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MINICELL SEQUENCE'NUMBER COUNT

BACKGROUND

The present invention relates to the detection of

lost data cells when using‘the Asyndhronous Transfer Mode

5  protocol (ATM) and the ATM Adaptation Layer for generating
minicells (AALm). More particularly, the present
invention relates to a bandwidth-efficient method and
apparatus for detecting the loss of one or more minicells

or ATM cells during transmission between two end stations.

10 Asynclironous Transfer Mode (ATM) is a standard
protocol that is useful for transmitting telecommunication
data within a telecommunication system (e.g., a cellular
telecommunication system). Data is transmitted from a
transmission station to a receiving station in fixed-size

15 data packets called ATM cells. Each ATM cell contains a
48 octet payload and a 5 octet header. ATM is well knowp

in the art and is commonly  used -for high bit rate

applications (e.g., multimedia communication). However,
ATM can be used for low bit rate applications as well
20 (e.g., cellular voice communication).

When using ATM for low bit rate communication, such
as cellular voice communication, it is often advantageous
to multiplex small packets of compressed data into the ATM
‘cell stream as illustrated'by process 100 in FIG. 1.

25 These small packets are_often,?eﬁerred to as "minicells".

'~ Minicells, though gypically'éﬁﬁfter than ATM cells, are
simila;”;qm§§gwsgnse';hat-they~a1§o contain a header,
usually 2 octets in length, and a payigéd with a fixed or
variable length. In addition, minicelis can stretch over

30 ATM cell borders as illustrated by minicell 101 in FIG. 1.
In general, multiplexing minicells into the ATM stream
improves bandwidth utilization and 'lowérs transmission
costs. '

"FIG. 2 illustrates the format of a typical minicell
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referred to as the ATM Adaptlon Layer or AALm, where "m"

- stands for “mlnlcel;." This additional process or "layer"
.10 . can be further subdivided into three sublayers as’
illustrated in FIG. 3. The convergence sublayer 301
allows the AALm to interface with the telecommunication
application. The assembly and disassembly sublayer 302
inserts user data (e.g., voice communication data) into
15 minicells at the transmission station and extracts user
data from the minicells .at the receiving station. The
multiplexing and demultiplexing sublayer 303 inserts
minicells into the payload of ATM  cells at the
transmission station and extracts minicells from the ATM

20 cell payloads at the receiving station.
A telecommunication system that employs ATM and AALRm
must address several concerns. One such concern is the
| ability to maintain minicell alignment, so that when ATM
cells containing one or -mere minicells arrive at the
25 receiving statioﬁ the receiver knows where each minicell
starts and ends (i.e., where the first octet and last
octet are located in the ATM cell stream) 1f there is no
minicell alignment, the rece1v1ng statlon will be unable
to accurately demultlplex the minicells from the ATM cell
30 payloads, and unable to extract the user data from the

| minicells. |

FIG. 4 illustrates how prior methods typically handle
‘minicell alignment. For example, most prior methods
. employ a minicell start pointer (MSP) 401 at the beginning
35 of certain ATM cells. The MSP 401 iQentifiee the starting



costs. UFIGT 2 il lustrates the format of a typical mnicell
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200. fﬁl octet ‘header includes a circuit identifier
(CI D) fiel WOXHS8 1inicell payload |ength indicator 202, PCT/SEJH0097}
error detection field 203 (e.g., a cyclic redundancy code (CRC)
or bit interleaved parity code. 5 This mnicell format is well known in

the art. In a |layered conmuni cation system the nechani smfor
generating these additional cells, or mnicells, is referred to as the
ATM Adaption Layer- or AALm where "nf 3

- location- (octet) 402 of the first complete minicell 403
within the ATM cell payload. The MSP 401 is typically six
bits in length, so that it can identify any of the 48
octets which maké up the standard ATM payload. A two bit

5 ‘extension is also typically provided for checking parity.

" as mentioned previously, each minicell header contains a
length indicator field 203 (seé FIG. 2), which identifies
the length of the corresponding minicell in terﬁs of the

_ number of octets that make up the minicell payload.

10 Alighment can then be maintained by identifying <the
location of the first complete minicell using the MSP 401
and, thereafter, counting the octets of each minicell
according to the length indicator value in each minicell
header. '

15 Another major concern for a telecommunication systen
that employs ATM and AALm, is the detection and reporting
of lost minicells. Minicells can become 1lost during
transmission between two end stations (e.g., in a cellular
system, a base station and a mobile switching center).

20 There are many reasons why minicells become lost; however,
one common cause is the loss of one or more ATM cells due
to a bad transmission line"(e.g., a transmission line with
a significant ‘level of interference). Another common
‘cause for lost minicells is the mlsroutlng of ATM cells

25 due to an equlpment fault (e. g., a bad switch).

- Prior methpds detect lost ATM cells by inserting a
mandatory'Sedﬁence Number (SN) field into each and every
‘ATM cell. The SN fjeld is typically three or four bits in
length and it serves as a modulo 8 or modulo 16 counter

30 respectively. The .¥Alue stored in the SN field of each
ATM cell tracks the number of ATM cells that have been
transmitted to the receiving station. Similarly, the
receiving station tracks the actual number of ATM cells
received wiﬁh 'a modulo 8 or modulo 16 counter

35 respectively. By comparing the value stored in the SN
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SUMMARY
The present invention provides a more bandwidth-
efficient method and apparatus  for detecting 1lost
15 minicells or lost ATM cells by generating an optional SN

field at ~ varying intervals as determined by the
transmission station or the transmission station operator.

The herein-below and other objects of the invention
are accomplished through a method and apparatus as defined
20 inﬂthe accompanying claims.
| It is an dbject of the present invention to detect
-when minicells ‘and/or ATM cells have been 1lost during
transmission between two telecommunication end stations.

It is -apoether object of the present invention to

25 detect lost minicells or ATM .cells in a bandwidth-
. efficient way.

It is still another object of the present 1nventlon
to provide 1nformation regardlng the number of 1ost
minicells or ATM cells to the teleqommunlcatlon system so

30 corrective actioh can‘be'taken, if'necessary.

It is yet another object'of the present invention to
accomplish the detection of lost minicells- and lost ATM
cells in a more bandwidth-~efficient way by employing an



m nicell alignnment. For exanple, nost prior nethods enpl oy a
mnicell start.pointer (MSP) 401 at the beginning 35 of certain ATM

cells. The MSP 401 |dent|f|es ‘the starting WO 97/ 4
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(octet) 402 of the first conplete mnicell 403 . wWthin the ATM cel
payl oad. The MSP 401 is typically six bits in length, so that it can
identify any of the 48 octets which rmake up the standard ATM payl oad.
A tw bit 5 extension is also typically provided for checking parity.
As mentioned previously, each minicell headé contains a _ length

|nd|cator field 203 (see FIG "2), Which identifies
. -optional seguence number (S/N).- fleld.

In- aceordance with one -aspect__of the present
invention, the foregoing and other objects are achieved by
a method and an apparatus for detecting lost data,
5 comprising the steps of: transpbrting at least one data
cell that dees not contain any data packet seguence number
to a receiving station; generating a data packet ‘sequence
number that represents a ﬁumber of data packets
transmitted via data cells to the receiving station;
10 inserting the data packet segquence number into a select
. data cell as a function of a predefined transmission
interval; transporting the select data cell that contains -
the data packet segquence number-to a receiving station;
and at the receiving station, determinihg whether data has
15 'been lost fas a function of the data packet seguence
number.
In accordance w1th another aspect of the present
invention, the foregoing and other objects are achieved by
a -method and an apparatus for detecting—--lost data,
- 20 -comprising the steps of: generating a data packet sequence
number that Tepresents a number of data packets
‘transmitted via data cells to the receiving station;
inserting the data.packet sequence number into a select
.data cell as a function of a predefined and adjustable
25 transmission interval; transportlng the data cell
" containing theaﬁata packet sequence number to a receiving
station; and determlnlng whether data has been lost as a
sfunction of the-data'packet'seéheﬁée number.
 BRIEF DESCRIPTION. oﬁﬁii: DRAWINGS
30 The objects and advantages of the invention will be
understood by readlng the followzng detalled description
1n.conjunct10n with the draw1ngs in which:
FIG. 1 1s a diagram 1llustrat1ng the insertion of
user data 1nto minicells and the multiplexing of minicells



the length of the corresponding mnicell in terns of the nunber of
octets that make up the mnicell payload. 10 Alignnment can then be

mai ntained by identifying the | ocation of the first conplete

m ni cel | WOH&25he MSP 401 and, thereafter, countindGUHREIHELs of
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header. 15 Anot her maj or concern for a .tel ecommunication system
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m nicells. M nicells can becone |ost during transm ssi on between two
end stations (e.g., in acellular syséem a base station and a nobile
swi t chi ng center) 20 "There "are many reasons why mninicells becone |ost;
however;-— — - inhe-thempaytaadcof sSATHeCPa46 iof . one or nore ATM cells due

to a bad transmi ssigfglifed & Giackdr ALYIASIRP thid"@obhbb of a tybical
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. FIGS. 5A and 5B illustrate two different
~ configurations for storing a S/N field in the payload of
10 ATM cells; . ‘

FIGS. 6A and 6B are flow charts illustrating two
methods for transmitting S/N fields in the payload of ATM
cells; | _

FIGS. 72 and 7B are flow charts illustrating two

15 methods for receiving S/N fields in the payload of ATM
cells and using them to detect lost data;

FIGS 8A and 8B are block dlagrams of an apparatus
for transmitting and reca1v1ng an S/N field transported in

--—the--payload 0f an ATM cell;
20 FIGS. 9A and 9B illustrate the use of an error
detectlon field in conjunctlon with the S/N field;

FIG. 10 illustrates the format of a S/N minicell;

FIGS. 11A and 11B are flow charts illustrating two
methods for-transmitting S/N fields in the payload of S/N

25  minicells; ' _ _' |
FIGS. 12A~and 12B are flow charts illustrating two
methods for- feceiving'S/N fields in the payload of S/N
mlnlcells and u51ng them to detect lost data,
FIGS. 13A and 138 are block dlagrams of an apparatus
uéo—wmfor transmlttlng and’fece1v1ng an S/N field transported in
the payload of a S/N mlnlcell,
FIG. 14 1llustrates the format of a S/N minicell
.contalnlng a '8§/N field for both minicells and ATM cells;
- .and .
35 o FIGS. 15A and 15B illus.trate two different



transmtted to the receiving station. Simlarly, the recei ving

station'tr actual nunber of ATMcells . receive

nodul o &8“9%4&;} 16 counter 35 respecti vely. By g%'xr‘r)égsr-}l?or?aﬁt he
val ue stored in the SN WO 97/ 48250
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val ue stored in the nodulo 8 or nodulo 16 “counter at the receiving
station, the nunber of |ost ATM cells can be detected. If . ATMcells
have been lost, it is al so likely that m nicell alignnent has been

1ost.  The 5 problemwi th the prior nmethod is that inserting a
‘“nandatory SN flebdfugugaév@ny Aow sEPring Bethapwgyy field for minicells

and an SN fleld for ATM cells in the payload of ATM cells.

DETATLED DESCRIPTION
In a first exemplary embodiment of the invention a
5 telecommunlcatlon system employs an optional and
adjustable-sequence number (S/N)} field to detect the
loss of minicells during transmission from a ’
transmission:station to a receiving station. In
. accordance w1th this first exemplary embodirent, the
© 10 transm1551on statlon inserts the S/N field into the
| payload of an ATM cell, for example, the S/N field 501
in ATM cell 505 as illustrated in FIG. 5A, or the S/N
field 551 in ATM cell 555 as illustrated in FIG. 5B.
FIGS. 5A and 5B also illustrate that the S/N field may
15 be inserted anywhere in the ATM cell payload. However,
the two most preferable locations would be in the second
octet of the ATM cell.payload, just after the MSP, as
illustrated by S/N field 501 in FIG. 5A, or in the last
octet of the ATM cell payload, as illustrated by S/N
20 field 551 in FIG. 5B.

Unlike prior methods, which insert a S/N field into
every ATM cell payload, the invention gives the system
operator, or the transmission station (if automated),
‘the-option of inserting the S/N field inteo fewer than

25 every ATM cell The system operator or the transmission
station can accompllsh this by predefining a
transmission interval. If, for example, the operator at
the transmission station dete;hines that it is not

e necessary to insert. & S/N field into every ATM cell, the

30 operator can define an ATM cell interval I, which
results in the transmission station inserting a S/N
field into every 1*PATM cell. The operator may take

- 'this action when the signal guality of the transmission
link is very good, and taking up valuable bandwidth in



necessary, especiall’y when transmission reliability is very good and
few, if any, mnicells are being |ost. Therefore, inserting a nandatory
SN fiel d WOS3M48358ry 'ATM 10 cell needlessly expends pr cREHSEOTORFAGwi dt h
(i.e., bandwi dth is wasted). SUMVARY
The present invention provides a nore bandw dt h- efficient nmethod and
apparatus for detecting lost 15 nminicells or lost ATMcells by generating
an optional- SN- =~ field at wvarying intervals as deternmined by the
transm ssion station or the transm ssion sigati on operator. The
her ei n- bel ow and ot her objects of the invention are acconpl i shed

through a net h@@c&ntanapwe&twsxm dtqfll ned it Waktdiec AC.COMMIbIGY), GIAdATE.

It is an. object_ of the ese I nv.en on to det ect, - when mnicell.s.
and/ or ATM cel ft?ehé\}@"@gle a@& tYqdrS due (5o, RFFEaReY felkeen two

t el econmuni cat ij @yt e@iFérEntid Qmifels, the opértaw: Y fwécma Q.Q’Iaﬁ)flﬁ he
present invent | on to 25 c st m ni c 1"g)r Ai (i__el q__ a
bandwi dt h- ecrease t AT ce in rval a

5 the expense of bandw1dth.
Since a S/N field will no longer appear in every
ATM cell, the recelv1ng station must be instructed as to
whether to look for a S/N field in the ATM cell payload.
This can be accomplished by designating a single bit in
10 each ATM cell header to identify whether a S/N field is
present or absent in the payload. For example, if the
bit has a value of "0", it may indicate to the receiving
station that a S/N field is present in the payload. 1If,
on the other hand, the bit has a value of 1", it may
15 indicate to the receiving station that a s/N field is
not present in the payload. Although one skilled in the
art will readily understand that any bit in the ATM cell
could be used for such a purpose, the bit reserved for
the ATM User-to-User (AUU) data in the Payload Type
20 Identifier (PTI) field in each ATM cell header is
preferable. For example, the AUU data bit 510 in FIG.
5A or the AUU data bit 560 in FIG. 5B may be used for
this purpose. In general, it is well known in the art
. that the AUU data bit can be used for various user
25 -dperations such as the one described hereinabove.

' FIG. 6A illustrates a method that may be employed
by the transﬁission.station to iﬁplement the first
exemplary embodiment described aboﬁé; As previously
éfated, the operator at the transmission station or the

30° transmission station~itself mayidecidemtonestablish or
change the'transmission'interval- for exanple, an ATM
cell 1nterva1 as 1llustrated by block 601. Since the
transmission station is to insert a S/N field every rth
ATM cell, it will be necessary to keep track of each ATM

35 cell transmitted. This can be accomplished with an ATM



It is still another obj ect of the present invention to provide

: i-nf or mat i onwoegasziong the number of | ost m ni cel | s BETIREMANTY s to
t he tel ecomunication system:so 30 corrective action can be taken, if
necessary. : It is yet another object of the present invention to
acconplish the detection of lost mnicells and | ost ATM cells in a
nore bandw dt h-efficient way by enpl oying an . WD 97/ 48250
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sequence nunber (S/N) field. In accordance wth one aspect
of the

presentgeyy cbaxeai—' eRTMyBe) f Qheen Ae and tqkhak eRicetls name
achi eved by Because the ultlmate purpose is to detect lost
-~ minicells, it will-also be necessaty to maintain a S/N
counter which tracks the actual.number of minicells
5 +transmitted to the receiving station. The S/N counter
is also initially set "0", as illustrated in block 610.
Likewise, the AUU bit in the corresponding ATM cell
header is 1n1t1ally set to "iv.
Once the counters and the AUU bit are 1n1t1allzed
10 the transmission station prepares the ATM cell for
transmissibﬁ to the receiving station, as illustrated by
block 625. 'for the purpose of illustration, the ATM
cell payloed will contain X number of mlnlcells,
h including any minicell that overlaps into the next ATM
15 cells; therefore, X is an 1nteger value. The
transmlttlng station then 1ncrements the S/N counter by
the value of X and the ATM/CC by the value of "1", as
illustrated by blocks 630 and block 635 respectively.
_ If, after incrementing the ATM/CC, the value of the
20 ATM/CC is not equal to the value I, as illustrated by
the "NO“.path out of decision block 640, the
transmissien station sets the AUU bit equal to "1", as
111ustrated by block 645. This indicates that there
will be no: S/N field in the ATM cell. The ATM cell is
25 then.transmltted to the receiving station,. as
illustratedfbynblock 665.

However[‘if after incrementing the ATM/CC, the
value of the ATM/CC is equel to the value I, as
illustrated by the nYESH path'out of decision block 640,

30 the transmission station sets the AUU bit to "O", as
... _illustrated in block 650. This indicates that the ATM
_cell will contain an AUU bit with a value of "0" and a

'S/N“field. jThe'transmission station. then resets the
ATM/CC to zero, as illustrated by block 655, the
35  incremented value of the S/N counter is inserted into



a method and an apparatus for detecting |ost data, 5 conprising the
steps of: tra.sgorting at | east one data cell that does not contain
any data M%’&s- Yequence nunber to a receiving stati SFTSFEHWIRt i ng a
dat a packet sequence nunber that represents a nunber of data packets
transmtted via data cells to the receiving station; 10 inserting the
dat a packet sequence nunber into a sel ect data cell as a function of a
predefined transm ssion interval ; transporting the select data cel
that contains ~  the data packet sequenceonunmber to a receiving station
and at_the receiving station, determ ning whether data has 15 been |ost
as a function dfhe hmaylktad patkdte FOMareEl, as ihlmberated in blockln

accor dance wt g grotiier - aspeads e - : ayention, the
f oregoi ng and (l;ﬁiée]'r 0 %esz‘ts ar gpéaec%!%/ggﬁg@eset %ere ho é(:)md an
apparatus for idmstxates -by aickif?), R0 e TNiegll hes st eps of :
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of data packets transmtted via data ce o the recelving
station; 5 §¢erting the data packet sequence number - into a sel ect

data cell as a functigs, ofa & Draseldes AnbabaIStiRdl onap e ERFEGERI ON
rntervar;'““transporthg 1 he dagﬂ:,cell . cont ai-ni ng_t he 'data packet
sequence nunber®¥ ot (TG HYP STatiqn oA rRIeRY i nf HoShhet her data

has been | ost asxeémplary embodiment-described above. ' Again, since. the
ultimate purpose is to detect lost minicells, the
10 receiving station must keep track of the actual number
of minicells received. This can be aécomplished with a |
minicell counter (MCZC)_which is initially set to "“o",
" as illustraféd by block 701.  The recéiving station then
receives an ATM cell from the transmission station, as
15 illustrated by block 705. For the purpose of
illustration, the ATM cell contains X number of
minicells. At this point, the receiving station.
increments the MC/C by X, the number of minicells in the
corresponding ATM cell, as illustrated by block 707. If
20 the AUU bit of the next ATM Cell is equal to O, as
illustrated by the "YES" path out of decision block 710,
indicating the presence of a S/N field in the payload,
the receiving station will read and interpret the
appropriate octet in the ATM cell payload as the S/N
25 field,'as illustrated by block 715.. In order to
determine whethér any minicells have been lost since
receiving thé’previous S/N field, thé receiving station
compares the value stored in the MC/C with the value
_ étored in the S/N field, és illﬁstraied_by decision
~——30--~block 720. If the v&lue of the MC/Cfequals the value
stored in the S/N field, as illustrated by the "YES"
path out of decision block 720, the receiving station
presumes that no minicells have been lost and the
receiving station resets MC/C to the value "0" and gets
35 ready to receive the next ATM cell.
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FIG 1 is a diagramillustrating the insertion of user data into
mnicells and the nmultiplexing of mnicells WD 97/ 48250 .
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of ATM cel |l s; 11

If the MC/C does not egual the value stored in the
" §/N field, as illustrated by the “NO" path out of
decision block 720, the receiving station presumes that
minicells have been lost, as illustrated by block 730.
5 The difference between the value stored in the MC/C and
the value of the present S/N field reflects the number
of minicells actually lost. fThis information can be
used by'the telecommunication system for various_'
purposes. For example, it may be used to detect systenm
10 hardware problems, or it may be used ﬁo determine if
steps must be taken to counter high levels of
interference affecting the communication channel. The
receiving station may then re-establish minicell
alignment, if necessary,'by employing the MSP or a
15 header integrity check (HIC) code as described in U.S.
Patent Application 08/626,000 and incorporated by
reference herein. This step is illustrated in block
735. Then, the MC/C is reset to "0", and the receiving
station is then ready to receive the next ATM cell.
20 -If the AUU bit is not equal to "0", as illustrated
' by the "NO" path out of decision block 710, indicating
that a S/N field is not present in the ATM cell, the
receiving station receives the next ATM cell.
FIG. 8A illustrates a simple block diagram of an
25 -apparatus that may be.used to .implement the
aforementioned.-method. At a transmission station 801,
the AALm 805'§enerates minicells (not shown), as is well
known in the art. The minicells are seguentially
ﬁdltiplexed into ATM-cell'payloads by a multiplexer 810.
S 30 A S/N counter 815 is™maintained to keep track of the _
number of minicells actually transmitted. As mentioned
above, the operator may establish a predefined ATM cell
interval, the value of which may be stored in a register
820. In addition, an ATM cell counter (ATM/CC) 825 is
35 ° maintained. When the value stored in the ATM/CC 825



FIG 2 is a diagramdepicting the format of a typical _ m ni cel | ;

FIG 3 is a block diagramillustrating the AALmM 5 subl ayers;

FIG 4 isW™PY/488%m depicting the use of a ninicell PCTSERT499Pbi nt er
to help maintain mnicell alignnent; FIGS. b5A and 5B
illustrate two di fferent configurations for storing a SINfield
I n the payl oad of 10 ATM cel I's; . FIGS. 6A and 6B are
flow charts illustrating two nmet hods for transmtting S/N fields
in the payl oad of ATM _ cells; 12 FIGS. 7A and 7B are
flow charts illustrating two 15 nethods for receiving SINfields in

t he payl oad ofeﬁﬂﬂls the valunﬂétbfﬁml1mitmptiﬁiﬁfﬁhikﬁé§ES{éﬁt8ﬂ@Ia;““””'““““

FI GS. 8A and 8 bl o ' a ppar at us e fOr

transnitting an S egea}rbsg% a%?%???%?'&%?g STT R multlp{exer[' h@to

payl oad of an ARMigeddrt the vlue of #H&SS/N%Fouwmte®BB1% | isto atleet he use

of an error fiel C n. \M | X

FIG 10 illust raﬁ es pt?gae%%(r%n%?é%fdf é?%\lr?rfggéh'? M‘lﬁ) ol rbé}"foacé '\%@QMA

- and 11B ar & f| dwansmitting yshe ATHgcelb to the recedvingsstation 880 tti ng
SINfields in tfie Ry ©Ofch Oferd Muu bi€5in HHECHIE Stield of the ATM

cell header will be set to "o", in accordance with the

AUU flag 827, indicating that a S/N field has been .

inserted into the ATM cell payload. The transmission of
10 the ATM cell is illustrated by dashed line 830.

At the receiving station 850, the ATM déils are
received, the minicells are demultiplexed by a
demultiplexer 855, and the minicells are sent to the
AALm 860 for disasse@bly (i.e., the removal of

15 communication data from the minicells). 1In accordance
with the first exemplary embodiment, the receiving
station might also contain an AUU flag 865 for
determlnlng whether the AUU bit in the header of each
incoming ATM cell is set to a "1" or "0". As stated

20 above, a value of "0" might indicate the presence of a
S/N field in the corresponding ATM cell payload. In
addition, the receiving station 850 may contain a S/N
field register 870 for extracting the value of the S/N
field, if one exists in the present ATM cell. Finally,

25 the;receiving station may contain a minicell counter
875. The minicell counter 875 would be used for Xeeping
track of the actual number of minicells received. By
comparing the value stored in the minicell counter 875
with the value stored in the S/N field, the receiving

30 station 850 can determine if ény-mihicellswhave been
lost. '

Alternatlvely, the transmitting station and the
receiving station may track ATM cells in addition to
minicells. The apparatus would then include an ATM cell

35 éounter at the transmitter station and the receiver



FIGS. 12A and 12B are flow charts illustrating two met hods for

receiving S/ N fi s in the payload of S/N m ni cel N
themto det‘%&”’f’gé dat a; P y " FIGS. 13Aand 13B a#ér’%fbg’g 1o
di agrans of an apparat us 30 for transmtting and receiving an S/'N
field transported in the payload of a S/N m nicell

FIG 14 illustrates the format of a S/N m nicell containing a
S/INfield for both mnicells and ATM cel | s; and 35

FIGS. 15A and 15B illustrate two diffe®nt WO 97/ 48250

PCT/ SE97/ 00971 7 confi gurations

for storing bot hstaBibinf respgetbiveilyicesl explained in greater detail ™
- beldw,_ j . :'f. | B
Critical communication dafaﬂ sqch as the data
stored in the S/N field, is typically protected by an
5 error detection code, for examplé,;a CRC or parity bits.
FIGS. 9A and 9B'il1ustrate that éléédicated error
detection code 901 or 951, respectively, may be attached
to the S/N field. Alternatively, the S/N field may be
protected by a common error detection field (noﬁ shown)
10 that is typically inserted at thé end of the ATM cell
payload to detect errors associate@ with the minicell
headers. Common error detection fields such as HIC
codes are well known in the art.
Typically, an S/N field.is only 3 to 4 bits in
15 length. However, it is possible to extend this length
to increase the reliability of the method described
above. For example, if the S/N field is but 3 bits in
length, it can only reflect a count of 8 minicells.
After the eighth minicell is transmitted, the counter
20 will roll over from a value of 7 (i.e., 111 in binary)
to a value of 0. If one ATM cell containing 8 minicells
is lost, the value stored in the next S/N field will
appear as though it has not changed, and the S/N field
should still egual the MC/C being maintained in the
25 receiving statibn._ Therefore,-thé receiving station
will assume that it has received all transmitted
minicells Whéﬁ, in fact, 8 minicélls have been lost. In
general, this‘situation can be prevented by_ipcreasing
‘“the size of the 5/N fieid. 'Althbﬁgh increased
30 reliability comes at™the expense of bandwidth,. this can.
be compensated for by increasihg ﬁhe length of the ATM
cell interval I. N o '
In a second eXémplary-embodiment, a transmission
station'conffols the detection of lost minicells by
35 generating and transmittihg a specific S/N minicell to



and an SN field for ATMcells-in the payl oad of ATMcells.

DETAI LED DESCRI PTI ON ' - In a first exenplary . enbodi nent of the

i nvent i oV 9748259 o| econmuni cati on syst erh enpl oys an opt i onB$ Sy 00971

adj ust abl e sequence number (S/N) field to detect the | oss of mnicells
during transmission froma  transmission station to a receiving
station. In accordance with this first exenplary enbodi nent, the 10
transm ssion station inserts the:S/Nfield into the payl oad of an ATM
cell, for exanple, the S/N field 501 in ATMcell 505 as illustrated in
FIG 5A, or the SIN ‘field 551 in Aﬁhﬂ%ﬁll 555 as illustrated in FIG

5B. - FIGS. 5Aand 5B.also i[Tustrate that.the S/N-field my 15 be
i nsert ed anywh&P&- ERCeRIIRIVELALE OB %b §Qﬁé;ﬂﬁd transpiRS IR nost

preferabl e IOCathESaWOEIdbe enambeeseeomdnlcelxxinﬁeﬁﬁalJuaFTEM(xﬁl
5A or i the rddbetratelien Wenpranyatildt B W SN ARG G Ly
SIN 20 fiel daS58ad @1l @indBells, S/N mlﬂiﬂ&l&;lﬂ@lncanndmnh;a\Mnaﬂer
R e ML T
_contalns a CID.code (not shown), typlcally 8 blts 1n '
length. Though all minicells contaln a CID field in
their respective header, the CID field associated with
all S/N mlnlcells w111 be a 51ng1e, predeflned value.
io This 51ngle, predeflned CID value will distinguish S/N
minicells from all other minicells. For illustrative
| purposes, the predefined'CID value for all S/N minicells
might be 255 (i.e., 11111111 in binary).
The payload 1010 of the S/N minicell 1001 will
15 contain a S/N field 1015. In all respects, the S/N
field is identical to the S/N field described in the
first exemplery embodiment except that it is transported
to the receiving station in the payload of a special
minicell instead of in the second or last octet of an
20 ATM cell payload. As previously described, the length
~ of the S/N field may be extended to improve reliability.
AS previously mentioned, the S/N field may have an error
detection code 1020 associated with it.
FIG. 11A illustrates a method that could be
25 used to implement the second exemplary embodiment with
respect to the-transmission station: A predefined
' transm1551on ‘interval I, for example, a minicell
1nterval a mlnlcell counter (MC/C), and a sequence
number (S/N) counter must all be 1n1t1allzed as
30 illustrated by blocks 1101, 1105, and 1110 respectively.
The AALm then lncrements the S/N counter and the MC/C by
"i*, as 1llustrated,by blocks 1130 and 1135,
| 1f, after the MC/C_is.incfeﬁeﬁted, the value of the
MC/C is not egual to the interval value I, as
35 illustrated by the "NO" path out of decision block 1140,



the option of inserting the SSNfield into fewer than 25 every ATM cel

The system operator or the transm ssion ’ station can acco lish this
by’ predef i Whg7/48250 transnission interval. If, for exanpFETRERZOMIL, at or
at the transmi ssion station determines that it is not necessary
toinsert a SINfield into every ATMcell, the .30 operator can define an
ATM cel |l interval |, which results in the transm ssion station
inserting a S/N field into every Ith ATMcell. The operator may take
this action when the signal quality of the {g£ansm ssion link is very
good, -and 't aki'ng up val uabl e bandwi dth in WO 97/ 48250

PCT/"SE97/ 00971 the AALm prepares and multiplexes the fhext minicell, as
LT T{iiustrated by blocks 1160 and 1165. If, after the MC/C
is incremented, the value of the MC/C is equal to the
interval value I, as illuétrated-by'the "YES" path out
5 of decision block 1146, the value of the MC/C is reset
' to ."0", the value of the S/N counter is reset to "0",
the AALm inserts the value stored in the §/N counter
into the payload of the next minicell, and the AALm
attaches the appropriate minicell header containing the
10 ~predefined CID code, as illustrated by blocks 1145,
1150, and 1155 respectively. The AALm then multiplexes
the mlnlcell into the payload of the current ATM cell as
1llustrated by block 1165. Execution then proceeds to
block 1130 and block 1135, where the S/N counter and
15 MC/C are incremented by "1". Note that FIG. 11A does
not illustrate the fact that once the AALm has filled
the current ATM cell payload with minicells, the ATM
1ayér 304 (refer to FIG. 3) will attach the appropriate
- ATM cell header and transmit the ATM cell to the
20 receiving station.
FIG. 12A illustrates a method that could be used to
‘implement the second exemplary embodiment with respect
.to0 the receiving station. A minicell counter (MC/C) is
initialized, as illustrated in block 1201. The
25 receiving station then receives the next ATM cell from
the transmission station, as illustrated by block 1205,
and the minicells contained therein are demultiplexed
from the payload one by one, as illustrated by block
: 1210. . The receiving station then increments MC/C,

30 --illustrated by block™1212. ,

' ' If thelreceiving station .determines that the CID
code in the header of the mificell is not equal to the
predefined CID code that indicates whether a minicell is
an SN minicell, as illustrated by the "NO" path out of

35 decision block 1215, the receiving station checks if



each and every ATMcell is not warranted. However, when t he signal
quality is bad due to extrenely high i nterference | evels, the operator
may deci déV@ BE4825¢ - woul d be prudent to decrease the APUTHETOF er val
at 5 t he expense of bandw dt h. Since a SINfield will no

| onger appear in every ATM cel |, the receiving station nmust be

i nstructed as to whether to look for a SINfield in the ATM cel

payl oad. This can be acconplished by designating a single bit in 10
each ATM cel|l header to identify whether a;g/ Nfieldis: present or
absent in the payload. For exanple, if the bit has a value of "0", it

may 'i ndi cat e t(tﬁéﬁbré¥é“éﬂimhore nSA e Pis LRt eRe AP TéLL M. | STPrESERE 1N
the payload. If, on the other, hand, the bit_ has a, value of "1", it may

15 indicate t#F® H@?%c’%}’\’/’r‘?@l%ﬁ 2R orhe rATM ac%H\I' 3| YLiystrated Y nr esent

in the payl oad.tré thvorghpotle ald Idededishen blocRri23s) | thieatktaiving
under st and t hat an

pur pose, the blsft? P t/%%f“‘f%t?fpfg%% h%h%‘TWF’EEC’gg%gcggﬁusegﬁﬁ%%ggg‘%'% t he
Payl oad Typme %&>n@xhwmlmleﬁllsﬂin thel 2THnceath #&FMtehsthebe@rbysthe
data bit 560 1 B BE ey T A8 ok BISRRTVIEE: ene reeBidYs i
is well known |$tahgoafxetr1eves the next ATM cell.
If, however, the CID code in the next miniceli.does
equal the predefined value identifying the minicell as a
10  S/N minicell, as illustrated by the "YES"™ path out of
decision block 1215, the receiving station will read the
S/N field in the corresponding minicell payload, as
illustrated by block 1230. The receiving station
compares the value stored in the S/N field with the
15 present value of the MC/C. If the two values are equal,
as illustrated by the "YES" path out of decision block
1235, the receiving station presumes that no minicells
have been lost, and proceeds to retrieve either the next
minicell in the ATM cell or the next ATM cell, as
20 illustrated by decision block 1225.
If the S/N field and the MC/C are not egual, as
illustrated by the "NO" path out of decision block 1235,
the receiving station presumes that minicells have been
lost, and the method proceeds as described in the first
25 -éxemplary empbodiment, - as illustrated by blocks 1240,
1245, and 1250 .
This second exenmplary embodiment provides the
flexibility to decrease the predefined transmission
{nterval between S/N fields such that more than one S/N
30 minicell appears in #n ATM cell. For example,. in the.
first exemplary embodiment, an ATM cell interval of "i"
results in one S/N field per ATM cell. In the second
exemplary -embodiment, it igspossible to send more than
one S/N field per ATM cell should the circumstances
35 = warrant such an interval. However, one skilled in the



that the AUU data bit can be used for various user 25 operations such as
t he one descri bed herei nabove. . FIG 6A illustrates a nethod that
may be enpl WPSI48250  hy the transnission station to inplenmeRETEEYR0PHS,
exenpl ary enbodi nent descri bed above. As previously stated, the
operator at the transm ssion station or the 30 transm ssion station
Itself may decide to establish or change the transm ssion interval,
for exanple, an ATM cell interval, as illustrated by block 601. Since
t he transm ssion station is to insert @ S/Nfield every Ith ATM
cell, it wll be necessary to keep track of each ATM 35 cel |l o

transmtted. Thastcadlberaeddadpl unliedswand dhaATMoing so WMDNY/EKEGQP
PCT/ SE97/ 00971 valuable bandwidth. _ o o 9. _ e
" FIG. 13A illustrates a simple block diagram of an
apparatus that may be employed for implementing the
5. method of detecting lost minicells in accordance with
the second exemplary embodiment. FIG. 13A shows that
such an apparatus would contain the same type of '
components as the apparatus associated with the first
ekémpléry'embodiment. For exémple, the transmission
10 station 1301 contains an AALm 1305 which prepares and
generates minicells; a multiplexer 1310 for multiplexing
the ninicells into the payload of ATM cells; a S/N
counter 1315 for maintaining the actual number of
minicells transmitted; a minicell counter (MC/C) 1320
15 for keeping track of the minicell interval value; and a
minicell interval register 1325 which contains the value
of the predefined transmission interval set by the
operator or the transmission station, as described
above. The primary difference between the apparatus

20 illustrated in FIG. 13A and the apparatus illustrated in

FIG. 8A, is that the information stored in the various
counters are used by the AALm, as illustrated, since it
is the AALm that generates the minicells.
Likewise, the configuration of the receiving

25 ‘station apparatus 1350 is similar to the receiving
-apparatus-850wa§socia£ed with the first exemplary
embodiment illustrated in FIG. 8A. One difference is
fhe réceiving station 1350 contains a CID detector 1365
‘for determining whether the CID value of a present

30 minicell is equal to the predefined..CID.value used.-to. .. _ ..

identify S/N minicells. The receiving station 1350 also
- contains a S/N field register 1370 and a minicell
. counter 1375. These components are utilized by the AALm
1360 since it is the AALm that demultiplexes the
35- minicells from the ATM cell payload and decouples the .



cell counter (ATM CC) which is initially set to "0". Because the

ultimate purpose is to detect.|ost’ mnicells, it will also be necessary
t 0 mai nt VA 9H48350 ' counter which tracks the actual HCKSRNT/08FT1
mnicells 5 transmitted to the receiving station. The S/ N counter

Is also initially set "0", as illustrated in block 610. Li kew se,
the AUU bit in the correspondi ng ATM cel | header is initially set
to "1". Once the counters and the AUU bit are initialized,

10 the transmi ssion station prepares thggTMcell for

transm ssion to the receiving station, as illustrated by bl ock 625.
Fdr”thé’ﬁUfﬁ0$§gb§“éﬁéyéfﬁéﬁfﬁﬁ””fﬁéwﬂTM“”””'”“ "cell payload Vi1l contain

X nunber -of- n1n|cel di-n -pi.ni.ce t hat overla S .into
Chetmost arw ™ oe Fia. 14 TiTrbrates S BN, Rihitay, 10ab 2HEE, RRSne
transmitting sbatgenafhtadlhyrgeﬁnasthﬂedSbNem@uatgrehwodlment offheheal ue
of X and the ATM CC e "l ilLlustrated b blocks
630 and bl ock B335FR pécpgvéﬁgg &n all resPFFtsafFéFS|ﬁE%SﬁéﬂFPﬁg fhe
ATM CC, th® vasimidarthe the’§econdMe@empdamryt embpodimeatt hbutalfoe theas
i1l ustrated byfact thatthﬁe"hghlgéha 8%81%%dg3ﬁp}hagsb58%h g4g/Nthe

transmni ssion station sets -th PaRdt ¢ at ed
by bl ock 645. fTheddi AdPEates Fﬁapkﬂﬁéréhe number of minicells actually

transmitted and a S/Nammfield 1410 for tracking the-
number of ATM cells that have been transmitted.

10 Exenplary nethods for implementing this alternative
embodiment, with respect fo the transmitting station and
the receiving station are illustrated in FIGS. 11B and
12B respectively. Note that the methods illustraced in
FIGS. 11B and 12B are essentially the same as the

15 methods illust;ated in FIGS. 11A and 12A respectively.
The primary difference between the two sets of figures,
and their corresponding methods, is the presence of an
additional couhter S/NarMin the transmitter and an
addltlonal ATM cell counter (AC/C) in the receiver which

20 are needed to track the number of ATM cells that have
been transmitted and received respectively.

'similarly, FIG. 13B illustrates an apparatus that
might be used to implement this alternative embodiment.
Again, the apparatus illustrated in FIG. 13B is

25 —sﬁbstantlally similar-to the apparatus shown in FIG.
133, but for the addition of two separate counters in
the transmission station: the S/Npingounter 1380 and the
S/NATMcounter*1385“ and the addition of an ATM cell
counter 1390 and a S/NATMfleld reglster 1395 in the

~ 30~ receiving statlon
FIGS. 15A and 15B 51m11ar1y illustrate ATM cells.
1500 and 1550 respectlvely in conjunctlon with a fourth
exemplary embodlment This fourth exemplary embodiment
is similar tozthe first exemplary embodiment, but for
" 35 the fact that the ATM cell payloads include both a SNpjini



will be no SSNfieldinthe ATMcell. The ATMcell is 25 t hen

transmtted to the receiving station,. as Il lustrated b | ack
665. WO 97/48250 However, if after incrementing the ATM CC‘,’CT’H%”M”I
value of the ATMCC is equal to the value I, as illustrated by the
"YES" path out of decision block 640, 30 the transm ssion station
sets the AUU bit to "0", as illustrated in block 650. This

i ndicates that the ATMcell will contain an AUU bit with a value of "0" and
a S/IN field. The transm ssion stationlithen resets the ATM CC
to zero, as illustrated by bl ock 655, the 35 I ncrenment ed val ue of the

S/ N count ér 1§ Taseraeorntracking Woeonumdes0of minicells actually
PCT/.SE97/ 00971 —ypsvianiveea and a SNafyfield for tracking the number of
ATM cells that have been transmitted.

Exemplary methods for implementing this embodiment,

5 with respect to the transmitting station and the
receiving station are illustrated in FIGS. 6B and 7B
‘respectively. Note that the methods illustrated in
FIGS. 6B and 7B are essentially the same as the methods
illustrated in FIGS. 6A and 7A respectively. The

10 - primary difference between the two sets of figures, and
their corresponding methods, is the presence of an
additional counter S/Narmin the transmitter and an
additional ATM cell counter (AC/C) in the receiver which
are needed to track the number of ATM cells that have

15 been tranémitted and received respectively.

Similarly, FIG. 8B illustrates an apparatus that
might be used to implemeht this embodiment. Again, the
apparatus illustrated in FIG. 8B is substantially
similar to the apparatus shown in FIG. 8A, but for the

20 addition of two separate counters in the transmission
station: the S/Npjnpgounter 880 and the S/NppMcounter
885, and the addition of an ATM cell counter 890 and a
S/Napmfield register 895 in the receiving station.
The main benefit provided by the exemplary
25 -embodiment of the present invention is increased
bandwidth efficiency. In accordance with the first
exemplary emb&diment, for example, an ATM cell interval
- of 8, compared to a mandatory interval of 1 (prior
hethod), bandwidth'efficiency is improved by
--30-—--approximately 1 full”@ercéntage point. . In accordance
with the second exemplary embodiment, a minicell
interval of 8 (i.é., inserting a S/N minicell every 8th
minicell) improves bandwidth efficiency by approximately
0.2%. The other main bénefit of the present invention,
35 is that it gives the operator the flexibility to adjust



10 t he payload of the ATMcell, as illustrated in block 660, the
S/'N counter is then reset to "0", as I 1lustrated by bl ock 670 and the
ATM cel | W 97/48250t r ansnitted to the recei vi ng station, as RELRE B ock 5
665. - FIG 7A illustrates a nethod that may be enpl oyed by
the receiving station to inplenent the first exenpl ary enbodi nent
descri bed above. Again, since the ultimate purpose is to detect | ost
mnicells, the 10 receiving station nust keep track of the actual nunber
of mnicells received. This can be acconpl 2¢hed with a m ni cel

counter (MJC) which is initially set to "0", as illustrated by block
701. The recei vilg sTntcehltnEnmlnlcelbcenvgsvah Athereby prowidhsg o

Lransim ssi on St LN, 045, fay AL USEERLS8BY WhARKCRASc1rEGRctRRcRUr pose of

illustration, cont al ns m ni ce
poi nt, the recepwrmgtstanﬁohmPrOVE@nEPéhéhﬂélthe At/ thpycsstt pé nunber of

mnicells int r 06k Aﬁﬁgﬁeth Sahkktysbgakgd by bl ock 707.
If 20 the AU %n?w ?Eﬁ %gﬁgxt ?ﬁﬂ IS gqgaﬁ toyO, as illustrated
by the "YESS pathapnsmissieBcliPes BPBERd?let i ndi cating the presence

of a S/INfield in theppagle3ént invention has been described with
| ' reference to several exemplary embodiments. However, it
will be readily apparent to those skilled in the art
that it is possible to embody the invention in specific.
10 forms other than those of the exemplary embodiments
described above. This may be done without departing
from the spirit of the invention. These exemplary
embodiments are merely illustrative and should not be
considered restrictive in any way. The scope of the
15 invention is given by the appended claims, rather than
the preceding description, and all variations and
equivalents which fall within the range of the claims
are intended to be embraced therein;



the receiving station will read and interpret the | appropriate octet in
t he ATNIceII P ad as the ' g N25—fietd, as illustrated 5.

In order t¥ &isﬁeternxm&mﬁb&ﬁk Iéedn Ni cel l:s have been POSthg?ﬁ)ngl
receiving the previous receiving ‘st'at.i on conpares the
val ue stored in the MJ E stored in the SINfield, as

Il lustrated by decision 1f the-value of the MJC equals

t he val ue stored in the SINfield, as illustrated by the "YES"

path out of decision bl ock.720; the receividy statl“q-ms SHEET WASS t hat

no minicells have been lost and_the " 7' receiwing: st ﬁﬁﬂﬁbﬁ e /' Cto

the value "0" aWHAgelLS CQBIMEPe5§y&'o recei ve the hext_A s

97/ 48250 PCT/ E97/00971

5 ell that does not
er to a receiving
station; . _ .
genesa' ':”._;y'.3 ¥ eglence number that
represehts e ver ¢ ita packet transmitted via data
10 cells to t ' 1) : 3 '
1nser n : L
select dat “cell as’ a-functlon of a predeflned
transm1551o ﬁinterval,

transportlng the select data cell that contains the
15 data packeq sequence number to a receiving station; and
at the: rece1v1:g"statlon, ‘deter

ining whether data
has been Lgst_as a..function of the data packet sequence
number. - Ses '

2. The.ﬁéﬁﬁod_oflhlaim'l further;comprising the steps
20 of: s _.-”" | '

generatlng a data cell sequence number that
represents a number of data cells" transmltted to the
-rece1v1ng st'tlon, L

25
! at the rece1v1ng
has been 1ost as a'"
number.

30

==



11 | f the Mr T d6és not equal the value stored in the SI'N

field, as illustrated %shQﬁHth&ﬂ@ sdadout of  ~ decision block 720, the
rece|V|nQ”§§HﬂP§h presu nicel s have been | o8¢ V/SERIM097L’ R
illustrated by block 73 HU erence between. the value stored in the
MC/ C and t he value : SINfield reflects the nunber of

mnicells actually lost. This i nformation can
t-el econmuni cati on system f:
used to detect system 10
| f steps nmust be take
af fecting the4connmn|aate“
re-establish nin '
a 15 headerP ?ﬁ%&ﬁ?.?r°m '
Appl i cation Ofit6R6A0EOraderti 'Eénsbr
Is illustrated in bl a: G

recei vi ng station s P
| f the AUB bi representsqg

out of deci si 0
in the ATNIcePngE to

3¢H . SH e :
various - . purpo$ FﬂEﬁeﬂAgy?&“ it may be

dmare probl ews, ol . 0 determ ne
‘0 count &r hi'gh Ievels of I nterference
Tﬁ%eba-In@ ‘systemedEhal g ansPords @@Fat hen
- CRSSar laRg drhe gMSP or
SepiR TR oty Pl AT
dafa, compéflerméheeiséqews Ai*s step

ké&%eyﬂ jdes dulitde that 0", and the
| e: the - next ATMcell. 20

@éﬁa Reskediss Fransnigitac v iadatsat h
atloﬁhat a'S/Nfield is not present

1nsert hi cket sequence number into a

select date . a 'nctlon of a predeflned and
adjustable't:
10 transp

sm1551pnginterva1;’

packet sequ
at the
has been lost as a fﬁ\htipn of the data packet seguence
number. | ) :
15 5. The me “Q@pcie;h 4 further comprising the steps
diﬁgfeﬁetion, updating the data packet
response to the transportation of

20 eh.uﬁdéted data packet sequence number

6. -The.meﬁ . s13im 4, wherein said step of
determiniﬁgw '

25 the data pawket s
‘tracking a ﬂumber f~data packets received by the
rece1v1ng staﬁicn, '

ita has been lost as a function of

e number comprises the steps of:

comparlng the r_of data packets received with

the data packet se ‘e number; ;and

30 determi ing wh ST cata-hae-been lost as a

function o ald_comparlsonﬁbeEWéen'the number of data

ed *nd&the data packet sequence number.

packets rece

o



receiving station receirves the next ATM cel |. FIG 8A illustrates

a sinple block diagra 7 Réddat us that may be used t ment

t he WOPEAEAR i one it _H%SBee ransm ssion station Mgﬂﬂ}%ﬁ

AALmM 805 generates m ni imu MH“‘H ~as is well known in the art.
The mnicells are sequen ' tlplexed i nto ATM cel | payl oads by a
mul tipl exer 810. 30 A S/'N counter 815 is maint3g < of the

&ﬂ@d—&g_keep_LLaQ
As melthHtS SHEET HASaBEEN:| t he

j‘lntenqucEDhe val ue of
: . aoitTom—arATivtcet | _
:néd;ni\/\ﬁenw&ﬂee:e\ml @@1@ step iaf t he ATM CC

'_""sequence number 1n|%gr/ SEL/AR971

f a predeflned and adjustable

nunber of ninicells actually”
operator may establish a
mhlch ‘may be stored in e:

V0 9748250 5
data cell:

transmissi

I'ansmtted

825 -

prises the step of:

5 acket sequence number into a
payload portlon of the select
'ckets are ﬁinicells, said. data
,;ansfer Mode (ATM) cells, and
10
15
20 peckets are‘minicells, said data
cells are; and
said predt
- 25
at -the''sendi ion, upda;iﬁg a ‘data packet
sequence nu ﬁéff onse to thetransportation of

updated dataﬁpeeget sequence numbers

30 at the prec djustable transmission interval.

:eﬁfelaim'g, wherein said step of.
”dﬁéd data packet seguence numbers at

W




12 equal s the value _stored in the-interval register 820, t he

transmission station wll cause the nultlplexer 810 to in sert he

val ue of WO8V4§280 count Tiis B ~ “appropiiate octP&TWPWP‘P?el present
ATM cel | payl oad before “ ng the ATM cell . to the receiving
station 850. I n ad | bit in t:._.g;. e ATM
cell header will be set to "0" i n accordance 3? Sﬁ'@ fil ag 827,
indicating that a S/N field has been -~ inserted: i rREPLABED ATM del |

payl oad. The transmni ssion of 10 the. ATMz2gel | IS TITustrated by dashed

l'i ne 830. At the- rece|V|ngkstat|on 850, the ATMcells are

recei ved, thethenpnédefrneﬂcﬁnﬂﬂa¢ﬁﬁskeblbytaansmlsaennlLhPEEXél 855, and
t he.- m ni cel | s £ AALm 860 for disassenbly (i.e., the
renmoval of ]fségéiéaéénc IOH a?a? mithe minicell's). In accordance

with the first exeniiseytinmodh cketerofingnee nu@?&?léﬁtﬁ1§ht al so

contain an A&kéé S &6 Snhpber mlnﬁéé L 8hag whether. the AUU bit in the
header of each é ‘$?00n1ng Twlcel s set to a"4" or."Q". As stated 20

above, a V@l ue of "InsextindiHeecse ?H%epPBgEﬁEemelﬁell ingpNAfield in
the correSpon%mHMsﬁtlmydmaahe tata cell,

wherein ‘sa d?dat packets are mlnlcells, said data

_ : *;ned and adjustable
ete#val'xs?ﬁeasuredfby@a=number of

" cells are AT
transmissioﬁyi

10  minicells.

11. The metﬁéﬁebf_ciaim 4 further comprising the steps
of: ONEE A :

1'a data cell sequence number that
:qf_gata cells transmitted to the

generatif'

represents a ,umber

15 receiving statlon,

1nsert1 g’the data .cell sequence number into the
select data 1
adjustable ﬁ
‘L,ng'whether data has been lost as a
20 function of’ the data cell sequence number.

Tas a-functlcn of a predefined and

jsﬁiss’bﬁ%interval; and

12. The metﬁcd'df“claim 11. further comprising the steps
of : SREE T .

updating;theida eﬁl seguence number in response

tc the transEgﬁﬁaﬁic “each data ceéll; and
25 insertiﬁéfaﬁ ﬁp ;ed;data cell'sequence number into
select datafcellseat jﬁredefinedtand adjustable
tfansmissioﬁfiﬁtgrva; : | ' '
13. The methcdﬂéf 52, whefein said step of
determinianﬁhetﬁé- ta ﬁas-beeﬁflcst as a function of

30 the data cell sequenc umber” comprises the steps of:

tracki 'umber of data cells received by the

receiving s’ _j-*

\\ll\\\\ \\\I\\ |||\\ \\l\l \\ \||\



addition, the receiving station 850 may contain a S/N field register

870 for extractj t he—~vatue—of the SIN . . field, if one he
el SErRES 716097

present ATROHEIPLOFi na@ Shiﬁ%asBJepﬁeplaeﬁe| ving station rmay cont i t '

m nicell counter counter 875 woul d be u
of m ni cefts
cel | countef&‘§5_

keepi ng track of t
conpari ng the val ue st orlaes W

stored in-the S/IN field, the rece|V|ng 30 st at onéﬁﬂ£W£& determ ne | f
any mnicells have been - - Iost %25 A ternatively, the
transmtting station and t he - eceIV|ng station may track ATMcells in
addition to - ni APBERFANYG. *FP:@ BEEX 05 A&t FHT iTRIRiIdEh Y EAVIE el |
35 counter atrggglbganagtgtgélg gg'“aadﬂdmbdﬁyxaﬁgw WO 97/ 48250

. PCT/SE97/00971 data has béén lost as a

___.T__

determlnlng '

. function of sald c on between ‘the number of data

5 ta cellzseQﬁence nunber.
i4. The mﬁﬁhbd;bf .11, wherein said step of
'-insertingnﬁﬁézdaia C sequence number into a sélect
data cell as a func f a predefined and adjustable
transm1551on :Lni:.erva'j iprises the step of:
10 1nsert1ng the ell sequente number into a

predefined’ locatlon
data cell, ' _
wherein: sald data cells are ATM cells, and
where;n?saldn;

15 number of'KTﬁ.bellé

épayload portion of the select.

ismission interval is measured by a

./_,

15. The method of
1nsert1ng the data

iim 11, wherein said step of

'.éequence number into a select
data cell as a- func ion ©f a predefined and adjustable
transm1551on 1nterva omprises the steps of:
- 20 o 1nsert1ng th”; '5Eell sequence number into a
segquence number mf'

1nsert1nq “thi

nce number mlnlcell into a
elect.datafCell,

-payload portlon 01 _
N élls are ATM cells, and

25 ined and adjustable transmission
a number of ATM cells.
' b
16 In at murlca ion systemkthat transports data
packets friom 'eﬁdlng sfatlon to frece1v1ng station,
an apparatus or detectlng lost data, comprising:
. 30 means for ST '1ng a data cell that does not

contain a: datai a guence number to a receiving

station;

Ernn




13 station respectively, as explained in greater detail bel ow.
Critical co cat i onmdata, "such~as the data stored inthe S/N field,

t t det ect de, foFCURENMOX a cre
Iof pZtP: t:;‘ E}Pts ec eﬁrﬁi %éﬂi{u gcgﬁql etection code, fo RO o

ustrate that a dedicated error

detection code 901 or ly, may be attached e S/'N
field. Alternatively, may be T PETR mon
error detection field (not shown) 10 that is typifuv Lthe end
of the ATM cel | payl oad to detect errfrs ass ciat e I ni cel

. headers. Common error detecti-on flelds such as HIC .~~~ codes are well
known in the art. means forfyggneyRFngaa Qﬁmafpep&Eteseguyngetaumberts in

15 length. f?&@vfé reéehﬁspﬁsﬁhﬂb rt@fe&E%gdBEEkéteeeg&hsm&tteﬁov1a

increase the relrability of “the nmethod descri above or exanpl e,
if the S/N fle@§t§s°3&953tﬁtF§elﬁe- ipgngtRtirPican only reflect a count
of 8 minicells. meéhheforhﬁneeg_

20 will f 1 gntﬂécahka'Pabﬁéﬂsgéﬁﬁéﬂcethamﬁagnter
" - 248 j nary a val ue
of 0. If oﬁe AﬁﬂfBeFlsnéﬁF ﬁa otk Lredeflneg

N FEePl§““°t1° o
and adjustable transm1

ssion 1nter

ct "data cell that
'f“?; number to a ~

receiving statlon} and

10 . at the: sendlng statlon, means for determining.
whether data:has-bee pst as a funqtlon of the data
packet sequegge.number;' -

17. The apparatus of clalm 16 further comprises:

means for generatlng a data cell seguence number

15 that represents a nu';_r of data cells transmitted to
' the receiving. statlon[

means for 1nsert1ng the data cell ‘sequence number
into the select data cell as a functlon of a predefined
and adjustablwttransmlsSJOn intervalj—and
20 at the: rece1v1ng station, means for determining
whether datauhae_been_;ost as a function of the data
cell sequeneefﬁﬁmber;

laim 17, whereln said data cells
}er Mode cells and said data

18. . The apparatu
are Asynchronpus T2

25 packet .is a mlnlcell
1. 1In a teteaaﬁmf ation system that transports data

packets from a ‘se _etatiggmtg;af

ceiving station,
an apparatus for d ting lost data comprising:

means'for'geﬁ cet seguence number

er of data pacKkets transmitted via
data cells to the rece1v1ng station;

30 that represents a

means for 1nsert1ng the data packet seguence number




is lost, the value stored in the next S/N field will appear as though
It has_not and the S/IN fleld ' Should still eq C

bei ng mai ny‘%ﬁ]‘ggﬂn t’nlﬁsShEEtHMMER lagey! st ation. ~ Therefore, lﬂ't ’estErgz’?:%‘{%i ng '
station will ass ' received all transmtted

mnicells when, in fact _ | Il have been lost. In gener al ,
this situation can be preve‘n’t'ed by increasing THIS 'SHEETZBAS BEERE S/ N
field. Although increased 30 reliability cones jat th%E@f
bandw dth, this can be conpensated fa7 by L \gt h of
the ATM cel | |nterval _ " In a second exenplary enbodi nent,
a transmi ssion into assgilies _é@'ﬁia'r'@[eélt s detfamna oiprpfof @tprmdﬂﬁﬁmq% by
35 generating gpg aaa%a%wen&ﬁn%aaesff& Irddpnice! | to

97/ 48250 PCT/ SE97/ 00971
18 orwtransportlng the data cell containing the

equence number to a receiving station; and

5 o’_determlnlng whether data has been lost as
a function-gﬁ:the data packet sequence number.
20. The appbratus of ‘claim 19 further comprises:
meane, 'updatlng the data packet sequence number
with theftr sm1551on of each data cell; and
10 meaﬁéﬁ r“;nsertlng an updated data packet sequence

elect data cells at the predefined and
'emlss;on_lnterval.

ratus of claim 20, wherein said means for
hether data has been lost as a function of
15 the data pac et sequence number comprises:

means or: tracklng a number of data packets
received b '

”hefrece;v1ng station;

”-_Oﬁpafiﬁéftﬁe number of data packets
';aﬂdaﬁafpacket seguence number; and
;Orfdetermining whether data has been lost as

means'

received w

20 . means

a function:of said comparison between the number of data
packetsjﬁeee& éé*aﬁ@fﬁhe data packet segquence number.

25

30

. ||!II|IJIIIIILIIIIj|IlI|sI'I|_|!Il



14 the receiving station at a predefined transm ssion I nt erval
|, for exanple, a mni¢élT interval. FIG 10 i1 lustr enpl ary
format of WE 9382 ni cqhissﬂegﬁiasBeenRe ied do al | minicells, S?%\fﬁ?’ﬁrbﬁai 1001 - °

cont ains a header | oad 1010." In addition, the header
1005 cont ai ns a c own), typically 8 bits in | engt h.
Though all mnicells co eld in théir respective header,

the CID field associ ated mnth . all S/N n1n|cells will be a single,
predefi ned val ue. 10 Thi s. snngle predefigned d RQivalue 3
SIN  ninicells fromall.other ninicells. For. i ITIHhSt%f- ACD
*purposes t he d g hge for.all SI'N ﬂI:ICe||ﬂEPL ni_gh
(- 1111111 ﬁﬂg% B% AEMDC ¥ “- . The payl oad=464 e S/ N.m nicel
1001 Wil l 15 contaln a S/I'N: fleld 1015. In all: respects the S/'N

field is identhsal trﬁe“a ' ?"theeb@ -gesghi heq wﬁeIrIeQn said Eitegt ozxenpl ary
enbodi nent except that i :t d 0.t regeiving station in

.,the payl oad ofl&5§5§épﬂ ”'thén§8b8n§ R tast
ranide &4 jlulse akdregt h

15. means for”updatlng a data packet sequence number
with the transm1s51on ‘of ‘each data packet, and
means for 1nsert1ng the updated data packet

seguence numhe slat the predefined and adjustable

transm1551on 1nterval.,

20 25. The apparatuS.Of:claim 24, wherEin said means for
1nsert1ng th'?u ;a ed data packet sequence numbers at
“the predeflned and ad ustable transm1551on interval

comprises:

means. for 1nse the daﬁagpﬁeket.sequence number

25 . ipto a sequence num' nicell;:andj

means’ for the Sequeh € number minicell

into

30

measured by a number of minicells.

oLt

interval i




of the S/IN field my.be extended.to- i-nmprove reliability. AS
', ed, the SINfield na have an error : det ecti on code
Vi t h fEhlSSheetHaSBee“Reﬁl FIG 11A illustrat BSTEEFHYMAY t hat

previ ously
1020 associate
could be 25
respect to the

interval |, for exanple, a mnicell I nterval, -
(M C), and a sequence - nunber {S/.N) counter rmug (THS |SH[§E1' H:h%t ﬁgﬂ[ red,
as 30 illustrated by blocks 1101, 1105, 2nd 1110 especRERIACED

second exenpl ary enbodi nent with
A predefined transn155|on

ced o |RHIHRLE

AALmM then increments the S/ N'counter and the MJ C by 1, as

i | lustrated by

incremented, the valgeaft £8€ gene
I, as 35 |Ilustrated bzethe "Ng,

WD 97/ 48250

10

15

20

25

30

%ﬁock3h91eapaﬁat4§39f clalm 18 furtheafcemprhslh@TC i's

B out 0 ECISIO ock
er ‘of data pellscyrapspitted to

the rece1v1ng statlon,

hat represents a

means . mfrjlnsertlng the data cell sequence number

. into the select data cell as a function of a predeflned

'l;transmlsSLOn interval; and

for determlnlng whether data has been lost as
a function ofuthe data cell sequence number.

27. The apparatus of clalm 26 further comprising:
means;"frfupdatlng the data cell sequence number
with the transm1551on of each data cell; and
_means for 1nsert1ng an updated data cell sequence
number 1nto select data cells at the predefined and
adjustable transm1s51on interval.

28. The appafatus of claim 27, wherein said means for
determlnlng whether data. has been lost as a function of
the data cell sequence ‘number comprises:

means fer tracking a number of data cells received
by the rece1v1ng statlon,'

means for comparlng the number of data cells
received w1th a data ‘cell sequence number; and

means for determlnlng whether data has been lost as
a functlon ofdsald comparlson between the number of data

cells recelved and th ﬁdata cell sequence number.

él%im 26, wherein said means for
lnsequence number into a select
n;ﬁf a predefined and adjustable
cemprises.

means for 1nsert ng:'the data cell sequence number

into a predeflned locatlon of a payload portion of the

29. The apparatus o
inserting the data ¢
data cell asla,funcf

transmissioﬁ“iﬁteer

'select data cell

The

F hoangh 8943l SLaublie.! ApgpLal val ue

* € L M § e



15 t he AALm prepares and rrultlpl_exes tLLe next ‘mnicell, as

il lustrated by bl ocks 1160 and 116 after the

i ncr ementwo,9748280 val ue of the. I\/C/ PCT’SE%TMDJ?vaI
value I, as illustrated by the "YESI H Ti of decision bl ock
1140, the val ue of the MJC is rese Y t he val ue of the
S/'N counter is reset to "0", - the AALntlnserts t he val ue stored
in the S/N counter - |nto_the_payload of -the next mnicell, and
the AALm attaches the appropri@te mnicell header containing

t he 10 predefined CI'D code, as illustrated- by blocks 1145,
1150, and 1155 res I h L t Q%ggs, and ‘the
mnicell into the E‘%’aiitl%lye\:‘lg.l )éﬁltahga%r r@%?%g%&cg@
illustrated by bl osierpdn SeifcFrROERims G ddy ...".Vatslo is measured by,
1130 and bl ock g,&,g;, ohaner idea18/.N counter . and: -:t 15 MZ/C are

incremented by "1". Note that FIG :11A does __'. not illustrate
the fact that once the AALmhas filled . 0 7 7. the current ATM cell.
payl oad W th mighi celrles .appurakild of claim 26, lwyere B04sq idfmmans fG  3)

\,,AMT:V: cglt |t at%g E Eg;sepzpr 3 gr g data cell’ seq\fem' __,lg‘gﬁdﬂt@@ ééfélétﬁ t the
__‘fl ed and adjustable

data cell as a functlon of a__%
transmission 1nterva1 comprlses
means for 1nsert1ng t'e data cell sequence number
into a seguence number mlnlcell, and o
10 means for’ 1nsert1ng the sequence number minicell
into a payload portlon of the;”elect ‘data cell,

wherein gaid data cells.a:e ATM ‘cells, and
' d_adjustable transmission

wherein sald predeflned
interval is measured by a number' of ATM cells.

| THIS SHEET HAS BEEN
- REPLACED




20- receiving station. ' FIG 12A illustrates a nethod that

could be used to _ . I npl ement the second exerrpl ar 'enbodi rrent

Wi t h respe®O 97/48250 to the receiving station. A mni cé’ﬁr

(MJO is initialized as illustrated in block 1201. The

25 receiving station then recei v& fhe next ATM cell from

the transm ssion station, as illustrated by block 1205, and
the mnicells contained therein are f{ultipl exed fromthe
payl oad one by one, as illustrated by Yl ock 1210. The
receiving station then increments MJ C\as 30 “illustrated by block 1212.

I f the receiving statlon determi nes that\the CID" " code in the .
header  of the m preett—T3$ not equal -to-tNe — ngd Cl D code
that indicates whetddd alninicslT s~ """~ "~~~ ai 3N m nﬁgl :, as
illustrated by tRE "NO path out of | decision blo 1215, the
receiving station ch%cks o WO 97/ 48;5/30fﬁ 1
- PCT/ SE97/ 00971 .
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16 there are any nore mnicells in the ATMcell. If there are

more mni cwa%lifg?tshe ATMcell, as illustrated by the pdEkpPRobriout of

deci si on bl'oc t he receiving station denultlplexes t he next
mnicell. If there are 5 no nore Mfdacells in the ATMcell, as
illustrated by the "YES' path out of decision block 1225, t he

recei ving station retrieves Ehe nexB8ATM c8 | . | f, however,
the CID code in the next nlnlcellﬁﬂoes ™ eq t he predefined val ue
identifying the mnicell as a 107 "3/ N celf; ¢s illustrated by the
"YES" path out of deci si on block 1215} the receiving station will read
the” S/NTfield in the correspondlng m fi cgl | payl oad, as
-+-H-ust-rat-ed--by -bl-ock 1230. The rbcth|n sfatijon conpares the val ue
stored in the SSNfield with the,lSu' presgnt val e of the MCJC. If the
two val ues are equal, as |I4usﬂrated y t 1YES" path out of deci sion

hat no mnicells have
( t mnicell in the

bl ock 1235, the receiving slatlon pr egunmgs
been | ost, and proceeds to retr|Eve.e|thE§ t he
ATM cel | or the next ATMcell, asy '

s)
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20 . illustrated by decision block 1225. If the SSNfield and
the MC/C are not equal, as ~illTustrated by the "NO' path _ou 4?
deci si on blwaR74828%, the receiving station.presunes tﬁﬁF“WPHﬁ 2t s
have been | ost, and the nethod proceeds as described in the first 25
exenpl ary enbodi nent, as i.llustrated hy, bl ocks 1240, 1245, and 1250
Thi s second exenpl ary enbodi nent provi &L t he flexibility to decrease
t he predefined transm ssion interval between S/ N fields such that
nore than one S/IN 30 mnicell appears in an ATMcell. For exanple, in
t he first exenplary enbodi nent, an ATMcell interval of "1"
Tesults in one SINfield per ATMcell. In the second exenpl ary

enbodi ment, it is possible to send nore than - one S/IN field per ATM
cell should the circunmstances 35 warrant such an interval. However, one
skilled in the WD 97/ 48250 '
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17 art will readily understand that doing so would take up

val uabl e bandw dt h. FIG 13Aillustrates a sinple di agram’
of an WOeRHASYUs t hat may be enpl oyed for inplenenting Pﬁé‘%ﬁ’mﬁg?hod‘
of detecting lost minicells-in accordance with t he second exenpl ary
enbodi rent. FIG 13A shows that . ayRo an apparatus woul d contain the
sane type of conmponents as the apparatus -associated with the first
exenpl ary enbodi ment. For exanple, the transm ssion 10 ‘station 1301
contains an AALm 1305 whi ch prepares and - generates-mnicgalls; a

mul tipl exer 1310 for multi pl egng the ninicells into thegpayl oad of” -
ATM cells; "a SIN count er 5 for mai ntai hiig the act ual>u@nber of
mnicells transmtted; a mni E counter. (M C)- 1320 15 -f--@-&e’epi-—-ng----------------
track of the mnicell intervakvalue; and a m ni cel | int®rval regi ster.
1325 which contains the valueem of the predefined trar&nd-;si-en}ii nt er val
set by the opefrator ¢r the trpnsm ssion statipn, as descri_%e

y—
e mnmamedll ¥ )
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above. The primary difference between the apparatus 20 |Ilustrat'ed I n

FIG 13A and the ag)qparatus Ll lustrated in FIG 8A, is that:
‘informati on Q¥ n the various counters are used by tﬁﬁ?’%&ﬂl’Pﬁ%s
illustrated, since it . is the A/ﬂ_/raahat generates the mnicells.
Li kew se, the conflguratlon 0] | on apparatus 1350 is
simlar to the receiving appar/dtM/ESOffA(sﬂfbbl ate qih the first
exenpl ary enbodi ment i Il pist rated MAERAEI8A. (ne [difterence is
the receiving station 1350 cof - 5 for :
det erm ni ng whet her the Cl D val ue of a' pr sent 30 ‘mniceltis equal to
t he predefl ned ClI D val ue usedfT entl Té S N_m i CEI'TsTThe recei vi ng
station 1350 also cont ai ns”é(r @fl‘(ﬂf 4’@( i @@{éﬁmﬁ37@5and-...a..__m....n..i..c.el.. |
counter 1375. These conponentp are ut (ﬁ‘é’é‘é" the AALM 1360 since it
is the AALmthat demul tipl exeS THE 35 mreerts Tromthe ATM cel | payl oad
“and decoupl es the V\D'_97/ 48250 * ' '
PCT/ SE97/ 00971 - IHITIALIZE S/H=0 e
' - IRITIALIZE ADY =1
SN T
625~ (X MINICELLS) :
INCRENERT S/W _ 630
(S/H=S/7K +X) _
INCRENENT ATH/CC 535
(ATH/CC = ATH/CC+1) _
645
SET Al =1 640
SET AUY =0 ~—650
RESET /WI/&Z‘=0_._ _ ~ 655

!

INSERT S/0 INTO PAYLOAD | 660
OF ATH CELL

w

670 — TRANSHIT ATH CELL

F/G. 64
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18

. data theref'rom
t hat m ght
pr esent m‘VQr?F’f“f?ﬁo
second exenpl ary enbodi nent,
payl oad i ncludes both a S/

In all-

mnicells actually tr
nunber of ATM cells that 'have been tr/mmmed 10

for inplementing this alterietwes

transmtting station and

FIGS.” TIB and
FI G5~ 11B-and -12B-are--essef
i.n FIGS. 11A and 12A respead

G BB ount
addi't o count e

two sets of

of an

: FIG 14 illustrates a S/N minicell
he generated by yet a third exenplary enb

respect's, this enbodinment

1400
f, t he

i's simlar to the

12B resq

676

“but - fog, we fact that-the minicell
for—t4 acki ng the nunber of
nsm ttﬂﬂfﬂm[ifagﬁﬂ,ﬂ‘[l\/f ield 1@7’110 for tracking the
Exenpl ary net hods
Hott-re th respect to the
t he' recelv ng statlon are illustrated in
ectl hods illustrated in
tia '??a# ;%é?w'ﬁfyw LA@thods il lustrated
tively. A eprinmary dffference between the
and their corr spondi ng nmethods, is the presence
: ] r and an
WITIALIZE SMyry =0
INITIALIZE LR }—614
Mf/fMUZE AW=17
PREPARE ATH CELL —
(X MINICELLS) '
- INCREMENT S/Wyyy
INCREMENT S/Nyrh
(S/ Wy = S/Myy 1) 680
 WeREMENT ATH/ee |
(ATH/CC = ATH/CC +1)

{

SET AYY=1

684

SET Ay =0

— 686

t

RESET ATH/GE=0

588

!

INSERT S/Nyyy AND S/Wyry
70 PAYLOAD OF ATH GELL

—630

|

ﬂ%ffSﬂVﬁw‘ﬂ

—~692

"

694—

TRANSMIT ATH CELL
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addi tional ATM cell counter (AC/C) in the receiver which 20 are needed to
track the nunber of ATM cells that have . 'been transnitted_and received
respect i vel %0 97/48250 Similarly, FIG 13B illustrates an g0 hat .
- mght be used to inplenent this alternative enbodi nent. Agai n, the

: apparatus illustrated in FIG 13B is72% substantially similar to the

. apparatus shown in FIG 13A, but for the addition of two separate

. counters in the transm ssion station: the SINerr] counter 1380 and

"~ the S/N[err] counter 1385, and the addition of an ATM cel | ,
counter "1390 and a S/N[err] field:register 1395,in the 30 ' receiving
‘statron.” "FIGS. 15A and 15B simlarlyd llustrate ATM cells

1500 -and.- 1550 respectively in conjynction with fourth exerrpl ary
enbodi ment. This fourth exenplary gnbodi rj? 1I7F M’) imilarft®lthe first
exenpl ary enbodi ment, rbut—for—35™the fac [y ot cell yoads

i ncl ude both a SNm ni WD 97/ 48250 : '

PCT/ SE97/ 00971 - +

RECEIVE ATH CELL FRow |10
CTRANSHITTER -
(CONTAINS ¥ MINICELLS)

o | T

USE HIC/MSP INCREMENT ME/C
7O RE-ESTABLISH (HC/C= HE/C+X)
ALICGHMENT IF NECESSARY

T

DETECT M6 L0SS
—
m |

107

READ S/N — 115

(Wo)

HC/C=5/H 2 720 .

FIG. 74
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field for tracking the nunber of mnicells actually . transmtted and

an SNferr] field for tracking the nunber of ATM cel | s thsg I%\;ia been
t ransmi t t e YO 97/48250 Exenpl ary net hods for i npl ementing ¥ 7
enbodi nment , 5 wth respect to the transmtting station and the
receiving station are illustrated8/R0FI GS. 6B apd 7B respectively.
i Note that the nmethods illustrated in FIGs. 6B and 7B are essentially
- the sane as the nethods : i || gstrat-ed—t+A—FHHcS—EA—ant—7 |7S§pect|vel y.
The 10 primary difference between thﬁy/rm/ﬁeymgﬂ[flgure
their correspondi ng fethods, 15 e presengeynir aA/e=0 adﬂ | onal
counter S/Nerr] in the transmtter_and an additionali ATMcell = 77
counter (AC/C) in the receiver which arejl needed to track the -runrbpr-

of ATM cells that haye 15 been_transmiited hnd received respectively

Similarly, FIG 8B illustrates an pppara m gh be used to
I npl enment this enbodinent. Again, fhe wg%zg%ﬁ‘g%%[sl sprtied in FIG

8B is substantially _

REGEIVE ATH cELL Fhow =180

TRANSHITTER S
(CONTAINS X MINICELLS)
IWGRENENT AC/C 765
. (AC/C = AC/C +1)
w | |
USE KIC/NSP INCREMENT MC/C 770
TO RE-ESTABLISH - (HC/C=MC/C+1X)
ALIGNHENT IF NECESSARY .
’ | (N0)
DETECT DATA LOSS :

)
790 !

READ S/ Ny
READ S/ Ny 1w

~ 780

¥0)

.”5/6';5//}’// '
oR o 185

4576 =5/My 7y

FIG. 78

SUBSTITUTE SHEET (RULE 26)



simlar to the apparatus shown in FIG 8A but for the 20 addi ti on of

two separate counters in the transm ssion . station: the S/ N er‘rL' '
counter 88OW@AAHRHL S/ NATMcount er 885, and the addit ¥R AT
cell counter 890 and a S/Nlerr] field register 895 in the receiving
station. The main benef'# ol ovi ded by the exenplary 25
-enbodi nent of the present inventio i ncreased bandw dt h
efficiency. |In accordanceg-whth the first exenpl ary enbodi nent, for

exanple, an ATMcell inte
of 1 (prior met hod) ~
approximately 1 full perca§
second exenpl ary enbodi nept,

of 8, conpared to a mandatory int erval
g\iwidth efficiency is inproved by 30"

a mnicell- : interval of-8-(i.

inserting a SSNmnicell efery 8th - m ni ceII) i nproves bandvm dth

efficiency by approxi matel .

0.2% The other main benefit of 'the

present invention, 35 is that itugi ves the operator the flexibility to
adj ust WD 97/ 48250, S = =
PCT/ SE97/ 00971§ { { (
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20 the ATMcel |l or minicell interval, t her eby providing I npr oved

bandw dt h effici ency when the ¢ircunstances permt, and |g3%r oved
reliabilitWOaU4&8Hk cost of bandwi dt h effici ency, when PCR QU y of
the 5 transmission |ines demands it. ~ - .. The present invention
has  been described with ref eren@ezmo several exenpl ary enmbodi nents.
However, it will be readily apparent to those Skilled in the art
that it is possible to enpo0y} the invention ifrgpeci 10 forns ot her
t han those of the exerrpl ary& gqnbodi nment s dgscri.bed jabove. This may be
done without departing ' | ¥ jfromthe spirit | _hthe |nvent|on These
exenplary — enmbodi men{ssqre merely illustr@t]i ve-aqrg [shoul d not be
consi-der ed- r est ri-cti-ve-intapy--way. - -The scope c&}-_t_he : 118 invention is
gi ven by the appended cl aings, rather than = |t h’-e"‘-__,pt§.cedi ng description,
and all variations and equi val ents whi crEf_aI_'I__- .-\\___;_i'&ri n the range of the
cl ains are intended tjo be enbraced ther%:‘_‘n_. SR S
_ g A
S| IS
N 1
s N bl |
= i ;
S . 3 |
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21 - . VWHAT IS CLAI MED | S: 1. In a tel ecommuni cati on system
that transport’s data packets from a sendi ng station to_a receiving
station, a We®wde#seor detecting | ost data, conprising the St’é‘ﬁ'gsmm"”l of :
5 transporting at |east one data cell that does not contain any
dat & packet sequence nunber to a receiving station;

generating a data packet sequence nddd@0 t hat represents a nunber of data
packets transmitted via data cells to the receiving station;

inserting the data packet sequence nunber into a select data cell as a

- - it .:...._..._..-_._._.,._. —— .._......7 . .- - . . . PR /I .
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10 function of a predefined transm ssion interval.

generating a data cells sequence nunber that represents a nugjn@g# 9%? ta
cells transWM%88%0o t he receivi-ng station; i e he -

data cell sequence nunber into the select data cell as a function of
t he ‘predefined transm ssion intervah2,3b : transporting the sel ect
data cell to a receiving station; .and at the receiving
station, determ ning whether data has been |ost as a - function of the
data packet sequence number and the data cell sequence nunber. 2.
The met hod of claim 1, wherein said data cells are Asynchronous Transfer
Mode cells and said data packet is a mnicell. 20 3.7 Tna

t el ecommuni cation systemthat transports data packets from a sending
station to a receiving station, a nethod for detecting |ost data,

conprising the steps ~of: _ generating a data packet
sequence nunber that represents a nunber of data packets transmtted
via data cells to the receiving station; - '
re
<
U e
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22 .
data cell
i nterval ;

as a

. WO 97/48250
- packet sequence nunber to a
t he sendi ng station,

i nserting the data packet sequence nunber.into a sel ect

function of a predefined and adjustable transm ssion
transporting the data cell contai ni nBCTREYNEH

receiving station; and 5 at

determini ng wist/Ré data has been | ost as a function

~ of the data packet sequence nunber. The nmeyhod of claim3
further conprising the steps off: M’/f/;l;flggyzﬂﬂ ﬂt'/'h sengit 1 st at i on,
updati ng the data packet sequernce nunber "1’ respon$e to the
transportation of each data cell; and 10 _ inserting an updated data
packet sequence nunber into select data cellk : the predefined and
adj ust abl e transm ssion interval. MUT/A[/ZF ”/,m'[u CoUNTER L -
He/C+0 T oS
INITIALIZE S/H =0 1110
. INCRENENT S/H |
130 (S/K = S/H+1) I
INCREWENT HC/C 1135
(HC/C=HC/C+1)

No)

HC/C =12

AALm PREPARES
NEXT MINICELL

RESET MC/C =0

RESET S/N=0 —1145

s
1160

!

AALT INSERTS S/N
INTO PAYLOAD OF NEXT
HINICELL

AL INSERTS PREDEFINED

CI0 VALUE IHTO
HEADER OF NEXT NINICELL

1150

—155

- AALm MULTIPLEXES NEXT
NINICELL INTO-PAYLOAD
OF CURRENT ATH CELL

1165 —

FIG 1A
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5. The nmethod of claim3, wherein said step of determ ning whether data

has

~ conprises tWO%HEH of .

~ packets received with the dg
. determ ni ng whet her data hag
bet ween t he nunber of data

nunber .

I nserting the data packet .20,
a-function of a predefined gnd ﬁﬁvmmbﬁ/ﬁwc 7l 6'0”"-_
conprises the step .of i e %

nunber into a)Jredefl ned Ioc,_a_lon of a #v>

data cel |,

been | ost as a function of the data packet sequence nunber

tracki ng a number of BHatEEQANLt s
received by the receiving station; 31%/20 conparing the nunber of data

+ A Al ot

unber; and

6. The 1

o PACNCT ochCIIbC I

been Mﬂfbﬂéﬁf MMWERdtT on of

ackets reMA_’ﬁd’d[aﬁd the dat

“sequence unber Lot n a

acket sequence
sai d step of
sel ect data cell as

_,Sg corrparl son

""_pnsn

-t e.___dat
ad gortion of the sel ect

1 ssion interval
ket sequence

M’/T/AUZ[‘- 5/17”/”/. g
INITIALIZE S/A/Af”

—1110

15—+

INCRENENT 5/ ,_-7,"‘ -
(S/Myry = S Wypy #1)

1

1130

LT

|

//V&'ﬁ[ﬁf//f ,4/6‘/6‘

1135

(HC/C=HC/C +//

) _

HC/C=12

AL PREPARES I B —

NEXT MINICELL

- 1165

\

RESET WC/c<0
RESET S/Wypyy =0
RESET S/Wyry =0

—1145

!

AALIT INSERTS S/W INTO-
 PAYLOAD OF WEXT WINIGELL

—1150

~

AALm M/SEI?TS Pﬁfﬂfflﬁfﬂ 6’/0

11155

| VALUE INT0 /f[Aﬂfﬁ’ oF IVE/I’T ﬂlfllﬂfll

) Mlm AUl T/P[f)’f&' NEXT IIM//G‘EU

//W'ﬂ PAYMAB OF G’WEHW AIW Gﬂl

—1160

170

ATH CELL

(D)

PAYLOAD FULL ?
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are Asynchronous "~ Transfer Mde (ATM

“interval is Hg‘gﬁﬁﬂd by a

" method of claim3, wherein said step ﬁ% gs

* sequence nunber into a select .data ce 5

mherein sai d data packets are mnicels,

cells, and sard

nunber of ATNIceIIs
erting the data packet
a function of a predefined and

said data cells

Fé’ﬂmo%ﬁ 10 n
5

. adj ustable transm ssion interval
- inserting the data packet sequence 120
|nsert|ng t he sequenc

PS

e

AR

of ;

ndrber mi nicel | ;
i ntjo a payl oad

¢ portion of the data 10 cell, eI n sal d data packets are
'HiniCérrs“”ééra”ﬂéfamééT[§“éré'Asynchronous ¥ Transfer Mdde (ATM
cell s, and - sai-d -predefined-and-adj-ustable frg&s g_ interval is
g measur ed by a nunber of ATM cells. {205. %‘ ?%khod Of et d-at-A83—y
j further conprising the steps of .
| ! |
1210 — DENULTIPLEY S
NEXT MINICELL
1212 — INCREMENT HC/C
(MC/C= HC/C+1)

CID= PREDEFINED
VALUE

1230 READ S/W
1245
A .
USE HIC/HSP
DETECT
70 RE~ESTABLISH WINICELL MC/C=8S/N?
ALIGHMENT 108S ' .
IF NECESSARY --
(YES)
SET HC/E=0 -
b
1250 N
1225 LAST MINICELL

(N0)

FIG 124
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15 at the sending station, updating a data packet sequence

nunber in reZPonse to the transportation of each data acket and
i nserting t @7 g2%®ed data packet seqyence nunbers at the pr% fetdd
and adj ustabl e transm ssi on: intervall 9. " The nethod of cl aim 8,
wherein said step of inserting the updated d equence
nunbers at the predefined and adjustﬂMOe-tra 2? (ﬁi{ rvaI
. conprises the steps of: : |nsert| a packgt sequence
nunber into a sequence nunber n1n|cell . ana*
REPLACENENT SHEET : . - © 24
| o1 HITIALIZE WIRICELL |
- ; COUNTER HC/C=0
' | — RECEIVE WEXT |
12050 arw ceu =
1207 INCREMENT AC/C
(AC/C = AC/C+1)
_ DEMULTIPLEX |
1210 NEXT MINIGELL "
o MCRENENT HC/e
nﬂc/c=4wzv+/}

¢lf= ﬂﬂ%EﬁMTD
%Mﬂf

1215

READ S//Y”M(/

1230
READ 5///,, -
5 o it
USE HIC/HSP |
70 RE-ESTABLISH '”‘;;'-;f,f
ALIGHMENT - o
IF NECESSARY
SET HC/G=0
SET AC/E=0
B S
1250 LAST MINIGELL

' SUBSTITUTE SHEET (RULE.26).. .



i nserting the sequence number ninicell into a payl oad portion.of the data

cell, - wherein sai d data packets are minicells, said data
‘cells are AJMagbls, and | sai d predefined and adj ust aBCESEYYPOMN ssi on
interval is neasured by a nunber of 5 m nicells. 10. The

met hod of claim3 further conprising ¥hé28teps of:

generati ng
a data cell sequence nunber that repregsents punber ef-fata

cells
transmitted to the receiving station; ilnsefting the data cell
sequence nunber into the select datalcell as |a 1P funption of a
predefi ned and adjustable transm ssign.ijnt ervaﬁlﬁ; and | &= |
determ ni ng whet her data has been | ojtecals a fu%c ion 0§' he data céll
sequence nunber. 11. The reRhpd of i m 10F prther conprising -~ -
the steps of: S & {updati ng t@e dat al &1 selBehce nunber in
response to the transpért & forrof T % Fach dsi acel . Sphd
inserting an updated dat h el | sequencg number I fit o sage_‘t data cells at
t he pred&ined an j ust abl e [t&@ahsni sgioh i nt e@%l .
™ , = x
N
~ L)
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S © bt ®
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12. The nethod of. claim 11, wherein said step of determ ning whether data.

has - been lost as a function of the data cell isequence nunber
conprises tW82¥MHL of: 20 tracking a nunber of FSESEIPH!L
received by the receiving station; conparing the nunber of
data cells received with a received zagapcel | 'sequence nunber; and
25 determ ni ng whet her data has been | ost as a function of
sai d conpari son bet ween the nunber of data cells received and the
data cell sequence nunber. .
] ' [~
) T g
_ _ P _
[ ]
wx 2
\ g—
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13 R
sequence nunber into a select data cell as a function of a pred®

adj us
i nser

The met hod of &l ai m 10, wherein said step of inserting the-at a cell

t abl e : ansni ssi @ erval r| 383 t he tep of : ¥ .."-f
ting the Plelcer | seque%ﬁ‘éne%-rﬁ%ﬁ%ﬁ-"rﬁno Oﬁ?&%l Ned | ocat 1of

pay! 0ad RAgkIAH (I‘}}IJAIE APPERATHON $OBRISHRID UNDER THE PATENT COUPRIRTBNSRtZhHARRT)

Cel | —a—rn =A%1EAY C I UI."II\JIII UJI UII LAY CI Tul

is nea%h!nemawlaﬂﬁqwmﬁ%‘fm STM cel 1. | (@O Interndtiénal PubKtationNarhesel of \%V%@ H7448250
wher di n Ho4Q 130¢p of inserting the dadl|c nce 0 _
seledt data cell as a function of a{pred @?"‘H‘é’d"%??ﬂﬁ"‘é?ﬁig‘g‘t%éﬁr eru;jgg""“‘b”r % (18.312.97)
trangm ssion interval conpri sg;a t he steg inserting t

dat a |68 Intesretpme deRicighepber:nt o ECTERIGNEE (ﬁﬂl"?ffg at s%w , AM, ZA'EEAUK:%’? sggﬁ g’é
SR SHEBRE MU L 1sf Rbberl 0 @ BeVD 3,

dat a wher ei n ‘'sai d daf a ceLs, $'ra.rueL\Aw MG Mramm Mx NO NZ
wher di n gral d predefined and adj ust abl e t ransni BlsiPBRA, ﬁt’e‘iﬂléﬁ )

a nurrisét \?’(T ég cel | 9405 eles»s(loog‘ét?I tel ek’@ ﬁlfu-. Vi %gﬁﬁ KZ.MD'
trancports packet's ¥r'oma sendi n /U, ,gpean falt @A BB@H, DE, DK, ES,
st atijon, an appar at us for detecting | ost at a, Frcmpn iGB| IBJT, LU, MC, NL, PT, SE), OAPI patent
meang
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(57) Abstract

The process of deﬁactmg lost data cells in a tclecommumcatzon system that employs Asynchronous Transfer Mode is significanty
improved in terms of bandwidth utilization by using an optional minicell -or ATM cell sequence count. This may be accomphshed by
inserting the mlmccll or ATM cell sequence count into the ATM cell stream at mlcrvals that can be adjusted at the transmitting station.




sequence nunber to a I’ECEI ving station;

4805894 <3,

REPLACEVENT SHEET : 26
means for generating a data packet sequence number that represents a
nunber of data packets transnitted via data cells ‘to the receiving station;
means for inserting the data packet sequence n er |nto a sel ect data cell

as a function of a predefined and adjustable t l. 5
means for generating a data cell sequence nunbgr a nunber
of data cells transmtted to the receivingstafip . nmeans
for inserting the data cell sequence nunber info t?;?e7 9§Be1999d tc cell
as a function of a predefined and adjustable t} psnission i ntgrval ;
means for transportation the select data cell fo a recelving st"tion; and
WHAT.IS CLAIMED IS: e ' |
1. . Ina telecommumcauon system that transports data packets from a sending

10

15

20

: statton 0.2 reeelvmg station, a method for detecung lost data, compnsmg the steps

of:

Uanspomng at least one data cell that does not. conmm any data packet
sequence number to a receiving station; - _

' g_eneratmg a data packet sequence number that 'i-epresents a number of data
packets transmitted via data cells to the receiving station;
inserting the data packet sequence number into a select data cell as 2

function of a predeﬁned transmission interval.”

generating a data cells sequence number that reprcscnts a number of data
cells transmitted to the receiving statlon, '

inserting the data cell sequence number into the select data cell as a
function of the predefined transmission interval;

transporting the select datacellto a reeeiving sta_tien; and

at the receivtng station, determining whether data has been lost as a

function of the data packet sequence number and the data cell sequence number.

2. -. The method of claim 1, Wherein, said data cells are Asynchronous Transfer
Mode cells and said data packet is a minicell. '

3. In a telecommunication system that transports detg; packets from a sending
station to a receiving station, a method for detecting lost lt_i'ata, comprising the steps
of: .
" generating a data packet sequence. number that represents a number of data
packets transmitted via data cells to the reeewmg station;
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. 10+ at the sending station, neans for determ ning whether data

has been | ost as a function of the data packet sequence nunber and
the data cell sequence nunber. - 16. The appar at us of claim 15,
wherein said data cells are Asynchronous

IT Weede—cell s and
sai d data packet is a nminicell. 17. I -_-%%I-éﬁ@é@o‘ﬁrﬁ%ﬂat i on

system that transports data packets froma sendijhg 15 Start tto a
receiving station, an apparatus for detecting | dst th?aDEgnggg'sifn :

means for generati ng a data packet sequenge nunijer] that represept$ a
nunber of data packets transmtted via data cellfs.: ' Lvgng station;

means for inserting the data packet sequence nuriber into a sel ect{data cell
as a function of a predefined and-adjustable transm ssion Tmterval ; 20
means for transporting the data cell containing the data packet sequence
nunber to a recei wmﬁgﬂmgathedmpmtsquHMbﬂmwﬁémwcﬂb@e#m ni ng

het her dat a g BeeR, | Pelerfite dod Mt clicilifor idvat;  Packet seavence.

nunber .

transportmg the data cell containing the data packet sequence number 0.2
recewmg station; and
5 ~ at the sending station, determmng whether data has been lost as a functlon
of the data packet sequence number

4. The method of claim 3 further comprising the steps of:
at the sending station, updating the dara packet sequence number in
response to the transportation of each data cell; and
10 inserting an updated data packét sequence number into select data cells at
the predefined and adjnst_abie transmission interval.

5. The method of claim 3, wherein said step of determining whether data has
been lost as a function of the data packet sequence number comprises the steps of:
tracking a number of data packets received by the receiving station;
15 comparing the number of data packets received with the data packet
sequence number and
- determmmg whether data has been lost as 2 function of said comparison
between the number of data packets received and the data packet sequence number.

6. The method of claim 3, wherein said step of insefﬁng the data packet
20  sequence number into a select data cell as a function of a predefined and adjustable
transmission interval comprises the step of:
inserting the data packet sequence number into a predeﬁned location of a
payload portion of the select data cell,

T
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18. The apparatus of the claim 17 further conprises: nmeans

for updating the data packet sequence nunmber with the transm ssion

of each data cell; and. - " means for jlaserd an updated data

packet sequence number into sel ect 5 dat a cjelHFp}: ' i ned and

adjustable transm ssion interval. - ' 19. }' fH cl ai m 18,

wherein said nmeans for determ ning whet her R O d@?&bgas bee ost as a

function of the data packet sequence numb conpiti s means

for tracking a nunber of data packets rec® ved|by:i:he receiving

station; 10 -~ means for conparing thefnunber of data pakkets

received with a data packet sequence nufrbef+—and means

for determ ning whether data has been |ost as a.function of said

conpari son between Whu‘emaddsdampac&dsarmnk@ﬂs __lmdAsynclﬂ'anwspacket
Transfer Mode (ATM) cells, and said transmxssm interval is measured by a

number of ATM cells

7. The method of claim 3, wherem said step of msemng the data packct
5 sequence number into a select data cell as a funcuon of a predefmed and adjustable
transmission mterv_al- comprises the steps of: .
inserting the data packet sequence number into a sequence number minicell; -
and
inserting the sequence number minjcell into a -p_éyload portion of the data
10 cell, | .
wherein said data packets are minicells, seid data cells are Asynchronous
Transfer Mode (ATM) cells, and said predefined and adjustable transmission
intefval is measu:ed by a number,'ef.ATM cells.

8. The method of claim 3 further comprising the steps of:
15 at the sending station, updating a data packet sequence number in response
.  tothe transportation of each data packet; and
inserting the updated data packet sequence numbers at the predetermined
and adjustable transm1ssmn interval.

9. The method of claim 8, wherein:said-step of inseiting the updated data
20 packet sequence numbers at the prédefined and adjustable transmission interval
comprises the steps of:

inserting the data packet sequence number into a sequence number miniceil;

and

,mmmmmm



sequence nunber. 15 20. The apparatus of claim 17, wherein said
means for inserting the data packet sequence nunber into a sel ect
data cell as a function of a predefined and adjustabl e transm ssi on

i nterval conprises: means for-i.nse tl ket -
sequence nunber into a predefined | ocati op-'0) élé%}\ OSEE r{cj)lrt I on of
the select data cell, 20 wherein said _d_'_ta [? ackets arje

m ni cel | s, wherei n said data cell s af €998, and

wher ei n sald transm ssion interval is nmeagured bly nurrber of ATM|cell s.
28 ' ‘

mscrtmg the sequence number minicell mte apayload portion of the data
wherem saxd data packets are m:mcells sa1d data cells are ATM cells and
.saxd predeﬂned and adjustable uansm1ssmn mterval 1s measured by a number of
5  minicells.

10. The method of claim 3 further compnsmg the steps of:
gencrating a data cell sequence number that represents a number of data
cells transmitted to the receiving station; _
inserting the dara cell sequence number i into the select data cell as a
10 function of a predefined and adjustable transmission interval; and
determining whether data has been lost as a funcuon of the data cell

sequence number.

11.  The method of claim 10 further comprising the steps of:
updating the data cell sequence numbef in response to the transportation of
15 each data cell; and
. inserting an updated data cell sequence number mto select data cells at the
predeﬁned and ad_]ustable transmxssxon interval.

12.  The method of claim 11, wherem saxd step of determmmg whether data has
been lost as a function of the data cell sequence number eompnses the steps of:
20 tracking a number of data cells received by the recelvmg station,;
comparmg the number of data cells recewed w1th a recewed data cell

sequence: number and
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21.- The apparatus of claim 17, wherein said step of inserting the data

packet sequence nunber_into a select data cell as a function of a
predefi ned and adj ustabl e transm ssion interval conprises:

means for inserting the data packet sequence nunher_into a sequence 5
nunber mnicell; and means for inser Cie nunber
mnicell into a payload portion of t he dap ﬁﬂﬂ.pEMENﬁ%ﬂEEF
wherein said data packets are mnicells, %J Ehereln sald dat a
cells are ATMcells, and 10 mﬁﬁrein spiL ﬂ@ 3

adj ustabl e transm ssion interval is neasdted by | . a nunber of ATM
cells. . 22. The apparatus of claim 17 f urt her -conprrsrng:

means for updating a data packet sequence nunberlai-th-the fransnidsion of
each data packet; and 15 means for lnsertlng t he updat ed data

packet sequence nudb&rmmgwhﬁhcrdmhas;heemhmmdflmnﬁomdfsMMpamon
t ransm ssi.on f claim 22, - wherein

nt er.v - The, a rat us
sai d means f o ih?ﬂﬂm?qé’féﬁ‘&&?%rece edax?(ﬁtgp B %‘ﬁ%@m@ Taunbers at

t he pr edefl ned and adj ust abl e transni ssi on .

13.  The method of élaim 10, wherein said step of msertmg the data cell
sequence number into a scleci.dafa cell as a function of _a"p_redeﬁned and adjustable
5 transmiission interval comprises the step of: |
B  'inserting the data cell sequence number into a predeﬁned locatlon of a
-payload portion of the select data cell,
- wherein said data cells are ATM cells, and
wherein said transmission interval is measured by a number of ATM cells.

10 14.  The method of claim 10; wherein said step of inserting the data ceil
' sequence fumber into a select data cell as a function of a predefined and adjustable
transmission.inter\"al' comprises the steps of:

inserting the data cell sequence number into a sequence number minicell;

and
15 inserting the sequence number minice]l into a payload portion of the select
‘ data cell, '
. wherein said data cells are ATM cells, and
- wherein said predefined and adjustable transmission interval is measured by
a number of ATM cells.

20 15. In a telecommunication system that transports data ‘packets from a sending
station to a recewmg statiom, an apparatus for detecting lost data, comprising:
means for transporting a data cell that does not cq__qtam a data packet

sequence number 10 a receiving station;

e
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| nterval conprises: 20 means for inserting the data packet

sequence nunber into a sequence - nunber mnicell; and

means for inserting the sequence nunber mnicell into a payl oad portion of
the data cell, : wherein said data packets are mnicells,
REPLACEMENT SHEET ' :

wherein said data cells are ATMcells, - and __,_'.;,__REPLACEME ”SEE |d
predefined and adj ustabl e transmi ssi on interval is mpasur ed by

nunber of ninicells. 2 -1 | O07DEC 1999

number of data packets transmitted vxa data cells to "th_ ecemng station;
~ means for msertmg the data packet sequence number into a select data cell
as a function of a: predeﬁned and adjustable transmxssmn mterval
5 wmeans for generatmg a data cell sequence number that represents a number
of datz cells transmrtted to the receiving station; _ '
- means for'i msertmg the data cell sequence. number into the select data cell
as a function of a p__re_deﬂned and adjustable transmission. mterval,
means for transportation the select data cell to a recéiving station; and
10 ‘atthe sendmg station, means for determining whether data has been lost as
a function of the data packet sequence number and the data cell sequence number.

16.  The apparatus of claim 15, wherein said data ceﬂs are Asynchronous
Transfer Mode cells and said data packet is a minicell.

17. Ta telecommunication system that transports data packets from a sending
15 Station to a receiving'station, an apparatus for detecting lost data comprising:
means for generatihg a data packet sequence number that represents a
xiumper. of data packets transmitted via data cells to the receiving station;
- means for inserting the data packet sequence mi_ﬁlber into a select data cell
as 2 function of a predeﬁned and adjuétable transmissif;)j";i'_interval;
20 means for transporting the data cell contai_nihg thedata packet sequence
number to a receiving station; and '
means for determining whether data has been lost as a function of the data
packet sequence number.




24. ~ The apparatus of claim17 further conprising: 5 means for

generating a data cell sequence nunber that represents a nunber of
data cells transmtted to the receiving station; means for
inserting the data cell sequence nunber. into t he sel ect data cell as

a function of a predefined and adjustable transm ssi o cal....angd
means for determ ning whether data has been |ost as a fRERCACEMENT' SHERT dat a

10 cell sequence nunber, 25. - The appar

further conprising: - means fgy updating e g segyence
number with the transmission of each data cel I|, jan %BEEE‘%Q

means for inserting an updated data cell sequence nu lnto select jdata

15 cells at the predefined and-adjustable transm gsion interval.

26. The apparatus_of claim 25, wher id nmeans f
dat a has been 18pst %@Pﬁ@ﬁ@tqféhﬁmﬁ ﬁliglc&c@&l"l‘s%equence nunber

: f d
oy Phe " aeei ving srams o BRiind B i YatlyddelHRGg AR dBkERECe Vo

data cells recqsieigfidah cbll;aandat a cel | 20 sequence nunber ; and
means for determning whet:her data has been lost as a functlon of- said
means for msertmg anupdateddatapacket sequence number into select

5 dara cells at the predcﬁned and adjustable transmission interval.

l"l'

19.  The apparstus of claim 18, wherein said means for determining whether
data has been Jost as a function of the daté packet sequence number comprises:
means fo‘r-#acking a number of data packets received by the receiving
station; -
10 means for cbmparing the number of data packets received with a data
packet sequence number; and | |
means for detenmmng whether data has been lostasa funcuon of said
‘comparison between the number of data packets received and the data packet

sequence number.

1S 20.  The apparatis of claim 17, wherein said means for inserting the data packet
v sequence mumber mto a select dam cell as a function of a predefined and adjustable
transrmssmn mterval comptlscs
- means for i msemng the data packet sequence number into a predefined
location of a payload portion.of the select data cell,
20 - “wherein saxd data packets are mlmcclls
wherein said data cells are ATM cells, and

whercm sal_d_ transmission mtgrval_ 1s m¢asured by a number of ATM cells.
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conmparison between the nunber of data cells received and the data cel
sequence nunber . _ _

30 27. The apparatus of claim?24, wherein said neans for
inserting the data cell - sequence nunmber into a select data cell as a
function of a predefined and adj ustabl e tran ssion_interval

conpri ses: - means for inserting the dalaRrRKCERMEGH SPE number
into a predefined 5 . location of a payload porti pn dat a
cell - ' wherein said data celi are ATM cnnb? Dgﬁd
mhereln sai d transn155|on |nterval S neasured by a} nu

el]l s.

21.  The apparatus of claim 17, wherein said step of inserting the data packet
 sequence number into a select data cell as a function of a predefined and adjustable -
transmission intefﬁal comprises: | |
. .means for lnsertmg the data packct sequenoe pumber into a-sequence
5 - number minicell; and |
means for msemng the sequence number- minicell into 2 payload portion of
the data cell,
wherein saud data packets are rmmcells
~ wherein s_a_l.d data cells are ATM cells, and
10 wherein said predefined and adjustable transmission interval is measured by
a number of ATM cells.

22.  The apparatus of claim 17 further comprising:
means for updating a data packet sequence number with the transmission of
each data packet and .
15 means for. msertmg the. updated data packet sequence nurabers at the
predefined and adjustable transmission interval.

23. . The apparatus of claim 22, wherem Sald means for msemng the updated
data packet sequence numbers at the predeﬁned and adjustable transmission
interval comprises:
20 means for inserting tﬁe data packet sequence number into a sequence
number minicell; and | -
means for inserting the seq@éncé. number minicell into a payload portion of
. the data cell,

wherei_n said data packets arcmuucells,

I



28. . The apparatus of claim 24, wherein said neans for inserting the data

cel t sequence nunber into a select data cell as a function of a
predefi ned and adjustable 10 transm ssion interval conprises:

means for inserting the data cell sequence nunmber into a sequence nunber
m nicell; and means for inserting the sequénce nunber
mnicell into a payload portion of . the sel ect geta—eetd—I15
wherein said data cells are ATMcells, and REWMEMENT!&IEGT
predefi ned and adj ustable transm ssi on interval is negsyred by a
nunber of ATM cells. S 29 T 07 DEC 1999

wherein said data cells are ATM cells, and _
~ wherein sald predefinied and ad;usmble transmission mterval is measured: by
a number of mlmcells - '

24. The apparatus of claim 17 further compnsmg
5 mezns for generatmg a data cell sequenee numbet that represents a number
of data cells transmitted to the recelvmg station; -
means for i msertmg the data cell Sequence number into the select data cell
as a function of a predeﬁned and adjustable transmission interval; and
means for:détermining whether data has been lost as a function of the data
10 cell sequence number. | '

25.  The apparatus of claim 24 further comprising:
means for updating the damcell sequence number with the transmission of
each data cell; and | o
means for inserting an updated data cell sequence number into select data
15 cells at the predefined and adjustable n'ansmission-'interval.

26."- The apparatus of claim 25, wherein said means for determining whether
darta has been lost asa function of the data cell sequence number comprises:
means for trackmg a number of data cells received by the receiving station;
means for comparmg the number of data cells received thh a data cell
20  sequemnce number; -and
means for determining whether data has been lost as a fanction of said
comparison between the number ofdatacells received and the data cell sequence

number.
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a number of ATM cells
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27. The apparatus:_ of claun 24 wherem saxd means for i msemng the data cell -
sequence number mto a select data_cell as a function of a predefined and adjustable -

transmission mterval compt15es

IS : llsequence number into a predefined
location of a paqu’é,jd portion elect data cell,

wherein said,data cells are ATM cells, and

wherein satd ﬁm@i$1g nterval is measured by a number of ATM cells.
28.  The apparatus of claun 24 wherem said means for inserting the data cell
11 2 a fusiction of a predefined and adjustable
transmission mterval compnses B

sequence number mto a. select

means for u_:_scmng thcdata cell sequence nuraber into a_sequencc-number
- means for i msemng the sequence number: minicell into 2 payload portion of
the select data cell,
'wherein said data cells are A'IM cells, and
wherein saxd predeﬁned andiad_)ustable transmission mterval is measured by
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