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The following modifications are needed in the Manual on VDL Mode 3 Implementation Aspects to resolve protocol deficiencies and to harmonize the ICAO standards with the RTCA standards to which the avionics vendors have built and are certifying against.

CHAPTER 3.  FORMATS

3.3.5ADVANCE \r12The meanings of the timing states of TS1, TS2 and TS3 were discussed briefly in 1.4.5 and will be discussed in detail in Chapter 8. Here it is sufficient to note that the normal state of VDL Mode 3 is TS1. The aircraft Local ID consists of a 2-bit prefix (Group ID) plus a 6-bit numerical suffix (Aircraft ID). The 6-bit numbers are used as follows:

	0
	Reserved for ground station or indication that the net is full

	1–60
	Available for aircraft users

	61
	Discrete addressing not supported/Dummy address

	62
	spare

	63
	Broadcast



3.4    M UPLINK FORMATS
3.4.1ADVANCE \r12The M uplink messages consist of the synchronization sequence S2* and 96 bits. Of these, 48 are information bits, which are contained in four (24,12) Golay words. A message is created by assembling four separate words. There are six types of standard words listed below, along with their contents.

Beacon 1
	Message ID
	4 bits

	Voice Signal
	2 bits

	Aircraft ID (Poll)
	6 bits


Beacon 2
	Configuration
	4 bits

	Beacon ID
	2 bits

	Ground Station Code
	3 bits

	Squelch Window
	3 bits


Reservation
	Local ID
	8 bits

	Reserved Slot
	4 bits


ICAO Address (2 words)
	ICAO Address
	24 bits


Next Net 1
	Next Group ID
	2 bits

	Next Frequency
	10 bits


Next Net 2
	Next Net Type
	1 bit

	Next Ground Station Code
	3 bits

	Local ID
	8 bits


Terminate Net
	Terminated Local ID
	8 bits

	Spare
	4 bits


Supported Options
	Options
	10 bits

	Radio ID
	2 bits



3.4.2    Beacon 1
3.4.2.1ADVANCE \r12Every uplink M channel message begins with Beacon 1. The initial field of Beacon 1, the MID, identifies the type of information to follow. The first bit of all uplink MIDs is a 0. The remaining bits are described below:

	MID
	0000
	Normal Message

	
	0001
	Net Entry Response 1: No previous link

	
	0010
	Net Entry Response 2: Previous link preserved

	
	0011
	Next Net Command

	
	0100
	Recovery

	
	0101
0110
0111
	Handoff Check
Terminate Net

Supported Options

	
	1000-1111
	Reserved for Downlink Messages


ADVANCE \d4
Note.— There are two separate Net Entry Response messages. If the new ground station is unable to redirect the link from the previous ground station, MID = 0001 is used. If the new ground station can support redirection, MID = 0010 is used. The defined messages will be described more completely below.
3.4.2.3ADVANCE \r12The final part of Beacon 1 is the Aircraft ID (Poll) field. This field is used to poll each of the members of a net in an orderly way. The Local ID suffix of the aircraft user to be polled is the 6-bit Aircraft ID field. For configurations 4V, 3V, 3V1D, the Group ID is the same as the Beacon ID in Beacon 2. For 3T, the Group ID is implied by the position of the Beacon 1 field in the uplink M channel burst. For 3S the Group ID is irrelevant and is arbitrarily set to A = 00. For the wide area coverage slots of 2S1X, the Group ID is also arbitrarily set to A = 00. For 1V3D and 1V2D, the Group ID provides 2-bit extension to the aircraft addressing for up to 240 users.  For 2V2D and 2V1D, each user group has 2 Group IDs available to provide up to 120 users in each net.  Polling is described in more detail in Chapter 4 on protocols.


3.4.3    Beacon 2
3.4.3.1ADVANCE \r12Every uplink M channel message contains a Beacon 2 word that follows Beacon 1. Beacon 2 contains static information that is not expected to change from cycle to cycle. This information is required by radios entering a net. The first field, labelled Configuration, defines how the system is configured in the area covered by the ground transmitter. There can be up to 16 different configurations. Those that have been defined are as follows:

	Configuration
	0000
	4V

	
	0001
	3S

	
	0010
	3V1D

	
	0011
	2V2D

	
	0100
	3T

	
	0101
	3V

	
	0110
	2V1D

	
	0111
	2S1X

	
	1000
1001

1010–1111
	1V3D

1V2D

Spare


ADVANCE \u6
Note.— There can be different configurations associated with different ground stations at any given time. It is also possible to provide mixed configurations at a single ground site. For example, a single ground site could support a 2V2D net using slots A and C and two separate 4V nets using slots B and D.
ADVANCE \u1
3.4.3.2ADVANCE \r12The field called Beacon ID is normally just the number of the slot in which the beacon is transmitted (A = 00, B = 01, C = 10, D = 11), except for 1V3D/1V2D where it is used for address extension up to 240 and 2V2D/2V1D where it is used to differentiate the 2 nets while doubling the address space to 120. The GSC is a 3-bit number described previously. The Squelch Window is a 3-bit number that is related to the physical size of the volume served by the ground station. More details on the Squelch Window will be found below.

3.4.4.3ADVANCE \r12The exact meaning of the 4-bit Reserved Slot field is as follows:

ADVANCE \u1
	0000
	No reservation information

	0001
	RACK (UDR Supported)

	0010
	RACK (UDR Not Supported)

	0011
	Spare

	0100
	Data reservation (start in even B slot)

	0101
	Data reservation (start in odd B slot)

	0110
	Data reservation (start in even B slot, skip D)

	0111
	Data reservation (start in odd B slot, skip D)

	1000
	Data reservation (start in even C slot)

	1001
	Data reservation (start in odd C slot)

	1010
	Data reservation (start in even C slot, skip D)

	1011
	Data reservation (start in odd C slot, skip D)

	1100
	Data reservation (start in even D slot)

	1101
	Data reservation (start in odd D slot)

	1110
	Voice reservation (start in even D slot)

	1111
	Voice reservation (start in odd D slot)


ADVANCE \d6
Note.— For non-3T configurations, use only the codes with the third bit set to 0, except for 0010. For system configuration 2V2D, allowable values are 0000, 0001, 0010, 1000, 1001, 1100, and 1101. For system configuration 3V1D, allowable values are 0000, 0001, 0010, 1100, and 1101. For system configuration 2V1D, allowable values are 0000, 0001, 0010, 1000, and 1001. For configuration 1V3D the allowable values are 0000, 0001, 0010, 0100, 0101, 1000, 1001, 1100, and 1101. For configuration 1V2D the allowable values are 0000, 0001, 0010, 0100, 0101, 1000, and 1001.
.

3.4.7    Terminate net
Terminate Net is used by the ground station to reclaim a Local ID that has previously been assigned.  This is primarily intended to be used when the net is nearly full and the ground station recognizes that some airframes have multiple radios in the net and hence are occupying multiple local IDs.  By use of the Terminate Net message, the ground station can free up sufficient address space so that new aircraft entering the net can access discrete-addresses services.


3.4.8    Supported options
Supported Options is used to complete the net entry process and communicate whether certain options are actively being offered by the ground station.  Currently, the support for Urgent Downlink Request is the only defined option.  The second field of Supported Options is the Radio ID, which is used to differentiate different radio units on an airframe that may be tuned to the same net.  As the DLS sublayer does not have access to the Local ID, the radio ID, passed in the Address Type field of the DLS, along with the ICAO address in the Aircraft Station Address field allows for the unique addressing of the DLS frames, and ensures that aircraft operating multiple radios on the net do not self-jam.

3.4.9    Message types
3.4.9.1ADVANCE \r12This section shows how the various types of uplink messages are constructed.

	Normal Message
	(MID = 0000)

	
	

	Beacon 1
	12 bits

	Beacon 2
	12 bits

	Reservation #1
	12 bits

	Reservation #2
	12 bits


	Net Entry Response
	(MID = 0001 or 0010)

	
	

	Beacon 1
	12 bits

	Beacon 2
	12 bits

	ICAO Address
	24 bits


	Next Net
	(MID = 0011)

	
	

	Beacon 1
	12 bits

	Beacon 2
	12 bits

	Next Net 1
	12 bits

	Next Net 2
	12 bits


	Recovery
	(MID = 0100)

	
	

	Beacon 1
	12 bits

	Beacon 2
	12 bits

	Reservation #1
	12 bits

	Reservation #2
	12 bits

	Terminate Net

Beacon 1

Beacon 2
Terminate Net
Reservation
	(MID = 0110)

12 bits

12 bits

12 bits
12 bits


	Supported Options

Beacon 1

Beacon 2

Reservation
Supported Options
	(MID = 0111)

12 bits

12 bits

12 bits

12 bits


3.4.9.2ADVANCE \r12The usage of the various uplink M channel message types will be explained in Chapter 4, Protocols.

3.5.3
The Poll Responses and Next Net ACKs consist of the synchronization sequence S2* and 48 bits. Of these 48 bits, 24 are information bits assembled as two (24, 12) Golay words. Included in each message is a 4-bit MID. To distinguish the Poll Responses and Next Net ACKs from the uplink M messages (which also use synchronization sequence S2*), the first bit of all such messages is a 1. The remaining bits are defined as follows:

	MID
	1000
	4V/3V1D Configuration Poll Response (ALT)

	
	1001
	2V2D Configuration Poll Response (ALT)

	
	1010
	1V3D Configuration Poll Response (ALT)

	
	1011
	3T Configuration Poll Response

	
	1100
	3V/3S/2S1X Configuration Poll Response (ALT)

	
	1101
	2V1D Configuration Poll Response (ALT)

	
	1110
	1V2D Configuration Poll Response (ALT)

	
	1111
	Next Net Acknowledgment


Note.— Poll Responses are Alternate Timing Signals (ALT) except in the 3T configuration. The meaning of the designation ALT will be explained in Chapter 8.

3.5.5    Message types
3.5.5.1ADVANCE \r12The various downlink messages are defined below.

ADVANCE \u1
	Poll Response
ADVANCE \r27(S2*: MID = 1000 - 1110)

	Reservation Request ADVANCE \r1 (S1:  MID = 1000)

	
	

	
	Message ID
	4 bits

	
	Local ID
	8 bits

	
	Ground Station Code
	3 bits

	
	Voice Request
	2 bits

	
	Number of Slots Required
	4 bits

	
	Spare
	1 bit

	
	Priority
	2 bits


ADVANCE \u1
	AcknowledgmentADVANCE \r10(S1: MID = 1001)

	
	

	
	Message ID
	4 bits

	
	Local ID
	8 bits

	
	Ground Station Code
	3 bits

	
	Voice Request
	2 bits

	
	Spare
	7 bits


ADVANCE \u1
	Next Net ACKADVANCE \r10 (S2*: MID = 1111)

	Leaving NetADVANCE \r10(S1: MID = 1010)

	
	
	

	
	Message ID
	4 bits

	
	Local ID
	8 bits

	
	Ground Station Code
	3 bits

	
	All zeros
	9 bits


ADVANCE \u1
	Net Entry RequestADVANCE \r10(S1*: No MID)

	
	
	

	
	ICAO Address
	24 bits


ADVANCE \u1
Note.— Every downlink message (except the Net Entry Request message) contains a MID, a Local ID and a GSC.
3.6    MEDIA ACCESS CONTROL MESSAGE FORMAT SUMMARY
The various message formats described in this chapter are summarized in Tables 3-1, 3-2 and 3-3. (The numbers following the colons represent the number of information bits contained.)

Table 3-1. Burst format summary (M channel uplink)
	Type
	Message ID
	Sync
	

	Normal

Net Entry Response 1

Net Entry Response 2

Next Net

Recovery

Terminate Net

Supported Options
	0000

0001

0010

0011

0100

0110

0111
	S2*

S2*

S2*

S2*

S2*

S2*

S2*


	{Beacon 1: 12}{Beacon 2: 12}{Res: 12}{Res: 12}

{Beacon 1: 12}{Beacon 2: 12}{ICAO Address: 24}

{Beacon 1: 12}{Beacon 2: 12}{ICAO Address: 24}

{Beacon 1: 12}{Beacon 2: 12}{Next Net 1: 12}{Next Net 2: 12}

{Beacon 1: 12}{Beacon 2: 12}{Res: 12}{Res: 12}

{Beacon 1: 12}{Beacon 2: 12}{Terminate: 12} {Res: 12}

{Beacon 1: 12}{Beacon 2: 12}{Res: 12}{Opt: 12}




	{ } = Golay Codeword (two words in the case of ICAO address)

{Beacon 1: 12} = {(Message ID: 4)(Voice Signal: 2)(Aircraft ID (Poll): 6)}

{Beacon 2: 12} = {(Configuration: 4)(Beacon ID: 2)(Ground Station Code: 3)(Squelch Window: 3)}

{Next Net 1: 12} = {(Next Group ID: 2)(Next Frequency: 10)}

{Next Net 2: 12} = {(Next Net Type: 1)(Next Ground Station Code: 3)(Local ID: 8)}

{Reservation: 12} = {(Local ID: 8)(Reserved Slot: 4)}
{Terminate: 12} = {(Local ID: 8)(Spare: 4)}

{Options: 12} = {(Options:10)(Radio ID: 2)}



Table 3-2. Burst format summary (M channel downlink)

	Type
	Message ID
	Sync
	

	Res. Request

Acknowledgment

Leaving Net

Poll Response

Next Net ACK

Net Entry Request


	1000

1001

1010

1000/1010/1100

1111

N/A


	S1
S1
S1
S2*

S2*

S1*
	{(Message ID:4)(Local ID: 8)}{(GSC: 3)

     (Voice Request: 2) (Number of Slots: 4)

     (Spare: 1)(Priority: 2)}

{(Message ID:4)(Local ID: 8)}{(GSC: 3)

     (Voice Request: 2)(Spare: 7)}

{(Message ID:4)(Local ID: 8)}{(GSC: 3)(All 0: 9)}

{(Message ID:4)(Local ID: 8)}{(GSC: 3)

     (Voice Request: 2)(Number of Slots: 4)

     (Spare: 1)(Priority: 2)}

{(Message ID:4)(Local ID: 8)}{(GSC: 3)(Spare: 9)}

{ICAO Address: 24}


3.7.2
The Address Type field indicates the direction of communication as well as indicating whether the address is a point-to-point address or a multicast address. The Address Type also conveys the Radio ID to differentiate multiple radios on a single airframe.  The field is encoded as follows:

	Address Type
	000
	Directed Ground-to-Air (Radio ID=0)

	
	001
	Directed Air-to-Ground (Radio ID=0)

	
	010
	Directed Ground-to-Air (Radio ID=1)

	
	011
	Directed Air-to-Ground (Radio ID=1)

	
	100
	Directed Ground-to-Air (Radio ID=2)

	
	101
	Directed Air-to-Ground (Radio ID=2)

	
	110
	Reserved

	
	111
	Broadcast Ground-to-Air


3.7.3
The Frame Type field indicates the use of the frame contents. It is encoded as follows:

	Encoding
	Frame Type

	p0p10
	Information (INFO), 

	
	where p0p1 represents the priority encoding

	001
	Control-Command (CTRL_CMD)

	011
	Control-Response (CTRL_RSP)

	101
	spare

	111
	Acknowledge (ACK)



3.9.3    Raw interface
The raw interface is identified by a Network Type field of 2. The Compression Type (CT) field is always set to 0. Immediately following the payload byte is an 8-bit Initial Protocol Identifier (IPI), encoded per ISO 9577.  For an IPI of 0xFF, an 8-bit Extended Initial Protocol Identifier (EIPI) follows.  An EIPI of 0xFF is reserved to delineate ACARS networking over VDL Mode 3.  An EIPI of 0xFE is reserved to delineate FIS-B messaging consistent with RTCA DO-267A.  An EIPI of 0 is reserved to support Minimum Operational Performance Standards (MOPS) testing. This interface could also be used for a dedicated link, if so desired by a given State.


3.10    VOCODER FORMATTING
3.10.1    Bit Exact Algorithm
A proprietary vocoder algorithm developed by DVSI (Digital Voice Systems Incorporated) has been selected for use by the VDL Mode 3 system. DVSI has developed a fixed-point C implementation of the selected vocoder algorithm and a corresponding set of test vectors. The fixed-point C application will be ported by DVSI to processor-specific versions of code that can be delivered to implementers, or implementers can utilize the C reference for their own port.  Each manufacturer will then have to integrate the ported code into its product.  For certification purposes, implementers will wish to use the bit-exact fixed-point implementation available from DVSI.  This implementation provides repeatability of output necessary to satisfy certification of the implementation.  
3.10.2    Bit Ordering
Implementers should be aware that the bit ordering specified in Part II, section 8.2.3.1 is nibblewise bit-reversed (every 4 bits reversed) from what DVSI indicates in their reference documentation.
3.10.3    Test Vectors
The DVSI part number for the test vectors and output results is 03-168-1229 rev 1.0 as of October 2003.  
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