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MINICELL SEQUENCE NUMBER COUNT 

BACKGROUND 

The present in:Vention relates to the detection of 

lost data cells when using· the Asynchronous Transfer Mode 

5 protocol (ATM} and the ATM Adaptation Layer for generating 

min~cells (AALtn). More particularly, the present 

invention relates to a bandwidth-efficient method and 

apparatus for detecting the ioss of one or more minicells 

or ATM cells during transmission between two end stations. 

10 Asynchronous 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 ~TM 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, 

~TM 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 

celi stream as illustrated by process 100 in FIG. 1. 

25 These small paeJtets are often. ;i;-ef.erred to as "minicells". 

Minicells I though typically. shorter than ATM cells, are 
. . , 

similar in the sense that · they also contain a header, 
• •• ••• '•• ••••••••• •••••••••••- ••••• • • • >•••••••- ... -~--·•••""""'""-•••·•-•••••-••••••••• '• •••·- • 

usually 2 octets in .length, and a payload with a fixed or 

variable length. In addition, minicells can stretch over 

30 ATM cell borders as illustrated by minicell 101 in FIG. 1. 

In general, multiplexing mini cells into the ATM stream 

improves bandwidth utilization and lowers transmission 

costs. 

FIG. 2 illustrates the format of a typical minicell 
.. ,·,_., 
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--------·-·-·-···-----···-·-·--·-·---··-· _ 200 ... ,. .The _two octet header includes a circuit identifier 

(CID) field 201, a mini~ell·payload l•ngth indicator 202, 

and an error detection field 203 (e.g., a cyclic 

redundancy_ code (CRC). or bit interleaved parity code. 

5 This minicell form~t is.well known in the art. 

In a layered communica~ion system, the mechanism for 

generating these additional cells, or miniceLls, is 

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

stands for nminicel~." This additional process ·or "layer" 

10 can be further subdivided into three sublayers as 

illustrated in FIG. 3. The convergence sublayer 3O1 

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 re,ceiving station. The 

multiplexing and demultiplexing sublayer 303 inserts 

minicells into the payload of ATM cells at the 

transmission station and extracts rninicells from the ATM 

20 cell payloads at the receiving station. 

A telecommunication sys~em that employs ATM and AALm 

must address several concerns. One such concern is the 

ability to mainta~n minicell alignment, so that when ATM 

cells containin9_ one: or mor_e _minicells arrive at the 

25 receiving station, the receiver knows where each ininicell 

starts and end$ (i.e., where the first octet and last 

octet are located in the ATM -cel-1 stream) . If there is no 

tQ.inicell alignment_, the receiving st~tion will be unable 

to accurately demultiplex the minicells from tne ATM cell 

30 paylqadS I and Unabl~_. tO ._ extract the US er 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 cert.a in ATM cells. 'l.'he MSP 401 identifies the starting 
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location· (octet) 4 o 2 of the first complete min ice 11 4 o 3 

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 make up the standard ATM payload. A two bit 

s extension is also typically provided for checking parity. 

As mentioned previously, each miniceil header contains a 

length indicator field 203 (se~ F·IG. 2), which idel!tifies 

the length of the corresponding minicell in terms of the 

number of octets that make_ up the mini cell payload. 

10 Alignment can then be maintained by identifying the 

location of the first complete minicell using the MSP 401 

and, there.after, counting the octets of each minicell 

according to the length indicator value in each minicell 

header. 
15 Another major concern for a telecommunication system 

that employs ATM and AALm, is the detection and rep~rting 

of lost minicells. Minicells can become lost 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, 

c;me comm.on 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 los~ minicells is the misrouting of ATM cells 

25 due -to an equipm~nt· f~ult _(e.g., a bad switch). 

Prior methbds detect ·1ost ATM cells by inserting a 

mandatory Sequence Number (SN} field into each and every 

'ATM cell. The SN field is typica~ly three or four bits in 

length and it serves as a modulo 8 or modulo 16 counter 

30 respectively~ The.value 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 with a modulo B or modulo 16 counter 

35 respectively. By comparing the value stored in the s~; 
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field and the value .stored .. in .. the modulo .. 8 .. or.~_modul.P __ J,.E>. ........... .. 

counter at the receiving .station, the number of los.t ATM 

cells· can be detected. If ATM cells have be~n lost, it is 

also likely that minicell alignment has been lost. The 

s problem with . the prior method is that inserting a 

:mandatory SN field into every ATM cell is not always. 

necessary, especially when transmission reliabili-ty is 

very good and few., if any, minicells are being iost. 

Therefore, inserting a mandatory SN field into every ATM 

10 cell needlessly expends precious bandwidth (i.e. , 

bandwidth is wasted). 

The present 

efficient method 

SUMMARY 

invention provides a more bandwidth­

and apparatus for detecting lost 

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 in the accompanying claims .. 

It is an object of the present invention to detect 

. when minicells an<?./or ·ATM cells have been lost during 

transmission between -two telecommunication end stations. 

It is . aQGj:her object of. t_he present invention to 

25 detect lost · minicells or ATM . cells in a bandwidth­

efficient way. 
• 

It is still another object of the present invention 
-· - . .. ···-· .•.... ··- -~---------··-···· . - . 

to provide informat:ion regarding ,the number .... of_ ... _l'o-sf ___ - ··· 

minicells·or ATM cells to the telecommunication system so 

30 corrective action can·be taken, if n!acessary. 

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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·optional sequence number (S/N) -field--.·-------·-····-······-·------------ - - - - ...... . 

In accordance with one · aspe'ct 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: transp~rting at least one data 

cell that does not contain any d.ata· packet seql,lence number 

to a receiving station; generating' a data packet·sequence 

number that represents a number of data packets· 

transmitted via data cells to the receiving station; 

10 inserting the data packet sequence number into a select 

·data cell c;i.s a function of a predefined transmission 

interval; transporting the select data cell that contains 

the data packet sequence number to a receiving station; 

and at the receiving station, determining whether data has 

15 ·been lost :as a function of .the data packet sequence 

number. 

In accordance with 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 represents a number of data packets 

tran·smitted 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; trani:;po:i::-ting the data cell 

containing th: ~ata packet sequence number to a receiving 

station; and ·determining whetii:e·r ci'at? has been lost as a . . . . 

30 

ff unction of the data packet· seq\ien¢e number. , ~ 

. -'... .,. . . --·-·-----·-····----····-··--··-····-- -· .... 

BRIEF DES'°CRIPTION OF T~E DRAWINGS 

The objec,ts and advantag,~s o'f the invention will be · 

understood by :reading the f ollowirig d~tailed description 

·· in.conjUn~tion. with the drawings in which:· 

FIG. 1 is a diagram illustrating the insertion of 

user data into:·minicells and the multiplexing of minicells 



W097/48250 PCTISE97/00971 

6 

-- -------- -----· -- into---.the .. pay_load __ of ATM: cells; 

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

minicell; 

FIG. 3 ~is a block diagram illustrating the AALm 

5 sublayers; 

FIG. -4 is: a diagram depicting the- use of a minicell 

start pointer to help maintain minicell alignment;. 

FIGS. SA and 5B illustrate two different 

configuratio:ri~: f-or 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. 7A 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. SA and SB are block diagrams of an apparatus 

_for transmitting and receiving an S/N field transported in 

---- ---the--payload --of an ATM cell_; 

20 FIGS. 9A and 9B illustrate the use of an error 

detection field in conjunctipn with the S/N field; 

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

FIGS. 11A and 11B are flow charts illustrating two 

metho~s for transmitting S/N fields in the payload of S/N 

25 _minicells; 

FIGS.· 12,l\~nd 12B are flow charts illustrating two 

m.ethods _for- feceiving S./N fields in the payload of S/N 
! • • . • 

minicells and using them to detect lost data; 
. f . . 

---··-----···-···-------·- ·····-···-·--·· _FIGS. 1.3A and 13B are bl~ck_ diagrams of an apparatus 
30 for transmitting and .rf~ceiving an S/N field transported in 

35 

the payload-- of a S/N minicell; 
- . . 

FIG. 14 illustrates the. format of a S/N minicell 

. cqn.tai_n,ing a S/N field for both minicells and ATM cells; 

.and 

FIGS. 15A and 15B illustrate two different 
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· ···· con:figurations··for storing both a S/N field for minicells 

and an SN fi~ld for ATM cells i~ the payload of ATM cells. 

DETAILED DESCRIPTION 

In a first exe~plary embodiment of the invention a 

5 telecommunication system employs an optional and 

adjustable sequence number {S/N) field to detect the 

loss of mini.cells during transmissio_n from a 

transmission station to a receiving station. In 

accordance w~th this first exemplary embodiment, the 

10 transmission statio_n inserts the S/N field into the 

payload of an ATM cell, for example, the S/N field SOl 

in ATM celi ·sos as illustrated in FIG. SA, or the S/N 

field 551 in ATM cell S55 as illustrated in FIG. SB. 

FIGS.. SA and SB also illustrate that the S/N field may 

15 be inserted anywhere in the ATM cell payload. However, 

the two most i:>ref erable 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. SA, or in the last 

octet of the ATM cell payload, as illustrated by S/N 

20 field S51 i.n FIG. SB. 

25 

30 

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), 

· ·th.e -option of inserti-ng the S/N field intE> .fewer than 

every ATM celi The system operator or the transmission 

station can accomplish this by predefining a 

transmission interval. If I f o:r example 1 the operator at 

the transmission st~tion determines that.it is not 

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

operator can define an ATM celi interval I, which 

results in the transmission st~tion inserting a S/N 

field into ·every IthATM cell. The operator may take 

this action when the signal quality of the transmission 

link is very good, and taking-up valuable bandwiqth in 
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each and every ATM cell is nqt warranted. : However, wheii · ···-------·--···---·---­

·the signal quality is bad due to extremely high 

interference leve·1s, ·the operator ·may decide· that it 

would be prudent to· decrease the ATM cell interval at 

5 the expense 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 

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 "O", it may indicate to the receiving 

station that a S/N field is p~esent in the payload. If, 

on the other hand, the bit has a value of 11 1", it may 

15 inqicate 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. 

SA or the AUU data bit 560 in FIG. SB 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 ·operations such as the one described hereinabove. 

FIG. 6A ~lj.ustrates a·method that may be employed 

by the transmission station to implement the first 

exemplary embodiment described al::>ove.· As ·previously 
f 

stated, the operate~ at the· transmission station or the 

transmission station'"'itself :may.decide-to-establish or 

change the transmission interval, for example, an ATM 

cell interval I as illustrated by: block 601. Since the 

transmission station is to inse~t 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 
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cell co.unter'(ATM/CC) which is initially set to 11 0 11 • 

Because the ultimate purpose is to. detect lost 

minic-ells,·· i:t will-also be necessary to maintain a S/N 

counter which tracks the actual number of minicells 
. . . 

5 transmitted to the receiving s~ation. The S/N counter 

is also init1ally set 11 0 11
, as illustrated in block 610. 

Likewise, ·the AUU bit in the corresponding ATM cell 

header is initially set to 11 1 11 • 

Once the counters and the AUU bit are initialized, 

10 the transmission_ station prepares the ATM cell for 

transmission to the_ receiving station, as illustrated by 

block 625. ·For the purpose of illustration, the ATM 

cell payload_.will contain X number of minicells, 

including any minicell that overl~i,is;, into the next ATM 

15 cells; theJ::e."fore, X is an integer value. The 

transmitting· station then increme~ts the S/N counter by 

the value o:e· X and the ATM/CC by the value of 11 1 11 , 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 ~ecision block 640, the 

transmissiqn station sets the AUU b~t equal to 11 1 11 , as 

illustrated by block 645. This indicates that there 

will be :no.S/N field in the ATM cell. The ATM cell is 

25 ~hen. transmitted to the· receiving station,. as 

illustrated by ··J:>lock 665. 

However,· if after incrementing the ATM/CC, the 

value of the ATM/CC is equal to the value I, as 

illustrated.by the "YES" path out of decision block 640, 

30 the transmission stat"ion sets the AUU bit to 11 0 11 , as 

.. _ .. ··--·-···········------·i.l._lust.ra~E?d in bl_ock ·5so. This indicates that the ATM 

cell w·ill contain an AUU bit with a value of 11 0 11 and a 
.. --·· ' - - ... -- ·········------·· ··········· ····· -- ·-··--- --···-·· . . .... ········ - ... -··-·· .... ~ ..... : .. . . - . . . .. . .. . --··· . . . -

· S"f N ·· field. -~The transmission statio,J:\_. then resets the 

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

35 incremented, value of the S/N counter is inserted into 
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···---···-··-- ··•·· -·-·--·-···--- ··-··-·········· ------·-·· ··········--·-··-··· ·-·-········· - .. ·- ·-· .... 
the payload of the ATM- cell, a·s illustrated in :block 

--· ········- ···-- ------·--······-·· ............ ___ . ___ ·-----··· -- ·········· ··-··· ... . 
660, the S/N counter is then reset to "O", as 

illustrated by block 670, and the ATM _cell is 

transmitted to the receiving station, :~s shown in block 

5 665. 

FIG. 7A illustrates a method that. may be employed 

by the receiving station, to implement the first 

exemplary embpdiment·described above.· Again, since.the 

ultimate purp·ose is to detect lost minicells, the 

10 receiving station must keep track of the actual number 

of minicells received. This can be accomplished with a 

minicell co~:nter (MC/C) which is initially set to 11 0", 
as illustrated by block 701. The receiving 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 th.e 

appropriate octet in the ATM cell payload as the S/N 

25 field, ·as illustrated by block 715. -In order to 

determine whether any mini-cells have been lost since 

receiving the.previous S/N field, th~ receiving station 

compares the value stored in the MC/C with the value , 
stored in the S/N field, as illustrated by decision 

·······-··-·····----3-0···--···-block 720. If the :va'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 0" and gets 

35 ready to receive the next ATM cell. 
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If the MC/C does not equal the value stored in the 

S/N field, as illustrated by the 11NO" path out of 

decision block 720, the receiving station presumes that 

minicells have been lost, as illustrated by block 730. 

s The difference between the value stored in the MC/C and 
the value of the pres·ent S/N field reflects the number 

of minicells actually lost. This information can be 

used by the telecommunication system for various_ 

purposes. For example, it may be used to detect system 
10· hardware problems, or it may be used to 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 {HlC) 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 fs reset to "O", and the receiving 

station is then ready to receive the next ATM cell. 

20 If the AUU bit is not equal to 11 011 , 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. SA illustrates a simple block diagram of an 

25 -appa.ratus that ·may be. used to .implement the 

aforementioned .. l!llethod. At a transmission station 801, 
the AALm 805 "generates minicells (not shown), as is well 

known in the art. The minicells are sequentially 
f .· • • • 
multiplexed into ATN cell payloads by a multiplexer 810. 

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 
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equals the value stored in the· infervai register 820, ·····-·-·-····-· 
the transmission stat.ion will caUSe the ·mult.iplexer· Ef1o-··· · ·········-···-~-----········ 

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 cells are 

received, the minicells are demultiplexed by a 

demultiplexer 855, and the minicells are sent to the 

AALm 860 for disassembly (i.e., the removal of 

15 communication data from the minicells}. In accordance 

with the first exemplary embodiment, the receiving 

station might also contain an AUU flag 865 for 

determining whether the AUU bit in the header of each 
. . 

incoming ATM cell is set to a "1" or 11 0 11 • As stated 

20 above, a value of "O" 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 mini~ell counter 875 would be used for keeping . .• 

track of the ·actual number of minicells received. By 

co~paring 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 any minicells ... have been 

lost. 

Alternatively1 the transmitting station and the 

receiving station may track ATM cells in addition to 

rninicells. The apparatus would then include· an ATM cell 

35 counter at the transmitter station and the receiver 
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station respecti ve1y·, ·as·· e·xi;:;-1a-ine:d: in -gr·e·ater·-·--aetifi"J:--··----····---· ··· ··· 
below.. ····-· - ----·--·-····-·-·-·- ·---·· ·--·-- ······-· ·- ··· 

Critical communication data,, such as the data 

stored .in the S/N field, is typically protected by an 

s error detection code, for example,.~ CRC or parity bits. 

FIGS. 9A and 9B illustrate that a.dedicated error 

detection .code 901 o·:r ·9si~ · respedt+vely, inay be·--att.ached 

to the S/N field. Alternatively, the S/N field may be 

protected by a common error detection field (not shown) 

10 that is typically inserted at the end of the ATM cell 

payload to detect errors associated 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 fi°eld 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~, iii.in ·binary} 

to a value of o. 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 

25 ·receiving station. Therefore, the receiving station 

will assume tba;::. it has receiv.ed all ·transmitted 

minicells whe~, in fact, a minicelis have been lost. In 

general, this·'situation can be prevented by increasing 
. . . -

the size of the S/M field. Although increased 

30 reliability comes ~t'~"the .expense of bandwidth_, ___ :_thls ... _can. 

be compensate,d for by increa,sing t:he length of the ATM 

cell interva1.··r. 

In a second exemplary embodiment, a transmission 

station controls the detection of lost minicells by 

35 generating and transmitting a specific S/N rninicell to 
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- the ___ _:c:_e_ce.J_y_:i,.p._g __ J?_1:~.1:ior.t.~t a predef.ineci transmission 

interval I, for examp"ie, 

illustrates an exemplary 

As do all minicells, S/N 

1.005 and a payload 1010. 

a mi.nicell interval. FIG. 10 

format o.f a S/N minicell 1001. 

minicell 1001 contains a header 

In addition, the header iOOS 

. contains a CID--- code (not shown) , typically a bits in 
length. Though all minicells contain a CID field in 

their respective header, the CID field associated with 

all S/N minic:_ells will _be a single_, -p~_edefined value. 

10 This single, predefined 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 mihicell 1001 will 

15 contain a S/N field 1-015. In all respects, the S/N 

field is identical to the S/N field described in the 

first exemplary 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 ··~ransmission station. A predefined 

transmission "interval I, for exampl~, a minicell 

i~t~~val-, -~ minicell counter (Mcj-c) i, and a sequence 
. . , •,. . . . . 

number (S/N) counter· must. all be initialized, as 
30 ------Ilfil"s"t-ra-te-etby--bl"o-c:ks'.1101, 11os, a~a i110 respectively. 

The AALm then i_ncremen.ts the stir- c6unter and the MC/ c by 
11 1 11 , as illustrated .~Y blocks 1130 :and 1135. 

If, after the MC/C is inc~emented, the value of the 

MC/C is not equal to the interval value I, as 

35 illustrated by the "NO"-path out of decision block 1140, 
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--·--···-········· ·--···----·-·--:E:he- '.AAtm prepares and multiplexes the next minicel 1, as 

--- ..... -......... -.............. rriu~itrated by blocks '1160 and 1165. If I after the MC/C 

5 

is incremented, the value of the MC/C is equal to the 

interval value I, as illustrated by the "YES" path out 

of decision block 1140, the value of the MC/C is reset 

to- 11 011 , tl:te value of the S/N counter is reset to 11 0 11 , 

the AALm inserts the value stored in the S/N counter 

into the payload of the next minicell, and the AALm 

attaches the appropriate minicell header containing the 

io· --·predefined CID code, as illustrated by blocks 1145, 

1150, and 1155 respectively. The AALm then multiplexes 

the minicell into the payload of the current ATM cell as 

illustrated by block 1165. Execution then proceeds to 

block 1130 and block 1135, where the S/N counter and 

15 MC/Care incremented by 11 1 11 • Note that FIG. llA does 

not illustrate the fact that once the AALm has filled 

the current ATM cell payload with minicells, the ATM 

layer 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 

.to 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 transmiss~op station, as illustrated by block 1205, 

and the minid~lls contained therein are demultiplexed 

from the payload one by one,.as illustrated by block 
f 

1210. The receiving station then increments MC/C, .as 

- --- ·--· .. ------------------30 -----·illustrated by block·""'.l.212. 

If the receiving station determines that the CID 

code in the header of the mi.hiCell 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 
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there are any more minicells in the ATM cell. If ·t.riere 
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 

5 no more 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 minicell.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 i~. 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 equal, 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 ·exemplary embodiment,- as illustrated by blocks 1240, 

1245, and 125Q 

This second exemplary embodiment provides the 

flexibility to decrease the predefined transmission 
f 

interval between S/N fields such that more than one S/N 

30 minicell appears in. ·a'n ATM cell. For example_, .. in the. _ 

first exemplary embodiment, an ATM cell interval of 11 1 11 

results in one S/N field per ATM cell. In the second 

exemplary·embodiment, it is possible to send more than 

one S/N field per ATM cell should the circumstances 

35 warrant such an interval. However, one s}~illed in the 
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art will readily. understand that doing so would take- up-···-·-·-·-····----·--·­
valuable bandwidth. ····--· ·····------·-·--·----

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. l3A shows that 

such an apparatus would contain the same type of 
-

components as the apparatus associated with the.first 

exemplary embodiment. For example, the transmission 

10 station 1301 contains an AALm 1305 which prepares and 

generates minicells; a multiplexer 1310 for multiplexing 

the minicells into the payload of ATM cells; a S/N 

counter 1315 for maintaining_ the actual number of 

minicells transmitted; a minicel~ 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. l3A and the apparatus illustrated in 

FIG. SA, is that the info~mation stored in the various 

counters are used by the AAtm, 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 S50., B:§:>Sociated with the first exemplary 

embodiment iilustrated in.FIG. SA. one difference is 

the receiving station 1350 contains a CID detector 1365 
f 

for determining whertber the CID value of a present 

30 rninicell is equal to the predefi.ned .. cro ... value used-to .... _______ ~---·--·-·-··:· 

identify S/N·minicell~. The receiving station 1350 also , 

contains a S/N field register 1370 and a minicell 

counter 1375. These components a~e utilized by the AALm 

1360 since it is the AALm that demultiplexes the 

· 35· minicells from the ATM cell payload and decouples the 
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. -... . .. ... . . .. . . ....... ·······-·- --······---·-··· -- ... --·--· ... --···-- ····· ....... --· .. . . .. . 
data therefrom. 

F''i(; .· 'i4·--r1I\iiitrate"s·· a S/N-·minic.e"il 14 00 that. might 

be generated by yet a third exemplary embodiment of the 

present invent_i:on. In all respects, this embodiment is 
5 similar to the'second exemplary embodiment, but·for the 

fact that the mJ.nicell paylqad includes both a S/Nrnini 
...... -----· . .. .. . 

field 1405 for tracking the number of· ·minicells actually 

transmitted and a S/NATMfield 1410 for tracking the­
number of ATM cells t~at have been transmitted~ 

10 Exemplary·methods·far implementing.this alternative 
embodiment, with respect to the transmitting station and 
the receiving station are illustrated in FIGS. 11B and 
12B respectively. Note that the methods illustra~ed in 
FIGS. 11B and 12B are essentially the same as the 

15 methods illust+ated in FIGS. llA and 12A respectively. 
The primary difference between the two sets of figures, 
and their corresponding methods, is the presence of an 
additional cou:nter S/NATMin the transmitter and an 
additional 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 -substantially similar-to the apparatus shown in FIG. 
l3A, but for t~~ addition of two separate counters in 
the transmission station: the S/Nminqounter 1380 and the 

S/NATMcounter~).385~- .and the addition of an ATM cell 
f . 

counter 1390 arid a S/NATMfield register 1395 in the 
·-30·····-- receiving·-·sta:t:ion····-··--·-· ·· - - - · 

FIGS. 15~.and 15B similarly illustrate ATM cells. 

1500 and 1550 ~espectively in c~njunction with a fourth 
exemplary embodiment. This fourth exemplary embodiment 
is ·similar to the first exemplary embodiment, but for 

· 35 the fact that the ATM cell payloads include both a SNmini 
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------,----nera:--To-r· tracking' the· number ·of· minicells actually 

-- --~:-----------·trahsniittEfd--·ana--·-a· SNA.if'Mf ie1d 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/~ATMin 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 transmitted and received respectively. 

Similarly, FIG. BB il~ustrates an apparatus that 

might be used to implement this embodiment. Again, the 

apparatus illustrated in FIG. BB is substantially 

similar to the apparatus shown in FIG. SA, but for the 

20· ·--a:·a:aTt.ion of two separate counters in the transmission 

station: the S/Nmin~ounter 880 and the S/NATMcounter 

885, and the addition of an ATM cell counter 890 and a 

S/NATMf ield register 895 in the receiving station. 

The main benefit provided by the exemplary 

25 ."embodiment of the present invention is inc;reased 

bandwidth effj,.Gjiency. In accordance with the first 

exemplary embodiment, for example, an ATM cell interval 

of 8, compared to a mandatory interval of 1 (prior , 
method}, bandwidth efficiency is improved by 

-----30----------appr-oximately l full·"'percentage point. - In accordance 

with the second exemplary embodiment, a minicell 

interval of 8 (i.e., inserting a S/N minicell every Bth 

mini cell) improves bandwidth -efficiency by approximately_ 

0.2%. The other main benefit of the present invention, 

35 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 quality of the 

5 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 

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. 
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21 :.<· :fHIS SHEET HAS BEEN 

WHAT IS CLAIMEI>.· IS; 
: -.~ :: .. 

REPLACED 
. .. ........ _ . .::· ·:· ·.·-., .. 

1. In :a· -~!eJ:~co~µ.pf:9~#lon syst~.m .:.~hat transports data 

packets from>-a .. sericiing~ s,tati.o.n to ~--_.J:'._ecei ving station, a 

method _for- .. ~~t~cti_n~:·;~a·~j:, data_,_· 'p_6~~i'lsing the steps of: 

conta~:a::~q~!:~P:!~t~~~:~::c:t~~~::~l t:h:t r:::~ v:~: 
.,": ... :.· .·.: ... ' _;::•: 

station;. 

. . .. 

transmiss ipri· :intervc1l f 
trans~~tting t:i~e · s~lect data cell that contains the 

number. 

2. The metb.Od of ·claim 1 furthe_r -comprising the steps 

20 o.f: 

generating a data cell sequence number that 

represent~;, a number o:f: ,.data celis··t.ransmitted to the 

.receiving :~t~t:i.~n; .· · : · · 

inser:tirig·1-t.he':·;~C1:ta·J::ell sequ'e~:ce number into th~ 
25 . select dat.~ .cell ~~·<·8,·;: flirtction 6:f.::,~"he predefined 

transmissf9tr intervci;l'i .and 

30 

has·b::n~:s:e::i:1~~:~::~0:~:~~5i:!:i:~1:h:::::n::t• 
number. ·";'" 

. . . ... ~ :,:. ·:;: : , 

•;. 

;=-:· ·:.· . 
. / ::;-.· 

··. ·,. -~ : ; . 
; :.-.-:~ .... : 

The -m~t,hod of ci~·±Iti 2, wh:¢.:($~¥fl:' said data cells are 3. 

Asynchro:i;~h·s Trans£~£· Mdde cells and said data packet is 

a minice1i' ~ ·· 
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.ifH$.:,:',SHEET HAS BEEN 
, __ :,:REPLACED 

5. The inetl;l:~~ o_f,, .cl.a,iin 4 furthe~ comprising the steps 
of: ···.· ... ,, 

at the -~-~hdihg s:tation, updating the data packet 

:::e~::a n:ii~,~~dre.~,~~-nse to the transportation of 

20 insert.ing?an updated data packet sequence number 

25 

into select:!~~tC!. -cell'.s at the ·predefined a·nd adjustable 

transmission< interval'~ -
r .·,.., 
:... -~·· . . .. . . 

. :; -~:. ·:. 

-6.. - The method of _claim 4 , wherein said step of 
... . : . ·~·· .. ·: .. : . ': ' ··.'. . 

determining_ ~tl-~~~~:f-~~t:;~ has beeri lost as a function of 

the data pacxet s~qtj~rj_6~ number . comprises the steps of: 
. . •. . . . ~- \:'·>· ... , .. : .. .- . ~- • 

-tracking,.~ n~inh~lf'_;:!of- data pa:ckets received by the 
·-··.: ;i"' 

.... compa;i:i{g-. the.~---~~:~r~.:_af. .. d.ata packets received with 

the data packet sequ·~:ri,~e number; : and 

3 o deter~fhing wh~~B~-~ data -ha~ been lost as a 

function of<::~B.iii . co~p-~':fison betw~en the number of data 

packets re~~~:i.-y*~::'~·n<;l_::the data packet sequence number. 
:-:--::·.··. 

:;"': I lllllNW Diii ~llNll 
* C '_L : M' S . * 
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. '.·,· .. 
}HIS SHEET HAS BEEN 

.. ' ·. REPLACED 
·• 

7. . ...... Tlie ____ iii~t~~a~~of_;,:~fi:~~iif:·;r; -whereiri ... said step of . 

-~==~~~~~--~~e,"~0:~~~t~1~~s:4;::~:fi~::e:n~n:: j :s::~~:t 
trans:~::J~~ih~~~~~~*fa:~:ts s:~!::p n:::er into a 
predef ine(iL'ici#.~tJ.i?n::,#,#L .. ~_:pay1~ad ~6rtion of the select 

. • .. -· ·=~.< ... , : .: .. ·' . . . " - .· ..•. .. ..•... . . . . 

data ce11·, · .. ,>:>< .. :: ·:} ·; .~:·.' 
':.-.:;· .. 

ceus w:::e~?F~eo::~~.,1::~:::, a~:d:i~~;:~1::1~:~da::ta 
said trans;it{~~s:iqn ir):1:gryal ·is, •mea'sur~d by a number of 

ATM cells. '" .·o. · · "'' 

8. The ~~f.~·~c:l' g:f.:' c!'t~.iin ; 4 I wherein said step Of 

inserting 't}i~:, gat:a -p~·C:k¢t ·sequence number into a select 

data ceii. -~~:::~:~: .~ulict:i.6h'··bf a predefined and adjustable 

15 transmissi~D~/iri~~rvc:1.t:·c;9mprises the. steps of: 

20 

25 

30 

inserj:i~-~'. "the. :d~t~ . packet sequence number into a 

sequ":~:e;r~:·~:tt\t~:t~c:n:umber minicell into a 
payioa.'d .popt¥?'n-~of;_:tb¥ 'd.ata cell, 

where:~h\s:aid dat}~:· ~packets are minicells, said data 

cells are;~~~~:11c~ior:{h~-~·:·Transfer Mod~- (ATM) cells, and 

said pred~¥i~~d '·;:ind' ~~justable transmission interval is 
measured ~i/a.· riu~b~·~).'q:f: ATM cells . 

. · \::''. ·:· .. ; ·.·.·> 
·: .: : ... 

9. The iri~¥~9d~(;,f:: ... R~:i.'.ili.jn 4 furthe,r ··comprising the steps 
···.:··,.· ·. · .. :·'.· .... 

of: , at ~f.:~,;n~.~ijfi~~~~ion, updat~iig a data packet 
sequence .nµffiber · J,.n. ··,i~S;ponse to the:: :transportation of 
each--.. dat:a~ .. ':p~.c~e;#;~'.-::;~,~~:<{' · · ·. · 

inse~1:iiri'~::;:j:.h~:; tipci'ated data :pac~et sequence numbers 

at the pr~·q.~ffh~·d. ~~d·.:~~justable :if'.~nsmiss ion i nterva 1. 
: ~·:··:~~: .. : .... y·:· . ";·· ·. •,"~.:;.:·;'. 

.. ,· .. :.~ ~:. :·:-.. ::··:: ·.:.::··: .:..: . ,. 

10. The '.:~~ .. t~cj~(.of. ·Claim 9, wherein said step of. 

insertinc:j·.,~h~e)'.~~~~'tSea data packet sequence numbers at 
. :··:.'.". ·.;. 

~· . . .. ..-...... ----·----·~~~---,...-

.. · . 

. 111111111111111111111111111111 
* c L M S * 

·< .' .. .': ...... .-:.·:· 
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the predefined,' ~nd.··.~dj~$tel;ple tr~ri'smi$sion interval· 

comprises thet·~:t~:ps ·o_ir: 
insertip~i· 'th~ -d~~~~i;p,a[cket sec;r\lence number into a 

sequence numb~r. ·m.i.~j_¢e·¥fr : .. and 

5 insertii)g.the
0

sCa.que11ce numberhti~icell into a 

payload port:£~l1;· of .t~;Jd~'t;a cell:, . 

wherein': •§'a-{CJ.• da~~_<ip,ftp~ets are: m:i11:icells, said data 

cells are ATM .c.ells, ~Hi.i: s~id pred¢f.ihed ·and adjustable 

transmis·sion._··~.n~~i:vai;. ']:s~·~·iaasured ··by .. a. number of 
;·: .':· 

10 minicells. 

11. The metltd'q, of claim 4 further comprising the steps 
,••. 

of: 
·.·: .·. 

generatil)g a' data :cell sequence' number that 

represents a·~~ber)C):f~qlata cells transmitted to the 

15 receiving st~-~~c:m; 
inserti:r:l~ the data.cell sequence number into the 

select data.:di!.:11· as ·a.'f\lnction of ~ predefined and 

adjustable tt~~$misf>:l#?f. interval; and 

determirfil1:<i whe~her data has been lost as a 

20 function of ·~he data·);~il· sequence number. 

12. The met.nod of·c):aim 11 further comprising the steps 

of: .. , 

updatitig: th~,: d~ii.a.:;·~e,11 sequence number in response 

to the transl?9F*at.iriri' ''6:f ~-ach .data c;:ell; and 

25 insertJrlg. ari ~p(3.~{ed.::data cell sequence number into 

select data ·calls· at'.ithe ·~redefined and adjustable 
·'·.~·<·-"·" -: 

transmission· int~rva·l.-~>'· 
... -~::\ 

::· -~.: <'--:<~ 
: ·.: -: ·,: 

13. The metpod· -~-~- .·~j~·~~n\,-~2, wherein said step of 

determining wheth~r>;,_c:t~'ta ·:fias been: lost as a function of 

30 the "data cell:. s~queh.¢~'-}h~iUber:· comprises the steps of: 

trackiri<:{·:~~-(fruml:;e~ of data cells received by the 
·.·: .. •. ,_:. ··. _,:.:· : ':.·. 

receiving s:~ai~4ti; · .. 
. : . ·. ~ ----.--:--.--:--.--:-:------·-

.·.··.: .. ·. 
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compar:tng: ,t:he~/nu~b.er of data cells received with· a 

. received data · ce·11:/~eq\J:~rfoe number·;-. ·a·nd 

detern\l:~ing: w~.~#H~J:_,::data has been lost as a 

~::~:i::c:~~::i!n~rm~~~:: ::~~e::~:c:~::e:~ 
data 

.:-': 

14. The m~thod· of ·:,~aj,~J;n\ 11, wherein said step of 

inserting tf:ie :: data \:c£(a¥I :~equence number into a se-lect 

data cell a!?: a fun;ct$:pn :,·of a predefined and adjustable 
·' . : .... ·. ,·,; ... '· 

transmissio?l inter·va.t.>9clmprises the, step of: 

insertfng .-the•-.:d~~:~.:·:cell sequence number into a 
.· ; :•··.~. ,., > ., "• . 

predefinea.:t(>batiol,l 9f. -~ payload portion of the select 
. ' . . .·: .... ·;.; 

data cell, 

where~n,.said data C:$11s are ATM cells, and 

wherein·• said· t~·~#~~lssion interval is measured by a 

15 number of A'l'M cells:< ', . ·, 
. .:,, .. 

j 

15. The method of ·~:J.~:im 11, wherein said step of 

inserting th.e. data p·~AJ 'sequence n.umber into a select 

data cell a;;' a .·;un¢t:l9n'··:of a predefined and adjustable 
. . ··.· ., ·. 

transmissiC)n·. i11terva1/~c;juprises the steps of: 

2 o insert:ing ·tpe=::d.:ii,:_~ ··~ell sequence number into a 

25 

30 

sequence n~~ber mi~~·c~'.;i.i'; and 
. . .·:·····:··, . 

wherein $a:;:4</~6'.ta''.:'C:~lls are AWM cells, and 

wherein' :saiq,)~h·/~~~flned an'd a51justable. transmission 

interval i~''}neas~~~q\··.b,y}). number 6~ ATM cells. 
I• .~::-::.·:> '. ·:-:·_-·.·'··~:····'·'· .' ..... ·./~:· 

. . · .... , . : · .... : _; :; .. :~-:\'. \~~;.~;·.:~;:::~.:~ ~·?:::::/·:~:.. ... . ··~' ·.' 
16. In a<·tele'¢(?,inmun:t'cat~on sys,t:em>'that transports data 

packets ftprc\'. <~:,C~ehaing; sfation to?~. receiving station, 

an appara'.t~~.: ~f~~'.'.:·;.~etecti~g l,ost:···d~~a, comprising: 

meari~S :fojr,. ~t~pSp():r;t:,'ing a aatci.;< cell that does not 

c·ontain =a :a~trf -~~Pk~~·.,;~,~quence number to a receiving 
· .. ·" ,, 

stationj 
. \' . ~· ·--~ :: 

: · .. · 
... : ~: . : . 

~. : . 

. . . . ~ ~ ... '•· .. 
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·: .:.- ... ·- ·. . . . . .,. ~-··:· 

mearfs ·t9r····gener:~t±.n9··-a··-aata-:p-~.o*~t·-·--se-quence-·number 

that represer}tS' a··· nu:m:~-~r: -·o'f· -"dat;::a:· 'p-a;¢kets-··transmitted via 

data cells tq. the ·:r~.-6~iving station:;.,:.' 

means for:: inse:t.~~~g· 'the data pao)C,~t sequence number 
: .. .··:-.··;i: . ·"':'." · ... 

into a selec't;: data 'c~.x~ '13,s a funet.ioll,>of a predefined 

and adjustabie>tra,n!;>~l~sion inter~a):.;:.: 
means 'fc;)r: trans~§t:ting· the .. sel.:~·6'.t'··aata" cell that 

does contain· i:;he. ·data·· ·packet sequehs~: )1umber to a -

receiving station·;' a_nq.':_: 
at the ~~l)d°ing ~~ation, means·. f9·r .. , determining 

whether data has: been',)~9st as a funct'.ion of the data 

17. The appar~~us of .~laim 16 further comprises: 
means for; ;1_,;J~nerating a data cell ·sequence number 

15 that represe_nts a . nuini;~r of data cells transmitted to 

the reeeivin:g,· E>iation';· 

means for' · inse:rt·~:tig the data·: eel l sequence number 

into the sel:~pt;:: data ·.pell as a function of a predefined 

and adjusta~1$: transnti,;ssion · interva1;--·and 
:~. 

20 at the· rece.iving·. ;;tation, means for determining 
. . .. :·.· ·: . 

whether data ha~ been:tost as a function of the data 

cell sequence' number. 
,. '. ·:·:, .. ·._ .. 

-18. _ The ap·pat;~~us:.:.l°)\f{__9laim 17; ·whetein said data cells 
' ,;, .> ·.:.. .._;. 

are Asynchrbnc;)~~·'.rrr~-~$~er Mode cells· and said data· 

2 5 packet ' is a mlnic_e:i'.:i. ~-:::> 
. ,· . ~. 

- ··•· ..:. ···~······ 

.-· :.,. 

means for ·g:etiE;~atiing a data paqk_et sequence number 

30 that repres~nt$'."~ ·;ii~lti~~r of dat?. :pa~~:ets transmitted via 
. .. . .. :·' . . '.--~ . . . .. 

data cells t~·~h~ r~6eiving station1 

means fpr :i,.;fi:se~·t:"ing the data p(;lcket sequence number 

-:-<---:-· 

: . · .. '. Mllllll lllllllllll llllt· 11 •1111 
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·into a ·selec·t:-·datcr--·ce'll---·a-s·-·a--function of a predefined 

and adj us~al,:)~Er:--trarrsm:ts·sj::on -· -interval ; 

means:_ ·:~°"r :t:~ar'i~pe>rqing the data cell containing the 

data pac.~~t;-'~eg'geri~e -number to a receiving station; and 

means ;lSr _ d.~:te~mining whether aata has been lost as 

a function. 9:f: . the d_~ta 'packet sequence number. 

20. The app~~fa~us of. claim 19 further comprises_: 

mean~·--:t~~:: updating the data packet sequence number 
<. ~ ... 

with the: tr:CiI'lsmi:;ssion of each data cell i and 

10 mearis.-f9r.-._i_nserti.ng an updated data packet sequence 
. .. . ... · -:·· . 

number int¥>~~iect data cells at the predefined and 

adjustable :¥:b~~~mission interval. 

21. The app~ratus .of 'claim 20, wherein said means for 

determin~ng<wh~ther qata has been lost as a function of 

15 the data ·~21:4%et sequence number comprises: 

mean:s --~cir. ~racking · a number of data packets 

received by)t:-J:i~-:receiving station; 
mea~~:,::f:'~f.-'!;Comp:a·rTffg--·the number of data packets· 

received w~th". ~- ·data -·packet sequence number; and 

20 mearis~i6r.-determining whether data has been lost· as 
· .... · 

a functiorf 9!. s.~id co:inparison between the number of data 
packets rer6-~iyij~ ancl;- the data_ packet sequence number. 

22. The app_ar~:tus . of claim 19, wherein said means for 
. : ~ ):/·:·· .. ": .'.· .. \~:~· : .· 

inserting: :_the ):iata .. papket sequence number into a select 
.. · .';_,·:. ·' ·. 

25 data ce1i_<~$.>a:;+ui:i(:t~~n of. a -predefined and adjustable 

30 

i . - .···.-•: ... ·: . .; .. , ...... ,·. - - :_ ... -.· .. ·;·_, 
transmiss:i.:on ~pterva1;;-: .. comprises: 

... _____ mea~'s;-·:f_~-pj_i51~J-~!iihg_ the data packet sequence number 

into a p~:~~-~~*·#~~. t~a:~-~ion of a payload portion of the 

select <:lat.a . -c:~i-*j, ' ·. ;:.-.:> 
where_il) $ai"d;. aa:f::~ packets. are mi nice l ls, 

wher¢.i)'i°':_s#id d~ta cells are ATM cells, and 

wher.§,iri ·s-~id transmission interval is measured by a 
:.··.:.··._, ... :·· 

< ·. ---------- --------·---·--------
. : · ... ·' :~ : ·--: 
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23. The apparatus b:~ __ ,·q1a:im 19, w~er~Jn said step of 

inserting th~:·:dat~r pac~~t· ·~equ~nce( cri\lmber into a select 

data cell a.is::..~ ~uncti'6~:. 6: a preci~i~~~d and adjustable 

5 transmission:.'._interva:1:'c6mprises: , •. ··. 

means ·fq;: insert:·~~§" ::~he data· p~cket sequence Dumber 

into a seq~eil"c:~ · num}:)e:r. IDinice1i; and . 

means ·:fc:N:• in~~ttln:~'./the seql.lend~~- number minicell 

·into ·ii payici·~a: · port±'~"h -of.· the data 'rie11, 

10 wherei_n,:>:$~id da~~"'i~~6kets . are. ;Jit·~_nicells, 
whereirD said dat_ti:.-_'cells are' ATI~f ·cells, and 

whereil:'l..'·~aia. pr~d~tihed and. a.'cii~stable transmission 

interval is ~~~~-~ured .-by a number of ATM cells·. 

24. The app~rat-U,.s o:f."claim 19 furtl)er comprising: 

15 means. i.pt: :·updatf)'\g ·a:· data pac;:ket sequence number 

20 

25 

30 

with the tra;rismissiori·:· ot ·each data p:acket; and 

means. fpr.·inser~:ing the updated ·data packet 
. ··. :. ', : .· '• .. ·. '·: ~ . . . 

sequence num~ers :·at the predefined and adjustable 

transmission :-interval'~ ·. . ~ ... 

25. The app~ratus .p(.claim 24, wher'ein said means for 

i:nserting fi~?.ti~~at'.~~.::'~ala packet ~~~µence numbers at 

·the ·pr~defi~~:d · ~nd a~·):us:table trans~:;ssion interval 
..... ~-

comprises: · .· ·.· ~ ,,, ... · 
means for i~se~~'.ih<i<the dat.a: P:~~ket. sequence number 

:::: =~:~lii;~~t~i~~~::~::~:b:~~l~~mber minicell 
whergiqL£¥~Icf;'t\cita\'pa·ckets ~-r:·e; :-i\\.inicells, 

:::::~ei,l~~i.i~~!:ji:~~: ::: ·t~~::~~:: :::nsmission 
interval is mea;s\lr~(lI:'by" a number of. minicells . 

. . .,. •',,, ·· . .::. 

-----------------:· 

· 1m1n1m1111D11111u11m ··· 
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means . f~:r g~ner'~:t:i~~· a .:.. .. . . . . ... •: . . ···· 

that represehts a ntj~b¢rof 
.. ."-'. .· ..... · 

the recei vipg ·station·; 
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19 .further comprising: 
data ce~l seg~ence number 
data cells transmitted to 

means· .. !fb:t:: insertlng the data cell sequence number .· ·. :· '.'· :: : . \ ·: .-: 

into the sel~st .. data,. dell as a function of a predefined 
and adjustaJ:>,f:~ 'transxn:L_~sion . interval; and 

means f ot: determiniti,g whether data has been lost as 
a function q~": ihe d~:t:·ci cell sequence number. 

· .. _:-. 

10 27. The app~z:atus of.~. claim 26 further comprising: 
means. :f.o;r: updating: the data cell sequence number 

with the tra·rismission Pf. each data cell; and 
.means.f(:,r inserting .. an updated data cell sequence 

number intq .. s~lect d~ta cells at the predefined and 
15 adjustable ·tran.smission interval. 

28. The app·ar·atus of claim 27, wherein said means for 
determining·whether data has been lost as a function of 
the data cei:r ;;equence number comprises: 

means f(jrtracking a number of data cells received 
20 by the receiving station; 

25 

30 

'' ' 

means .f Cir comparing the number of data cells 
received with.,a data cell $equence number; and 

means :for: determining.whether data has been lost as . ,. . . . . ·· .. .' . 
a function·· ()'f .'s.:aid, cc::>~Patison between the number of data 
cells receiV'Eia and tve<data cell sequence number. 

.... 

29. The apparatus ot: cl:aim 26, wherein said means for 
inserting the_ data .6$1.).:· ,~:equence number into a select 
data cell a~· a ;func~·£9'h.\5t a predefined and adjustable 

trans:~::~o~~~n;::~~~~=~s=:~a cell sequence number 
into a pred.~:fi:ned location of a payload portion of the 
select data~~lJ, 

I lllllll:llllltlllllJllll:llllll .. ' 
* C L M . S •< 
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wherein said data cells are. ·A'.1'1'1. cells, and 
-···--· :... -·· -···· ... :" .· ....... · .. · ..• --·....: ....• : •.......• ······- -·-···········-· .. ---------------·--··· ................... ·- .. . 

wherein said tran~mis$fop. ·lti,t~rya3' is measured by a 
: .... 

number of ATM cells. . · ..... ·.i 

·;· ··' 

~~~er~~=ga~~:r::~: ::i~1:~:~:~~~S~~~C ~:~: :e:::e:r 
data cell as a function C?~C:a· 'P*~~:~·#irted and adjusta?le 

transmission interval comprises ( .. 

. means for inserti:ng · fh~ ·d~t~: .'.c:-el.1 sequence number 
. . . ·. . : ... . ~-: •. ' . -. 

into a sequence number ·m.it{:iceii; : and: : 
- . . . .. . .~ 

10 means for ipserting the "sequep_ce ·number minicell 

into a payloa.~l portion ·of :the:·,.:5~1e6t :data cell, 

wherein said data cel;i.s a·t~' ~wM, cells, and 

wherein s~id predefin~d·:·and. af}j~~table transmission 

interval is m~as_ured by a 'riu~~~:r o.f ·ATM cells. 

.· ;: 

, . 
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