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ENRI raises a valid issue that for 3V1D/2V1D slot D M bursts cannot be used for Net Entry Requests, as the ground station would have no knowledge of which user group the request is actually associated.  As such, those system configurations should be likewise restricted to poll every other MAC cycle. 
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During MOPS development, it was realized there was an issue when users might tune multiple radios into the same net.  Also, operational issues were raised with some surface locations having upwards of 200 aircraft (Chicago O’Hare).  XID issues were recognized during MOPS validation and FAA Ground System development.  Urgent Downlink Request issues were recognized during MOPS and AEEC characteristic development.  Expedited recovery and diversity site group issues were recognized during FAA ground system development.  Operational issues were identified and resolved during MOPS development and certification planning.

Validated by simulation and test.  OpNet simulations used for data operation under load.  MITRE, BCI/CIE, BAE, NEC, Rockwell-Collins and Honeywell equipment have been used in the testing.  Rockwell-Collins and Honeywell equipment should likely be certified by the end of the calendar year.  The R-C equipment will furthermore have an STC for equipage on 737-600/700/800.
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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.
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4.2    LINK ESTABLISHMENT
All aircraft radios perform link establishment within a particular net prior to performing any other function. A net is determined by a particular frequency, Group ID (i.e., the channel label suffix), and GSC.

4.2.1.3ADVANCE \r12If the entrant identifies one or more signals with the correct GSC, it will then check the Configuration field. If the configuration is 4V, 3V1D, 3V, it will then check that the Beacon ID field agrees with the Group ID of the net it is trying to enter.  If the configuration is 3T, the Group ID and Beacon ID are always A. For 3S/2S1X, the entrant will choose whichever slot (A, B or C) appears to provide the “best” signal as described in Chapter 5.  For 2V2D/2V1D, there are 2 viable Beacon IDs applicable to each user group for expanded addressing.  For 1V3D/1V2D, Beacon ID is used for extended address of the single user group.  Having identified a candidate beacon signal, the aircraft radio will verify it by detecting the same beacon in a later MAC cycle and determining that the information in Beacon 2 has not changed (except for a possible change to a different compatible Beacon ID). (The effect of this is that a minimum of two beacon receptions is required for net initialization.) If all the tests are passed, the new net’s configuration and timing are known, and the aircraft radio enters Timing State 1 (TS1). It then can proceed to the next stage—net entry.


4.2.2    Net entry
4.2.2.1ADVANCE \r12A radio can, as an option, begin operation immediately after net initialization, i.e. as soon as it enters TS1. However, it will be able to transmit only voice messages and will not be able to use functions requiring downlink M channels, such as two-way data transmission. Normally, a net sign-in procedure must occur. (Note that a ground station beacon with Aircraft ID = 61 indicates that the ground station does not support discrete addressing, and net entry should not be attempted.) This process is begun when the aircraft radio transmits a Net Entry Request message in a downlink M channel RA opportunity. Prior to signing in, the entrant must determine the location of the possible RA opportunities. This is done by listening to the net for one entire cycle. During this listening period, the entrant notes which slots are scheduled for acknowledgments (ACKs) and poll responses. This process can take place in the same MAC cycle during which the beacon was “verified.”

4.2.2.5ADVANCE \r12The pool of Local ID numbers that are available to be distributed depends on the configuration of the net. For instance, for configurations 4V, 3V1D, 3V the Local ID prefix always agrees with the User Group ID. However, for the 3T configuration the Local ID prefix is chosen by the ground station based on other considerations, as described in Chapter 6. For 3S/2S1X the Group ID is not relevant, and a single, arbitrary ID (i.e. A) is used for all users.  For 1V3D/1V2D, the User Group ID is always A, but the Local ID prefix can be any from A-D.  For 2V2D/1V2D, the Local ID prefix for User Group A can be A or C, while the Local ID prefix for User Group B can be B or D.
4.2.2.6ADVANCE \r12There can be up to 60 Aircraft IDs provided for each Local ID prefix. The ground station will choose an ID number between 1 and 60. Number 0 is reserved for the ground station. Numbers will be assigned to the aircraft users in sequence. Thus, if the previous entrant had been given number M, then the new entrant will be assigned number M+1. If the number M+1 has already been assigned then the next higher available number will be chosen. For the purposes of this algorithm, the numbers are “rolled over” so that the next number after 60 is 1.  For system configurations 2V2D and 2V1D, the User Group ID will change once to provide an effective 120 address space.  For system configurations 1V3D and 1V2D, the User Group ID will change once to provide an effective 240 address space.  If all the numbers are used up, the number 0 will be given to indicate a full net. If Aircraft ID = 0 is indicated, the aircraft radio can still participate in the net in a limited way (using the dummy ID = 61). In this case, the aircraft radio becomes the equivalent of a radio that has not “signed in,” which cannot provide features that require discrete addressing. The aircraft user should be given some indication (to be determined) that advises when it is entering the net with reduced capability. If this is not acceptable the operator can take appropriate action.

4.2.2.8ADVANCE \r12If the Poll Response has the correct information (i.e. the entrant echoes back the correct Local ID) then the ground radio will confirm that the net entry procedure has been successfully completed by sending some sort of Reservation Response to the entrant in a Supported Options message. If the entrant requested slots in its Poll Response and slots are available in the next cycle, an actual reservation will be delivered. For all other cases, a RACK must be delivered. Note that this is the only case where a RACK is delivered after a poll response. Otherwise, RACKs are provided only for RA Request Messages.  The Supported Options message includes the Radio Identifier assigned to the aircraft as well as an indication of whether the ground station supports any of the optional capabilities, such as Urgent Downlink Request.

4.2.3    Net entry retransmission
4.2.3.2ADVANCE \r12To account for a possible delayed response the net entrant will wait for a number of MAC cycles equal to WE before it initiates another Net Entry Request using a new random number as discussed in 4.11. This process may result in a duplicate Net Entry Request (i.e. with the same ICAO address) being received by the ground radio before it can respond. If this occurs, the second request will receive a different Local ID and Radio ID.  The aircraft radio will receive one of the responses and ignore the other.  The extra Local ID will be recovered when TL4 expires due to lack of Poll Responses.

4.2.4    Multiple radio operation
4.2.4.1ADVANCE \r12Some aircraft operate multiple VHF ATC communications radios concurrently.  To ensure proper operation of the VDL Mode 3 protocols, the ground station assigns a Radio ID in addition to the Local ID when a radio enters a net.  As  data messaging does not include the Local ID, the ICAO address alone is insufficient to differentiate the multiple units that may be tuned to a net (or same frequency for 3V1D/2V1D).  If they are not differentiated, multiple radios might attempt to acknowledge uplinks and respond to polls.  To prevent this, different Local IDs are assigned to subsequent Net Entry Request messages from the same ICAO address along with an incremented Radio ID.  The Radio ID allows all of the stations to differentiate the different radios so that only a single unit acknowledges uplink data transmissions.
4.2.4.2ADVANCE \r12The downside of this solution is that more addresses will be used when aircraft operate multiple radios in the same frequency/net.  To help mitigate this issue, the ground station has a means to recover Local IDs from aircraft which may be holding multiple IDs when it nears maximum capacity in the net.  Also, 2V2D and 2V1D system configurations make use of the B/D beacon IDs to expand the net Local ID space to 120.
Section 4.2.3.3 deleted
4.3.4ADVANCE \r12The third type of window is the validity window. The validity window is used to control the processing of M channel messages. When an aircraft radio is in net initialization mode (TS0) its validity window is wide open; it is looking for any M channel signal. After net initialization, when it is searching for uplink M channel signals, its validity window should be reduced to the range from -K(n+1)+1 to +1 symbol periods with respect to the timing of its most recent successful beacon reception, where K=4 for 4-slot configurations and K=8 for 3-slot configurations and n=squelch window parameter.. This allows the aircraft radio to track the closest ground station. Due to a failure or other circumstance, a particular ground station may be removed and/or replaced. In this case, the distance between an aircraft radio and its nearest ground station might increase abruptly. To accommodate this possibility, the aircraft needs to react in a timely fashion. To allow it to do so, it should extend its validity window to include all relative time differences whenever its counter CTC1 exceeds 24. This change will enable it to find a valid beacon before it enters timing state TS2.  
4.3.5ADVANCE \r12 A beacon is considered valid if the information in the Beacon 2 word (including GSC) is unchanged from the previous Beacon 2 information (except for a possible change to a different compatible Beacon ID) and if it falls within the current validity window. If either of these conditions is not met, the new Beacon 2 information and timing information will be held in escrow until it is confirmed by the next beacon reception.  However, the aircraft radio needs to process any signaling commands contained in uplink beacons that have the appropriate GSC and Beacon ID(s) regardless of the validity window.  Note that this beacon processing rule also applies to cases where the ground timing shifts abruptly (perhaps due to a switch from main to backup transmitters) as described in Chapter 9, 9.6. 

4.4    POLLING
4.4.1ADVANCE \r12In order to provide guaranteed access for reservation requests and link management functions, the slotted aloha reservation protocol provided by the RA downlink M channel slots is supplemented by an orderly polling procedure. Every uplink M channel message except the Handoff Check message can support a polling command from the ground station using the Beacon 1 word. In the absence of a net entrant, the ground station will sequentially poll all of its “registered” aircraft radios in ascending numerical order. (The numbers are “rolled over” so that 1 follows 60 or whatever the highest ID is.)

ADVANCE \d1
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4.4.3ADVANCE \r12 









Note that if a ground station does not support polling or any other type of downlink M channel activity, it will transmit the value 61 in the Aircraft ID (Poll) field of its uplink M channel message.

ADVANCE \d1
4.4.4ADVANCE \r12Below is a summary of meanings of the various possible entries in the Aircraft ID (Poll) field of Beacon 1.

ADVANCE \d1
0

In the case of a Net Entry message, this means that the net supports addressing, but there are no available addresses at this time. For all other message types, this means that no poll response is scheduled in the next cycle. In either case, the poll response slot in the next cycle is available for RA.

ADVANCE \d1
1–60
In the case of a Net Entry message, this is the new ID number of the entrant identified by the attached ICAO number. In any case, this is the ID of the aircraft user who must respond in the poll response slot of the next cycle.

ADVANCE \d1
61

This means that the ground station does not support addressing. Only voice communication is possible (and possibly uplink data broadcasts).

4.4.5
Polling algorithms

4.4.5.1
Background
4.4.5.1.1ADVANCE \r12This section proposes a means of minimizing potential interference caused by Poll Responses transmitted by a VDL Mode 3 radio.  In aircraft cosite situations, VDL Mode 3 Poll Responses transmitted at a high rate might cause annoying and/or unacceptable interference to VHF radios operating on other frequencies (possibly using VDL Mode 2 or double side band AM).  Note that in many cases the integrated voice and data capability of VDL Mode 3 should make it unnecessary to configure aircraft communications in such a “mixed-mode” way; nevertheless, the situation may arise.  Interference can be mitigated by scheduling the polls so that an individual aircraft radio is not polled more often than once per six seconds.  This is a requirement on the ground system, which determines the polling schedule.

ADVANCE \d1
4.4.5.1.1ADVANCE \r12To implement the six-second rule while providing all the other services demanded of the up link beacon signals requires a nontrivial algorithm, particularly in site diversity sectors.  A possible single site algorithm, describing a simple implementation, and providing an example of the algorithm operating in a particular environment, follows.  Also, a final section describes an extension of the algorithm applicable to site diversity sectors.


4.4.5.2
Poll Scheduling Algorithm
4.4.5.2.1ADVANCE \r12 The scheme can be defined as follows:
ADVANCE \d1
For each user (labeled k) in the net, there is an associated Poll Counter (PCk).  As each user enters the net, it is assigned a PC value of –25 immediately after its Net Entry Response is sent.  At the beginning of each MAC cycle, every user’s counter is incremented by (plus) one.  At the middle of each MAC cycle, the ground station polls the user with the highest nonnegative PC value.  Whenever a user is polled, its counter is reset to –25.

Net Entry Responses have precedence over ordinary polls.  If a Net Entry Response is required during a MAC cycle when a poll would otherwise take place, the Net Entry Response will occur instead.

4.4.5.2.2ADVANCE \r12This algorithm prevents users from being polled more often than once per 6 seconds because it takes 25 MAC cycles for a counter to change from –25 to 0.  It also has the property that it polls the user that has waited the longest since its last poll.  When there are few users in a net, this algorithm will result in each user being polled almost exactly once per 6 seconds. (This could be increased slightly if the ground station is involved in net entry at the time when a poll would ordinarily happen.)  As the number of users increases, the algorithm will automatically adjust the average interval to more than 6 seconds.
4.4.5.2.3ADVANCE \r12This technique will work for all VDL Mode 3 configurations, except for a very slight modification for 4V, 3V, 3V1D, 2V1D, 3S and 2S1X.  For those configurations only, a poll should be sent on at most half the MAC cycles (in order to allow opportunities for down link net entry bursts for the voice-only system configuration or in the case of 3V1D/2V1D to ensure the ground station can properly associate the appropriate user group to the net entry request).  This would be easy to implement by requiring that polls only take place in “even numbered” MAC cycles (or by not allowing polls in consecutive MAC cycles).

4.4.5.3
Implementation
4.4.5.3.1ADVANCE \r12The algorithm can be easily implemented in the ground station by creating an ordered list containing each user’s Local ID and its associated value of PCk (the Local ID and k are essentially synonymous).  The list is sorted by PCk, with the highest value on top.  At the beginning of each MAC cycle all PC values are increased by one.  If that operation results in the PC of the top entry in the table being nonnegative, it should be polled (unless a Net Entry Response is pending).  If the Local ID at the top of the list is polled, it is immediately moved to the bottom of the list and its PC is set to –25.  If, instead, the beacon is used to service an entrant, the Local ID of the entrant is immediately added to the bottom of the list, along with the PC value of –25.  This procedure ensures that no two entries in the list have the same PC value and that the list remains ordered.
ADVANCE \d1
4.4.5.3.2ADVANCE \r12The use of PCk also works for site diversity sectors, with the proviso that each ground station has a separate list (see Section 4.4.5.5).  An added complication is that when an airborne user is shifted from one ground station to another, it must be placed in the new table in the correct position.ADVANCE \d1

4.4.5.4
Performance
4.4.5.4.1ADVANCE \r12The performance of this algorithm was investigated using a computer simulation.  Figure 4-1a shows the results of a particular simulation run for a 2V2D-type configuration in which polling can occur in every cycle.  These results would be similar for System Configurations 1V3D and 1V2D  Figure 4-1-b shows the results of a similar simulation run for a 4V-type configuration in which polling is normally allowed only in “even-numbered” cycles.  These results would be similar for System Configurations 3V, 3V1D, 2V1D, 3S and 2S1X.  Aircraft were allowed to randomly enter and leave a net in such a way that the number of participants increased from zero, reached a plateau, fell below 25, and then reached another plateau.  The rates at which the entering and leaving events were allowed to happen were artificially high in order to stress the algorithm.  The curves represent the average polling interval per user (averaged over contiguous 12 second sample periods) and the number of users present (at the end of each 12 second sample period).  The important features of the figure are that:
(1) The interval between polls (of each user) is never less than 6 seconds, and 

(2) The interval increases just enough to accommodate the number of users in the net.  (For 2V2D, the minimum time is approximately equal to the number of users times the duration of a MAC cycle, i.e., 0.24 seconds.  For 4V, the minimum time is approximately equal to the number of users times the duration of two MAC cycles, i.e., 0.48 seconds)

[image: image2.emf]Polling Algorithm

0

1.2

2.4

3.6

4.8

6

7.2

8.4

9.6

10.8

12

0 4 8 12 16

Time (Minutes)

Interval (Seconds)

0

10

20

30

40

50

Number of Users

Average poll interval

Number of users


Figure 4-1a:  Performance of the Poll Scheduling Algorithm (2V2D, 1V3D, 1V2D)
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Figure 4-2b:  Performance of the Poll Scheduling Algorithm (4V, 3V, 3V1D, 2V1D, 3S, 2S1X)


4.4.5.5
Enhanced algorithm for site diversity
4.4.5.5.1ADVANCE \r12The algorithm described thus far could be used (in a slightly modified form) in diversity site environments.  The simplest way to use it would be to allow beacon pairs from the ground sites to be shifted from site to site more or less periodically.  As each site is used to transmit a beacon, the beacon signal can also be used to poll the user attached to that site that has the highest nonnegative PC (if any).  This approach would work well in an environment with nearly equal numbers of users associated with each ground site.  However, if some sites have many users and some have few, the beacons in the underpopulated sites will often not be used for polls.  Also, the users in the overpopulated sites will experience long times between being polled.  This last effect may artificially limit the number of users that can be supported in a given area.
ADVANCE \d1
4.4.5.5.2ADVANCE \r12There are other issues associated with site diversity and beacon usage.  First, during net entry the beacon must remain on a single site for three cycles.  This is because one cycle is used for the Net Entry Response, the next cycle anticipates the initial Poll Response from the entrant, and the third cycle is needed for the Reservation or RACK that must be sent to the entrant in order to complete the entry process.  Second, provision must be made to send up link Next Net messages in a timely manner.  The next net information occupies a different part of the up link message from the polling information, but the fact that the recipient of the Next Net message is “connected” to a particular ground station influences the choice of ground site in the diversity case.  Similarly, the choice of ground site may be influenced by the need to send a Reservation to a particular user.  Finally, the desire to deliver ground voice preemption to an active aircraft radio may influence the choice of ground site for a particular beacon transmission.
ADVANCE \d1
4.4.5.5.3ADVANCE \r12These issues can be addressed using a more sophisticated algorithm.  The proposed algorithm for diversity sites attempts to meet the following goals:
ADVANCE \d1
1. Poll each user no more often than once per six seconds.

2. Transmit a beacon pair from each ground site as often as possible, at least one pair each six seconds.  (Beacon pairs, i.e., two beacons from the same site in consecutive MAC cycles, are necessary to support net initialization.  Also, beacons sent at six-second intervals provide each aircraft two independent chances of receiving a beacon before entering Timing State 2 (TS2).)

3. Allow Net Entry Responses to be transmitted as quickly as possible.

4. Allow overpopulated ground sites to transmit polls at proportionately higher rates.

5. Address the requirements to send voice preemption, next net, and data reservation information to particular users in a timely fashion.

4.4.5.5.4ADVANCE \r12These goals can be met through the use of two counters in addition to the previously defined Poll Counter (PCk).  The first new counter is the Beacon Counter (BCj), where the index j runs from 1 to N (N being the number of ground sites).  BCj counts the number of MAC cycles that site j has waited since transmitting its last beacon.  The second new counter is the Current Beacon Counter (CC).  CC, which is defined below, is used to ensure that the number of consecutive beacons transmitted from any site is at least two.
ADVANCE \d1
4.4.5.5.5ADVANCE \r12Like PC, BC is incremented by 1 at the beginning of each MAC cycle.  BCj is reset to 0 whenever site j transmits a beacon.  (Note that when the ground system is initialized, the BC values of the ground sites can be set to any positive values so long as no two ground sites have the same value.)  Whenever the values of BC are all small, the number of users attached to each site is allowed to dictate the beacon cycle.  However, if any BC is at or above some threshold K (tentatively set to 22) the need to send a beacon pair takes precedence.
ADVANCE \d1
4.4.5.5.6ADVANCE \r12To allow timely net entry, an up link Net Entry Response and the subsequent Reservation Response or RACK are allowed to take precedence over routine polling, except in cases where sending a Net Entry Response would result in transmitting an isolated beacon (i.e., a single beacon from an individual ground site).  The CC process enforces this requirement:
ADVANCE \d1
4.4.5.5.7ADVANCE \r12To describe the algorithm in detail, the rules are presented graphically in Figures 4-2 through 4-4.  Figure 4-2 shows how CC is incremented each MAC cycle.  When a beacon is transmitted, the state moves to the right.  If the beacon site is changed, CC is initially reset to 0 and then incremented by 1 when the beacon is sent.  The point of CC is that the site of the beacon transmission is not allowed to be changed when CC=1.
ADVANCE \d1
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Figure 4-3:  Rules for Updating CC
4.4.5.5.8ADVANCE \r12 Figure 4-3 shows how the counters are used to determine which site gets to transmit the beacon for a particular MAC cycle.  The site selection algorithm gives precedence to potential actions in the following order:
ADVANCE \d1
1. Complete a beacon pair

2. Service a pending net entry procedure

3. Service a site with BC above threshold

4. Service a user subject to voice preemption

5. Service the recipient of a Next Net Message

6. Service a user with nonnegative PC

7. Service the recipient of a data Reservation or RACK

8. Service the site with the longest wait to send a beacon

4.4.5.5.9ADVANCE \r12 When a site is chosen, the user that is polled in the beacon signal is chosen (from among the users attached to the site) according to the following priority order:
ADVANCE \d1
1. Pending net entrant

2. Highest nonnegative PC

3. None (if there are no nonnegative PC values)

4.4.5.5.10ADVANCE \r12In either of the first two cases, the PC associated with the user receiving the Net Entry Response or poll is reset to –25 after the message is sent.
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Figure 4-4:  Site selection algorithm
4.4.5.5.11ADVANCE \r12The operation of the algorithm for each MAC cycle is summarized in Figure 4-4.  This algorithm may seem to be complicated, but it is just a series of very simple individual steps.  It can be implemented with very little software and memory.
ADVANCE \d1
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Figure 4-5:  Beacon/Polling Timing Diagram
4.4.5.5.12ADVANCE \r12It may be instructive to observe how the algorithm would behave in certain conditions.  Suppose for example that there are 2 users attached to each of 6 ground sites and that there are no current requirements for preemption, Next Net transmission, etc.  In that case the beacon pairs will simply rotate in a regular fashion among the sites with a period of 2.88 seconds (= 12 x 0.24 seconds).  About half the beacons will not contain polls because the minimum poll time is 6 seconds.  If a new aircraft initiates net entry, the nearest ground site will send a Net Entry Response in the earliest possible MAC cycle that does not involve breaking up a beacon pair.  This will result in a realignment of the beacon cycle since the servicing of a net entrant involves three cycles: the Net Entry Response, the initial Poll Response, and the subsequent up link Reservation or RACK.
ADVANCE \d1
4.4.5.5.13ADVANCE \r12Next, suppose that one of the 6 ground sites has 30 users and the other sites have none.  In that case, most beacons will be transmitted from the overpopulated site, with an occasional pair coming from one of the other sites.  The polling cycle time will be approximately 12 seconds (= (30 + 20) x 0.24 seconds).  Note that if the simplistic algorithm described at the beginning of this section had been used in this case, the approximate polling cycle time would have been 43.2 seconds (= 15 x 2.88 seconds).  Thus, the proposed algorithm can greatly reduce the potential penalty that must be paid to provide periodic beacons throughout a large service volume.
ADVANCE \d1
4.4.5.5.14ADVANCE \r12An interesting issue that arises with the use of this algorithm, or any other algorithm that does not give the delivery of data reservations the highest priority, concerns the scheduling of down link data slots.  The Reservation message can only be delivered to a particular aircraft when a beacon is being transmitted through the ground site to which the aircraft is connected.  This means that ground system needs to maintain separate queues for aircraft connected to each ground site so that it can provide a reservation to the user (if any) at the top of the queue associated with the current beacon.  This adds some additional complexity, and it can lead to some inefficiency since users in other queues may have to wait extra cycles for their reservations.
ADVANCE \d1
4.4.5.5.15ADVANCE \r12Note that this algorithm should be considered as an example of a possible method for beacon site selection.  It is subject to replacement or change.  For example, the order of priority that is implied by Figure 4-3 could be amended to optimize overall performance.
ADVANCE \d1

4.5    NET EXIT
The process of leaving a net will be enabled manually by the aircraft user of a radio that is currently signed into a particular net. (This process can also be automatic in the 3T mode.) The identity of the new net can be entered manually or automatically (via the Next Net message).

4.5.3.3ADVANCE \r12Note that for the ground system to accept a Leaving Net message, it must verify the trailing zeros in the message are all zero.  If the bits are not zero, then the ground station will ignore the message.  If it was a valid Leaving Net message that contained uncorrected bit errors, the ground station will eventually drop the aircraft when NL2 expires.

4.6    AIRCRAFT VOICE 


TRANSMISSION (NOT 3T)
4.6.1ADVANCE \r12Under normal circumstances, an aircraft user waits for a quiet period and begins voice communication by activating push to talk (PTT). This will cause the radio to begin transmitting in the first available voice time slot. The header will contain MID = 001, the Local ID, and EOM = 0. A radio that has no local ID will substitute the dummy ID = 61 for its Aircraft ID. It may happen that the radio will begin transmitting before a full complement of vocoder frames is available (there may even be no vocoder frames to transmit). If this occurs, the unfilled frames should be filled with a “silence” pattern. When PTT has been deactivated, the header will contain EOM = 1 in the last time slot of the V/D (voice) burst sequence. Note that the maximum duration of downlink voice message is 35 seconds. If PTT is activated for a longer time, transmission will cease and the user will be notified.

4.6.2ADVANCE \r12A net entrant can transmit a voice message prior to completing the net entry procedure. However, such a radio must use the dummy Aircraft ID value (= 61) and the Group ID associated with the channel to which it is tuned until its new Local ID is confirmed by an appropriate Reservation message.

4.6.3ADVANCE \r12Upon receipt of a voice message, the ground radio will change the beacon message Voice Access field from 10 (idle) to 01 (occupied).

4.6.6ADVANCE \r12If the aircraft user has an urgent message, an Urgent Downlink Request (UDR) M channel signal can be sent. The Voice Request field will read 10. When the ground radio receives this message, it can activate a special feature on the ground display that will indicate an urgent/priority message. The controller can then take appropriate measures. This feature could be supported as a future option.  The ground station indicates whether or not it supports this capability in the Supported Options message sent upon an aircraft completing Net Entry.
4.6.7ADVANCE \r12The slots used for sending and retransmitting the UDR message are chosen using the same rules that are used for making a data reservation request. The aircraft user will continue sending the message until it receives a Reservation Response or a RACK.

Note.— An EOM normally appears in the header of the last burst of a voice message. For a number of reasons, it may happen that this EOM is not received. In this case, the receiving radio will continue to “look for” the absent voice signal. In order to account for this possibility, the radio should declare the message ended if two successive bursts are missed. During this time, the receiving vocoder should be supplied an appropriate message. This procedure allows the receiver to ride through a short fade while still purging vanished signals in a timely way. For the purposes of this procedure, missing a synchronization or receiving a header that fails validation constitutes a missed burst.
4.7.4ADVANCE \r12It is clear from the previous paragraph that uplink voice messages can pre-empt downlink voice messages, if this feature is enabled. Even if an aircraft user has activated PTT, its radio will cease transmitting. The aircraft user will be aware of this change because the uplink voice message will be heard. This pre-emption feature will allow the controller to correct the “stuck microphone” problem verbally.

4.8.4ADVANCE \r12It may happen that a reservation request is not received by the ground station. This can happen due to a conflict or a noisy channel. Also, it is possible that a Reservation or a RACK cannot be transmitted in a timely fashion. In either case, the aircraft radio can retransmit its request after waiting WR MAC cycles. The exact retransmission algorithm is described in 4.11. To reduce the possibility of reservation conflicts, the retransmitted request must be for a number of slots equal to or less than the number requested previously. This is necessary because the eventual Reservation message cannot indicate which request elicited it. To increase the number of slots requested, an aircraft user must wait until its next poll response. The RA process may continue until the aircraft radio receives a poll command, after which it can continue repeating the request only in each subsequent Poll Response. The aircraft radio can transmit up to NM1 (default =20) Reservation Requests for a particular data message. If NM1 is exceeded, reservation request retransmission ceases and a higher level protocol (SN-SME) is notified.

4.10.2ADVANCE \r12The ground station informs a user that its Reservation Request has been honoured by transmitting a Reservation addressed to the specified user indicating to it when in the next cycle it should begin transmitting. The aircraft user will begin its data transmission on that slot, and it will use all consecutive available data slots until it has no more data to send or until it has used as many slots as it requested in its last Reservation Request, whichever is less. (Note that under most circumstances the number of slots an aircraft radio will use is the same as the number it asked for, not less. However, an aircraft radio would, in principle, be allowed to substitute a higher priority message if it were no longer than the lower priority message that elicited the original request, and it has not made a previous attempt to transmit the frame group.) The scheduling algorithm provides for sequential access to the available slots. One user’s data reservation is completed before another has access.


4.10.8    Resolving reservation scheduling conflicts
4.10.8.1ADVANCE \r12The uplink M channel is used to deliver many types of messages including Net Entry Responses, Next Net messages, Reservations and RACKs. It can happen that in a particular MAC cycle there are more demands on the uplink M channel than it can satisfy. To deal with such situations, the use of the channel is governed by the following priority ordering (from highest to lowest):

(1)
Net Entry Response message
(2)
Supported Options message with Reservation or RACK to confirm successful net entry

(3)
Terminate Net message

(4)  Next Net message

(5)
Normal message with Reservation

(6)
Normal message with RACK

4.11.5ADVANCE \r12When an aircraft radio determines that it needs to transmit a RA message, it will send the message on the next available RA opportunity.  For the Leaving Net message, this will be the only transmission; however, the Net Entry Request and the Reservation Request may be retransmitted if a satisfactory response is not received in a timely fashion.  An aircraft radio will wait WE and WR MAC cycles before reinitiating the random transmission process for Net Entry Requests and Reservation Requests, respectively. If it determines it needs to retransmit the RA message, it will choose a random number, r, such that

0 ≤ r ≤ Rn 


where n = E, R, L depending on whether the slot is being chosen for a Net Entry Request, a Reservation Request, or a Leaving Net message, respectively. The number r is chosen according to the pseudorandom process described in Chapter 9, 9.1. The aircraft radio will skip the next r available slots from the reduced list of allowed slots and transmit in the next one. These processes will repeat indefinitely until they are terminated by a valid response or a poll (in the case of a Reservation Request), or the processes exceed time limits, i.e. threshold NM1 (see 4.8) are reached. Rn and Wn can depend on the system configuration. Default values are listed in Table 4-2.

4.11.6ADVANCE \r12This RA process is similar to a standard p-persistence/back-off procedure, but it appears to be easier to implement and does a better job of “balancing” the usage of the various slots in a MAC cycle.

Table 4-2. Random access parameters

	
	Configuration

	
	4V
	3V1D
	2V2D
	3T
	3V
	2V1D
	3S
	2S1X
	1V3D
	1V2D

	RL
	0

	0

	0

	0

	0

	0

	0

	0

	0
	0

	RE
	3
	8
	8
	8
	3
	8
	3
	3
	8
	8

	RR
	3
	8
	8
	8
	3
	8
	3
	3
	8
	8

	WE
	1
	2
	2
	2
	1
	2
	1
	1
	4
	4

	WR
	1
	2
	2
	2
	1
	2
	1
	1
	2
	2



4.12    DATA ERROR DETECTION 


AND CORRECTION
All data messages are protected by error correction algorithms on a slot-by-slot basis. The error correction is provided by an RS (72, 62) code that operates on 8-bit (28-ary) symbols and corrects up to five symbol errors. Error detection is provided by a 24-bit CRC, which is part of the DLS sub-layer (Chapter 5) protocol. Any message segment that passes the error detection process is considered to be correct. Information on the performance of these codes can be found in item 4 in the List of References to Part I of this manual.  Where applicable, initial register values are assumed initialized to zero.  For the CRC, the registers are reflected and the final register is not XORed.
4.14.5ADVANCE \r12The following hexadecimal example (Figure 4‑5) defines the User Data field of a CTRL_RSP_LE frame that indicates a T1 (Delay Before Transmission) value of 11 MAC cycles, an SQP (Signal Quality Parameter) value of 15, and support for a CLNP interface with the CT1 (Multicast Packet Period) parameter set to 10 packets:

	82
	80
	00
	14
	01
	0F
	38
	38
	38
	35
	3A
	31
	39
	39
	33
	3A

	FI
	GI
	GL
	PID
	PL
	PV

	
	Public Group
	Parameter Set ID


	4D
	6F
	64
	65
	33
	09
	01
	0B
	F0
	00
	11
	00
	01
	56
	02
	01

	PV (cont’)
	PID
	PL
	PV
	GI
	GL
	PID
	PL
	PV
	PID
	PL

	Parameter set ID (cont’d)
	T1 Timer
	Private group
	Parameter set ‘V’
	SQP


	0F
	00
	01
	57
	02
	01
	01
	01
	42
	02
	00
	0A

	PV
	PID
	PL
	PV
	PID
	PL
	NT
	NL
	SID
	SL
	SV

	
	Parameter set ‘V’
	Network Initialization


LEGEND:

FI - Format Identifier

GI - Group Identifier

GL - Group Length (in bytes)

PID - Parameter Identifier

PL - Parameter Length

PV - Parameter Value

NT - Network Type

NL - Network Length

SID - Subparameter Identifier

SL - Subparameter Length

SV - Subparameter Value

Figure 4-5. User data field of a CTRL_RSP_LE frame (Hexadecimal example)


4.15    FLEXIBLE SUBNETWORK INTERFACE
4.15.2ADVANCE \r12The system currently has defined interfaces for communicating ISO 8208 packets, for communicating CLNP packets, and for raw data. The ISO 8208 interface supports segmentation of packets as needed, while the CLNP interface currently does not. The raw interface is primarily intended for MOPS and certification testing of hardware, but could also be used if a State desired a non-ATN subnetwork service.  The raw interface also supports FIS-B and ACARS messaging via extended ISO 9577 signaling.
Note. — If segmentation is needed in the CLNP interface to support ATN communications, either the Compression Type field can be expanded to indicate the inclusion of a Version field, which in turn would allow for a version to include Segmentation, or a new Network Type for a modified CLNP interface that includes segmentation could be added.

4.16.3    Raw subnetwork compression
The raw subnetwork interface does not currently support compression.  The raw interface makes use of ISO 9577 signaling to indicate the contents of the user data.
4.18.2ADVANCE \r12For data-capable configurations (e.g. 2V2D, 3V1D, 2V1D, 1V3D, 1V2D and 3T), the ground station will send reservation messages to every Local ID in ascending order of Aircraft ID. Aircraft users will respond to reservations addressed to them with CTRL_CMD_LE frames containing the Expedited Recovery XID and the Network Initialization XID. 

4.18.3ADVANCE \r12While the CTRL frame process is ongoing, the ground station will poll every Local ID in descending order of Aircraft ID. Aircraft users will respond to polls addressed to them by sending a Net Entry Request message in the next MAC cycle. To speed up the recovery process, the list of Local IDs to whom reservations are sent is pruned by using information gleaned from the poll response procedure. Once the Local ID being polled is numerically less than the Local ID currently receiving a reservation, the ground station is only looking for enhanced-voice-only aircraft radios. Note that random access (RA) downlink M channel messages such as Reservation Requests are not allowed during the recovery process. Upon completion of the CTRL frame process, the ground station will broadcast a CTRL frame with the Connection Check XID indicating all of the aircraft it has recovered. If an aircraft determines that the information listed is incorrect, it will send a Leaving Net message and then attempt to re-enter the net. If an aircraft does not find itself on the list when it believes it should be, it will attempt the normal Net Entry procedure when the ground station returns to the Normal uplink message.

4.18.4ADVANCE \r12For voice-only configurations (4V, 3V, 3S, and 2S1X), the CTRL frame process is not applicable and the recovery process consists of just the polling process.   If the voice-only configuration is not supporting discrete-addressing, there is no need to use the expedited recovery procedures.
4.18.5ADVANCE \r12If an aircraft radio does not receive a poll or a reservation during the recovery process or it is not contained within the Connection Check XID broadcast out at the end of the recovery procedure, it will assume that its connection is no longer valid, and it will attempt net entry when normal operation of the ground radio resumes.


4.19    GROUND STATION FAILURE
If the ground station fails, all of the discrete addressing information and data scheduling state information could be lost. Upon restoration of the ground station, voice service should be restored to Timing State 1 as soon as the beacon information transmits twice. To restore data transmission quickly, the system will undergo an expedited recovery procedure, per Section 4.18. 
- END -
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