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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.

ADVANCE \d70CHAPTER 8.  TIME MAINTENANCE
8.3.3.1ADVANCE \r12In order to maintain time, the aircraft radios must keep track of three separate counters:

a)
Coast Time Counter 1 (CTC1) is the number of MAC cycles since the last successful reception of an uplink M channel beacon. Thus, whenever a beacon is missed CTC1 is incremented by 1. Otherwise, CTC1 is reset to 0. A successful beacon reception consists of the reception of the synchronization sequence and the Beacon 2 word. The Beacon ID and GSC fields must correspond to the aircraft radio’s net. In order to qualify as a valid beacon signal the beacon must also contain the same information in Beacon 2 and have the same timing (within ±1 symbol period) as the previous beacon signal.

b)
Coast Time Counter 2 (CTC2) is the number of MAC cycles since the last time the aircraft radio accepted new timing information. This information could come from a beacon reception, but it could also come from the reception of an Alternate Timing Signal (ALT). ALTs are Poll Responses from aircraft radios (except in the 3T configuration) and beacons in slots other than the one controlling the aircraft radio’s User Group. Different User Groups sharing a common channel may be controlled by geographically separated ground stations. However, the separate ground stations will have the same GSC. Aircraft radios will accept the timing information of an ALT only if it obeys certain timing constraints described below in rule b) of 8.3.4.1. If a beacon is not received and if the timing is not updated by an ALT then CTC2 is incremented by 1. Otherwise, CTC2 is reset to zero.

c)
Coast Time Counter 3 (CTC3) is the number of MAC cycles since the last reception of a beacon or any Poll Response whether or not it was used for updating time. If none of the above signal types is received during a MAC cycle, CTC3 is incremented by 1. Otherwise, CTC3 is reset to 0.

8.3.3.4ADVANCE \r12In order to facilitate the efficient use of aircraft radios, it may be advantageous to indicate to the users (by a means to be determined) their current timing states.


8.3.4    Transition rules
8.3.4.1ADVANCE \r12This section will describe the rules whereby the Coast Time Counters (CTCs) are used to control the transitions from one timing state to another and the timing updates using the ALTs. In order to derive these rules certain assumptions about the system parameters were made:

a)
The stability of the aircraft clock is the same as the aircraft frequency stability, i.e. 5 ppm.

b)
The ground stations are normally locked to an external time source. Under very rare circumstances the ground radio may have a timing accuracy equivalent to its frequency stability, i.e. 2 ppm.

c)
An additional source of time error is the movement of the aircraft radio with respect to the ground station. For a Mach 1 aircraft this is 1 ppm. 

d)
One type of ALT is the polling response. In the worst case of a fully loaded 4V configuration, the longest possible polling cycle is 120 MAC cycles (plus some allowance for net entrants).

8.3.4.3ADVANCE \r12Given these assumptions, the following rules for aircraft radios which have already entered a net (and are not in the 3T configuration) can be generated:

a)
When CTC1( t (default =50), a radio will change from TS1 to TS2.

b)
While in TS2, a radio will accept time from an ALT if, and only if,

Tr < Ta + 0.04 ( CTC2 ( Ts.
Here, Ta is the expected time of an ALT as determined by the aircraft radio’s clock; and Tr is the actual time of arrival of the ALT with respect to the aircraft radio’s clock. Ts is a symbol period. If CTC2 is greater than 800, all ALT time updates will be accepted. If the time is updated, CTC2 is reset to 0. 

c)
When CTC3 ( f (default = 250), a radio will change to TS3.

d)
While in TS3, a radio will accept time from any ALT and enter TS2.

e)
Any radio in TS2 or TS3 will immediately revert to TS1 upon reception of a valid beacon signal. Time will be updated to agree with that of the beacon.

Thus, CTC1 and CTC3 control a radio’s timing state whereas the role of CTC2 is to control the timing update mechanism while a radio is in TS2. A “state diagram” based on these rules is shown in Figure 8-2.

8.3.4.3.2ADVANCE \r12Rule b) is designed to allow an aircraft radio to accept time preferentially from sources with the least excess path delay. Thus, a radio will accept time from an ALT only if it appears “earlier” than the time predicted by its own internal clock. The factor with CTC2 is included to allow for the case where an aircraft radio’s clock is fast with respect to the correct time. The net result is that, when there are a number of ALTs available, an aircraft radio will tend to have its time controlled in such a way as to minimize its excess path delay. This will greatly reduce the chance that a radio in TS2 will ever violate its time slot boundaries. 


8.3.5    Special rules for net initialization
8.3.5.1ADVANCE \r12Radios which have not yet entered a net have some special considerations when uplink beacons are not available. Such radios can be considered to be in a special timing state, called TS0, where transmission is not allowed. Radios in this state have no information as to the local configuration of the system, and they initially have no information as to why beacon signals are not available. The ground station could be operating but out of line of sight, or the ground station could be inoperable. To deal with this uncertainty, the following rule applies. The aircraft radio will not transmit until one of the following happens:

a)
The radio receives a valid beacon signal. In this case the word “valid” signifies that the information in Beacon 2 is the same and the timing is the same (within ±1 symbol period) as the last successful beacon reception. In this case the radio will enter TS1 and proceed to net entry if desired.

b)
The radio receives an ALT. The ALT will contain enough information (see Chapter 3, 3.5) to tell the aircraft radio whether the local configuration is a 3-slot or 4-slot configuration. With this information the radio can enter TS2 and determine the correct time for transmitting truncated voice messages.

c)
The radio’s CTC3 counter reaches the value f.  In this case the radio enters TS3. In order to shorten the time it takes to reach TS3 under these circumstances, the CTCn are initially set to max(f-50,t) at the onset of link establishment. Using the default values of f=250 and t=50 gives 200 as the starting value of CTCn. In this case an aircraft radio will enter TS3 in 12 seconds when no beacon is present.

8.3.7.2ADVANCE \r12Note that in 3T there are no valid ALTs since there are no alternative uplink M channel beacons and the Poll Responses are identified as not being suitable for timing (see 2.4). However, the Poll Responses do serve to reset CTC3 to zero whenever they are received. A potential net entrant entering into a 3T area will never have the opportunity to enter via TS2 since no ALTs are available. It will either enter normally in TS1 or go directly to TS3 after waiting up to one minute.


8.3.9    Scenarios
To clarify how the proposed timing rules will work, three possible “lost timing” scenarios are considered.

a)
Single lost radio. In this scenario a single aircraft radio in a user group loses connectivity with the ground station due to some type of adverse propagation condition. All (or most) other users remain connected. In this case the lost radio will coast for 12 seconds and then enter TS2, the truncated voice mode. While in this mode, it can maintain voice communication with some of the other aircraft radios. It will also receive poll responses from some of the radios. The radio will update its timing based on the “closest” relay radios available. (Closest connotes, in this case, radios which are most nearly in line with the ground radio and the lost radio. These will have the smallest excess path delay.) This will, with very high probability, keep the truncated voice transmissions within their proper time slot boundaries. Also, the quasiperiodic reception of ALTs will keep the lost radio from ever entering TS3. In most cases, the lost radio will eventually re-establish its connection with the ground. Reception of the ground beacon will reset all CTCs to zero and send the radio into TS1.

b)
Massive Ground Failure. In this scenario the ground station and all possible back-ups fail simultaneously. When this happens, the CTC1’s of all aircraft radios will begin to increment once per cycle. After 12 seconds all the radios will enter TS2. Also, all CTC3 counters will continue to increment. After about 60 seconds, all the radios will enter TS3 and all user groups will coalesce into one large user group. At no time is air-to-air voice communication prevented. Also, if and when the ground stations are operable and begin transmitting beacons, the aircraft radios will all return to TS1.

c)
Oceanic. In this case, which might apply over the ocean or in any area with no ground infrastructure, there are never any beacon signals. The only correct timing state is TS3. In this case any entering radio will wait 12 seconds for its CTC3 to reach 250, and it will then remain in TS3 indefinitely.


8.3.10    Dummy poll responses
8.3.10.1ADVANCE \r12The overall system timing architecture relies on air-to-air time transfer provided by quasiperiodic Poll Responses. In particular, the CTC3 thresholds for entering TS3 are determined based on assumptions concerning typical polling cycle times. However, there exist certain configurations in which polling may not be implemented. These configurations are the voice-only configurations:  4V, 3V, 3S and 2S1X. If a ground radio in one of these configurations does not support polling, it will transmit the value 61 in the Aircraft ID (Poll) field of its uplink M channel message. This informs the aircraft radios that discrete addressing is not supported.

8.3.10.3ADVANCE \r12Immediately after entering TS1, after determining that the uplink Beacon contains Aircraft ID = 61, divide all further MAC cycles into groups of 25. Within each group, choose one MAC cycle at random in which to transmit a dummy Poll Response. Continue to transmit dummy Poll Responses for as long as the aircraft radio remains in TS1.

Table 8-1. Source filtering squelch window matrix for 4-slot configurations
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	Aircraft Receiver State Squelch Window (Note 1)
	Ground Receiver State Squelch Window (Note 1)

	State

Message Type
	TS1

(Note 2)
	TS2

(Note 2, Note 3)
	TS3

(Note 5)
	N/A
(Note 2)

	Uplink voice
	-1 to +1
	-33 to +1
	Wide Open
	N/A

	Downlink voice: TS1
	-2 to +4(n+1)
	-34 to +4(n+1)
	Wide Open
	-1 to +(4n+3)

	Downlink voice: TS2
	-2 to +4(n+9)
	-34 to +4(n+9)
	Wide Open
	-1 to +(4n+35)

	Downlink voice: TS3
	Wide Open

(Note 4)
	Wide Open

(Note 4)
	Wide Open
	Wide Open

(Note 4)

	Note 1.— Each squelch window is defined relative to the nominal burst time in symbols.

Note 2.— n = Squelch Window parameter.

Note 3.— If n is unknown, then the default value is 6.

Note 4.— Receive any such message with “correct” Group ID if not already receiving a voice message.

Note 5.— In this column, “Wide Open” implies that an aircraft radio will receive any voice message, without regard to Group ID.


Table 8-2. Source filtering squelch window matrix for 3-slot configurations
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	Aircraft Receiver State Squelch Window (Note 1)
	Ground Receiver State Squelch Window (Note 1)

	State

Message Type
	TS1

(Note 2)
	TS2

(Note 2, Note 3)
	TS3

(Note 5)
	N/A
(Note 2)

	Uplink voice
	-1 to +1
	-33 to +1
	Wide Open
	N/A

	Downlink voice: TS1
	-2 to +8(n+1)
	-34 to +8(n+1)
	Wide Open
	-1 to +(8n+7)

	Downlink voice: TS2
	-2 to +8(n+5)
	-34 to +8(n+5)
	Wide Open
	-1 to +(8n+39)

	Downlink voice: TS3
	Wide Open

(Note 4)
	Wide Open

(Note 4)
	Wide Open
	Wide Open

(Note 4)

	Note 1.— Each squelch window is defined relative to the nominal burst time in symbols.

Note 2.— n = Squelch Window parameter.

Note 3.— If n is unknown, then the default value is 7.

Note 4.— Receive any such message with “correct” Group ID if not already receiving a voice message.

Note 5.— In this column, “Wide Open” implies that an aircraft radio will receive any voice message, without regard to Group ID.
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