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MINICELL SEQUENCE'NUMBER COUNT

BACKGROUND
The present invention relates to the detection of
lost data“cells'when_using‘the Asynchronous Transfer Mode

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.
Asynclironous Transfer Mode (ATM) is a standard
protocol that is useful for transmitting telecommunication
data within a telecommunication'éystem (e.g., a cellular
telecommunication system). Data is transmitted from a
transmission station to a receiving station in fixed-size
data packets called ATM cells. Each ATM cell contains a
48 octet payload and a 5 octet header. ATM is well known
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
(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.

These small packets are often referred to as "minicells".
Minicells, though gypically'éﬁﬁfter than ATM cells, are
simila;”;qm§§gwsgnse';hat-they~also contain a header,
usually 2 octets in length, and a payload with a fixed or
variable length. In addition; minicelis can stretch over
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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_ 200.. . The two octet hgadef includes a circuit identifier

(CID) field 201, a minicell -payload length indicator 202,
and -an error detection 'field_ 203 (e.g., a cyclic
redundancy code ({CRC) or bit interleavéd parity code.
This minicell format is well known in the art.

In a.layéred communication system, the mechanism for

-generating these additiorial cells, or minicells, is

referred to as the ATM Adaption Layer or AALm, where "m"

~ stands for “minicel;.“ This additional process or "layer"
. 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
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
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 -mqre minicells arrive at the
receiving statipﬁ, the receiver knows where each minicell
starts and endg (i.e., where thé first octet and last
octet are located in thé'ATM-cell étream). 1f there is no
minicell alignment, the reqeiving station will be unable
to accurately demulﬁiplex the minicells ftom the ATM cell
payloads, and unablé:toréiffact 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
of certain ATM cells. The MSP 401 identifies the starting
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- 1ocation (octet) 402 of the fifst 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
‘extension is also typically provided for checking parity.
As mentioned previouély, 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.
Alignment 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. '

Another major concern for a telecommunication systenm
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).
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 misrouting of ATM cells
due to an equipment 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
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

respectively. By comparing the value stored in the SN



WO 97/48250

10

15

20

25

30

PCT/SE97/00971

4

field and the value.stbredminmtheumodulo“&.o:;modulQMAQM“ww_mwm_

counter at the receiving station, the number of lost ATM
cells can be detected. If ATM cells have been lost, it is
also likely that minicell alignment has been lost. The
problem with the prior method is that inserting a
mandatory SN field into every ATM cell is not always-
necessary, especially when transmission reliability is
very good and few, if any, minicells are being lost.
Therefore, inserting a mandatory SN field into every ATM

cell needlessly expends precious Dbandwidth (i.e.,
bandwidth is wasted).

SUMMARY
The present invention provides a more bandwidth-
efficient method and apparatus  for detecting 1lost
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
in the accompanying claims.

It is an object 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
detect lost “minicells or ATM .cells in a bandwidth-
efficient way. '

It is still another object of the present 1nventlon

to provide information regardlng the npumber of 1lost

minicells or ATM cells to the telecommunlcatlon system so -
corrective action 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
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In - accordance with one Tasbett__of the present
invention, the foregoing and other objects are achieved by
a method and an apparatus for  detecting 1lost data,
comprising.the steps of: transpbrting at least one data
cell that does not contain any data packet segquence number
to a receiving station; generating a data packet ‘sequence
number that represents a ﬁumber of data fackets-
transmitted via data cells to the receiving station;

inserting the data packet seguence 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
‘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,

-comprising the steps of: generating a data packet sequence

number that ‘Trepresents 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

transmission interval; transporting the data cell

" containing the-flata packet seqﬁeneé number to a receiving

station; and'determining whethér data has been lost as a
sfunction of the-data'packet'seéheﬁée number.
 BRIEF DESCRIPTION. oﬁ&%ﬁmﬁi@:wiﬁés

The ob]ects 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
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--into--the. payload of ATM cells;

FIG. 2 is a dlagram depicting the format of a typical

minicell, : D

- FIG. 3 jis a block diagram illustrating the AALm
sublayers; .

. FIG. 4 1s a dlagram deplctlng the use of a mlnlcell
start pointer to help maintain minicell alignment;-

 FIGS. S5A and 5B illustrate two different
configurations for storing a S/N field in the payload of
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
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 -6f an ATM cell;

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 transmlttlng S/N flelds in the payload of S5/N

.minicells;

FIGS. 12A~and 12B are flow charté iliustrating two
methods . for: receiving 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

mfor 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

.oontaip;ng a S/N field for both minicells and ATM cells;
and

FPIGS. 15A anad i5B illustrate two different
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~ configurations for storing both a S/N field for minicells

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

DETATLED DESCRIPTION
_ In a first exemplary embodiment of the invention a
telecommunication 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 with this first exemplary embodiment, the

transmission;station inserts tﬁe S/N field into the
payload of aﬁ 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
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
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

every ATM cell The system operator or the transmission
station éaﬁ accomplish this by predefining a
transmission interval. If, for example, the operator at
the transmission station dete;hines that it is not
necessary to insert. & S/N field into every ATM cell, the
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
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‘each and every ATM cell is not warranted.: However, when
‘the signal quality is bad due to extremely high ”

interference levels, the operator may decide that it
would be prudent to decrease the ATM cell interval at
the éXpense of bandwidth.

' Since a S/N field will no longer appear in every
ATM cell, the receiving 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
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
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
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

-operations such as the one described hereinabove.

FIG. 6A jliustrates a method that may be employed
by the transmission station to iﬁplement the first
exemplary embodimenﬁ described aboﬁé; As previously
éfated, the operator at the transmission station or the
transmission station~itself mayidecidemtonestablish or
change the'transmission'intervalf for exanple, an ATM
cell interval, as illust:ated 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
cell transmitted. This can be accomplished with an ATM
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cell counter (ATM/CC) which is initially set to "oO".
Because the ultimate purpose is to detect lost

~minicells, it will~-also be necessaty to maintain a S/N

counter which tracks the actual number of minicells
transmittedrto the receiving station. The S/N counter
is also initially set "O0", as illustrated in block 610.
Likewise,”the AUU bit in the corresponding ATM cell
header is initially set to "iv.

once the counters and the AUU bit are 1n1t1allzed
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 payload will contain X number of mlnlcells,

including any minicell that overlaps into the next ATM
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
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

then.transmltted to the receiving station,. as

illustratedfbynblogk 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,
the transmission statlion sets the AUU bit to "g%, 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. ;The'transmission station. then resets the

ATM/CC to zero, as illustrated by block 655, the

incremented value of the S/N counter is inserted into
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660, the S/N counter is then reset to "0", as
illustrated by block 670, and the ATM cell is _
transmitted to the receiving station,tés shown in block
665.

FIG. 7A 1llustrates a method that may be employed
by the receiving station - to implement the first
exemplary embodiment- described above. ' Again, since. the
ultimate purpose is to detect lost minicells, the

‘receiving station must keep track of the actual number

of minicells received. This can be accomplished with a

minicell counter (MC/C) which is initially set to "“o",

as illustrated by block 701.  The recéiving station then
receives an ATM cell from the transmission station, as
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

correspondlng ATM cell, as illustrated by block 707. If

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
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 1n the MC/C with the value
stored in the S/N field, as 111ustrated by decision
block 720. If the v&lue of the MC/C_equals 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
ready to receive the next ATM cell.
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- 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.
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
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
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.

-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

-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.
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
maintained. When the value stored in the ATM/CC 825
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equals the value stored in the- interval register 820,

the transmission station will cause the multiplexer 810 ="

to insert the value of the S/N counter 815 into the
_ appropriate octet of the present ATM cell payload before
5 transmitting the ATM cell to the receiving station 850.
In addition, the AUU bit in the PTI field 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 transmlttlng 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
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statlon respectlvely, as "explained’ in greatér detail™

below. ) S Crrm e e

Critical communication dataﬂ é@ch as the data
stored in the S/N field, is typically protected by an
error detection code, for example,:a CRC or parity bits.
FIGS. 9A and 9B lllustrate that a dedlcated error
detection code 901 or 951, respect}vely, may be attached
to the S/N field. Alternatively, the S/N field may be
protected by a common error detecticn fielad (not shown)
that is typically: 1nserted at the end of the ATM cell
payload to detect errors assoc1ated 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

‘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
will roll over from a value of 7 (i.e., iil“ih’bihény”'
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 equal the MC/C being maintained in the

‘receiving station. Therefore, the receiving station

will assume that it has received all transmitted
minicells when, in fact, 8 minicells have been lost. In

general, this‘situation can be prevented by_ipcreasing

‘“the size of the 5/N field. Althcugh increased

reliability comes at™the expense of bandwidth,. this can.
be compensated for by increasihg the length of the ATM
cell interval I. N o '

In a second eXémplary-embodiment, a transmission
station'contfols the detection of lost minicells by
generating and transmittihg a specific S/N minicell to
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ethe rece1v1ng station_ at a predeflned transm1551cn
'1nterval I, for example, a minicell 1nterval FIG. 10

illustrates an exemplary format of a S/N minicell 1001.
As do all mlnlcells, S/N minicell 100; contains a header
1005 and a payload 1010, In addition, the header 1005

. contains a CID.code (not shown) , typically 8 bits in

length. Though all minicells cdntain a CID field in
their respective header, the CID field associated with
all S/N mlnlcells w111 be a 51ng1e, predeflned value.
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
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

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
used to impleﬁent 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

“{ilustrated By block& 1101, 1105, and 1110 respectively.

The AALm then incremenfs the S]N:eépnter and the MC/C by

"i*, as illustrated;hy blocks il30 %nd 1135,

1f, after the MC/C_is.incfeﬁeﬁted, the value of the
MC/C is not egual to the interval value I, as
illustrated by the "NO" path out of decision block 1140,
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the AALm prepares and multiplexes the next minicell, as

“{iijustrated 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
of decision block 1140, the value of the MC/C is reset
to ."0", the value of the S/N counter is reset to "0O",
the AALm inserts the value stored in the S/N counter
into the payload of the next minicell, and the AAim
attaches the appropriate minicell header containing the
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
MCc/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. 122 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

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,

~-illustrated by block™1212.

If the receiving statlon .determines that the CID

code in the header of the mlnlcell is not equal to the

predefined CID code that 1nd1cates whether a minicell is

an SN minicell, as illustrated by the "NO" path out of

decision block 1215, the receiving station checks if
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there are any more minicells in the ATM cell. If there
are more minicells in. the ATM cell, as illustrated by

‘the "NO" path out of decision block 1225, the receiving

station demultiplexes the next minicell. If there are
no wmore minicells in the ATM cell, as illustrated by the
"YES" path out of decision block 1225, the receiving
station retrieves the next ATM cell.

If, however, the CID code in the next miniceli.does
equal the predefined value identifying the minicell as a

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
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
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

-éxemplary embodiment, - 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
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
warrant such an interval. However, one skilled in the
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art will readily understand that doing so would take up 7
valuable bandwidth. _ - ' ' ST
" FIG. 13A illustrates a simple block diagram of an
apparatus that may be employed for implementing the
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
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
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

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

‘station apparatus 1350 is similar to the receiving
-apparatus 850 ,associated with the first exemplary

embodiment illustrated in FIG. 8A. One difference is
the receiving station 1350 contains a CID detector 1365
f

for determining whether the CID value of a present

minicell is egqual 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
minicells from the ATM cell payload and decouples the
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FIG. 14 1llustrates a S/N minicell 1400 that might
be generated by yet a third exemplary embodiment of the
present 1nvent10n. In all respects, this embodiment is
similar to the ‘decond exemplary embodiment, but for the
fact that the mlnlcell payload includes both a S/Npini
field 1405 for tracklng the number of minicells actually
transmitted and a S/Nammfield 1410 for tracking the-
number of ATM cells that have been transmitted.

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
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 counter S/NarMin the transmitter and an
addltlonal ATM cell counter (AC/C) in the receiver which
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
—snbstantlally 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

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 touthe first exemplary embodiment, but for
the fact that the ATM cell payloads include both a SNpjini
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“Fi&Ya for ‘tracking the number ‘'of minicells actually
t¥ahsmittéd and a SNapyfield for tracking the number of

ATM cells that have been transmitted.

Exemplary methods for implementing this embodiment,
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

- 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
been tranémitted and received respectively.

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

“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

-apﬁfbkimately 1 full“percentage 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,
is that it gives the operator the flexibility to adjust
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the ATM cell or minicell interval, thereby providing’
improved bandwidth efficiency when the circumstances
permit, and improved reliability, at the cost of
bandwidth efficiency, when the gquality of the
transmission lines demands it.

The present 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.

- 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
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;
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7. THe method 6f “Eldi 4, wherein Said step of

fsequence number into a select
data cell: f a predeflned and adjustable
transmissi prises the step of:

acket sequence number into a

payload portlon of the select

'ckets are ﬁinicells, said. data
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?&"dgt fﬁell sequence number that

‘data cells transmitted to the
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function of the data
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data has been lost as a

14. The method of

transm1551ow;ﬁa
ata ‘cell sequence number into a
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1nsert1ng the
predefined’ locatlo'
data cell, e

whereln sald datadcells are ATM cells, and

where;n?saldnt

sm;ss1on interval is measured by a
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15. The method ofj
1nsert1ng the data

alm 11, wherein said step of
fsequence number into a select
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transm1551on 1ntervalncomprlses the steps of:

1nsert1ng the data - cell sequence number into a
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into a select data ce_l ‘as a functloh,of a predefined
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_ zence ‘number to a -
receiving statlon) and A

at the: sendlng statlon, means for determining.

‘ost as a funqtaon of the data
packet sequence number;' B

17. The apparatus of;clalm 16 further comprises:
means for generaflng a data cell seguence number
that represents a numfer of data cells transmltted to

the rece1v1ng statlon,

means f£or inserting the data:cell sequence number
into the seleétfdatatéell-as a fuhction of a predefined
and adjustablwftransmlsSJOn intervalj—and

at the: rece1v1ng station, means for determining
whether datauhas_been_lost as a function of the data
cell sequeneefhpmber;

) Ak clalm 17, whereln said data cells
are Asynchronpus_Trans“er Mode cells and said data
packet .is a mlnlde '

15. In a teléﬁéﬁmﬁ' 'atlon system that transports data

packets from a s station tovaf

ge;ylng station,

an apparatus for’ ting lost data comprising:

meansffor'gen . : cet seguence number
mbaf of data packets transmitted via

data cells to the rece1v1ng station;

that represents“

means for 1nsert1ng the data packet seguence number
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__”the data packet sequence number.

and adjusta

a function
20. The app afus ofjclaim 19 further comprises:

means forfupdatlng the data packet seguence number
with the transm1551on of each data cell; and

means“for 1nsert1ng an updated data packet sequence
number int ngect_data cells at the predefined and
nsmission interval.

adjustable

21. Thefapﬁxfétus.of’claim 20, wherein said means for
determining: whether data has been lost as a function of
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23. The apparatus of”clalm 19 whereln said step of

into

means:f . updating a data packet sequence number
with the transm1s51on ‘of ‘each data packet, and
means for 1nsert1ng the updated data packet

seguence numbers at- the predefined and adjustable
transm1551on 1nterval.,

25. The app‘ i 'f:claim 24, wherEin said means for

ipto

into

_ 'redefined and adjustable transmission
interval iSTmeasﬁ:edyby,a number of minicells.
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26. The. apparatus ofaclalm lg‘Further comprising:

means: for genera ‘ng a data cell seguence number
that represents a nuwber of data cells transmitted to
the rece1v1ng statlon, '

f;nsertlng the data cell sequence number

- into the sel ct'data. cell as a function of a predeflned

and adjustable transm1551on interval; and

means f?r determlnlng whether data has been lost as
a function ofeﬁhe data cell sequence number.

27. The apparatus of clalm 26 further comprising:
means f“r_updatlng the data cell seqguence 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 apparatus of claim 27, wherein said means for
determiningiwhether'data_has been lost as a function of
the data cellfsequencewnumber comprises:

means far,tracking a number of data cells received
by the receiviﬁg station; -

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 of sald c"mparlson between the number of data
cells recelved and t

ﬁdata cell seguence number.

29. The apparatus ofhclalm 26, wherein said means for
inserting the data ¢ 1

. Sequence number into a select
f a predefined and adjustable
prises:

data cell as: a;funC'
transmission interv
means for 1nse.-1ng;the data cell sequence number

into a predeflned locatlon of a payload portion of the

'select data cell
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whereln said data cells are'A"M cells,mand -
wherein sald transm1551r

number of ATM cells.
30. The apparatus of claim éé;. \erein said means for
inserting the data cel}”sequene w.li into a select
data cell as a function of a’] 'u_lned and adjustable
transmission 1nterva1 comprlses__lz
;e data cell seguence number

into a seguence number mlnlcell,

means for 1nsert1ng f

and
means for’ 1nsert1ng the sequence number minicell
into a payload portlon of the ‘select 'data cell,
_ATM cells, and
wherein sald predeflned: ndwadjustable transmission

interval is measured by a numberbof ATM cells.

wherein sald data cells ai
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