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3.0 SCOPE

11  Scope

This Interface Control Document (ICD) describes the design characteristics for the interfaces
between the Very High Frequency (VHF) Multimode Digita Radio (MDR) and the Radio
Interface Unit (RIV). ThisICD satisfies the design requirements contained in the following
document:
FAA-E-2938, Subsystem Specification for the Multimode Digita Radio Supporting
Programmable VHF Multimode Communication Equipment Operating within the
Frequency Range of 112.000 — 137.000 MHz, Version 2.0, August 8, 2000.

1.2  Subsystem Responsbility List

Table 1-1 identifies the subsystems and the respongble Federd Aviation Adminigtration (FAA)
Office.

Table 1-1. Subsystem Responsibility List

Subsystem | Common Name | FAA-Office
MDR Multimode Digitd Radio AND-360
RIU Radio Interface Unit AND-360

1.3  Document Organization

This document is written in accordance with FAA-STD-025d and organized as follows:
Section 1, SCOPE, identifies the interfacing systems and provides a summary of the
contents of this document.

Section 2, APPLICABLE DOCUMENTS, provides alist of referenced documents,
including both Government and Non-government documents.

Section 3, INTERFACE DESIGN CHARACTERISTICS, provides the generd,
functiond, and physica information about the interface.

Section 4, QUALITY ASSURANCE PROVISIONS, provides a description of the
verification process for the requirements presented in Section 3.

Section 5, PREPARATION FOR DELIVERY, specifies any specid preparation
requirements for ddlivery.

Section 6, NOTES, provides aligting of terms, acronyms, and abbreviations used in this
document.
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2.0 APPLICABLE DOCUMENTS

The following documents form a part of this document to the extent specified herein. The
following references are the documents used, by date, in this standard.

2.1 Government Documents
STANDARDS:

FAA-STD-025d Preparation of Interface Documentation Standards, October 1995
FAA-STD-057 Airport Fiber Optic Communication System Standards, DRAFT

47 CFR Code of Federa Regulations, Title 47, FCC Rules and Regulations,
Part 68, Revised 1 October 1998

DOCUMENTS:

FAA-E-2938 Subsystem Specification for the Multimode Digita Radio Supporting
Programmable Very High Frequency (VHF) Multimode
Communication Equipment Operating within the Frequency Range of
112.000-137 MHz, Version 2.0, August 8, 2000.

FAA-E-2944 Multimode Digitd Radio (MDR) Maintenance Data Termind (MDT)

Maintenance Application Software Requirements Specification, Verson
0.0, August 8, 2000.

2.2 Non-Gover nment Documents

ANSI:

ANSI T1.403 American National Standard for Telecommunications - Carrier-to-
Customer Inddlation - DS1 Metdlic Interface, 1995

|CAO:

VHF Digitd Link (VDL) TDMA Mode (Mode 3) Standards and Recommended Practices
(SARPS) Annex 10, Volumel 1, Part 1, Chapter 6
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| SO/IEC:

|SO/IEC 3309 Information Technology — Telecommunications and Informeation
Exchange Between Systems — High-level Data Link Control (HDLC)
Procedures — Frame Structure, 1993

|SO/IEC 4335 Information Technology — Telecommunications and Informetion
Exchange Between Systems — High-level Data Link Control (HDLC)
Procedures — Elements of Procedures, 1993

|SO/IEC 7498 Information Technology — Open Systems Interconnection — Basic
Reference Model, November 1994

|SO/IEC 7809 Information Technology - Teecommunications and Information
Exchange Between Systems - High-level Data Link Control (HDLC)
Procedures - Classes of Procedures, 1993

ITU-T:

ITU-T G.824-1993  Digita Networks-The Control of Jitter and Wander within Digita
Networks which are Based on the 1544 kbit/s Hierarchy, March 1993
RTCA:

RTCA DO-224a Signd in Space Minimum Aviation System Performance Standards
(MASPS) for Advanced VHF Digitd Data Communications Including
Capability with Digitd Voice Technique

2.3 Document Sour ces

2.3.1 FAA Documents

Copies of FAA specifications, standards, and publications may be obtained from the
Contracting Officer, Federd Aviation Administration, 800 Independence Avenue, SW.,
Washington, D.C. 20591. Requests should clearly identify the desired materid by number and
date, and state the intended use of the materid.

2.3.2 Military and Federal Documents

Single copies of unclassfied military and federd specifications, sandards, and publications may
be obtained by writing the Naval Publications and Forms Center, 5801 Tabor Avenue,
Philadelphig, PA, 19120; or by calling (215) 697-3321 Monday through Friday, 8:00 am. to
4:30 p.m. Eastern Standard Time (EST).
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2.3.3 American National Standards I ngtitute and I nternational Organization of
Standar dization Documents

Copies of American National Standards Ingtitute (ANSI) and International Organization of
Standardization (1SO) documents may be obtained from the American Nationd Standards
Ingtitute, 11 West 42™ Street, New Y ork, NY, 10036, or through the web site
http://www.ans .org

2.34 International Civil Aviation Organization Documents

Copies of find products of Internationd Civil Aviation Organization (ICAO) documents may be
obtained from the ICAO Library is 999 Univeraty Street, Montreal, Quebec H3C 5H7,
Canada, or through the web ste http://www.icao.org.

2.3.5 International Teecommunications Union Teecommunication Standar dization
Sector Documents

Copies of Internationa Telecommunications Union Teecommunication Standardization Sector
(ITU-T) documents may be obtained from the ITU, Place des Nations, CH-1211 Geneva 20,
Switzerland, through the web Site http:/Awww.itu.int.

2.3.6 RTCA Documents

Copies of RTCA documents may be obtained from the RTCA Inc., 1140 Connecticut Avenue,
N.W., Suite 1020, Washington, DC 20036-4001 or by caling (202) 833-9339, or through the
web ste http://www.rtca.org
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3.0 INTERFACE DESIGN CHARACTERISTICS

This section specifies the generd, functiond, and physical design characteritics of the
MDR/RIU interface.

3.1  General Design Characteristics

The generd design characterigtics are based on the subsystem definitions, the interface design
consderations, and planned operationa configurations.

3.1.1 Subsystem Definition

The MDR subsystem isimplemented as two units, a separate VHF radio transmitter and a
separate VHF radio receiver, which are not necessarily collocated. An MDR transmitter and
MDR receiver pair provides the mgority of the physica layer functiondity described in the
VDL Mode 3MASPS in RTCA DO-224a. Thisfunctiondity is summarized asfollows:
- Synchronization Sequence Generation and Detection

Gray Code Encoding and Decoding

Differential Encoding and Decoding

Bit Scrambling and Descrambling

Golay Forward Error Correction (FEC)

Modulation and Demodulation
In Segment 1 Step 1, MDR transmitters and MDR receivers will operate in 25 kHz double
sdeband (DSB)-Amplitude Modulation (AM) andlog mode. This mode of operation is needed
to support current Air Traffic Control (ATC) voice operations. In Segment 1 Step 2, MDR
transmitter and MDR recelvers will operatein VDL Mode 3 for digital voice communications.
VDL Mode 3 uses Time Divison Multiple Access (TDMA) techniques enabling multiple users
to share the same frequency for the exchange of both voice and datainformation. MDR
transmitter and MDR receiver functiondity is defined in FAA-E-2938.

In Segment 1 Step 1, legacy Radio Control Equipment (RCE) will provide the currently used
andog interface and control functionsto MDR transmitters and receivers, which will operatein
25 kHz DSB-AM anaog mode to maintain the current voice communications environment. In
Segment 1 Step 2, the RIU will provide the functionality needed to alow MDR transmitters and
MDR receaiversto operate in VDL Mode 3 for digita voice communications only. In Segment
2, the addition of VDL Mode 3 data communications will require a Ground Network Interface
(GNI) subsystem at the control Ste to provide datato the RIU. The functions provided by the
RIU are summarized as follows:

Reed-Solomon (R-S) FEC

Media Access Control (MAC)

Burst Formatting

Link Management (redio level)

DataLink Service

16
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3.1.2 Interface Design Considerations

The interface between the MDR and the RIU carries a number of distinct types of informetion:
VDL Mode 3 payload data (Management-, Voice-, and Data-Bursts)
Radio control and gatus (e.g., current operating frequency, audio output leve,
transmitter output power setting)
Pulse Coded Modulated (PCM) voice (to/from radio when operating in DSB-AM
mode)
System timing information (needed in VDL Mode 3 for accurate synchronization of the
trangmitter, and to determine the receiver squelch window)
The properties of the four data types identified above are entirdy different. The following
observations apply:
VDL Mode 3 has abasic RF channd rate of 31.5 kbit/s and some drict red-time
requirements.
The VDL Mode 3, radio control and status have relaxed timing requirements. Although
covering alarge variety of commands and responses, the frequency of occurrence and
the average data rates are low.
System timing information has strict red-time requirements, but the amount of
information trandferred is smadl.
Thel6-bit linear PCM voice datarate is 128 khit/s, and has red-time requirements.
The PCM voice interface will only operate in the DSB-AM mode.
In addition to the various types of data supported across the interface, the interface design
characterigtics are affected by the nature of the relative locations of the RIU and the MDR when
deployed in the field. On one extreme, the RIU and the MDR equipment would be co-located
at the Radio Control Facilities (RCF) (often the case in the en-route communication facilities).
On the other extreme, distances of up to 4 miles (often the case in the termind communication
facilities) can separate the RIU from the MDR receiver.

3.1.3 Operational Configurations

Figures 3-1 and 3-2 depict the configurations supported by the interface defined in this ICD.
The MDR to RIU interface consists of a number of standard fractiond T1 ports. Figure 3-1,
illustrates atypica remote Site, with co-located transmitters and receivers, (Main and Standby
NEXCOM tranamitters and recaivers). Figure 3-2 illugtrates a split remote Site, with the
transmitters and receiversingalled at two separate locations.

Where required (typicaly in arport environments using separated tranamit and receive Stes), the
T1 portsin the RIU and remote transmitter and receivers will be directly connected to along-
haul multi-port fiber optic multiplexer/demultiplexer (Fiber Mux) that is expected to be available
a the site. Procurement and deployment of the Fiber Muxes are not a part of NEXCOM, but
under a separate FAA Program Office.
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Figure 3-1. Co-located Transmitter and Receiver
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Figure3-2. Transmitter and Receiver at Separate L ocations

18




NAS-1C-41033502
August 8, 2000 - V1.0

3.1.4 Interface Boundary Points

All requirements imposed by this document on either the RIU or the MDR are applicable to and
measured at the interface boundaries. The interface boundary for the RIU isthe T1 connector
on the RIU. The interface boundary for the MDR isthe T1 connector on the MDR.

3.2  Functional Design Characteristics

The MDR/RIU Interface is organized according to the ISO/IEC 7498, Information Technology
— Open Systems Interconnection — Basic Reference Modd. The design for this interface utilizes
three of the seven OSl-type interface layers, the Application Layer (level 7), Data Link Layer
(leve 2) and Physcal Layer (leve 1). Although referenced in this document, levels 3 through 6
are not gpplicable.

3.21 Application Processes3.2.2 OSl-type Data Interface
3.2.2 0OSl-type Data Interface

3.22.1.1 Application Layer

3.22.1.1 Voice Services

322111 Digital Transmisson

The RIU will send an integral number of vocoder frames within each RIU/MDR packet up to a
tota of 6 frames.

322112 AM Transmisson

The RIU will send linear PCM voice to the transmitter and receive linear PCM voice from the
receiver during DSB-AM modes of operation. The PCM voice will be encoded using an 8 kHz
sampling rate at aresolution of 16 bits per sample.

3.22.1.2 Data Services

The RIU will send Reed-Solomon (72, 62) code words to the MDR transmitter and receive
them from the MDR receiver.

3.2.2.1.3 VDL Mode 3 Management Services

The RIU will send unprotected (Non-Golay) management bursts to the MDR transmitter and
receive them from the MDR receiver.

3.2.2.1.4 Remote Maintenance Monitoring and Control (RMMC) Services

The MDR-RIU interfaces will carry RMMC information to and from the MDR recaivers and
transmitters.
19
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MDR monitoring and control messages will be exchanged between the MDR and the RIU to
support remote monitoring and control of the MDR.

322141 Control Messages

As specified in FAA-E-2938, the MDR will receive control messages from the RIU. Al
control messages will be explicitly acknowledged with a control reply message indiceting the
acceptance or non-compliance of the request. Non-compliance is defined as the MDR not
adjusting the parameter as requested. The MDR will indicate the setting of the parameter after
regection in the reply indicating non-compliance.

3.22.14.2 M onitoring M essages

As specified in FAA-E-2938, the MDR will transmit monitoring messagesto the RIU in
response to arequest, and upon Alert and Alarm threshold crossings.

322143 MDRRMMC Parameters

3.2.21.431 MDR Control Parameters

a) The MDR will support the control parametersidentified in Table 3-1. The attributes of the
control parameters are defined in FAA-E-2938.

b) The bit formats of the control packets (Refer to section 3.2.2.6.5.1.6) are defined in
sections 3.2.2.1.4.3.1.1 through 3.2.2.1.4.3.1.34. The ID number in Table 3-1
corresponds to the Control Type (CTY PE) fied defined in the general message structure
format.

c) TheProtocol Identifier (PID) field (as defined in section 3.2.2.6.5.1.6) is set to dl zerosto
use the following bit formats. For each octet, bit 1 is the least Sgnificant bit (Ish) and bit 8 is
the mogt sgnificant bit (msb). Lower numbered octets contain higher order bits for fields
that cross octet boundaries. Reserved fields are dl zeroes.

Table3-1. Control and Monitor Parameters

Control Parameters Monitor Parameters
ID__| Name ID__| Name
1 Log-In/Log-Out 1 Event Log
2 Current Frequency 2 Current Frequency
3 L owest Tunable Freguency 3 L owest Tunable Freguency
4 Mode of Operation 4 Mode of Operation
5 MDR State 5 MDR State
6 Threshold Setting 6 Threshold Setting
7 Time 7 Time
8 Squelch RF Threshold Level Setting 8 Squelch RF Threshold Level Setting
(AM) (AM)
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Table 3-1. Control and Monitor Parameters (continued)

Control Parameters

Monitor Parameters

ID Name ID__| Name

9 Squelch Audio Signal-to-Noise Level 9 Squelch Audio Signal-to-Noise Level
Setting (AM) Setting (AM)

10 Audio Output Level (AM) 10 Audio Output Level (AM)

11 Receiver Mute (AM) 11 Receiver Mute (AM)

12 Power Output (AM) 12 Power Output Setting (AM)

13 Transmitter Modulation % (AM) 13 Transmitter Modulation % Setting (AM)

14 ATR Switch Configuration 14 ATR Switch Configuration

15 Switch Software Version 15 Software Version

16 N1 (Number of Information Bits) 16 N1 (Number of Information Bits)

17 T1 (Link Response Timer) 17 T1 (Link Response Timer)

18 T3 (Reassembly Timer) 18 T3 (Reassembly Timer)

19 HDLC Channel Number 19 HDLC Channel Number

20 Transmission Timeout (AM) 20 Transmission Timeout Setting (AM)

21 Squelch Enable/ Disable 21 Squelch Enable/Disable

30 Request Read Back 30 Reserved

31 Audio Input level (AM) 31 Audio Input Level Setting

32 Reserved 32 Reserved

3 Reserved 3 Reserved

A MAC Timing Offset Correction (VDL A MAC Timing Offset Correction (VDL
Mode 3) Mode 3)

35 Suppress Alert/Alarm 35 Suppress Alert/Alarm Setting

36 Reset 36 Reserved

37 Software Upload Enable/Disable 37 Software Upload Setting

3 Software Upload 3 Reserved

39 Receiver Mute Level (AM) 39 Receiver Mute Level Setting

40 Test PTT (AM) 40 PTT Setting

11 Public Key Maintenance 41 Public Key List

12 T2 (Link Retransmission Timer) 12 T2 (Link Retransmission Timer)

50 Reserved 50 MDR ID Number

51 Reserved 51 RF Input Power Level (AM)

52 Reserved 52 Squelch Break Status (AM)
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Table 3-1. Control and Monitor Parameters (continued)

Control Parameters

Monitor Parameters

ID Name ID | Name
I |
53 Reserved 53 In-Service Time
Y Reserved %! RIU Timing Offset Change (VDL Mode 3)
55 Reserved 55 Transmit AntennaVSWR
56 Reserved 56 Reserved
57 Reserved 57 M easured Power Output
58 Reserved 58 Measured Transmitter Modulation %
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3.2.2.1.4.3.1.1 Log-In/Log-Out (ID 1)
a) Thebit format of the Log-In/Log-Out parameter shall®* be encoded/decoded as indicated

in Figure 3-3.
Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Month 0 0 0 0
2 Day 0 0 0
3 Y ear-2000
4 Hours 0 0 0
5 Minutes 0 0
6
User ID
25
26
Termind 1D
65
66
Security Token
X*

Month, Day, Y ear, Hours and Minutes fields are encoded as specified in
3.221431.7.
User ID field consists of 20 ASCII characters, zero padded.
Termind ID field conssts of 40 ASCII characters.
The Log-In message is sent complete, while the Log-Out message terminates with
Termina ID (Octet 65).
X*: Size of Security Token isimplementation specific, up to 168 octets.
The security token is comprised of:
0 Octets66 to 105: FAA datafield (40 ASCII characters)
0 Octets 106 to X: Digita Signature (up to 1024 bits)

Figure 3-3. Log-In/Log-Out Parameter For mat
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3.2.2.1.4.3.1.2 Current Frequency (1D 2)

a) Thebit format of the Current Frequency parameter shall®* be encoded/decoded as
indicated in Figure 3-4.

Frg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 FrequencylD (msb)
2 || (D)

= FrequencylID isencoded as INT((F*1000-112000) / 8.333) where F isthe desired
frequency in MHz, expressed with eight Sgnificant digits (e.g. 132.00833).

=  ThelNT(x) function yidds theinteger vaue of x.

= Thefrequency beginsat 112 MHz and increases in steps of 8 1/3 kHz

=  The FrequencylD represents how many 8 1/3 kHz steps above 112 MHz the
Frequency is.

=  Frequency ID hasavalid range of 0to 2997 in increments of 1.

= Thefdlowing example illugtrates the Frequency and FrequencylD mapping:

Vaid FrequencylD
For Current Freguency Frequency

0 112.00000
112.00833
112.01667
112.02500
112.03333
112.04167
112.05000
112.05833
112.06667
112.07500
112.08333
112.09167
112.10000

O©CoO~NOOOULS,WNPE

el
N — O

Figure 3-4. Current Frequency Parameter Format
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a) Thebit format of the Lowest Tunable Frequency parameter shall® be encoded/decoded as

indicated in Figure 3-5.
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Frg bit
Trans Bit Number
mitted
Octet 1 4 5 6 7 8
1 LT_FrequencylD (msb)
2 (Ish)

LT_FrequencyID is encoded as INT((F*1000-112000) / 8.333) where Fisthe

desired frequency in MHz, expressed with eight significant digits (e.g. 112.02500).
The INT(X) function yidds the integer vaue of x.
For the Lowest Tunable Frequency parameter, the frequency F beginsat 112 MHz

and increasesin steps of 25 kHz.

LT _FrequencylD hasavaid range of 0 to 2997 in increments of 3.
The following example illugtrates the Frequency and LT_FrequencylD mapping:

Vvdid LT_FrequencylD

For Lowest Tunable Frequency Freguency
0 112.00000
3 112.02500
6 112.05000
9 112.07500
12 112.10000

Figure 3-5. Lowest Tunable Frequency Parameter Format
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3.2.2.1.4.3.1.4 Mode of Operation (1D 4)

a) Thebit format of the Mode of Operation parameter shall® be encoded/decoded as
indicated in Figure 3-6.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 MODE

=  Where MODE is encoded as follows:
0=25kHz DSB-AM
85=81/3kHz DSB-AM
255=VDL Mode 3

Figure 3-6. Mode of Operation Parameter For mat

3.2.2.1.4.3.1.5 MDR State (ID 5)

a) Thebit format of the MDR State parameter shall®* be encoded/decoded asindicated in
Figure 3-7.

Frg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 STATE Reserved

=  Where STATE isencoded as follows:
0=OFFLINE
1 = POWER DOWN (if exercised)
2 = Reserved
3=ONLINE
4-7 = Reserved 0 = 25 kHz DSB-AM

Figure3-7. MDR State Parameter For mat

26



NAS-1C-41033502
August 8, 2000 - V1.0

3.2.2.1.4.3.1.6 Threshold Setting (ID 6)
a) Thebit format of the Threshold Setting parameter shall®® be encoded/decoded as indicated

in Figure 3-8a
FHrgt bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 (Ish) Monitor ID (msb)
2 Low Alert Threshold (msb)
3 | (Ish)
4 High Alert Threshold (msh)
5 | ()
6 Low Alarm Threshold (msb)
7 (Ish)
8 High Alarm Threshold (msh)
9 (Ish)

Monitor ID fied indicates the particular monitoring ID of which dert and darm
thresholds are changed.
Alert and Alarm Thresholds are encoded/decoded according to the following:

0 RFInput Power Levd, per Figure 3-8b,

0 Measured Power Output, per Figure 3-8c,

0 Measured Tranamitter Modulation %, per 3-8d.
If aparticular monitoring parameter requires only one octet, then the second octet
of each Alert/Alarm Thresholds (Octets 3, 5, 7 and 9) is et to zero.
If aparticular monitoring parameter has only one threshold, then the other threshold
vaues are st to zero.

Figure 3-8a. Threshold Setting Parameter Format
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Frd bit

Trans Bit Number

mitted

Octet 1 3 4 5 6 7 8

1 Monitor ID =51
2 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0
4 RF Input Power (for High Alert)
5 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0
8 RF Input Power (for High Alarm)
9 0 0 0 0 0 0 0

RF Input Power field is encoded as.

Measured RF Input Power Level (dBm) + 110.
Since the Measured RF Input Power Level has arange of -110 to +15 dBm, the
RF Input Power fidd has avalid range of 0 to 125.

Figure 3-8b. Threshold Setting for Measured RF Input Power Level Format
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Firg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Monitor ID =57
2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
6 Measure Power Output Underrun (for 0 0 0 0
Low Alarm)
7 0 0 0 0 0 0 0 0
8 Measure Power Output Overrun (for 0 0 0 0
High Alarm)
9 0 0 0 0 0 0 0 0

Measured Power Output Underrun and Measured Power Output Overrun fields
are encoded as desired threshold in dB*2, dB, where the desired threshold range is
05to7dB, in 0.5 dB steps, and the valid range of Measured Power Output
Underrun or Overrunis0 to 14.

A Measured Power Output Underrun or Measured Power Output Overrun setting
of zero disables the respective Measured Power Output dlarm.

The Measured Power Output alarm setting indicates how many dB under
(Underrun) or over (Overrun) the Power Output Setting (ID #12) isthe threshold
for setting an darm. For example, with a Power Output set to 39 dBm, a
Measured Power Output Underrun of 3 dB and a Measured Power Output
Overrun of 5 dB, an darm would be st if the Measured Power Output fals below
36 dBm, or if the Measured Power Output reaches above 44 dBm.

Figure 3-8c. Threshold Setting for M easured Power Output Format
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Frd bit

Trans Bit Number

mitted

Octet 1 2 3 4 5 6 7 8

1 Monitor ID =58
2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0
8 Measured Tranamitter Modulation % (for High Alarm)
9 0 0 0 0 0 0 0 0

=  Measured Transmitter Modulation % is encoded as 0 - 100 in steps of 1.

Figure 3-8d. Threshold Setting for Measured Transmission Modulation %
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3.221.431.7Time(ID7)
a) Thebit format of the Time parameter shall®” be encoded/decoded as indicated in Figure 3-

9.

Frd bit

Trans Bit Number

mitted

Octet 1 3 4 5 6 7 8

1 Month 0 0 0 0
2 Day 0 0 0
3 Y ear-2000
4 Hours 0 0 0
5 Minutes 0 0
6 Seconds* 100
=

Month field has arange of 1 to 12 for January to December.

Day fidd hasarange of 1 to 31.

Y ear-2000 field has an offset of 2000, (i.e., year 2000 is encoded as 0).
Hours field has arange of 0 to 23.

Minutes field has a range of 0 to 59.

Seconds* 100 field has arange of 0.00 to 59.99.

Figure 3-9. Time Parameter Format
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3.2.2.1.4.3.1.8 Squelch RF Threshold Leve Setting (AM) (1D 8)

a) Thebit format of the Squelch RF Threshold Level Setting parameter shall®® be
encoded/decoded asindicated in Figure 3-10.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Squelch RF Threshold Leve Setting 0 0

= Squelch RF Threshold Level Setting has avaid range of 0 to 63 corresponding to
discrete settings of RF input power levelsin the range of -102 to -50 dBm.

Figure 3-10. Squelch RF Threshold Level Setting Parameter For mat

3.2.2.1.4.3.1.9 Squelch Audio Signal-to-Noise L evel Setting (ID 9)

a) Thebit format of the Squelch Audio Signd-to-Noise Level Setting parameter shall?” be
encoded/decoded asindicated in Figure 3-11.

FHrgt bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Squelch Audio Signal-to-Noise Leve 0 0 0 0
Setting

=  Squech Audio Signd-to-Noise Leve Setting has avaid range of 0 to 10
corresponding to discrete settings of audio Sgnd-to-noise ratio in the range of +5to
+15 dBm.

Figure 3-11. Squelch Audio Signal-to-Noise L evel Setting Parameter Format
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3.2.2.1.4.3.1.10 Audio Output Level (AM) (1D 10)

a) Thebit format of the Audio Output Leve parameter shall*® be encoded/decoded as
indicated in Figure 3-12.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 AudioLevel+25 0 0

=  Where AudioLeve+25 dBm means that -25 dBm is encoded as 0 and +20.0 dBm
is encoded as 45.

Figure 3-12. Audio Output Level Parameter Format

3.22.1.4.3.1.11 Receiver Mute (AM) (1D 11)

a) Thebit format of the Receiver Mute parameter shall'® be encoded/decoded as indicated in
Figure 3-13.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 ReceiverMute (O=Unmuted, 255=M uted)

Figure 3-13. Receiver Mute Parameter For mat
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3.22.1.4.3.1.12 Power Output (AM) (1D 12)

a) Thebit format of the Power Output parameter shall™®” be encoded/decoded as indicated in
Figure 3-14.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 PowerOutput Setting 0 0

=  The PowerOutput Setting field is encoded as.
desired power output (dBm)*2 - 60.
= Sincethe vdid range for desired power output is asfollows:
o from 33dBm - 42dBm in 0.5dB increments for 15W tranamitter
o from40dBm - 47dBm in 0.5dB increments for 50W transmitter, and
o from 33dBm - 47dBm in 0.5dB incrementsif asingle tranamitter is used to
fulfill both 15W and 50W transmitter requirements,
the PowerOutput Setting fidd has avaid range of
0 6to24for 15W transmitter
0 20to 34 for 50W transmitter, and
0 6to34if agngletranamitter isused to fulfill both 15W and 50W tranamitter
requirements.

Figure 3-14. Power Output Parameter For mat
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3.2.2.1.4.3.1.13 Transmitter Modulation % (AM) (ID 13)

a) Thebit format of the Tranamitter Modulation % parameter shall*® be encoded/decoded as
indicated in Figure 3-15.

Frst bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Trangmitter Modulation % 0

= Where Transmitter Modulation % is linearly encoded/decoded for 0—100% in
steps of 1

Figure 3-15. Transmitter Modulation % Parameter Format

322143114 ATR Switch Configuration (1D 14)

a) Thebit format of the ATR Switch Configuration parameter shall'** be encoded/decoded as
indicated in Figure 3-16.

Frst bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Switch Configuration

= Where Switch Configuration is encoded/decoded as follows:
O0=Locd
255 = Remote

Figure 3-16. ATR Switch Configuration Parameter Format
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322143115 Switch Software Version (ID 15)

a) Thebit format of the Switch Software Version parameter shall** be encoded/decoded as
indicated in Figure 3-17.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Switch Software (0=Switch Software version)

Figure 3-17. Switch Software Verson Parameter Format

3.22.1.4.3.1.16 N1 (Number of Information Bits) (ID 16)

a) Thebit format of the N1 parameter shall*** be encoded/decoded as indicated in Figure 3-
18.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 (msb) Reserved
2 (Isb) N1-1 (bits)

= Encoded/decoded linearly from 128 to 4096.

Figure 3-18. N1 Parameter Format
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3.2.2.1.4.3.1.17 T1(Link Response Timer) (ID 17)

a) Thebit format of the T1 parameter shall**’ be encoded/decoded as indicated in Figure 3-
19.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 (msh) Reserved
2 | (0 T1 (m9)
Figure3-19. T1 Parameter Format
3.221.431.18 T3 (Reassembly Timer) (1D 18)

a) Thebit format of the T3 parameter shall**® be encoded/decoded as indicated in Figure 3-
20.

Frd bit
Trans Bit Number
mitted
Octet 1 2 4 5
1 T3 (mg) (msb)
2 (Ish)

Figure 3-20. T3 Parameter Format
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322143119 HDL C Channel Number (1D 19)

a) Thebit format of the HDLC Channel Number Parameter shall®" be encoded/decoded as
indicated in Figure 3-21.

Frst bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Channd Number 0 0 0 0 0

Figure 3-21. HDL C Channel Number Parameter For mat

3.2.2.1.4.3.1.20 Transmission Timeout (AM) (ID 20)

a) Thebit format of the Transmission Timeout parameter shall**! be encoded/decoded as
indicated in Figure 3-22.

Frg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 TIMEOUT/S5 (0=Disabled) 0 0
= Where TIMEOUT/5 isencoded in 5 sec steps, i.e., 5 secisencoded as 1 and so
on.

Figure 3-22. Transmission Timeout Parameter For mat

3.2.21.4.3.1.21 Squelch Enable/Disable (1D 21)

a) Thebit format of the Squelch Enable/Disable parameter shall?*? be encoded/decoded as
indicated in Figure 3-23.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Squelch Enable/Disable (0=Disable, 255=Enable)

Figure 3-23. Squelch Enable/Disable Parameter For mat
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Request Read Back (1D 30)

a) Thebit format of the Request Read Back parameter shall®® be encoded/decoded as
indicated in Figure 3-24a

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Monitor ID Type
2 [terations
3 Interva
4 Flter 0 0 0 0
5
6
7 Data
8
9

Monitor ID isthe ID of the monitoring parameter being requested.
Type specifies the request readback type.

0 0= Monitoring vaues are requested,

0 1= Aletandadam threshold vaues are requested.
Iterations is the number of readbacks requested. 255 is reserved to indicate
continuous sending (at the specified interval) until commanded to cease. 0 is used
to command to cease.
Interva specifies the spacing between reporting of the parameters measured in
240 mscycles.
For monitoring parameters with non-iterating readbacks, the Iterations field is set
to 1 and the Interva fidd isset to O.
The Filter field is encoded according to Table 3-2.
The Datafield is encoded according to Figure 3-24b and 3-24c.

Figure 3-24a. Request Read Back Parameter Format
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Table 3-2. Request Read Back Filter Encoding

Filter Condition Data Field Filter Value Data Field Format
All - 0000 All zeros
All Date/Time 0000 Figure 3-24b
State Change - 0001 All zeros
State Change Date/Time 0001 Figure 3-24b
Control - 0010 All zeros
Control-DT Date/Time 0010 Figure 3-24b
Control-1D ID 0011 Figure 3-24c
Failure - 0100 All zeros
Alarm/Alert/RTN - 0100 All zeros
Alarm/Alert/RTN-DT Date/Time 0101 Figure 3-24b
Alarm/Alert/RTN-I1D ID 0110 Figure 3-24c
Log-In/Log-Out - 0111 All zeros
Log-In/Log-Out Date/Time 0111 Figure 3-24b
Frg bit
Trans Bit Number
mitted
Octet 1 3 4 5 6 7 8
5 Month 0 0 0 0
6 Day 0 0 0
7 Y ear-2000
8 Hours 0 0 0
9 Minutes 0 0

= Month fidd hasarange of 1 to 12 for January to December.

= Day field hasarange of 1to 31.

*  Year-2000 field has an offset of 2000 (i.e., year of 2000 is encoded as 0).
= Hoursfield hasarange of 0to 23.

= Minutesfied hasarange of 0to 59.

Figure 3-24b. Request Readback Parameter, Data Field Format for Time Filter
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Frd bit

Trans Bit Number

mitted

Octet 1 2 3 4 5 6 7 8

5 Monitor ID 0
6 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0

= Monitor ID isthe ID of the monitoring parameter being requested.
Figure 3-24c. Request Readback Parameter, Data Field Format for 1D Filter

3.22.1.4.3.1.23 Audio Input Level (AM) (ID 31)

a) Thebit format of the Audio Input Level parameter shall'** be encoded/decoded as
indicated in Figure 3-25.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 AudiolnputLevel Setting 0

= TheAudiolnputLeve Setting field is encoded as follows:
expected Audio Input Leve (in dBm)*2 + 50.
= Sincethe expected Audio Input Leve has arange of -25.0 to +20.0 dBm, in 0.5
dBm gteps, the AudiolnputLeve Setting fild has avalid range of 0 to 90.

Figure 3-25. Audio Input Level Parameter Format
3.2214.31.24 Reserved (ID 32)

322143125 Reserved (1D 33)
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3.2.2.1.4.3.1.26 MAC Timing Offset Correction (VDL Mode 3) (1D 34)

a) Thebit format of the MAC Timing Offset Correction parameter shall™® be
encoded/decoded asindicated in Figure 3-26.

FHrgt bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Time Offset (in ) (msb)
2 (Ish) (2's Complement Format)

= Time Offset is encoded/decoded as a 2's complement format with arange of —
32768 to 32767.

Figure 3-26. MAC Timing Offset Correction Parameter Format

3.221.4.3.1.27 Suppress Alert/Alarm (1D 35)

a) Thebit format of the Suppress Alert/Alarm parameter shall** be encoded/decoded as
indicated in Figure 3-27.

Frg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Suppress Alert/Alarm (0=Normal, 255=Suppress)

Figure 3-27. SuppressAlert/Alarm Parameter Format
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322143128 Reset (1D 36)
a) Thebit format of the Reset parameter shall*® be encoded/decoded as indicated in Figure
3-28.
FHrgt bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Reset (0=Warm Reset, 255=Factory Reset)

Figure 3-28. Reset Parameter Format

3.2.2.1.4.3.1.29 Softwar e Upload Enable/Disable (1D 37)

a) Thebit format of the Software Upload Enable/Disable parameter shall*?’ be
encoded/decoded asindicated in Figure 3-29.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Upl oad (0O=Enabl e, 255=Di sabl e)

Figure 3-29. Software Upload Enable/Disable Parameter Format
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3.2.2.1.4.3.1.30 Softwar e Upload (ID 38)

a) Thebit format of the Software Upload parameter shall**! be encoded/decoded as
indicated in Figure 3-30.

FHrgt bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Block Number (msb)
2 (1sh)
3 Tota Blocks (msh)
4 (Ish)
5 Program Binary Block
6
7+ (Up to 432 Bits (54 octets))

Totd Blocks field indicates the total number of data blocks expected to receive.
Block Number field isthe current block number and has arange of O to Tota
Blocks.

Program Binary Block(s) contain the binary image of new software, and a digitd
sgnature (of the binary image of the new software) inthelast 1, 2, or 3 ddivered
program binary blocks (depending upon the implementation-specific Sze of the
digitd dgnature).

Figure 3-30. Software Upload Parameter Format
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322143131 Receiver Mute Level (AM) (1D 39)

a) Thebit format of the Receiver Mute Level parameter shall®®® be encoded/decoded as
indicated in Figure 3-31.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Mute Level

=  Where Mute Levd is encode/decoded as follows:

0=-15dB
85=-20dB
255 = No Audio.

Figure 3-31. Receiver Mute Level Parameter Format

3.22.1.4.3.1.32 Test PTT (AM) (1D 40)

a) Thebit format of the Test PTT parameter shall®* be encoded/decoded asindicated in
Figure 3-32.

Frg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Test PTT (O=Not_Test Keyed, 255=Test Keyed)

Figure3-32. Test PTT Parameter Format
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3.2.2.1.43.1.33 Public Key Maintenance (1D 41)

a) Thebit format of the Public Key Maintenance parameter shall*” be encoded/decoded as
indicated in Figure 3-33.

Frst bit
xmitted Bit Number

Octet 1 2 3 4 5 6 7 8
1 Month 0 0 0 0
2 Day 0 0 0
3 Y ear-2000
4 Hours 0 0 0
5 Minutes 0 0
6
User ID
25
26
Termind ID
65
66 Key Action
67 Key ID (0-9)
68 (msb)
Public Key
Y* | (Ish)

Y*+1 (msb)
Security Token

Z** | (Ish)

Month, Day, Y ear, Hours and Minutes fields are encoded as specified in
32214317.
User ID and Terminal 1D fields are encoded as specified in 3.2.2.1.4.3.1.1.
Key Action field is encoded as follows:
0=AddKey 1-254 = RESERVED 255 = Delete Key
Y*: Size of public key isimplementation specific and determined by the vendor, but no
more than 1024 hits.
Z**: Security Token size isimplementation specific up to 168 octets.
The Security Token is comprised of:

0 Octets Y*+1to Y*+41: FAA datafield (40 ASCII characters)

0 Octets Y*+42 to Z**: Digital Signature (up to 1024 bits).

Figure 3-33. Public Key Maintenance Parameter Format
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322143134 T2 (Link Retransmission Timer) (ID 42)

a) Thebit format of the T2 parameter shall*™* be encoded/decoded as indicated in Figure 3-
34.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 T2 0 0 0 0

= T2fiddhasarangeof 1to 10 with astep sze of 1.

Figure 3-34. T2 Parameter For mat

3221432 MDR Monitoring Parameters

a) The MDR will support the monitoring parameters identified in Table 3-1. The attributes of
the monitoring parameters are defined in FAA-E-2938.

b) The bit formats of the monitoring packets (Refer to section 3.2.2.6.5.1.7) are defined in
sections 3.2.2.1.4.3.2.1 through 3.2.2.1.4.3.2.43. The ID number in Table 3-1
corresponds to the CTY PE field defined in the generd message structure format.

c) ThePID fiddis st to dl zerosto use the following bit formats. For each octet, bit 1 isthe
Ish and bit 8 ismsh. Lower numbered octets contain higher order bits for fields that cross
octet boundaries. Reserved fidlds are al zeroes.

3.22.14321EventLog(ID 1)

a) Thebit format of the Event Log parameter shall® be encoded/decoded asindicated in
Figure 3-35.
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Firg bit
xmitted Bit Number
Octet 1 2 3 4 5 6 7 8
1 Event Log Msg ID
2 Month 0 0 0 0
3 Day 0 0 0
4 Y ear-2000
5 Hours 0 0 0
6 Minutes 0 0
7
8 MDR ID
9
10 Filter 0 0 0 0
11
12
13 Data
14
15
16 Number of Log Entries (in this Event Log Entries field)
17
Event Log Entries
+

» Transmission of all Event Log Entries that match the Request Readback criteria may
require a series of (more than 1) Event Log messages.

= Event Log Mgg ID field contains a binary counter that identifies the Event Log
message in the series, and has arange of 1 - 255.

= Month, Day, Year, Hour and Minute fields are encoded as specified in 3.2.2.1.4.3.1.7.

= MDRID isencoded as a binary number, and has arange of 1 to 16777215.

= Filter and Datafields are encoded per Section 3.2.2.1.4.3.1.22, and contain the same
information contained in the Request Readback message that initiated the Event Log
Readback.

= Number of Log Entries field contains a binary value indicating number of event log
entries contained in the Event Log Entries field, from O - 255.

= Event Log Entriesfield is comprised of any assortment of five types of event log
entry data, in implementation specific format, IAW FAA-E-2938.

» The Day/Time subfield of each Event Log Entry in the Event Log Entries field
requires the Seconds field to achieve resolution down to aMAC cycle.

Figure 3-35. Event Log Parameter For mat
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3.2.2.1.4.3.2.2 Current Frequency (ID 2)
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a) Thebit format of the Current Frequency parameter shall*® be encoded/decoded as
indicated in Figure 3-36.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 6 7 8
1
2 |(Ish)

FrequencyID is encoded as INT((F* 1000-112000) / 8.333) where F is the desired
frequency in MHz, expressed with eight sgnificant digits (e.g. 132.00833).

The INT(X) function yields the integer vdue of x.

The frequency begins at 112 MHz and increases in steps of 8 1/3 kHz

The FrequencyID represents how many 8 1/3 kHz steps above 112 MHz the
Fregquency is.
Frequency ID hasavdid range of 0 to 2997 in increments of 1.
Thefollowing example illugtrates the Frequency and Frequencyl D mapping:

Vaid FrequencylD

For Current Frequency

Freguency

0

O©CoO~NOOOULS,WNPE

el
N — O

112.00000
112.00833
112.01667
112.02500
112.03333
112.04167
112.05000
112.05833
112.06667
112.07500
112.08333
112.09167
112.10000

Figure 3-36. Current Frequency Parameter Format
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3.2.2.1.4.3.2.3 Lowest Tunable Frequency (ID 3)

a) Thebit format of the Lowest Tunable Frequency parameter shall® be encoded/decoded as
indicated in Figure 3-37.
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Frg bit
Trans Bit Number
mitted
Octet 1 2 4 5 6 7 8
1 LT_FrequencylD (msb)
2 (Ish)

LT_FrequencylD isencoded as INT((F*1000-112000) / 8.333) where F isthe

desired frequency in MHz, expressed with eight sgnificant digits (e.g. 112.02500).
The INT(X) function yidds the integer vaue of x.
For the Lowest Tunable Frequency parameter, the frequency F beginsat 112 MHz

and increasesin steps of 25 kHz.

LT FrequencylD hasavadid range of 0 to 2997 in increments of 3.
The following example illugtrates the Frequency and LT_FrequencylD mapping:

Vaid LT_FrequencylD

For Lowest Tunable Frequency Frequency
0 112.00000
3 112.02500
6 112.05000
9 112.07500
12 112.10000

Figure 3-37. Lowest Tunable Frequency Parameter Format
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3.2.2.1.4.3.2.4 Mode of Operation (1D 4)

a) Thebit format of the Mode of Operation parameter shall* be encoded/decoded as
indicated in Figure 3-38.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 MODE

=  Where MODE is encoded as follows:
0= 25kHz DSB-AM
85 = 8.33kHz DSB-AM
255=VDL Mode 3

Figure 3-38. Mode of Operation Parameter Format

3.2.2.1.4.3.2.5 MDR State (ID 5)

a) Thebit format of the MDR State parameter shall* be encoded/decoded as indicated in
Figure 3-39.

Firg bit
Trans Bit Number
mitted

Octet

1

2

STATE

Reserved

=  Where STATE isencoded as follows:
0= OFFLINE
1 = POWER DOWN (if exercised)
2=POWER UP
3=ONLINE
4-5 = Reserved
6 = RECOVERY (Cannot be remotely controlled to this state)
7 = FAIL (Cannot be remotely controlled to this Sate)

Figure 3-39. MDR State Parameter Format
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3.2.2.1.4.3.2.6 Threshold Setting (ID 6)

a) Thebit format of the Threshold Setting parameter shall®*® be encoded/decoded as
indicated in Figure 3-40.

FHrgt bit

Trans Bit Number

mitted

Octet 1 2 3 4 5 6 7 8

1 (Ish) Monitor ID (msb)
2 Low Alert Threshold (msb)
3 | (Ish)
4 High Alert Threshold (msh)
5 | ()
6 Low Alarm Threshold (msb)
7 (Ish)
8 High Alarm Threshold (msb)
9 (Ish)

Monitor ID field indicates the particular monitoring parameter ID to which the
following dert and darm thresholds apply.

Alert and Alarm Thresholds are encoded/decoded according to Section
3.2214.3.1.6.

If aparticular monitoring parameter has only one threshold, then the other threshold
valueis st to zero.

Figure 3-40. Threshold Setting Parameter Format

52




NAS-1C-41033502
August 8, 2000 - V1.0

3.2.2.1.4.3.2.7 Time(ID 7)
a) Thebit format of the Time parameter shall*® be encoded/decoded as indicated in Figure 3-

41.

Frd bit

Trans Bit Number

mitted

Octet 1 3 4 5 6 7 8

1 Month 0 0 0 0
2 Day 0 0 0
3 Y ear-2000
4 Hours 0 0 0
5 Minutes 0 0
6 Seconds* 100
=

Month field has arange of 1 to 12 for January to December.

Day fidd hasarange of 1 to 31.

Y ear-2000 field has an offset of 2000 (i.e., year 2000 is encoded as 0).
Hours field has arange of 0 to 23.

Minutes field has a range of 0 to 59.

Seconds* 100 field has arange of 0.00 to 59.99.

Figure 3-41. Time Parameter Format
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3.2.2.1.4.3.2.8 Squelch RF Threshold Leve Setting (AM) (1D 8)

a) Thebit format of the Squelch RF Threshold Level Setting parameter shall®® be
encoded/decoded asindicated in Figure 3-42.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Squelch RF Threshold Leve Setting 0 0

= Squelch RF Threshold Level Setting has arange of 0 to 63 corresponding to
discrete settings of RF input power levelsin the range of -102 to -50 dBm.

Figure 3-42. Squelch RF Threshold Level Setting Parameter For mat

3.2.2.1.4.3.2.9 Squelch Audio Signal-to-Noise Level Setting (1D 9)

a) Thebit format of the Squelch Audio Signd-to-Noise Level Setting parameter shall?” be
encoded/decoded asindicated in Figure 3-43.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Squelch Audio Signal-to-Noise Leve 0 0 0 0
Setting

= Squelch Audio Signd-to-Noise Levd Setting has arange of 0 to 10 corresponding
to discrete settings of audio sgna-to-noiseratio in the range of +5 to +15 dBm.

Figure 3-43. Squelch Audio Signal-to-Noise L evel Setting Parameter Format
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3.2.2.1.4.3.2.10 Audio Output Level (AM) (ID 10)

a) Thebit format of the Audio Output Level parameter shall*® be encoded/decoded as
indicated in Figure 3-44.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 AudioLevel+25 0 0

=  Where AudioLeve+25 dBm means that -25 dBm is encoded as 0 and +20.0 dBm
is encoded as 45.

Figure 3-44. Audio Output Level Parameter Format

3.22.1.4.3.2.11 Receiver Mute (AM) (1D 11)

a) Thebit format of the Receiver Mute parameter shall** be encoded/decoded as indicated in
Figure 3-45.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Status (O=Unmuted, 255=M uted)

Figure 3-45. Receiver Mute Parameter For mat

55



NAS-1C-41033502
August 8, 2000 - V1.0

322143212 Power Output Setting (AM) (ID 12)

a) Thebit format of the Power Output Setting parameter shall*® be encoded/decoded as
indicated in Figure 3-46.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 PowerOutput Setting 0 0

=  The PowerOutput Setting field is encoded as.
desired power output (dBm)*2 - 60.
= Sincethe vdid range for desired power output is asfollows:
o from 33dBm - 42dBm in 0.5dB increments for 15W tranamitter
o from40dBm - 47dBm in 0.5dB increments for 50W transmitter, and
o from 33dBm - 47dBm in 0.5dB incrementsif asingle tranamitter is used to
fulfill both 15W and 50W transmitter requirements,
the PowerOutput Setting fidd has avaid range of
0 6to24for 15W transmitter
0 20to 34 for 50W transmitter, and
0 6to34if agngletranamitter isused to fulfill both 15W and 50W tranamitter
requirements.

Figure 3-46. Power Output Setting Parameter Format
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3.22.14.32.13 Transmitter Madulation % Setting (AM) (1D 13)

a) Thebit format of the Transmitter Modulation % Setting parameter shall*® be
encoded/decoded asindicated in Figure 3-47.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Modulation % 0

=  Where Modulation % is linearly encoded/decoded for 0 — 100% in steps of 1.
Figure 3-47. Transmitter Modulation % Setting Parameter Format

322143214 ATR Switch Configuration (1D 14)

a) Thebit format of the ATR Switch Configuration parameter shall® be encoded/decoded as
indicated in Figure 3-48.

Frst bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 ATR Switch Config (O=Loca, 255=Remote)

Figure 3-48. ATR Switch Configuration Parameter Format
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3.2.2.1.4.3.2.15 Software Version (1D 15)

a) Thebit format of the Software Version parameter shall? be encoded/decoded as indicated
in Figure 3-49.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Current Version
2 Standby Version

= Both fields have arange of 1 to 255.
= A vdueof Oisused for invadid or non-exisent verson.

Figure 3-49. Software Verson Parameter Format

3.22.1.4.3.2.16 N1 (Number of Information Bits) (ID 16)

a) Thebit format of the N1 parameter shall™ be encoded/decoded as indicated in Figure 3-
50.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 (msh) Reserved
2 (Ish) N1-1 (bits)

= Encoded/decoded linearly from 128 to 4096.

Figure 3-50. N1 Parameter Format
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3.221.43217 T1(Link Response Timer) (ID 17)

a) Thebit format of the T1 parameter shall”” be encoded/decoded as indicated in Figure 3-
51.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 (msb) Reserved
2 (Ish) T1(m9

Figure3-51. T1 Parameter Format

322143218 T3 (Reassembly Timer) (ID 18)

a) Thebit format of the T3 parameter shall”® be encoded/decoded as indicated in Figure 3-
52.

Frs bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 T3 (ms) (msb)
2 (Ish)

Figure 3-52. T3 Parameter Format
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322143219 HDL C Channd Number (1D 19)

a) Thebit format of the HDLC Channel Number Parameter shall**® be encoded/decoded as
indicated in Figure 3-53.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Channd Number 0 0 0 0 0

Figure 3-53. HDL C Channel Number Parameter For mat

3.2.2.1.4.3.2.20 Transmission Timeout Setting (AM) (ID 20)

a) Thebit format of the Transmission Timeout Setting parameter shall** be encoded/decoded
asindicated in Figure 3-54.

Frst bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 TIMEOUT/5 (in 5 sec steps, 0=Disabled) 0 0

= Where TIMEOUT/5 isencoded in 5 sec steps, such that 5 sec isencoded as 1, 10
sec isencoded as 2 and so forth.
= Thetransmisson timeout parameter is disabled by setting the fied to zero.

Figure 3-54. Transmission Timeout Setting Parameter Format
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322143221 Squelch Enable/Disable (AM) (ID 21)

a) Thebit format of the Squelch Enable/Disable parameter shall** be encoded/decoded as
indicated in Figure 3-55.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Squelch Enable/Disable (0=Disable, 255=Enable)

Figure 3-55. Squelch Enable/Disable Parameter For mat
322143222 RESERVED (1D 30)

3.2.2.1.4.32.23 Audio Input Level Setting (ID 31)

a) Thebit format of the Audio Input Level Seiting parameter shall?”® be encoded/decoded as
indicated in Figure 3-56.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 AudiolnputLevel Setting 0

=  TheAudiolnputLeve Setting field is encoded as follows: expected Audio Input
Leve (indBm)*2 + 50.

= Sincethe expected Audio Input Leve has arange of -25.0 to +20.0 dBm, in 0.5
dBm gteps, the AudiolnputLeve Setting fild has avalid range of 0 to 90.

Figure 3-56. Audio Input Level Setting Parameter Format
3.2.2.1.4.3.2.24 RESERVED (1D 32)

322143225 RESERVED (1D 33)
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3.2.2.1.4.3.2.26 MAC Timing Offset Correction (VDL Mode 3) (1D 34)

a) Thebit format of the MAC Timing Offset Correction parameter shall?”’ be
encoded/decoded asindicated in Figure 3-57.

Frg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Time Offset (in us) (msb)
2 [ (sh) (2's Complement Format)

= Time Offset is encoded/decoded as a 2's complement format with a range of -
32768 to 32767.

Figure 3-57. MAC Timing Offset Correction Parameter Format

3.2.2.1.4.32.27 Suppress Alarm/Alert Setting (ID 35)

a) Thebit format of the Suppress Alert/Alarm Setting parameter shall*® be encoded/decoded
asindicated in Figure 3-58.

Frg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Suppress Alert/Alarm (0=Normal, 255=Suppress)

Figure 3-58. Suppress Alert/Alarm Setting Parameter Format

3.2.2.1.4.3.2.28 RESERVED (1D 36)
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3.2.2.1.4.3.2.29 Softwar e Upload Setting (1D 37)

a) Thebit format of the Software Upload Setting parameter shall?” be encoded/decoded as
indicated in Figure 3-59.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Upload (O=Enable, 255=Disable)

Figure 3-59. Software Upload Setting Parameter For mat
322143230 RESERVED (ID 38)

322143231 Receiver Mute Level Setting (1D 39)

a) Thebit format of the Receiver Mute Level Setting parameter shall*® be encoded/decoded
asindicated in Figure 3-60.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Mute Level

=  Mute Levd is encoded/decoded as follows;

0=-15dB
85=-20dB
255 = No Audio.

Figure 3-60. Recelver Mute Level Setting Parameter Format

63



NAS-1C-41033502
August 8, 2000 - V1.0

3.2.2.1.4.3.2.32 PTT Setting (ID 40)

a) Thebit format of the PTT Setting parameter shall®* be encoded/decoded as indicated in
Figure 3-61.

Frg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 PTT Setting (O=Not_Keyed, 85=User_Keyed, 255=Test Keyed)

Figure3-61. PTT Setting Parameter Format

3.2.2.1.4.3.2.33 Public Key List (1D 41)

a) Thebit format of the Public Key List parameter shall®? be encoded/decoded as indicated
in Figure 3-62.
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Firg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Month 0 0 0 0
2 Day 0 0 0
3 Y ear-2000
4 Hours 0 0 0
5 Minutes 0 0
6 (msb)
7 MDR ID
8 (Ish)
9 Key ID (0-9) 0 0 0 0
10 (msb)
Public Key
10+A* | (Isb)
11+A Key ID (0-9) 0 0 0 0
12+A (msb)
Public Key
12+2A || (Ish)
13+2A Key ID (0-9) 0 0 0 0
14+2A (msb)
Public Key
14+3A | (Isb)
15+3A Key ID (0-9) 0 0 0 0
16+3A (msb)
Public Key
16+4A || (1)
17+4A Key ID (0-9) 0 0 0 0
18+4A (msb)
Public Key
18+5A | (Isb)
19+5A Key ID (0-9) 0 0 0 0
(msb)
19+6A Public Key
20+6A | (Ish)
21+6A Key ID (0-9) 0 0 0 0
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22+6A (msb)
Public Key
22+7A | (I1sh)
23+7A Key ID (0-9) 0 0 0
24+7A (msb)
Public Key
24+8A | (Ish)
25+8A Key ID (0-9) 0 0 0
26+8A (msbh)
Public Key
26+9A | (Ish)
27+9A Key ID (0-9) 0 0 0
28+9A (msb)
Public Key
28+10A | (Ish)
= Month, Day, Year, Hours and Minutes fields are encoded as specified in
3.221431.7.
= MDRID field isencoded as specified in 3.2.2.1.4.3.2.22.
= If the Public Key associated with a Public Key ID is not established (null), the
MDR would not send (would skip) the Key 1D field octet and its associated Public
Key field octets.
= A*: Szeof Public Key isimplementation specific and determined by the vendor,
but not more than 1024 hits.
Figure 3-62. Public Key List Parameter Format
322143234 T2 (Link Retransmission Timer) (1D 42)

a) Thebit format of the T2 parameter shall®® be encoded/decoded as indicated in Figure 3-

63.
Frd bit
xmitted Bit Number
Octet 1 2 3 4 5 7 8
1 T2 0 0 0

T2 fidd hasarange of 1 to 10 with astep size of 1.

Figure 3-63. T2 Parameter Format
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3.2.2.1.4.3.2.35 MDR ID Number (ID 50)

a) Thebit format of the MDR 1D Number parameter shall'? be encoded/decoded as
indicated in Figure 3-64.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
(msh)
MDR ID (0 to 16777215)
3 (1sh)

Figure3-64. MDR ID Number Parameter Format

3.2.2.1.4.3.2.36 RF Input Power Level (AM) (1D 51)

a) Thebit format of the RF Input Power Leve parameter shall®® be encoded/decoded as
indicated in Figure 3-65.

Firg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 RF Input Power Level Setting 0

* RF Input Power field is encoded as:
Measured RF Input Power Level (dBm) + 110.
= Sincethe Measure RF Input Power Level has arange of -110 to +15 dBm, the RF
Input Power field has avdid range of 0 to 125.

Figure 3-65. RF Input Power Level Parameter For mat
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3.2.2.1.4.3.2.37 Squelch Break Status (AM) (1D 52)

a) Thebit format of the Squelch Bresk Status parameter shall® be encoded/decoded as
indicated in Figure 3-66.

Frg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Squelch Break (0=Squelch_Closed, 255=Squelch Open)

Figure 3-66. Squelch Break Status Parameter Format

3.2.2.14.3.2.38 In-Service Time (1D 53)

a) Thebit format of the In-Sarvice Time parameter shall® be encoded/decoded as indicated
in Figure 3-67.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 (msb)
2 In-Service Time (Hours)
3 (Isb)

» In-Savice Timeisencoded linearly in steps of 1 hour.

Figure 3-67. In-Service Time Parameter Format
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3.2.2.1.4.3.2.39 RIU Timing Offset Change (VDL Mode 3) (1D 54)

a) Thebit format of the RIU Timing Offset Change parameter shall®® be encoded/decoded as
indicated in Figure 3-68.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 RIU Timing Status (0=No Time Sip, 255=Time Sip)

Figure 3-68. RIU Timing Offset Change Parameter Format

322143240 Transmit Antenna VSWR (ID 55)

a) Thebit format of the Tranamit Antenna VSWR parameter shall®® be encoded/decoded as
indicated in Figure 3-69.

Frst bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 VSWR (0=Good, 255=Bad)

Figure 3-69. Transmit Antenna VSWR Parameter Format

322143241 RESERVED (ID 56)
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3.22.1.4.3.2.42 Measured Power Output (ID 57)

a) Thebit format of the Measured Power Output parameter shall®* be encoded/decoded as
indicated in Figure 3-70.

Frd bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Measured PowerOutput 0 0

=  The Measured PowerOutput field is encoded as:
Power Output measured at the MDR antenna connector
(indBm)*2 - 60.
=  Measured PowerOutput field has arange of 0 to 40, with O representing Power
Output measured a the MDR antenna connector less than or equa to 30 dBm, and
40 representing Power Output measured at the MDR antenna connector equal to or
greater than 50 dBm.

Figure 3-70. Measured Power Output Parameter For mat

3.2.2.1.4.3.2.43 Measured Transmitter Modulation % (1D 58)

a) Thebit format of the Measured Transmitter Modulation % parameter shall®® be
encoded/decoded asindicated in Figure 3-71.

Frst bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 Measured Modulation % 0

= Linearly encoded/decoded measured transmitter modulation % from 0 to 100 in
steps of 1, as measured at the MDR antenna connector.

Figure 3-71. Measured Transmitter Modulation % Parameter For mat

3.22.1433 RIU/MDR Status

The RIU/MDR Status message is used to send MDR status information from the MDR to the
RIU every 240 milliseconds. The RIU/MDR Status message is dso used to send the Link
Initidization Sequence number from the RIU to the MDR, which completesthe Link
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Initilization procedure as described in section 3.2.2.6.2.1. The genera format of the
RIU/MDR Status message is defined in section 3.2.2.6.5.1.8. This section defines the format of
the 16-bit information payload field of the RIU/MDR Status Message for the MDR transmitters
and the MDR receiver.

3.2.2.1.4.3.3.1 MDR Transmitter RIU/MDR Status Word

a) For the MDR transmitters, the RIU/MDR Status word shall**® comprise the fields specified
in Table 3-3.

Table 3-3. MDR Transmitter RIU/MDR Status Word Fields

Bit Ordering
1(sb) | 2 3 4 | 5 6 7 | 8(msh)
Spare Spare F I T S S S
Spare Spare Spare Spare Spare D V M
322143311 Status (S)

a) The Shitsindicate the operationa status of the MDR component and shall*** be encoded
asfollows
0= Offline
1 = Power Down (if exercised)
2 = Power Up
3=0Online
4-5 = Reserved
6 = Recovery
7 =Fal.

3.2.2.1.4.3.3.1.2 RIU Timing Status (T)

a) TheT bit shall** be encoded as follows:
0=MDR MAC cycletiming not locked to 6-second epoch
1 =MDR MAC cycle timing locked to 6-second epoch.

322143313 Invalid RIU Data (1)

a) Thel bit shall** be encoded as 1 if any invalid data was received from the RIU during the
last MAC cycle, or O otherwise. Invalid datais associated with the HDL C formatting and
the message headers defined in Section 3.2.2.6.5.

Examples of invaid data are header fidds out of range, unknown message 1D, ingppropriate

HDLC frame type, and HDL C frame shorter than indicated frame length.
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322143314 T1 Frame Sip (F)
a) TheF bit shall*** be encoded as 1 if a T1 Frame Slip was detected on the link from the
RIU, or O otherwise.

3.22143315 Reserved

322143316 M-Channel Data Underflow (M)

The M bit shall** be encoded as 1 if any M-channel data within the last MAC cycle was not
received from the RIU in time to be modulated, or O otherwise.

322143317 V-Channd Data Underflow (V)

The V bit shall*” be encoded as 1 if any Voice Channel data within the last MAC cycle was
not received from the RIU in time to be modulated, or O otherwise.

322143318 D-Channe Data Underflow (D)

The D bit shall'*® be encoded as 1 if any Data Channel datawithin the last MAC cycle was not
received from the RIU in time to be modulated, or O otherwise.

3.2.2.1.4.3.3.2 MDR Receiver RIU/MDR StatusWord

For the MDR receiver, the RIU/MDR Status word shall**® comprise the fields specified in
Table 3-4.

Table 3-4. MDR Receiver RIU/MDR Status Word Fields

Bit Ordering
1(Is) | 2 | 3 | 4 | 5 | 6 | 7 | 8(msb)
Spare Spare F I T S S, S;

Spare Spare Spare Spare Spare Spare Spare Spare

322143321  Status(S)

The S bitsindicate the operational tatus of the MDR component and shall**® be encoded as
follows

0= Offline

1 = Power Down (if exercised)

2 = Power Up

3=0nline

4-5 = Reserved

6 = Recovery

7 =Fall.
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322143322 RIU Timing Status (T)

The T bit shall™" be encoded as follows:
0=MDR MAC cycletiming not locked to 6-second epoch
1=MDR MAC cycle timing locked to 6-second epoch.
322143323 Invalid RIU Data (1)

The | bit shall*? be encoded as 1 if any invalid data was received from the RIU during the last
MAC cycle, or O otherwise. Invaid datais associated with the HDL C formatting and the
message headers defined in Section 3.2.2.6.5. Examples of invalid data are header fields out of
range, unknown message ID, ingppropriate HDL C frame type, and HDL C frame shorter than
indicated frame length.

322143324 T1 Frame Sip (F)

The F bit shall™ be encoded as 1 if a T1 Frame Slip was detected on the link from the RIU,
or O otherwise.

322143325 Reserved
322143326 Reserved
3.2.2.2 Presentation Layer (NA)
3.2.2.3 Session Layer (NA)
3.2.2.4 Transport Layer (NA)
3.2.2.5 Network Layer (NA)

3.2.2.6 DataLink Layer

The Data Link Layer protocol for the MDR/RIU Interfaceis based on |SO/IEC 4335, the
High-level Data Link Control (HDLC) Elements of Procedures. Outside of Link Initidization
and Link Clearing, thislink will operate as a balanced-operation connectionless-mode, per
ISO/IEC 7809 HDL C Classes of Procedures, using Option 12 supporting the TEST frame.
The following subsections define the characteristics of the Data Link Layer.

3.2.26.1 HDL C Frame Structure

The basic unit of transmisson isthe frame, which is a bit sequence containing at least 32 bits
between flags (eight address, eight control, and 16 frame check sequence bits). Al non-
segmented messages or individua message segments (of a segmented message) sent between
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the MDR and RIU shall**® be transmitted within one frame. Transmissions conform to the
HDL C frame gtructure shown in Figure 3-72, HDL C Frame Structure.

Flag Address Control I nformation Frame Check Flag
Sequence Sequence Sequence
01111110 8 bits 8 hits Varidble- 16 bits 01111110

MeSsages

Figure 3-72. HDLC Frame Structure

3.22.6.1.1 Flag SequenceField

The Flag (F) Sequence fidd appears at the beginning and end of &l frames and shall™*® consist
of one 0 bit followed by six contiguous 1 bitsand one 0 bit. The F field is used to mark the
beginning and end of each frame. The F fidd at the end of the HDLC frame may serve asthe
dart of the next HDLC frame.

3.226.1.2 AddressFied

The Address (AD) field consists of one octet. For al HDLC messages except the TEST
Response message, the AD field shall*® contain the address of the unit to which the
information sequencein the frameis sent. For TEST Response messages, the AD field shal |
contain the address of the unit from which the information sequence in the frameissent. The
coding of the AD field is defined in 1SO 3309.

3.226.1.21 RIU Address

The HDL C address of dl RIUs shall?®’” be encoded as 01.

3.226.1.2.2 MDR Address

The HDL C address of dl MDR transmitters shall?® be encoded as 02. The HDLC address of
al MDR receivers shall?® be encoded as 03.

3.2.26.13 Control Fidd

The Control (CN) field consists of one octet and shall™®* be used to identify the frame type,
ether TEST or Unnumbered Information (Ul). A TEST frame may be either aTEST
Command or TEST Response. All Unnumbered Information (UI) frames shall*® be Ul
Command frames. The Poll/Find bit (bit 5) in the Control Field is not used and shall®** be set
to 0. The content of the Contral field is defined in 1SO 3309.

3.226.14 Information Field
The Information (1) field of aframe follows the CN field and precedes the Frame Check
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Sequence. Information may be in any sequence of bits. InaUl frame, thel fidd shal
contain amessage. These messages are defined in section 3.2.2.6.5.1, General Message
Structure. Thel fidld shall*® condist of an integral number of octets.

3.22.6.1.5 FrameCheck SequenceField

The Frame Check Sequence (FCS) field shall'® congist of 16 bits and be used for frame error
detection. The FCSfidd isdefined in 1SO 3309.

3.2.2.6.2 Link Control Functions

The date of the link is determined by the Link Control functions, which are defined in the
following subsections: Link Initidization; Link Maintenance; Link Clearing; and Link Exception
Reporting. These Link Control functions are consistent with the link parameters defined in
section 3.2.2.6.3, Link Level Parameters.

3.226.21 Link Initialization

The MDR and RIU will work in either one of two states. These two states of operation shall*®
be defined asthe link inactive state and link initialized state. By default, the MDR and RIU
will both gart in the link inactive state.

The RIU will initiate the Link Initidization procedure. The Link Initialization procedure shall*®
conss of the RIU generating a Test Command to the MDR with afour-octet (octet 1isMSB,
octet 4isLSB) | fidld congsting of a sequence number starting at zero and incrementing by one
with each retransmission.

Upon receipt of the TEST Command, the MDR will issue a TEST Response echoing the | field
received in the TEST Command. If the RIU recelvesavaid TEST Response (one containing a
meatching | field) within the T1 setting, the RIU will congder itsdf in thelink initialized state,
cancedl the T1 timer, and issue a RIU/MDR Status message. Upon receipt of the RIU/MDR
Status message, the MDR will congider itself inthelink initialized state. A nominal case of
Link Initidization isillustrated in Figure 3-73a

TEST Command
T1  ‘

Initialized “m
(Cancel T1 Timer) _ >
Ul (Link Status) _ Initialized

RIU

MDR
Figure 3-73a. Link Initialization
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Otherwise, in the event the T1 Timer expires the RIU will continuoudy send the TEST
Command based on expiration of the T2 Link Retransmission Timer.

If the RIU receivesthe TEST Response from the MDR outside the T1 timer, the response is
discarded, and the RIU will retransmit the TEST Command upon expiration of the T2 timer.

3.2.26.2.2 Link Maintenance

Onceinthelink initialized state, the Link Maintenance procedure occurs. TheLink
Maintenance procedure will consst of the MDR sending a RIU/MDR Status messages to the
RIU every 240 ms.

3.22.6.23 Link Clearing

Either the MDR or RIU may clear thelink at any time. Whileinthelink initialized sate, the
initiator of the Link Clearing procedure shall*®® send a TEST Command message with afive-
octet information field, the first four octets (octet 1 is MSB, octet 4 isLSB) containing al ONEs
indicating a clear, followed by a one octet clearing cause code. Clearing Cause codes are
represented in Table 3-5.

Table 3-5. Coding of the Clearing Cause Field

Clearing Bit Ordering

Cause W) | 2 | 3 | 4 | 5 | 6 | 7 | 8ms)
RIU Originated 0 0 0 0 0 0 0 0
MDR Originated 1 1 1 1 1 1 1 1

The recipient of the line dlearing procedure shall*®® confirm the dear by issuing a TEST
Response with the first four octets set to all ONESs. Upon receipt of avalid TEST Response
confirming the dear, the initiator shall®*’ clear the T1 timer, and both the MDR and RIU will be
inthelink inactive state.

In the event the T1 Timer expires, the initiator of the clear will continuoudy send the clearing
TEST Command based on expiration of the T2 Link Retransmission Timer, until avaid TEST
response is recaived dearing the link, which will set the initiator of the clear into the link
inactive state.

If theinitiator of the clear receives the TEST Response from the recipient outside the T1 timer,
the response is discarded, and the initiator will retransmit the TEST Command upon expiration
of the T2 timer.

The nomina Link Clearing threads areillustrated in Figure 3-73b, and 3-73c.
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If aTEST Command is recaived that indicates “link clearing”, while in the link inactive Sate, a
TEST Response will be generated closing the link. This case may occur if a TEST Response
message was logt in transmisson.

TEST Command
T1 \

Link Inactive —] TEST Response
(Cancel T1 Timer)

Link Inactive

RIU
MDR

Figure 3-73b. RIU Initiated Link Clearing

TEST Command
/ T1
| ST Response .
(Cancel T1 Timer)

Link Inactive

Link Inactive

RIU
MDR

Figure 3-73c. MDR Initiated Link Clearing

3.22.6.24  Link Exception Reporting

If the RIU does not detect the RIU/MDR Status message for N2 successive times, it will notify
the RMMC function that the applicable MDR is consdered faled. The RIU will enter the link
inactive state and reattempt link initidization per section 3.2.2.6.2.1, Link Initidization.
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The MDR/RIU Inteface Link Level Parameters are defined in accordance with Table 3-6.

Table3-6. Link Level Parameters

Parameter Description Min M ax Default
N1 Maximum number of information 128 4096 512
field bits
N2 Link Status Counter 1 64 12
T1 Link response timer 100 ms 500 ms 200 ms
T2 Link retransmission timer 1sec 10 sec 5sec
T3 Reassembly Timer 50 ms 65535 ms | 250 ms
3.2264 HDLC Frame Timing

Thetiming and size of HDLC frame transmissions between the MDR and RIU shall*™ be
controlled such that the voice ddlay from gtart of firgt bit at the originator (MDR/RIU) to the
reception of the last bit a the recipient (RIU/MDR), due to HDL C frame transmission, does not
exceed 3ms. The MDR and RIU will order frames for transmisson to ensure that Voice
messages reach their destination within 5.18 ms of when they are required. To meet these
requirements in VDL modes that require voice operation, the N1 parameter must not exceed
512. These requirements do not apply for PCM voice operation.
Note 1: These requirements are levied upon the transmisson device to ensure
appropriate prioritization of the messages aswell as the appropriate prioritization of the
software tasks.
Note 2: The 5.18 ms requirement provides time for a different maximum size (N1 fully
bit-stuffed) burst to complete transmission and then for the necessary V oice message to
be transmitted across the link, assuming the necessary message is needed just-in-time.
For example, the required point for the RIU transmission of the last VVoice Burst
message segment (VFSN = 6 in message header) isto get the message to the MDR
transmitter at most 6 ms before the time required to begin modulation of the 6™ vocoder
frame. The required point for the MDR receiver transmisson of the first vocoder frame
(VFSN =1) in avoice reception is to get the message to the RIU a most Trxv1
seconds after the start of the VDL Mode 3 6-second epoch in which the burst was
received (Trxv1 IS defined in Appendix C).

3.2.2.6.5 Link Level Message Description

A message is contained within an | field of aUl frame. Each message exchanged across the
data interface shall*™® contain a one octet Message | D followed by the message. The Ul frame
and its components areillustrated in Figure 3-74, Link Level Message Structure.
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Flag Address Control I nformation FCS Flag
Sequence Sequence
M essage M essage
ID

Figure 3-74. Link Level Message Structure

322651  General Message Structure

The generd message structure is comprised of the Message ID and Message Type. The
Message I D values and Message Type identifiers are defined in Table 3-7, Message
Transmission Cagpability. Thistable aso defines the transmission source associated with each
Message Type for the RIU-MDR Transmitter and RIU-MDR Receiver links.

The message format diagrams (Figures 3-75 through 3-81) in the remainder of this section
specify bit 1 of each octet asthefirgt bit transmitted. Note that bit 1 of each octet isthefirgt bit
of the octet transmitted over the T1 Data Channel as specified in section 3.2.2.7.1.3.3.d. Bit 1
of each octet isalso the lsb of the octet. Dueto HDL C zero-bit insertion, message octets are
not necessarily digned on T1 time dot boundaries.

Unless otherwise specified in the remainder of this section, bit fields shall*® be encoded such
that the most sgnificant bit of afield (or sub-field that crosses octet boundaries) isin the highest
bit number position of the octet.

For variable length hit fields that have atota length (LEN) that is not amultiple of 8, the most

sgnificant bit of the field (or sub-fild) shall®® be encoded in bit 8 of the last octet and the
unused lower numbered bit(s) in the last octet shall*® be set to 0.
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Table 3-7. Message Transmission Capability

M essag M essage Type RIU-Transmitter Link RIU-Receiver link
elD RIU | MDR RIU | MDR
0 Voice-Burst X X
1 Data-Burst X X
2 Management-Burst X X

3 Sync Search Control X

4 PCM Voice X X

5 Radio Control X X X X

6 Radio Monitoring X X

7 RIU/MDR Status X X X X
8-255 Reserved

3.2.2.6.5.11 Voice-Burst Message

The Voice-Burst message will be transmitted between the MDR and the RIU and contains a
message ID of 0. The Voice-Burst message shall*™® be encoded asillustrated in Figure 3-75
with the field descriptions shown in Table 3-8. The Vocoder Frame Sequence Number
(VFSN) indicates which 96-bit vocoder frame (1-6) contained within the TDMA time dot isthe
darting frame of the enclosed information in the VF field. For example, if the Voice-Burst
contains the second and third vocoder frames, the VFSN fidld would indicate 2 and the LEN
fiedld would indicate 192. Segmentation is performed to minimize VDL Mode 3 voice delay.
The TOA/TOT field shall*®* be the same value for al Voice-Burst message segments related to
the same VDL Mode 3 voice burst. VDL Mode 3 voice burst D8PSK symbols shall®? be
mapped to Voice-Burst message VF octets as specified in Table 3-8a. Requirements for
Voice-Burst message timing, exception handling, and rules for grouping vocoder frames within
Voice-Burst messages are different for the RIU and MDR, and are defined in FAA-E-2938.
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Frg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 VH (msh)
2 (Is)) VH (Ish) VFSN Spare
3 LEN (msb)
4 (1)) LEN TOA/TOT (msb)
5 TOA/TOT
6 (Ish) TOA/TOT
7 (Ish) GEC Spare
8 (Isb) PWR (msb)
o+ VF (variable)
Figure 3-75. Voice-Burst Message Format
Table 3-8. Voice-Burst Field Description
Field Field Length Description
(bits)

VH 12 Voice Header derived from the RIU, for MDR
transmitters, or from the aircraft transmitter, for MDR
receivers. See RTCA DO-224afor more details.

VFSN 3 Vocoder Frame Sequence Number (1-6)

Spare 1 Spare (Set field = 0)

LEN 12 Length of VF field (bits)

TOA/TOT 20 Time of Arrival (receiver-to-RIU)

Time of Transmission (RIU-to-transmitter)
Range: 0 to 1,007,999, 1/16™ D8PSK symbol resolution
See section 3.2.2.7.2.
GEC 3 Header Golay Error Count
(0 - 3, 4 uncorrectable — Rx to RIU)
(0, RIU to Tx)

Spare 5 Spare (Set field = 0)

PWR 8 Power Output (33 —47dBm in 0.5dB steps) for RIU-to-
Tx. PWR = (Power*2 - 60) which yields PWR = 6 for
33dBm and PWR = 34 for 47dBm.

Received Power (-110 — +15dBm in 0.5dBm steps) for
Rx-to-RIU. PWR = 0 for —=110dBm and PWR = 250 for
+15dBm

VF LEN Vocoder Field Data: Bit format defined in Table 3-8a
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Table3-8a. Voice-Burst VF field and Data-Burst DF field Description

D8PSK Symbol
No. within 96-bit

D8PSK Symbol
Most Significant Bit

D8PSK Symbol
Least Significant Bit

VoiceFrameN | V/D Message | Bit No.in Octet | V/D Message | Bit No. in Octet
or Data Segment Octet No. Octet No.

N

1 12*(N-1)+9 8 12*(N-1)+9 6
2 12* (N-1)+9 5 12* (N-1)+9 3
3 12*(N-1)+9 2 12*(N-1)+10 8
4 12* (N-1)+10 7 12* (N-1)+10 5
5 12* (N-1)+10 4 12*(N-1)+10 2
6 12* (N-1)+10 1 12*(N-1)+11 7
7 12*(N-1)+11 6 12*(N-1)+11 4
8 12* (N-1)+11 3 12*(N-1)+11 1
9 12*(N-1)+12 8 12*(N-1)+12 6
10 12* (N-1)+12 5 12*(N-1)+12 3
11 12* (N-1)+12 2 12*(N-1)+13 8
12 12* (N-1)+13 7 12* (N-1)+13 5
13 12*(N-1)+13 4 12*(N-1)+13 2
14 12*(N-1)+13 1 12*(N-1)+14 7
15 12*(N-1)+14 6 12*(N-1)+14 4
16 12* (N-1)+14 3 12*(N-1)+14 1
17 12*(N-1)+15 8 12*(N-1)+15 6
18 12* (N-1)+15 5 12*(N-1)+15 3
19 12* (N-1)+15 2 12*(N-1)+16 8
20 12*(N-1)+16 7 12*(N-1)+16 5
21 12* (N-1)+16 4 12*(N-1)+16 2
2 12*(N-1)+16 1 12*(N-1)+17 7
23 12*(N-1)+17 6 12*(N-1)+17 4
24 12* (N-1)+17 3 12*(N-1)+17 1
25 12*(N-1)+18 8 12*(N-1)+18 6
26 12*(N-1)+18 5 12*(N-1)+18 3
27 12*(N-1)+18 2 12*(N-1)+19 8
28 12*(N-1)+19 7 12*(N-1)+19 5
29 12* (N-1)+19 4 12*(N-1)+19 2
30 12*(N-1)+19 1 12*(N-1)+20 7
31 12*(N-1)+20 6 12*(N-1)+20 4
32 12*(N-1)+20 3 12*(N-1)+20 1

Notes:

1) N =1forthefirst Vocoder Frame Segment in aVoice-Burst message and for the first
Data Segment in a Data-Burst message. N = 1 to (LEN/96).

2) For each voice/data segment, D8PSK symbol No. 1 isthefirst VDL Mode 3 symbol
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transmitted/received and D8PSK symbol No. 32 isthe last VDL Mode 3 symbol
transmitted/received.

3.2.2.6.5.1.2 Data-Burst Message

The Data-Burst message will be transmitted between the MDR and the RIU and contains a
message ID of 1. The Data-Burst message shall*"® be encoded asillustrated in Figure 3-76
with the field descriptions shown in Table 3-9. The Data-Burst message is segmented across
the MDR and RIU interface. Segmentation is performed so that time critica messages such as
voice are not delayed across the interface. The Data Segment Number (DSN) indicates which
96-hit data segment (1-6) contained within the TDMA time dot is the starting segment of the
enclosed information in the DF field. For example, if the Data-Burst message contains the
fourth, fifth and sixth data segments, the DSN field would indicate 4 and the LEN field would
indicate 288. A message is deemed vdid by the recaiver, if dl Sx data segments are received in
sequence prior to the expiration of the T3 timer. If any segment isreceived out of order, or the
T3 timer expires prior to the receipt of al segments corresponding to the TOA/TOT field, all
segments are discarded. The VDL Mode 3 Link Layer will provide for retransmission of the
lost data. The TOA/TOT field shall?® be the same value for al Data-Burst message segments
related to the same VDL Mode 3 data burst. VDL Mode 3 data burst D8PSK symbols
shall®* be mapped to Data-Burst message DF octets as specified in Table 3-8a.

FHrgt bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 DH
(msb)
2 (I sb) DH (I sb) DSN Spar e
3 LEN (msb)
4 (1sb) LEN TOA/ TOT (msb)
5 TOA/ TOT
6 (I sb) TOA/ TOT
7 (I sh) GEC Spar e
8 (I sh) PVR
(msb)
O+ DF (vari abl e)

Figure 3-76. Data-Burst M essage Format
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Table 3-9. Data-Burst Field Description

Field Field Length Description
(bits)

DH 12 Data Header derived from the RIU, for MDR
transmitters, or from the aircraft transmitter, for MDR
receivers. See RTCA DO-224afor more details.

DSN 3 Data Segment Number: DF field of message starts with
DSN (1-6). Each segment contains 96-bits of data.

Spare 1 Spare (Set fiedd = 0)

LEN 12 Length of DF field (bits). Max. size = 384 bits. LEN isa
multiple of 96.

TOA/TOT 20 Time of Arrival (receiver-to-RIU)

Time of Transmission (RIU-to-transmitter)
Range: 0 to 1,007,999, 1/16™ D8PSK symbol resolution
See section 3.2.2.7.2.
GEC 3 Header Golay Error Count
(0 - 3, 4 uncorrectable — Rx to RIU)
(0, RIU to Tx)

Spare 5 Spare (Set fiedd = 0)

PWR 8 Power Output. See PWR field, Table 3-8

DF LEN R-S Coded Data: Bit format defined in Table 3-8a

3.2.2.6.5.1.3 Management-Burst Message

The Management-Burst message will be transmitted between the MDR and the RIU and
contains amessage ID of 2. The Management-Burst message shall™® be encoded as illugtrated
in Figure 3-77 with the field descriptions shown in Table 3-10. The Management-Burst
message is not segmented across the MDR to RIU interface.

The Synchronization Header Type (STY PE) fidd shall*® be encoded per Table 3-10a. This
field identifies which synchronization sequence is to be used per the VDL Mode 3 RTCA DO-

224a.

The MB fidd shall®® be encoded with the most significant bit of each VDL Mode 3 12-bit
Management Burst word placed in the highest unused bit number position in the octet. As
Management Burst words cross octet boundaries, the most Significant bit of the remaining 12-bit
Management Burst word shall?® be placed in bit 8 of the next octet. For example, the most
ggnificant bit of the first 12-bit Management Burst word in the message residesin bit 8 of octet
10. The mogt significant bit of the second 12-bit Management Burst word beginsin bit 4 of
octet 10, and so forth.
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FHrgt bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 (Isb) STYPE Spare
2 Spare
3 LEN (msb)
4 (Is) LEN TOA/TOT (msh)
5 TOA/TOT
6 (Ish) TOA/TOT
7 (Ish) GEC1 Spare | (Ish) GEC2 Spare
8 (Ish) PWR (msb)
O+ MB (variable)
Figure 3-77. Management-Bur st M essage For mat
Table 3-10. Management -Burst Field Description
Field Field Length Description
(bits)
STYPE 2 Sync Header Type (See Table 3-10a)
Spare 14 Spare (Set field = 0)
LEN 12 Length of Segment = MB field in bits
TOA/TOT 20 Time of Arrival (receiver-to-RIU)
Time of Transmission (RIU-to-transmitter)
Range: 0 to 40,319, 1/16™ D8PSK symbol resolution
See section 3.2.2.7.2.
GEC1 3 Golay Word1 Error Count
(0-3, 4 uncorrectable — Rx to RIU)
(0, RIU to Tx)
Spare 1 Spare (Set fidd = 0)
GEC2 3 Golay Word2 Error Count
(0-3, 4 uncorrectable — Rx to RIU)
(0, RIU to Tx)
Spare 1 Spare (Set field = 0)
PWR 8 Power Output. See PWR field, Table 3-8
MB LEN Management-Burst words
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Table3-10a. STYPE Field Description

STYPE Synchronization Sequence
0 St
1 S*
2 S
3 S*

3.2.2.6.5.1.4 Sync Search Control Message

The Sync Search Control message will be transmitted from the RIU to the MDR receiver and
contains amessage D of 3. The Sync Search Control message shall**® be encoded as
illugtrated in Figure 3-78 with the field descriptions shown in Table 3-11. The Sync Search
Control message is not segmented across the RIU to MDR interface. The Synchronization
Header Type (STY PE) field shall®®’ be encoded per Table 3-10a. Thisfield identifieswhich
synchronization sequence(s) the MDR receiver must search for per FAA-E-2938. When
STYPE is specified as 0, the MDR receiver isrequired to search for both the S, and S;*
synchronization sequences a the sametime. The synchronization sequences S, Si*, S, ad
S,* are defined in the VDL Mode 3 RTCA DO-224a. The NGW fidd shall*® indicate the
number of (24,12) Golay words in the received burst to be decoded by the MDR if
synchronization is achieved within the search window. Although only two bits are presently
required for the NGW fidld, five bits are provided for future expansion or to alow the RIU to
monitor ground radio transmissions (e.g. 3T-management uplink burst).

The S START and S_STORP fidds define the Sync Search start and stop times, respectively,
for the time window in the 6-second VDL Mode 3 epoch where the MDR receiver will search
for aVDL Mode 3 synchronization Sgnal as defined in section 3.2.2.7.2. TheS START and
S STORP fidds specify the time window within the 6-second epoch where the center of the first
D8PSK synchronization symbol must appear for the MDR receiver to declare sync.
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FHrgt bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 (Ish) STYPE (Ish) NGW Spare
2 S START (msb)
3 S START
4 (Ish) S START S STOP (msb)
5 S STOP
6 (Ish) S STOP
Figure 3-78. Sync Search Control M essage For mat
Table 3-11. Sync Search Control Field Description
Field Field Length Description
(bits)
STYPE 2 Sync Header Type (See Table 3-10a)
NGW 5 Number of (24,12) Golay words to be demodulated by the
MDR receiver. Range = 1to 16.
Spare 1 Spare (Set field = 0)
S START 20 Start of sync search window within 6-second epoch
Range: 0 to 1,007,999, 1/16™ D8PSK symbol resolution
See Section 3.2.2.7.2
S STOP 20 End of sync search window within 6-second epoch
Range: 0 to 1,007,999, 1/16™ D8PSK symbol resolution
See Section 3.2.2.7.2
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3.2.2.6.5.15 PCM-Voice Message

The PCM-V oice message will be sent viathe link when operating in DSB-AM mode. The
PCM Voice message will be transmitted between the MDR and RIU and contains a message

ID of 4. The PCM Voice message shall™** be encoded asillustrated in Figure 3-79 with the
field descriptions shown in Table 3-12.

88



NAS-1C-41033502
August 8, 2000 - V1.0

Frg bit
Trans Bit Number
mitted
Octet 1 2 4 5 6 7 8
1 EOM Spare
2 Spare
3 LEN (msb)
4 (1) LEN TOA/TOT (N/A —set to 0)
5 TOA/TOT(N/A - set to 0)
6 TOA/TOT(N/A - st to 0)
7 Spare
8 (Ish) PWR (msb)
9 First 16-bit PV word (msb)
10 | (Ish) First 16-bit PV word
11+ Additional PV words
Figure 3-79. PCM Voice M essage For mat
Table 3-12. PCM Voice Message Field Description
Field Field Length Description
(bits)
EOM 1 End of Message flag (1 = last PCM message)
Spare 15 Spare (Set field = 0)
LEN 12 Length of PCM Voice datain bits (range: 16 to 3,200)
TOA/TOT 20 Not used, Set TOA/TOT field=0
Spare 8 Spare (Set field = 0)
PWR 8 Power Output. See PWR field, Table 3-8
PV LEN PCM Voicewords. 16-bit 2's compliment format, MSB
octet firgt, Bit 8 of MSB octet is the most significant bit of
PCM word.

3.2.2.6.5.1.6 Radio Control Message

The Radio Control message provides a mechanism for transmission and reception of control
information across the MDR to RIU interface. The Radio Control message will be transmitted
between the MDR and the RIU and contains amessage ID of 5. The Radio Control message
shall**® be encoded asillustrated in Figure 3-80 with the field descriptions shown in Table 3-
13. The Radio Control message shall*** be segmented across the interface if the message
exceeds the segmentation size, defined by the N1 parameter. The Tota Segment Count (TSC)
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field shall*® indicate one less than the total number of segments for a specific transaction
(identified by the TID fidd). For example, the TSC field is encoded as 4 when the total number
of ssgmentsis’5. The Segment Count (SC) field shall**® indicate the individua segment number
for the transaction. A message shall™®” be deemed vaid by the receiving unit, if al ssgments are
received in sequence prior to the expiration of the T3 timer. If any segment is received out of
order, or the T3 timer expires prior to the receipt of al segments corresponding to the TID field,
al segments are discarded. It is the respongbility of the gpplication to retranamit any lost data.

The Radio Control messages use a Request/Reply protocol. The MDR will respond to Control
Reguest (RR = 1) messages with a Control Reply (RR = 0) message indicating whether or not
the request is processed or fulfilling the request. Once the final segment of a Control Request
(RR =1) messageis sent to the MDR, the RIU initiates a Reply response timer. The Reply
Response timer is cancelled and the transaction is completed upon receipt of a control reply
(RR = 0) from the MDR with aCTY PE and TID that match the request generated by the RIU.
If the Reply Response timer expires, then the transaction is considered incomplete and the RIU
will retransmit the request. If the MDR detects an error, it shall** be reported back in the
reply by setting the ER field to 1, and placing the error cause code in the first octet of the
message (MSG) fidd. The second and higher octets may be used to carry additiond error
information.

Firgt
bit Bit Number
Trans
mitted
Octet 1 2 3 4 5 6 7 8
CTYPE
RR ER PID TSC
SC LEN (msb)
() LEN
PRI (msh) TID (msb)
(Ish) TID
7+ MSG

OO WN]|F

Figure 3-80. Radio Control/Monitoring M essage For mat
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Table 3-13. Radio Control/Monitoring Message Field Description

Field Field Length Description
(bits)
CTYPE 8 Control Type — defines type of Control/Monitoring Message
RR 1 Request =1 Reply =0
ER 1 Error indication on reply only:
ER=0- Noerror
ER =1 - Error onreply
PID 2 Protocol |dentifier per Table 3-14a
TSC 4 Total Segment Count - |dentifies the Total Segment Count of 1 -
16 segments.
SC 4 Segment Count — | dentifies the segment Modulo 16
LEN 12 Segment length (bits)
PRI 2 Priority: Normal =0, Alert =1, Alarm = 2, Reserved = 3
TID 14 Transaction ldentifier — Used to uniquely identify transactions
Valid range of TID (1-16,383)
0 — Used by the MDR for unsolicited monitoring messages
reply.
MSG LEN Control/Monitoring message
Notes:

1) Theformat of the Control and Monitoring messages are defined in subsections of

3221431 and 3221432

2) The CTYPE field corresponds to the ID number of parameters listed in Table 3-1.
3) If ER =1, the MSG field contains the error code(s) defined in Table 3-14b.
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Table 3-14a. Protocol Identifier (PID) Field Description

PID Protocol
0 MDR Specific
1-3 Reserved

Table3-14b. Error Codes

Error Code Definition User Data
0 RESERVED N/A
1 Invalid Authentication Attempted User ID(s), MDT# or
REMOTE

2 [llegal Parameter ID Unknown Parameter received
3 Parameter Out of Range | Illegal control parameter requested
4 Parameter Not Allowed | Parameter attempted
5 Upload Blocks Corrupted | TID

6-255 RESERVED N/A

3.2.2.6.5.1.7 Radio Monitoring Message

The Radio Monitoring message provides a mechanism for transmission and reception of
management information across the MDR to RIU interface. The Radio Monitoring message will
be transmitted between the MDR and the RIU and contains amessage ID of 6. The Radio
Monitoring message shall*® be encoded asillustrated in Figure 3-80 with the fidld descriptions
shown in Table 3-13. The Radio Monitoring message shall®®* be segmented across the
interface if the message exceeds the segmentation parameter, as defined by the N1 parameter.
The TSC field shall®® indicate one less than the total number of segments for a specific
transaction (identified by the TID field). For example, the TSC fidd is encoded as 4 when the
total number of segmentsis5. The SC field shall®® indicate the individual segment numiber for
the current transaction. A message shall*®* be deemed valid by the recaiver, if dl segments are
received in sequence prior to the expiration of the T3 timer. If any segment isreceived out of
order, or the T3 timer expires prior to the recaipt of adl segments corresponding to the TID field,
al segments are discarded. It is the respongibility of the gpplication to retransmit any lost data.

The Radio Monitoring messages use the Request/Reply protocol defined in 3.2.2.6.5.1.6 for a
Monitoring Request generated by the RIU. Monitoring messages generated by the MDR asa
result of an Alert or Alarm threshold crossing, shall®® set the RR and TID fidldsto 0. The RIU
does not respond to these messages.
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3.2.2.65.18 RIU/MDR Status Message

The RIU/MDR Status message will define the status of the MDR or be used by the RIU to
complete the link initidization. The RIU/MDR Status message will be transmitted between the
MDR and RIU and contains amessage ID of 7. The RIU/MDR Status message shall*® be
encoded asillugtrated in Figure 3-81 with the field descriptions shown in Table 3-15. Thereis
no segmentation of the RIU/MDR Status message.

Frg bit
Trans Bit Number
mitted
Octet 1 2 3 4 5 6 7 8
1 STATUS (msb)
2 (Ish)
Figure 3-81. RIU/MDR Status M essage For mat
Table3-15. RIU/MDR Status Field Description
Field Field Length Description
(bits)
Status 16 When sent by MDR: Bit fields defined in section

3221433

When sent by RIU: Vaue of "1" indicates link active.

3.2.2.7 Physical Layer

The MDR/RIU interface shall*® implement the fractiona T1 protocol as defined in ANSI
T1.403-1995.

3.2.2.7.1 General Fractional T1 Characterigtics

The following subparagraphs define the generd characteristics of the physical interface used
between the MDR and the RIU.

322711 T1FrameCharacterigtics

The following describes the basic characterigtics for an MDR/RIU T1 line:

a) A T1frameshall*® consist of 193 hits.

b) Each T1 frame shall** be composed of one framing bit and twenty-four 8-bit time dots
that carry data
¢) Theframing bit shall**? be the first bit of each frame.
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d) Thetwenty-four 8-bit dots shall**® be organized as described in Figure 3-82, T1 System

Timing.
I 125 microseconds I
[FT1J2T]3T[4]5 16 [7 8o [10]aa]12]18]1a][15]16[ar[18]10]20[21]22]23]24]
T1 : :
Framin Time Slot Allocation
) 9 1-2 VDL System Timing Channel
Bit 34 Spare
58 Data channel 1
[ 1] 2 3] 4] 5] 6] 7] 8] 912 Data channel 2
13-16 Data channel 3
Time Slot Format 17-20 Data channel 4
(Bit 1 Transmitted First) 21-24 Data channel 5

Figure3-82. T1 System Timing

e) TheT1llineshall? tranamit at arate of 8,000 T1 frames/s, resulting in abit rate of 1.544
Mbit/s.

f) TheT1lineshall?* use Extended Super Frame (ESF) formatting consisting of groups of 24
consecutive T1 frames.

g Thedghth bit of every time-dot in every sixth T1 frame shall?*® be used for data. In other
words, robbed bit signaling is not to be used.

h) The ESF datalink shall?*’ support the Line Loopback Activate/Deactivate and Payload
Loopback Activate/Deactivate messages to support line diagnostics and maintenance.

) Pulsedensity shall*® be accomplished using the Bipolar 8-Zero Substitution (B8ZS)
method.

3.227.1.2 T1lLineRequirements

Thefollowing are requirements on the physicd line:

a) Each T1 port shall**® be able to operate over any cable length between 0 and 6,000 ft.

b) Each T1 port shall?® incorporate transient protection.

¢) Each T1 port shall® have ajitter tolerance that conformsto [ TU-T Recommendation
G.824 (03/93), Section 3.1.1, Table 2)].

3.227.13 T1TimeSots

A single T1 frame contains twenty-four time dlots. These sots shall** be alocated according
to the following subparagraph. Table 3-16, Fractiond T1 Format, summarizesthetime dot and
channd alocation being used across the MDR/RIU interface.
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Table 3-16. Fractional T1 Format

Time Slot
Number

Data Allocation

=

Timing Channel 16-bit Counter LSB
16-bit Counter MSB

Spare TBD

Data Channel 1 HDLC#1

OO [(N|O | |W|IN

=
o

=

¥

Data Channel 2 [if used] HDLC #2

=
w

'_\
~

=
6]

[
(o]

Data Channel 3 [if used] HDLC # 3

=
\'

=
(o]

=
(o]

N
o

Data Channel 4 [if used] HDLC #4

N
=

N

N
w

N
=

Data Channel 5 [if used] HDLC #5

3.22.7.131 T1TimeSot Assgnments

The T1 time dots are dlocated in the following manner:

a) Time dots one and two shall? be used to carry information in atiming channd.

b) Timedotsthree and four shall?* be unused, and designated as spares.

¢) Theremaining time dots (5 through 24) in the T1 frame shall? be organized into five data
channels, each conssting of four contiguous T1 time dots.

d) The MDR will be configurable to use any one of the five data channels plus the timing
channd (dots1 and 2). The default datachannel shall?®® be channd 1 (dots5 - 8).

3.2.2.7.1.3.2 Timing Channd

The following describes the characterigtics of the Timing Channdl:
a) Timing shall®®” be conveyed in the timing channel using a 16-bit counter that increments by
onefor each T1 frame.
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Thefirst timing dot shall?®® contain the low-order least significant byte (LSB) of the counter
with the most sgnificant bit of the byte transmitted/received fird.

The second timing dot shall? contain the high-order most significant byte (MSB) of the
counter with the most significant bit of the byte transmitted/received fird.

Bit 1 (least significant bit) of each HDLC message octet shall?®® be the firgt bit trangmitted
over the Data Channd onthe T1 line. Note that due to HDLC zero-hit insertion, HDLC
message octets will not necessarily be digned on T1 time dot boundaries. In addition,
HDLC Frames will not necessarily begin transmisson or reception in the first bit of aT1
timedot.

The RIU Timing Channe counter shall?** be set to avalue of zero at each VDL Mode 3 6-
second epoch.

The MDR will loop-back to the RIU the information contained in the Timing Channd every
T1 frame. Thelooped back Timing Channel will be delayed in the MDR by a congtant
number of T1 frames, K, where 0 < K <5. The MDR Timing Channel loop-back will be
required by the RIU when measuring the round trip time delay through an unknown path
(e.g., Teco T1) between the RIU and the MDR.

The MDR will derive dl necessary VDL Mode 3 TDMA timing information using the
Timing Channd, T1 frame timing, and the MAC Timing Offset Correction messages
provided by the RIU. The MDR is responsible for incorporating the necessary corrections
to compensate for internd delays within the radio (e.g., processing delays, FIR filter delays,
modulation delays, demodulation delays).

In remote connections using asynchronous clocks, there exigts the possibility that the eagtic
storeswill repeat, or skip aframe, to accommodate clock dippage. Each MDR will be
responsible for detecting this error condition and reporting it to the RIU.

The RIU will estimate the propagation delay for each T1 port using the datain the timing
dots looped-back by the MDRs.

3.2.2.7.1.3.3 T1 DataChannels
The following describes the characterigtics of the Data Channdls:

a)
b)

d)

Each data channe will be dedicated to one HDLC link.

Each data.channel shall?*” be capable of carrying data, control, monitoring and status
information in the VDL Mode 3 and PCM Voice, control, monitoring and status informeation
inthe DSB-AM Mode.

Allocation of time dots to channds shall®® be fixed for dl T1 frames on agiven link (i.e,
for aslong as achannd isin use, it occupies the same time dot numbersin each T1 frame
that is generated).

The HDLC frame shall®®*® be transmitted starting in bit 1 of the appropriate T1 time-dot.
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3.227.14  T1Performance Monitoring

3.22.7.1.41 Severely Errored Second

The line will be consdered in a'severely errored second' if there are more than 100 ESF CRC-
6 falluresin a second.

3.2.2.7.1.4.2 Burg Failure

Six (6) consecutive severdly errored seconds will indicate aline failure.

3.2.2.7.1.4.3 Short Term Failure

A falurewill dso beindicated if there are more than ten (10) severely errored secondsin afive-
minute intervd.

3227144 LongTerm Failure

The system will declare afailureif 99.9675% of the seconds (> 28) are not error-free,
computed as a moving average over a 24 hour time period. This equatesto adaily average
BER of 10°.

3.2.2.7.2 Sysem Timing

Maintaining accurate timing across the MDR to RIU interface is critical to the successful
operation of VDL Mode 3. Timing information is required by the transmitter to properly
generate the bursts within the predefined transmission window. Timing information is needed by
the receiver to perform a synchronization search centered on the nomina burst position. The
leading edge of the framing bit shall** be the point-of-reference for system timing.

The RIU will be the source of system timing.

The framing bit of thefirst T1 frame of the ESF shall** coincide with the beginning of the VDL
Mode 3 6-second epoch within plus or minus 10 microseconds.

The RIU will implement any correctionsto the T1 clock and framing rate in such away that no
clock pulses are added or skipped and jitter requirements are met, so that synchronismis
maintained at the T1 ports.

Figure 3-83 shows the timing relationship between the VDL Mode 3 6-second epoch
boundary, the T1 frame timing, the TOA/TOT message timing reference and the firss MAC
cyclewithin an epoch. The start of the 6-second epoch shall**® coincide with the center of the
first synchronization D8PSK symbol in LBAC 1 of dot A in the even TDMA frame of the first
MAC cyclein the epoch, which is also —1260 D8PSK symboal periods rdative to the MAC
cycle”0” Timing Reference Point (TRP) as defined in the VDL Mode 3 RTCA DO-224a
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For Voice-Burst, Data-Burst and Management-Burst Messages, the Time of Transmission
(TOT) and Time of Arriva (TOA) filds shall**’ have a“0” reference point that corresponds to
the center of the first synchronization D8PSK symbol in LBAC 1 of dot A inthe even TDMA
frame of thefirs MAC cyclein the VDL Mode 3 epoch in which the burgt is transmitted or
recaeived. Note that the ramp-up interva of the burst begins 5.5 D8PSK symbol periods prior
to the time indicated by the TOA/TOT fidd. For the Sync Search Control Message, the Sync
Search Start (S_START) fidd shall®® define the earliest time within a VDL Mode 3 epoch
where the center of the firs D8PSK synchronization symbol in areceive burst may occur. For
the Sync Search Control Message, the Sync Search Stop (S_STOP) fidd shall?” definethe
latest time within aVDL Mode 3 epoch where the center of the first D8PSK synchronization
symbol in areceive burst may occur. The resolution of the TOA, TOT, S START and

S STOPfidds shall®*® be 1/16™ of a D8PSK symbol period and shall?”* have arange of 0to
1, 007,999 within a 6-second VDL Mode 3 epoch.
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|
i
0 (modulo 6 seconds)

Frame Bit
RIU Transmit Slot1 90
T1 Frame 0 0000000000000 $
‘*

Timing Channel = 0

Timing

ToATOT| _ 0 | 1] < 140319
0 5.95uS  11.9uS (TOA/TOT resolutionis1/ (16 * 10500))

LBAC1

SgA
Center of 1 Center of 1st
Sync symbol Sync symbol

M M
Burd Burst
T
-1260 D8PSK symbols 0=TRP
Even Frame (120 ms) Odd Frame (120 ms)
MACCyde (240 mg

Note Drawing not toscde

Figure 3-83. VDL Epoch, T1 and MAC Cycle Timing

3.2.3 Analog-type Interface (NA)
3.24 Discrete-type Interface (NA)

3.25

Interface Design Characteristics Table

Table 3-17, the Interface Design Characteristics table, provides areference to al messages that
traverse across the RIU-MDR Tranamitter and RIU-MDR Recelver interface.
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Table 3-17. Interface Design Characteristics

M essage Paragraph Sze Sour ce Destination HDLC
(Octets Frame
) Type
Test Command 3.226.21 4 RIU MDR Test
RIU Transmitter
MDR Receiver
Test Response 3.226.21 4 MDR RIU Test
Transmitter RIU
MDR Receiver
Voice-Burst 3.2.2.6.5.1.1 | Vaidde | RIU MDR Ul
MDR Receiver | Transmitter
RIU
Data-Burst 3.2.2.6.5.1.2 | Vaidde | RIU MDR Ul
MDR Receiver | Transmitter
RIU
Management-Burst | 3.2.2.6.5.1.3 | Vaiable | RIU MDR Ul
(All Management- MDR Receiver | Transmitter
Burst with the RIU
exception of 3T
Handoff-Check
Burst)
3T Handoff-Check | 3.2.2.6.5.1.3 12 RIU MDR Ul
Burst MDR Receiver | Transmitter
(Management- RIU
Burst)
Sync Search 3226514 6 RIU MDR Receiver Ul
Control
PCM Voice 3.2.265.15 | Vaiable | RIU MDR Ul
MDR Receiver | Transmitter
RIU
Radio Control 3.2.2.6.5.1.6 | Vaidde | RIU MDR ul
RIU Transmitter
MDR MDR Receiver
Transmitter RIU
MDR Receiver | RIU
Radio Monitoring 3.2.2.6.5.1.7 | Vaiade | RIU MDR ul
RIU Transmitter
MDR MDR Receiver
Transmitter RIU
MDR Receiver | RIU
RIU/MDR Status | 3.2.2.6.5.1.8 2 MDR RIU Ul
Transmitter RIU
MDR Receiver
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3.3  Physical Design Characteristics

The following subsections are used to define the physica characteristics of the MDR/RIU
Interface.

3.3.1 Electrical Power/Electronic Characteristics

3.3.1.1 Connectors

The T1 cables to the MDR transmitter and MDR receiver will connect via R}-48 connectors as
per the Code of Federa Regulations, Title 47, Section 68.502(€).

3.3.1.2 Wire/Cable
The T1 specifications require the use of ABAM-100 ohm ba anced cabling.

3.3.1.3 Electrical Power/Electronic Referencing (Grounding)
NA

3.3.1.4 Fasteners
NA

3.3.1.5 Electromagnetic Compatibility
NA
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4, QUALITY ASSURANCE PROVISIONS

41 General

The interface requirements imposed by section 3 of this ICD shdl be verified by use of the
verification methods specified in paragraph 4.4. Verification methods and levels shdl be applied
in accordance with Appendix F, Table F1, Veification Requirements Testability Matrix
(VRTM).

4.2  Responsbility for Verification

FAA management has the responghbility for developing and implementing the verification of
requirements for each project. FAA management may aso delegate verification activities to
other FAA organizations, independent contractors, and/or the prime project contractor.

4.3 Reser ved

4.4 Verification Levelsand M ethods

The following subparagraphs define the levels and methods of verification used in the Appendix
F, Table F-1, VRTM. Requirements not subject to forma verification at a particular phase are
marked with an “X” (Not Applicable) in Appendix F, Table F-1.

441 Verification Leves

The three levds of verification are: Subsystem, Integration, and Site. All requirements imposed
by section 3 of this ICD shdl be verified a one or more of the following three levels of
veification.

a) Subsystem Level Verification — This verification is usudly accomplished a the
contractor’ s facility and culminatesin the forma acceptance of a contractua end item.

b) Integration Level Verification — This verification is conducted a the FAA Technica
Center or key dte. It determines whether the hardware to be deployed at a site will perform
in a NAS environment in accordance with NAS system level operationd and functiona
requirements.

c) SiteLeve Verification — This verification is usudly performed at the designated ste. The
verification portion of the subsystem ingtalation and checkout emphasizes the demongtration
of the overdl system performance requirements. It includes the demongration of an end-
item, subsystem and/or system, the find acceptance demondration, and commissoning
activities.

4.4.2 Veification Methods

The four verification methods that can be used a any of the three verification levels are as
follows.
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I nspection — Ingpection is a method of verification to determine compliance without the use
of specid laboratory equipment, procedures, or services and conssts of non-destructive
datic-state examination of hardware, software, and/or technical data and documentation.
Test — Test isamethod of verification wherein performance is measured during or after the
controlled gpplication of functiond and/or environmenta stimuli. Quantitative measurements
are analyzed to determine the degree of compliance. The process uses standardized
laboratory equipment, procedures and/or services.

Demonstration — Demondration is amethod of verification where quditative determination
of properties is made for a configuration item, including software and/or the use of technicd
data and documentation. The items being verified are observed, but not quantitetively
measured, in adynamic Sate.

Analysis — Analyss is a method of verification where hardware or software designs are
compared with known scientific and technical principles, procedures, and practices to
estimate the capability of the proposed design to meet the misson and system requirements.
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5. PREPARATION FOR DELIVERY
NEXCOM equipment will be delivered in accordance with section F of the contract/SOW.
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6.0 NOTES

6.1 Noteson Information ltems

The contents of this Section are for informationa purposes only and are not a part of the
requirements of this specification. They are not contract requirements nor binding on either the
Government or the Contractor. In order for these terms to become a part of the resulting
contract, they must be specificaly incorporated in the schedule of the contract. Any rdiance
placed by the Contractor on the information in these Subsectionsiswhally at the Contractor's
own risk.

6.2 Applicable Definitions

6.2.1 VeryHigh Frequency (VHF)

In this document the term VHF gpplies specificaly to the frequency range 112.000 MHz —
137.000 MHz, the frequency range reserved for Aeronautical Mobile (Route) Service.
6.2.2 UltraHigh Frequency (UHF)

In this document the term UHF gpplies specificaly to the frequency range 225.000 MHz -
399.975 MHz frequency range, the frequency range reserved for military, navigation and
communications.

6.2.3 Mean Time Between Failures (MTBF)

A basic measure of reliability for non-repairable items: the tota number of life units of anitem
divided by the totd number of fallures within that population, during a particular measurement
interval under stated conditions.

6.24 Mean TimeTo Repair (MTTR)

A basic measure of maintainability: the sum of corrective maintenance times a any specific level
of repair, divided by the totd number of fallures within an item repaired a that leve, during a
particular interval under stated conditions.

6.2.5 Duty Cycle
The percentage of time that the tranamitter is keyed in proportion to total servicetime.

6.2.6 LineReplaceable Unit (LRU)

An item which may congst of a unit, an assembly (circuit card assembly, eectronic component
assembly, etc.), a subassembly, or a part, that is removed and replaced at the Site maintenance
level in order to restore the system/equipment to operationa status.

6.2.7 Co-channd Interference
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The power ratio of the wanted sgna level to the unwanted sgnd level at the specified voice
qudlity isthe co-channel interference protection in dB (postive vaue). The co-channd
interference protection for Mode 3 data /digitized voice isthe overd| capability of areceiver to
demodulate asignd properly (to achieve a defined BER performance) in the presence of an
unwanted modulated Sgnd at the same assigned frequency. The co-channd interference
protection for DSB-AM voiceisthe overd| capability of the recaiver to provide intdligible
voicein the presence of an unwanted modulated signd at the same assgned frequency. The co-
channd interference requirement has a magor impact on frequency re-use planning criteria.

6.2.8 Adjacent Channe Emissions

Adjacent channd emissions are interference sgnas resulting from modulated RF sgna power
tranamitted that are outsde of the assigned channd. Adjacent channel emissonsinclude
discrete frequency spurious sgnals, and noise like sgnds (including phase noise) a the
trangmitter output.

6.2.9 Bit Error Rate

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

6.2.10 Initialization

Initidization (also cold start) occurs when () the receiver or transmitter isfirst turned on when
delivered from the factory, an (b) when the initidization function is activated. A result of the
initidization function isthat dl control parameters return to their default vaues.

6.2.11 Restoral

Restorad (also warm start) occurs when the power is returned to the receiver or tranamitter
under al conditions other than initidization. Asaresult of restord function dl configuration
parameters are automatically restored to the values that were in effect in the operationd State
before the restord stimulus occurs.

6.2.12 ABAM

ABAM refersto a certain congruction of cable, which is plastic-insulated cable (PIC)
waterproof, pulp air core or PIC riser, with polyethylene or poly vinyl chloride (PVC)
conductor insulation, 22 American Wire Gauge (AWG) with an duminum/vinyl jacket. Other
letter designators indicate other components and characteristics. ABAM is most often used for
T1 data connections by long-haul data companies, regiona bell operating companies (RBOCs)
and common carriers.
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APPENDIX A

List of Acronyms

The following acronyms and abbreviations apply to the terms used in this ICD:

Acronym Definition

ns microseconds

AD Address

AGC Automeatic Gain Control

AM Amplitude Modulation

ANSI American Nationd Standards Indtitute
ATC Air Traffic Control

B8ZS Bipolar 8-Zero Subgtitution

BER Bit Error Rate

CMIP Common Management Information Protocol
CN Control

codec Coder/Decoder

CRC Cydlic Redundancy Check

CTYPE Control/Monitoring Type

DACS Digital Access Cross-Connect Switch
D8PSK Differentid 8 Phase Shift Key

dB Decibd

dBm Power leve in decibds rdative to ImilliWatt
DF R-S Coded Data

DH Data Header

DSB Double Sdeband

EOM End of Message

ER Error indication on Reply

ESF Extended Super Frame

F Flag

FAA Federd Aviaion Adminigtration

FCC Federd Communications Commission
FCS Frame Check Sequence

FEC Forward Error Correction

GEC Golay Error Count

GNI Ground Network Interface

GSC Ground Station Code

HDLC High-Level Data Link Control

ICAO Internationd Civil Aviaion Organization
ICD Interface Control Document

I Information
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Acronym
ID

1SO
ITU-T

JRC
kHz
LBAC
LDRCR
LEN
LRU
Lsb
LSB
MAC
MASPS
MDR
MDT
MHz
M/S

ms

msb
MSB
MSG
MUX
nmi
NEXCOM
osl
PCM
PID
PLL
PTT

PV
PWR
RCE
RCF
RF

RIU
RMM
RR

R-S
RMMC
RX or Rx
SARPS

NAS-1C-41033502
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Definition
Identification
Internationa Organization for Standardization
Internationa Telecommunications Union
Teecommunication Standardization Sector
Joint Resource Council
kilo Hertz
Logicd Burst Access Channel
Low Dengty Radio Communications Link
Length (of Segment)
Line Replaceable Unit
least Sgnificant bit
Least Sgnificant Byte
Media Access Control
Minimum Aviation Sysem Performance Standards
Multimode Digitd Radio
Maintenance Data Termind
Mega Hertz
Main/Standby
milliseconds
mogt significant bit
Most Significant Byte
Message
Multiplexer
Nauticd Mile
Next-Generation Air/Ground Communicetions
Open Systems Interconnection
Pulse Coded Modulation
Protocol Identifier
Phase-L ocked Loop
Push To Tak
PCM Voice
Power
Radio Control Equipment
Radio Control Facility
Radio Frequency
Radio Interface Unit
Remote Maintenance and Monitoring
Request/Reply
Reed-Solomon
Remote Maintenance Monitoring and Control
Receiver
Standards and Recommended Practices
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Acronym
SC

SID
SINAD
SN

SRD
SOwW
STYPE
TBD
TDM
TDMA
TOA
TOT
T/R or TX/RX
TRP
TSC

TX or Tx
ul

V/D
VDL

VF
VESN
VH

VHF
VRTM
VSWR
W
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Definition
Segment Count
Sot Identifier
Signa-to-Noise and Digtortion
Sequence Number
System Requirements Document
Statement Of Work
Synchronization Header Type
To Be Determined
Time Divison Multiplexed
Time Divison Multiple Access
Time of Arrivd
Time of Transmisson
Trangamitter/Receiver
Timing Reference Point
Tota Segment Count
Trangamitter
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APPENDIX B

T1, GPSand MAC Timing
for the VDL Mode 3 Ground Radio System

Figure B-1 shows the timing relationship between GPS time, the T1 frame timing and 1.544
MHz dock, the T1 Timing Channd (first two time dots), the Time of Arriva (TOA) /Time of
Transmisson (TOT) reference counter in the MDR, and the MAC burgt timing.

In the example shown in Figure B-1, the 6-second VDL Mode 3 epoch N begins coincident
with the active edge of the GPS 1 Pulse Per Second (PPS) signal as the GPS seconds counter
counts from 5 to 6. Whenever the GPS time of day seconds value becomes 0 modulo 6 at the
RIU, the active edge of the associated GPS 1 PPS signd is digned with the leading edge of the
transmit T1 framing pulse in the RIU plus or minus 10 microseconds (17s).

The TOA/TOT reference counter is clocked a 168 kHz (16 x 10,500) and counts modulo
1,008,000 (one 6-second VDL Mode 3 epoch). The MDR relies on the TOA/TOT reference
counter to provide an accurate timing reference for VDL Mode 3 burst
modulation/demodulation. Thefirs two time dotsin the T1 transmit frame on the RIU-to-MDR
link, dong with the T1 framing reference and the Timing Offset Correction vaue provided by
the RIU are dl used to convey the MAC timing reference to the MDR. Thefirs two T1 time
dotsare cdled the “Timing Channd” and consst of a 16-bit binary counter that isreset to O at
the start of each VDL Mode 3 6-second epoch, and counts up by one on the leading edge of
eech Tl framepulse. T1timedot 1 cariesthe 8 least Sgnificant bits of the 16-bit Timing
Channd word, with the most sgnificant bit of the byte transmitted first. Likewise, T1timedot 2
cariesthe 8 mog sgnificant bits of the 16-bit Timing Channd word, with the least Sgnificant bit
of the byte tranamitted last. Inthe MDR, the TOA/TOT reference counter is reset to zero on
the leading edge of the receive T1 framing pulse that precedes the Timing Channd vaue of
0000. In the example shown in Figure B-1, the Timing Channel word is shown at the end of
VDL Mode 3 epoch N-1 (Timing Channdl word = 47,999) and one T1 frame later at the start
of VDL Mode 3 epoch N (Timing Channel word = 0).

Figure B-1 dso shows the timing of a downlink M-burst for an aircraft co-located with the
ground receiver (range = 0, Timing Offset Correction = 0). In this case, the center of the 1%
D8PSK sync symboal is aligned with the start of 6-second epoch N. For a non-co-located
aircraft, the value of the TOA/TOT reference counter that coincides with the center of the 1%
D8PSK sync symbal received (referenced to the antenna port) is non-zero and represents the
“Time of Reception” within a 6-second VDL Mode 3 epoch in the MDR receiver.

The Primary Timing Respongbilities of the RIU include the following:

a) Generatetheleading edge of the T1 framing pulse such that, on one second time
boundaries, it coincides with the active edge of the GPS 1 PPS sgnd (within + 10 nrs),
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b)
c)

d)
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Generate tranamit Timing Channd detaiin the firgt two T1 time dots, with the Timing
Channd 16-bit word reset to O at the start of each VDL Mode 3 6-second epoch,
Measure the round trip delay on the looped-back T1 Timing Channel from an MDR and
issue Timing Channd Correction messages to MDR(s), and

Monitor the receive T1 framing pulse and Timing Channd from the MDR for T1 timing
anomadlies (e.g., T1 frameinsertion / deletion or interval between T1 frame pulses not 125
ns).
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The RIU may caculate the round trip delay to the MDR by measuring the time interva between
an RIU T1 transmit frame pulse associated with RIU transmit Timing Channd N, and the RIU
T1 receive frame pulse associated with RIU recelve Timing Channel N-K, where K isthe
number of T1 frames delayed in the MDR Timing Channd loopback. Thisisillustrated in the
example shown in Figures B-2a and B-2b, for K = 1. In this example, the distance between the
RIU and the MDR is four nautical miles, resulting in a one-way propagation delay of
approximately 25 nsover the Tl line. In Figure B-2a, the MDR has its Timing Offset
Correction st to O, which resultsin a+25 ns error in the MDR TOA/TQOT reference counter.
This example presumes that the RIU makes around trip Timing Channd measurement and
sends a Timing Offset Correction message back to the MDR with a correction value of 25 ns.
Figure B-2b shows the corrected TOA/TOT reference counter timing at the start of the next
VDL Mode 3 6-second epoch. It should be clear from this example that the T1 propagation
path between the RIU and the MDR should be symmetricd, i.e. the propagation delay on the
RIU-to-MDR T1 link should be the same as the propageation delay on the MDR-to-RIU T1
link.

If an RIU is controlling multiple MDRs, only one MDR can report back on the Timing Channd,
and the RIU can only measure the precise delay to that MDR. In cases where the multiple
MDRs are not co-located, the distance between the T1 multiplexer equipment and each MDR
should be established a inddlation time. The RIU will then adjust the Timing Offset Correction
vauesindividualy for eech MDR a run time.

The Primary Timing Responghilities of the MDR include the following:

a) Generaealocd TOA/TOT reference counter from information provided by the receive T1
clock and framing signds, the recaive Timing Channd word and the Timing Offsst
Correction value provided by the RIU.

b) Loop back thereceived T1 clock and framing pulse on the Transmit T1 link back to the
RIU.

¢) Loop back the received Timing Channe word from the RIU and tranamit to the RIU with a
constant delay of K T1 frames (K * 125 s), 0 < K <5.

d) Monitor therecaive T1 framing pulse and Timing Channd & detect T1 timing anomdies.
When timing anomdies are detected on the T1 line from the RIU, disconnect the MDR from
the antenna port or insert attenuation until system timing with the RIU isre-established. This
should be done to protect the front end of MDR receivers that may be co-located with
MDR transmitters.

Note that the looped back T1 transmit timing in the MDR is not subjected to the Timing Offset

Correction provided by the RIU. The Timing Offset Correction only gpplies to the generation
of the local TOA/TOT reference counte.
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APPENDIX C

NEXCOM VDL DSB-AM PCM Message Timing

Cl I ntroduction.

This gppendix discusses some of the timing problems associated with sending DSB-AM PCM
voice packets between the RIU and the MDR and offers a candidate solution. It isassumed
that the packet timing in both the MDR and the RIU is derived from a 5ppm or better clock
source. It isaso assumed that the PCM coder/decoder (codec) residesin the RIU.

C.2 PCM Background.

PCM data packets will be sent over the HDLC data link using four T1 time dots, with a
throughput rate of 256 kbps. 1t will be necessary to occasionaly send other HDLC packets
(status, control, monitoring) during PCM voice transmissons. Itislikely that the DSP or control
microprocessor in the RIU/MDR will incur some variable delay (due to multitasking, interrupt
latency, other HDLC message transmission, €etc.) asit prepares each segment of speech for
transmission/reception over the T1 link. Therefore, the timing between successve PCM packet
tranamissons could vary Sgnificantly.

C.3 PCM Timing

In order to insure that voice underflow does not occur, the recipient processor (MDR
trangmitter for uplink voice, RIU for downlink voice) will be required to initialy buffer more than
one PCM message at the start of a voice message, before usng the voice bitsin the firss PCM
message. To avoid problems associated with processing partiad HDLC messages (i.e.
processing a partial PCM message before the entire PCM HDL C message has been received),
we will buffer an integrd multiple (2 or more) of complete PCM messages.

Figure C-1 shows atheoretical worst case timing scenario for an uplink DSB-AM voice
transmission. In thisexample, the first two PCM messages incur no processing delay in either
the RIU (Try = 0) or the MDR (Typr =0). The MDR begins modulating the PCM voice
2* Ty + Tt Seconds efter the beginning of the firgt voice frame, which would result in a
minimum voice delay in the ground link.

In our worst case example, the third PCM message incurs the maximum delay of:
Triu + Tr1 + Tvor

When the MDR transmitter begins modulating DSB-AM voice, it has enough data buffered to
send voice for 2* Ty seconds. But the RIU must wait Ty ¢ — T11 seconds for arriva of the third
complete PCM voice frame before it can be sent to the MDR transmitter. Allowing Tprier
seconds to account for cumulative clock drift in the RIU and MDR, the following equations can
be used to establish the minimum duration of aPCM voice frame (Tyg):
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Tve=Tri+ Tru+ Tra+ Tupr + Torirr £ 25 Tur (equation 1)
which reduces to,
Triu+ Tvor + Torirr £ Tvr (equation 2)

PCM Encoder Output | Tve 1 | Tvr2 | Tvrk' 3

Tvel T1 trangmission T11
Tvr2 T1 trangmission T1q

B <2* Tvp— P
MDR voice modulation

0

TRIU! Tn !TMDR!TDRIFT

Tve = Duration of aPCM voice frame

Triu = Timeit takes RIU to process one PCM encoder frame and to format and send
one maximum length non-PCM message over the RIU-MDR T1 link.

T+, = Timeto send Tyr length PCM voice message over the RIU-MDR T1 link

Twpr = Time it takes MDR to process Ty length PCM message from RIU-MDR T1

link

Torier = Cumulative clock drift dlowed before voice under flow occurs

FigureC-1. Worst Case PCM Packet Timing for Uplink Transmission

If we alow for cumulative clock drift (@ 10 ppm) for a maximum contiguous voice transmission
of three minutes, then Tprirr = 1.8 milliseconds (ms). (Note: With a 2 ppm reference in both
the RIU and the MDR, the maximum contiguous voice tranamission is 7.5 minutes if Tprier =
1.8ms). Tryy representsthetota CPU processing time to format al HDLC messages and
includes the T1 transmission time of asingle, maximum length non-PCM message (N1 = 512).
In our example, the Tryy Sarting reference point is the point in time when the third complete
PCM voice frame is available from the PCM encoder inthe RIU. If we dlow for asingle
maximum length non-PCM message to be sent (512 I-frame bits), the T1 transmission time of
that non-PCM message would take approximately 2.2 ms. If we then alow equa CPU
processing time of 5.5msin both the RIU and MDR, we ariveat Triy = 7.7msand Typr =
5.5ms. We can now solve for the minimum Tye:

Tve min. =7.7ms+ 55ms + 1.8ms = 15ms.

With the PCM codec in the RIU, the maximum ground voice delay would be:
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2*Tye + Triw + Tr2 + Tuor + Torier (equation 3)

where T, isthe time required to send a 15ms PCM packet (7.9ms). With the above
parameters, the maximum ground voice delay (due to both the MDR and the RIU) would
be 52.9 ms.

A gmilar Stuation exigts for downlink voice, where the receive MDR would packetize 15ms
intervals of PCM audio and forward them to the RIU. If the PCM decoder hardware resdesin
the RIU, the RIU would be required to buffer two complete PCM messages before beginning
output to the PCM decoder.

If the GNI PCM codec hardware were to be used, then the RIU would forward each PCM
packet from the MDR to the GNI with minimum delay. The GNI processor would then be
required to buffer two complete PCM messages before beginning to output the downlink voice
to the PCM decoder. Inthiscase, Tyr would probably need to be increased by an additiond
amount of time to account for worst case timing variationsin the GNI processor and ground
communicatiionslink. Inaddition, Torrr Mmay aso have to be increased, depending on the
gability of the PCM clock in the GNII.

In the DSB-AM configuration, the maximum HDLC I-fiedld must be larger for the PCM
message than for al other HDLC messages in order to ensure timely ddlivery of red time PCM
data

C4 MDR PCM Specifications
The following sections summarize the PCM requirement for the MDR.

C.4.1 DSB-AM PCM Voice Reception

a) Thereceive MDR will convert demodulated DSB-AM audio to linear Pulse Code
Modulation (PCM) at a sampling rate of 8,000 16-bit PCM samples per second and send
PCM messagesto the RIU over the T1 link.

b) PCM voice messages sent from the receive MDR to the RIU will have highest priority.

c) With the exception of the last PCM voice packet in avoice reception, al PCM voice
packets sent to the RIU will contain the same number of 16-bit PCM samples, Npcw,
where: 120 £ Npcy £ 200.

d) Thelast PCM voice packet in avoice reception sent to the RIU will contain less than or
equal to Npcy PCM samples.

e) ForN=1andN = 2, therecelve MDR will complete transmisson of the HDLC end
FLAG for the Nth PCM message in adownlink DSB-AM voice reception no later than
0.0075 + [(N + 1) * Tyg] seconds after squelch break, where:

N = PCM message number since squelch break; N =1,2,3...
Tve = K / 8,000 seconds, and
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K = number of PCM samplesin the Nth PCM message (LEN field / 16).

f) For N> 2, thereceive MDR will complete transmisson of the HDLC end FLAG for the
Nth PCM message in adownlink DSB-AM voice reception no later than 0.0075 + [(N -
2) * Tye] seconds after the HDL C end Flag for the 2™ PCM message (N = 2) has been
transmitted over the T1 link, where:

N = PCM message number since squelch break; N = 34,5...
Tve = K /8,000 seconds, and
K = number of PCM samplesin the Nth PCM message (LEN field / 16).

g InDSB-AM, the N1 parameter for non-PCM messages will not exceed 512 hits.
h) 1n DSB-AM, the N1 parameter for PCM messages will be less than or equal to 3,264 hits.

The minimum PCM frame sizeis 15 ms (120 PCM samples) in order to provide the MDR and
RIU severd msto process each PCM voice frame. The maximum PCM frame szeis 25 ms
(200 PCM samples), which limits the maximum end-to-end DSB-AM delay to less than 250
ms.

The equetion in bullet €) limits the delay from squelch bresk to the completion of the first two
PCM message transmissions to the RIU. With Npcy = 200, the maximum downlink voice
delay in the receive MDR is 92.5 ms, which includes 10 ms for squelch break detection. The
equation in bullet f: ensuresthat PCM sampleswill arrive a the RIU at least 7.5 ms prior to
when they are required at the audio output. Paragraph bullet g) limits T2 line blockage due to
non-PCM messagesto 2.2 ms. Paragraph bullet h) limits the maximum PCM message frame
gzeto 25 ms.

Figures C-2a and C-2b show an example of downlink PCM voice timing, with PCM frame size
setto 15 ms. Figure 1a shows the timing when the 1% and 2™ PCM messages are sent late and
Figure 1b shows the timing when the 1% and 2™ PCM message are sent as early as possible. In
both cases, voice is output in the RIU as soon as the 2™ PCM packet is received, and the 3¢
and 4™ PCM messages arrive at the RIU at least 7.5ms prior to when the first samplein the
messageis required at the audio output. If the PCM frame Sze isincreased to the maximum
(25 ms), PCM messages will be guaranteed to arrive at the RIU &t least 17.5 ms prior to when
the first sample in the message is required at the audio outpuit.
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Figure C-2b. Downlink PCM Timing (FR 1& 2 early arrival)
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C.4.2 DSB-AM PCM Voice Transmission

a)

b)

d)

The transmit MDR will perform DSB-AM modulation on the linear Pulse Code Modulation
(PCM) sample stream provided by the RIU at a sampling rate of 8,000 16-bit PCM
samples per second.

At the gart of anew uplink PCM voice transmission that requires more than one PCM
message (EOM fidd = 0 in firsdt PCM message), the transmit MDR will begin DSB-AM
voice modulation between 0 and 9 ms after the receipt of the second complete PCM
message in the voice transmisson from the RIU.

If the entire voice transmission requires less than two PCM messages (EOM fidd = 1 in first
PCM message), the MDR will begin DSB-AM voice modulation no later than 9 ms after
the receipt of the PCM message HDLC end FLAG from the RIU.

After an uplink PCM DSB-AM uplink voice transmission has begun, the MDR will
continuoudy modulate DSB-AM voice, while the HDLC end FLAG for each PCM
message is received from the RIU at least 7.5 ms prior to the time when the first PCM
sample in the PCM message is required to be modul ated.

Bullets b) & ) limit the transmit MDR PCM voice delay to amaximum of 9 ms. Bullet d)
requires the MDR to continuously modulate DSB-AM PCM voice as long as PCM messages
are received from the RIU at least 7.5 ms prior to when the 1% sample in the message is
required to be modulated (PCM frame size 15 ms). If the PCM frame size isincreased to the
maximum (25 ms), PCM messages will be guaranteed to arrive a the transmit MDR &t least
17.5 ms prior to when the first sample in the message is required to be modulated.

C5

RIU PCM Specifications

C.5.1 DSB-AM PCM Voice Reception

a)

b)

d)

The RIU will convert the linear Pulse Code Modulation (PCM) sample stream provided by
the receive MDR at a sampling rate of 8,000 16-bit PCM samples per second to analog
audio.

At the gtart of anew downlink PCM voice reception that requires more than one PCM
message (EOM field = 0 in first PCM message), the RIU will begin outputting DSB-AM
anaog audio between 0 and 9 ms after the receipt of the second complete PCM messageiin
the voice reception from the MDR.

If the entire DSB-AM voice reception requires less than two PCM messages (EOM field =
1infirg PCM message), the RIU will begin outputting anaog audio no later than 9 ms after
the receipt of the PCM message HDLC end FLAG from the MDR.
After adownlink DSB-AM PCM voice reception has begun, the RIU will output
continuous audio, while the HDLC end FLAG for each PCM message is received from the
MDR at least 7.5 ms prior to the time when voice associated with the firss PCM samplein
the PCM message appears at the audio output.
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Bullets b) & ) limit the RIU receive voice ddlay to amaximum of 9 ms. Bullet d) requires the
RIU to continuoudy output PCM samples aslong as PCM messages are received from the
MDR at least 7.5 ms prior to when the 1% sample in the message is required at the audio output
(for 15 ms PCM frames). If the PCM frame sizeis increased to the maximum (25 ms), PCM
messages will be guaranteed to arrive a the RIU at least 17.5 ms prior to when the first sample
in the messageis required a the audio output.

C.5.2 DSB-AM PCM Voice Transmission

a) TheRIU will convert andog audio from the RCE to linear Pulse Code Modulation (PCM)
format at a sampling rate of 8,000 16-bit PCM samples per second and send PCM
messages to the tranamit MDR over the T1 link.

b) PCM voice messages sent from the RIU to the transmit MDR will have highest priority.

c) With the exception of the last PCM voice packet in avoice transmisson, dl PCM voice
packets sent to the transmit MDR will contain the same number of 16-bit PCM samples,
Npcm, Where: 120 £ Npcy £ 200.

d) Thelast PCM voice packet in avoice transmission sent to the transmit MDR will contain
less than or equa to Npcy PCM samples,

€) ForN=1andN =2, the RIU will complete transmission of the HDLC end FLAG for the
Nth PCM message in an uplink DSB-AM voice reception no later than
0.0042 + [(N + 1) * Tyg] seconds after the Push-To-Talk signa goes active, where:

N = PCM message number snce PTT, N =1,23...
Tve = K /8,000 seconds, and
K = number of PCM samplesin the Nth PCM message (LEN field / 16).

f) For N>2, the RIU will complete transmission of the HDLC end FLAG for the Nth PCM
message in an uplink DSB-AM voice reception no later than 0.0075 + [(N - 2) * Tyg]
seconds after the HDLC end Flag for the 2™ PCM message (N = 2) has been transmitted
over the T1 link, where:

N = PCM message number snce PTT, N =34,5...
Tve = K / 8,000 seconds, and
K = number of PCM samplesin the Nth PCM message (LEN field / 16).

g InDSB-AM, the N1 parameter for non-PCM messages will not exceed 512 bits.
h) InDSB-AM, the N1 parameter for PCM messages will be less than or equal to 3,264 hits.

The minimum PCM frame sizeis 15 msin order to provide the MDR and RIU severd

milliseconds to process each PCM voice frame. The maximum PCM frame sizeis 25 msto
limit the maximum end-to-end DSB-AM délay to less than 250 ms.
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The equation in bullet €) limits the delay from Push-To-Tak to the completion of the first two
PCM message transmissions to the MDR. With Npcy = 200, the maximum uplink PCM voice
dday inthe RIU is 79.2 ms. The equation in bullet f) ensures that PCM samples will arrive at
the MDR at least 7.5 ms prior to when they are required to be modulated. Bullet g) limits T1
line blockage due to non-PCM messagesto 2.2 ms. Bullet h) limits the maximum PCM
message frame szeto 25 ms.

Figures C-3a and C-3b show an example of uplink PCM voice timing, with PCM frame size set
to 15 ms. Figure C-3ashows the timing when the 1% and 2™ PCM messages are sent late and
Figure C-3b shows the timing when the 1% and 2™ PCM message are sent as early as possible.
In both cases, voice modulation beginsin the MDR as soon as the 2" PCM packet is received,
and the 3% and 4™ PCM messages arrive at the MDR a least 7.5 ms prior to when the first
samplein the message is required by the MDR modulator.
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Figure C-3b. Uplink PCM Timing (FR 1& 2 early arrival)
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APPENDIX D

RIU/MDR HDL C Message Timing

Cl Downlink Receive Voice Timing

In VDL Mode 3 each Timing State 1 (TS1) and Timing State 3 (TS3) voice burst contains a
24-hit Golay coded header word and six 96-bit vocoder frames of data, where each 96-bit
vocoder frame represents 20 milliseconds (ms) of speech. To minimize voice delay, the firgt
vocoder frame received must be sent from the MDR to the RIU as soon as it is demodul ated.
Some processing time must be alotted both in the MDR and the RIU to format/decode HDLC
voice messages and to account for CPU latency. There could dso be line blockage onthe T1
line (The MDR may have to wait for amaximum length HDL C message to complete
transmission before sending the Voice Burst message to the RIU). Variaionsin message
processing delay from time-dot to time-dot must dso be accounted for.

Once a VDL Mode 3 voice reception begins, the RIU vocoder data buffer must not underflow.
Since the time it takes to process a vocoder frame in both the MDR and the RIU may vary from
time-dot to time-dat, there will have to be arequirement in the RIU to delay outputting data to
the vocoder at the start of areceived voice message. Therequired RIU delay is.

A e
8&+ 55.52

RIU Vocoder Delay = elfoWﬂ’L Torr + Tre + Tup+0.00394 seconds,

where:
the RIU Vocoder Delay is the time offset measured from the sart of the 6-second VDL
Mode 3 epoch in which the burst was received,

TOA isthe Time of Arriva within the VDL Mode 3 epoch,

Torr iSthe Timing Offset correction value provided to the MDR by the RIU (represents the
T1 path delay between the RIU and the MDR),

Trpe isthe maximum RIU processing time (Trp < 6 ms) and
Twp isthe maximum MDR receiver processng time (Typ < 8 ms).

Tre and Typ Will be specified by the RIU and MDR receiver manufacturers with maximum
values not to exceed 6 ms and 8 ms, respectively.
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In the example shown in Figure D-1, the initid RIU Vocoder Delay is 17.89 ms and includes
Twp =8 ms (maximum) for MDR processing, 2.59 msfor T1 line blockage (N1 parameter =
512, maximum length message with worst case HDLC zero insertion), 0.84 msto transmit the
Voice Burst HDLC message over the T1, Trp = 6 ms (maximum) for RIU processing and 456
microseconds (ns) to cover clock drift and timing drift due to moving arcraft for amessage
transmisson that lasts severa minutes.

Note that this RIU delay requirement only gppliesto the first VVoice Burs HDLC messagein the
VDL Mode 3 voice reception.

D.2 MDR Receiver Voice Timing Requirements:

For the first vocoder framein aVDL Mode 3 received burst (VFSN = 1), the Voice Burst
HDL C message will have the LEN field set to 96, i.e., the first demodulated vocoder frameis
not grouped with any other vocoder frames. This requirement is necessary to minimize voice
delay.

For VFSN = 1, the MDR receiver will complete transmission of the Voice-Burst message
HDLC end FLAG no later than time:

FOA, 5559

e 16 %+ Twr + 0.00343 seconds,
10,500

Trxvi =

where:
Trxv1 IS the time offset measured from the start of the 6-second VDL Mode 3 epochin
which the burst was received,

TOA isthe Time of Arrival as specified in the Voice-Burst message header and.
Twp ISthe maximum MDR receiver processng time (Typ < 8 ms).

The 0.00343 second congtant in the above equation consists of gpproximately 2.59 msfor T1
line blockage and 0.84 nsto transmit the Voice Burst HDLC message over the T1 link. Note
that the MDR is dso required to complete Golay decoding of the Voice Header within the
Specified time.

The MDR receiver must be capable of continuous demodulation of voicein dl time dots.
Therefore, even though the data from vocoder frames 2-6 may not be needed until much later,
the MDR must complete demodulation of the entire voice burst and finish transmission of dl
related Voice-Burst messagesto the RIU in less than 30 msfor 4-dot configurations (40 msfor
3-dot configurations).
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The MDR receiver will send the vocoder frames to the RIU in the order in which they are
demodul ated.

The MDR receiver will complete transmission of the HDLC end FLAG for the Voice-Burst
message that contains vocoder frame 6 no later than time:

FOA, 5559

e 16 2.+ Tdot seconds,
10,500

Trxvae =
where:
Trxv2-6 ISthe time offset measured from the start of the MAC cycle specified by the
MAC_CYCL fidd in the VVoice-Burst message header,

TOA isthe Time of Arriva as specified in the Voice-Burst message header, and

Tdot = 0.030 for 4-dot configurations and 0.040 for 3-dot configurations.

D.2.1 MDR Receiver M-burgt and Data-Burst Timing Requirements

In VDL Mode 3 3-dot configurations, the MDR receiver will complete transmission of the M-
Burst message HDLC end FLAG no later than 40 ms (one time dot) after the Time of Arriva
(TOA) as specified in the Management-Burst message headey.

In VDL Mode 3 4-dot configurations, the MDR receiver will complete transmission of the M-
Burst message HDLC end FLAG no later than 30 ms (one time dot) after the Time of Arriva
(TOA) as specified in the Management-Burst message header.

This guarantees prompt delivery of downlink M Acknowledge messages to the RIU and dso
ensures that the last downlink M-Burst inaMAC cycle will be available to the RIU before the
end of the firg time dot in the following MAC cycle. The end of the MAC cycleiswherethe
RIU will typicaly begin building uplink M-Burst messages for the following MAC cyde.

Data-Burst messages will be sent to the RIU in the order in which they are demodulated.

In VDL Mode 3 3-dot configurations, the MDR receiver will complete transmission of the
Daa-Burst message HDLC end FLAG for the last Data-Burst message segment in a Data burst
no later than 40 ms (one time dot) after the Time of Arriva (TOA) as specified in the Data
Burst message header.

In VDL Mode 3 4-dot configurations, the MDR receiver will complete transmisson of the
Data-Burst message HDL C end FLAG for the last Data-Burst message segment in a Data burst
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no later than 30 ms (one time dot) after the Time of Arriva (TOA) as specified in the Data
Burst message header.

For Data-Burst messages the MDR must complete demodulation and transmission of all

message segments to the RIU within onetime dot. However, thereis no drict red time
requirement on the timing of the first Data-Burst message segment.
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Time Slot A Time SotB
sync & header [24]| Voice| Voice| Voice | Voice [ Voice | Voice sync & header [24]| Voice| Voice
FR1 [FR2 | FR3 | FR4 | FR5 | FR6 FR1 |FR2
[32] |[32] [32] [[32] |[32] | [32] /// / [32] |[32]
> 30 ms g
56.5 symbols — Tmp Tb Tv Tmp Tb Tv
(6.29ms) (2.59mg) | (1.6ms) | (4.30ms] (2.59ms)| (1.2mg
A
Sot A vocoder frames 2,3,4 HDLC END flag
¢——— 11.43ms ——p Slot A vocoder frames 5,6
Tmp Tb Tv Tmarg Toff Trp
(8ms) (2.59m9) | (0.84ms) (0.456ms)] (Oms) (6ms)
A
< 17.89msg p
HDLC END flag
Slot A voocoder frame 1
Legend
TOA  Voice Burst Time of Arrival, middle of first sync symbol 4 20ms

Tmp MDR Processing Time
Tb T1 line blockage (max I-field=512 bits)

vocoder FR 1 playback at RIU

Tv T1timeto transmit Voice-Burst message

Tmarg Timing margin & aircraft drift over long voice message

Toff  Timing Offset correction sent from RIU to MDR (T1 path dd ay)
Trp RIU Timeto processone Voice-Burs HDLC frame

notes: 1. numbersin [] bracketsarein units of D8PSK symbad periods.
2. ms = milliseconds
3. Drawing not to scale

FigureDD-1. MDR-RIU Receive Voice Timing
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D.3 Downlink Voice Underflow Problem Example

For the 1st MAC voice burst in adownlink transmission, both the MDR RX and RIU take O
ms to process (0 ms not probable, but could be close to 0 if MDRS/RIUs are very efficient). In
addition, no line blockage occurs on the T1.

For the 2™ downlink voice burst (120 ms later), both the MDR RX and RIU Processors take
the maximum (14 mstota), T1 transmission takes 844 s, and T1 line blockage occurs (2.59
ms) for atota delay of 17.43 ms. (max delays could be due to Interrupt, OS latency, €tc).

Problem:

If the RIU begins outputting the 1% vocoder frame in the first burst as soon asit is received,
wewill end up underflowing voice when the 2™ MAC voice burst message arrives more
than 17 mslate.

Possible Solution:

The RIU delays sending output to the vocoder/GNI for Typ ms (maximum MDR receiver
processing time as specified by manufacture) + TRP (maximum RIU processing time as
specified by manufacture) + 3.43 ms plus an additiona 55.5 symbol periods after the TOA
indicated by the 1% voice burst in adownlink transmission (plus the Timing Offset correction
which is equivaent to the T1 path delay). Subsequent voice packetsincur no forced delay
inthe RIU, the datais smply buffered. Thisdoes't add to the current timing budgets
(except for afew hundred microseconds to account for aircraft movement), it just forcesthe
maximum delay condition dl thetime. An RIU SSS requirement is needed for this.

Note 1. There are 55.5 symbols from the middle of sync symbol 1 (TOA) to the end of
vocoder frame 1.

Note 2: A few hundred extra microseconds are added to account for timing drift of a
fagt arcraft over amaximum length transmission and to account for T1 link timing
vaiations.

D4 VDL Mode 3 Uplink Voice, Data and M anagement Burst M essage Timing

Figure D-2 shows the theoretica minimum uplink VDL Mode 3 voice delay. For the ATC-
10B vocoder agorithm, the encoder delay is equal to three 20 millisecond vocoder frames, or
60 ms. Inthewors case Stuation, only one 20 msframe of voiceis avalable at the time the
uplink voice burgt istransmitted. Thus, the Sngle vocoder frame is transmitted in vocoder frame
6 near the end of the burst and a*silence pattern” is transmitted in the first five vocoder frames.
To minimize delay, the vocoder encoder ddlivers the first vocoder frame a the ingtant in time
when vocoder frame 6 begins modulation in the ground radio. The first vocoder frame
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transmission is completed (60 ms— 12.2 ms) = 47.8 msafter PTT goes active. Assuming an
arcraft at O-range instantaneoudy demodulates the first vocoder frame and outputs it to the
vocoder, the airborne ATC-10B vocoder incurs a decoder delay of 20 ms. An additional
pipeine dday of 100 msresults from the “slence’ pattern ddivered in the first five vocoder
frames. Thusthe theoreticd minimum uplink voice dday in VDL Mode 3 is

60.0 ms ATC-10B encoder delay
-12.2ms Time between end of FR1 modulation and start of FR 6
+20.0 ms ATC-10B decoder delay
+100.0 ms Vocoder frames 1-5 (silence pattern)

167.8 ms Theoretical minimum VDL Mode 3 Uplink voice delay

The above cdculations assume the 20 ms vocoder frame timing is digned with the start of
modulation for vocoder frame 6, the PTT signa goes active on a 20 ms vocoder frame
boundary, and the audio and PTT are available at the radio transmitter with O delay through the
RIU and T1 line.

Thistheoreticd voice ddlay is unachievable, since additiona timeis required for the RIU, MDR
and airborne radio to format, modul ate/ldemodul ate the vocoder data, and for the VVoice-Burst
message transmissions over the T1 link. The current uplink voice delay budget limits the voice
processing delay in the MDR to 6 msasillugtrated in Figure D-3.
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’4 167.8ms >

Push-To-Talk _|

First frame available at
vocoder encoder output

9 20|ms 40|ms 60|ms

Vocoder Encoding
(RIV)

¢— 20ms—— P

}4— 12.2ms —P

Uplink Voice Burst JT1l2]3]a]s5]6]\

\.

FR 1-5 filled with " Silence” pattem

, < 20ms ple 100ms——
V ocoder Decoding
(Airaaft)

Aircraft Receive 2< o .
Audio FR %—? Silence
A

Note: Drawing not to scal e First "Silence" frame available
a Vocoder Decoder output

Figure D-2. Theoretical Minimum Uplink Voice Delay in VDL Mode 3
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-

173.8ms

>
Push-To-Talk J First frame available at
vocoder encoder output
0 20ms 40ms 60|ms
Vocoder Encoding
(RIV)
¢ 26ms
}4— 12.2ms
Uplink Voice Burst JT1l2]3]a]s5]6]\
\
FR 1-5filled with " Slence" pattern
, < 20ms ple 100ms———
V ocoder Decoding
(Airaaft)
Aircraft Receive S T
Auio R Slen
A
Note: Drawing not to scd e

First "Silence" frame available
a Vocoder Decoder output

Figure D-3. Uplink Voice Delay, MDR delay = 6 milliseconds
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Figure D-4 shows a practica example of uplink \Voice-Burst message timing between the RIU
and the MDR. The message timing in this example ensures that the V oice-Burst message,
which contains vocoder frame 6, arrives a the MDR at least 6 ms prior to when the firgt
D8PSK symboal in vocoder frame 6 is modulated. To further minimize voice delay, vocoder
frame 6 is not grouped with any other vocoder framesin the VVoice-Burst message. These are
“hard” requirements that must be met within the RIU and MDR tranamitter.

The MDR transmitter must be cgpable of continuous modulation of voicein dl time dotsfor dl
user groups. In 4-dot configurations, the MDR must be capable of processing dl Voice-Burst
messages associated with avoice time dot, and complete data processing within 30 ms.

In the example shown in Figure D-4, vocoder frames 1-4 are grouped together and arrive at the
MDR at atime prior to the end of the ramp-down for the voice burst in the previous time dot
(4-dot configuration). Thisgivesthe MDR tranamitter at least 8.5 msto processthe (24,12)
Golay header and the first VVoice-Burst message segment prior to the voice burst ramp-up in the
upcoming time dot. Vocoder frame 5 is not grouped with any other vocoder frames and it
arives a the MDR no later than the time specified in the VVoice-Burst message TOT field. This
givesthe MDR at least 11.4 msto process vocoder frame 5 before vocoder frame 6 arrives.
The MDR then has a least 6 msto complete processing of vocoder frame 6.

The timing shown in Figure D-4 is an example that shows one way to implement uplink voice
message transmission from the RIU to the MDR tranamitter. Other voice frame grouping (for
frames 1-5) and message timing is possible and will depend on the processing capabilitiesin the
both the RIU and the MDR transmitter.

The RIU will be required to deliver voice, data and management burst messagesto an MDR
trangmitter over the T1 link far enough in advance to dlow sufficient processng time in the
MDR prior to ramp-up or continuation of D8PSK modulation. Table D-1 and Figure D-5 show
a st of five message timing parameters, Ty - Twus, that will be specified by the MDR
manufacturer. The absolute maximum limit for each message timing parameter isadso shown in
Table D-1. Parameter Ty, is the maximum time dlocated for the MDR to process the firgt
Voice-Burst message segment (VFSN = 1) and is measured from the arrival of the Voice-Burst
message HDL C end flag to the start of voice burst ramp-up. Parameter Ty is the maximum
time allocated for the MDR to process a V oice-Burst message that starts with voice segment 2
through 5 and begin modulating the first D8PSK symbol contained in the Voice-Burst message
VFfied. Parameter Ty is the maximum time alocated for the MDR to process a VVoice-Burst
message that has the last voice frame (VFSN = 6) and begins modulating the first DSPSK
symbal in the Voice-Burst message. Parameter Ty, is the maximum time dlocated for the
MDR to prepare for modulation of a Data Burst after receipt of dl 6-segments of the Data
Burst message. Parameter Tys isthe maximum time alocated for the MDR to prepare for
modulation of a Management Burgt after receipt of a Management-Burst message.
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TOT
% FR5 FR 6 fM SIH FR1 | FR2 | FR3 | FR4 FR5 FR 6
< 14.4 ms g
9ms >
<«———11.38 s Ple— 65—
[ Triu | Tb| T1-4 [Toff | [Triu [Tb| T5 | Toff| [Triu [Tb| T6 |[Toff |
Vocoder FR 1-4 Vocoder FR 5 Vocoder FR 6
HDLC end FLAG HDLCend FLAG HDLC end FLAG
inRIU in RIU in RIU
Parameter [ Duration (ms) Description
Triu 4.0 RIU processing time
Tb 2.2 T1 line blockage
T1-4 2.0 T1 msg TX vocoder frames 1-4
Toff variable | T1 propagation time RIU-to-MDR
T5 0.84 T1 msg Tx vocoder frame 5
T6 0.84 T1 msg Tx vocoder frame 6

Note: Drawing not to scale

Figure D-4. RIU/MDR Uplink Voice Message Timing
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The RIU will coordinate the timing of Voice, Data and Management burst message
transmissions to the MDR transmitter such that the HDLC end flag for each message arrives a
the MDR within the Ty;-Tys parameter limits specified by MDR manufacturer.

Note that the Ty;-Tws timing parameters overlap and do not necessarily indicate the amount of
time the MDR has to process each message or message segment. If the RIU ddliversthe
Voice, Data or Management burst message on time, the MDR is required to complete HDLC
message processing, and initiate or continue D8PSK modulation at the appropriate point in the
uplink burst as specified in the message heeder.

Additiond MDR Tranamitter requirements are needed to specify what to do when Voice, Data
or Management burst messages are incomplete, received in error, or not received in timeto be
modulated (e.g. if the RIU violates the Ty1- Tus timing parameters). In the case of Data,
Management, and Voice (with VFSN=1) messages, the data should be discarded and the entire
burst should not be modulated. When an MDR has begun modulation of aVoice burst and the
Voice-Burst message that contains voice segment 2-6 is not received in time, the MDR should
continue voice burst modulation by repeeting the data from the last voice frame received from
the RIU. In both cases the MDR should set the “VV” underflow bit in the next RIU/MDR Status
message sent to the RIU.

TableD-1. MDR Transmitter Voice, Data and Management Message Timing

Parameters

From receipt of HDLC To MDR Absolute

END flagin RIU M essage Maximum

message Timing (milliseconds)

Parameter

Voice-Burst (VFSN=1) Start of Voice Burst ramp-up | Tw1 8.5

VoiceBurst (VFSN=2-5) | Start of modulation of 1% Tw2 8.5
D8PSK symbol in message

Voice-Burst (VFSN=6) Start of modulation of 1% Tws 6.0
D8PSK symbol in message

Data—Burst (containing 6" | Start of Data Burst ramp-up | Ty 30.0

data segment)

Management-Burst Start of Management Burst Tws 90.0
ramp-up
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Voice Burst HDLC Message (VFSN=1)

Z CRCMSB| CRC LSB| FLAG[®
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VDL Mode 3 VoiceBurst

Notes:
1. Numbe encosed in brackets[ ] arein

units of D8PSK symbol periods.
2. Frames 1-5 may be grouped together with
up to four frames per HDLC message.

DataBurst HDLC Message
that contains data segment 6

<

2 CRCMSB | CRCLSB| FLAG

SYNC[16] | Header [g] | VFSN=1 | VFSN=2 | VFSN=3 | VFSN=4 | VFSN=5| VFSN=6
T >/ [32] [32] [32] [32] [32] [32]
VoiceBurst HDLC Message (VFSN=2
2CRCMSB| CRC LSB| FLAG |« Tm g
VoiceBurst HDLC Message (VESN=3
2 CRC MSB | CRC LSB| FLAG |« Tm >
V oiceBurst HDL C Message (VFSN=4
Z CRC MSB | CRC LSB| FLAG (¢ Tuz >
VoiceBurst HDLC Message (VFSN=5
2 CRC MSB | CRC LSB| FLAG [« Tm >
VoiceBurst HDLC Message (VEFSN=6
% CRC MSB | CRC LSB| FLAG |« Tus >
VDL Mode 3 Data Burst
(5 [32] [32] [32] [32] [32] [32
Tma >
VDL3 M-Burst
Management-Burst HDLC M e
at e SYNC[16] | M-Data[16- 128]
? CRCMSB| CRCLSB|FLAG|* Twis »/51

Figure D-5. MDR Transmitter Uplink Burst Timing Parameters (Tyi-Twus)
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APPENDIX E
M essage Format Example

An example of Management-Burst message is provided in this gppendix to further clarify the
message format and is for informationd purpose only.

E.l M anagement-Bur st M essage — Uplink (Normal M essage)

E.1.1 Header Field Values:

LLMSGID =2

STYPE=2

LEN =48 = 030h

TOA/TOT = 20160 = 04ECOh
GEC=0

GEC2=0

PWR=4

E.1.2 Payload Field Values:

For bit mappings of individud fields within payload octets, refer to the Manud on VHF Digitd Link
(VDL) Mode 3 Technica Specifications (20 January 2000), Figure B-2, M Uplink (Norma Message).

MESSAGE ID =0

VOICE SIGNAL =2

AIRCRAFT ID (POLL) =6

SYSTEM CONFIGURATION =3

SLOTID=0

GROUND STATION CODE =7

SQUELCH WINDOW =0

RESERVATION RESPONSE #1 = 89 = 059h (User Group A, AC #5 startsin odd ‘' C' time dot)
RESERVATION RESPONSE #2=0
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In Figure E-1 below, the msb of each octet (Bit 8) isleft. Thelsb of each octet (Bit 1) isright.
The Isb of each octet (Bit 1) isthe firg bit transmitted over the T1 data channd.

Octet || Octet Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1

No. || Vaue | (msb) (Is0)

1 7Eh || (msh) HDLCFLAGSEQ = 7Eh (Isb)

2 0lh | (msb) HDLCADDR = 01h (Isb)

3 COh || (msh) HDLCCTRL = COh (Isb)

4 02h || (msh) LLMSGID =2 (Isb)

5 02h Spare=0 (msb) STYPE=2

(Ish)

6 00h Spare=0

7 03h | (msh) LEN = 03h

8 00h | (msb) TOA/TOT =0h LEN=0h (Ish)
9 4Eh TOA/TOT =4Eh

10 COh TOA/TOT = COh (Isb)
11 00h || Spare=0 || (msh) GEC2 =0 (Ish) Spare=0 || (msh) GEC =0 (Ish)

12 04h | (msb) PWR =4 (Isb)

13 08h MB [0] = 08h

14 63h MB [1] = 63h

15 38h MB [2] = 38h

16 05h MB [3] = 05h

17 90h MB [4] =90h

18 00h MB [5] = 00h

19 C5h | (msh) HDLCFRAMECHK = C5h

20 0% HDLCFRAMECHK = 09h (Isb)
21 7Eh HDLCFLAGSEQ = 7Eh

Figure E-1. Example of Management-Burst M essage




Verification Requirements Testability Matrix (VRTM).

TableF-1. Verification Requirements Testability Matrix
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D=Demonstration I1=Inspection A=Ana

sis T=Test X=Not Applicable

Section 3 Requirements Paragraph Reference

Verification Phase and Method

Subsystem
Level

Integration
Level

Site
Level

Remarks

322143215

The bit format of the Software
Version parameter shall be
encoded/decoded as indicated in
Figure 3-49.

32214325

The bit format of the MDR State
parameter shall be
encoded/decoded as indicated in
Figure 3-39.

32214323

The bit format of the Lowest
Tunable Frequency parameter
shall be encoded/decoded as
indicated in Figure 3-37.

12

322143235

The bit format of the MDR ID
Number parameter shall be
encoded/decoded asindicated in
Figure 3-64.

14

322143220

The bit format of the
Transmission Timeout Setting
parameter shall be
encoded/decoded as indicated in
Figure 3-54.

16

322143212

The bit format of the Power
Output Setting parameter shall
be encoded/decoded as indicated
in Figure 3-46.

18

322143213

The bit format of the Transmitter
Modulation % Setting parameter
shall be encoded/decoded as
indicated in Figure 3-47.

20

3.221.43.2.36

The bit format of the RF Input
Power Level parameter shall be
encoded/decoded as indicated in
Figure 3-65.
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D=Demonstration I=Inspection A=Anal

sis T=Test X=Not Applicable

Section 3 Requirements Paragraph Reference

Verification Phase and Method

Subsystem Remarks

Level

Integration | Site
Level Level

24

322143221

The bit format of the Squelch
Enable/Disable parameter shall
be encoded/decoded as indicated
in Figure 3-55.

26

322143237

The bit format of the Squelch
Break Status parameter shall be
encoded/decoded as indicated in
Figure 3-66.

28

32214328

The bit format of the Squelch RF
Threshold Level Setting
parameter shall be
encoded/decoded as indicated in
Figure 3-42.

32

3.22.1.4.3.2.38

The bit format of the In-service
Time parameter shall be
encoded/decoded as indicated in
Figure 3-67.

32214324

The bit format of the Mode of
Operation parameter shall be
encoded/decoded as indicated in
Figure 3-38.

36

32214322

The bit format of the Current
Frequency parameter shall be
encoded/decoded asindicated in
Figure 3-36.

38

32214327

The bit format of the Time
parameter shall be
encoded/decoded asindicated in
Figure 3-41.

322143211

The bit format of the Receiver
Mute parameter shall be
encoded/decoded asindicated in
Figure 3-45.

322143210

The bit format of the Audio
Output Level parameter shall be
encoded/decoded as indicated in
Figure 3-44.

50

322143239

The bit format of the RIU Timing
Offset Change parameter shall

be encoded/decoded as indicated
in Figure 3-68.

32214321

The bit format of the Event Log
parameter shall be
encoded/decoded as indicated in
Figure 3-35.
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D=Demonstration I=Inspection A=Anal

sis T=Test X=Not Applicable

Section 3 Requirements Paragraph Reference

Verification Phase and Method

Subsystem Remarks

Level

Integration | Site
Level Level

66

3.221.4.3.2.40

The bit format of the Transmit
AntennaVSWR parameter shall
be encoded/decoded as indicated
in Figure 3-69.

69

322143214

The bit format of the ATR
Switch Configuration parameter
shall be encoded/decoded as
indicated in Figure 3-48.

75

322143216

The bit format of the N1
parameter shall be
encoded/decoded asindicated in
Figure 3-50.

7

322143217

The bit format of the T1
parameter shall be
encoded/decoded as indicated in
Figure 3-51.

79

322143218

The bit format of the T3
parameter shall be
encoded/decoded as indicated in
Figure 3-52.

81

32214311

The bit format of the Log-in/Log-
out parameter shall be
encoded/decoded as indicated in
Figure 3-3.

83

32214312

The bit format of the Current
Frequency parameter shall be
encoded/decoded asindicated in
Figure 3-4.

87

32214313

The bit format of the Lowest
Tunable Frequency parameter
shall be encoded/decoded as
indicated in Figure 3-5.

89

32214314

The bit format of the Mode of
Operation parameter shall be
encoded/decoded as indicated in
Figure 3-6.

91

32214315

The bit format of the MDR State
parameter shall be
encoded/decoded as indicated in
Figure 3-7.

93

32214316

The bit format of the Threshold
Setting parameter shall be
encoded/decoded as indicated in
Figure 3-8a
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D=Demonstration I=Inspection A=Anal

sis T=Test X=Not Applicable

Section 3 Requirements Paragraph Reference

Verification Phase and Method

Subsystem Remarks

Level

Integration | Site
Level Level

95

322143122

The bit format of the Request
Read Back parameter shall be
encoded/decoded as indicated in
Figure 3-24a.

97

32214317

The bit format of the Time
parameter shall be
encoded/decoded as indicated in
Figure 3-9.

99

32214318

The bit format of the Squelch RF
Threshold Level Setting
parameter shall be
encoded/decoded as indicated in
Figure 3-10.

103

322143110

The bit format of the Audio
Output Level parameter shall be
encoded/decoded as indicated in
Figure 3-12.

105

322143111

The bit format of the Receiver
Mute parameter shall be
encoded/decoded as indicated in
Figure 3-13.

107

322143112

The bit format of the Power
Output parameter shall be
encoded/decoded asindicated in
Figure 3-14.

109

322143113

The bit format of the Transmitter
Modulation % parameter shall
be encoded/decoded as indicated
in Figure 3-15.

111

322143120

The bit format of the
Transmission Timeout parameter
shall be encoded/decoded as
indicated in Figure 3-22.

113

322143123

The bit format of the Audio
Input Level parameter shall be
encoded/decoded as indicated in
Figure 3-25.

119

322143126

The bit format of the MAC
Timing Offset Correction
parameter shall be
encoded/decoded as indicated in
Figure 3-26.
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121

322143114

The bit format of the ATR
Switch Configuration parameter
shall be encoded/decoded as
indicated in Figure 3-16.

123

322143127

The bit format of the Suppress
Alert/Alarm parameter shall be
encoded/decoded as indicated in
Figure 3-27.

125

322143128

The bit format of the Reset
parameter shall be
encoded/decoded as indicated in
Figure 3-28.

127

322143129

The bit format of the Software
Upload Enable/Disable parameter
shall be encoded/decoded as
indicated in Figure 3-29.

129

322143115

The bit format of the Switch
Software Version parameter
shall be encoded/decoded as
indicated in Figure 3-17.

131

322143130

The bit format of the Software
Upload parameter shall be
encoded/decoded asindicated in
Figure 3-30.

135

322143116

The bit format of the N1
parameter shall be
encoded/decoded asindicated in
Figure 3-18.

137

322143117

The bit format of the T1
parameter shall be
encoded/decoded asindicated in
Figure 3-19.

139

322143118

The bit format of the T3
parameter shall be
encoded/decoded asindicated in
Figure 3-20.

140

32214331

For the MDR transmitter, the
RIU/MDR Status word shall
comprise the fields specified in
Table 3-3.
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141

322143311

The Sbitsindicate the
operational status of the MDR
component and shall be
encoded/decoded as follows: 0 =
Offline, 1 = Power Down (if
exercised), 2 = Power Up, 3=
Onling, 4-5 = Reserved, 6 =
Recovery, 7= Fall.

142

322143312

The T bit shall be encoded as
follows: 0 = MDR MAC cycle
timing not locked to 6-second
epoch, 1 = MDR MAC cycle
timing locked to 6-second epoch.

143

322143313

The | bitshall beencoded as 1 if
any invalid data was received
from the RIU during the last
MAC cycle, or O otherwise.

144

322143314

The F bit shall be encoded as 1 if
aT1 Frame Slip was detected on
thelink from the RIU, or O
otherwise.

146

322143316

The M bit shall be encoded as 1
if any M-channel data within the
last MAC cycle was not received
fromthe RIU in timeto be
modulated, or O otherwise.

147

322143317

The V hit shall be encoded as 1
if any Voice Channel datawithin
the last MAC cycle was not
received from the RIU intimeto
be modulated, or 0 otherwise.

148

322143318

The D bit shall be encoded as 1
if any Data Channel datawithin
the last MAC cycle was not
received from the RIU intimeto
be modulated, or 0 otherwise.

149

32214332

For the MDR receiver, the
RIU/MDR Status word shall
comprise the fields specified in
Table 3-4.
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150

322143321

The S bitsindicate the
operational status of the MDR
component and shall be encoded
asfollows; 0 = Offling, 1 =
Power Down (if exercised), 2 =
Power Up, 3=0nline, 4-5 =
Reserved, 6 = Recovery, 7 = Fall.

151

322143322

The T bit shall be encoded as
follows: 0 = MDR MAC cycle
timing not locked to 6-second
epoch, 1 = MDR MAC cycle
timing locked to 6-second epoch.

152

322143323

The | bitshall beencoded as 1 if
any invalid data was received
from the RIU during the last
MAC cycle, or O otherwise.

153

322143324

The F bit shall be encoded as 1 if
aT1 Frame Slip was detected on
thelink from the RIU, or O
otherwise.

158

32261

All non-segmented messages or
individual message segments (of a
segmented message) sent between
the MDR and RIU shall be
transmitted within one frame.

159

322611

The Flag (F) Sequencefield
appears at the beginning and end
of al frames and shall consist of
one 0 bit followed by six
contiguous 1 bits and one 0 hit.

160

32.26.1.2

For all HDL C messages except
the TEST Response message, the
AD field shall contain the
address of the unit to which the
information sequence in the frame
is sent.

161

3.226.13

The Control (CN) field consists
of one octet and shall be used to
identify the frame type, either
TEST or Unnumbered
Information (Ul).

162

3.226.14

InaUl frame, the | field shall
contain a message.

163

3.226.14

Thel field shall consist of an
integral number of octets.

F-7
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164

3.226.15

The Frame Check Sequence
(FCS) field shall consist of 16
bits and be used for frame error
detection.

165

322621

These two states of operation
shall be defined asthe link
inactivestate and link initialized
state.

166

322621

The Link Initialization procedure
shall consist of the RIU
generating a Test Command to
the MDR with a four-octet (octet
1isMSB, octet 4isLSB) | field
consisting of a sequence number
starting at zero and incrementing
by one with each retransmission.

168

3.22.6.2.3

Whileinthelink initialized state,
theinitiator of the Link Clearing
procedure shall send aTEST
Command message with an five-
octet information field, the first
four octets (octet 1 is MSB, octet
4isLSB) containing al ONEs
indicating a clear, followed by a
one octet clearing cause code.

169

3.2.26.2.3

The recipient of the line clearing
procedure shall confirm the clear
by issuing a TEST Response
with the first four octets set to all
ONEs.

1711

32264

Thetiming and size of HDLC
frame transmissions between the
MDR and RIU shall be
controlled such that the voice
delay from start of first bit at the
originator (MDR/RIU) to the
reception of the last bit at the
recipient (MDR/RIU), due to
HDL C frame transmission, does
not exceed 3 ms.

172

3.2.2.65

Each message exchanged across
the datainterface shall contain a
one octet Message | D followed

by the message.
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176

3226511

The Voice-Burst message shall
be encoded asillustrated in Figure
3-75 with the field descriptions
shown in Table 3-8.

178

3226512

The Data-Burst message shall be
encoded asillustrated in Figure 3-
76 with the field descriptions
shown in Table 3-9.

180

3.2.26.5.1.3

The Management-Burst message
shall be encoded asillustrated in
Figure 3-77 with the field
descriptions shown in Table 3-
10.

183

3.2.2.65.1.3

The Synchronization Header
Type (STYPE) field shall be
encoded per Table 3-10a.

186

3226514

The Sync Search Control message
shall be encoded asillustrated in
Figure 3-78 with the field
descriptions shown in Table 3-
11.

191

3.2.2.6.5.15

The PCM Voice message shall

be encoded asillustrated in Figure
3-79 with the field descriptions
shown in Table 3-12.

193

3.2.26.5.1.6

The Radio Control message shall
be encoded asillustrated in Figure
3-80 with the field descriptions
shown in Table 3-13.

194

3.22.6.5.1.6

The Radio Control message shall
be segmented across the interface
if the message exceeds the
segmentation size, defined by the
N1 parameter.

195

3.226.5.1.6

The Total Segment Count (TSC)
field shall indicate one less than
the total number of segments for
a specific transaction (identified
by the TID field).

196

3.226.5.16

The Segment Count (SC) field
shall indicate the individual
segment number for the
transaction.




NAS-1C-41033502
August 8, 2000 - V1.0

D=Demonstration I=Inspection A=Anal

sis T=Test X=Not Applicable

Section 3 Requirements Paragraph Reference

Verification Phase and Method

Subsystem
Level

Integration
Level

Site
Level

Remarks

197

3.226.5.1.6

A message shall be deemed valid
by the receiver, if all segments are
received in sequence prior to the
expiration of the T3 timer.

200

3226517

The Radio Monitoring message
shall be encoded asillustrated in
Figure 3-80 with the field
descriptions shown in Table 3-
13.

201

3.22.6.5.1.7

The Radio Monitoring message
shall be segmented across the
interface if the message exceeds
the segmentation parameter, as
defined by the parameter N1.

202

3.2.2.6.5.1.7

The TSC field shall indicate one
less than the total number of
segments for a specific
transaction (identified by the

TID field).

203

3226517

The SC field shall indicate the
individual segment number for
the current transaction.

204

3.2.2.6.5.1.7

A message shall be deemed valid
by the receiver, if all segmentsare
received in sequence prior to the
expiration of the T3 timer.

205

3.2.2.65.1.7

Monitoring messages generated
by the MDR as aresult of an
Alert or Alarm threshold
crossing, shall set the RR and
TID fieldsto 0.

208

3.22.6.5.1.8

The RIU/MDR Status message
shall be encoded asillustrated in
Figure 3-81 with thefield
descriptions shown in Table 3-
15.

209

3227

The MDR/RIU interface shall
implement the fractional T1
protocol as defined in ANSI
T1.403-1995.

210

322711

A T1 frame shall consist of 193
bits.

F-10
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211

322711

Each T1 frame shall be
composed of one framing bit and
twenty-four 8-bit time slots that
carry data.

212

322711

The framing bit shall be the first
bit of each frame.

213

322711

The twenty-four 8-bit slots shall
be organized as described in
Figure 3-82, T1 System Timing.

214

322711

TheT1lineshall transmit at a
rate of 8,000 T1 frames/s,
resulting in abit rate of 1.544
Mbit/s.

215

322711

The T1 line shall use Extended
Super Frame (ESF) formatting
consisting of groups of 24
consecutive T1 frames.

216

322711

The eighth bit of every time-dot
in every sixth T1 frame shall be
used for data. In other words,
robbed bit signaling is not to be
used

217

322711

The ESF datalink shall support
the Line Loopback
Activate/Deactivate and Payload
Loopback Activate/Deactivate
messages to support line
diagnostics and maintenance.

218

322711

Pulse density shall be
accomplished using the Bipolar
8-Zero Substitution (B8ZS)
method.

219

322712

Each T1 port shall be able to
operate over any cable length
between 0 and 6,000 ft.

220

322712

Each T1 port shall incorporate
transient protection.

221

322712

Each T1 port shall have ajitter
tolerance that conformsto [I TU-
T Recommendation G.824
(03/93), Section 3.1.1, Table 2].

222

322713

These slots shall be dlocated
according to the following
subparagraph.
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223

3227131a

Time slots one and two shall be
used to carry informationin a
timing channel.

224

3227131b

Time sots three and four shall
be unused, and designated as
spares.

225

3227131c

The remaining time slots (5
through 24) in the T1 frame shall
be organized into five data
channels, each consisting of four
contiguous T1 time dots.

226

32.27.131d

The default data channel shall be
channel 1 (slots5 - 8).

227

3227132a

Timing shall be conveyed in the
timing channel using a 16-bit
counter that increments by one
for each T1 frame.

228

3.22.7.1.32b

The first timing slot shall
contain the low-order |east
significant byte (LSB) of the
counter with the most significant
bit of the byte
transmitted/received first.

229

3.227.132c

The second timing slot shall
contain the high-order most
significant byte (MSB) of the
counter with the most significant
bit of the byte
transmitted/received first.

230

3227.13.2d

Bit 1 (least significant bit) of each
HDL C message octet shall be
thefirst bit transmitted over the

Data Channel onthe T1 line.

231

3227.132e

The RIU Timing Channel counter
shall be set to avaue of zero at
each VDL Mode 3 6-second
epoch.

237

3.22.7.1.33b

Each data channel shall be
capable of carrying data, control,
monitoring and status
information in the VDL Mode 3
and PCM Voice, control,
monitoring and status
information in the DSB-AM
Mode.
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238

3.227.133c

Allocation of time slotsto
channelsshall befixed for al T1
frameson agiven link (i.e, for as
long asachannd isin use, it
occupies the same time slot
numbersin each T1 framethat is
generated).

239

3.22.7.1.3.3d

The HDLC frame shall be
transmitted starting in bit 1 of the
appropriate T1 time-slot.

244

32272

The leading edge of the framing
bit shall be the point-of-
reference for system timing.

245

32272

The framing bit of thefirst T1
frame of the ESF shall coincide
with the beginning of the VDL
Mode 3 6-second epoch within
plus or minus 10 microseconds.

246

32272

The start of the 6-second epoch
shall coincide with the center of
the first synchronization D8PSK
symbol inLBAC 1 of lot A in
the even TDMA frame of the
first MAC cyclein the epoch,
which is also —1260 D8PSK
symbol periods relative to the
MAC cycle“0” Timing
Reference Point (TRP) as defined
inthe VDL Mode 3 RTCA DO-
224a.

247

32272

For Voice-Burst, Data-Burst and
Management-Burst M essages,
the Time of Transmission (TOT)
and Time of Arrival (TOA) fields
shall have a“Q" reference point
that corresponds to the center of
the first synchronization D8PSK
symbol inLBAC 1 of Slot A in
the even TDMA frame of the
MAC cyclein which the burst is
transmitted or received.

251

322143119

The bit format of the HDLC
Channel Number Parameter shall
be encoded/decoded as indicated
in Figure 3-21.
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252

322143121

The bit format of the Squelch
Enable/Disable parameter shall
be encoded/decoded as indicated
in Figure 3-23.

253

322143131

The bit format of the Receiver
Mute Level parameter shall be
encoded/decoded asindicated in
Figure 3-31.

254

322143132

The bit format of the Test PTT
parameter shall be
encoded/decoded as indicated in
Figure 3-32.

255

32214326

The bit format of the Threshold
Setting parameter shall be
encoded/decoded asindicated in
Figure 3-40.

256

322143219

The bit format of the HDLC
Channel Number Parameter shall
be encoded/decoded as indicated
in Figure 3-53.

257

3.2.26.23

Upon receipt of avalid TEST
Response confirming the clear,
theinitiator shall clear the T1
timer, and both the MDR and
RIU will bein the link inactive
State.

258

322651

Unless otherwise specified in the
remainder of this section, bit
fields shall be encoded such that
the most significant bit of afield
(or sub-field that crosses octet
boundaries) isin the highest hit
number position of the octet.

259

322651

For variable length bit fields that
have atotal length (LEN) that is
not a multiple of 8, the most
significant bit of the field (or sub-
field) shall®*® be encoded in bit 8
of the last octet and the unused
lower numbered bit(s) in the last
octet shall?®° be set to 0.
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260

322651

For variable length bit fields that
have atotal length (LEN) that is
not a multiple of 8, the most
significant bit of the field (or sub-
field) shall®® be encoded in bit 8
of the last octet and the unused
lower numbered bit(s) in the last
octet shall?®° be set to 0.

261

3226511

The TOA/TOT field shall bethe
same value for al Voice-Burst
message segments rel ated to the
same VDL Mode 3 voice burst.

262

3226511

VDL Mode 3 Voice burst
D8PSK symbols shall be
mapped to Voice-Burst message
VF octets as specified in Table 3-
8a.

263

3.22.6.5.1.2

The TOA/TOT field shall be the
same vaue for all Data-Burst
message segments related to the
same VDL Mode 3 data burst.

264

3.2.2.65.1.2

VDL Mode 3 data burst D8PSK
symbols shall be mapped to
Data-Burst message DF octets as
specified in Table 3-8a

265

3.2.2.6.5.1.3

The MB field shall be encoded
with the most significant bit of
each VDL Mode 3 12-hit
Management Burst word placed
in the highest unused bit number
position in the octet.

266

3.2.26.5.1.3

As Management Burst words
cross octet boundaries, the most
significant bit of the remaining
12-hit Management Burst word
shall be placed in bit 8 of the
next octet.

267

3226514

The Synchronization Header
Type (STYPE) field shall be
encoded per Table 3-10a
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268

3226514

The NGW field shall indicate the
number of (24,12) Golay words
in the received burst to be
decoded by the MDR if
synchronization is achieved
within the search window.

269

32272

For the Sync Search Control
Message, the Sync Search Start
(S_START) field shall definethe
earliest time within aVDL Mode
3 epoch where the center of the
first D8PSK synchronization
symbol in areceive burst may
occur.

270

32272

For the Sync Search Control
Message, the Sync Search Stop
(S_STOP) field shall define the
latest time within aVDL Mode 3
epoch where the center of the
first D8PSK synchronization
symbol in areceive burst may
occur

271

32272

The resolution of the TOA,
TOT, S START and S_STOP
fields shal1?* be 1/16" of a
D8PSK symbol period and
shall?* havearangeof 0to 1,
007,999 within a 6-second VDL
Mode 3 epoch.

272

32214319

The bit format of the Squelch
Audio Signal-to-Noise Level
Setting parameter shall be
encoded/decoded as indicated in
Figure 3-11

273

322143133

The bit format of the Public Key
Maintenance parameter shall be
encoded/decoded as indicated in
Figure 3-33.

274

322143134

The bit format of the T2
parameter shall be
encoded/decoded asindicated in
Figure 3-34.
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275

32214329

The bit format of the Squelch
Audio Signal-to-Noise Level
Setting parameter shall be
encoded/decoded as indicated in
Figure 3-43.

276

322143223

The bit format of the Audio
Input Level Setting parameter
shall be encoded/decoded as
indicated in Figure 3-56.

277

3.22.1.4.3.2.26

The bit format of the MAC
Timing Offset Correction
parameter shall be
encoded/decoded as indicated in
Figure 3-57.

278

322143227

The bit format of the Suppress
Alert/Alarm Setting parameter
shall be encoded/decoded as
indicated in Figure 3-58.

279

322143229

The bit format of the Software
Upload Setting parameter shall
be encoded/decoded as indicated
in Figure 3-59.

280

322143231

The bit format of the Receiver
Mute Level Setting parameter
shall be encoded/decoded as
indicated in Figure 3-60.

281

322143232

The bit format of the PTT
Setting parameter shall be
encoded/decoded asindicated in
Figure 3-61.

282

322143233

The bit format of the Public Key
List parameter shall be
encoded/decoded as indicated in
Figure 3-62.

283

322143234

The bit format of the T2
parameter shall be
encoded/decoded asindicated in
Figure 3-63.

284

322143242

The bit format of the Measured
Power Output parameter shall
be encoded/decoded as indicated
in Figure 3-70.
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285

322143243

The bit format of the Measured
Transmitter Modulation %
parameter shall be
encoded/decoded asindicated in

Figure 3-71.

286

32.26.1.2

For TEST Response messages,
the AD field shall contain the
address of the unit from which
the information sequence in the
frameis sent.

287

3226121

The HDLC address of all RIUs
shall be encoded as 01.

288

3.226.1.22

The HDLC address of al MDR
transmitters shall be encoded as
02.

289

3.226.1.22

The HDLC address of al MDR
receivers shall be encoded as 03.

290

3.226.13

All Unnumbered Information
(UI) frames shall be Ul
Command frames.

291

3.22.6.1.3

The Poll/Final bit (bit 5) in the
Control Field is not used and
shall be set to 0.

292

3.2.2.65.1.6

If the MDR detects an error, it
shall be reported back in the
reply by setting the ER field to 1,
and placing the error cause code
in the first octet of the message
(MSG) field.

293

32272

The resolution of the TOA,
TOT, S START and S_STOP
fields shall?® be 1/16" of a
D8PSK symbol period and
shall?™* havearange of 0to 1,
007,999 within a 6-second VDL
Mode 3 epoch.
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