 frames/second (1 frame for each Mode2/Mode 3 symbol)

5.376000 MHz master clock (1120 X vocoder rate of 4800 bits/second)



The data in the 32 time slots per frame shall be allocated in accordance with Table A2-1.



A3.  Notes



Slot 3 command data shall include VR mode setting (Mode 2, Mode 3).  In the absence of an RIU, the VR shall revert to DSB-AM operation.

One bit of Slot 9 data shall be used to indicate Carrier sensing, when operating in Mode 2.





�Table A2-1. Data Allocation to Time Slots



Slot

Number�Description�Source�Destination��

0�

Master symbol counter [000…62999] - 6 sec cycle�

Master Control�

All Modules��1�Status machine code [decoded symbol counter]�Master Control�All Modules��2�Command address�Master Control�All Modules��3�Command data�Master Control�All Modules��4�Status word�Selected module�Master Control��5�I receive data [16 msbs]�Receiver�Demodulator��6�I receive data [16 lsbs]�Receiver�Demodulator��7�Q receive data [16 msbs]�Receiver�Demodulator��8�Q receive data [16 lsbs]�Receiver�Demodulator��9�Receiver AGC or RSSI [16 bits]�Receiver���10�Demodulator output [3 bits per symbol]�Demodulator�Rx FF-Sync��11�Demodulator carrier offset [16bits]�Demodulator�Receiver��12�Reed-Solomon decoder/descrambler input�Rx FF-Sync�R-S decoder��13�Reed-Solomon decoder/descrambler output�R-S decoder�Rx data link��14�Golay decoder input�Rx FF-Sync�Golay decoder��15�Golay decoder output�Golay decoder�Rx FF-Sync��16�Vocoder decoder [1..4] input�Rx FF-Sync�Vocoder[s]��17�Golay encoder input�Tx data link�Golay encoder��18�Golay encoder output�Golay encoder�Tx FF-Sync��19�Vocoder encoder [1..4] output�Vocoder�Tx FF-Sync��20�Reed-Solomon encoder/scrambler input�Tx data link�R-S encoder��21�Reed-Solomon encoder/scrambler output�R-S encoder�Tx FF-sync��22�Transmit bit scrambler/data encoder�Tx FF-sync�data encoder��23�I transmit data [16 msbs]�data encoder�Transmitter��24�I transmit data [16 lsbs]�data encoder�Transmitter��25�Q transmit data [16 msbs]�data encoder�Transmitter��26�Q transmit data [16 lsbs]�data encoder�Transmitter��27�[Available for expansion]����28�[Available for expansion]����29�[Available for expansion]����30�[Available for expansion]����31�[Available for expansion]����

Note:  FF-Sync - Frame Formatter Synchronizer
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Figure 3-1. Typical Present Day Communication Equipment Implementation








