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1.4 
DLS SUBLAYER TC \l2 "
The DLS shall support communications on a shared communications channel  as described in this section.

1.4.1 

Services TC \l3 "
The DLS shall support bit-oriented simplex air/ground (A/G) connection-orientated communications.

1.1.1.1.1 Note 1.- For ground-air communications, the DLS supports communication over a link controlled by the LME.  

The DLS shall support air/air (A/A) connection-orientated communications.

Note 2.-. For air-air communication, a “zero-overhead connection–oriented protocol (ZOCOP)” is specified.

1.1.1.1.1.1 The DLS shall support broadcast and multicast connectionless communications.
1.4.1.1 
Frame sequencing

On a point-to-point connection, the receiving DLS sub-layer shall ensure that duplicated frames are discarded and all frames are delivered in sequence.

Note.— A toggle bit is included in the DLS frame format to facilitate this service.

1.4.1.2 
Error detection

The DLS sub-layer shall ensure that all frames corrupted during transmission are detected and discarded.

Note.- 16-bit CRC is provided in the burst format to support this service

1.4.1.3 
Station identification

A receiving station shall accept unicast frames addressed to its current station address.

Note.— Unique source and destination addresses are included in the frame format to facilitate this service.

1.4.1.4 
Broadcast addressing

A VDL Mode 4 station shall accept broadcast frames and multicast frames to multicast addresses to which it is listening.

1.4.1.5 
Data transfer

User data shall be transferred in the information fields of INFO, UDATA and CTRL frames which are collectively known as DATA frames.  The link layer shall process the largest packet size, specified in Section 1.4.3.5 of this document, without fragmenting. Larger packets shall be fragmented according to the procedures of Section 1.4.4.4.2.  Only one data link user packet shall be contained in an INFO frame.

Note. – The Frame Mode SNDCF may concatenate multiple frames, but this is presented as a single frame to the DLS

1.4.1.6 
DLS Priority

The DLS shall accept an indication of priority of the DATA frame be as defined in Table 1-54a.

Table 1-54a. Priority levels
	Message categories
	DLS priority

	Network/systems management
	14

	Distress communications
	13

	Urgent communications
	12

	High priority flight safety messages
	11

	Normal priority flight safety messages
	10

	Meteorological communications
	9

	Flight regularity communications
	8

	Aeronautical information service messages 
	7

	Network/systems administration
	6

	Aeronautical administrative messages
	5

	Unassigned
	4

	Urgent priority administrative and  UN charter communications
	3

	High priority administrative and state/government communications
	2

	Normal priority administrative
	1

	Low priority administrative
	0


Note.- this duplicates the ATN network priority numbering scheme

1.4.1.7 
DLS link control frames

For the purposes of link control, the DLS shall provide the following DLS frame types:

· ACK frames, consisting of INFO_ACK and CTRL_ACK, for the purposes of acknolwedgement of DATA frames and DLS link control frames respectively

· RTS frames, consisting of CTRL_RTS, INFO_RTS and UDATA_RTS, for the purposes of making reservations for the transfer of DATA frames

· CTS frames, consisting of CTRL_CTS, INFO_CTS and UDATA_CTS, for the purposes of acknolwedging RTS frames and providing slots for subsequent transmission of DATA frames

· Other DLS link control frames, consisting of FRMR, FRMR_ACK, DM/DISC and START, for purposes of link initialisation, reset and maintainance.

1.4.2 
DLS protocol specification TC \l3 "
1.4.2.1 
State Variables

The DLS shall maintain the following state variables for each data link between two peer stations.

	State Variable
	Usage

	Tt
	Current value of T bit (0 or 1) for transmitted frames

	Tr
	Value of T bit (0 or 1) for last received frame.

	send stack
	stores messages and M-bit linked fragments queued for transmission (one per priority level)

	receive stack
	stores received M-bit linked fragments queued for concatenation (one per priority level)


1.4.2.2 

Station address encoding TC \l4 "
1.4.2.2.1 

Address type
The address type field is described in Table 1-55.

Table 1-55. Address type field encoding
	Bit encoding
	Description type
	Bits 1 to 24

	27
	26
	25
	
	

	0
	0
	0
	Mobile
	Non-unique identity

	0
	0
	1
	Aircraft
	24-bit ICAO address

	0
	1
	0
	Ground vehicles
	Nationally administered address space

	0
	1
	1
	Reserved
	Future use

	1
	0
	0
	Ground station
	ICAO-administered address space

	1
	0
	1
	Ground station
	ICAO-delegated address space

	1
	1
	0
	Reserved
	Future use

	1
	1
	1
	All stations broadcast
	All stations


1.4.2.2.2 

Non-unique identity address

A mobile station using the non-unique identity address shall randomly choose a 24-bit address. The non-unique identity address of all zeros shall not be used. The non-unique identity address of all ones shall be used for broadcast applications only. All radio units located at a station shall use the same non-unique identity address. 

If the station detects that another station is using the same random address, it shall stop transmitting on the current address; it shall then randomly select a new address. It shall use this new address in subsequent transmissions.

Note 1.— Processing of ambiguous data resulting from use of the non-unique address is an end system issue.
When using VDL Mode 4 for ATS applications, aircraft shall use the unique 24-bit ICAO address.

Note 2.—  In this case bits 25, 26, and 27 of the full 27-bit address will be 1, 0, and 0 respectively, as is defined in Table 1-55.

Note 3.—Mobiles using non-unique addresses cannot be unambiguously identified and this mode of use is itself inherently insecure. Higher level functions are required whether there is a need to provide data origin authentication when non-unique addresses are used

Note 4—Non-unique addressing violates the subnetwork requirements of the ICAO ATN and mobiles using this addressing mode cannot implement ATN applications
.

1.4.2.2.3 
Aircraft specific addresses

The aircraft specific address field shall be the 24-bit ICAO aircraft address.

1.4.2.2.4 
ICAO-administered ground station specific addresses

The ICAO-administered ground station specific address shall consist of a variable-length country code prefix (using the same country code assignment defined in Annex 10, Volume III, Chapter 9, Appendix 1, Table 1) and a suffix. The appropriate authority shall assign the bits in the suffix.

1.4.2.2.5 
ICAO-delegated ground station specific addresses

The ICAO-delegated ground station specific address shall be determined by the organization to which the address space is delegated.

1.4.2.2.6 
Broadcast and multicast addresses

The broadcast and multicast addresses shall be used only as a destination address for broadcast INFO frames and for CTRL_CMD frames broadcasting ground station information.

1.4.2.2.6.1 

Broadcast and multicast address encoding
The broadcast and multicast addresses shall be encoded as in Table 1-55a:

Table 1-55a.  Broadcast and multicast address encoding

	PRIVATE 
Broadcast destination
	Type field
	Specific address field

	
	
	

	All mobiles that use non-unique addresses
	000
	All ones

	All mobiles
	001
	All ones

	All ground stations of a

particular provider
	100 or 101, as necessary
	Most significant bits: Variable length

    provider code

Remaining bits: All ones

	All ground stations with

ICAO-administered addresses
	100


	All ones

	All ground stations
	101
	All ones

	All stations
	111
	All ones


1.4.2.3 

DLS burst formats TC \l4 "
1.4.2.3.1 

DLS burst

A DLS station shall transmit the  DLS burst defined in Table 1-57 with the VSS user supplied QoS and reservation parameters.

Table 1-57.  DLS burst format
	Description
	Octet
	Bit Number

	
	
	8
	7
	6
	5
	4
	3
	2
	1

	burst id, 
	5
	res
	0
	1
	1
	0
	0
	0
	1

	DLS frame
	6
	As per Section 1.4.2.3.2

	
	7
	

	
	8
	

	
	9
	

	
	10
	


All bits labelled res are reserved and shall be set to zero.

Note 1.— TheDLS frame field may continue past octet 10.

The DLS burst shall consist of one or two DLS frames combined according to the procedures of Section 1.4.4.13.  A DATA frame shall be the final field in the burst (and thus the burst can contain only one of these fields).
Note 2. -DLS burst will be able to combine up to two frames.  DATA must come last because it is a variable length frame
1.4.2.3.2 
DLS frame encoding

The DLS frame field shall indicate the frame type and contain, as appropriate, the priority subfield, the more bit, the toggle bit, the initialise bit and length subfield.

DATA frames consist of a single octet containing link control information and a variable length information field and shall be encoded as defined in Table 1-57a

Table 1-57a. DATA frame encoding
	Octet
	n
	n
	n
	n
	n
	n
	n
	n
	n+1
	...................
	n+m

	Bit
	8
	7
	6
	5
	4
	3
	2
	1
	

	CTRL
	M
	T
	I
	1
	1
	1
	0
	0
	information field of length m octets

	INFO
	M
	T
	p4
	p3
	p2
	p1
	1
	0
	information field of length m octets

	UDATA
	0
	0
	0
	0
	1
	1
	0
	0
	information field of length m octets


RTS frames consist of two octets containing link control information and shall be encoded as defined in Table 1-57b

Table 1-57b. RTS frame encoding
	Octet
	n
	n
	n
	n
	n
	n
	n
	n
	n+1
	n+1
	n+1
	n+1
	n+1
	n+1
	n+1
	n+1

	Bit
	8
	7
	6
	5
	4
	3
	2
	1
	8
	7
	6
	5
	4
	3
	2
	1

	CTRL_RTS
	lg5
	T
	I
	0
	0
	0
	0
	1
	p4
	p3
	p2
	p1
	lg4
	lg3
	lg2
	lg1

	INFO_RTS
	lg5
	T
	0
	1
	0
	0
	0
	1
	p4
	p3
	p2
	p1
	lg4
	lg3
	lg2
	lg1

	UDATA_RTS
	lg5
	0
	1
	1
	0
	0
	0
	1
	p4
	p3
	p2
	p1
	lg4
	lg3
	lg2
	lg1


ACK, CTS and other DLS link control frames consist of one octet containing link control information and shall be encoded as defined in Table 1-57c

Table 1-57c. ACK, CTS and other DLS link control frames encoding
	Octet
	n
	n
	n
	n
	n
	n
	n
	n

	Bit
	8
	7
	6
	5
	4
	3
	2
	1

	CTRL_ACK
	res
	T
	I
	1
	1
	0
	0
	1

	INFO_ACK
	res
	T
	0
	0
	1
	0
	0
	1

	CTRL_CTS
	res
	T
	I
	1
	1
	0
	1
	1

	INFO_CTS
	res
	T
	1
	0
	1
	0
	0
	1

	UDATA_CTS
	0
	0
	0
	0
	1
	0
	1
	1

	FRMR
	0
	0
	1
	0
	1
	0
	1
	1

	FRMR_ACK
	0
	1
	0
	0
	1
	0
	1
	1

	DM/DISC
	0
	1
	1
	0
	1
	0
	1
	1

	START
	neg4
	neg3
	neg2
	neg1
	1
	1
	0
	1


All header bits labelled res are reserved and shall be set to zero.

EDITORS NOTE:  The following address codes are spare where X means dont care:

	Octet
	n
	n
	n
	n
	n
	n
	n
	n

	Bit
	8
	7
	6
	5
	4
	3
	2
	1

	
	1
	X
	X
	0
	1
	0
	1
	1

	
	1
	X
	X
	0
	1
	1
	0
	0

	
	0
	1
	X
	0
	1
	1
	0
	0

	
	X
	X
	1
	0
	1
	1
	0
	0

	
	X
	X
	X
	X
	0
	1
	0
	1

	
	X
	X
	X
	X
	X
	0
	0
	0

	
	X
	X
	X
	X
	0
	1
	0
	0

	
	X
	X
	X
	X
	0
	0
	1
	1

	
	X
	X
	X
	X
	X
	1
	1
	1

	
	X
	1
	1
	1
	0
	0
	0
	1


1.4.2.3.3 
Toggle bit

The T (Toggle) bit shall be alternately set to zero and one on each successive transmission, except for retransmissions.

At the start of a communication between two stations, or when the link is reset, the toggle bit shall be initiated according to the procedures of Section 1.4.4.4.3.1 for air/ground communication and Section 1.4.4.16.1 for air/air communication.

Note.—The T (Toggle) bit is sufficient to provide duplicate detection and rejection.

1.4.2.3.4 
More bit

The M (More) bit shall be set to zero to indicate End of Message and to one to indicate that this fragment is not the last fragment in a multi-fragment message and that further fragments will be transmitted.

Note.—The M (More) bit is sent to 0 if a message is sent as a single fragment or on the last fragment of a fragmented message and to 1 otherwise. The receiver reassembles fragmented messages on reception before passing them to the user.

1.4.2.3.5 
Priority subfield

The priority subfield (p) shall indicate the priority level of the transmission as defined in Section 1.4.1.6.

1.4.2.3.6 
Length subfield

Indicates the length (lg) of the DLS burst containing a DATA frame in slots.

Note:  The calculation of length needs to take account of the size of the reservation protocol (default is response) and the effects of bit stuffing

1.4.2.3.7 
Initialise bit

The I (initialise) bit shall cause the receiver to initialise the Tt and Tr state variables whilst processing the frame. It shall be set to zero and ignored on receipt unless otherwise stated.

1.4.2.3.8 
Negotiation subfield

The negotiation (neg) subfield shall indicate the link management parameters to be used for air/air link control as defined in Table 1-57d:

Table 1-57d. Interpretation of negotiation subfield

	Negotiation subfield
	Parameters to use for air/air link

	0
	VDL Mode 4 default parameters

	1 – 7
	reserved for future use


1.4.3 
DLS system parameters TC \l3 "
The parameters needed by the DLS sublayer shall be as listed in Table 1-58.

DLS parameters for air/ground communication shall be determined by the exchange of CTRL frames, if the default values are not to be used.

DLS parameters for air/air communications shall be determined by the exchange of the negotiation subfield within the START frame.

Table 1-58. Data link service system parameters

	PRIVATE 
Symbol
	Parameter name
	Minimum
	Maximum
	Mode 4 default 
	Increment

	
	
	
	
	
	
	

	TD1
	Air-air link transmit reset timer
	5 s
	600 s
	60 s
	1 ms

	TD2
	Air air link receive reset timer
	10 s
	1200 s
	120 s
	1 ms

	ND1
	Maximum number of octets in any frame
	143 octetss
	2063 octets
	1039 octets
	1 octet

	ND2
	Maximum length of DLS transmission
	2 octets
	16384 octets
	86
	1 octet

	ND3
	Maximum length of fragment
	1 slot
	75 slots
	5 slots
	1 slot


1.4.3.1 
Parameter TD1 (air-air transmit reset timer)

For a mobile station maintaining an air-air link with another mobile station, Timer TD1 shall be reset when a frame is sent to the peer.  Timer TD1 shall not be cancelled.  If Timer TD1 expires, then Tt shall be set to 0 and the send channel stack cleared.

1.4.3.2 
Parameter TD2 (air-air receive reset timer)

For a mobile station maintaining an air-air link with another mobile station, Timer TD2 shall be reset when a frame is received from the peer.  Timer TD2 shall not be cancelled.  If Timer TD2 expires, then Tt shall be set to 0 and the send channel stack cleared.

1.4.3.3 
Parameter ND1 (maximum number of octets of any frame)

The parameter ND1 defines the maximum number of octets in any frame (excluding flags and zero bits inserted for transparency) that a DLS shall accept.

1.4.3.4 
Parameter ND2 (maximum length of DLS transmission)

The parameter ND2 shall be the maximum size in octets of a transmission  including flags and reservation data that shall use the short transmission procedures defined in Section 1.4.4.3.

A burst occupying x slots shall contain up to 23 + (x-1)*31 octets of data if x is odd or 24 + (x-1)*31 octets of data if x is even including flags and reservation data.

Note.— A slot can contain 32 octets of data. The last slot in a sequence should only contain 24 octets to allow for propagation guard time. Allowing an average  octet/2 slots for bit stuffing, 1 slot could contain 23 octets of data including flags and reservation blocks. 2 slots could contain 54 octets. 3 slots could contain 86 octets, etc.

1.4.3.5 
Parameter ND3 (maximum length of fragment) TC \l4 "
The parameter ND3 shall be the maximum size in slots of a DLS burst.

1.1.1.1.2 Note.- To be used to control fragmentation

1.4.4 
DLS procedures TC \l3 "
1.4.4.1 
Modes of operation

The DLS shall operate in asynchronous balanced mode (ABM) at all times.

Note.- Either station may send messages at any time and are considered peers with respect to management of the link

1.4.4.2 
Broadcast

Only UDATA frames shall be broadcast.  For UDATA frames, the address and address type field shall be set to all binary 1’s.
1.4.4.3 
Setting of retransmission parameters TC \l4 "
For all DLS bursts containing CTRL, INFO, CTRL_RTS and INFO_RTS frames, quality of service parameters Q5min, Q5max, Q5mult, Q5exp and Q5num shall be set as defined in table 1-58a.

Note.— Retransmission of DLS frames is handled in VSS.

Table 1-58a. Re-transmission parameters
	Symbol
	Parameter name
	Default

	Q5min
	VSS retransmission parameters
	minimum
	1.0s

	Q5max
	
	maximum
	15s

	Q5mult
	
	multiplier
	1.45

	Q5exp
	
	exponent
	1.7

	Q5num
	
	number of attempts
	TBD

	Q5wait
	
	maximum time to wait for a reply
	TBD


1.4.4.4 
Selection of message for transmission

1.4.4.4.1 
Message priority

A sending station shall maintain a prioritised queue of messages for transmission.

When determining which message to transmit, the highest priority message shall be sent first.

The DLS frames CTRL, CTRL_RTS and DM/DISCCTRLCTRL shall be classified as network management messages and given the highest priority.

The DLS frames INFO_RTS, UDATA_RTS, START and FRMR shall be assigned the same priority as the DATA frame with which they are associated.

Note.- All other DLS frame types will be sent in pre-reserved slots and hence priority is not an issue.

1.4.4.4.2 
Message fragmentation

1.4.4.4.2.1 
Determination of number of segments

If the length of the DLS burst containing a CTRL or INFO frame is greater than ND3 slots, the sending station shall fragment the message and format it according to the procedures of Section 1.4.4.4.2.3.  Otherwise the message shall be sent as a single fragment formatted according to the procedures of Section 1.4.4.4.2.2.

The fragmentation of a message shall take account of whether the station is combining a CTRL or INFO frame with another DLS frame in accordance with the procedures of Section 1.4.4.13.2.

1.4.4.4.2.2 
Single fragment message transmission

A single fragment message shall be transferred as a CTRL or INFO frame.

a)
The M bit shall be set to zero.

b)
For an INFO frame, the p bits shall indicate the priority of the frame.
1.4.4.4.2.3 
Multiple fragment message transmission

A multi-fragment message shall be transferred as a series of CTRL or INFO frames..

a)
The M bit shall be set to 1 for all fragments except the last fragment.

b)
The M bit shall be set to 0 for the last fragment.

c)
For INFO frames, the p bits shall indicate the priority of the frame.

1.4.4.4.3 
Setting of T bit

1.4.4.4.3.1 
T bit initialisation for air/ground communication

When there is no current connection between a mobile station and a ground station and the LME of either station requests the transmission of a CTRL message, the sending station shall fragment the message in accordance with the procedures of 1.4.4.4.2 and send the fragments using either the short transmission procedures (see Section 1.4.4.6) or the long transmission procedures (see Section 1.4.4.7).  In the first fragment, it shall send either a CTRL frame (short transmission procedures) or a CTRL_RTS (long transmission procedures) and set the I bit to 1, the T bit to 0 and the state variable Tt to 0.

On receipt of a CTRL frame with I = 1, the receiving station shall set its own state variable Tr to 0 and clear its receive stacks.

On receipt of the CTRL_ACK with T = 0, produced in response to the CTRL frame with I = 1, the sending station shall set its state variable Tt to 1.

Note.- At this stage the state variables Tt for the sending station and Tr for the receiving station are initialised.  The receiving station must separately initialise the state variables for data transfer in the opposite direction.

1.4.4.4.3.2 
Transfer after initialisation

When the T bit has been initialised, the sending station shall set the T bit for transmitted frames to the value of Tt.

1.4.4.5 
Selection of transmission procedures TC \l4 "
After a packet has been selected for transmission according to the procedures of Section 1.4.4.4the sending station shall calculate the total length in octets of the  DLS burst required to contain the frame queued for transmission using the short transmission procedures defined in Section 1.4.4.6. The total length shall include the length of any reservation fields contained within the  DLS burst, together with any flags. The calculation of the length of the DLS burst shall take account of whether the station will combine a DATA frame with another DLS frame in accordance with the procedures of Section 1.4.4.13.2.  If the total length is less than or equal to ND2, then the station shall use short transmission procedures (Section 1.4.4.6) to transmit the queued data. Otherwise, the station shall use the long transmission procedures (Section 1.4.4.7). The M bit should be set to 0 for a short transmission.

1.4.4.6 
Short transmission procedures
1.4.4.6.1 
Transmission of DATA frame TC \l4 "
After the selection of a short transmission procedure, the sending station shall transmit a DLS burst containing the DATA frame queued for transmission with QoS parameters as defined in Table 1-60 using the random access procedures. 

A burst containing a CTRL or INFO frame shall contain a unicast request reservation field for the acknowledgement with the parameters in Table 1-60.

[Note.— If the responder VSS sublayer has not received a response from the VSS user in the scheduled reservation it can send a general failure (see Section 1.3.20) with error type 7E hex or FE hex and a unicast request reservation (with itself as the transmitter) according to the procedures of Section 1.3.19.2.]

1.4.4.6.2 
Acknowledgement of DATA frame

1.4.4.6.2.1 
Valid link with sender

If the responder to a CTRL or INFO frame has a valid link to the sender it shall transmit a DLS burst containing an ACK frame in the slot reserved by the unicast request reservation field contained in the data frame transmission

a)
A CTRL_ACK frame shall be sent in response to a CTRL frame and an INFO_ACK frame in response to an INFO frame

b)
The T bit shall be set to the value of the T bit in the received DATA Frame.

1.4.4.6.3   Non-receipt of acknowledgement

If an acknowledgement to a CTRL or INFO frame is not received from the receiving station, the sending station shall retransmit the DLS burst containing the CTRL or INFO Frame and a unicast request reservation field according to the procedures of Section 1.3.21.

1.4.4.6.4 
Action on receipt of a UDATA frame

A station receiving a UDATA frame shall forward the contents of the information field to the service user and take no further action.

Table 1-60. Short transmission compressed frame burst parameters
	Symbol
	Parameter name
	Default

	V32
	Minimum response delay
	(54 msec) * M1 / 60 slots

	V33
	Maximum response delay
	(5 sec) * M1 / 60 slots

	V34
	Source/destination control
	0

	V35
	Broadcast control
	0

	V36
	Length of reserved block
	1 slot

	Q1
	Priority
	highest priority of user data frames

	Q2a
	Slot selection range constraint for level 1
	150 NMI

	Q2b
	Slot selection range constraint for level 2
	150 NMI

	Q2c
	Slot selection range constraint for level 3
	0 NMI

	Q2d
	Slot selection range constraint for level 4
	300 NMI

	Q3
	Replace queued data
	TRUE

	Q4
	Number of available slots
	3


1.4.4.7 
Long transmission procedures TC \l4 "
1.4.4.7.1 
Transmission of request to send
After the selection of a long transmission procedure, the sending station shall transmit a DLS burst containg an RTS  frame to the receiving station in the transmit queue with QoS parameters as defined in Table 1-61. 

a)
A CTRL_RTS, INFO_RTS or UDATA_RTS frame shall be sent if the long transmission procedure is being used for the transfer of a CTRL, INFO or UDATA frame respectively

b)
The p subfield shall indicate the priority of the DATA frame to be transmitted (see Section 1.4.1.6)

c)
The length subfield shall indicate the length of the DLS burst required to contain the DATA frame (see Section 1.4.2.3.6).

d)
For CTRL_RTS and INFO_RTS frames, the T bit shall be set to Tt.

Each burst shall contain a unicast request reservation field with the parameters in Table 1-61.

Note.- The ground may use the priority subfield to manage the link resource during congestion.

1.4.4.7.2 
No response to RTS

If a response is not received to the RTS frame, the station shall retransmit the DLS burst containing the RTS frame and the unicast request according to the procedures of Section 1.3.14.

Table 1-61. Long transmission RTS burst parameters
	Symbol
	Parameter name
	Default

	V32
	Minimum response delay
	(54 msec) * M1 / 60 slots

	V33
	Maximum response delay
	(5 sec)* M1 / 60 slots

	V34
	Source/destination control
	0

	V35
	Broadcast control
	0

	V36
	Length of reserved block
	1 slot

	Q1
	Priority
	highest priority of user data frames

	Q2a
	Slot selection range constraint for level 1
	150 nmi

	Q2b
	Slot selection range constraint for level 2
	150 nmi

	Q2c
	Slot selection range constraint for level 3
	0 nmi

	Q2d
	Slot selection range constraint for level 4
	300 nmi

	Q3
	Replace queued data
	TRUE

	Q4
	Number of available slots
	3


1.4.4.7.3 
Response to RTS

1.4.4.7.3.1 
DATA frame has not previously been received

If the responder has a valid link to the sender and the received frame is an RTS_UDATA or if the T bit within the CTRL or INFO frame is not equal to Tr, then the receiving station shall transmit a CTS frame in a DLS burst in the slot reserved by the RTS frame.

a)
A CTRL_CTS, INFO_CTS or UDATA_CTS frame shall be sent in response to a CTRL_RTS, INFO_RTS or UDATA_RTS frame respectively

b)
The T bit shall be set to T bit of the RTS frame to which the CTS is a response

For CTRL_CTS and INFO_CTS frames, the burst shall contain an information transfer request reservation field and be transmitted with the parameters in Table 1-63, indicating the number of slots reserved for transfer of the DATA frame. 

For a UDATA_CTS frame, the burst shall contain a unicast request reservation field and be transmitted with the parameters in Table 1-61, indicating the number of slots reserved for transfer of the DATA frame. 

1.4.4.7.3.2 
DATA frame has previously been received

If the responder has a valid link to the sender and if the T bit within the CTRL or INFO frame is equal to Tr, then the receiving station shall transmit an ACK frame in the slot reserved by the RTS.

a)
A CTRL_ACK or INFO_ACK frame shall be sent in response to a CTRL_RTS or INFO_RTS frame respectively

b)
The T bit shall be set to the value of the T bit in the received DATA Frame.

The DLS burst containing the ACK frame shall contain a response reservation type except as determined by the procedures of Section 1.4.4.13.

1.4.4.7.3.3 
Channel too busy

If the channel is too busy (either the receiving station cannot find a sufficiently large series of contiguous slots or the priority is too low for the channel utilization), then the receiving station shall transmit either a general confirm including a unicast reservation with V34 = 1 indicating when the responder will transmit an information transfer request in response to the RTS or a general failure (see Section 1.3.20) with error type = 01 hex.

Note .— If the responder sends a general failure (see Section 1.3.20) the sender can retransmit the RTS after the timeout defined by the back-off delay or in the slot reserved by the destination.

Table 1-62. General response to RTS parameters
	Symbol
	Parameter name
	Default

	Q1
	Priority
	TBD

	Q2a
	Slot selection range constraint for level 1
	150 nmi

	Q2b
	Slot selection range constraint for level 2
	150 nmi

	Q2c
	Slot selection range constraint for level 3
	0 nmi

	Q2d
	Slot selection range constraint for level 4
	300 nmi

	Q3
	Replace queued data
	TRUE

	Q4
	Number of available slots
	3


Table 1-63. Response to RTS compressed frame burst parameters
	Symbol
	Parameter name
	Default

	V42
	Length of information transfer
	Sufficient to included requested INFO frames

	V43
	Minimum information transfer delay
	(54 msec) * M1 / 60 slots

	V44
	Maximum information transfer delay
	(5 sec) * M1 / 60 slots

	V45
	Minimum response delay
	(54 msec) * M1 / 60 slots

	V46
	Maximum response delay
	(5sec) * M1 / 60 slots

	Q1
	Priority
	Highest priority in the RTS for which a reservation has been made

	Q2a
	Slot selection range constraint for level 1
	150 nmi

	Q2b
	Slot selection range constraint for level 2
	150 nmi

	Q2c
	Slot selection range constraint for level 3
	0 nmi

	Q2d
	Slot selection range constraint for level 4
	300 nmi

	Q3
	Replace queued data
	TRUE

	Q4
	Number of available slots
	3


1.4.4.7.4 
Response to CTS

1.4.4.7.4.1 
Transmission of DATA frame

A station receiving a CTRL_CTS or INFO_CTS frame in a DLS burst addressed to it for which the T bit is equal to Tt and with an information transfer request reservation field shall transmit the requested DATA frame in the allocated reservation with the T bit set to Tt. 

A station receiving a CTRL_CTS or INFO_CTS frame in a DLS burst addressed to it for which the T bit is not equal to Tt shall reset the link in accordance with the procedures of Section 1.4.4.12. 

A station receiving a UDATA_CTS frame in a DLS burst addressed to it with a unicast request reservation field shall transmit the requested UDATA frame in the allocated reservation. 

1.4.4.7.4.2 
Response if no information to transmit

If the station has nothing to transmit (e.g., after a reset), it shall not transmit.

1.4.4.7.5 

Acknowledging the data

1.4.4.7.5.1 
DATA frame received

A receiving station which transmitted a CTRL_CTS or INFO_CTS frame in a DLS burst containing an information transfer request reservation field (and consequently has a reservation for an acknowledgement) and which has received the DATA frame with the same setting of T bit as is contained in the RTS, shall transmit in the slot reserved for an acknowledgement an ACK frame in a DLS burst. 

a)
A CTRL_ACK or INFO_ACK frame shall be sent in response to a CTRL or INFO frame respectively

b)
The T bit shall be set to the value of the T bit in the received DATA Frame.

The DLS burst containing the ACK frame shall contain a response reservation type except as determined by the procedures of Section 1.4.4.13.

1.4.4.7.5.2 
CTRL or INFO frame not received

A receiving station which transmitted an information transfer request reservation field (and consequently has a reservation for an acknowledgement) and which has not received the CTRL or INFO frame with the same setting of T bit and P bits as is contained in the RTS, shall transmit in the slot reserved for an acknowledgement a DLS burst containing a CTS frame as described in Section 1.4.4.7.3.1. 

1.4.4.8 
DLS not supported

If the responder to a CTRL, CTRL_RTS, INFO or INFO_RTS frame does not support the DLS, then it shall transmit a general failure (see Section 1.3.20) with an error type of 80 hex in the slot reserved by the unicast request reservation field contained in the data frame transmission.

1.4.4.9 
No link with sender

If the responder to a CTRL or CTRL_RTS frame with I not equal to 1 or an INFO frame which is not combined with a START frame does not have a link with the sender, the responder shall send a DLS burst containing a DM/DISC frame in the slot reserved by the unicast request reservation field contained in the data frame transmission.  

1.4.4.10 
Message Reception

1.4.4.10.1 
Receipt and forwarding of received DATA frames

When a CTRL or INFO frame is received without errors from another station, the value of the T bit shall be inspected and recorded.

If this is:

a)
a CTRL frame with I = 1 or an INFO frame combined with a START frame, or 

b)
the value of the T bit is not equal to Tr,

then the message or message fragment shall be accepted and Tr set to the value of the T bit in the received INFO or CTRL frame.

Otherwise, the received message or message fragment shall be discarded as a duplicate.

1.4.4.10.2 
Concatenation of multi-fragment messages

If any preceding message fragments had been received with, in the case of an INFO frame, the same value of p subfield and with the M bit set to one, then the user data part of the received DATA frame shall be concatenated to the end of those message fragments.

If the M bit is set to zero on the received DATA frame, then the user data part of the received DATA frame, including any message fragments received earlier and with which it has been concatenated, shall be passed to the service user as a single incoming message.

Otherwise, the received user data shall be retained awaiting the arrival of the remaining parts of the multi-fragment message.

1.4.4.10.3 
Unacknowledged frames

UDATA, DM/DISC and all ACK frames shall be unacknowledged.

1.4.4.11 
Receipt of ACK frame

When an ACK frame is received without errors from another station, the value of the T bit shall be inspected.

If T = Tt, then the DATA frame shall be assumed to have been successfully received and the value of Tt shall be set to the inverse of the current value of Tt.

Otherwise, the sending station shall reset the link according to the procedures of Section 1.4.4.12.

Once a DATA frame has been successfully received, the highest priority fragment (either the next fragment of the current message or the first fragment/complete frame of the next message in the send queue, if any, shall be selected for transmission using the procedures of Section 1.4.4.4.

Note.- The selection of highest priority allows the station to pre-empt eg a lower priority transfer of M-bit linked fragments with a higher priority message or set of fragments.

1.4.4.12 
Link reset

The sending station shall reset the link by sending a FRMR frame in a DLS burst using the random access protocol placing a unicast reservation for the response, discarding all outstanding messages in the send stack.  If a FRMR_ACK is not received in the reserved slot, the FRMR shall be sent again using the re-transmission procedures.  Only when a FRMR_ACK has been received shall the station attempt to re-send data to the receiving station using the procedures of Section 1.4.4.4.3.1 for air/ground communication and Section 1.4.4.16.1 for air/air communication.

On receipt of a FRMR frame, the receiving station will discard any outstanding fragments in the receive stack and transmit a FRMR_ACK frame in a DLS burst in the reserved slot.

1.4.4.13 
Linking transmissions to the same peer station

1.4.4.13.1 
Recommendation

A station with a queue of transmissions to send to a receiving station should seek to link transmissions using the procedures set out in this section.

It shall be possible to combine the following frames:

· DATA/RTS

· ACK/CTS

· ACK/DATA

· ACK/RTS

1.4.4.13.2 
Combined DATA/RTS frames

When a receiving station has selected a message for transmission using the procedures of Section 1.4.4.4 and for which it has selected the long transmission procedures (see Section 1.4.4.5), it shall also select the next message with the highest priority and place an RTS frame in the DLS burst containing the DATA frame for the first message.  

1.4.4.13.3 
Combined ACK/CTS frames

A station receiving a DLS burst containing a DATA frame and an RTS frame, shall process the DATA frame according to the procedures of Section 1.4.4.7.5 except that the DLS burst containing the ACK frame shall also contain a CTS frame for the next DATA frame transfer and an information transfer reservation field for the DLS burst containing the DATA frame in accordance with the procedures of Section 1.4.4.7.3.

1.4.4.13.4 
Combined ACK/DATA frames

A receiving station which has data to send back to the sending station which would fit into a single slot DLS burst containing an ACK frame, should include its own DATA frame in the DLS burst containing the ACK frame. The burst shall contain a unicast request reservation field with the parameters in Table 1-61 for the acknolwedgement of the DATA frame.

Note.-  Hence a station could combine a transport acknowledgement with the ACK if this can be produced in time

1.4.4.13.5 
Combined ACKRTS frames

A receiving station which has data to send back to the sending station which would not fit into a single slot DLS burst containing an ACK frame, should combine an RTS frame for its own DATA frame in the DLS burst containing the ACK frame and use the long transmission procedures for the data transfer.

1.4.4.14 
Link transmissions to a different peer station

1.4.4.14.1 
Recommendation

A station sending an ACK frame to one destination which has data to send to a different destination, should include a unicast reservation field with sdf = 1 with the DLS burst containing the ACK and then transmit an RTS frame to the new destination in the reserved slot.

Note.- This makes it possible for eg a ground station to link a series of transmissions to different destinations.

1.4.4.15 
CTRL frame

The CTRL frame shall be used for the LME to establish and maintain links as defined in Section 1.5.  

1.4.4.16 
Procedures for air-air communication

Air-air communication services shall be supported by a zero-overhead connection oriented protocol (ZOCOP) as specified in this section.

1.4.4.16.1 
T bit initialisation for air/air communication
A mobile sending station (the “sending station”) wishing to send data to a mobile station (the “receiving station”) for which it does not currently have a link, shall send a DLS burst containing a START frame and the first INFO (short transmission procedures) or INFO_RTS (long transmission procedures) frame to the receiving station using either the short transmission procedures (see Section 1.4.4.6) or the long transmission procedures (see Section 1.4.4.7).  It shall set the negotiation field to the highest value that is supported by the DLS in the START frame, the T bit to 0 in the INFO frame and the state variable Tt to 0.

On receipt of a START frame combined with an INFO_RTS frame (long transmission procedures), the receiving station shall send an INFO_CTS combined with a START frame in accordance with the procedures of Section 1.4.4.7.3.

On receipt of a START frame combined with an INFO_CTS (long transmission procedures), the sending station shall send an INFO frame combined with a START frame in accordance with the procedures of Section 1.4.4.7.4.

On receipt of a START frame combined with an INFO frame, the receiving station shall set its own state variable Tr to 0.  The receiving station shall send a START frame combined with an INFO_ACK in the slot reserved for the transmission setting T=0.  In the START frame, the receiving station shall set the negotiation field to the highest value that is supported by the DLS.

On receipt of the INFO_ACK combined with a START frame, the sending station shall set its state variable Tt to 1.

For both sending and receiving stations, link parameters shall be selected which correspond to the lower value of the negotiation subfields contained in the START frame sent by the sending station and in the START frame sent by the receiving station.

Note.- At this stage the state variables Tt for the sending station and Tr for the receiving station are initialised.  The receiving station must separately initialise the state variables for data transfer in the opposite direction.
1.4.4.16.2 
Air-air data exchange after link initialisation

When an air/air link has been established, data shall be exchanged as determined by the short and long transmission procedures.

1.4.4.16.3 
Link maintainance

A station that sent a START frame, shall regard the link as terminated if it does not transmit to the same peer for TD1 seconds.  A station that received a START frame, shall regard the link as terminated if it does not receive a transmission from the peer for TD2 seconds.
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