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1. INTRODUCTION

1.1 Background

As part of the Eurocontrol effort to continue the development of VDL/4, ADSI was tasked to
investigate and validate the new DLS recently adopted in the VDL/4 technical manual.
Previoudly, ADSI had developed and implemented software for the new DLE and executed
various tests on a number of our platforms. This validation report and its supporting data analysis
are based on the material presented at AMCP-WG/M-5. However, to verify that the DLE
specification was validated in its entirety, a new version of the VDL Mode 4 Technical Manual
including all necessary changes resulting from validation actions undertaken has been drafted.

It should be noted that this validation effort was directed only among and between systems that
implemented all recommendations contained in the appropriate sections of the Technical Manual.
No attempt was made to verify correct interoperability between systems hosting different
implementation options. Also, this effort focused upon validation of the DL S; although, some
DLE-LME interactions were tested. However, the complete LME (reused from VVDL/2) was hot
revalidated in this project. For thisvalidation ADSI performed the following tasks:

0 Analyzed the appropriate sections of the ICAO VDL Mode 4 Technical Manual sections that
addressthe DL S and ancillary related sections.

0 Identified and, as appropriate documented, M essage Sequence Charts (M SC) that
demonstrated compliance with the technical manual.

0 Provided confirmation of amodel of the DLSin ADSI’s proprietary software simulator.

0 Documented the results of the execution and validation of correct operation in our software
simulator and subsequently in our VHF aviation ground stations and avionics hardware.

0 Documented the results of DL S tests with log verification of validation data generated from
tests conducted on our hardware.

0 Provided asummary and conclusion of test results, proposed modifications and suggested

next steps necessary to establish MOPS tests for the DL S section of the proposal.

0 Drafted, as appropriate, amendment proposals to the VDL Mode 4 Technical Manual inline
with the simulation results for the consideration of the EUROCAE WG51/SG2 (VDL Mode 4
MOPS subgroup).

Thisvalidation and review of the technical manual has led to development of awell-validated
specification. The software implementation offered has successfully performed the stated
functionality. All recommendations were easily and completely implemented and have improved
the performance of the system over its predecessor.

1.2 Organization of the Document
The document is organized as follows:

0 Section 2 identifies the hardware configuration and test set-up

0 Section 3 containstest descriptions and results

0 Section 4 isthe conclusion

0 Appendix A contains an updated technical manual that includes al recommended changes.

This document identifies the specification against which the validation report was devel oped.
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0 Appendix B contains the updated technical manual from Appendix A, shredded into a
requirements table showing the requirements and the method(s) used in the validation.
06 Appendix C contains the change proposals recommended for inclusion in the technical
manual. The changes either directly or indirectly affect DL S operations. There are three
types of changes proposed to the VDL Mode 4 Technical Manual: ones that are required (the
current specification contains a contradiction, or isincorrect), ones that are suggested
(because they improve performance, simplify coding, or improve readability), and finally the
ones which are editoria in nature.

1.3 Acronyms

DLE Datalink entity

DLS Datalink service

DLPDU Datalink protocol data unit

LME Link Management Entity

SNDCF Sub-Network Dependent Convergence Function
VDL/2 VHF Datalink Mode 2

VDL/4 VHF Datalink Mode 4

2. VALIDATION OF THE DLE

2.1 Testing methodology

The hardware configuration consisted of a network of EFR data radios containing 2 air stations
and asingle ground station. Specifically, the host computers used in the validation suite all
executed RedHat Linux v8.0. The air radios were ADS| EFR-DAIR-200-DFLN radios. The
ground radio was an ADS|I EFR-DGND-300-DFLN radio.

Radio antenna ports were inter-connected by attenuators (rather than radiating into the airspace)
and the radio data ports were connected to the Linux computers via ethernet. The computers
were connected to each other by a separate test |ab ethernet. All log events were logged to a
single log file (with appropriate tagging to differentiate the source). The primary test application
was FTP. The FTP application was able to generate a very heavy load (as the host computer
expected an ethernet speed connection) with interesting timing events and different priority
messages. From these log files, a number of events that demonstrate the operation of the protocol
was extracted and analyzed for protocol compliance.

The tests were performed with minimal attenuation (equivalent to an input signal of —30 dBm).

A schematic diagram showing the radio test network used is shown in the following figure:
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2.2 New DLS text

New DL Stext proposed can be found in Appendix A. Using atool, developed at ADSI,
Appendix B was generated from the contents of Appendix A. The Appendix (B) lists the origina
requirements and new reguirements (resulting from this validation effort) and the specific testing
performed to validate each requirement. The validation type qualifier is shown with one of the
following codes indicating the nature of actions undertaken:

68 | —Dbyinspection

6 M —Manufacturer'sdata. (i.e. ADSI asserts that the requirement can be implemented,
although it may not have been completely implemented in the software release used in the
testing.)

6 N-—not validated

0 S-—tested and verified through simulation. (ADSI’s software development environment has

the capability to compile and execute the same source code used to cross-compile software
targeted for the real avionics (radios) and the simulator used. The ssimulator provides greater
capabilities for generating test and illegal frames to support exploration of timing-related
events not otherwise easily duplicated in the avionics hardware that supports the final release
software.)

6 T —testedin thetargeted radio.

3. TEST RESULTS

The following figures document data transfer with hardware operating in accordance with
configuration shown in Figure 1. The number at the top each double-column is the number of
seconds since the start of thetest. The number at the top of each column identifies the station. A
solid box indicates a transmission because of areservation. Text in red are transmissions and text
in blue are receptions. Delays between transmissions and receptions are related to delays owing
to random transmissions. In order to generate some priority issues, the short transfer was
intentionally set dightly larger than the new default TM level. The tests consisted of ftp'ing from
one station to another and transferring a 150 KB file. The two files were then compared to ensure
that the transfer occurred without errors. D_data req are requests from an upper layer to send
dataand d_data ind is adelivery notification to the upper layer of datafrom a peer.

Figure 2 is an example Message Sequence Chart (M SC) with explanatory callouts describing
various features on the MSC.

New DL S Implementation Report Page 4



ADSI, Inc. v1.3: October 13, 2003

a5 : - / ‘ .
Random tx ;'Ortﬁtsggﬂgf ] ' Station 2 /" .
queued Since sart activities
(inred) f “1 o Station 106
. ' o activities
. / Random Reserved
tx 1 i B Am prig=2 lpn==1 |
] int 4 received l/'[/ b sent | ] :l o ! )
\ ) (in blue) i i \ - .
\ . n :
. Random tx |« received \
sent / . Onedot
- o
0 Infoxfer  [afen : Arrow missing
: : reservation [ because of line
_ \ . noisein
Unicast 3 transferring log
reservation -0 2=l element
L 4+ | calout
described
in text

Figure 2 - Example M essage Sequence Chart
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3.1 NSCOP link management

Figure 3 shows NSCOP link initiaization. Thisinitialization was done with a poor connectivity
to demonstrate the robustness of the link connection algorithm. As a consequence, thisfigureis
drawn with a different scale (so there are 4 seconds or 300 slots per vertical column instead of the
1/3 of asecond or 25 dotsin every other figure). The following points can be seen in the figure:

1. Asstation 105 must initialize the link variables, it transmitsa CTRL_RTS( IB=1) even
though the length of the CTRL_CMD_LE isonly 2 dots.

2. TheCTRL_CMD_LE was not received by station 2 (the ground station) and so the ground
station transmitted a CTRL_ACK (T) to NACK the CTRL.

3. Asthelink variables have beeninitialized in step 1, the air station now simply transmits the
CTRL_CMD_LE in ashort transfer procedure.

4. Theground station did not receive the acknowledgment of its CTRL_RSP_LE.

5. Findly, after four retransmission attempts, the ground station receives the CTRL_ACK and
both sides treat the data link as up.

New DL S Implementation Report Page 6



ADSI, Inc. v1.3: October 13, 2003

1ins 2z 1os 2 0% )

IR P | |
EIF_r1E (= [En2) = —ori_ns (-0 ien2)

OFL 015 fp— &—40rl o3

R )

ctri_cmd_lg [--] g r B
cirl_ack (T) f— ¢—{eirl_ack (T)

2

crl_emd_le | |:. _J_Url-[n'llj.lel:":l

ot ack (- L_ =40 ) o ark (=) or_rsp_le (--)

ctrl_gck [-) J cirl_rsp_le {--}

ctr_ack (=) Fctri_rsp_la [==]

rl_ack |

ammmn
aEEEE CEEERD A=
=

ctri_ack (=) ctr_rsp_le {--) fr— €—fEt-A0R S crlsp e -

gl ok (-3 ) oFl rsple {--) : :

' cirl_ack {-] 1—7 —1.*|r|_.1rrr §
| ’\ :
P

cirl_ack {=)

ctrlark (=) f ol rsp e [--) $r— gy F1rlack =) [ orlrsp e (=)

i ack (-1 ey \
4

e

. . S

Figure 3 - NSCOP link initialization
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3.2 ZOCOP link management

Figure 4 shows ZOCOP link initidlization. After theinitial SZOM transfer, the two stations
transmit data normally. The following can be seenin the figure.

1. A d_data reqgisreceived from the upper layer (in thiscaseit isaTCP SYN packet).

2. Thed_data ind generatesad_data req from the upper layer (in thiscaseitisa TCP SY N-
ACK packet). However, the INFO DLPDU can not be sent until after the
SZOM/INFO_ACK. So, theresponseis held.

3. Oncethe SZOM/INFO_ACK issent, the DLE immediately queues the INFO from step 2 for
random transmission. (Unfortunately, the debug tool displayed both lines on top of each
other.)
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3.3 Datatransfer

In Figure 5, multiple short data transfers can be seen. Additionaly, the lack of holding up INFO
transfers while INFO_ACK s are scheduled for transmission can be seen. Multiple random
transmissions could have been avoided with that feature. The following points can be noted in
thisfigure.

1. AnINFO frameis submitted for random transmission.

2. ThelINFO frameisfinaly transmitted and received.

3. ThelNFO frameisreceived (the d_data ind), the peer application generates a response (the
d data req) and an INFO is submitted for random transmission.

4. TheINFO frame from the previous step was transmitted. Note that one recommendation that
was not made is to belay the INFO transmission so the reserved INFO_ACK includes an
INFO_RTS. Thiswould increase the latency of the INFO, but would improve its probability
of ddivery by converting arandom transmission into a reserved transmission.

5. Just asin step 4, arandom transmission is made rather than wait for the reserved dot in the
future.
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Figure 6 shows along datatransfer. In addition, it shows a collision of short INFO frames (which
isresolved in the next figure; Figure 7). The following points can be seen on thisfigure.

1. AnINFO_RTSissubmitted randomly (it is the same asin the previous figure). The
reservation is a unicast reservation type (as evidenced by the single dotted line).

2. TheINFO_CTSis generated at the reserved slot. The reservation includes the info transfer
resevation (as evidenced by the pair of dotted lines).

3. ThelNFO istransmitted in its reserved dot. Note that no reservation was made by this
transmission for afuture transmission.

4. TheINFO_ACK wastransmitted in its reserved slot. Note that no reservation was made by
this transmission. Just prior to this point, the d_data ind in station 106 generated a response.

5. Theresponse from step 4 caused an INFO to be transmitted randomly. As before, an
INFO_RTSwas not sent in step 4 (which might have prevented the collision in step 7).

6. Just above step 4, station 2 received ad_data req. Asthere was dready an INFO frame
outstanding (sent just prior to thed data req) when thed data req was received, station 2
had to wait until after the INFO_ACK just prior to this step until sending the INFO randomly.

7. Because of bad luck, the two INFO frames collided.
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In Figure 7, station 2 retransmitted first and station 106 combines an INFO_RTS with its
INFO_ACK. Thefollowing points can be seen.

1. Thisisthe collision from the previous figure.

2. Station 2’s DLE retransmitted first.

3. Inresponding with an INFO_ACK, station 106 determined that it could piggyback an
INFO_RTSontothe INFO_ACK.
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Figure 8 shows alarge data transfer with fragmentation. At this point in the test, arequest to get
a 150K B file was submitted. Thisfigure shows the initial submission of 3 maximum size
ethernet frames, and theinitia fragmentation of the packets. The following points can be noted
in thisfigure.

1. Thefirst three frames of the file to be transferred are submitted to the link layer.

2. Thefirst fragment of the first frameisrequested for transmission in an INFO_RTSthat is
piggybacked on another INFO frame queued for transmission.

3. Thenext step in the long procedure is the transfer of the piggybacked INFO_ACK and
INFO_CTS.

4. Thefirst fragment isfinally sent (with M=1).
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Figure 9 is a capture after the ddlivery of the first user packet. It shows delivery of the first user
data packet and the toggling of the M bit during the delivery. The following points can be noted
on thisfigure.

1. Thelast fragment of the first frameis delivered (M bit is not set).

2. Thed_data ind isgenerated at the end of the frame.
3. Thenext INFO packet has an M bit set asit isthefirst fragment of the second frame.
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Figure 10 shows a re-ordering because of priority. Two user packets are queued for delivery,
thefirst being a priority O packet and the second being a priority 4 packet. However, the station
piggybacks an RTS for the priority O packet with the INFO for the priority 4 packet. The
following points can be noted in the figure.

1. A priority 0d_data reqisreceived, followed by apriority 4 d_data reqg.

2. Thepriority 4 INFO is transmitted, along with a piggybacked INFO_RTS for the priority O
frame.
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4. CONCLUSION

This validation procedure of the technical manual has led to the development of a specification
that iswell-validated and fully compliant with the specification noted in Appendix A. All
functionality identified in the specification has been successfully demonstrated and data verified
to comply with expected behavior. The recommendations were easily implemented and have
hel ped improve the performance of the system.
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A. NEW DLS TEXT

Thistext isthe latest text that incorporates all of the proposed changesto this section. Those
changes motivated by other parties will not be reflected in the list of changesin Appendix C. The
initial three paragraphs are included to force Word to get the paragraph numbering correct.

1.1General Information

1.2MAC Sublayer
1.3V SS Sublayer

14 DLSSUBLAYER

The DLS shdl support communications on a shared communications channel as described in this
section.

141 Services
The DLS shall support bit-oriented ssmplex communications using a hegotiated setup connection-

orientated protocol (NSCOP) and a zero-overhead connection-orientated protocol (ZOCOP)
between DLE pairs.

Note 1.- It is the intention that NSCOP is used for air/ground (A/G) communications and ZOCOP
for air/air (A/A) communications.

Note 2.- Apart from the procedures for link setup and teardown, the NSCOP and ZOCOP
protocols operate identically.

Note 3.- Any two stations have one DLE pair per frequency.

The DL S shall support broadcast and multicast connectionless communications.

The DL S shall provide the following services:

a) transmission of user data

b) indication that user data has been sent

C) reception of user data

d) indication that the DL S link has been established
€) indication that the DLS link has been broken

Stations supporting the communications functionality provided by the DL S shall ssimultaneously
support at least 8 peer-to-peer links with other stations.

Stations not supporting the communications functionality provided by the DLS shall implement
Section 1.4.2.2 and Section 1.4.4.7 only.
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1411 Data transfer

User data packets and LME data shall be transferred in the information fields of INFO, UDATA,
and CTRL data link protocol data units (DLPDUSs) which are collectively known as DATA
DLPDUs. LME data shall be contained in CTRL and UCTRL DLPDUs only. 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 1.4.4.3.2.
Only one data link user packet shall be contained inaDATA DLPDU.

Note 1. — The Frame Mode SNDCF may concatenate multiple packets, but this is presented as a
single user data packet to the DLS.

Note 2. — UDATA DLPDUs consist of UINFO DLPDUSs for broadcast of user data packets and
UCTRL DLPDUs for broadcast of LME data.

1412 DATA DLPDU duplicate suppression and sequencing

On a point-to-point connection, the receiving DLS sub-layer shall ensure that duplicated DATA
DLPDUs are discarded and that all DATA DLPDUs which are part of a fragmented packet are
delivered in the same order in which they appear in the packet.

Note— A toggle bit isincluded in the DLS DLPDU format to facilitate duplicate suppression.
1413 Error detection

The DLS sub-tayer—shadl rely on the MAC layer to ensure that DLPDUs corrupted during
transmission are detected and discarded.

Note.- 16-bit CRC is provided in the burst format to support this service — the MAC layer will
reject corrupted packets.

1414 Station identification

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

Note— Unique source and destination addresses are included in the VDL Mode 4 DLS burst
format to facilitate this service. DLPDUs addressed to the current station address are routed to
the DLS by the VSS. However, non-unique addressing is possible — with the resultant
communications risk minimized through the assurance that any link address is locally unique.
The ATN requires a -unique address and hence non-unique addressing is not for use with the
ATN.

14.15 Broadcast addressing

A VDL Mode 4 station shall accept broadcast DLPDUSs and accept multicast DLPDUSs that have
been multicast to addressesto which it islistening.

1416 DLSPriority

The DLS shall accept an indication of priority of the DATA DLPDU as defined in Table 1-10.
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Note— The DLS service user’'s selection of priority affects the QoS parameters used in the
transer of the DLS user packet as well as the guedeirggueuing of the packet.

1417 DL SIlink control DLPDUSs
For the purposes of link control, the DL S shall provide the following DLS DLPDU types:

1. ACK DLPDUSs, consigting of INFO_ACK and CTRL_ACK, for the purposes of
acknolwedgement of DATA DLPDUs and DLS link control DLPDUSs respectively

2. RTSDLPDUSs, consisting of CTRL_RTS, INFO_RTSand UDATA_RTS, for the
purposes of making reservations for the transfer of DATA DLPDUs

3. CTSDLPDUSs, consisting of CTRL_CTS, INFO_CTSand UDATA_CTS, for the
purposes of acknowledging RTS DLPDUs and providing slots for subsegquent
transmission of DATA DLPDUs

4. Other DLSIink control DLPDUS, consisting of SZOM FRMR, FRMR_ACK, DM/DISC
and DM/FRM R-and-SZOM, for purposes of link initialisation, reset and maintenance.
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1.4.2 DLSprotocol specification

1421 State Variables

The DL S shal maintain the state variables defined in Table 1-55 for each datalink between two

peer stationsDLEs.

Table 1-55. DL S state variables

State Variable Usage
T Current value of T bit (0 or 1) for transmitted
! DLPDUs.
T, Valueof T bit (O or 1) for last received DLPDU.
send array an array storing user data packets and M-bit linked
fragments queued for transmission (one per priority
level)
receive array an array storing received M-bit linked fragments
queued for concatenation (one per priority level)

Note.- If the link is reset for any reason, the DLS will discard any fragments associated with a

partially sent-recelved packet.

1422 Station address encoding

14221 Addresstype

The address type field shall be encoded as defined in Table 1-55a.

Table 1-55a. Addresstypefield encoding

Bit Description type Bits1to 24
encoding
27126 | 25
Mobile Non-unique identity

Aircraft 24-bit ICAO address
Ground vehicles Nationally administered address
space
0 1|1 Reserved Future use
1 0| O | Ground station |CAO-administered address space
1| 0| 1 | Ground station |CAO-delegated address space
1 1| 0 | Resaved Future use
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1|1 ]| 1 |Allsationsbroadcast All stations

14222 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 al zeros shall not be used. The non-unique identity address of
al ones shall be used as a destination address 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 that is not already
present in its PECT. 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 O
respectively, asis defined in Table 1-55a.

Note 3—Mobiles using non-unique addresses cannot be unambiguously identified and this mode
of use is itsdf inherently insecure. Higher level functions are required when 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.

14223 Aircraft specific addresses

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

14224 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 11, Chapter
9, Appendix 1, Table 1) and a suffix. The appropriate authority shall assign the bitsin the suffix.
14225 ICAO-delegated ground station specific addr esses

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

1.4.2.2.6 Broadcast and multicast addr esses

The broadcast and multicast addresses shall be used only as a destination address for UDATA
DLPDUs.
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14226.1 Broadcast and multicast address encoding
The broadcast and multicast addresses shall be encoded asin Table 1-56:

Table 1-56. Broadcast and multicast address encoding

Broadcast destination Typefield Specific addressfield
All mobiles that use non-unique addresses (000 All ones
All mobiles 001 All ones
All ground stations of a 100 or 101, as necessary [Most significant bits: Variable length
particular provider Provider code
Remaining bits: All ones

All ground stations with 100 All ones
| CAO-administered addresses
All ground stations 101 All ones
All stations 111 All ones

1423 DL Sburst formats

14231 DLSburst

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. DL Sburst format

o Bit Number

Description Octet

8 7 6 54 | 3 2 1

burst-message ID 5 res |[Ore |[4re |dre | 01 |01 | O 1

S S S
6
7
DLSDLPDU 8 As per Section 1.4.2.3.2

9
10

All bitslabelled res are reserved and shall be set to zero.
Note 1.— The DLSDLPDU field may continue past octet 10.
The DLS burst shall consist of one or two DLS DLPDUs combined according to the procedures

of Section 1.4.4.12. A DATA DLPDU shall bethefinal field in the burst (and thus the burst can |
contain only one of these fields).
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Note 2. — DLSburst will be able to combine up to two DLPDUs. DATA and UDATA must come
last because they are variable length DLPDUSs.

14232 DL S DL PDU encoding

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

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

Table 1-57a. DATA DL PDU encoding

Octet n 1 [ [ ntm
Bit 8 7 6 5 4 3 2 1
CTRL M T re clr 1Bre 0 0 0 information field of length m octets
s
INFO M T pra prs pr, pr1 1 0 information field of length m octets
UCTRLReser weid, X ueidsX weidoX ueid X 0 1 0 0 information field of length m octets
ved
UINFO 0 0 0 0 1 1 0 0 information field of length m octets
Reserved
Reserved X X X 1 1 1 0 0 information field of length m octets
Reserved X X 1 0 1 1 0 0 information field of length m octets
Reserved X 1 0 0 1 1 0 0 information field of length m octets
Reserved 1 0 0 0 1 1 0 0 information field of length m octets

Note 1—“ X" meansO or 1.

Note 2. — The c/r bit indicates whether the CTRL DLPDU is a command (¢/r=0) or response
(c/r=1). There bit indicates whether a response is expected (re=1) or not (re=0).These subfields
are defined in Section1.5.2.6.

The UCTRL ID (ucid)

subﬁelds areis defl ned in Table 1-7lg and%eeuen—lé%

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

Table 1-57b. RF¥STwo-Octet DLPDUs encoding

Octet N n+1
Bit 8 7 6 5 4 1|8 7 6 5 4 3 2 1
CTRLRTS | 4g0 | T IB 0 11001 pr Prs pro PR 194 Igs Igz | los
res res res =]
INFO_RTS g0 T 0 1 1[{0[0| 1] pra prs prz pr1 1ga 1gs Igp [[e}
UDATA_RTS | g0 0 1 1 1100|121 pra prs pr, pry 194 1gs [[o73 [[o}}
SZOM neg; | negs | negy [negp | 1| 1|01 | seqs |setly |Seds | SO | SeCs | SO | Se | SEth
Reserved g0 1 1 1 110|021 pra prs pr. pry 194 [[o8 19, [[o}}
Reserved 1 X X 0 1001} X X X X X X X X
Reserved 1 X 0 1 1101011 X X X X X X X X
Reserved 1 0 1 1 11001} X X X X X X X X
Reserved 1 1 1 1 1]0]011]X X X X X X X X
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Note 3.— “X” means 0 or 1.

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

Table 1-57c. ACK - CTSand-ether BLS Hnk-contrelSingle octet DL PDUs encoding

Octet

Bit
UDATA_CTS
INFO_ACK
INFO_CTS
CTRL_ACK
CTRL_CTS
Reserved
FRMR_ACK
FRMR
DM/DISC
DM/FRMR
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
SZOM
Reserved

S5

(=)l o]

i
®

‘-‘—u‘ﬁ—uo\n
Bl B
o

1Bres

+H

Blx|r[x|x|x|o|o|r||r~|o|o]x

PP |O|0O|I0|0O(FR|O|0|FR|O|R|Oo|Oo|O|0|0|k|(O|FrR (O™

RP(ORP|FPO|IR IO O|O|FP|O|R|O|O|O|0|0|Fk (OO |N

Xé><><|—\><><|—\><|—\|—\|—\|—\\H|—\|—\|—\oooooooo
><(§|—\><|—\><|—\OOO|—\|—\|—\\H|—\|—\|—\|—\OOH|—\|—\U1
Rk |o|k|r|o|lo|o|r|o|o|o|o|r|k|r|o|r|o|o|o|lo|o|w
R R L I e e e I e L e L e e e

Xél—‘Xl—‘XXXXXXI—‘O\HOOOX

Xél—‘x

Note4—“ X" meansO or 1.

A station receiving a reserved DLPDU from a peer with which it has alink shall reset thelink in
accordance with the procedures of setion 1.4.4.11. A station recelving areserved DLPDU from a
peer with which is does not have a link shall either respond with a DM/DISC, DM/FRMR or
simply ignore the DLPDU.

All reserved header bits (labelled “res’)-are-reserved-and-shall be set to zero on transmit and
ignored on reciept.

14233 Toggle bit

TheT (Toggle) bit shall be aternately set to zero and one on each successful transmission..

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 1.4.4.3.3.1 for NSCOP communication
and Section 1.4.4.3.3.2 for ZOCOP communication.

Note—The T (Toggle) bit is sufficient to provide duplicate detection and rejection.
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14234 Mor e bit

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

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

14235 Priority subfield

The priority subfield (pr) shall indicate the priority level of the transmission as defined in Section
14.1.6.

14.2.3.6 Length subfield

The length subfield (Ig) shall indicate the length of the DLS burst containing a DATA DLPDU in
dlots. It shall be encoded as one less than the absol ute length.

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. A length of 1 slot would be encoded as 0000
binary and the maximum length of 16 slots would be encoded as 1111 binary.

14.23.7 Initialise bit

When-Prior to sending a CTRL_RTS or upon receipt of a CTRL_RTS with the IB (Hnitialise)
bBit) is-set to one the receiver-station shall initialise the T, and T, state variables and clear the

send and receive arrays whHst-processing-the DLPDU.,

Note— See Section 1.4.4.3.3.1 for the handling of INFO and CTRL DLPDUSs in the process of
being sent.

14238 Negotiation subfield

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

Table 1-57d. Interpretation of negotiation subfield

Negotiation subfield Parametersto usefor ZOCOP link |
0 VDL Mode 4 default parameters for version 0
1-15 Reserved for future use

1.4.2.3.9SZ0M Sequence subfield

The SZOM sequence (seq) subfield shall indicate the SZOM sequence number.

142310 UDATA DLPDU encoding
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A DLS station wishing to send a UDATA shall transmit the UDATA burst defined in Table 1-57e

with the VSS user supplied QoS and reservation parameters. The DLS station shall select

between Tables 1-57e, 1-57f, or 1-57g based on the UDATA ID (udid) of the message as defined

by Table 1-57h.
Table 1-57e. One-byte UDATA burst format
Descrinti Octet Bit Number
escription C
8 7 6 5 4 3 2 1
Message ID, UDATA ID (udl) 5 udls | udl, | udl; | udl, | udl, | ucd 1 1
6
7
UDATA DLPDU 8 Information field
9
10
Table 1-57f — Two byte UDATA burst format
Descriot Octet Bit Number
escription C
8 7 6 5 4 3 2 1
Message ID 5 1 1 1 1 /0 ucd 1 1
UDATA ID (ud?2) 6 ud2s | ud2; | Ud2s | ud2s | ud2, | ud2; | ud2, | ud2;
7
8
UDATA DLPDU 9 Information field
10
11
Table 1-57g — Three-byte UDATA burst format
Descriot Octet Bit Number
escription C
8 7 6 5 4 3 2 1
Message ID 5 1 1 1 1 |1 ucd 1 1
§ Ud31_a Ud3E Ud3l Udgﬁ Udgg Ud3ﬂ Ud31_() @9
UDATA ID (ud3) 4
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Descriot Bit Number
escription
Octet 8 7 6 5 4 3 2 1
7 ud3s | ud3; | Ud3s | ud3s | ud3, | ud3; | ud3, | ud3,
8
9
UDATA DLPDU 10 Information field
11
12

Note 1.— The UDATA DLPDU field may be up to ND4 octets |ong.centinue pastoctet 12

A DLS station sending a UCTRL shall set ucd to 0 and encode the appropriate udl, ud2 or

ud3 fields to the value of ucid per Table 1-57h. A DLSstation sending a UINFO shall set ucd

to 1 and encode the appropriate udl, ud2 or ud3 field to the value of uinf per Table 1-57i.

Table 1-57h. Encoding of the UDATA ID (udid) value

UDATA D (udid) Encoded by
0-29 Table 1-57e, udl = udid
30-285 Table 1-57f, ud2 = udid — 30
286-65821 Table 1-57q, ud3 = udid — 286

Note 2— The UCTRL ID (ucid) subfield, is defined in Section 1.5.2.6.

Table 1-57i. UINFO ID (uinf) assignments

UINFO ID (uinf) | Assignment

0-60000 Reserved for future use

60001-65821 M essages reserved for transmission by ground station only and

defined by ground station operator

1.4.2.3.12 Compressed combined RTSINFO DL PDU encoding (type 1)

A DLS station wishing to send a combined RTS and INFO DLPDU according to the procedures
of Section 1.4.4.12 when the priority of the RTS is different to that of the INFO packet shall
transmit the compressed combined RTSINFO (type 1) burst defined in Table 1-57j+ with the VSS
user_supplied QoS and reservation parameters. The T bit for the RTS shall be the inverse of the

INFO T bit.
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Table 1-57j+. Compressed combined RTSINFO (type 1) bur st format

o Bit Number
Description Octet 87 6l5 a3z
Message ID 5 110020101
RTS priority and length 6 pry | prs | pro | pry | los | 195 | 19z | lgg
INFO priority, M and T 7 M | T |prg| prs | prp| pry | res | res
8
9
Compressed RTS/INFO (type 1) DLPDU 10 Information field
11
12

Note— The compressed combined RTSINFO (type 1) DLPDU field may continue past octet 12.

1.4.2.3.13 Compressed combined RTS/INFO DL PDU encoding (type 2)

A DLS station wishing to send a combined RTS and INFO DLPDU according to the procedures
of Section 1.4.4.12 when the priority of the RTS is the same as that of the INFO packet shall
transmit the compressed combined RTSINFO (type 2) burst defined in Table 1-57kj with the VSS
user supplied QoS and reservation parameters. The T bit for the RTS shall be the inverse of the
INFO T bit and the priority the same as the INFO priority.

Table 1-57k}. Compressed combined RTS/INFO (type 2) bur st format

o Bit Number
Description Octet 8l 76ls5lalal2]a
Message ID, INFO M/T bits 5 M| T|]1,0|0,1|0) 1
RTS/INFO priority and RTS length 6 pry | Prs | pro | pri | lgs | las | lgz | 191
7
8
Compresssed RTS/INFO (type 2) DLPDU 9 Information field
10
11

Note 1.— The compressed combined RTSINFO (type 1) DLPDU field may continue past octet
11.

Note 2.- This burst format is intended to be used to link M-bit sequences where each fragment is
part of the same user data packet and hence has the same priority.

14.3 DL S system parameters
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The parameters needed by the DL S sublayer shall be aslisted in Table 1-58.

DLS parameters for NSCOP communications shall be determined -during the exchange of CTRL |

DLPDUSs, if the default values are not to be used.

DLS parameters for ZOCOP communications shall be determined by the exchange of the

negotiation subfield within the SZOM DLPDU.

Table 1-58. Data link service system parameters

Symbol Parameter name Minimum | Maximum Default Increment
TD1 ZOCOPIlink transmit reset timer 5s 600 s 60s 1s
TD2 ZOCOPIlink receive reset timer 10s 1200 s N0s 1s
ND1 Maximum number of octetsin 143 octets 2063 1511 1 octet

any user data packet octets octets
ND2 Maximum length of short DL S 2 octets 2063-496 86 octets 1 octet
transmission octets
ND3 Maximum length of fragment 1ldot 3216 5dots 1ldot
dots
ND4 Maximum length of UDATA 23 octets | 496 octets | 271 octets 1 octet
burst

Note 1.- The value of ND3 should be chosen such that the length of each DLStransmission |
containing the fragment is less than the maximum length of the DLStransmission defined by
ND1.

Note 2.-- Kegp-alives have been eliminated from the protocol as peer presence is performed with
sync bursts and ground stations transmit an alert on startup per Section 1.5.5.1.3.1 or the ground
system transmits a broadcast connection handoff.

1431 Parameter TD1 (ZOCOP transmit reset timer)

For amobile station maintaining a ZOCOP link with another mobile station, Timer TD1 shall be
reset when aDLPDU is sent to the peer. Timer TD1 shall not be cancelled. If Timer TD1
expires, then T, shall be set to 0 and the send channel array shall be cleared.

Note.-- See Section 1.4.4.14.2 for an example of when the response reservation type is not used.

1432 Parameter TD2 (ZOCOP receivereset timer)

For amobile station maintaining a ZOCOP link with another mobile station, Timer TD2 shall be
reset when a DLPDU isreceived from the peer. Timer TD2 shall not be cancelled. If Timer TD2
expires, the link shall be considered to be terminated.

1433 Parameter ND1 (maximum number of octets of any user data packet)
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The parameter ND1 shall define the maximum number of octets in any user data packet that a
DLS may accept from the data link user or from a peer station. A station receiving a user data
packet from a peer station greater in length than ND1 shall discard the packet and reset the link in
accordance with the procedures of Section 1.4.4.11. A station receiving a user data packet from a
datalink user greater in length than ND1 shall discard the packet.

Note.- The maximum size of a user data packet for broadcast is set by parameter ND3.
1.4.3.4 Parameter ND2 (maximum length of short DL S transmission)

The parameter ND2 shall define the maximum size in octets of a short DLS transmission,
including flags and reservation data, that shall be sent using the short transmission procedures
defined in Section 1.4.4.5.

A burst occupying x slots shall contain up to 23 + (((x-1)*31-63)/2) octets of data H-x-is-edd-er-24

23:5-+{{{(x-1y*= 31 63}/2) octets-of-data-Hxis-even-including flags-and-reservation data, CRC, and
flags.

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

1435 Parameter ND3 (maximum length of fragment)

The parameter ND3 shall define the maximum size in slots of a DL S burst.

1.4.3.6 Parameter ND4 (maximum length of a UDATA bur st)

The parameter ND4 shall define the maximum size in octets of a UDATA burst including
reservation data, CRC, and flags.

144 DLSprocedures

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

1441 Broadcast

Only UDATA DLPDUSs shall be broadcast.

1442 Setting of re-transmission parameter

For al DLS bursts containing CTRL, INFO, CTRL_RTS-and, INFO_RTS and UCTRL _RTS

DLPDUSs, the quality of service parameters Q5min, Q5max, Q5mult, Q5exp and Q5num shall be
set as defined in Table 1-58a.

Note— Retransmission of DLSDLPDUs issmay be handled inthe VSSor DLS.
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Table 1-58a. Re-transmission parameters

Symbol Parameter name Default
Q5min Minimum 1.0s
Q5max Maximum 15s
Q5mult VSS o Multiplier 145
retransmission

QSeXp | parameters Exponent 17
Q5num number of attempts 4
Q5wait maximum time to wait for areply 20s

1443 Selection of user data packet for transmission

14431 User data packet priority
A sending station shall maintain a prioritised queue of user data packets for transmission.

When determining which user data packet to transmit, the highest priority user data packet shall
be sent first.

The DLS DLPDUs CTRL and CTRL_RTS shall be classified as network management messages
and given the highest priority.

The DLS DLPDUs INFO_RTS and UDATA_RTS shall be assigned the same priority as the
DATA DLPDU with which they are associated.

Note.- All other DLS DLPDU types will be sent in pre-reserved slots(FRMR, DM/FRMR and
DM/DISC) or take the priority of the DATA packet to which they are combined (SZOM) and
hence priority is not an issue.

14432 User data packet fragmentation

14.4.3.21 Determination of single or multiple fragment tr ansmissionaumberef-segments

If the length of the DLS burst containing a CTRL or INFO DLPDU is greater than NB3-ND2
stetsoctets, the sending station shall fragment the user data packet and format it according to the
procedures of Section 1.4.4.3.2.3. Otherwise the user data packet shal be sent as a single
fragment formatted according to the procedures of Section 1.4.4.3.2.2.

The fragmentation of a user data packet shall take account of whether the station is combining a
CTRL or INFO DLPDU with another DLS DLPDU in accordance with the procedures of Section
14.4123.

144322 Singlefragment user data packet transmission

A single fragment user data packet shall be transferred asa CTRL or INFO DLPDU.
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a)———The M bit shall be set to zero.
by———For an INFO DLPDU, the pr bits shall indicate the priority of the DLPDU.

144323 Multiplefragment user data packet transmission
A multiple fragment user data packet shall be transferred as a series of CTRL or INFO DLPDUS.

a———The M bit shall be set to 1 for al fragments except the last fragment.
by}——The M hit shal be set to O for the last fragment.
e———For INFO DLPDUSs, the pr bits shall indicate the priority of the DLPDU.

14433 Setting of T bit
1.4.43.3.1 T bitinitialisation for NSCOP communication

When there is no edrrent-established eennection-link (or link in the process of being established)
between a mobile station-DLE and a ground statien-DLE and the LME of either station requests
the transmwson of a CTRL user data packet the sendl ng statien-DLE shall

send the fragments CTRL DLPDU

usi ng—ethepthe—shen—transmmq—ppeeedw&s-(-seeéeenena—ep the long transmission procedures
(see Section 1.4.4.6). In the firstfragmenttransmission—H-shall-send-{either s CTRL-DLPDU

fehertronsmicsionprocedures-ora CTRL_RTS, Heng-transmicsienproscduresy andti shell set
the IB bit to 1, the T bit to 0 and-the-state-variable T +0-0 follow the procedures of Section

1.4.2.3.7.

consider the link |n|t|a||sed. The receiver shall immediately terminate any INFO transfers in

progress. Any partialy received CTRL DLPDUSs shall be discarded. If any CTRL fragments had
dready been acknowledged, then the remainder of the CTRL DLPDU shall be abandoned;
however, if no CTRL ACK had been received for a CTRL DLPDU, then its transfer shal
continue unaffected.

Note 1.— The DLE to which the mobile sent the CTRL CMD may not be the DLE which
responds with the CTRL RSP. The IB bit in the CTRL RSP may either be 0 or 1 depending on
whether the responding DLE received the CTRL CMD.

Note 2— INFO DLPDUs and partially sent/received CTRL DLPDUs are abandoned mid-
transfer on the presumption that the peer station restarted (thereis no other legitimate reason for
the 1B=1); however, CTRL DLPDUs for which the first fragment had not been acknowledged
may bein a CTRL collision and are thus not affected.
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The DLE shall consider the link connected upon direction from the LME. INFO, INFO RTS,
INFO ACK, and INFO CTS DLPDUs shal only be sent on links that are connected. Although a
DLE may receive INFO DLPDUs (and generate INFO ACKS), it shall not transmit INFO
DLPDUs until it receivesaCTRL _ACK toits CTRL (M=0).

Note 3— If the receiving LME indicates to the receiving DLE that the link is established after
the recelving DLE’s transmission of the CTRL ACK, then the receiving DLE will not respond
with a DM/FRMR to the INFO RTSor INFO that it recelves.

On receipt of a CTRL_RTS-CTFRLCTSera-CFRLor CFRL-ACK-DLPDY in a DLS burst
addres@ed to |t for WhICh IB @ual to —1 and for WhICh the T bit is equal to 1 a station shall

X A 21send a DM/FRMR. If aDLE
Wlth un|n|t|allsed state vanabl& recelvesaCTRL RTS DLPDU with 1B equal to O, then it shall
respond with aDM/FRMR.

If a DLE receives an SZOM from a peer DLE with which it will only communicate using the
NSCORP, it shall respond with a DM/FRMR.

1.4.43.3.2 T bitinitialisation for ZOCOP 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 alink, shall send a DLS burst containing
a Start Zero Overhead Mode (SZOM) DLPDU and the first INFO (short transmission procedures)
or INFO_RTS (long transmission procedures) DLPDU to the receiving station using respectively
the short transmission procedures (see Section 1.4.4.5) or the long transmission procedures (see
Section 1.4.4.6). It shall set the negotiation subfield to the highest value that is supported by the
DLS in the SZOM DLPDU, the sequence subfield to a value that it has not transmitted to the
receiving station within the previous TD2 seconds, the T bit to 0 in the INFO DLPDU, and
initialise its sending and receiving state variables.the statevariable T t0-0-

On receipt of an unsolicited SZOM DLPDU_with a sequence subfield different from the most
recentlv rece|ved SZOM from the sendlnq Statlon—eembmed—wah—an—l-NFQ—DJ:PDU—éshert

<}, the receiving
statlon shall |n|t|aI|se its sendlnq and receiving state vanablesset—rt%ewn—state#aaabtel%er(}
clear-Hsrecelve-arrays-and consider the link established for receipt of further DLPDUSs from the
sending station. The receiving station shall send a SZOM DLPDU combined with an
INFO_ACK (short transmission procedures) or an INFO_CTS (long transmission procedures) -in
the dot reserved for the transmission setting T=0. In the SZOM DLPDU, the receiving station
shall set the negotiation field to the highest value that is supported by the DLS and the sequence
subfield to 0. The receiving station shall not transmit any INFO or INFO RTS DLPDUSs to the
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sending station prior to sending the SZOM/INFO ACK or SZOM/INFO CTS reserved

transmission.

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

A station that transmitted an SZOM to a peer shall retransmit its initial transmission in response
to any DLPDU other than an SZOM, DM/DISC, DM/FRMR, or general failure until it receives
an SZOM. After O5num attempts, it shall report afailure to the DLE user.

1.4.4.3.3.3 Transfer after initialisation

When the T bit has been initiaised, the sending station shall set the T bit for transmitted DLPDUs
tothevalueof T..

1444 Selection of transmission procedures

After a packet has been selected for transmission according to the procedures of Section 1.4.4.3
the sending station shall calculate the total length in octets of the DLS burst required to contain
the DLPDU 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 DLPDU with another DLS DLPDU in
accordance with the procedures of Section 1.4.4.12.3. 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 shall be set to O for a short transmission.

1.4.4.4.1Recommendation

If there are other DLPDUSs queued for transmission, then the station should also include an RTS
per Section 1.4.4.12.3.

1445 Short transmission procedures
14451 Transmission of DATA DLPDU
After the selection of a short transmission procedure, the sending station shall transmit a DLS
burst containing the DATA DLPDU queued for transmission with QoS parameters as defined in

Table 1-60 using the random access procedures. For CTRL and INFO DLPDUSs, the T bit shall be
setto T;.
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A burst containing a CTRL or INFO DLPDU shall contain a unicast request reservation field for
the acknowledgement with the parametersin Table 1-60.

Note 1.— The priority field in the unicast reguest reservation field is set equal to the priority
setting in the INFO DLPDU as specified in Table 1-60.

Note 2.— 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.

14452 Acknowledgement of DATA DLPDU
144521 Malid-Established link with sender
If astation receiving a CTRL or INFO DLPDU has an vatid-established link te-with the sender it

shall transmit a DL S burst containing an ACK DLPDU in the sot reserved by the unicast request
reservation field contained in the data- DATA DLPDU transmission:

a) A CTRL_ACK DLPDU snal be sent in responseto a CTRL DLPDU and an INFO_ACK
DLPDU sent in response to an INFO DLPDU.
b) The T bit shall be set to the value of the T bit in the received DATA DLPDU.

Note— See Section 1.4.4.12 for an exampl e of when the response reservation type is not used.

14453 Non-receipt of acknowledgement

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

14454 Action on receipt of a UDATA DLPDU

A station receiving a UDATA DLPDU shall forward the contents of the information field to the
DLSuser and take no further action.
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Table 1-60. Short transmission INFO DLPDU parameters
Symbol Parameter name Default
V32 | Minimum response delay (54 msec) * M1/ 60 dots
V33 | Maximum response delay (5sec) * M1/ 60dots
V34 | Source/destination control 0
V35 | Broadcast control 0
V36 | Length of reserved block 1dot
Q1 Priority Priority of INFO DLPDU
Q2a | Slot selection range constraint for level | 150 NMI
1
Q2b | Slot selection range congraint for level | 150 NMI
2
Q2c | Slot selection range constraint for level | 0 NMI
3
Q2d | Slot selection range congraint for level | 300 NMI
4
Q3 Replace queued data FALSE
Q4 Number of available slots 3
1446 Long transmission procedures
1.4.46.1 Transmission of request to send

After the selection of a long transmission procedure, the sending station shall transmit a DLS
burst containing an RTS DLPDU to the receiving station in the transmit queue with QoS
parameters as defined in Table 1-61. When using the long transmission procedure:
a) A station shall send a CTRL_RTS, INFO_RTS or UDATA_RTS DLPDU if a CTRL,
INFO or UDATA DLPDU respectively isto be transmitted.
b) The pr subfield shall indicate the priority of the BATA-INFO RTS and UDATA_RTS ‘
DLPDUs to be transmitted (see Section 1.4.1.6).
¢) The length subfield shall indicate the length of the DLS burst required to contain the
DATA DLPDU (see Section 1.4.2.3.6).
d) For CTRL_RTSand INFO_RTSDLPDUSs, the T bit shall be set to T..

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

Note 1.- The ground may use the priority subfield to manage the link resource during congestion.
Note 2.- Transfer of broadcast data using the long transmission procedures involves directing the

UDATA RTSat a specific station, receiving a set of dots from that station via the UDATA CTS
and then broadcasting the UDATA in the reserved dots.
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Note 3.- The priority field in the unicast request reservation field is set egual to the priority
setting in the INFO DLPDU as specified in Table 1-61.

14.4.6.2 Noresponseto RTS

Note.- If a response is not received to the RTS DLPDU, the station retransmits the DLS burst
containing the RTS DLPDU and the unicast request according to the procedures of Section
Error! Reference source not found.. |

Table 1-61. Long transmission RTS DLPDU parameters

Symbal Parameter name Default
V32 | Minimum response delay (54 msec) * M1/ 60 dots
V33 | Maximum response delay (5sec)* M1/ 60 dots
V34 | Source/destination control 0
V35 | Broadcast control 0
V36 | Length of reserved block 1ldot

Q1 Priority Priority of RTS
Q2a | Slot selection range congtraint for 150 nmi
level 1
Q2b | Slot selection range constraint for 150 nmi
level 2
Q2c | Slot selection range congtraint for 0 nmi
level 3
Q2d | Slot selection range constraint for 300 nmi
level 4
Q3 Replace queued data FALSE
Q4 Number of available slots 3
14.46.3 Responseto RTS
144631 Responseif aDATA DLPDU hasnot previousy been received

If the responder has an valid-established link te-with the sender and the received DLPDU is an-a
UDATA RTS-UBATA or if the T bit within the CTRL_RTS or INFO_RTS DLPDU is not
equal to T,, then the receiving station shall transmit a CTS DLPDU in a DLS burst in the dot
reserved by the RTS DLPDU.

a——A CTRL_CTS, INFO_CTS or UDATA_CTS DLPDU shall be sent in response to a |
CTRL_RTS, INFO_RTSor UDATA_RTSDLPDU respectively
ava 1 Y I ) D)) O\ hi
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For CTRL_CTSand INFO_CTS DLPDUSs, the burst shall contain an information transfer request
reservation field and be transmitted with the parameters in Table 1-63, indicating the number of
slotsreserved for transfer of the DATA DLPDU.

For a UDATA_CTS DLPDU, 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 DLPDU.

14.46.32 Responseif aDATA DLPDU has previously been received
If the responder has an valid-established link te-with the sender and if the T bit within the

CTRL_RTS or INFO_RTS DLPDU is equa to T,, then the receiving station shall transmit an
ACK DLPDU inthe dot reserved by the RTS.

a) A CTRL_ACK or INFO_ACK DLPDU shall be sent in response to a CTRL_RTS or
INFO_RTS DLPDU respectively
b) The T bit shall be set to the value of the T bit in the received DATA DLPDU.

The DLS burst containing the ACK DLPDU shall contain a response reservation type except as
determined by the procedures of Section 1.4.4.12.

14.4.6.3.3 Channel too busy

If the channel is too busy (either the receiving station cannot find a sufficiently large series of
contiguous dots or the priority is too low for the channd utilization), then the receiving station
shall transmit either a genera 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
genera 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 RTSafter the timeout defined by the back-off delay or in the slot reserved by the destination.

Table 1-62. General responseto RTS parameters

Symboal Parameter name Default
Q1 Priority Priority of RTS
Q2a Slot selection range constraint for level 1 | 150 nmi
Q2b Slot selection range congtraint for level 2 | 150 nmi
Q2c Slot selection range congtraint for level 3 | 0 nmi
Qz2d Slot selection range constraint for level 4 | 300 nmi
Qs Replace queued data FALSE
4 Number of available slots 3

Table 1-63. CTS DLPDU parameters

Symbal Parameter name Default
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Symboal Parameter name Default
V42 | Length of information transfer Sufficient to included requested INFO DLPDUSs
V43 | Minimum  information  transfer | (54 msec) * M1/ 60 slots
delay
V44 | Maximum information transfer | (5 sec) * M1/ 60 slots
delay
V45 | Minimum response delay (54 msec) * M1/ 60 dots
V46 | Maximum response delay (5sec) * M1/ 60 dots
Q1 Priority Priority of RTS
Q2a | Slot selection range congtraint for 150 nmi
level 1
Q2b | Slot selection range constraint for 150 nmi
level 2
Q2c | Slot selection range congtraint for 0 nmi
level 3
Q2d | Slot selection range constraint for 300 nmi
level 4
Q3 Replace queued data FALSE
Q4 Number of available slots 3
14.4.6.4 Responseto CTS
144641 Transmisson of DATA DLPDU

Onreceipt of aCTRL_CTSor INFO_CTSDLPDU in aDLS burst addressed to it ferwhichthe T
bittsequal-toF-and with an information transfer request reservation field a station shall transmit
the requested DATA DLPDU in the alocated reservation with the T bit set to T;. The DL S burst
containing the DATA DLPDU shall contain a response reservation type.

On receipt of aUDATA_CTSDLPDU inaDLS burst addressed to it with a unicast request
reservation field a station shall transmit the requested UDATA DLPDU in the alocated
reservation.

14.46.4.2

Responseif no information to transmit

If upon receipt of a CTS the station has nothing to transmit (e.g., after areset), it shall ret

transmit one the following:

a) an FRMR if thelink is connected:;
b) aDM/DISC if thelink is disconnected:;
C) aDM/FRMR if thelink isin the process of connecting.

New DL S Implementation Report

Page 45




ADSI, Inc. v1.3: October 13, 2003

1.4.4.6.43 Recommendation

If the station has not transmitted an INFO DLPDU and a higher priority user data packet arrived
after the RTS had been transmitted, the station should transmit as much of the highest priority
packets as will fit in the current reservation with the same value for T as contained in the RTS.

14465 Acknowledging the data
144651 DATA DLPDU received

A receiving station which transmitted a CTRL_CTS or INFO_CTS DLPDU 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 DLPDU -with-the-same-setting-of
bit-asis-econtaihed-hthe-CFSwith a T bit not equal to T,, shall transmit-in-the-dlet-reserved-for-an

acknewledgement-an ACK-DLPDU-inaBLSburstfollow the procedures of 1.4.4.5.2.1.

144652 Responseif DATA DLPDU not received

A receiving station which transmitted a CTRL_CTS or; INFO_CTS er UBATA-CTSDLPDU in |
a DLS burst containing an information transfer request reservation field (and consequently has a
reservation for an acknowledgement) and which has not received the CTRL or, INFO e-UJDATA ‘

DLPDU with aT bit not equal to T with-the same-setting-of T-bit-astscontained-the CTS, shal
transmit in the slot reserved for an acknowledgement an ACK DLPDU in aDLS burst.

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

b) The T bit shall be set to the inverse of the value of the T bit in the last transmitted ‘
CTFSreceived RTS DLPDU.

Note.- The use of the T bit not equal to thetasttransmittedCTST, indicates a “ negative |
acknowledgement (NACK)”

The DL S burst containing the ACK DLPDU shall contain a response reservation type.

1.4.4.7 DL S not supported

If the responder to a CTRL, CTRL_RTS, INFO, INFO_RTS or SZOM DLPDU 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 dot reserved by the unicast request reservation field contained in the data DLPDU

transmission.

Note.-- The response upon receipt of a general failure, described in Section 1.3.20.1, is to not
transmit another DLSburst to the sending station for the duration of the backoff timer.
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1.4.48 No link with sender

If the responder to any EFRE-6r-DLPDU other than a CTRL_RTS DLPDU with IB net-equal to 1
or an INFO-er-INFO-RTS BDLPDU-which-tshet-combined-with-&-SZOM DLPDU DLPDU
(which may be combined with an INFO or INFO RTS DLPDU) deesnet-haveneither has nor is
attempting to establish alink with the sender, the responder shall send a DL'S burst containing a
DM/DISC DLPDU in the slot reserved by the unicast or information transfer request reservation
field contained in the data DLPDU transmission. If the responder is trying to establish an NSCOP
or ZOCOP link with the sender, then it shall respond with a DM/FRMR to any DLPDU other
than aCTRL-related DLPDU or SZOM DLPDU for NSCOP and ZOCOP respectively.

Note.— Per Section 1.4.4.3.3.1, an NSCOP link is considered established when a DLE sends or
recaelves the last fragment of a CTRL RSP. Consequently, a DLE may be retransmitting the last
fragment of aCTRL RSP whileit is acknowledging INFO DLPDUSs.

1449 User data packet reception
14491 Receipt and forwarding of received DATA DLPDUs

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

If thisis:
a) a-CTRL-DLPDU-with-1B=1-6r-an INFO DLPDU with the T bit set to zero combined |

withaSZOM DLPDU, or
b) the value of the T bit is not equal to T,,

then the user data packet or user data packet fragment shall be accepted and T, shall be set to the
value of the T bit in the received INFO or CTRL DLPDU. Otherwise, the received user data
packet or user data packet fragment shall be discarded as a duplicate.

When a UDATA DLPDU is received without errors from another station, it shall be passed to the
service user asa singleincoming user data packet. Otherwise it shall be discarded.

14492 Concatenation of multiple fragment user data packets
If any preceding user data packet fragments have been received with, in the case of an INFO

DLPDU, the same value of pr subfield and with the M bit set to one, then the user data part of the
received DATA DLPDU shall be concatenated to the end of the user data packet fragments.

If the M hit is set to zero on the received DATA DLPDU, then the user data part of the received
DATA DLPDU, including any user data packet fragments received earlier and with which it has
been concatenated shaII be passed to the serw Ce user as a smgle incoming user data packet.

14493 Unacknowledged DL PDUs

UDATA, DM/DISC, DM/FRMR and all ACK DLPDUSs shall be unacknowledged. |
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1.4.4.10 Receipt of ACK DLPDU

1.4.4.10.1 Receipt of an expected ACK DLPDU

When an ACK DLPDU is received without errors from another station and there is an
outstanding DATA DLPDU to be acknowledged, the value of the T bit shall be inspected and the
following operations performed.

If T =isequa to T, then the DATA DLPDU shall be assumed successfully received and the
value of T, shall be set to the inverse of the current value of T..

If Tisnetegual-to-T-or-H-the ACK DLPDU is not received by the expected reserved dot, then
the sending station shall re-send the DATA DLPDU using the short or long transmission
procedures as determined by the procedures of Section 1.4.4.4.

Note 1.-- Retransmission is based on the expected receipt time and not on the receipt of a NACK.

When a DATA DLPDU has been successfully received, the highest priority fragment (either the
next fragment of the current user data packet or the first fragment/complete DLPDU of the next
user data packet) in the send queue, if any, shall be selected for transmission using the procedures
of Section 1.4.4.3.

Note 2.- 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 user data packet or set of fragments.

1.4.4.10.2Receipt of an unexpected ACK DLPDU

When an ACK DLPDU is received without errors from another station and there is no
outstanding DATA DLPDU to be acknowledged, the value of the T bit shall be inspected and the
following operations performed. If T is equal to T, then the link shall be reset as per section
1.4.4.11. 1f T isnot equal to T,, then the ACK shall be ignored.

1.4.4.11 Link reset

1.44.11.1 Link reset during link setup

The sending station shall disconnect the link by sending a DM/FRMR DLPDU, which is
transmitted in the reservation placed for the reply. Upon receipt of a DM/FRMR DLPDU, the
receiving station shall disconnect the link.

14.4.11.2 Link reset of an established link

The sending station shall reset the link by sending a FRMR DLPDU in a DLS burst placing a
unicast reservation for the response. The sending station shall discard all outstanding user data
packets in the send and receive array. The receiving station shall clear the state variables and
clear the send and receive arrays. If aFRMR_ACK is not received in the reserved dlot, the FRMR
shall be sent again using the re-transmission procedures. Only when an FRMR_ACK has been
received shall the station attempt to re-send data to the receiving station using the procedures of
Section 1.4.4.4.1f the sending station receives an INFO or RTS DLPDU from the peer whilst
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waiting for a FRMR_ACK, it shall send an FRMR in response._ Upon receipt of an unsolicited
FRMR ACK, aDLE shdl respond with an FRMR.

On receipt of a FRMR DLPDU, the receiving station shall discard any outstanding fragments in
the receive array and shall transmit aFRMR_ACK DLPDU inaDLS burst in the reserved dot.

1.4.4.12 Linking DLS DLPDU transmissions

An implementation of the DL S shall be capable of providing a combined DLPDU response even
if the station does not initiate the use of combined DLPDUS.

144121 Recommendation

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

144122 Allowed DLPDU combinations
It shall be possible to combine the following DLPDUSs:

RTS/DATA

ACK/CTS

ACK/DATA

ACK/RTS

SZOM/other DLPDUSs as described in Section 1.4.4.3.3.2

Or Ot Or Or Ot

Note— Receipt of a combined DLPDU not listed in this section is handled in an implementation-
defined manner.

1.4.4.12.3 Recommendation: Combined RTS/DATA DLPDUs

When areceiving station has selected a user data packet for transmission using the procedures of
Section 1.4.4.3 it should also select the next user data packet with the highest priority and place
an RTSDLPDU in the DLS burst containing the DATA DLPDU for the first user data packet-
For CFRERTSanrdHNFO-RTSBLEPBUS; and-,setting the T bit shalH-be-setin the RTS to the
inverse of T—TheDLSburstcontaning the RFS/DATA-DLPBU-shall-contain and append a
response reservation type.

Note 1—Because the DATA DLPDU is unlimited in length, the RTS must precede the DATA
DLPDU. However, since the RTS contains the inverse T bit of the transmitted DATA DLPDU (as
it isfor the subsequent DATA DLPDU), it must be processed second.

Note 2— This recommendation also applies to the case where the short transmission procedures |
would normally be selected for transmission but for which there is an opportunity to combine it
with the end of the previouslong transmission procedure.

144124  Combined ACK/CTSDLPDUSs
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On receipt of aRTS/DATA DLS burst, a station shall processthe DATA DLPDU first according
to the procedures of Section 1.4.4.6.5.1. If the station can find sufficient resources for a
subsequent DATA DLPDU transfer, then the DLS burst containing the ACK DLPDU shall also
containa CTS DLPDU for the next DATA DLPDU transfer:

a——A CTRL_CTS, INFO_CTS or UDATA_CTS DLPDU shall be sent in response to a
CTRL_RTS, INFO_RTSor UDATA_RTSDLPDU respectively.
he i Y e i DL PD owhi

In the case of CTRL_CTS and INFO_CTS DLPDUSs, instead of the response reservation type
required by the procedures of Section 1.4.4.6.5.1, the burst shall contain an information transfer
request reservation field transmitted using the parameters defined in Table 1-63, indicating the
number of dots reserved for transfer of the DATA DLPDU.

1.4.4.12.5Combined DATA/ACK DLPDUs

A receiving station which has data that would fit into asingle dot DL S burst containing an ACK
DLPDU to send back to the sending station, shall include its own DATA DLPDU in this DLS
burst. The burst shall contain a unicast request reservation field with the parametersin Table 1-61
for the acknowledgement of the DATA DLPDU.

Note.- Hence a station may combine a small transport acknowl edgement with the ACK if this can
be produced in time.

14.412.51.4.4.12.6 Combined ACK/RTS DL PDUs

If areceiving station has data to send back to the sending station which cannot fit into a single
slot DLS burst containing an ACK DLPDU, then the station shall combine an RTS DLPDU for
its own DATA DLPDU in the DLS burst containing the ACK DLPDU and use the long
transmission procedures for the data transfer.

1.4.41261.4.4.12.7 Recommendation — Combined ACK/RTS DLPDUsto different
peers

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

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

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

1.4.4.14 Proceduresfor air-air communication

Air-air communication services shal be supported by a zero-overhead connection oriented
protocol (ZOCOP).
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14.414.1  Air-air data exchange after link initialisation

When a ZOCOP link has been established, data shall be exchanged as determined by either the
short or long transmission procedures as described in Sections 1.4.4.5 and 1.4.4.6.

144142 Link maintainance

A station that has established a ZOCOP link with a peer, and which has not sent a packet to that
peer for TD1 seconds, and that wishes to send a DATA packet to the peer, shall re-establish the
link according to the procedures of Section 1.4.4.3.3.2.

A station shall regard the link as terminated if it has not transmitted to the same peer for TD1
seconds and if it has not received a transmission from the same peer for TD2 seconds.

A station shall regard the link as terminated if it receives a DM/DISC DLPDU or a DM/FRMR
from the peer station or an attempt to send a packet to the peer station fails because of a failure
notified by the retransmission procedures of Section 1.3.21.

1.4.4.14.3 Action on receipt of a CTRL parameter in aZOCOP link

If a CTRL RTS (IB=0), CTRL CTS, CTRL, or CTRL ACK DLPDU s received on an
established ZOCOP link, then the receiver shall respond with a DM/FRMR in the reserved dot. If
a CTRL RTS
(IB=1) is received on an established ZOCOP link, then the old link shall be considered
disconnected and the receiver shall either proceed to establish the link via NSCOP procedures or
respond with a general failure with a cause code indicating policy reasons.
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B. REQUIREMENTS MATRIX

This matrix is based upon the text in Appendix A above and is generated by atool. The main requirements that were not tested related to the
newly introduced encoding/decoding algorithm for the compressed INFO/RTS DLPDU.

Section Title Num Id Requirement Tested

'1.4 DLSSUBLAYER 1 1| The DL S shall support communications on a shared communications channel as |l
described in this section.

'14.1 Services 1 2|The DL S shall support bit-oriented simplex communications using a negotiated |IT
setup connection-orientated protocol (NSCOP) and a zero-overhead connection-
orientated protocol (ZOCOP) between DLE pairs.

'1.4.1 Services Note 1: It isthe intention that NSCOP is used for air/ground (A/G) I
communications and ZOCORP for air/air (A/A) communications.

'1.4.1 Services Note 2: Apart from the procedures for link setup and teardown, the NSCOP and |l
ZOCORP protocols operate identically.

'1.4.1 Services Note 3: Any two stations have one DLE pair per frequency. [

'1.4.1 Services 2 3{The DL S shall support broadcast and multicast connectionless communications. |IT

'1.4.1 Services 3 4|The DL S shall provide the following services: IT

'1.4.1 Services 4 5|a) transmission of user data IT

'14.1 Services 5 6|b) indication that user data has been sent IT

'1.4.1 Services 6 7(c) reception of user data IT

'1.4.1 Services 7 8|d) indication that the DL S link has been established IT

'14.1 Services 8 9|e) indication that the DL S link has been broken IT

'1.4.1 Services 9 10| Stations supporting the communications functionality provided by the DLS shall |IT
simultaneoudly support at least 8 peer-to-peer links with other stations.

'14.1 Services 10 11|Stations not supporting the communications functionality provided by theDLS  |IN
shall implement Section 1.4.2.2 and Section 1.4.4.7 only.
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Section Title Num Id Requirement Tested

1411 Data transfer 1 12|User data packets and LME data shall be transferred in the information fieldsof |IT

INFO, UDATA, and CTRL datalink protocol data units (DLPDUSs) which are
collectively known as DATA DLPDUs.

'1.4.1.1 Datatransfer 2 13|LME data shall be contained in CTRL and UCTRL DLPDUsonly. IT

'1.4.1.1 Data transfer 3 14{Thelink layer shall processthe largest packet size, specified in Section 1.4.3.5 of |IT

this document, without fragmenting.

'1.4.1.1 Data transfer 4 15[Larger packets shall be fragmented according to the procedures of Section IT

1.4.4.3.2.

'1.4.1.1 Datatransfer 5 16{Only one data link user packet shall be contained ina DATA DLPDU. IT

'14.1.1 Datatransfer Note 1: The Frame Mode SNDCF may concatenate multiple packets, but thisis |l

presented as asingle user data packet to the DLS.

'14.1.1 Datatransfer Note 2: UDATA DLPDUs consist of UINFO DLPDUs for broadcast of user data ||

packets and UCTRL DLPDUSs for broadcast of LME data.

'1.4.1.2 DATA DLPDU duplicate 1 17|{0On a point-to-point connection, the receiving DL S sub-layer shall ensure that IST
suppression and duplicated DATA DLPDUSs are discarded and that all DATA DLPDUs which are
sequencing part of afragmented packet are delivered in the same order in which they appear

in the packet.

'1.4.1.2 DATA DLPDU duplicate suppression and Note: A toggle bit isincluded in the DLS DLPDU format to facilitate duplicate |l
sequencing suppression.

'1.4.1.3 Error detection 1 18(The DLS shall rely on the MAC layer to ensure that DLPDUS corrupted during  |IT

transmission are detected and discarded.

'1.4.1.3 Error detection Note 16: bit CRC is provided in the burst format to support this service - the I

MAC layer will reect corrupted packets.

1414 Station identification 1 19|A receiving station shall accept unicast DLPDUs addressed to its current station |IT

address.
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Section Title Num Id Requirement Tested
1414 Station identification Note: Unique source and destination addresses are included in the VDL Mode 4 |l
DL S burst format to facilitate this service. DLPDUs addressed to the current
station address are routed to the DL S by the VSS. However, hon-unique
addressing is possible - with the resultant communications risk minimized
through the assurance that any link addressis locally unique. The ATN requires a
unique address and hence non-unique addressing is not for use with the ATN.
'1.4.1.5 Broadcast addressing 20|A VDL Mode 4 station shall accept broadcast DLPDUs and accept multicast IT
DLPDUs that have been multicast to addressesto which it islistening.
'1.4.1.6 DL S Priority 21|The DLS shall accept an indication of priority of the DATA DLPDU asdefined |IT
in Table 1-10.
'1.4.1.6 DL S Priority Note: The DL S service user's selection of priority affects the QoS parameters I
used in the transer of the DL S user packet as well as the queuing of the packet.
'1.4.1.7 DLSIink control 22|For the purposes of link control, the DLS shall provide the following DLS IT
DLPDUs DLPDU types:
'1.4.1.7 DLSIink control 23|1. ACK DLPDUSs, consisting of INFO_ACK and CTRL_ACK, for the purposes |IT
DLPDUs of acknolwedgement of DATA DLPDUsand DLS link control DLPDUSs
respectively
'1.4.1.7 DLSIink control 24{2. RTSDLPDUSs, consisting of CTRL_RTS, INFO_RTSand UDATA_RTS, for |IT
DLPDUs the purposes of making reservations for the transfer of DATA DLPDUs
'1.4.1.7 DLSIink control 25(3. CTSDLPDUSs, consisting of CTRL_CTS, INFO_CTSand UDATA_CTS, for |IT
DLPDUs the purposes of acknowledging RTS DLPDUs and providing slots for subsegquent
transmission of DATA DLPDUs
'1.4.1.7 DLSink control 26|4. Other DLSIink control DLPDUS, consisting of SZOM FRMR, FRMR_ACK, [IT
DLPDUs DM/DISC and DM/FRMR, for purposes of link initialisation, reset and
maintenance.
'1.4.2.1 State Variables 27|The DLS shal maintain the state variables defined in Table 1-55 for each data  |IT
link between two peer DLEs.
'1.4.2.1 State Variables Note: If thelink isreset for any reason, the DLS will discard any fragments I

associated with a partially received packet.
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Section Title Num Id Requirement Tested
'1.4.2.21 |Addresstype 1 28| The address type field shall be encoded as defined in Table 1-55a. IT
'1.4.2.2.2 |Non-unique identity 1 29|A mobile station using the non-unique identity address shall randomly choosea |IN
address 24-bit address.
'1.4.2.2.2 |Non-unique identity 2 30| The non-unigue identity address of al zeros shall not be used. IN
address
'1.4.2.2.2 |Non-unique identity 3 31| The non-unique identity address of al ones shall be used as a destination address |IN
address for broadcast applications only.
'1.4.2.2.2 |Non-unique identity 4 32|All radio unitslocated at a station shall use the same non-unique identity address. |[IN
address
'1.4.2.2.2 |[Non-unique identity 5(33, 34 If the station detects that another station is using the same random address, it IN
address shall stop transmitting on the current address; it shall then randomly select a new
address that is not already present in its PECT.
'1.4.2.2.2 |Non-unique identity 6 351t shall use this new addressin subsequent transmissions. IN
address
'1.4.2.2.2 |Non-unique identity address Note 1: Processing of ambiguous data resulting from use of the non-unique I
addressis an end system issue.
'1.4.2.2.2 |Non-unique identity 7 36/When using VDL Mode 4 for ATS applications, aircraft shall use the unique 24- |IN
address bit ICAO address.
'1.4.2.2.2  |Non-unique identity address Note 2: In this case bits 25, 26, and 27 of the full 27-bit addresswill be 1, 0, and ||
0 respectively, asis defined in Table 1-55a.
'1.4.2.2.2 |Non-unique identity address Note 3: Mobiles using non-unique addresses cannot be unambiguously identified |
and this mode of useisitself inherently insecure. Higher level functions are
required when there is a need to provide data origin authentication when non-
unique addresses are used.
'1.4.2.2.2 |Non-unique identity address 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 1 37|The aircraft specific address field shall be the 24-bit ICAO aircraft address. IN
addresses
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Section Title Num Id Requirement Tested
'1.42.2.4 |ICAO-administered 38| The ICAO-administered ground station specific address shall consist of a IN
ground station specific variable-length country code prefix (using the same country code assignment
addresses defined in Annex 10, Volume I11, Chapter 9, Appendix 1, Table 1) and a suffix.
'1.4.2.24 |ICAO-administered 39| The appropriate authority shall assign the bits in the suffix. IN
ground station specific
addresses

'1.4.2.25 |ICAO-delegated ground 40|The ICAO-delegated ground station specific address shall be determined by the (IN

station specific addresses organization to which the address space is delegated.

'1.4.2.2.6 |Broadcast and multicast 41|The broadcast and multicast addresses shall be used only as a destination address (IST

addresses for UDATA DLPDUs.

'1.4.2.2.6.1 |Broadcast and multicast 42|The broadcast and multicast addresses shall be encoded asin Table 1-56: IN

address encoding

'1.4.2.31 |DLShburst 43|A DLS station shall transmit the DL S burst defined in Table 1-57 withthe VSS  |IN
user supplied QoS and reservation parameters.

'"1.4.2.3.1 |DLSburst 44{All bitslabelled res are reserved and shall be set to zero. IST

'1.423.1 |DLSbhurst Note 1: The DLS DLPDU field may continue past octet 10. I

'1.4.231 |DLSburst 45|The DL S burst shall consist of one or two DL S DLPDUs combined accordingto (IST
the procedures of Section 1.4.4.12.

'1.4.23.1 |DLSburst 46|A DATA DLPDU shall be thefinal field in the burst (and thus the burst can IST
contain only one of these fields).

'1.4.231 |DLSburst Note 2: DLS burst will be able to combine up to two DLPDUs. DATA and I
UDATA must come last because they are variable length DLPDUSs.

'1.42.3.2 |DLSDLPDU encoding 47\The DLS DLPDU field shall indicate the DLPDU type and contain, as IST
appropriate, the priority subfield, the more bit, the toggle bit, the initialise bit and
length subfield.

'1.4.2.3.2 |DLSDLPDU encoding 48, 49 DATA DLPDUs shall consist of asingle octet containing link control IST
information and a variable length information field. DATA DLPDUs shall be
encoded as defined in Table 1-57a.

'1.42.3.2 |DLSDLPDU encoding Note 1: "X" means O or 1.
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Section Title Num Id Requirement Tested
'1.4.2.3.2 |DLSDLPDU encoding Note 2: The c/r bit indicates whether the CTRL DLPDU isacommand (c/r=0) or |l
response (c/r=1). There bit indicates whether aresponse is expected (re=1) or
not (re=0).These subfields are defined in Sectionl.5.2.6.
'1.4.2.3.2 |DLSDLPDU encoding Note 3: The UCTRL ID (ucid) subfield, is defined in Table 1-71g. I
'1.4.2.3.2 |DLSDLPDU encoding 50[RTS and SZOM DLPDUs shall consist of two octets containing link control IST
information.
'1.4.2.3.2 |DLSDLPDU encoding 51|RTS and SZOM DLPDUs shall be encoded as defined in Table 1-57b. IST
'1.4.2.3.2 |DLSDLPDU encoding Note 3: "X" meansO or 1. I
'1.4.2.3.2 |DLSDLPDU encoding 52|ACK, CTS and other DLSlink control DLPDUSs shall consist of one octet IST
containing link control information.
'1.42.3.2 |DLSDLPDU encoding 53| These DLPDUs shall be encoded as defined in Table 1-57c. IST
'1.4.2.3.2 |DLSDLPDU encoding Note 4: "X" means 0 or 1. I
'1.4.2.3.2 |DLSDLPDU encoding 54{A station receiving areserved DLPDU from a peer with which it hasalink shal |IST
reset the link in accordance with the procedures of setion 1.4.4.11.
'1.4.2.3.2 |DLSDLPDU encoding 55|A station receiving areserved DLPDU from a peer with which is does not have a |IST
link shall either respond with a DM/DISC, DM/FRMR or smply ignore the
DLPDU.
'1.4.2.3.2 |DLSDLPDU encoding 56| All reserved header bits (labelled "res")shall be set to zero on transmit and IST
ignored on reciept.
'1.4.2.3.3 |Toggle bit 57|TheT (Toggle) bit shall be alternately set to zero and one on each successful IST
transmission..
'1.4.2.3.3 |Toggle bit 58| At the start of a communication between two stations, or when thelink isreset, |IST
thetoggle bit shall be initiated according to the procedures of Section 1.4.4.3.3.1
for NSCOP communication and Section 1.4.4.3.3.2 for ZOCOP communication.
'1.4.2.3.3 |Toggle bit Note: The T (Toggle) bit is sufficient to provide duplicate detection and rejection. |l
'1.4.2.3.4 |Morebit 59|The M (More) bit shall be set to zero to indicate the end of auser data packet and |IST

to one to indicate that this fragment is not the last fragment in a multi-fragment
user data packet and that further fragments will be transmitted.
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Section Title Num Id Requirement Tested
'1.4.2.34 |More bit Note: The M (More) hit isset to O if auser data packet issent asasingle I
fragment or on the last fragment of afragmented user data packet and to 1
otherwise. The receiver reassembles a fragmented user data packet on reception
before passing it to the user.
'1.4.2.3.5 |Priority subfield 60[The priority subfield (pr) shall indicate the priority level of the transmissionas  |IST
defined in Section 1.4.1.6.
'1.4.2.3.6 |Length subfield 61{The length subfield (Ig) shall indicate the length of the DLS burst containinga  |IST
DATA DLPDU indots.
'1.4.2.3.6 |Length subfield 62|1t shall be encoded as one less than the absol ute length. IST
'1.4.2.3.6 |Length subfield Note: The calculation of length needs to take account of the size of the I
reservation protocol (default is response) and the effects of bit stuffing. A length
of 1 dot would be encoded as 0000 binary and the maximum length of 16 slots
would be encoded as 1111 binary.
'1.4.2.3.7 |Initialise bit 63|Prior to sending a CTRL_RTS or upon receipt of a CTRL_RTS with the IB ISM
(Initialise Bit) set to one the station shall initialise the Tt and Tr state variables
and clear the send and receive arrays .
'1.4.2.3.7 |Initidise bit Note: See Section 1.4.4.3.3.1 for the handling of INFO and CTRL DLPDUsin |l
the process of being sent.
'1.4.2.3.8 |Negotiation subfield 64| The negotiation (neg) subfield shall indicate the link management parametersto |IST
be used for ZOCOP link control as defined in Table 1-57d:
'1.4.2.3.9 |SZOM Sequence subfield 65| The SZOM sequence (seq) subfield shall indicate the SZOM sequence number. |IST
'1.4.2.3.10 [UDATA DLPDU 66[A DLS station wishing to send a UDATA shall transmit the UDATA burst IN
encoding defined in Table 1-57e with the V SS user supplied QoS and reservation
parameters.
'1.4.2.3.10 |[UDATA DLPDU 67|The DLS station shall select between Tables 1-57e, 1-57f, or 1-57g based on the |IN
encoding user dataid (udid) of the message as defined by Table 1-57h.
'1.4.2.3.10 |UDATA DLPDU Note 1: The UDATA DLPDU field may be up to ND4 octets long. I
encoding
'1.4.2.3.10 |UDATA DLPDU 69|A DLS station sending a UCTRL shall set ucd to 0 and encode the appropriate ud |[IN
encoding field to the value of ucid per Table 1-57h.
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'1.4.2.3.10 |UDATA DLPDU 5 70|A DLS station sending a UINFO shall set ucd to 1 and encode the appropriate ud |IN
encoding field to the value of uinf per Table 1-57h.
'1.4.2.3.10 [UDATA DLPDU Note 2: The UCTRL ID (ucid) subfield, isdefined in Table 1-71g. The UINFO |l
encoding ID (uinf) subfield is defined in Table 1-57i.
'1.4.2.3.12 |Compressed combined 1 71|A DLS station wishing to send a combined RTS and INFO DLPDU according to |IN
RTS the procedures of Section 1.4.4.12 when the priority of the RTSis different to
that of the INFO packet shall transmit the compressed combined RTS/INFO
(type 1) burst defined in Table 1-57] with the VSS user supplied QoS and
reservation parameters.
'1.4.2.3.12 |Compressed combined 2 72|The T bit for the RTS shall be the inverse of the INFO T bit. IN
RTS
'1.4.2.3.12 |Compressed combined RTS Note: The compressed combined RTS/INFO (type 1) DLPDU field may IN
continue past octet 12.
'1.4.2.3.13 |Compressed combined 1 73|A DLS station wishing to send a combined RTS and INFO DLPDU according to |IN
RTS the procedures of Section 1.4.4.12 when the priority of the RTSisthe same as
that of the INFO packet shall transmit the compressed combined RTS/INFO
(type 2) burst defined in Table 1-57k with the V' SS user supplied QoS and
reservation parameters.
'1.4.2.3.13 |Compressed combined 2 74|The T bit for the RTS shall be the inverse of the INFO T bit and the priority the |IN
RTS same as the INFO priority.
'1.4.2.3.13 |Compressed combined RTS Note 1. The compressed combined RTS/INFO (type 1) DLPDU field may IN
continue past octet 11.
'1.4.2.3.13 |Compressed combined RTS Note 2: This burst format isintended to be used to link M-bit sequenceswhere  |IN
each fragment is part of the same user data packet and hence has the same
priority.
'1.4.3 DL S system parameters 1 75|The parameters needed by the DL S sublayer shall be aslisted in Table 1-58. IST
'1.4.3 DLS system parameters 2 76|DL S parameters for NSCOP communications shall be determined during the IST
exchange of CTRL DLPDUSs, if the default values are not to be used.
'1.4.3 DLS system parameters 3 77|DLS parameters for ZOCOP communications shall be determined by the IST
exchange of the negotiation subfield within the SZOM DLPDU.

New DL S Implementation Report

Page 59




ADSI, Inc. v1.3: October 13, 2003
Section Title Num Id Requirement Tested
'1.4.3 DLS system parameters Note 1: The value of ND3 should be chosen such that the length of each DLS I
transmission containing the fragment is less than the maximum length of the DLS
transmission defined by ND1.
'1.4.3 DL S system parameters Note 2: Keep-alives have been eliminated from the protocol as peer presenceis |l
performed with sync bursts and ground stations transmit an alert on startup per
Section 1.5.5.1.3.1 or the ground system transmits a broadcast connection
handoff.
'1.4.3.1 Parameter TD1 (ZOCOP 1 78|For amobile station maintaining a ZOCOP link with another mobile station, IST
transmit reset timer) Timer TD1 shall be reset when aDLPDU is sent to the peer.
'1.4.3.1 Parameter TD1 (ZOCOP 2 79|Timer TD1 shall not be cancelled. IST
transmit reset timer)
1431 Parameter TD1 (ZOCOP 3(80, 81 If Timer TD1 expires, then Tt shall be set to 0 and the send channel array shall be|IST
transmit reset timer) cleared.
1431 Parameter TD1 (ZOCORP transmit reset timer)  |Note: See Section 1.4.4.14.2 for an example of when the response reservation I
typeisnot used.
'1.4.3.2 Parameter TD2 (ZOCOP 1 82|For a mobile station maintaining a ZOCOP link with another mobile station, IST
receive reset timer) Timer TD2 shall be reset when aDLPDU is received from the peer.
'1.4.3.2 Parameter TD2 (ZOCOP 2 83|Timer TD2 shall not be cancelled. IST
receive reset timer)
'1.4.3.2 Parameter TD2 (ZOCOP 3 84|If Timer TD2 expires, the link shall be considered to be terminated. IST
receive reset timer)
'1.4.3.3 Parameter ND1 1 85|The parameter ND1 shall define the maximum number of octetsin any user data |IST
(maximum number of packet that a DL S may accept from the datalink user or from a peer station.
octets of any user data
packet)
'1.4.3.3 Parameter ND1 2 86|A station receiving a user data packet from a peer station greater in length than (IS

(maximum number of
octets of any user data
packet)

ND1 shall discard the packet and reset the link in accordance with the procedures
of Section 1.4.4.11.
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Section Title Num Id Requirement Tested
'1.4.3.3 Parameter ND1 3 87|A station receiving a user data packet from a data link user greater in length than (IS
(maximum number of ND1 shall discard the packet.
octets of any user data
packet)
'1.4.3.3 Parameter ND1 (maximum number of octets of |Note: The maximum size of a user data packet for broadcast is set by parameter |l
any user data packet) ND3.
'1.4.3.4 Parameter ND2 1/88, 89 The parameter ND2 shall define the maximum size in octets of ashort DLS IST
(maximum length of transmission, including flags and reservation data, that shall be sent using the
short DL S transmission) short transmission procedures defined in Section 1.4.4.5.
'1.4.34 Parameter ND2 2 90|A burst occupying x slots shall contain up to 23 + (((x-1)* 63)/2) octets of data  |IST
(maximum length of including reservation data, CRC, and flags.
short DL S transmission)
'1.4.34 Parameter ND2 (maximum length of short DLS |Note: A slot can contain 32 octets of data. The last slot in a sequence should only ||
transmission) contain 24 octets to allow for propagation guard time. Allowing an average
octet/2 slotsfor bit stuffing, one slot could contain 23 octets of dataincluding
flags and reservation blocks. Two dots could contain 54 octets. Three dots could
contain 86 octets, €etc.
'1.4.35 Parameter ND3 1 91{The parameter ND3 shall define the maximum sizein slots of aDL S burst. IST
(maximum length of
fragment)
'1.4.3.6 Parameter ND4 1 92| The parameter ND4 shall define the maximum size in octets of a UDATA burst  |IM
(maximum length of a including reservation data, CRC, and flags.
UDATA burst)
'1.4.4 DL S procedures Note: Either station may send user data packets at any time and are considered |l
peers with respect to management of the link.
'1.44.1 Broadcast 1 94|0Only UDATA DLPDUSs shall be broadcast. IM
'1.4.4.2 Setting of re-transmission 1 95|For all DLS bursts containing CTRL, INFO, CTRL_RTS, INFO_RTS and IST
parameter UCTRL_RTS DLPDUSs, the quality of service parameters Q5min, Q5max,
Q5mult, Q5exp and Q5num shall be set as defined in Table 1-58a.
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'1.4.4.2 Setting of re-transmission parameter Note: Retransmission of DLS DLPDUs may be handled inthe VSSor DLS. I

'1.4.43.1 |User data packet priority 1 96(A sending station shall maintain a prioritised queue of user data packets for IST

transmission.

'1.4.43.1 |User data packet priority 2 97|When determining which user data packet to transmit, the highest priority user  |IST

data packet shall be sent first.

'1.4.43.1 |User data packet priority 3 98|The DLSDLPDUs CTRL and CTRL_RTS shall be classified as network IST

management messages and given the highest priority.

'1.4.43.1 |User data packet priority 4 99|The DLSDLPDUSINFO_RTS and UDATA_RTS shall be assigned the same IST

priority asthe DATA DLPDU with which they are associated.

'1.4.4.3.1 |User data packet priority Note: All other DLS DLPDU types will be sent in pre-reserved slots(FRMR, I

DM/FRMR and DM/DISC) or take the priority of the DATA packet to which
they are combined (SZOM) and hence priority is not an issue.

'1.4.43.2.1 |Determination of single 1 100|If the length of the DL'S burst containing a CTRL or INFO DLPDU is greater IST
or multiple fragment than ND2 octets, the sending station shall fragment the user data packet and
transmission format it according to the procedures of Section 1.4.4.3.2.3.

'1.4.4.3.2.1 |Determination of single 2 101|Otherwise the user data packet shall be sent as a single fragment formatted IST
or multiple fragment according to the procedures of Section 1.4.4.3.2.2.
transmission

'1.4.4.3.2.1 |Determination of single 3 102| The fragmentation of a user data packet shall take account of whether the station |IST
or multiple fragment iscombining a CTRL or INFO DLPDU with another DLS DLPDU in accordance
transmission with the procedures of Section 1.4.4.12.3.

'1.4.4.3.2.2 |Single fragment user data 1 103|A single fragment user data packet shall be transferred asa CTRL or INFO IST
packet transmission DLPDU.

'1.4.4.3.2.2 |Single fragment user data 2 104|The M bit shall be set to zero. IST
packet transmission

'1.4.4.3.2.2 |Single fragment user data 3 105|For an INFO DLPDU, the pr bits shall indicate the priority of the DLPDU. IST

packet transmission
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'1.4.4.3.2.3 |Multiple fragment user 106|A multiple fragment user data packet shall be transferred asa seriesof CTRL or |IST
data packet transmission INFO DLPDUs.
'1.4.4.3.2.3 |Multiple fragment user 107,108 |TheM bhit shall be set to 1 for al fragments except the last fragment. The M bit  [IST
data packet transmission shall be set to O for the last fragment.
'1.4.4.3.2.3 |Multiple fragment user 109|For INFO DLPDUSs, the pr bits shall indicate the priority of the DLPDU. IST
data packet transmission
'1.4.43.3.1 [T bitinitialisation for 110{When there is no established link (or link in the process of being established) IST
NSCOP communication between amobile DLE and aground DLE and the LME of either station requests
the transmission of a CTRL user data packet, the sending DLE shall send the
CTRL DLPDU using the long transmission procedures (see Section 1.4.4.6).
'1.4.4.3.3.1 |T bitinitialisation for 111|Inthe CTRL_RTS, it shall set the IB bit to 1, the T bit to 0 and follow the IST
NSCOP communication procedures of Section 1.4.2.3.7.
'1.4.4.3.3.1 |T bitinitialisation for 112|Onreceipt of aCTRL_RTS DLPDU with IB = 1, the receiving DLE shall follow |IST
NSCOP communication the procedures of Section 1.4.2.3.7.
'1.4.4.3.3.1 [T bitinitialisation for 113|The sender and receiver shall consider the link initialised. IST
NSCOP communication
'1.4.43.3.1 [T bitinitialisation for 114{The receiver shal immediately terminate any INFO transfersin progress. IST
NSCOP communication
'1.4.43.3.1 [T bitinitialisation for 115|Any partially received CTRL DLPDUs shall be discarded. IST
NSCOP communication
'1.4.43.3.1 [T bitinitialisation for 116, 117 |If any CTRL fragments had already been acknowledged, then the remainder of  |IST
NSCOP communication the CTRL DLPDU shall be abandoned; however, if no CTRL_ACK had been
received for aCTRL DLPDU, then its transfer shall continue unaffected.
'1.4.4.3.3.1 |T bitinitialisation for NSCOP communication |Note 1: The DLE to which the mobile sent the CTRL_CMD may not be the DLE |l

which responds with the CTRL_RSP. The IB bit in the CTRL_RSP may either be
0 or 1 depending on whether the responding DLE received the CTRL_CMD.
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'1.4.43.3.1 |T bitinitialisation for NSCOP communication |Note 2: INFO DLPDUs and partially sent/received CTRL DLPDUs are I
abandoned mid-transfer on the presumption that the peer station restarted (there
is no other legitimate reason for the IB=1); however, CTRL DLPDUs for which
the first fragment had not been acknowledged may bein a CTRL collison and
are thus not affected.

'1.4.4.3.3.1 |T bitinitialisation for 8 118|The DLE shall consider the link connected upon direction from the LME. IST

NSCOP communication
'1.4.4.3.3.1 |T bitinitialisation for 9 119|INFO, INFO_RTS, INFO_ACK, and INFO_CTSDLPDUs shall only be sent on |IST
NSCOP communication links that are connected.
'1.4.4.3.3.1 |T bitinitialisation for 10 120|Although a DLE may receive INFO DLPDUSs (and generate INFO_ACKYS), it IS
NSCOP communication shall not transmit INFO DLPDUs until it receivesa CTRL_ACK toits CTRL
(M=0).
'1.4.4.3.3.1 |T bitinitiaisation for NSCOP communication |Note 3: If the receiving LME indicates to the receiving DLE that the link is I
established after thereceiving DLE's transmission of the CTRL_ACK, then the
receiving DLE will not respond with a DM/FRMR to the INFO_RTS or INFO
that it receives.
'1.4.4.3.3.1 |T bitinitialisation for 11 121|Onreceipt of aCTRL_RTSinaDLS burst addressed to it for which IB isequal  |IS
NSCOP communication to 1 and for whichthe T hit isequal to 1 a station shallsend a DM/FRMR.

'1.4.4.3.3.1 |T bitinitialisation for 12 122|If aDLE with uninitialised state variablesreceivesa CTRL_RTSDLPDU with  |IS
NSCOP communication IB equal to O, then it shall respond with a DM/FRMR.

'1.4.4.3.3.1 |T bitinitialisation for 13 123|If aDLE receives an SZOM from a peer DLE with which it will only IS
NSCOP communication communicate using the NSCOP, it shall respond with a DM/FRMR.

'1.4.4.3.3.2 |T bitinitialisation for 1 124|A mobile sending station (the "sending station™) wishing to send datato a mobile |IST

ZOCOP communication

station (the "receiving station") for which it does not currently have alink, shall
send a DL S burst containing a Start Zero Overhead Mode (SZOM) DLPDU and
thefirst INFO (short transmission procedures) or INFO_RTS (long transmission
procedures) DLPDU to the receiving station using respectively the short
transmission procedures (see Section 1.4.4.5) or the long transmission procedures
(see Section 1.4.4.6).
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'1.4.4.3.3.2 |T hitinitidisation for 2 1251t shall set the negotiation subfield to the highest value that is supported by the  |IST
ZOCOP communication DLSin the SZOM DLPDU, the sequence subfield to avalue that it has not
transmitted to the receiving station within the previous TD2 seconds, the T bit to
0inthe INFO DLPDU, and initialise its sending and receiving state variables.
'1.4.4.3.3.2 |T bitinitialisation for 3 126|On receipt of an unsolicited SZOM DLPDU with a sequence subfield different  |IST
ZOCOP communication from the most recently received SZOM from the sending station, the receiving
station shall initiaise its sending and receiving state variables and consider the
link established for receipt of further DLPDUSs from the sending station.
'1.4.4.3.3.2 [T bitinitialisation for 4 127|The receiving station shall send a SZOM DLPDU combined with an INFO_ACK |IST
ZOCOP communication (short transmission procedures) or an INFO_CTS (long transmission procedures)
in the ot reserved for the transmission setting T=0.
'1.4.4.3.3.2 |T bitinitialisation for 5 128|In the SZOM DLPDU, the receiving station shall set the negotiation field tothe |IST
ZOCOP communication highest value that is supported by the DL S and the sequence subfield to 0.
'1.4.4.3.3.2 [T bitinitialisation for 6 129|The receiving station shall not transmit any INFO or INFO_RTS DLPDUsto the |IST
ZOCOP communication sending station prior to sending the SZOM/INFO_ACK or SZOM/INFO_CTS
reserved transmission.
'1.4.4.3.3.2 |T bitinitialisation for 7 130|For both sending and receiving stations, link parameters shall be selected which |IST
ZOCOP communication correspond to the lower value of the negotiation subfields contained in the SZOM
DLPDU sent by the sending station and in the SZOM DLPDU sent by the
receiving station.
'1.4.4.3.3.2 |T bitinitialisation for 9 132|A station that transmitted an SZOM to a peer shall retransmit itsinitial IS
ZOCOP communication transmission in response to any DLPDU other than an SZOM, DM/DISC,
DM/FRMR, or general failure until it receives an SZOM.
'1.4.43.3.2 |T bitinitialisation for 10 133|After Q5num attempts, it shall report afailure to the DLE user. IST
ZOCOP communication
'1.4.4.3.3.3 |Transfer after 1 134|When the T bit has been initialised, the sending station shall set the T bit for IST
initialisation transmitted DLPDUSs to the value of Tt.
'1.44.4 Selection of transmission 1 135|After a packet has been selected for transmission according to the procedures of  |IST
procedures Section 1.4.4.3 the sending station shall calculate the total length in octets of the
DL S burst required to contain the DLPDU queued for transmission using the
short transmission procedures defined in Section 1.4.4.6.
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'1.44.4 Selection of transmission 136|Thetotal length shall include the length of any reservation fields contained IST
procedures within the DLS burst, together with any flags.
'1.44.4 Selection of transmission 137|The calculation of the length of the DLS burst shall take account of whether the |IST
procedures station will combine a DATA DLPDU with another DLS DLPDU in accordance
with the procedures of Section 1.4.4.12.3.
'1.44.4 Selection of transmission 138|If the total length isless than or equal to ND2, then the station shall use short IST
procedures transmission procedures (Section 1.4.4.6) to transmit the queued data.
'1.44.4 Selection of transmission 139|Otherwise, the station shall use the long transmission procedures (Section IST
procedures 1.4.4.7).
'1.4.4.4 Selection of transmission 140|The M bit shall be set to O for a short transmission. IST
procedures
1.4.4.4.1 |Recommendation If there are other DLPDUSs queued for transmission, then the station should also  |IST
include an RTS per Section 1.4.4.12.3.
'"1.4.45.1 |Transmission of DATA 141|After the selection of a short transmission procedure, the sending station shall IST
DLPDU transmit a DL S burst containing the DATA DLPDU queued for transmission
with QoS parameters as defined in Table 1-60 using the random access
procedures.
"1.4.45.1 |Transmission of DATA 142|For CTRL and INFO DLPDUSs, the T bit shall be set to Tt. IST
DLPDU
'1.4451 |Transmission of DATA 143|A burst containing a CTRL or INFO DLPDU shall contain a unicast request IST
DLPDU reservation field for the acknowledgement with the parametersin Table 1-60.
'1.445.1 |Transmission of DATA DLPDU Note 1: The priority field in the unicast request reservation field isset equa to |l
the priority setting in the INFO DLPDU as specified in Table 1-60.
'1.4.45.1 |Transmission of DATA DLPDU Note 2: If the responder V SS 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.
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'1.4.45.2.1 |Established link with 144|If a station receiving a CTRL or INFO DLPDU has an established link with the  |IST
sender sender it shall transmit a DL S burst containing an ACK DLPDU in the slot
reserved by the unicast request reservation field contained in the DATA DLPDU
transmission:
'1.4.45.2.1 |Established link with 145[a) A CTRL_ACK DLPDU shall be sent inresponseto aCTRL DLPDU andan |IST
sender INFO_ACK DLPDU sent inresponseto an INFO DLPDU.
'1.4.4.5.2.1 |Established link with 146|b) The T bit shall be set to the value of the T bit in the received DATA DLPDU. |IST
sender
'1.4.45.2.1 |Established link with sender Note: See Section 1.4.4.12 for an example of when the response reservation type |l
isnot used.
'1.4.453 [Non-receipt of 147|If an acknowledgement to a CTRL or INFO DLPDU is not received from the IST
acknowl edgement receiving station, the sending station shall retransmit the DLS burst containing
the CTRL or INFO DLPDU and a unicast request reservation field according to
the procedures of Section 1.3.21.
'1.4.45.4 |Action on receipt of a 148|A station receiving a UDATA DLPDU shall forward the contents of the ISTM
UDATA DLPDU information field to the DL S user and take no further action.
'1.4.4.6.1 |Transmission of request 149|After the selection of along transmission procedure, the sending station shall IST
to send transmit a DL S burst containing an RTS DLPDU to the receiving station in the
transmit queue with QoS parameters as defined in Table 1-61.
'1.4.46.1 |Transmission of request to send When using the long transmission procedure: I
'1.4.4.6.1 |Transmission of request 150|a) A station shall send aCTRL_RTS, INFO_RTSor UDATA_RTSDLPDU if a |IST
to send CTRL, INFO or UDATA DLPDU respectively isto be transmitted.
'1.4.46.1 |Transmission of request 151{b) The pr subfield shall indicate the priority of the INFO_RTS and UDATA_RTS|IST
to send DLPDUSs o be transmitted (see Section 1.4.1.6).
'1.4.46.1 |Transmission of request 152|c) The length subfield shall indicate the length of the DLS burst required to IST
to send contain the DATA DLPDU (see Section 1.4.2.3.6).
'1.4.4.6.1 |Transmission of request 153|d) For CTRL_RTSand INFO_RTSDLPDUSs, the T bit shall be set to Tt. IST
to send
'1.4.4.6.1 |Transmission of request 154|Each burst shall contain a unicast request reservation field with the parameters set|IST

to send

asdefined in Table 1-61.
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'1.4.4.6.1 |Transmission of request to send Note 1: The ground may use the priority subfield to manage the link resource I
during congestion.

'1.4.4.6.1 |Transmission of request to send Note 2: Transfer of broadcast data using the long transmission procedures I
involves directing the UDATA_RTS at a specific station, receiving a set of dots
from that station viathe UDATA_CTS and then broadcasting the UDATA in the
reserved slots.

'1.4.4.6.1 |Transmission of request to send Note 3: The priority field in the unicast request reservation field isset equal to |l
the priority setting in the INFO DLPDU as specified in Table 1-61.

'1.4.4.6.2 |Noresponseto RTS Note: If aresponseis not received to the RTS DLPDU, the station retransmits the|l
DL S burst containing the RTS DLPDU and the unicast request according to the
procedures of Section Error! Reference source not found..

'1.4.4.6.3.1 |Responseif aDATA 155]1f the responder has an established link with the sender and the received DLPDU |IST
DLPDU has not isaUDATA_RTSor if the T bit withinthe CTRL_RTS or INFO_RTS DLPDU
previoudly been received isnot equal to Tr, then the receiving station shall transmit aCTS DLPDU ina

DLS burst in the slot reserved by the RTS DLPDU.

'1.4.4.6.3.1 |Responseif aDATA 156|A CTRL_CTS, INFO_CTSor UDATA_CTSDLPDU shall be sentinresponse |IST
DLPDU has not toaCTRL_RTS, INFO_RTSor UDATA_RTS DLPDU respectively
previoudly been received

'1.4.4.6.3.1 |Responseif aDATA 157|For CTRL_CTSand INFO_CTS DLPDUSs, the burst shal contain an information |IST
DLPDU has not transfer request reservation field and be transmitted with the parametersin Table
previously been received 1-63, indicating the number of slots reserved for transfer of the DATA DLPDU.

'1.4.4.6.3.1 |Responseif aDATA 158|For aUDATA_CTSDLPDU, the burst shall contain a unicast request reservation|ISM
DLPDU has not field and be transmitted with the parametersin Table 1-61, indicating the number
previoudly been received of dots reserved for transfer of the DATA DLPDU.

'1.4.4.6.3.2 |Responseif aDATA 159|If the responder has an established link with the sender and if the T bit within the |IS
DLPDU has previously CTRL_RTSor INFO_RTSDLPDU isequa to Tr, then the receiving station shall
been received transmit an ACK DLPDU in the dot reserved by the RTS.

'1.4.4.6.3.2 |Responseif aDATA 160ja) A CTRL_ACK or INFO_ACK DLPDU shall be sent in responseto a IS

DLPDU has previously
been received

CTRL_RTSor INFO_RTS DLPDU respectively
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'1.4.4.6.3.2 |Responseif aDATA 161|b) The T bit shall be set to the value of the T bit in the received DATA DLPDU. |IS

DLPDU has previously
been received
'1.4.4.6.3.2 |Responseif aDATA 162|The DLS burst containing the ACK DLPDU shall contain aresponse reservation |IST
DLPDU has previously type except as determined by the procedures of Section 1.4.4.12.
been received

'1.4.4.6.3.3 |Channel too busy 163|If the channel istoo busy (either the receiving station cannot find a sufficiently  |ISM
large series of contiguous dots or the priority istoo 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.

'1.4.4.6.3.3 |Channel too busy 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.

'"1.4.4.6.4.1 |Transmission of DATA 164|Onreceipt of aCTRL_CTSor INFO_CTSDLPDU inaDLS burst addressedto  |IST

DLPDU it and with an information transfer request reservation field a station shall
transmit the requested DATA DLPDU in the alocated reservation with the T bit
setto Tt.

'1.4.4.6.4.1 |Transmission of DATA 165|The DL S burst containing the DATA DLPDU shall contain a response IST

DLPDU reservation type.
'1.4.4.6.4.1 |Transmission of DATA 166|On receipt of aUDATA_CTSDLPDU inaDLS burst addressed to it with a ISM
DLPDU unicast request reservation field a station shall transmit the requested UDATA
DLPDU in the allocated reservation.

'1.4.4.6.4.2 |Responseif no 167|If upon receipt of a CTS the station has nothing to transmit (e.g., after areset), it |IS

information to transmit shall transmit one the following:

'1.4.4.6.4.2 |Responseif no 168|a) an FRMR if the link is connected; IS

information to transmit

'1.4.4.6.4.2 |Responseif no 169|b) aDM/DISC if the link is disconnected; IS

information to transmit
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'1.4.4.6.4.2 |Responseif no 4 170|c) aDM/FRMRif thelink isin the process of connecting. IS

information to transmit

'1.4.4.6.4.3 |Recommendation If the station has not transmitted an INFO DLPDU and a higher priority user data |l ST
packet arrived after the RTS had been transmitted, the station should transmit as
much of the highest priority packets as will fit in the current reservation with the
samevaluefor T as contained in the RTS.

'1.4.4.6.5.1 |DATA DLPDU received 1 171|A receiving station which transmitted aCTRL_CTSor INFO_CTSDLPDU ina |IST
DL S burst containing an information transfer request reservation field (and
consequently has a reservation for an acknowledgement) and which has received
the DATA DLPDU with aT bit not equal to Tr, shall follow the procedures of
144521

'1.4.4.6.5.2 |Responseif DATA 1 172|A receiving station which transmitted aCTRL_CTSor INFO_CTSDLPDU ina |IS

DLPDU not received DL S burst containing an information transfer request reservation field (and
consequently has a reservation for an acknowledgement) and which has not
received the CTRL or, INFO DLPDU with aT bit not equal to Tr, shall transmit
in the dot reserved for an acknowledgement an ACK DLPDU inaDLS burst.
'1.4.4.6.5.2 |Responseif DATA 2 173|a) A CTRL_ACK or INFO_ACK DLPDU shall be sent in responseto aCTRL or |IST
DLPDU not received INFO DLPDU respectively.
'1.4.4.6.5.2 |Responseif DATA 3 174]|b) The T bit shall be set to the inverse of the value of the T bit in the last received |IST
DLPDU not received RTSDLPDU.

'1.4.4.6.5.2 |Response if DATA DLPDU not received Note: The use of the T bit not equal to Tt indicates a "negative acknowledgement |
(NACK)"

'1.4.4.6.5.2 |Responseif DATA 4 175|The DLS burst containing the ACK DLPDU shall contain aresponse reservation |IST

DLPDU not received type.

'1.4.4.7 DL S not supported 1 176|1f the responder toaCTRL, CTRL_RTS, INFO, INFO_RTS or SZOM DLPDU |IN
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 DLPDU transmission.

'1.4.4.7 DL S not supported Note: The response upon receipt of a general failure, described in Section

1.3.20.1, isto not transmit another DL S burst to the sending station for the
duration of the backoff timer.
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'1.4.4.8 No link with sender 177|If the responder to any DLPDU other than a CTRL_RTS DLPDU with IB equal |ISM
to 1 or an SZOM DLPDU DLPDU (which may be combined with an INFO or
INFO_RTS DLPDU) neither has nor is attempting to establish alink with the
sender, the responder shall send a DL S burst containing a DM/DISC DLPDU in
the dot reserved by the unicast or information transfer request reservation field
contained in the data DLPDU transmission.
'1.4.4.8 No link with sender 178|If the responder istrying to establish an NSCOP or ZOCORP link with the sender, |ISM
then it shall respond with a DM/FRMR to any DLPDU other than a CTRL-
related DLPDU or SZOM DLPDU for NSCOP and ZOCOP respectively.
'1.4.4.8 No link with sender Note: Per Section 1.4.4.3.3.1, an NSCOP link is considered established whena |l
DLE sends or receives the last fragment of a CTRL_RSP. Consequently, aDLE
may be retransmitting the last fragment of a CTRL_RSP whileitis
acknowledging INFO DLPDUSs.
'1.4.4.9.1 |Receipt and forwarding 179|\When a CTRL or INFO DLPDU is received without errors from another station, (ISTM
of received DATA the value of the T bit shall be inspected and recorded.
DLPDUs
'1.4.4.9.1 |Receipt and forwarding 180|If thisis: I
of received DATA
DLPDUs
'1.4.4.9.1 |Receipt and forwarding 181|a) an INFO DLPDU with the T bit set to zero combined with a SZOM DLPDU, |IST
of received DATA or
DLPDUs
'1.4.4.9.1 |Receipt and forwarding 182|b) the value of the T bit isnot equal to Tr, IST
of received DATA
DLPDUs
'1.4.4.9.1 |Receipt and forwarding 183, 184 |then the user data packet or user data packet fragment shall be accepted and Tr  [IST
of received DATA shall be set to the value of the T bit in the received INFO or CTRL DLPDU.
DLPDUs
'1.4.49.1 |Receipt and forwarding 185|Otherwise, the received user data packet or user data packet fragment shall be ISM

of received DATA
DLPDUs

discarded as a duplicate.
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'1.4.49.1 |Receipt and forwarding 7 186|When a UDATA DLPDU isreceived without errors from another station, it shall |IN
of received DATA be passed to the service user as a singleincoming user data packet.
DLPDUs
'1.4.4.9.1 |Receipt and forwarding 8 187|Otherwiseit shall be discarded. ISM
of received DATA
DLPDUs
'1.4.49.2 |Concatenation of 1 188|If any preceding user data packet fragments have been received with, in the case |IST
multiple fragment user of an INFO DLPDU, the same value of pr subfield and with the M bit set to one,
data packets then the user data part of the received DATA DLPDU shall be concatenated to
the end of the user data packet fragments.
'1.4.4.9.2 |Concatenation of 2 189|If the M bit is set to zero on the received DATA DLPDU, then the user datapart |IST
multiple fragment user of thereceived DATA DLPDU, including any user data packet fragments
data packets received earlier and with which it has been concatenated, shall be passed to the
service user asasingleincoming user data packet.
'1.4.49.3 |Unacknowledged 1 190|UDATA, DM/DISC, DM/FRMR and all ACK DLPDUs shall be ISM
DLPDUs unacknowledged.
'1.4.4.10.1 |Receipt of an expected 1 191|When an ACK DLPDU is received without errors from another station and there |IST
ACK DLPDU isan outstanding DATA DLPDU to be acknowledged, the value of the T bit shall
be inspected and the following operations performed.
'1.4.4.10.1 |Receipt of an expected 2|192, 193 |If T isequal to Tt, then the DATA DLPDU shall be assumed successfully IST
ACK DLPDU received and the value of Tt shall be set to the inverse of the current value of Tt.
'1.4.4.10.1 |Receipt of an expected 3 194|If the ACK DLPDU is not received by the expected reserved dot, then the IST
ACK DLPDU sending station shall re-send the DATA DLPDU using the short or long
transmission procedures as determined by the procedures of Section 1.4.4.4.
'1.4.4.10.1 |Receipt of an expected ACK Note 1: Retransmission is based on the expected receipt time and not on the I
DLPDU receipt of aNACK.
'1.4.4.10.1 |Receipt of an expected 4 195|When a DATA DLPDU has been successfully received, the highest priority IST
ACK DLPDU fragment (either the next fragment of the current user data packet or the first
fragment/complete DLPDU of the next user data packet) in the send queue, if
any, shall be selected for transmission using the procedures of Section 1.4.4.3.
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Section  |[Title [Num Id Requirement Tested
'1.4.4.10.1 |Receipt of an expected ACK Note 2: The selection of highest priority allows the station to pre-empt eg a lower ||
DLPDU priority transfer of M-bit linked fragments with a higher priority user data packet
or set of fragments.
'1.4.4.10.2 |Receipt of an unexpected 196|/When an ACK DLPDU is received without errors from another station and there |IST
ACK DLPDU is no outstanding DATA DLPDU to be acknowledged, the value of the T bit shall
be inspected and the following operations performed.
'1.4.4.10.2 |Receipt of an unexpected 197|If T isequa to Tt, then the link shall be reset as per section 1.4.4.11. IS
ACK DLPDU
'1.4.4.10.2 |Receipt of an unexpected 198|If T isnot equal to Tt, then the ACK shall be ignored. IST
ACK DLPDU
'1.4.4.11.1 |Link reset during link 199|The sending station shall disconnect the link by sendingaDM/FRMR DLPDU, |IS
setup which istransmitted in the reservation placed for the reply.
'1.4.4.11.1 |Link reset during link 200|Upon receipt of a DM/FRMR DLPDU, the receiving station shall disconnect the (IS
setup link.
'1.4.4.11.2 |Link reset of an 201|The sending station shall reset the link by sendinga FRMR DLPDU inaDLS IS
established link burst placing a unicast reservation for the response.
'1.4.4.11.2 |Link reset of an 202|The sending station shall discard all outstanding user data packetsin the send and IS
established link receive array.
'1.4.411.2 |Link reset of an 203|The receiving station shall clear the state variables and clear the send and receive (IS
established link arrays.
"1.4.4.11.2 |Link reset of an 204{If aFRMR_ACK is not received in the reserved sot, the FRMR shall be sent IS
established link again using the re-transmission procedures.
'1.4.4.11.2 |Link reset of an 205, 206 [Only when aFRMR_ACK has been received shall the station attempt to re-send |IS
established link data to the receiving station using the procedures of Section 1.4.4.4.1f the sending
station receives an INFO or RTS DLPDU from the peer whilst waiting for a
FRMR_ACK, it shall send an FRMR in response.
'1.4.4.11.2 |Link reset of an 207|Upon receipt of an unsolicited FRMR_ACK, a DLE shall respond with an IS
established link FRMR.
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Section Title Num Id Requirement Tested
'1.4.4.11.2 |Link reset of an 208, 209 [On receipt of aFRMR DLPDU, the receiving station shall discard any IS
established link outstanding fragments in the receive array and shall transmit aFRMR_ACK
DLPDU inaDLS burst in the reserved dot.
'1.4.4.12 |Linking DLS DLPDU 210|An implementation of the DLS shall be capable of providing a combined IN
transmissions DLPDU response even if the station does not initiate the use of combined
DLPDUs.
'1.4.4.12.1 |Recommendation A station with a queue of transmissions to send to areceiving station should link |IST
transmissions using the procedures set out in this section.
'1.4.4.12.2 |Allowed DLPDU 211(It shall be possible to combine the following DLPDUSs: IST
combinations
'1.4.4.12.2 |Allowed DLPDU 212|* RTSDATA IST
combinations
'1.4.4.12.2 |Allowed DLPDU 213|* ACK/CTS IST
combinations
'1.4.4.12.2 |Allowed DLPDU 214|* ACK/DATA IST
combinations
'1.4.412.2 |Allowed DLPDU 215|* ACK/RTS IST
combinations
'1.4.4.12.2 |Allowed DLPDU 216[* SZOM/other DLPDUSs as described in Section 1.4.4.3.3.2 IST
combinations
'1.4.4.12.2 |Allowed DLPDU combinations Note: Receipt of acombined DLPDU not listed in thissectionishandled inan |l
implementation-defined manner.
'1.4.4.12.3 |Recommendation When areceiving station has selected a user data packet for transmissionusing |IST
the procedures of Section 1.4.4.3 it should also select the next user data packet
with the highest priority and place an RTS DLPDU in the DLS burst containing
the DATA DLPDU for the first user data packet ,setting the T bit in the RTSto
the inverse of Tt and append a response reservation type.
'1.4.4.12.3 |Recommendation Note 1: Because the DATA DLPDU is unlimited in length, the RTS must I

precede the DATA DLPDU. However, sincethe RTS containsthe inverse T bit
of the transmitted DATA DLPDU (asit isfor the subsequent DATA DLPDU), it
must be processed second.
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Section

Title

Num

Requirement

Tested

'1.4.4.12.3

Recommendation

Note 2: This recommendation also applies to the case where the short
transmission procedures would normally be selected for transmission but for
which there is an opportunity to combine it with the end of the previouslong
transmission procedure.

'1.44.12.4

Combined ACK

217

On receipt of aRTS/DATA DLS burst, a station shall process the DATA
DLPDU firgt according to the procedures of Section 1.4.4.6.5.1.

'1.44.12.4

Combined ACK

218

If the station can find sufficient resources for a subsequent DATA DLPDU
transfer, then the DL S burst containing the ACK DLPDU shall also contain a
CTSDLPDU for the next DATA DLPDU transfer:

'1.4.4.12.4

Combined ACK

219

A CTRL_CTS, INFO_CTSor UDATA_CTSDLPDU shall be sent in response
toaCTRL_RTS, INFO_RTSor UDATA_RTSDLPDU respectively.

'1.44.12.4

Combined ACK

220

In the case of CTRL_CTS and INFO_CTS DLPDUSs, instead of the response
reservation type required by the procedures of Section 1.4.4.6.5.1, the burst shall
contain an information transfer request reservation field transmitted using the
parameters defined in Table 1-63, indicating the number of slots reserved for
transfer of the DATA DLPDU.

'1.4.4.12.5

Combined DATA

221

A receiving station which has data that would fit into asingle slot DLS burst
containing an ACK DLPDU to send back to the sending station, shall includeits
own DATA DLPDU inthisDLS burst.

'1.4.4.12.5

Combined DATA

222

The burst shall contain a unicast request reservation field with the parametersin
Table 1-61 for the acknowledgement of the DATA DLPDU.

'1.44.12.5

Combined DATA

Note: Hence a station may combine a small transport acknowledgement with the
ACK if this can be produced in time.

'1.4.4.12.6

Combined ACK

223

If areceiving station has data to send back to the sending station which cannot fit
into asingle ot DL S burst containing an ACK DLPDU, then the station shall
combine an RTSDLPDU for itsown DATA DLPDU in the DLS burst
containing the ACK DLPDU and use the long transmission procedures for the
datatransfer.
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'1.4.4.12.7 |Recommendation - Combined ACK If astation is sending an ACK DLPDU to one destination and has data to send to |l
adifferent destination, then the station should include a unicast reservation field
with sdf = 1 with the DL S burst containing the ACK and then transmit an RTS
DLPDU to the new destination in the reserved dlot.
'1.4.4.12.7 |Recommendation - Combined ACK Note: This makes it possible for eg aground station to link a series of I
transmissions to different destinations.
'1.4.4.13 |CTRL DLPDU 224{The CTRL DLPDU shall be used for the LME to establish and maintain linksas |IST
defined in Section 1.5.
'1.4.4.14  |Proceduresfor air-air 225|Air-air communication services shall be supported by a zero-overhead connection(IST
communication oriented protocol (ZOCOP).
'1.4.4.14.1 |Air-air data exchange 226|When a ZOCORP link has been established, data shall be exchanged as determined|(IST
after link initialisation by either the short or long transmission procedures as described in Sections
14.45and 1.4.4.6.
'1.4.4.14.2 |Link maintainance 227|A station that has established a ZOCOP link with a peer, and which has not sent a|IST
packet to that peer for TD1 seconds, and that wishesto send aDATA packet to
the peer, shall re-establish the link according to the procedures of Section
144332
'1.4.4.14.2 |Link maintainance 228|A station shall regard the link as terminated if it has not transmitted to the same  [IST
peer for TD1 seconds and if it has not received a transmission from the same peer
for TD2 seconds.
'1.4.4.14.2 |Link maintainance 229|A station shall regard the link as terminated if it receivesa DM/DISC DLPDU or [IST
a DM/FRMR from the peer station or an attempt to send a packet to the peer
station fails because of afailure notified by the retransmission procedures of
Section 1.3.21.
'1.4.4.14.3 |Action on receipt of a 230|If aCTRL_RTS (IB=0), CTRL_CTS, CTRL, or CTRL_ACK DLPDU is IS
CTRL parameter ina received on an established ZOCOP link, then the receiver shall respond with a
ZOCORP link DM/FRMR in the reserved slot.
'1.4.4.14.3 |Actionon receipt of a 231,232 |[If aCTRL_RTS(IB=1) isreceived on an established ZOCOP link, then theold |IS

CTRL parameter ina
ZOCORP link

link shall be considered disconnected and the receiver shall either proceed to
establish the link via NSCOP procedures or respond with a general failure with a
cause code indicating policy reasons.
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C. CHANGE PROPOSALS
C.1 DLS Change Proposals

In the extracts from the Technical Manual below, the highlighted text represents the
modifications that are specific to the item under discussion.

C.1.1 DLPDU Formats
There are afew issues requiring explicit clarification in section 1.4.2.3.2:

-No response is defined for receipt of areserved DLPDU. Although a FRMR isthe presumed |
response, it is not explicitly stated in the technical manual. Carry out the following modifications:

- Add the sentence: “A station receiving areserved DLPDU from a peer with which it has a
link shall reset the link in accordance with the procedures of section 1.4.4.11. A station
receiving areserved DLPDU from a peer with which it does not have alink shall either
respond with a DM/DISC, DM/FRMR or simply ignore the DLPDU.” * immediately before
the last sentence of the section.

- Modify the last sentence of the section asfollows: “All reserved header bits labeledres(i.e.,
marked by an X) arereserved-and-shall be set to zero on transmit and ignored on receipt..”

C.1.1.1 CTS Encoding

What isthe point of the T bit inthe CTS? On

INFO_RTS (T=t) -->
<-- INFO_CTS(T=not t)

we generate aFRMR (per 1.4.4.6.4.1). If that is the case, isthere any benefit to having the T bit
inthe CTS? What value does it add (other than to provide more code that must be written to
track the T bit and more tests that must be passed)? If the responding station were confused, it
would respond with an INFO_ACK rather than an INFO_CTS (which would generate a FRMR if
the INFO itself had never been sent, according to the proposal in Section C.1.7.1). We might as
well just deletethe T bit from the CTRL_CTSand INFO_CTS (or RES the bit if we want to
make future use of it). The text proposals are provided here below. Note that the highlighted text
represents the modifications relating to each specific item.

a) InTablel-57c, replace T with resfor theINFO_CTSand CTRL_CTSrows:

Table 1-57c. ACK-CFSand-ether-DLSHnk-eentrolSingle octet DL PDUs encoding |

| Octet | N |

! The license to either ignore the PDU or respond with aDM is based on ISO 7776 (LAP-B)
practice.
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b) In Section 1.4.4.3.3.1, delete CTRL_CTSiin last paragraph

Bit

UDATA_CTS

INFO_ACK

INFO_CTS

CTRL_ACK

CTRL_CTS

&~ o]~
3|78

H

5%

Reserved

FRMR_ACK

FRMR

DM/DISC

DM/FRMR

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

SZOM

Reserved
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“On receipt of aCTRL_RTS-CTRL - CTSera-CTFRL-or CTRL-ACK-DLPDY inaDL S burst
addressed to it for which IB is equal to =1 and for which the T bit isequal to 1 a station shall

reset-the tnk-Hh-accordance with-the procedures-of Section-14-4-11send a DM/FRMR. If aDLE
with uninitialised state variables receivesa CTRL_RTS DLPDU with IB equal to 0, then it shall

respond with aDM/FRMR.”

c) In Section 1.4.4.6.3.1, delete bullet (b) and re-style bullet (a) as a paragraph.

a——A CTRL_CTS, INFO_CTS or UDATA_CTS DLPDU shall be sent in response to a |
CTRL RTS INFO_RTS orUDATA _RTS DLPDU respectlvely

d) In Section 1.4.4.6.4.1, delete the phrase “for which the T bit isequal to T;” and delete the
second paragraph.

“Onreceipt of aCTRL_CTSor INFO_CTSDLPDU inaDLS burst addressed to it forwhichthe
Fbitisequa-teF-and with an information transfer request reservation field a station shall
transmit the requested DATA DLPDU in the alocated reservation with the T bit set to Ts.

€) In Section 1.4.4.6.5.1 and 1.4.4.6.5.2, first paragraph substitute “with the same setting of
T bit asiscontained inthe CTS’ with “a T bit not equal to T,”. Thetext isreproduced

here below for these two sections respectively.

“A receiving station which transmitted a CTRL_CTS or INFO_CTS DLPDU 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 DLPDU -with-the same setting of T |
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bit-asis-econtained-nthe- CFSwith a T bit not equal to T,, shall transmit-inthe slet-reserved-for-an
acknewledgement an- ACK-BLEPBU-r-aBLSburstfollow the procedures of 1.4.4.5.2.1. “

and

“A receiving station which transmitted a CTRL_CTS or; INFO_CTS er-UBATA-CTSDLPDU |
inaDLS burst containing an information transfer request reservation field (and consequently has
a reservation for an acknowledgement) and which has not received the CTRL_or, INFO et
UBATA-DLPDU with aT bit not equal to T with-the-same-setting-of T-bit-as-ts-contained--the
CFS, shall transmit in the slot reserved for an acknowledgement an ACK DLPDU in a DLS
burst.”

f) In Section 1.4.4.6.5.2, in the note, substitute “thelast transmitted CTS” with " T,":

“ Note.- The use of the T bit not equal to thetast-transmitted CFST, indicates a “ negative |
acknowledgement (NACK)" "

g) In Section 1.4.4.6.5.2. in bullet (b), substitute “transmitted CTS” with “received RTS":

“b) The T bit shall be set to the inverse of the value of the T bit in the last transmitted
CFSrecelved RTSDLPDU.”

C.1.1.2 New DM/FRMR DLPDU

For various reasons described elsewhere in this document, there is a need to define a new

DLPDU —the DM/FRMR DLPDU. This DLPDU (as described below) is used by a station to
indicate aFRMR and DM condition. No acknowledgment is necessary.

An error condition during initialization should be arare event, and it is safer and simpler to

simply restart the connection process with a clear indication of an error event rather than try to
recover from the error.

The following are the necessary changes to implement the DM/FRMR DLPDU.

a) AddtheDM/FRMR DLPDU tolist item 4in Section 1.4.1.7. |

“4. Other DLSIink control DLPDUS, consisting of SZOM FRMR, FRMR_ACK, DM/DISC and
DM/FRM R-and-SZOM, for purposes of link initialisation, reset and maintenance.”

b) Addthe DM/FRMR DLPDU to Table 1-57c with an encoding of OxF5 and makethe
reserved line 11X1 0101 read as 1101 0101.

Table 1-57c. ACK - CFSand-ether BLSHnk-eentrolSingle octet DL PDUs encoding |

Octet n

Bit 8 7 6 5 4 3 2 1

UDATA_CTS 0 0 1 1 1 0 1 1

INFO ACK 0 T 0 1 0 0 0 1

INFO_CTS 0 Fres 0 1 1 0 1 1 |
CTRL_ACK 0 T 1Bres 0 0 0 0 1 |
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CTRL_CTS
Reserved
FRMR_ACK
FRMR
DM/DISC
DM/FRMR
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
SZOM
Reserved
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¢) AddtheDM/FRMR DLPDU tothelist in Section 1.4.4.9.3

“UDATA, DM/DISC, DM/ERMR and all ACK DLPDUSs shdl be unacknowledged.” |

d) AddtheDM/FRMR DLPDU tothelist in Section 1.4.4.14.2

“A station shall regard the link as terminated if it receives aDM/DISC DLPDU or aDM/FRMR |
from the peer station or an attempt to send a packet to the peer station fails because of afailure
notified by the retransmission procedures of Section 1.3.21.”

€) Maodify Section 1.4.4.11 as:

14411 Link reset

144111 Link reset duringlink setup

The sending station shall disconnect the link by sending a DM/FRMR DLPDU, which is
transmitted in the reservation placed for the reply. Upon receipt of a DM/FRMR DLPDU, the
receiving station shall disconnect the link.

1.4.4.11.2 Link reset of an established link

The sending station shall reset the link by sending a FRMR DLPDU in a DLS burst placing a
unicast reservation for the response—and. The sending station shall discard all outstanding user
data packets in the send and receive array. The receiving station shall clear the state variables and
clear the send and receive arrays. If aFRMR_ACK is not received in the reserved slot, the FRMR
shall be sent again using the re-transmission procedures. Only when an FRMR_ACK has been
received shall the station attempt to re-send data to the receiving station using the procedures of
Section 1.4.4.4.1f the sending station receives an INFO or RTS DLPDU from the peer whilst
waiting for a FRMR_ACK, it shall send an FRMR in response._ Upon receipt of an unsolicited
FRMR_ACK, aDLE shall respond with an FRMR.”
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C.1.1.3 Inclusion of priority in the CTRL_RTS DLPDU

Sincethe CTRL DLPDU is adways apriority 14 (and, in fact, has no means of identifying another
priority), then why doesthe CTRL_RTS have a4-bit priority field? Also, as the maximum
transmission is 16 dlots, the length field need only be 4 bits. The four priority bits and the fifth
length bit should be reserved for some other use, as shown below:

Table 1-57b. RS Two-Octet DLPDUs encoding |

Octet N n+1

Bit 8 7 6 5 4]13[2]1]8 7 6 5 4 3 2 1

CTRL_RTS | lgsres | T IB 0 110(0]| 1] prs pre P2 PR 194 Igs Igz | los
res res res res

INFO RTS | Igsres | T 0 1 1]0]0|1]pa |ps |pz |pn |l |lgs | lg | lo
UDATA RTS | tgstes | O 1 1 11001 pra prs pr, pry 194 1gs [[o73 [[o}}
SZOM negs | negs |neg, |negy | 1| 1|0 |1|seds |SeQy | SO | SeOs | Seds | SeOs | Sedp | Seth
Reserved tgsres | 1 1 1 1100|121 pra prs pr2 pry 194 [[o8 [[o73 lg: ||

C.1.2 Ack of UDATA

Section 1.4.4.6.5.2 defines an ack to non-receipt of a UDATA. This makes no sense and should
be:

“CTRL_CTS: or INFO_CTSerUDATA_CTS’ and “CTRL;- or INFO-er UDATA” |

C.1.3 NSCORP Link Initialization
C.1.3.1 Use of the IB bit

If thefirst CTRL DLPDU fragment (containing an IB=1) islost, the NACK would (based on
section 1.4.4.6.5.2) beaCTRL_ACK with T=1. However, section 1.4.4.3.3.1 states that
CTRL_ACK with IB=1 and T=1 generatesa FRMR. Also, section 1.4.4.11 states that the
FRMR/FRMR_ACK exchange performs a'link reset' and resets the state variables (but, what if
they haven't been initialized yet!).

Section 1.4.2.3.7 says that when the IB is set, the receiving station initializes all variables.
Section 1.4.4.3.3.1 says that when the IB is set, the receiving station initializes only half the
variables (with a note indicating that the receiving station must separately initialize the other
variables). Thisisa contradiction and only one section can be correct.

What is the appropriate response in the following scenario where the CTRL_ACK does not
respond with the correct IB bit.

CTRL_CMD_LE (ib=1) G
§ CTRL_ACK (ib=0)

What is the appropriate response in the following scenario where the CTRL_RSP does not
initialize the other half of the variables (per Section 1.4.4.3.3.1) and operates per Section
1.4.2.3.7.
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CTRL_CMD_LE (ib=1) G
9 CTRL_ACK (ib=1)  (or, did thisIB bit initialize the other half of the state variables?)
9 CTRL_RSP_LE (ib=0)

™G

What is the appropriate response in the following scenario:

CTRL_CMD_LE (ib=1) G

X—CTRL_ACK

CTRL_CMD_LE (ib=1) G (this can only be determined to be a retransmission via the sequence
parameter)

To solveal of these problems, the proposal isto harmonize on Section 1.4.2.3.7 and only include
the IB bit in the CTRL_RTS. This solves another problem related to the retransmission of a
CTRL (IB=1). To disambiguate between aretransmitted CTRL (IB=1) DLPDU and anew CTRL
(IB=1) requires heuristic reasoning based on the CTRL sequence parameter. This entangled the
DL S and LME processing unnecessarily and wasitself not provably truein all conditions. If we
harmonize on Section 1.4.4.3.3.1 instead, then we need to resolve the scenarios above.

a) In Section 1.4.2.3.7 carry out the following modifications and add a note asfollows:

“When-Prior to sending aCTRL_RTS or upon receipt of a CTRL_RTS with the IB (#nitialise}
bBit) ts-set to one the recelver-station shall initialise the T, and T, state variables and clear the

send and receive arrays whtstprocessing the DLPDU.,

Note— See Section 1.4.4.3.3.1 for the handling of INFO and CTRL DLPDUs in the process of
being sent.”

b) Table1-57aand 1-57c, substitute “1B” with “res’ in all cells

Table 1-57a. DATA DLPDU encoding

Octet n i | n+tm
Bit 8 7 6 5 4 3 2 1
CTRL M T re clr 1Bres 0 0 0 information field of length m octets ||
INFO M T pra prs pr, pr1 1 0 information field of length m octets
UCTRLReser weid, X ueidsX veidoX | weidi X 0 1 0 0 information field of length m octets |
ved
UINFO 0 0 0 0 1 1 0 0 information field of length m octets
Reserved |
Reserved X X X 1 1 1 0 0 information field of length m octets
Reserved X X 1 0 1 1 0 0 information field of length m octets
Reserved X 1 0 0 1 1 0 0 information field of length m octets
Reserved 1 0 0 0 1 1 0 0 information field of length m octets
and

Table 1-57c. ACK-CFSand-ether BLSHnk-eentrolSingle octet DL PDUs encoding |

Octet n

Bit 8 7 6 5 4 3 2 1

UDATA_CTS 0 0 1 1 1 0 1 1

INFO_ACK 0 T 0 1 0 0 0 1

INFO_CTS 0 Fres 0 1 1 0 1 1 |
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Reserved
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c) Section 1.4.4.3.3.1 amended per Section C.1.3.4 below.

d) Deleteall referencesto CTRL (I1B=1) in the document:

a) Section 1.4.4.9.1, bullet (a), “aCFREBEPBY-withHB=1-o6ran INFO...”

b) Table 1-69a, §/IB/X/ in octet n.

Table 1-69a. CTRL DLPDU format

o Bit Number
Description Octet
8 6 5 4
CTRL DLPDU header n re | cr | iB
res
CTRL parameter 1: Parameter ID n+1 idg | id; | idg | ids | ids | idg | idy | idh
Parameter length nt2 | 1 | 197 | 196 | 1G5 | 1gs | 1gs | 1Q2 | lon
Parameter value n+3 | als | ql; | 9ls | 915 | 9Ly | gls | 9L, | gL,
to
n+2+ | qlg|qlg | qlg|qlg | qlg|qlg|qlg| qlg
lg 8 7 6 5 4 3 2 1

more CTRL parameters
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C.1.3.2 Effect of lack of Tt and Tr bits in frame type

In 1SO 4335 (HDLC) and ISO 7776 (LAP-B), the INFO packet includes both the send and
receive sequence numbers (e.g., N(s) and N(r), respecitively). However, the new DLE frame type
format did not have the space to include both the Tt and Tr bits. So, a separate ACK isincluded
as necessary. This means that the LME and DLE state can be out of sync if the CTRL DLPDUs
are delivered, but the CTRL_ACK was not. Since the inclusion of both bits would require a
larger perturbation of the code than is desirable, we should do the next best thing by including a
CTRL_ACK onthe CTRL_RSP (IB=0). (Thus, two CTRL_ACKswould be sent —the onein the
reserved slot and the other prepended to the CTRL_RSP/ CTRL_RTS.) Theadternativeisto
have a situation where:

CTRL_CMD_LE -->
X-- CTRL_ACK
<--CTRL_RSP_LE

CTRL_ACK --X

where the DLEs are connected according to the LME, but can not send INFO packets. It isared
hasde to deal with since the CTRL and INFO frames don't contain the ACK bit (which would
otherwise solve the problem).

C.1.3.3 DLE processing of CTRL Collision

Both peerscan send aCTRL_RTS (IB=1) to its peer a the sametime. ThisiscalledaCTRL
collision. There are two problems here: one at the DLE layer (dealing with dueling IB=1 frames)
and one at the LME layer (dealing with generation of the CTRL_RSP).

CTRL_RTS (1B=1) collision can occur at any time. The most obvious causes are:

1) racecondition:
CTRL_RTS(1B=1) G
g CTRL_RTS(I1B=1)

In case 1, the “ correct”® implementation is for the receipt of the IB=1 DLPDU to cause:

0 both stationsto re-initialize Tt and Tr (since they were just initialized, this should have no
effect)

0 the higher numbered station to forget that it sent the CTRL_RTS, deletethe CTRL that it was
going to send and send a CTRL_CTS; the lower numbered station to forget that it received

the CTRL_RTS, not send aCTRL_CTS, and proceed to deliver its CTRL DLPDU.

2) LRU rebooting
CTRL_RTS(IB=1)/CTRL_CMD G
g CTRL_RSP
(some time passes, left hand side reboots)
CTRL_RTS(IB=1) G

2 Where correct means globally optimal taken into account all necessary knowledge for this
scenario. In practice, in may be impossible to achieve this solution as other scenarios may appear
similar and require different solutions.
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In addition, because the LME can generate a CTRL_CMD while the DLE isreceiving a multi-
fragment CTRL_CMD from a peer the following is possible

3) LME race condition
CTRL_RTS(IB=1) G
g CTRL_CTS
CTRL_CMD_LE (M=1,T=0) G
g CTRL_CMD_LE (the sending LME is unaware that a CTRL transfer isin progress)

In case 2, the “correct” implementation isfor the receipt of the IB=1 DLPDU to case:

0 Bothdationstoreinitialize Ttand Tr

0 Thehigher-numbered station to transmit a CTRL_CTS, abort its CTRL delivery, and
eventually send a CTRL_RSP and the lower-numbered station to ignorethe CTRL_RTS and

not generateaCTRL_CTS.

In case 3, the “correct” implementation is harder to define. 1t isn't clear that the first CTRL
transfer should be aborted. Itisn’t clear that the second CTRL should be dropped on the floor.

Asthe rebooting event can occur at any point in the connection process, the protocol (of both the
DLE and LME) must be robust to this problem. Because aVDL/4 DLE may not transmit for 60
seconds after rebooting, various race conditions involving rebooting and sendingaCTRL_RTS
(IB=1) right after sending/receiving a particularly troublesome DLPDU isimpossible. In fact, the
mandatory quiet period prevents many race conditions, as al of the DLE timers will have
expired.

The strawman changes necessary to implement the above should be included in the changesin
Section C.1.3.4 below or in some other section.

C.1.3.4 New Section 1.4.4.3.3.1

Below is the proposed text of the new section 1.4.4.3.3.1 for NSCORP initialization.
“1.4.4.331 T bitinitialisation for NSCOP communication

When there is no edrrent-established esnnection-link (or link in the process of being established)
between a mobile station-DLE and a ground statien-DLE and the LME of either station requests
the transmlson of a CTRL user data packet the sendl ng statten-DLE shall fragment—the-user
send the fragments CTRL DLPDU

usi ngﬂtheptheshen—transmtssewpreeedtweseeSeeﬂen—)—er the long transmission procedures
(see Section 1.4.4.6). In the firstfragmentiransmission—Hshall-send-{eithera-CFRL-DEPDU

fehertronsmicsionproccdures-ora CTRL_RTS, Henc-transmicsionpraccduresy andti shell set
the IB bit to 1, the T hit to 0 and-the-state—variableFte-0 follow the procedures of Section

1.4.2.3.7.
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On receipt of aGlR—L—elLCTRL RTS DLPDU Wlth IB 1, the rece|V| ng SEat-I-GH—DLE shall set—tts

the—GIR—L—DI:PDU—foIIow the procedur& of Sect|on 1.4.2.3.7. The wnder and receiver shall
consider the link initialised. The receiver shal immediately terminate any INFO transfers in
progress. Any partially recelved CTRL DLPDUSs shall be discarded. If any CTRL fragments had
adready been acknowledged, then the remainder of the CTRL DLPDU shall be abandoned;
however, if no CTRL ACK had been received for a CTRL DLPDU, then its transfer shall
continue unaffected.

Note 1.— The DLE to which the mobile sent the CTRL CMD may not be the DLE which
responds with the CTRL RSP. The IB bit in the CTRL RSP may either be 0 or 1 depending on
whether the responding DLE received the CTRL CMD.

Note 2— INFO DLPDUs and partially sent/received CTRL DLPDUs are abandoned mid-
transfer on the presumption that the peer station restarted (thereis no other legitimate reason for
the IB=1); however, CTRL DLPDUs for which the first fragment had not been acknowledged
may bein a CTRL collision and are thus not affected.

The DLE shall consider the link connected upon direction from the LME. INFO, INFO RTS,
INFO ACK, and INFO CTS DLPDUs shal only be sent on links that are connected. Although a
DLE may receive INFO DLPDUs (and generate INFO ACKS), it shall not transmit INFO
DLPDUs until it receivesaCTRL _ACK toits CTRL (M=0).

Note 3— If the receiving LME indicates to the receiving DLE that the link is established after
the receiving DLE’s transmission of the CTRL ACK, then the receiving DLE will not respond
with a DM/FRMR to the INFO RTSor INFO that it receives.

On receipt of a CTRL_RTS-CFRL-CTSera-CFRLor CTRL-ACK-DLPDU in a DLS burst
addreﬁed to |t for WhICh IB @ual to =1 and for WhICh the T bit is equal to 1 a station shall

2! A 2isend a DM/FRMR. If aDLE
W|th un|n|t|aI|sed state varlables recewesaCTRL RTS DLPDU with 1B equal to O, then it shall
respond with a DM/FRMR.

If a DLE receives an SZOM from a peer DLE with which it will only communicate using the
NSCOP, it shall respond with a DM/FRMR.”

C.1.3.5 Receipt of INFO DLPDU
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What isthe response to an INFO while the link is still being set up? Per Section 1.4.4.8, it should
be aDM/DISC. Isthisthe desired behavior? Should we use the proposed DM/FRMR DLPDU
instead? Both of these seem harsh sinceit is possible for the side sending the CTRL_ACK to the
CTRL_RSPto believe the link is up while the other side (waiting for the CTRL_ACK asit
missed the transmission) will not consider the link up. Section 1.5.7.4.3 calls out resending a
CTRL_CMD_LE rather than a DM/DISC; thisis wasteful when only the last fragment is awaiting
an ACK. The requirement for DLE behavior should not be listed in the LME section. Section
1.4.4.8 must also be updated as CTRL DLPDUs no longer contain an IB bit. Finaly, nowherein
the current document isit stated that, in the disconnected state, a response to a non-link
establishing frameisa DM/DISC.

In addition, sections 1.5.7.4.3, 1.5.7.5.7, etc were copied from VDL/2 —which lacked a
CTRL_ACK DLPDU and a unicasted UDATA DLPDU. Consequently, additional material is
required to handle the situations (some of which are described above), when unicasted traffic is
received when a CTRL_ACK isoutstanding or where unicasted UDATA DLPDUs are received
(which imply nothing about the state of the link).

The strawman proposal assumes that the DLE isin the connected state when the last fragment of
the CTRL_RSP has been sent/received. Conseguently, a station receiving an INFO-related
DLPDU when in the disconnected state should send a DM/DISC; a station in the connecting state
should send a DM/FRMR,; and a station in the connected state should handle the frame
appropriately. Note that the station may still be awaitingthe CTRL_ACK for the CTRL_RSP — it
is still in the connected state (although it will retransmit as necessary to receive the CTRL_ACK).
The proposed text would read:

“1.4.4.8 No link with sender

If the responder to a-any DLPDU other than a GFRL-er-CTRL_RTS DLPDU with IB ret-equal to
1 or an INFO-er-INFO-RTS DLPDU-which-ishot-combinedwith-aSZOM DLPDU (which may
be combined with an INFO or INFO RTS DLPDU) neither deeshet has nor istrying to establish
have-alink with the sender, the responder shall send a DL S burst containing a DM/DISC DLPDU
in the dot reserved by the unicast or info transfer request reservation field contained in the data
DLPDU transmission._If the responder is trying to establish alink with the sender, then the
responder shall respond with a DM/FRMR to any DLPDU other than a CTRL-related DLPDU or
SZOM DLPDU if the responder is attempting to establish the link with NSCOP or ZOCOP,

respectively.

Note—Per Section 1.4.4.3.3.1, alink is considered established when a DLE sends or receives the last
fragment of a CTRL_RSP. Consequently, a DLE may be retransmitting the last fragment of a CTRL RSP
whileit is acknowledging INFO DLPDUS.”

C.1.4 SZOM Operations

Wheat is the appropriate response to an SZOM on an NSCOP link? We have the following

aternatives:

a) Respond with an SZOM. But, thiswill have the affect of changing the operating parameters/
procedures (i.e., tearing down the link after TD2 idle seconds rather than keeping it up
indefinitely).

b) Ignorethe DLPDU. Thisis bad because the other side will send the SZOM again.

¢) FRMR. This makes some sense since the SZOM is undefined on an NSCORP link.

New DL S Implementation Report Page 87



ADSI, Inc. v1.3: October 13, 2003

d) DM/DISC. Thismakes some sense asthereis no responseto a DM so the FRMR-sending
station does not have to wait for the FRMR_ACK. However, now astation may tear down a
link and cause a period of no-comm. However, this should only occur on abug that should
be caught during testing. The response differs from Section 1.4.4.8 sinceit isin response to
an SZOM.

€) Send the proposed DM/FRMR (same effect as DM/DISC, only with an explicit FRMR
indication). Note that this solution was presumed in the rewriting of Section 1.4.4.3.3.1.

f) TransmitaCTRL_CMD.

The proposed strawman solution is option (€). Thistext should be added to section 1.4.4.3.3.1:

If astation receives an SZOM from a peer with which it will only communicate using the
NSCORP, it shall respond with a DM/FRMR.

Similarly, what is the response to a CTRL DLPDU (including CTRL_RTS, CTRL_CTS, or
CTRL_ACK) on an ZOCOP link? The proposed strawman solution is option (€) as above unless
the CTRL_RTS contains an IB=1, in which casethe old link is effectively torn down and itisa
policy decision whether to establish an NSCOP link. Add the following text:

“1.4.4.14.3 Action on receipt of aCTRL DLPDU on a ZOCOP link

If aCTRL RTS(IB=0), CTRL CTS,CTRL, or CTRL ACK DLPDU isreceived on an
established ZOCOP link, then the receiver shall respond with a DM/FRMR in the reserved dot.
If aCTRL RTS(1B=1) isreceived on an established ZOCOP link, then the old link shall be
considered disconnected and the receiver shall either proceed to establish the link via NSCOP
procedures or respond with a general failure with a cause code indicating policy reasons.”

C.1.5 ZOCORP Link Initialization

Because of the following problems with Section 1.4.4.3.3.2, new proposed text isincluded in
Section C.1.5.6.

C.1.5.1 T-bit initialization

In section 1.4.4.3.3.2, the note regarding T-bit initialization should state that both sides have been
initialized. The easiest way to do thisisto delete the note.

C.1.5.2 Missing SZOM response

What is the correct response in the following scenario:

SZOM/INFO G

g INFO_ACK (or even an INFO DLPDU)
veede

This might occur in normal operations when one side’s TD1 timer expires (or, in the case of an
unexpected INFO, if the responding SZOM/INFO_ACK islost). The strawman proposal isto
explicitly state that the SZOM must be resent until it is acknowledged per the new text at the very
end of section 1.4.4.3.3.2.
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C.1.5.3 Duplicate first packet delivery

In the following scenario:

SZOM/INFO G (DLPDU delivered)
X—SZOM/INFO_ACK (ack not received)
SZOM/INFO G

The normal processing of the retransmitted SZOM will cause all received state variablesto be
reset and thus the INFO DLPDU will be delivered twice (and thus violating Section 1.4.1.2).
Among the possible solutions to this problem are:

1) Determine (by some method) that the SZOM is aretransmission and do not reset the state
variables. This method is not easy to proveis safe (since an SZOM could be sent after TD1
expired, potential race conditions must be carefully dealt with).

a) Useatimer to determine when the SZOM isaduplicate. Thisisnot likely to be provably
safe under al race conditions.

b) Useasingle bitinthe SZOM field asan SZOM_Toggle bit. Thisisasimpler version of
the next solution which does not provide the guarantee of sequence number reuse.

¢) Add asecond byte as a sequence number to the SZOM field. A station will use the same
sequence humber for all retransmissions and must ensure that the same sequence number
IS not transmitted to a peer station within TD2 seconds.

2) Only use long transmission procedures with the SZOM (i.e., SZOM/RTS s safe since no
INFO DLPDUs have actually been transferred).

Either Option 1c or 2 can be shown to be safe. Since option 1c is more efficient, it isthe
proposed solution. The proposal entails:

1) Renaming Table 1-57b as*“ Two-byte DLPDU encodings’ and renaming Table 1-57c as
“One-byte DLPDU encodings’. Deleting SZOM from Table 1-57¢ and moving it to the end
of Table 1-57b and adding a second byte with bits seq; through segg.

2) Adding anew Section 1.4.2.3.9 asfollows: “1.4.2.3.9 SZOM Sequence subfield. The
SZOM sequence (seq) subfield shall indicate the SZOM sequence number of this SZOM.”

3) Rewrite Section 1.4.4.3.3.2.

C.1.5.4 Colliding SZOM/INFO transmissions

Thereisno SZOM_ACK DLPDU so that colliding SZOM/INFO transmissions (i.e., two stations
each send the other an SZOM/INFO ‘ at the same time’) would be treated the same as an
intentionally acknowledged SZOM exchange. However, thetext in Section 1.4.4.3.3.2 implies
different behavior depending on which DLPDU is coupled with the SZOM. This aso has the
unfortunate effect of not allowing each DLPDU to be processed independently and makes the
coding more complicated. The resolution isfor the processing to be dependent on whether the
SZOM isunsolicited (i.e., aresponding SZOM was not expected).

C.1.5.5 Premature INFO transmission

In the following scenario:

SZOM/INFOG 5
D_DATA.ind G
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g D DATA.req

(where the responding station gets an upper layer response prior to transmitting the SZOM/A CK),
the responding station has one of two choices:

1) transmit an SZOM/RTS (or SZOM/INFO) randomly, OR
2) wait for the reserved slot and transmit the SZOM/ACK and only then transmit the RTS (or
INFO) randomly.

Since the random transmission can not be guaranteed to actually be transmitted either before or
after the reserved dot, stations must queue all outgoing data until after the SZOM/ACK is
actually transmitted. See Section C.1.5.6 for strawman text.

C.1.5.6 New Section 1.4.4.3.3.2

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 alink, shall send a DLS burst containing
a Start Zero Overhead Mode (SZOM) DLPDU and the first INFO (short transmission procedures)
or INFO_RTS (long transmission procedures) DLPDU to the receiving station using respectively
the short transmission procedures (see Section 1.4.4.5) or the long transmission procedures (see
Section 1.4.4.6). It shall set the negotiation subfield to the highest value that is supported by the
DLS in the SZOM DLPDU, the sequence subfield to a value that it has not transmitted to the
receiving station within the previous TD2 seconds , the T bit to O in the INFO DLPDU, and the
statevariable Tto-Oinitialize its sending and receiving state variables.

On receipt of an unsolicited SZOM DLPDU_with a sequence subfield different from the most
recently recewed SZOM from the sendlnq statlon—eembmed—w%h—an—LNFQ—DJ:PDU—éshen

s , s}, the receiving
statlon shaII %ewn—statew;abtel%@—el%%&%weﬂaﬁayanmahze |ts sending and
receiving state variables and consider the link established for receipt of further DLPDUs from the
sending station. The receiving station shall send a SZOM DLPDU combined with an
INFO_ACK (short transmission procedures) or an INFO_CTS (long transmission procedures) -in
the dot reserved for the transmission setting T=0. In the SZOM DLPDU, the receiving station
shall set the negotiation field to the highest value that is supported by the DLS and the sequence
subfield to 0. The receiving station shall not transmit any INFO or INFO RTS DLPDUSs to the
sending station prior to sending the SZOM/INFO ACK or SZOM/INFO CTS reserved

transmission.

For both sending and receiving stations, link parameters shall be selected which correspond to the
lower value of the negotiation subfields contained in the SZOM DLPDU sent by the sending
station and in the SZOM DLPDU sent by the receiving station.
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A station that transmitted an SZOM to a peer shall retransmit itsinitial transmission in response
to any DLPDU other than an SZOM, DM/DISC, DM/FRMR, or general failure until it receives
an SZOM. After Q5num attempts, it shall report afailure to the DLE user.

C.1.6 Combined DLPDU issues

Reword 1.4.4.12.3 (currently containing a“ shall” asfollows). My recollection is that this was
originally a note and we moved it to a shall because areviewer felt that thisimplied a
requirement; however, we can't have ashall in arecommendation either.

“1.4.4.12.3 Recommendation: Combined RTS/DATA DLPDUs

When a receiving station has selected a user data packet for transmission using the procedures of
Section 1.4.4.3 it should also select the next user data packet with the highest priority and place
an RTSDLPDU in the DLS burst containing the DATA DLPDU for the first user data packet-
For CTRLRTSandINFO-RTSDBLPDUS, setting the T bit shal-be-setin the RTSto the inverse
of Tt.

Note 1.—Because the DATA DLPDU is unlimited in length, the RTS must precede the DATA
DLPDU. However, since the RTS contains the inverse T bit of the transmitted DATA DLPDU (as
it isfor the subsequent DATA DLPDU), it must be processed second.

Note 2.- This recommendation also applies to the case where the short transmission procedures |
would normally be selected for transmission but for which there is an opportunity to combine it
with the end of the previous long transmission procedure.”

Author’s Note:  If we recommend that all recommendations be upgraded to requirements, then
this rewording may be retained if it improves the readability of the spec, but isnot required.

C.1.7 ACK processing

Because of the following problems with ACK processing, new proposed text isincluded in
Section C.1.7.3.

C.1.7.1 Unexpected ACK

Section 1.4.4.10 states that an ACK with T equal to T, acknowledges the DATA DLPDU and
with T equal to not T, generates aretransmission. It should also state operations if no DATA
DLPDU was outstanding. The proposal istoignoreaNACK and FRMR an ACK per the
strawman proposal .

C.1.7.2 Duplicate RTS handling

In the following scenario:
INFO_RTS(T=t) G

X— INFO_CTS (with an info_xfer reserving the ACK slot after the following retransmission)
INFO_RTS(T=t) G (retransmission)

The transmission by the right-hand station of the NAK (viaan INFO_ACK(T=/t)) can only

confuse the left-hand station regarding what exactly is being NAKed. A recommendation should
be added such that the right-hand station does not transmit the NAK and retransmits the
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INFO_CTSinthedot reserved for it by the INFO_RTS. Note that the left-hand station must still
be capable of handling an unexpected NAK since race conditions may prevent the NAK from
being elided. See the proposed strawman text for Section 1.4.4.10.

C.1.7.3 Strawman proposal

Demote Section 1.4.4.10t0 1.4.4.10.1, add anew section 1.4.4.10.2 and rename the existing
1.4.4.10, asfollows:

“1.4.4.10 Receipt of ACK DLPDU

1.4.4.10.1 Receipt of an expected ACK

When an ACK DLPDU is recelved without errors from another station_and there was an
outstanding DATA DLPDU to be acknowledged, the value of the T bit shall be inspected and the
following operations performed.

If T =isequal to Ty, then the DATA DLPDU shall be assumed successfully received and the value
of T, shall be set to the inverse of the current value of T

If THs-netequato-T-orif-the ACK DLPDU is not received by the expected reserved dot, then |
the sending station shall re-send the DATA DLPDU using the short or long transmission
procedures as determined by the procedures of Section 1.4.4.4.”

Author’s note: this change handles the effects of a RTS>, X-CTS, RTS-?, <-NAK (that is, the
NAK isfrom the first CTS, which wasn't received) and therefore should be ignored. Whether the
second RTS is received or not has no relevance. The easiest way to ensure that a NAK from a
previous RTS doesn't interfere with the logic is to ignore all NAKs and only retransmit based on
the expected receipt time.

When a DATA DLPDU has been successfully received, the highest priority fragment (either the
next fragment of the current user data packet or the first fragment/complete DLPDU of the next
user data packet) in the send queue, if any, shall be selected for transmission using the procedures
of Section 1.4.4.3.

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 user data packet or set of fragments.

1.4.4.10.2 Receipt of an unexpected ACK

When an ACK DLPDU isreceived without errors from another station and there was no
outstanding DATA DLPDU to be acknowledged, the value of the T bit shall be inspected and the
following operations performed.

If T isequal to T,, then the link shall be reset per Section 1.4.4.11.

If T isnot equal to T,, then the ACK shall beignored.”

C.1.8 Unsolicited CTS
What is the correct response to:

g CTRL_CTS (or INFO_CTS)
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Here a station receives an unsolicited CTS. It can either send aFRMR or nothing in the INFO
slots. The problemisthat determining that the CTS is unsolicited requires maintaining a state
variable of when the RTSis outstanding. Itiseasier to smply ignorethe CTS. However, the
correct behavior is probably the FRMR (if the link is connected), DM/DISC (if thelink is
disconnected), or DM/FRMR (if the link is connecting) .

C.1.9 Link Endpoint

VDL/2 has a different address per frequency. Thiswas done because of problemsin ACARS
with transmissions on one frequency being received on another (because of spurs,
intermodulation, etc). VDL/4 has asingle address for the station regardless of frequency of
operation. So, autotune for VDL/2 isinherently to a different station.

Do we want:

1) Thelink endpoint to be the station address so we have one link across all frequencies (and so
T bitisn't initialized on an autotune, no issues with spurs, image response, etc).

2) Thelink endpoint to be the station address / frequency pair so we have a peer connection per
address/frequency and we validate that the state machines are robust in the presence of
multiple-channd receptions (note that ACARS wasn't and thisiswhy VDL/2 enforced a
different address per frequency).

3) Thelink endpoint to be the station address/ frequency / link ID so that we have explicit
multi-link bonding where we take the (say) upper 3 bits of the 8-bit message ID and declare
itto bethelink ID. Thisis morework, but provides for the capability of greater than 19.2
kbps per aircraft. One mechanism for doing thisisto simply have the initiating and
responding stations use a link number which isunique for that side.

That is, what isthe value of the T and IB bitsin the various DLPDUSs of an autotune? Option 3is
the most robust (and can be seen as a generalized form of option 2); however, it is more work.
Option 2 is the most straightforward analog to VDL /2 (each frequency is considered a new link)
and is the proposed strawman solution. The downside risk isthat a naive implementation might
attempt to generate responses on multiple channels.

Another problem with option 2 is that the frequency parameter in the unicast and info transfer
reservation types cannot (technically) be used since an INFO DLPDU on another frequency
would constitute transfer over adifferent DLE pair. If it isdesired to use the frequency parameter
in the unicast / info transfer reservation types, then anew CTRL parameter would need to be
defined to bond the INFO channelsto the control channel for the purpose of defining what the
link endpoint is.

C.1.10FRMR Operations

Some minor issues with Section 1.4.4.11 (seetext proposed below):

1) What isthe appropriate response to an unsolicited FRMR_ACK? Standard 1SO 4335
practices don’'t apply since the UA is not explicitly for aFRMR. In this case, the sending
peer isimplying alink reset that the receiving peer is unaware of. | suggest generating a
FRMR, just to be safe.

2) Need to be explicit that we need to clear both T bits and both the send and receive array on
receipt of aFRMR.

3) Thereisacrossreferenceto 1.4.4.3.3 that is probably meant for another section.
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1.4.4.11.2 Link reset of an established link

The sending station shall reset the link by sendinga FRMR DLPDU in aDLS burst placing a
unicast reservation for the response. The sending station shall discard all outstanding user data
packets in the send and receive array. The recelving station shall clear the state variables and
clear the send and receive arrays. If aFRMR_ACK is not received in the reserved slot, the FRMR
shall be sent again using the re-transmission procedures. Only when aa 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. If the sending station receives an INFO or RTS DLPDU from the peer whilst
waiting for aFRMR_ACK, it shall send an FRMR in response. Upon receipt of an unsolicited
FRMR ACK, aDLE shall respond with an FRMR.

C.1.11Terminology

The terminology used in the DLS section is not clear. The following phrases probably refer to
the same concept:

In section 1.4.4.3.3.1, “When thereis no current connection”

In section 1.4.4.5.2.1, “has avalid link to the sender”

0 Insection 1.4.4.8, “does not have alink with the sender”

o1 O

This generates two immediate questions:
1. What isthe difference between a* connection” and a*“link”?
2. Whenisalink “valid’ and (by implication) what is an invalid link?

Since link establishment behavior is slightly different from connection established behavior,
precise wording is required to ensure interoperable behavior. The term “valid link” should be
replaced with “link established” throughout Section 1.4.

The new link layer text talks about sending and receiving “stations” or “radio unit” (in Section
1.4.2.2.2). Theoldlink layer text spoke about datalink entities (or DLES) to clarify that a station
has multiple links and that a response is dependent on the status between a station and its peer
station/system. By stating that the DLE isin the disconnected state, the connecting state, or the
connected state, the status of the link isclear. The wording throughout the document should be
harmonized on the state of aDLE. Every use of the word “station” or “radio unit” in Section 1.4
should be replaced with “DLE".

Section 1.4.4.3.3.2 paragraph one calls out “negotiation field” while Section 1.4.2.3.8 calls out
“negotiation subfield”. We should check to ensure that all terminology is consistent. Suggested
modification to text in 1.4.4.3.3.2 to harmonise the negotiation subfield:

“It shall set the negotiation subfield to the highest value that is supported by the DLS in the
SZ0OM DLPDU, the sequence subfield to a value that it has not transmitted to the receiving
station within the previous TD2 seconds, the T bit to 0 in the INFO DLPDU, and initialise its
sending and receiving state variables.the statevariable T t0-0.”

C.1.12No enforcement of stop-and-wait

A possibly missing requirement is the forbidding of transmitting aDATA (with T=t) and (while
waiting for the ACK) aDATA (with T=not t) between two link endpoints. (Section 1.4.4.9.1
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shouldn’t apply because we' ve already started a new T-bit transaction and can not open a new
transaction until we' ve closed out the old one.) This should probably generate a FRMR on
receipt of the subsequent DATA (or RTS) DLPDU. However, this might rank up there with
“don’t modify the contents of a DATA DLPDU” as an obvious requirement that need not be
stated.

C.1.130ne-minute quiet period inconsistent with safety services

Rapid net entry is only applicable for sync bursts. It cannot be used for communications.
However, communication functionality suffers from a one-minute quiet period after startup. This
outage is inconsistent with the use of VDL/4 as a safety service. However, thisis simpleto fix on
adata-link only frequency.

The one-minute quiet period isfor stations to construct an accurate reservation table. However,
datalink communications only use info transfer, unicast, and response reservation types. In
particular, if periodic and super-frame reservation types are forbidden on a channel, then the
maximum quiet period can be dramatically reduced. A parameter can be defined (to be included
in the directory of services and/or a ground-transmitted CTRL frame) that specifiesthat a
reservation be made no more than [10] seconds® in the future. Since even standard frequency
scanning (to learn of an appropriate peer’ s address) could be 10-20 seconds long, thisimposes no
additional delay on the usage of the VDL/4. While this doesimpose a restriction on the usage of
asingle VDL/4 channel for surveillance and communications, in practice thisis probably not a
significant restriction. And, if a CAA would desire to operate a single frequency with combined
surveillance/communications operations, it would not be required to assert the parameter.

Moreover, a change of frequency (either because of frequency recovery, or planned retune) would
be a problem unless a spare receiver existed. Finally, the protocal is not robust to a one minute
delay between the autotune command and the actual CTRL_CMD_HO on the new frequency.
(For that matter, a 10 second delay is a problem as well.)

Thiswould allow those CAAs concerned about an outage after an LRU reboot to satisfy their
concerns while alowing those CAAs concerned about single frequency operation to satisfy their
concerns.

C.1.14DLS parameters
C.1.141 ND2 default value

The default value of ND2 is 86 octets in Table 1-58. However, according to the formulain
Section 1.4.3.4, avalue of 3 dotsyields 85 octets. So, Table 1-58 should use a default of 85
octets. However, it is not clear that the formulain Section 1.4.3.4 is correct. According to the
formula, a one-slot message is 23 octets long. However, this did not include the overhead for:
flags, CRC, source address, V SS user message 1D, INFO DLPDU header, and unicast reservation
type. The constant of 23 should either be reduced by 17 bytes or the need for this reduction
should be mentioned in a note.

C.1.14.2 Broadcast DLPDU Length

® With asingle bit, thiswould be [10] seconds. Using a byte, this could be configurable.
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ND3 for aUDATA should be different than for an INFO since we use M-bit fragmentation to
control the INFO DLPDU size. Thereisanotein Section 1.4.3.5 stating that this also appliesto a
UDATA DLPDU. However, CTRL/INFO DLPDUSs can be broken up by M-bit fragmentation so
ND3 isused as an optimization parameter (to control the amount of RF used in atransmission,
the cost of aretransmission, etc) while for UDATA DLPDUs ND3 isalimit on their operational
usage. As such, there should be a separate parameter for UDATA DLPDUSs.

a) Addthe ND4 parameter in Table 1-58 asfollows:

Table 1-58. Data link service system parameters

Symbol Parameter name Minimum | Maximum Default Increment
TD1 ZOCOPIlink transmit reset timer 5s 600 s 60s 1s
TD2 ZOCOPIlink receive reset timer 10s 1200 s N0s 1s
ND1 Maximum number of octetsin 143 octets 2063 1511 1 octet

any user data packet octets octets
ND2 Maximum length of DLS 2 octets 2063-496 86 octets 1 octet
transmission octets
ND3 Maximum length of fragment 1ldot 3216 5dots 1ldot
dots
ND4 Maximum length of UDATA 147 octets | 496 octets | 271 octets 1 octet
burst

b) Deletethe notein Section 1.4.3.5, asfollows:
“1.4.35 Parameter ND3 (maximum length of fragment)

The parameter ND3 shall define the maximum size in slots of a DL S burst.

Cc) Add asection 1.4.3.6 defining parameter ND4:

“143.6

Parameter ND4 (maximum length of a UDATA bur st) ‘

The parameter ND4 shall define the maximum size in octets of a UDATA burst.”

C.1.15Efficient use of the RTS

Add anew Section 1.4.4.4.1:

“1.4.4.4.1 Recommendation

If there are other DLPDUs gueued for transmission, then the station should also include an RTS
per Section 1.4.4.12.3.”
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C.1.16Better priority management

It is possible for ongoing low-priority traffic to improve the performance of high-priority traffic.
When an RTS s transmitted it contains a priority; however, thereis no reason why a higher
priority packet cannot be sent instead so long as the lower priority DATA DLPDU is not being
retransmitted. (Thus, the higher priority packet does not need to wait for the RTS-CTS transfer
delay.) Sincethe INFO packet containsthe priority field, the receiver should not rely on the
INFO_RTS priority in any event (do we need to add this asarequirement?). Add a
recommendation as a new Section 1.4.4.6.4.3:

“1.4.4.6.4.3 Recommendation

If the station has not transmitted an INFO DLPDU and a higher priority user data packet arrived
after the RTS had been transmitted, the station should transmit as much of the highest priority
packets as will fit in the current reservation with the same value for T as contained in the RTS.”.

C.1.17Policy reason denial

We should add a general failure code and LCR cause code of "denied for policy reasons' in case
we want to deny an SZOM (with a general failure and the new general failure code) or
CTRL_CMD_LE (withaCTRL_RSP_LCR and the new LCR cause code). Add the following:

a) In Table 1-54, define FDh as“ Rejected for internal policy reasons’. (and change
the reserved span to end at FCh), asfollows:
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Table 1-54. Error typedefinition

Parameter Encoding (prm

Cause Function bits1t08)
541321

00 hex | Unsupported local function. 0/0|0|0 0|00
The parameters (defining the protocol options supported)
will befilled in when defined.

01 hex | Out of local resources Reserved

02 hex | VSS user-specific local error Defined by the VSS user

03 hex | Terrestrial network not available

04 hex | Terrestrial network congestion Reserved.

05-7D Reserved Set to zero on transmit, ignore

hex on

7E hex | No response from VSS user receipt.

7F hex | Other unspecified local reason.

80 hex | Unsupported global function. 0/0|0|0|0 0|0 O
The parameters (defining the protocol options supported)
will befilled in when defined.

81 hex | Out of global resources Reserved

82 hex | VSS user-specific global error Defined by the VSS user

83to Reserved Reserved.

FB-FC |

hex Set to zero on transmit, ignore

FD hex | Reected for internal policy reasons on receipt. |

FE hex | No response from VSS user

FF hex | Other unspecified system reason.

b) In Table 1-72b, define FDh as“ Rejected for internal policy reasons’ (and change

the reserved span accordingly)
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Table 1-72b. Cause codetable

Cause Function Additional data encoding
00h  |Bad loca parameter. B | F|%|B|B|B|R|R
The additiond data block, which may be repeated,
Contains the Pl of a parameter which cannot be Ps | P | Ps| Ps| Pa| P3| P2| P
Satisfied by this ground station. This cause will not be
Sent for anillegal Connection Management parameter.
01h  |Out of link layer resources. undefined
02h  |Out of packet layer resources.
03h  [Terrestrial network not available.
04h  [Terrestria network congestion.
05h  |Cannot support autotune.
06h  |Station cannot support initiating handoff.
07-7Eh [Reserved
7Fh  |Other unspecified local reason.
80h  [Bad global parameter. Identical to cause code 00

The additional data block, which may be repeated,
Contains the Pl of a parameter which cannot be
Satisfied by any ground station in the system. This cause
\Will not be sent for anillegal Connection Management
Parameter.

81h

Protocol Violation.

Thefirst octet of the additiona datablock contains:

1- cfr bit (c bit) of the received CTRL;

2 - rebit of thereceived CTRL;

3 - Disconnected bit (d bit) shall besetto 1if the LME
has no links with the remote LME (the unexpected bit
shall also be set to 1);

4 - lllegal bit (i bit) shall be set to 1 if the LME receives

anillega CTRL (i.e., not listed in Table 1-97 and

described in Section 5.3.4);

5 - Unexpected bit (u bit) shall be setto 1 if the LME
receives alegal CTRL which isnot lega in the context
inwhich it was received.

The remaining octets contains the parameter value of

the Connection Management parameter (m bits) if included in

theillega CTRL.

After transmitting or receiving an LCR with this cause

Code, an LME shall deletedl of itslinks.

82h

Ground system out of resources.

83-
#ERFCh

Reserved

FDh

Rejected for internal policy reasons

FEh

No response from VSS user

FFh

Other unspecified system reason.
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C.1.18Inconsistent list parallelism

In Section 1.4.1.7, bullet 4, the list of DLPDUs is described as being for “link initialization, reset,
and maintenance” whilethe SZOM islisted last. The SZOM should be listed first to follow the
structure of the description (or the DLPDUs should be listed in alphabetical order), asfollows:

“Other DLS link control DLPDUS, consisting of SZOM FRMR, FRMR_ACK, DM/DISC and
DM/FRM R-ane-SZOM, for purposes of link initialisation, reset and maintenance.”

C.1.19Combined list isn't clear.

In note 2 of Section 1.4.2.3.2, alist of 3items (c/r, re, and ucid subfields) are defined separately.
Thus the note should be reworded as two sentences (one dedicated to Table 1-71g and the other to
Section 1.5.2.6).

C.1.20Incorrect sense of logic in Q5wait operations

Section 1.4.1, the bulleted list, item (b) calls out a service as "indication that user data has been
sent”. First, what isthe requirement for this? Can an ATN sub-network take advantage of this?
Lastly, | would think that the more typical presumption would be that the data was sent and so an
indication would only be required on failure. This should be replaced with “indication that the
user data was not transferred within Q5wait seconds’.

C.1.21Q0S Interface to DLS Service User

Section 1.4.1.6 saysthat the "DL S shall accept an indication of priority" but doesn't say from
whom. Isit clear that thisisfrom its upper layer in the DL_datareq? Isthere an unstated
requirement that it should include the priority (received from the peer) in the DL_data.ind? The
presumption is that the Q5 parameters are consistent for any priority. Should thisbeincluded in a
note of the following form: “Note. — The DLSservice user’s selection of priority affects the QoS
parameters used in the transfer of the DLS user packet as well as the queuing of the packet.”

C.1.22Missing clarification on broadcast address

Clarify 1.4.2.2 to say that the al-ones non-unique address is to be used as a destination address
only.

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

C.1.23Missing useful cross-references
C.1.23.1 TD1 expiration

Need anotein section 1.4.3.1 pointing to 1.4.4.14.2 for other actions to take when TD1 expires.
“Note. — See Section 1.4.4.14.2 for a more complete set of actions when TD1 expires.” |
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C.1.23.2 Exception to the use of the response reservation type

Section 1.4.4.5.2.1 should reference 1.4.4.12 as an exception to the use of the response
reservation type.

“Note. — See Section 1.4.4.12 for an example of when the response reservation typeis not used.”

C.1.24Unclear note

In section 1.4.2.1, | believe that the word “sent” should be “received” in the note.

C.1.25Guidance on link termination

Isthere a need to provide a summary of the reasons for link termination (e.g., DM/DISC,
DM/FRMR, CTRL_LCR, CTRL_RTS (IB=1), pect-derived missed indication, etc)? If so,
should it be added in the guidance material, in anote, or in the TM to be cited as various reasons
why alink may betorn down. Arethere any differencesin the behavior of either the DLS or
LME because of the reason for the disconnection? For example, section 1.4.4.14.2 attemptsto
provide alist of reasons why alink is terminated, but it is not complete.

C.1.26Implied Implementation not correct

Oneis not sure about the value of the notein Section 1.4.4.2. First, we have found that better
performance can be achieved if the DL S handles retransmissions. Second, since thisisn't tested,
it should read "...nominally is handled in the VSS" or (my preference) "...may be handled in the
VSSorDLS".

C.1.27Apparently redundant section

Section 1.4.4.3.2 and it subsections appear redundant.

It is not obvious what new requirements are added by 1.4.4.3.2 and its subsections. The
definition of ND3 implies the use of single or multiple fragments. The requirement to take into
account 1.4.4.12.3 doesn't appear to say anything. How to set the M and prio subfields are
aready defined in their appropriate sections. If anything need be said, it could be combined with
1445and 1.4.4.6. (c.f., thelast sentence of 1.4.4.4.)

Thetitle of 1.4.4.3.2.1 is"number of segments" but should be "number of fragments'? And, the
title should not be 'determination of number’ when it is only determining single or multiple
fragment. Also, there are actually 3 possibilities (short unfragmented, long unfragmented, or long
multi-fragments). Thistext would best belong in the guidance material with message sequence
charts showing the behavior rather than as words.

On an editorial note, In section 1.4.4.3.2.2 and 1.4.4.3.2.3, thelists are not redlly lists and should
just be combined into asingle paragraph. Also, 1.4.4.3.2.2 says "set to zero" while 1.4.4.3.2.3
says "set to 1" and "set to 0". We should harmonize the style.

C.1.28Incomplete proposal on defining the reservation priority subfield
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Note 3in Section 1.4.4.6.1 was added to define how the priority subfield of the unicast
reservation typeis set. If thetext of 1.3.14.4.3 is unclear, then it should be reworded so that it is
clear that the priority is set to the priority of the data expected to be transmitted in the reserved
slot (and not the priority of the data currently being transmitted). Curiously, thereis no priority
field in the info transfer reservation type. In any event if the added note improved the clarity
(which I do not believe), then we should probably do the same thing throughout the document
(e.g., theunicast field in Section 1.4.4.6.3.1). My proposd is to clarify the use of the priority
field in Section 1.3.14.4.3 and not add note 3 to Section 1.4.4.6.1.

C.1.29Duplicate text in handling DATA DLPDU reception

Section 1.4.4.6.5.1 could be simplified by simply referring to Section 1.4.4.5.2.1 since the
response is the exact same.

“A receiving station which transmitted a CTRL_CTS or INFO_CTS DLPDU 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 DLPDU -with-the same setting-of T
bit-asis-econtained-rthe- CFSwith a T bit not equal to T,, shall transmit-in-the-dlet-reserved-for-an

acknowledgementan-ACK-DLPDU-rabLSburstfollow the procedures of 1.4.4.5.2.1.

C.1.30Missing requirement on receipt of connection request failure

Section 1.4.4.7 specifies the transmission of a generd failure if a station does not implement the
DLSfunctionality. However, there are no requirements on storing this failure and not contacting
the station again. We should add a requirement on a station receiving the generd failure with
error code = 0x80 (i.e., note thisfailurein the PECT and don't contact the station again).

“Note.-- The response upon receipt of a general failure, described in Section 1.3.20.1, iSto not
transmit another DL S burst to the sending station for the duration of the backoff timer.”

C.1.31Misplaced requirement in fragment processing

Section 1.4.4.9.2, the last sentence of the second paragraph appears redundant or out of place
(sinceit is speaking of M=1, which was handled in the first paragraph). | believe that it should be
deleted; but, if othersfeel that it has value, then it should be moved to the end of the first

paragraph.

“If any preceding user data packet fragments have been received with, in the case of an INFO
DLPDU, the same value of pr subfield and with the M bit set to one, then the user data part of the
received DATA DLPDU shall be concatenated to the end of the user data packet fragments while
awaiting the arrival of the remaining parts of the multiple fragment user data packet.
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If the M bit is set to zero on the received DATA DLPDU, then the user data part of the received
DATA DLPDU, including any user data packet fragments received earlier and with which it has

C.1.32Response to undefined combinations

Section 1.4.4.14.2 defines alist of combinations; however, | do not want to have to generate a
FRMR on a combination not listed in this section. | would like to add the following note:

“Note. — Receipt of a combined DLPDU not listed in this section is handled in an
implementation-defined manner.”

C.1.33Duplicate requirement in ACK/CTS combination

Both Sections 1.4.4.6.3.1 and 1.4.4.12.4 define the T bit for the ACK DLPDU. So, bullet (b)
should be deleted as being redundant and item (&) should become in-line text. The text below is
for section 1.4.4.12.4:

a——A CTRL_CTS, INFO_CTS or UDATA_CTS DLPDU shall be sent in response to a |
CTRL_RTS, INFO_RTSor UDATA_RTSDLPDU respectively
N ava hi ! it tO I ) D) O-\\ hi

C.1.34VDL/2 copied functionality not correct

Section 1.4.1.3 calls out the DL S sub-layer as performing atask that the note assigns to the MAC
layer. Given that the MAC layer sits below the VSSin the VDL/4, it cannot be considered part of
the DLS (asit could in VDL/2). Thisneedsto be reworded as “The DL S sub-tayer-shall rely on
the MAC layer to ensure that DLPDUSs corrupted during transmission are detected and
discarded.”

C.1.35UCTRL_RTS also retransmittable

Section 1.4.4.2, the UCTRL_RTS DLPDU should be listed amongst the DLPDUs that can be
retransmitted using the parms of 1-58a, as below:

“For al DLS bursts containing CTRL, INFO, CTRL_RTSard, INFO_RTSand UCTRL _RTS |
DLPDUSs, the quality of service parameters Q5min, Q5max, Q5mult, Q5exp and Q5num shall be
set asdefined in Table 1-58a.”

C.2 LME Issues
C.2.1 Elimination of Keep-alive

During the development of the new DLE, it was decided to eliminate the keep-alive (i.e., the T4
timer and RR (P=1)) asit is ho longer needed as the presence of the peer is performed with sync
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bursts and ground stations are required to broadcast an alert during startup so aircraft re-connect.

However, the requirement for this alert could not be found. The alert can be one of the following:

a) DM/DISC. Thishasno effect on a station that doesn’t already have alink to the peer, so it
can be broadcast easily, but it violates 1.4.4.1.

b) A new UCTRL packet. ThisislikeaDM/DISC, but with a datafield so that we can include
useful information (e.g., the number of seconds until the station is capable of accepting
connections).

¢) Specify the broadcast CTRL_CMD_LCR (i.e., UCTRL with ucid=3) to transmit. This might
have an effect on a station that doesn’t already have alink to the peer.

d) Add anew parameter to the GSIF indicating that the station has no links.

€) An existing broadcast connection handoff based on higher-layer ground system intelligence.

Thereis aneed to verify that the selected link clear alert interacts properly with the link endpoint
discussion of Section C.1.9.

The proposal isto adopt solution (b) and (€) per the following:

a) Number the existing note as hote 1 and add anote 2: “Note 2—Keep-alives have been
eliminated from the protocol as peer presence is performed with sync bursts and ground
stations transmit an alert on startup per Section 1.5.x. or the ground system transmits a
broadcast connection handoff”

b) Addanew Section 1.5.x:

A ground system that supports link connections shall transmit one of the following

DLPDUs:

a) aUCTRL DM at least 3 times during the first minute of operation of every ground
station;

b) abroadcast connection handoff from an appropriate ground station at least 3 times
during the first minute when any ground station reboots.

Note—This may be accomplished either in fixed reservations or delayed burst
tfransmissions.

Author’s Note: The wording on item (b) above could be made clearer.

¢) Modify Section 1.5.2.6 to definea UCTRL_DM field with ucid=4 and make 5-15 reserved:
“ucid=4 indicates that the UCTRL DLPDU containsa UCTRL_DM as defined in Section
XXX.

The UCTRL DM shall define the period of time until an LME will accept new
connections. If the most significant bit is a one, then al existing connections are
disconnected without any automatic recovery. The seven |least significant bits encode a
field of 0-127 seconds of time until new connections will be accepted. Thefieldis
encoded per Table 1-71xx.

Table 1-71xx is asingle-byte value

Author’s Note: Do we want to include a note saying that, unlike the other UCTRL DLPDUS, this
isnot available as a CTRL parameter simply because no utility could be determined for it;
however, if such a need isidentified in the future, then it will be added?
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C.2.2 Incomplete link disconnection list

Modify section 1.5.7.4 (and possibly others?) so that a DM/DISC is not the only reason for alink
being disconnected. Since this document proposes the addition of aDM/FRMR and a
UCTRL_DM DLPDUSs, this section should be rewritten to not specify the mechanism by which
the link was torn down. Either it should specify when alink istorn down, when no active links
are available, or similar wording.

C.2.3 INFO transfer during link establishment

The behavior of the DLE during link establishment should be specified in the DLE section and
not the LME section. In addition, VDL/2 (from which this was copied) could only retransmit the
entire XID (and not the final fragment), and lacked atechnical ACK on the XID. The following
LME sections should be modified as shown.

1.5.7.4.3 Exceptional cases

If an LME receiving the CTRL_CMD_LE cannot establish the link with the sending LME, then it
shall transmit aCTRL_RSP_LCR instead of aCTRL_RSP_LE. If the parametersin the
CTRL_RSP_LE from the ground LME are not acceptabl e to the mobile LME, then the mobile
LME shall transmit a DM/DISC to the ground. If the Autotune parameter isincluded in the
CTRL_RSP_LE and the mobile LME is unable to perform the autotune, then the mobile LME
shall respond with an CTRL CM D LCR (re=0); the link eﬂabhshed on the current frequency
shaII not be affect. A a-C

1.5.7.5.7 Exceptional cases

If the ground LME cannot satisfy the CTRL_CMD_HO, then it shall transmit a
CTRL RSP _LCRinstead of aCTRL RSP _HO; thecurrent link shaII not beaffected While

GIFRL—GMD—HQ—If more than TL2 seconds have elapsed since the LM E |n|t| ated the request to
send the CTRL_CMD_HO, the aircraft LME shall attempt to handoff to another ground station;
the current link shall not be affected. If the mobile LME cannot perform the autotune, it shall
transmit aCTRL_CMD_L CR (re=0); the current link shall not be affected. If the parametersin
the CTRL_RSP_HO are not acceptabl e to the mobile LME, then the mobile LME shall transmit a
DM/DISC to the ground on the new link.

1.5.7.7.4 Exceptional cases

If the mobile LME cannot accept the handoff request, it shall respond witha CTRL_RSP_L CR;
the current I|nk shaII not be affected Wh#ewattt—ngfeharr%penseteaGIRL—GMD—HQ—a

LME, then the ground LME shall transmit a DM/DISC to the mobile on the new link.

C.2.4 LME processing of CTRL collision
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Both peerscan send a CTRL_CMD to its peer at the sametime. Thisiscaled aCTRL callision.
There are two problems here: one at the DLE layer (dealing with dueling IB=1 frames) and one
at the LME layer (dealing with generation of the CTRL_RSP).

In VDL/2, the handling of colliding unnumbered frames (of which an XID isone) is discussed in
the DLE section. When the LME was copied from VDL/2, it wasn't noticed that this was not
included. Either anew section (in 1.5.7?) or as appropriate sentences throughout the relevant
sections of 1.5.7.x that if an LME has transmitted a CTRL_CMD and receivesaCTRL_CMD
(rather than a CTRL_RSP), then if the station has a higher numbered link address it shall process
thereceived CTRL_CMD (and disregard its CTRL_CMD). Similarly, the station with the lower
numbered link address shall ignore the received CTRL_CMD and not generate a response.

C.3 Other technical issues
C.3.1 Need to mention DLS in DoS message

The DoS message should include an indication of DL S support for afrequency. Table x-yy
should include an encoding for DLS.

C.3.2 Broadcast link management DLPDU

Table 1-69b, which details the encoding of the broadcast link management DLPDU, includes a
parameter id and length. For ucid of 0 or 3, thistable is correct. For ucid of 1, 2, and the
proposed 4, this table is not correct as the parameter id and length are not included. (In order of
my preference), either a note should be included at the bottom of the table indicating this, the
descriptions of the individua ucid encoding should be expanded to explain this, or another table
should be provided with each detailed ucid definition including which tableit is encoded against.
In addition, Table 1-57a has been updated with the new format for the CTRL DLPDU and Table
1-69b should be harmonized based on the new encoding.

C.3.3 Compressed UCTRL formats

Sections 1.5.3.6.6 and 3.2.7.1 talk about eliminating the parameter ID but don't mention
eliminating the parameter length. | believe that this was an editing oversight during the drafting
of the new DL S and the new compressed XD formats:

with the...parameter and length ID shall be omitted and no other parameter shall be included in

Section 1.5.3.6.6 and 3.2.7 should be modified as follows: “...within aGSHUCTRL DLPDU
the GSIEUCTRL DLPDU...”

Section 1.5.2.6, ucid=3 talks of ‘ho’ bit. Thiswas changed to ‘re’, but with the change to the
CTRL names, the text can be clean up as:

connection management parameter shall not be included).—Fhevaluesof-clr-and-ho-shall-be
ossumedte-beeouabie O:

Finally, the compressed UCTRL encoding added one byte over the previous compressed XID
format for GSIFs. We need to verify that the basic one-slot messages can still be sent.

0 ucid=3indicatesthat the UCTRL DLPDU contains abreadeast CTRL_SMBBCST_HO (the ‘
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C.3.4 Performance Issues

While implementing the protocol layer, the following performance issues were noted. These are
not described in great detail, since a proper simulation is required to determine optimal parameter
settings. However, this section isincluded to indicate that the " out-of-the-box" performance of
VDL/4 isnot likely to be optimal without further work.

C.3.4.1 Retransmission parameters

The retransmission parameters were copied directly from VDL/2. These parameters and
parameter values were based on my original simulationsin 1992. The purpose for the
exponential backoff delay isto stabilize the linear system that we model the channel as.

However, the fairly high Q5mult, which was needed by VDL/2, may be too high for VDL/4 since
the number of random accessesislower (in particular, the ACKs are not transmitted randomly).
In any event, since the 95% transfer delay is the parameter to be optimized, even asingle
retransmission will cause large delays.

C.3.4.2 Fragmentation parameter

A fragmented transmission consists of an RTS (unicast), CTS (info-xfer), RTS/INFO (response),
CTS/ACK (info-xfer), etc. The number of transmissions is thus controlled directly by the size of
the INFO DLPDU. The overhead (in bytes) is 2 dots for theinitial RTS/CTS and about 1.7 slots
per cycle (0.7 dots of thefirst dot of the INFO/RTS plusaslot for the ACK/CTS). Thus, the
efficiency of the scheme asymptatically approaches (ND3—-0.7) / (ND3 + 1).

Asthe ND3 affects the number of fragments to transfer a packet, the transfer latency is aso
affected by the delays between transmissions. For example, with an average delay to the selected
slot of 5 slotsand an ND3 of 5 dlots, the transfer delay will be tripled as the select slot delay is
suffered twice per INFO DLPDU relative to transmitting the packet in asingle burst.* Thus, there
is adefinite tradeoff between making ND3 too large (and thus BER and/or slot selection
difficulties dominate) and too small (and thus the overhead dominates).

C.3.5 Optimizing the slot selection algorithm

The slot selection algorithm for data link transmissionsis not well designed. In particular, the

a gorithm should trade-off between an earlier transmission at an undesirable sieve level versus a
later transmission at a more favorable sieve level in asimpler and more optimal fashion. The
concept of multiple QoS parameter groupsis both overly complex and sub-optimal. The slot
selection algorithm for periodic transmissions (where any slot in the range is equally acceptable)
is different from DL S transmissions (where earlier transmissions are preferable). Simulations are
required to optimize this critical agorithm.

4 Thisis because the data burst consumes 5 slots, the del ay to the ACK consumes 5 dots, the
ACK consumes 1 dot, and the delay to the next data burst consumes 5 slots. Thus, each 5-slot
data burst occurs over a 16 dot window for atotal increase in transfer latency of 320%. Of
course, thisignores any packet losses. Since shorter packets will be received with higher
probability than longer packets (because of bit error effects, chances of interference, etc), optimal
performance requires balancing the effects of short packet length on delay and long packet length
on retransmission.
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C.4 Editorial Issues

C.4.1 Typographical errors

Section Issue

141 Missing colon at end of ‘ provide the following services

141 Last paragraph, §/Section 1.4.4.7only/Section 1.4.4.7 only/

1421 Missing a period at end of note.

144 Note not terminated in a period.

14222 Missing period after “Note 4”

14232 1) Second and fourth paragraph not terminated in aperiod. 2) Notesare missing a
terminating period. 3) The notes should be numbered.

14235 The priority subfield is defined as p then used consistently throughout the
document as pr. This has been harmonized to pr, as p is already used for the
persistence value in the random access parameter,

14236 “Note” and the note itself are not terminated in periods.

14237 Capitalization of “Initiaize Bit”.

14237 In the note, frame changed with DLPDU. All other instances verified.

143 Double spacing corrected.

1434 Thefirst parais missing a terminating period

1435 Note not terminated in a period.

14431 In the note, DM/FRMR isincluded.

14431 Second and third paragraphs: §CTRL,/CTRL/ and INFO_RTS/INFO RTY

1.4.45.2.1 | Bullet (a) not terminated in a period.

14461 1) Second bullet (b) should be bullet c. 2) SNotel/Note 1/ 3) Note 2 not
terminated in a period.

1.4.4.6.2 the note should be in italics and the sentence is not terminated with a period.

14.412.4 | Thelast paragraph of section 1.4.4.12.4 should realy be 1.4.4.12.5 (and

renumbering everything following accordingly)
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C.4.2 Other editorial issues

Thelist styleisn’t consistent. Some of the lists should be converted to a simple paragraph as the
list structure is not necessary. We have some listswhich are

lettered and indented (e.g., Section 1.4.1),

lettered and not indented (e.g., Section 1.4.4.3.2.2)

numbered and indented (e.g., Section 1.4.1.7)

bulleted and indented (e.g., Section 1.4.4.12.2)

have alead-in sentence (e.g., Section 1.4.1)

lack alead-in sentence (e.g., Section 1.4.4.3.2.2)

have each item terminated by a colon, except for the penultimate item which is terminated
with aconjunction (either “and” or “or”) and a comma (nearly every other list)

have each item terminated in a period (e.g., Section 1.4.4.3.2.2)

have each item unterminated (e.g., Section 1.4.1)

have some items terminated and others not (e.g., Section 1.4.4.6.1)

Ot Or Or Or Or Or O

O O O

What does it mean to ‘inspect’ abit (e.g., per Section 1.4.4.9.1 or 1.4.4.10)? How does one test
whether a bit has been inspected?

rename ND2 as “max length of ashort DLS transmission” for clarification.
Section 1.4.4.11.2, the third sentence speaks of "a FRMR_ACK" and the fourth sentence speaks
of "an FRMR_ACK". | prefer the former (which ishow | pronounceit), but let's stick to one

convention.

Section 1.4.4.12.5, perhaps we should add "small" to the description of the transport ack.
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