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Abstract

This paper contains the latest draft of the
AX. 25 protocol Specification. This is the fjrst
ublic release of this draft. sarlier drafts have
een aiven to specific inviduals for comment and
as a reference for software devel opnent. Onanges
shoul d be _ expected. Please check the AVEAD
Newsletter for announcenents of |ater versions.

History

Qver the years there have been several
cols sugfested for use at layer 2 of the ISg
System Interface _Reference Mdel (OSI-RM
Amat eur Radi o. The _one system that
use is based on the |BM sDLC protocol and it has
been working as far as it went. = One'of the inne-
diate robIenms that cane up with SDLC was that
its adgress gleld of sbuC js very limted (being
one byte long) causing problens if there are many
amateurs on at'a tinme.

prot o-
Open
over

has been in

Tr{l ng to come up with a protocol that every-
one would agree to seemed |ike an al nost |ngossi—
ble task a year ago. Vhat we at AVRAD decided to
do was to go over the various protocols in use or
avai |l able t0 the amateur, figure out the best and
worst parts of each protocol and see if the proto-

col could be_ "enhance to work properly over the
amateur radio environent. Af}’ge_r reviemng the
various protocols around and talking with people

in the conputer networking industry, "we decided to

push the X.25 standard nodified to allow a larger
address field. At about this time, a group of
amateurs in New Jersey were comng to the sane
conclusion, so about ’ md-June of 1932 the two

groups §Ot together and after two weekends came to
an understanding” on a level 2 protocol.. Tﬁe
most delicate part of the negotiations between the
two groups concerned the name to be given this
protocol. ~ In order to not steg on aryones toes
it was decided to cg& the protocol AX.25, which
stands for Amateur X.25.

The next step in the evol vement of AX 25 was
that in Cctober of 19382, AMSAT hosted a %athering
of some of the leaders in amat el
AMRAD was at the meeting, along wt [ epresenta-
tives from TAPR  SuAPR. AMSAT., and PPR Three
days of 1ntense discussion followed. and an agree-
ment was finally reached on a nation-w de compati~
ble. tg)roto_col. ~AX. 25 was then nodified to be com
patible wth this new protocol (basically the only
maj or changes were an additional extension of the
address field, and the addition of a Protocol
Identifier, or PID field)

rest of this ag
the AX. 23 IeveIi

acke radio.

erwi ||l describe the

_ The
basi cs of protocol .

AX.25 Layer 2 Protocol Specifcation

This  protocol conforms with the IS0
Recommendat i ons 3309, 4555 (includi EDDAD 1&2) and
6256 hlPh—le el "dafa link control ? LC) and uses
sonme termnol ogy found in these documents.

This protocol also conforns with ANSI X3.66,
describing ADCCP, bal anced node.

) _This protocol is witten to work equall
in eltther Ealf- or full-duplex amateur radio
ronents.

y well
envi-

This protocol has been witten to work equal-
1v well for either Point-to-point connections. or
connections nade thru a larfengevice, such'as a
metropolitan network control Ier(MyC).

This protocol does allow the establishpent of
nore than one |ayer 2 fl ink layer) connection per
device, if the device is so capable.

2.4

This protocol also follows in principle th?
CCITT £.25 reconmendation, Wth the exception o
an extended address field_ and the addition of the
Unnunbered | nformation (UI) frame.

_ Most layer 2 protocols assume that one large
device (generally called a DCs, or data circuit-
term nat’i ng equi pment% I's connéect ed to several
smal | er devices fusuadlly called a DI=,  or %atﬁ
termnating equipnent ). ~AX. 25 assunes that  bot
ends of the link are balanced, thereby elimnating
the two different classes of device.

Franme Structure

) Level 2 packet-radio transmssions are sent
in small blocks, called franﬁ. These frames are
made up of smallerparts, called fields. Fig. 1
Ehows how the three types of frames are nade up.
1'g. 1shows the frames in the same % order that
nost packet articles show them . ortunatell%,
this nethod has [ed t some confusion, since the
| east-sig nificant bit4d LsBis to the |eft .rathFr
than to ghe right, as most people woul d ordi nar|h g
assune. I am pointing this out early in thi
aper to prevent mass confusion as progress.
fa er on, | will switch to a hopefully nore “under-
standable way of showing the frame ans its conpo-
nents.
Fiel d Definitions
The frame is made up of ver al
B 2l el

B % ' 8

fields. tach of t.ese flI S 1S
integral nunber of octets (or bytes), and serves a
specific function.
Flag Field

Since amateur packet radio is a bit-oriented
protocol, the only way to tell when one frame 1s
over _and another “is Starting for sure S to
delimt each frame with a certain hit. sequence

both at the begin_ning and trle end. . This is the
job of the flag field. A flag consists of a zero

followed by six ones followed Dy another zero,  or
01111110 (75  hex). Due tO the bit stuffing
nentioned above, the only time this sequence iS
allowen” is at' the bedinning and end of a
legitimate frame.

Address Field

The address field is used to identify both
where the frane came from and what the destinatjon
of it is. I'n the CCIIT recormensilﬁtlon X. 25, this
field is only one octet |ong. I's permts at
nost 256 users per level 2 channel, and since some
-bits of this field were used for other purposes,
the real nunber of usgrs were aboyt thirty ger
| evel 2 channel . Both the HDLC and ADCCP recom
mendations allowed the address field to be ex-
tended, . so we decided to extend the address field
per their recomrendations in the amatfeu% v%r si on
of X.25 to include the callsigns of both the
destination and source amateur radio stations.

The method used to extend the address field

wi |l be described shortly.
Control Field

The control field is used to identify th
type of frame and control sei/eral attributes o
tﬁe level 2 connection. It I's one octet in
Ienfth,_ and its encoding will be discussed in a
fol Iow ng section.

PID-Field

The Protocol

| Identifier (PID) field
in information franes,

is used
ahd 1dentifres o

only what



kind of layer 3 protocol, Its

( if any, is in use.
encoding is as follows:

M L

S S

B B

xx8\1)xxxx Xe;(sgrsv?d at tjhe rr?msntt q

XX i ayer 31 enent e

xxm%yy AX. 25 | a¥er 30 %I enment ed

1111\)080 No |ayer 5 |n¥|emented.

11111111 Escape character.  Next byte
contains nore PID informafion.

Where:

1. An x_ indicates a "don't care" hit.
2. Ay indicates all combinations used.

Information Field

The information field is used to convey the
actual user data fromone end of the link to the

other. | fields are allowed in only three tyes of
frame;, the | frame, the U frame, and the FRMR
frame. The I field can be up to 250 octets |ong,
and should be an even multiple of octets |ong.
Any information in the | field should be passed
afong the |ink totally transparently, exce % for
any zero-bit insertion necessa tlo fpr(ivdeng flags
e 1eld.

from accidental |y appearing in t
Frame Check Sequence

The frame-check s

equence is a sixteen-bit

number cal cul ated by both 'the sender and receiver

0 nmake sure that the

the medium used to get

the receiver. It i
with

I50 5509 (HDLC

of a frane. It i1s used t
frame was not corrupted by
the frane fromthe sender “to
cal cul ated. in accordance
recommendat i ons.

Bit Stuffing

In order to assure that the flag sequence
ment i oned above doesh't accidentially appear any-
where else in a frame, as the frame'is ’ée| ng sent
it should be nonitored, émd If nore  than fl\ée
contiguous ones are detected, a zero bit should be
added "between the fifth and sixth ones, eliminat-
ing the ROSSI bility of a flag appearing i1n the
frame other than where it bel ongs. The “recei ver
of five ones, a zero, and nore ones shoul d autona-
%lhcaldl elimnate the inserted zero before passing

e data on.

Bit Order of Transm ssion

w:‘ft_h the exception of the FCY field, all
other fields in an' AX 25 frane sh%uld be sent
starting with the least-significant bit. In ac-
cordancé wjth HDLC practices, the FCS should be
sent m)st-S|gn|f|can€ bit first.

Frame Abort

aborted, at

If a frame must be prematurel
be sent with

| east fifteen contiguous ones shoul
no bit stuffing added.

Invalid Frames

Any frame consisting of less than 136bits,

or not” bounded by opening and closing flags, or
not octet aligned éan integral n-unber of octe_tsL
|should be considered an invalid frame by the lin
ayer.

Address Fi el d Encodi ng

The address field of all franes should be
encoded with both the destination and source ama-
teur callsigns of t a level 2 amateur

repeater" s to be used, |t2xcgél?i shoul d al so

ollows the HDLC
the address field
rmation into the

S

el d.
extendin
this in

he frane. If
be in the address fiu
reconmended net hod of
in order to fit all

addressfield

Basically, the way the HDLC address fie
extended beyond one octét is to reserve the 1
significant” hit of each octet for what is ¢
an “extender bit". This bit is set to zero i
next octet contains nore address field inforna-
tion, and is set to one if this is the |ast octet.
To make roomfor this extender bit, the amateur

di
ast
I'le
th

[CX=N N7

I
e
a
T

radio call sign information is shifted one bit to
the left.
The actual encoding techniques for both non-

repeater ar? repeater nperation follows.

2.5

Non- Repeat er  Address--Field Encoding

If a level 2 repeater is not bei ng_ used, the
address field is encoded as shown in Fig. 2. The
destination address is the call sign of the ama-

teur radio station that the frame is addressed to,

while the source address contains the amateur

call sign who sent the frane. These call si (r;ns

are the tall signs of the two ends of a level 2

.25 l'ink only, not of any other station, such as

. going thru an inter-

¥ Those addreSses should be in a
hi gher "l ayer, not layer 2.

Al thru Al4 are the fourteen octets that make

ap _the two address sub-fields of the address

field. The destination sub-address |s seven_oc-
tets long (A1 thru A7), and is sent first. .= This
will al 'fow the receivers of the frame tine to

check the destination address sub-field and see if
the frame is for themwhile the rest of the frame
is being recejved. The source address sub-field
Is then'sent in octets A3 thru Al 4. Both of these
sub-fields are encoded in the same nmanner except
for the |ast octet having the iDLC address ex-
tender bit set. Since they are b.asical_l{ the
same, only the destination sub-address w 11 be
>utlined.

There is an extra octet at the end of each
addr ess sub-field that allows room or a
Secondary- St at i on Identifier (SsiD) and three
additional bits for future expansion. The S35ID
field allows an Amateur Radio operator. to have
nore than one packet radio station. This i s use-
ful when an amateur wants to put up a repeater in
addition to his regular station for exanple.

Appendi x A shows a typical AX 25 frame in the
non-repeater node.

Destination Sub-Fi el d, kncoding

Fig. 3 shows how an amateur call sign is
placed “In the destination address sub-field, oc-
cupying octets Al thru A’

| Octet | ASCI I, |Bin.DatajHex Data

Bit Position--> 76545210
Fig. 3.
\her e:

1. The
sent
top of the stack), k
oc}’get being the first bit sent,
Tbeing the last bit sent.

2. The first (loworder or bit V) bit of
each octet '1s the HDLC extenderbit,
which is set to zero on all b\%et he. last

Destination Fiel d kncoding

t octet (Al) is the first _octet
?gort of l](.ke)pop ing 1t off the
with bit U of each
and bit

octet in the address field, reit is
set to one.

3. The bits nabrked "R" are reserved bits.
they may ~be used In an agreed upon
manner in individual networks. [f the
aren t inplemented, they should be se
to one.

4. The characters of the callsign should be
standard seven-bit ASCl | 53 er case
only) before being shifted left to make
rololmfor_theI ex etnﬁzler bit. h Iftthe

i is ess an six characters
[ang & shoul d be padded a the

! 1t

tranﬂin end with ASCLL spaces between
thg ten of the callsign and the SSID
octet.

5. The SSID portion of the last octet has
been intentionally left vague at this
point, and is leff up to the individual
station to assign. The only recomended
restrictio is to reserve the all-one
condition ?1111) for an all-call 33ID in

ne wants to reach an amateur but

dooesn''t know what s535LD that amateur
operates under.



Level 2 Repeater Address-Field sncoding’

2 amat eur

If a frane is to go thru a | evel
addr ess

packet repeater, there is an additional
sub-field added to the end of the address fjeld.
Thi's additional sub-field contains the call sign
OL the repeater to be used: - This Wil allow more
than one  repeater to share the same rf  channel,
which has been a problemwith the older protocols.
IT this field exists, the |last octet of tne source
sub-field has its extender bit set to zero, i ndi -
cating that nore address-field data fol | ows. T he
repeafer address sub-field is encoded in the same

manner as tne destination and source address sub-
fields exgept for one bit in the |ast octet,
called ths "1™ bit. The # bit is used to i ndicate
whether a frame has been repeated or not. This is
necessary o prevent sonmeone from potentially
receiving two identical franes, the one going t0
the repeater and the one comng back from the

repeater. . Fig. 4 shows how the Tepeater address
sub-field is encoded. A{%)ergﬂ )i<8 I's an examaple of
a conplete frame on its way back froma repeater.

{ Uctet | ASCII |Bin.Data|rex Data

[ Alo | W 10101110) Ag i
boag |8
oAy 4 iu11uw;1uuwb4a¢i '
Alo 100101001 " 94
boaig Lo hooidiesings; |
| A20 I LR
| A21 | SSIL | HRRSSLIDT, |
Bit vrder --> To545210
Fig 4. Repeater Address =ncoding
Vher e:
1. The top octet is the first octet sent,
bit 7 sent

with bit o beln? sent first,
|'ast of each ocfet.

2. As with the source and destination
address sub-fields, discussed . bit
O of each octet is the {DLC address
extender bit, which is set to zer on
all but the |ast address octet ?A21)
where it is set to one.

3., The "r" bits are reserved just like in
the source and destination sub-fields.

4. The "H" bit is the has-been-repeated
bit. It is set to zero on a ron-
repeated frane, and set to one by the
repeater when the franme has been
repeated.

It should be noted that some of the advan-

es ofcthis addressing schene are nentioned in

,t&g(p;endl X

Control

The control field is responsible for identi-

at type of frame is being sent, and is
also  used to ‘convey commands and resSponses, [rom
one end of the link to the other 0 nmaintain
proper control overthe Iink.

Field Formats

fying

fields used in AX.25 use. the
CaTT x.29 control fields for balanced operation,
with an additional control field taken from AJCCP
to allow connectionless and round-table operation.

The control

There are three general types of AX 25
frames, They are the | formation frame (I frame),
the Supervis %f’rarr 45 frame and the Unnum=
bered franme ? framﬁ Fi g. 5 shows the basic

format of the control field associated with these

types of frames.
Control Field | _ Conmjrol Field Bits |
T Typ EEERREN 5!
U Fame | (k) JPE] W(S) | 01
""" SFrame | N(H [b/E] s 5| 0] 1)
e
Wiz. _ Control Field Formats

2.6

Where:

1. Bit Ois the first bit sent, bit 7is
tne last bit sent of tne cont rol field.

2. L_\'\b'g is the send sequence nunber (bit 2
IS the uLSk).

3. (k) is the receive sequence nunber (bit
O is the LOE).

4. The "s" bits ars supervisory

the
function bits, and their encoding is

di scussed bel ow.

5. The.  "4" bits are the unnunbered frane
nodifier bits and their encoding is
di scussed bel ow.

6. The P/F bit is the Poll/Final bit. Its
function is described in more detail
shortly.

Control Field Definitions

Information Frane Control Field

A1l | frames pave bi t v cf the control

to zero. (o) is the sender’ss, send
number (the send sejuencenunoer Of this
d(x) is thesender & recelve Sequence
the s equence nunber of the next expected
rame. . These nunbers are described in
regarding flow control.

Field

Supervi sory franmes are denoted by havi ng
tne control field set to one, and bit T
of the control field set to zero. s frames pro-
vide supervisor,! link cont rol such as acknow-
legging or requestire retrangmission of | ffamea,
and” 1ink | evel window cont rol. Since 5 | frames
don’t have an information Field, the s2nder's send
variable and the receiver s receive variable are
not incremented for s frames.

Unnunbered Frace Control Field

Unnurmbered frames are distinguished by
having both bits v and 1set to one. J frames are
respousiblefor maintaining (control over the lin
beyond Wwhat 1s accomplisned With & frames. Toey
are also respons i bie for the establishment and
tearing down of the link. U frames also allow for
the ~transmssion and reception of information
outside of’ tne nornmal flow control. Some U frames
may contain information fields.

Control Field Par anet ers

field set

received,
the section

Supervi sory Frame Control

bit v of

Sequenceliumbers and Va ria bles

. bvery AX.25 1 frame shall be assigneda
sequential number from U to "7. This hill"allowup
t0 seven outstanding L frames per |evel 2 connec-
tion at a tine.

Send State Variable V()

) The send state variable is an internal
variable that is never sent. t contains the next
seyuential  number to e assigned to the next
transmtted | frane. This variable IS updated

upon the t ransmiss ion of eachlfrane.

Send Sequence Nunber i ( 5)

The send sequence number is found in the
control field of ?II L frames. It contains the
seguJence  number of the I frame teing sent.  Just
prior to the transmssion of the'l trame, N(S)1S

updated to equalthe send state state variable.
Receive State Variable V(k)

~ The receive state variable is an inter-
nal variable that contains the sejuence number Q
tne next expected received | frame. Ihisvari abvle
i.s updated upon the reception ot an error-free
frane whose send sequence nunber equals the Ppre-
sent received state variable val ue.

Recei ved Sequence Number N( K j

The received sequence nunber is in both
I and S frames. Prior to sending an I or o frane,



his variable is .Ugdated to equal that of the
ecejved state variabie. = thus implictlv acknow
edging the proper reception of al{ | frames up to
nd”I n¢l uding o ?i)—1 .

Pol | /Final (P/F) Bit

The P/F bit may be used i
franes. It is used in"a command (poll)_ mode to
request an inmediate reply to a frane. The reply
zo_ this p0ll.is indicaged by setting the response
final) _It)nt inthe agpropriate frame. . Only one
out standi ng poll condition per direction 1§ al-
lowed at a tine.

Cont r ol
| nformation Franme Control

t
r
I

a

?all types of
b

Fi el d Encoding

Fiel d

cgntrol field is
These franes are
of their

The informa tion frame
encoded as shown in tig. 6.
sequentially nunbered to maintain control
passage over the link | evel connection.

Cont rol Field Bits

P 7T651 4132110
TN(R) JB/R N(S) 101
Fig. 6. | Frame Oontrol Field
Supervisorv Frame Control Field

The supervisory franme control fields are
encoded as shown in Fig;- 7. In AX.25 & frames
are used only as responses to other franes.

| Control Field Bits | 765 | 4 {3210
| Keceive Ready RR | u(k) |E/E{ 00|01 |
jReceive Wot Ready aill | NOR 'P/r' V10 1
| Reject REJ | N(K ]P/F; 10 | 01 |
Fig. 7. 8 frame control Fields
Recei ve Ready (RR) Response
Receive Ready is used to do the fol-

lowing:

1. To indicate that the sender of the RRis
now able to recieve nmore | franes.

2. To acknow edge proper]ly received 1
franmes up to, and including €(k)-1.

3. To clear a previously set busy condition
cretat ed by ‘an Rir command having been
sent.

It should be noted that
the other side of the link can be
setting the poll bit.

Recei ve Not Ready (RNR) Response

the status of
requested by

Receive not ready is used to indicate to

the sender of | frames that receiver is tenporari-
busy and cannot accept any nore franes.
Frames Up to t(k)-1 are aCEnowledged. Any | franes
nunbered n‘iR) and higher that mignt have been
caught in between and 'not acknow edged when the

Rik command was sent are WOT acknow edged.

) The RWR concition can be cleared by the
sending of a UA, RR., kel On SABM framme. The P/F
bit can be used witnin the Rix frame to interro-
gate the status of the other side of the Iink.

Rej ect (RkJ) Response

_ The re
retransmssion 0O

‘ect _frame is used to reguest
'11 | f'rames starting with ﬁ%ﬁ/
Any frames that were sent with a sequence = nunber
of" N(k)-1 or less are acknow edged. = Additional |
frame my be appendeci to the et ransmission of
t he N?R) frane If there are any.

. Only one reiect frame condition is al-
lowed in each direction at a tine. The re ject
condition is cleared by the proper reception 0f I
frames up to the | frame tﬁat caused the reject
condition to be initiated.

As with the other supervisory responses,
the P/F bit may be used in the ksJ frame.

2.7

vunumbered Type Frames

) Unnumbered frane control fields are
ei ther conmands or responses. ‘This s tsnda rd fol~
%ows X,25 as much as possible. The %nly devi ation

the " Unnumbered

Information frame fromapcce. 25 1S .de-
signed to wor ful'l-duplex systems with

X
ith i sty_
only one main device réDCm) and potenfially many

users (Dlss).

Amateur Radio packet systems differ greatly
on both of these respects. Not only is t eur
Radi o packet networking done in a half-duplex rf
environment , but manyJCs/UTs links many be shar-
ing the same channel. ~ Many amateurs have rejected
the use of X.25 as a result of these problens.
X.29 can easily be enhanced so that it will per-
form properly over amateur radio.

Fig.. 8 sh the |ayout of U frames i -
ment edgwithin t?\\{\% stan ar)(/j. mpl e

rom X. 25 i 1UII n the addition of

{ Control Field |fype| Control Field Bits _ |
' i | 7 [olN} 4 3 2 10 '
'Set Asynchronous '

Balanced Mode=SABM

Unnumbe red jRes| O 1T 1 | F {00 | 11
Acknowledge-UA i | [ l |
| Frame Re,ject-FMhL({Hes; 100, F 01,11 :
I Unnumbered _ |Eit] 00O (B/Fj OO | 11 |
y  Information-Ul jher; i 1 ] |

U Frame Control Fields

Set Asynchronous Bal anced Mbde (54p3i1) Command

. _The sABM command is used to place 2
stations in the asynchronous btalanced mode.  ThiS
is a balanced mbde of operation known as pAP? B
where 0Css and DT<s are treated as equals.

Information fields aren't allowec in
3ABI conmands. An}l outstanding L framr:s left when
the Sasi command is issued wi%l remain unacknow-
lecged.

Disconnect (DI SC) Conmmand

) _The DISC command is used to terminate
|ink session between two stations. do Infornmation
field 1s permtted in a DISC command f rame.  Any
outstanding L frames will remain outstanding.

Di sconnect ed Mode (UM) Response

The di sconnected mode response is sent
whenever the pDTs or DCs receives a f{rame other
than @ 3ABH while in a disconnected node. It is
sent to request a set mode command, or to indicate
I't cannot accepta connection at the moment. Ihe
Vi response cannot have an information field.

A DCi Or DT4 in the disconnected mode
wi.l respondt0 anycommand other than. a SABM witn
a Dil response With the p/¢ bit set to 1.

Unnumbered Acknow edge ( UA) Response.

a

The UA response trame IS sent to acknow-

ledge the reception ard accesptance’ota J f "rame
Command. A received command is not actually pro-
cessed until the UA response frame d Ssset..” An

information field is not permitted in a ua'frane.
Frame He ject (Frik) kesponse

The Frir response frame | S sent to re-
port that for some reason the recejver of a con-
mand or information Trame cafiot successtully
process that frame and tnat the error concition is
not correctatle by sending the offending I rame
again.  Typi cally this conait ionw bll apPear whner
a_ frame witnout an FUs error has DEENn receive
wi th one of the following conditions:

1. The reception of

an invalid or not



implemented command or response frame.

2. The reception of an 1 frame whose
|nforrrat|or11> ?lelg exceeds the agreed

upon |ength.

3. The reception of an 1mgr0ﬁ<€r N(R). This
usually ﬁappens when the N(R) frame has
alread een sent and acknow deged, or

en N(F) 1S out of sequence with what

was expected.
4. The with an

reception of a f
er eis no

informption field whe
al | owed orthercpl of an U or
frame whose length is'incorrect.

When a CMDR or FRMR frame is sent, an
information field is added Lo the frame t dhat helps
fo explain where the em occurre This
information field is t ree octets long and its
contents is shown if Fig. 9 below.

rane
e on
on

Id Bits ,'
987654321 O'

| V(8)(0) Rej ect ed Frame,‘
Lo 11 Control Fietd

ERMR Frame Infornatlon Field

o;lzilrglxiwl" V(R) |

Fig. 9.
\\her e:

1 The reJ ected frame control field carries
the control field of the frane that
caused the reject condition, It is in
bits 1-3 of the information field.

2. M9
4bi t

3. V(R is the current receive
variable O the  devijce
rejection (bit 14 is the |low bit

4. If Wis set to 1, the control field
received was invalid or not i npl enent ed.

5. [f Xis set to 1,
the reject condition was

is the current send state variable
the device reparting the rejection
10is the low hit).

state
3port|n

the frame that caused
consi dered

invalid because it was a U or S frane
that had an information field that is
not. .allowed Bit Wnust be set to 1in

addition to the X bit.

6. If Yis set to 1, the information field
of a received frane exceeded the_ maxi num
capgctlty of the device reporting the
condition.

T If 2is set to 1, the
received and retu e?
contained an invalid N 5“

3. Bits g, and 20 to 23 are set to O. Bit
121s set to 0 if the rejected frame was
a conmand, or 1if if it was a response.

Unnunbered Information (U) Frane

The unnunbered infor

control field
bits 1 to 8

)
mation frane is used
e lin

Thi

t
to pass information along the |[ink outsjide the
normal information controls. is allows informa-
tlon fields to go back and forth on the link
%@assmg flow control. Since these frames are
acknow edgeabl e, _ if one gets wiped out, there

IS no way to recover it.

The UL franme is not defined in X 25, |t
has been taken from to allow uncontrolled
information to flow thru the |ink wthout

fering wth a next higher layer.
Link Error Recovery

There are several |jnk-level errors that are
recoverable wi thout tearing down the connection.
These error situations may occur as a result of
mal functions wthin thée DTs or DCE, or if

transm ssion errors occur.
FCS Error

If an invalid frame is received or a
is received wth an FC3 error, that frame
be discarded with no action taken.

Invalid Frame or

frame
will

2.8

Device Busy Condition

When a DTE or DCE becomes temporarlly
bu such as when receive b ffers are ffulJJl.
w1 send a receive not ready R) f "ﬁ s
tells the other side of thellnkthat edeV|ce
cannot handle any more I frames }h (P
cl eared by the sendi ng
command frame.

This condition is usuall
of a UA, RR Rgd, or SAB

Send Sequence Nunber Error

If the se r}d seduence ngn‘oe y gs) of
an otherwise error-free receive frame 6oes not
match the receive state variable, V(R), a send
sequence error has occured, and the i Rformation
fi eI d will be d| scar ded.  'The receiver wi|l not
acknow ed this ame, Or any other I franes
until N(b mat ches V 3.

The control field of the erronequs |
frame(s) will be aces ted so that | i'nk supervi sory
functions can stil performed, such as checking
the PIF bit. Because of this updatina,_. the re-
t(ansnu.tted | frame may have an updated P bit and

Reject (REJ) Error Recovery

Jest a retransm ssion
of I frames follow ng the detection of a sequence
error. one outstanding reject condition is
allowed at a t|rre This condition is cleared when
the requested | frame has been received.

A devi ce receiving the REJ conmand will
clear the error sending over the | frame indi-
cated in HR of o t he HE§ command frane.

Time-out Error Recovery

ReJ is used to re

. Wen a transmission abnornality wPes
outa single I frame, or the last | frane o

roup,. there is no way of telling this immediate-
Y s| ce the receiver does not nhecessari|y know
Sorre hing was sent until another frame 1S sent
resultin g in an out - of - sequence error. To cope
w th thi stuatlon better,” some form of time-out
del a Il be 1ncor¥0rat ed by the sender after it
send t a frame time-out tiner is started
at thetlneafranE|s sent and stopped by the
reception of an_  acknow edgene for the sen

] before an acknow-
| edgenent |s eceived, any unacknowledged frames
are” retransm ed the delay is an agreed-upon
amount  t hat WI [l vary W th the ‘type of 1T medium
and signaling speed used.

dej ection Error

A rejection error condition occurs when
an error-free received frane has one of the fol-
| owi ng probl ens:

1. An invalid command or response control
field

2. An invalid frame fornmat.
3. An Invalid N(R).

4. An information field that
maxi mum t he device can accept.

frame. thetlner times out

exceeds the

Once a rejection error occurs, no nore |
franmes are acccepted (wWith the exception of
the P/F bit_ still usable) until the error is
resol ved. The error condition is reported to the
Icher side of tne link by sending a FRMK response

rame.

Primary/ Secondary versus Bal anced QOperation

There are two basic classes of |ink-Ievel

donnections. The first known as Link Access
Procedure (or LAP) is often called an unbal anced
service where the DCis is considered the primary
(or master) devices and the DTus are consi dered
secondary go slave) devices. . Thesecond cl ass of
serV| ce knovm as LAPB, . Link Access Procedure
Bal a this service both devices are
treate " as equals as far as connection requests
and ot her types of copmmands. There is still only
one DCE and potentially rrany DTis, but both ends

can command the link equally.
Pri mary/ Secondary (LAP) Operation
1AP is the older style of link control,




where nost of the intelligence was assuned to be
in a large mainfrane (the DCz) gnd the egld users
were just using smart terminals (the DTEs). Since
network software can have a lot of overhead 1t
made sense at the time to gu_t most of the overhead
in the big conputer, and just enough smarts to
make the |ink work in the termnals.

Bal anced (LAPB) Qperation

LAPB is a slightly nodified version of
LAP. It has been changed to allow the two sides
of alink to operate in a nore bal anced nmanner.
In the official version of X. 25 there is still
only one DCt to potentially many DTss, but the two
can-operate nore-as equal’s than ‘master and sl ave.

LAPB is what this docunent describes for
use over Amateur Radio packet networks, Even when
there is a petwork controller overseeing the net-
work operation, the balanced [ink procedure wll
enhance * operation.

Connection Qperation

In amateur radio network operations, it would
be verz hel pful if one level 2 protocol woul d work
with the varioys rf systens in use. . An exanple of

this is the difference in operation between a

sinple two-station link, and multiple  stations
operating thru a network controller. Vi ousl \g
when. a network controller exists, it should

he other station:

considered the DCs, while t
A sinple two-

connecting to it would be the DTss.

station ‘connection is another matter. o this
type of connection the station request1n§ a
connection should always be considered the DTk,

while the device that 1s receiving the connection
request should operate as the DCE. This sinple
anbi guity that m ght

rule should elimnpate any qu
ot herwi se occur under these conditions.
NOTl  There are a couple mnor changes from

the official X, 25 standard in the protocol recom
mended here.  These changes are done only as abso-
|utely necessary to work over theshared rf media.
Since X. 25 was witten to work so that one DCE
talked with many DTks over a closed network, it
cannot properly _cgﬁ)e with a channel where there
may be nany DCEs |i nked to nany DTss. Sonme ana-
teurs have thrown X 25 out beCause of this prob-
lem It seens to take gust a cougle m nor ﬁhar;(ges
inthe initial link set-up procedure to mke X 25
work properly over 'amateur radio. \Were these
changes are mde, both the original X 25 procedure
ang d‘che recommended amateur procedure will be
noteade.

LAPB Procedures

The following describes the procedures used
to set-up, use, —and disconnect a balanced |ink
between a DTs and DCE.  These procedures have been
taken from X 25 and conformvery closely to that
standard, except where it was nécessary ‘to change

due to the radi o environent.
Address Field Operation

Al
fields conformng to above-mentioned rules.
rames shoul d have "both the destination device
the source device addresses In the address
d, wth the destination address coning first.
will al low many links to share-the same rf
nel. The destl_nat%O address .is al ways the
dress' of the station(s) to receive the Trane,
ile the source address contains_the address. of
dveice that sent the frane. The destination
address = can be a group name or club call however,
if point to multi-point operation 1s allowed.
’%‘his will be discussed further under |ink opera-
ions.

LAPB Connection Establishnent

When a device (either a DCE or DTE
s to connect .to another device, 1t wll serd
BM command frame to that device and start a
me-out timer (T1). |f the other device is there
able to connect, it wll answer with a UA
regponse frame and at the same time rreset bo?. gf
it's finternal state variables s) and V(R)).
The reception  of the UA response frane . at t
other end W | cause the device requestin
connection to abort the T! tiner and se
internal state varia bles to O also.

If the other

transnitted frames shall have ad-

o
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devi ce doesn't respond
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before T1 times out, the devi ?e requesting the
connection will re-send the 3ABM frame, and Sstart
T running aﬁain- This trying to establish- a
conpnection” w I1 continue unti t he reguesting
device has tried unsuccessfully a nunber of‘ times.
That numnber ](N1) is variable,~ depending on the
frequency of operation, type of transmsSion (eg.

terrestial vs, satelljte), “and the signaling speed
in use. NIwIll be discussed in another section.

I nformation Transfer

. Once a connection has been established
as outlined above, both devices are able to accept
and U franes.

Sendi ng of |

) Wienever a
transmt, It wll send
the contro gl el d equal
variable V($) Once the I frame is sent,

state variable is increnented by one.

) . The station should not transmt apg
I franes if it'S send state variable equa t
last received N(R) fromthe other side of the Ii
blus seven. it were to send nore I frames, t
"1ow control w ndow woul d be exceeded and erro
could result.

Franes

the | frame with §(S) of
to jt's current send state
the send

station has an | frgm to

nor e
he
nk
he
rs

. If a device is in a busy condition, it
my still send | frames as long as the other
device is not also busy.

If a device is in the frane-rejection

mode, it will stop sending I frames.

Receiving | Franmes

. If a device receives a valid I frame
(one with a correct FCs and whose send sequence
nunber egual_s the receiver's receive state varia-
ble) amd Is not in the busy condition, it wll
accept the received I increment it's re-
ceive state variable, in one of the fol-
| owing manner:

1. If it has an | fra
frame may be sent

N(R) equa% \Zo
variable V(R) (thus
received frame. Alternately
¥z send an RR frame wth
\l?? ), and then send the I

frame,
and act

mto

wth the t ransm tted

it's recei ve

acknowledging |
the device

i(r) equal fo

frame.

2. If there are no, outstanding I frames
the receiving device w] send an RR
frame with N(K) equal to V(R.

) If the device is in a busy condition it
may ignore any received | frames w thout reportjng
this Condition other than repeating the indication
of the busy condition.

. If abusy condition exists, the station
receiving the busy condition indication should
S)oll the 'sender of "the busy indication periodical-
-y until the busy condition disappears.

The reception of | frames that contain
h information fields shall be reported

zero len )
e level but no infornmation field wll be

gt
to t next
transferred.

When an | franme is received with a cor-
rect FCS but it's send sequence nunber does not
match the current receiver s receive state varia-
ble, the frame should be discarded and a HEJ frane
shoul d be sent with a receive sequence nunber
equal to one higher (modulo 8) than the |ast
correctly received 1 frane . out - of - sequence
received | frames should be handled in this man-
ner. The received state variable and poll bit in
such _a discarded frane should be checked before
throwing it away, = and take any action needed de-
pendi ng ‘on the condition of them

Recei vi ng Acknowl edgenent

. Whenever an | or Sframe is correctl
received,. even in a busy condition, the N _R§ 0
the received frame shoul d be checked to see if it

includes an acknowldegment of outstanding sent I
f'ranes. The T1 timer should be reset if the
received frame actually acknow edges previously
unacknow edged franes. the T1 timer is reset,
and there are still sone franes that have been
sent that are not acknow edged, T1 should be



started again. |f the T1tiper trns out before an
acknow edgement  is received, the device shoul'd
proceed t0 the retransm ssion procedure.

Recei vi ng kegject

a R&J frame, the trans-
mtting its send state varrable
to the sane value are the Rud franes reccfrve

seciuen e nunber in the control f1 e} evice
W en retransnit any | frame(s outstandr ng at
thleI next available opportunity conformng to the
ol | owi ng:

Upon receivin
station will se

1. If the device js not

transmttrn§ at the
time, and the channe e

i s open, vice nA
conmence to retransmit thel frame(s

i mredi ately.

2. If tne device is operating on a full
channel transmittiong a Uor 35 frame waen it
receives a kud frame it my finishsendin
the Uor s frane and then retransmt the
frane(s)

3. If the device is operating in a full duplex
channel transmtttrngeanother I t ame when it
receives a RkJ may abort the I
frane it was Sendln start retransm ssion
of the requested I i mredi ately.

4. The device nmay send just the one I frane
outstandrnf or it ma?/ send nmore than one if
any nore frames fg owed the frrst one not
acknowledged, provided the total to be sexg
does )not exceed the flow control wndow (7

duplex

%ranes

fra

the device recives a RuJ frame with
the pol | brt set, It should respond wrth ertlge n
Rk or Rirfra Wrththetrnal bi t o
retransmttrng the outstanding | trane(s)

Recei ving an RNR Frame

, Wienever a device recer ves ar} RNK frane,
it my transmt or retransmt he rane ose

send Sequence nunb f that %f tne_ received
sequence  nunber rndr c te e RNR control
field. | f trnrer T1 runs out after the RUR was
received the waiting acknow edg enerh procedktjrre

|1sted bel ow shoul d be perforned.

may be used in conjunctign with S franes to test
for a change in the condition of the busied. out
station. frames other than the one mentioned

above may be sent out before the busy condition is
cleared.

Sending a Busy Indication

. Wenever a device enters a busy condi-
tion, it will ‘indicate this by send1n§ an RuR
response, at th next opportunity. e the de-
vice Is in the busy coradrtron it may receive and
process. S fr‘amea f a'received S frane has

the P bit set to one the device shouI d send a trNR
frame with the F set to Rne at th eg oss
bl e opportunity o clear the busy condi tioh,
device should send either a RR or REJ frane

the received sequence nunber equal to the ﬁurre
receive state variable, depend1n§ on whet

Iatst received | frane was proper ly received or
not .

Wi ting Acknow edgenent

The device should maintain an internal
retransm ssion count varrable rch is set EO Zero
whenever anot her frane 1s ac no edged erther
thru the receptlon of a UA or fﬁ nﬁ {
received I or §rame has an d R) 'ghér "t han the
last received N(K), showing the acknomﬁedgenent of

additional [ frames).
Any time the timer T4 runs out, the
device will te-enter the tiner. recove condrtron

the retransm ssion count variable

Wi i ncre
ment_ ed by one, and another rnternal varra le (X

will be set to the current send state variable
value.
The device will then restart the Ti
timer, set its receive statecz| variable.to the Iast
retransmt the €O

recei've sequence nunber ,
responding | or 5 frame' with the P hit set to one

The tiner recovery condition is_ cl earﬁd
when the device receives a valid S frame with
F bit set to one.

iN

If the device recerves an 3 frame with
the F bit set to one and L\HR) jthin the ran%e
from the current send state a lable to X nmen-
tioned above inclusive while jn th tinmer recovery
condition, i's condition W || be cI eared, ,and the
send dstate variable will be set to the fi(k) re-
cel ved.

If the device. receives an s frame with
the F bit set to zero but otherw se the sanme
condrtron as the last paragrap he tinmer re-
covery condition wll JOT be cleared. The re-
ceived #(R) may be used however to update the send
state variableé. The device may keep the Ia I
frame transmtte (even if it was acknow edg
be retransmtted with the P bit set
tinmer T1 expires at a later trne

Once the retransm ssjion count variable
reaches n2, the device should proceed to the re-
setting pr ocedures outlined below.

Li nk Di sconnecti on

. Wen in the information-transfer phase,
ei ther device nay initiate a |ink di sconnection b
sending a DISC frame. It should then start its T
timer, and wa;,t for a response, If tne %roper
response doesn 't cone before It time
shoul d send tne DIsC frane gearop and r st rt ™.
If this happens w2 times, t evice shoul'd enter
the di sconnected state.

) Wen a DISC frame is received, the re-
ceiver should return a UA response frame,, and

enter the disconnected state.
Di sconnected State
After  havipg. sent a DI SC frame and

JA, or receiving a DISC and having sent
the evice will enter the disconnected

eceived a

he disconnected state, the device
ink set- up as outIrned rn connec-
abov ? espond to
a SEBh and esthnlish a nnec-
i gnore the SABM and send a

Any station receiving a DI SC comand
hef rdrr;sﬁconnect ed state should send back a

Any device receiving a conmand frane
other than a SABM or UL frame With the P hit set
to one should respond with a DI frane wrth the F
bit set to one. he of fending frame should al so

be ignored.

Wien the device enters the disconnected
state after an error condition or if it has re-
cover ed from an internal error condi hl on by ¢ g
g in the disconnected state, It should rndr cat
this by sending a DM regp onse rather than a Dl
frane. It should start the T1 timer when the DM
is sent, and if T1times out befcre getting a SABM
or DISt frane back, 1t should sen3 ano‘%her DM
framg .and restart 1, After retransmtting the
DM frame N2 tInes the device wll remain in the
drksconnect ed state, and no other action wll be
aken.

Resetting Procedure

C
t

The resetting procedure is used to ini-
tialize both directions of flow _after a non-
recoverable error as occured. This
rocedure is only used when in the
ransfer phase of an AX 25 |ink.

A device shall request a reset se
ing an 3AEM frane. Upon receiving an uf\il\/ fr
from a station previously connected to, he re-
ceiver of an SABM framé shoul d send a UA frame

the earliest opportunity. = Both devices
d then set therr send and receive state vari-
ables to zero {) busy condition that previously
existed will also be cleéared.

§OSSI ble to initiate a disconnect
resetting the 1Iink.

resetting
i nformation

end
a

procedure 1nstea

) One device may ask the other to reset
the Irnk b sending a DM response frane. After
the DM f i.s sent, the sending device will then

enter t he disconnectedst at e.



One device may ask the other to initiate
a link reset by trahsmtting a FRMR response
frame.

) . After sending the FRMR frane,, The send-
ing device wll enter the frame re ‘ect state.
This condition is cleared when the aevice that
sent the frame receives an SABM or DI SC
conmand, or a DMresponse frane. ~ Any other com
mand received while the device is in the frane
reject state will cause another FRMR to be. sent
ou 4 with the same information field as originally
sent.

The device that sent the FRMR fram
should start the T1timer when the FRME is sent
| f above nentioned franes, are not. recei vehd tiefoge
the timer runs out the FRIK frame shoul d be
retransmited, and the T1 tiner restarted as des-

cribed in the waiting acknow edgenent section
above. If the FRMR I's sent N2 ~times wthout
surress, the link shoul d be reset.

Zejection Conditions

A device should initiate the |ink-reset
procedure when a frame is received with the cor-
rect FCs and address field during the information
transfer phase witaone or nmore o the foll ow ng
conditions:

1. The frame is not known as a conmand or
response to the device.

2. The information field is invalid (as an
exanple is longer than 256 octets).

A device will initiate a reset procedure
whenever it receives a DM or FRMR response frame
during the information transfer phase.

A device may initiate a reset procedure
whenever it recéives a UA response frame or
receives an unsolicited response frame with
bit set to one.

al so
ifoit
the F
Col l'i sion Recovery

Collisions in a Half-Duplex Environent

Col |'i si ons pe in a
hal f-dupl ex enviroment are essential . aken care
of by the retry nature of the T1tiner and re-
transmssion count variable. No ot her special

action needs to be taken.
Collisions in a Full-Duplex Environent

of franes of. an{ t
y

Collisions in a full -duEI ex environent
are not reall&/ frame collisions, but have npre to
do with the devices being pulled in tw different

directions at the same tine.
Col l'isions of Unnumbered Commands

If the sent and  received U conmand
franes are the same, both devices should send a UA
response at the earliest opportunity, and both
devices should enter the indicates state.

) If the sent and received U conmands are
different, both devices should enter the discon-
nected state, and transmt a DM frane at the
earliest opportunity.

Collision of a DMwith a SABM or DI SC

Wien_ an unsolicited DM response frame is
collision between it and a SABM or DISC
By . In order to prevent this DM from bein
m S|tntertor.ett eda. _zta%‘ltunsollzlg_l%ed lt)Mtfranes shoul |
ransm Wi e 1t set ta zero.
gXBM and 5I§5franes shoul d"be sent w!t% t%e P é‘{t
set to one, SO there isn't any confusion when a D4
frame is received.

sent, a
may . occur.

Connectionl ess Qperation
In Amateur Radio circles,

there is a type of
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operation that

isn't really feasable using |evel 2
connect i ons.

This operation is the roundtable,
where . several amateurs may be engaged in gQne con-
versation, The only way ‘to acconplish this in a
connected mode would bé to have everyone cross-
connected with each other. This would require a
Seperjat% fram to be sent to each nenmber of  the
roundtabl e every time sameone says something.
Obviously, this" node is not practical, e way
most. anmﬁeur_packet radi o ent £u3| asts. have ended
up |n%|ement|ng the roundtabl e operation is out-
si de he AX 257 connection, but still using the
AX. 25 frame structure. = AX 25 does allow a speci al
frame for this operation, called the Unnunbered
I nformtion %UI frame. It is recomrended that

en this type of operation is in use the desti-
nation address have a code word installed init to
revent the users of that particular roundtable

rom seeing all franes g[m,ng thru the shared RF
medi um An exanple ofthis is if a group of
amateurs are in a roundtable discussion about
packet radio, they could put PACKwT in the desti-
nation address, sothey would only receive franes
from others In the same di scussi‘on. An added

advantage of the use of AX.25 in this manner is
that the source of each frame IS in the source
address, sub-field, so software could be witten to
automatically display who is making what conments.

Admittedl y this is a kludge to the level 2
AX: 25 rotoco THis type of "operation reall
bel ongs "at. the next layer {laver 3. packet |evel
of . operation, but until layer 3 1S “implemented,
this appears to be an acceptable substitute.

Keep in mnd that this node is connection-
less, so all transmtted frames should be of good
quality, as there wll Dbe no requests for retrans-
mssions  of bad franes. Collisions wll also

occur, Wwth the potential of losing the franes
that collided.
List of System Defined Paraneters
Tiners

) It is recommended that there are tw
timers used to maintain the integrity or the AX 25
| ayer 2 connecti on.

The first timer, T1, 1is used to make

a devjce doesn't_wait forever for a response
to a franme it sends. This tiner cannot be expres-
sed in absolute tine, since the time require to
send franmes varies greatly with the baud rate used
at level 1. T1 shoald be at |east twce the tinme
it would take to send a maxi numlength frane to
the other end of the |ink, and get ™ the proper
response_ frame bacg fromthe other end of fhe
in<.,. This would allow tine for the other end of
the link to do some processing before responding.

T2, is used whenever T1
_running to neke sure that a supervisory
is sent periodicallv to maintain link inte-
y. I't alsow !l vary dramatically depending
! C}ayer 1 constraints, and is subject for further
study.

tThe second tiner,
ane
t

Maxi num Nunber of Retrys (i2)

) The maxi mum nunber of
junction with the Titiner.
Ing on the layer 11in use,
sixteen.

Maxi mum Nurmber of Qctets in an | Field (N1)

retrys is used in con-
It will vary depend-
but will genérally be

. The maximum nunber of octets allowed in
the I field will be 2vo. There should also be an
even nultiple number of octets.

Frames Qutstanding (k

Maxi mum Nunber of |

The maxi mum nunber of outstanding I
frames at a time is seven. . A smaller nunber uay
be used at any time, provided it is agreed upon
ahead of tine.



First
Bit Sent
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Fig. 1A. U and S rrame Construction

First
Bit Sent

-~ - - - - - - - — - —

Fig. 1B Information Frane Construction
First
Cctet Sent

Fig, 2A Non- Repeater Address Field Encodi ng

First
Cctet Sent
Address Field of Frane |
Destination Address| Source Address | Repeater  Address

Fig. 2B. Repeater Address Field Encoding
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Appendix B.

Appendix A.

Non-Repeater Frame Example

- - - - - - - - - - -

ASCl | |Bin.Data|Hex Data|
011111101 75
K |1’0010‘IIO‘~ 90
8 01110000, 70
U} 100110194 YA
M 10011010, 9A
0 110011119 9B
space ,O1000OOO| 40
S5ID OllCOOOO| 60
W m10111u, AR
B 100C0100; 34
4 011G1900, 63
J 10010100, 94
F 10061100,  8C
I 10010010 92
SSID | 01I0000T "1 61
SABM 00111111 |  3F
none 11110000. 130)
part 1 XXXXXXXX | HH
part 2, XXXXXXXX, HH
1011111101 7B

|
|
|

The frame shown is an SABM frane

thru a level 2 repeater,

K8MMO (SSID=0), with no level 3 proto

Repeater Type Operation
Cctet | ASCI | |Bin.Data|Hex Data/

K
8
Jut
M
0
space
S51D

&)
0
Tk~¢>u:z€;—“ﬂc¢>tus

nN—

11 |

CoOCO
~J
C

,c__.
—— o \
SS2ess
(=}

Ne

SESCEE
>
m

o
(09

3
=

The above frame is the same as in Appendix A,
but wi%h the addition of a repeater address
SSID=1). The H bit is

field
indicating
repeater.

WB4JFI,

this

is

from the output of

sub-
set,
the
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not going

fromwsa JrL QSSID=0 to
t ocol .

Appendix C.

Advantages of the WB4JFI Addressing Scheme

of the advantages to using this

Sone
addressing system are:

1.

Every packet station will have a unique
fixed address that doesn't change every
time anew network is |ogged into.

Rel oczE ing to a new area won't cause
mej or (or finor) problens.

Allows for nore than 62 or 3lusers at a
time.

No local packet guru is needed to assign
addresses  wth™ attendant concerns of
backup and transfer during failure.

Direct or network operation requires no
change of address.

All the pro' bl ens with =~ dynamc
al l ocation/de-allocation are elimnated.

Reduces | ocal co-network interference due
to users in overlapping |ocal network rf
domains with the sane address fields.

Wth every frame havin both  the
destination and source addresses in them
it will bea lot easier to set-up and run
multiple _connections on the sane data
channel  without having problenms arise as
to who is sending what™ franes to whom

In round-table operation, every frane
sent will have the  source addr ess
imbedded 1in it  allowng automatic
printing of the source of -the frane.
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Appendix D. Layer 2 AX.25 State Table

I~ “State ]I witn|I with-|RR witn|RR with-|REJ with|REJ with-|RUR with|RNR with-| SABM [ DISCl | UA | DM | FiiR |
| L PolT tout Py Binal fout B Fimal iout F___iFnal jout F__ieitherieither; eitherjeither jeither
{St Disconnected | DM | | DM | S VI | DM | fua,s5 | oM | | SABH, 52 | ﬂ
1527 Link Setup | . : | : | I i UA TSt S5 1 st -,
|53 Frame Reject | Fwix | 1w [ FRMRD L FKWR A5 TUAST T [SABE,S2 1 sh,s2)
s Disconnest Ryst | i i ] o I . o DML uh doSdstn 1
js5 Information Xfr | RR | I | I | | I | I ) s9 | S9! UA |UA,S1 |SABN,S2|SABM,S2 | SABM,S2'
56 kg Frame Sent [ 8ol 1,55 11 Lol b LTl S L 81e VA JUA ST T SAB,52 st 52 | AL,
{S7 Waiting Ackmow. | RR { | | I,85 | I | I,s5 | | { 59 | lua,s5 1UA,51 | saBi,s2!| saBi,s2 | Sabi,s2]
58 Device Busy PRNR L ORNR L1 I 1 sto | 810 | UA [UA,51 |SABM,S2|SABM,S2 | SABI,S2,
sy Renote Device | RR‘{ RR i 1,85 | I,85 | I,85 | I,85 | i [UA,S5 |UA,S1 | SABH,S2| SAB,S2 | SABM,52
Busy | i i i | ! ! I ' |
s10 Both Devices | RNR | ENE | I,s8 | I,88 | I,58 | 1,38 i f | UA, 58 i UA,ST | SABH,S2| SABM,52 | SABH,S2 |
S i I i i I | i I I | \
s11dV\a|i3éi,ng Aéknow.i RUR | RIk | I,88 | 1 | I,88 I, slo | S13  |U4,s3 iUA,s1 | SABM,S2 | SABM,52 | SABH,S2|
and_evice Busy b ] - IS S SV VOO SO VO AU |
'sudvgétitng Bﬁcknow.‘ ke | RR | 1,85 | I,57 ‘] ,s5 | L1 i |UA,S5 |UA,S1 | SABM,S2 | SABI,52 |SABH,52|
an note Busy I I \ 1 \ l 1 \ I I ! |
| 315, aiLting A%know.i KUR | RNR i 1,88 | I,511 ? I,88 | I,st1 i |UA,58 |UA,S1 | SABil,52 | SABM,52 | SABH,52)
| VI Ces Busy | [ | | I | I I I I |
| T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e T T T T T T T E T T
| 514 RiJ sent and | RWR | RNR oy I | Sl | S16 | UA,5O | UA,51| SABM,S2| GABH,S2 | SASH,52]
and Device Busy , i 1_ . _--_--\._---__--l__--_-__-_‘___----L____-..__-l__--- R ‘ ’
515 kiJ Sent and  |RR,S9 | RR,89 | I,s6 | I,86 | 1,36 | 1,56 [UA,55 |UA,ST SABM, 52
| | | | |

I
kemote Kusy .‘
|
I




