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M NI CELL SEGVENTATI ON AND REASSEMBLY

BACKGRCOUND

The present invention relates to the transm ssion of

t el econmuni cati ons data, and nore particularly to the 5 transm ssion of
t el econmuni cati on dat a usi ng an asynchronous transfer node (ATM
protocol . Spe®Q 968530y, the present invention relates toPGIHEX and
appar at us_ for- segnmenting data transm ssion packets into snaller
packets to inprove the efficiency of data transm ssion. 10 ATM is
standard protocol for transmtting t el econmuni cation data within a
t el ecomuni cati on system
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MINICELL SEGMENTATION AND REASSEMBLY

BACKGROUND

The present invention relates to the transmission of
telecommunications data, and more particularly to the
transmission of telecommunication data using an
asynchronous transfer mode (ATM) protocol. Specifically,
the present invention relates to a method and apparatus
for segmenting data transmission packets into smaller
packets to improve the efficiency of data transmission.

ATM is a standard protocol for transmitting
telecommunication data within a telecommunication system
(e.g., a cellular telecommunication system). It is based
on the transmission of data in fixed size cells, known as
ATM cells, where each ATM cell has a 48 octet payload and
a five octet header. ATM is well known in the art and is
commonly used for 1low bit rate applications (e.g;,
cellular voice communication). However, ATM does not
efficiently utilize  bandwidth in low bit rate
applications. -

Bandwidth is very expensive; therefore, it is very
important to maximize bandwidth utilization. When using
ATM for low bit rate communication, bandwidth utilization
can be improved by incorporating an ATM adaption layer
(AALm) 100 as illustrated in FIG. 1. In general, AALm is
based on the compression of user data (e.g., voice data)
into small data packets called minicells. AALm can be
subdivided into three sublayers: the convergence sublayer
101, the assembly and disassembly (AAD) sublayer 102, and
the multiplexing and demultiplexing (MAD) sublayer 103.
The convergence sublayer 101 serves as an interface
between the telecommunications application (i.e., cellular
telephone system) and the AAD sublayer 102. The AAD
sublayer 102 inserts user data into minicells at the

sending entity (e.g., a cellular telecommunication system

a



(e.g., acellular tel ecommunication system. It is based on the

transm ssion of data in fixed size cells, known as ATM cel I's, where
each ATM cell has a 48 octet payload and 15 a five octet header. ATMis.
well known in the art and is comonl y used for I?M/biibrate ATM
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I ncorporating an ATM adapti on | ayer (AALmM) 100 as illustrated in FIG
1. In general, AALmis 25 based on the cogpression of user data (e.g.,

voi ce dat a) into smal |l data packets called mnicells. AALmM can be
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(e.qg., a cellular telecomunication” system
the receiving entity.
FIG. 2 illustrates how known methods, ‘using the AALm
100, insert each packet of user data (e.g., user packet
201) into a single minicell (e.g., minicell 202). In
10 other words, there is a one-to-one relationship between
each packet of user data and each minicell. Conseguently,
the length of each minicell can vary from just a few
octets to several hundred octets, depending on the length
of the corresponding user packet. In fact, a minicell can
15 be longer than several ATM cells (e.g., minicell 203).
Although the use of ATM with AALm achieves better
bandwidth utilization than ATM without AALm, other
problems arise due to excessively long minicells, for
example, minicells with a data portion that is longer than
20 a predefined length (e.g., ATM cell payload length).
First, large minicells introduce large delay variations.
Delay wvariation refers +to the variation in data
transmission and arrival time. Delay variation typically
manifests itself as "jitter" in the telecommunication
25 signal. To avoid jitter, a system must add a delay
variation factor to a fixed delay, resulting in larger
overall transmission times. Although adding a delay
variation factor to the fixed delay reduces jitter, large
delays require the use of expensive echo cancelers and
30 they also result in an overall reduction in speech
quality. Moreover, low bit rate applications, such as
voice communication, are highly dependent upon consistent
data transmission delays (i.e., small delay variations);
therefore, low bit rate applications are particularly
35 susceptible to the degenerative effects, previously
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2 base station) and extracts the user data fromthe mnicells at
the receiving entity (e.g., a cellular t el econmuni cati on system nobile
switching center). The MAD subl ayer 103 multiplexes the mnicells

into ATMcells 5 at the sending entity and denultipl exes th Lnicells at
t he recei vi nV@HHISHSP, FIG 2 illustrates how knomkcﬁﬁ%@&%? usi ng

t he AALm 100, insert each packet of user data (e.g., user packet

201) into a single mnicell (e.g., mnicell 202). In 10 other words,
there is a one-to-one rel ationship between each packet of user data
and each mnicell. Consequently, the length of each mnicell can vary
fromjust a few octets to several hund§ed octets, depending on the

| engt h of the correspondi ng user packet. In fact, a mnicell can 15

be longer than Sﬁ\‘éﬁ%i‘hn@gl\ﬂ %%hgéd(%yg'théﬁ Ei:'gﬁérl\is’)é)i%n of user data in
: excessively large minicells.
The second problem involving the use of large
minicells arises when the telecommunication network or end
5 equipment switch the minicells from one ATM stream to
another. If the minicell user packet is shorter than or
equal to the ATM cell payload, there is little problem
with placing a minicell in an ATM cell at the switch
ingress edge, switching the minicell in a desired
10 direction, extracting the minicell at the egress edge, and
multiplexing the minicell into a new ATM stream.

In brief, excessively long minicells, in particular,
minicells with data portions that are longer than the ATM
cell payload can degrade both speech gquality and the

15 effectiveness of network switching equipment, thus
creating a need to limit large minicells by segmenting the
user data packets.

SUMMARY
It is an objective of the present invention to
20 provide a telecommunication data transfer protocaol that
effectively utilizes available bandwidth.

It is another object of the invention to provide a
telecommunication data transfer protocol that effectively
utilizes available bandwidth and reduces the speech

25 quality problens associated with transferring
telecommunication data over excessively large minicells.

It is yet another objective of the invention to
provide a telecommunication data transfer protocol that
effectively utilizes available bandwidth and avoids the

30 problems associated with switching excessively large
minicells from one ATM stream to another.

In accordance with one aspect of the present
invention, the foregoing and other objects are achieved by
a method, apparatus, or a telecommunications system for



Al t hough the use of ATMw th AALm achi eves better bandw dt h
utilization than ATM w thout AALmM other probl ens arise due to
excessively long mnicells, for exanple, mnicells with a data portion
that is longer than 20 a predefined length (e.g., ATMcell payload

| engt h) . First, large mnicells introduce |arge delay variations.
Del ay variat WH738%Pers to the variation in data PCHIEIMPSG on
and arrival tinme. Delay variation typically mani fests itself as
"jitter" in the tel ecommunication 25 signal. To avoid jitter, a system
must add a del ay variation factor to a fixed delay, resulting in

| ar ger overall transm ssion tines. Al t hough addi ng a del ay
variation factor to the fixed delay reduces jitter, |arge del ays
require the use of expensive echo cancelers and 30 they also result in
an overall redugehenatimg €peecltells quadtit;‘mcmdgeosegmentmg bat dettae

applications, su ; oLce %%%gngu Le; on

consi st ent ?Qcﬁégnérrﬁ:és{s%gnl el ays &%ﬁ?ngﬁal ég i/nga“ at i ons‘ih%

therefore, |ow b| aty a’e@%ppf-’—?’@atﬁ%"éﬁse bk i EGFBF‘F'S#‘S% “‘é-&é&éb?-?bl ang o

t he degeneratlvemugtiﬁEéﬁlngptﬁdlﬁd§tébt1ve minicells into at least one
5 data cell.

In accordance with another aspect of the invention,

a method, apparatus, or telecommunication system for
transporting a data packet that includes segmenting the
data packet into at least two segments; inserting the at

10 least two segments into respective minicells; multiplexing
the respective minicells into at least one data cell; and
transmitting the at least one data cell from a sending
entity.

BRIEF DESCRIPTION OF THE DRAWINGS
15 The objects and advantages of the invention will be
understoocd by reading the following detailed description
in conjunction with the drawings in which:
FIG. 1 illustrates a known, AALm protocol model;
FIG. 2 shows a known method for inserting packets of
20 user data into minicells; '
FIG. 3 illustrates the AALm protocol model with the
new segmentation and reassembly sublayer;
FIG. 4a and 4b show the method for inserting packets
of user data into minicells in accordance with the new
25 segmentation and reassembly sublayer;
FIG. 5 depicts the segmentation process in accordance
with the "three code method";
FIG. 6 shows a state diagram representing the
reassembly process in accordance with the "three code
30 method";
FIG. 7 illustrates the minicell header codes in
accordance with the "three code method”;
FIG. 8 depicts the segmentation process in accordance
with the "three code method";
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3 nment i oned, caused by the transm ssion of user data in

excessively large mnicells. The second probleminvolving the use
of |arge m nicells arises when the tel ecommuni cation network or end 5
equi pnent svm‘{,sg.”idg% mnicells fromone ATM streamto apeirikeénoosio t he
m ni cel |l user packet is shorter than or equal to the ATM cell payl oad,
there is little problem ~ with placing a minicell in an ATMcell at the
switch i ngress edge, switching the mnicell in a desired 10 direction,
extracting the mnicell at the egress edge, and mul tipl exing the
mnicell into a new ATM stream In brief, excessively |long
mnicells, in particular, mnicells with data portions that are |onger
than the ATM cel |l payload can degrade both speech quality and the 15
effectiveness of netRmy.k 9swshowsnga estenediagrahusrepresa@nedhigngthe need

tolimt large muigalds 0 SEMBN DY GRRoraantsehidal 2 HACKEISee code
method" ; - ' '
FIG. 10 illustrates the minicell header codes in
5 accordance with the "three code method"%;
FIG. 11 illustrates an apparatus for segmenting
packets of user data and assembling minicells; and
FIG. 12 illustrates an apparatus for the disassembly
of minicells and the reassembly of user packets.

10 DETAILED DESCRIPTION
The present invention segments excessively long user
data packets and inserts each segment into a small
minicell. In contrast, the known methods transmit the
entire user data packet in one 1long minicell. By

18 segmenting and transmitting a user data packet in smaller
minicells, the problems associated with long minicells,
such as the degradation of speech gquality and the
ineffectiveness of hetwork switching equipment, can be
reduced or eliminated.

20 The present invention accomplishes this by
introducing a new functional sublayer for the AALm
protocol model. FIG. 3 depicts the AALm 300 with the new
functional sublayer 301. The new functional sublayer 301
is called the segmentation and reassembly (SAR) sublayer.

25 The SAR sublayer 301 is invoked if a user data packet is
so long that segmentation is necessary to avoid sending
user data to a receiving entity in a minicell whose
length, excluding the header, exceeds a predefined maximum
length (e.g., the ATM payload length).

30 FIG. 4a shows a sending entity 401 (e.g., a cellular
telecommunication base station), an interconnecting link
402, and a receiving entity 403 (e.g., a mobile switching
center). The sending entity 401 and the receiving entity
403 both contain the new protocol model illustrated in



SUMVARY It is an objective of the present invention to 20 provide
a tel ecommuni cation data transfer protocol that effectively utilizes
avai | abl e bandw dt h. It is another object of the invention to
provi de a t el ecommuni cation data transfer protocol that effectively

utilizes aval ndw dt h and reduces the speech 25 qualj obl ens
associ at ed '§P?h§“g?transferring t el ecomruni cati on datgk%%gywm@%

excessi.vely large mnicells. It is yet another objective of the

i nvention to provide a tel econmuni cati on data transfer protocol that
effectively utilizes available bandw dth and avoids the 30 problens
associated with switching excessively |large mnicells fromone ATM
streamto anot her. I n accordance weth one aspect of the present

i nvention, the foregoing and other objects are achi eved by a net hod,
apparatus, or a tfdCecofmuni F€onsPeGsfiFaklot, the sending entity 401

contains the segmentation part of the SAR sublayer 361 and
the receiving entity 403 contains the reassembly part of
the SAR sublayer 301. The interconnection 1link 402

5 carries the ATM cells from the sending entity 401 to the
receiving entity 403, and the ATM cells, in turn, carry
the segmented user data (e.g., voice communication
signals) in minicells.

FIG. 4b illustrates how the new AALm protocol model

10 of the present invention takes each long user packet
(e.g., user packet 410), segments it, and places it into
a number of small minicells, such as minicells 411, 412,
and 413. Unlike the known ATM protocol model (refer to
FIG. 2), there is no longer a one-to-one correspondence

15 between each user data packet and each minicell.
Moreover, FIG. 4b illustrates that a single minicell can
overlap no more than one ATM cell border as compared to
the known protocol model illustrated in FIG. 2. This is
because the length of each minicell, as discussed above,

20 is limited, for example, to a length that is less than the
ATM cell payload (i.e., 48 octets).

There are two basic approaches for accomplishing
segmentation and reassembly in accordance with the
invention. Neither of these approaches are intended to

25 suggest that the present invention is limited to these two
approaches. Instead, the two approaches are considered to
reflect two particular embodiments of the invention. The
first approach or embodiment is called the "three code
method"”. The second approach or embodiment is called the

30 "two code method."™ In general, both embodiments employ
the same basic segmentation strategy. A user packet is
divided into several segments. All but the last segment
has a fixed and equal length. The length of the last
segment is adjusted so that all of the segments together

35 are the same length as the original user packet. The
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4 generating data cells that includes segnenting a data packet
into at | east two segnents; inserting each of the at | east two segnents
into respective ninicells; and mul ti pl exi ng the respective mnicells
into at lea data cell. I'n accordance w th goad pect
of the inveﬁ%’,"%ﬁ’?”& a nethod, apparatus, or telecomuni catl%agﬁos%:ystem
for . transporting a data packet that includes segnenting the dat a
packet into at |east two segnents; inserting the at 10 |east two segnents
into respective mnicells; multiplexing the respective mnicells into
at | east one data cell; and transmtting the at | east one data cel
froma sendi ng entity. - 7 BRI EF DESCRI PTI ON OF THE
DRAW NGS 15 The objects and advant ages qf the i,nv,entl'&on wi |l he

under st ood by r e3®FFRP%he #BF 1 ofPRE dOLAFPEd dBEEri PRATE iBRYdGARENCt i on

wi th the draw ngeonsequenmtily, the lengEhGof leach usimixdedsl payriowad, iAAbhe

protocol nodel ; same as the length of each corresponding user packet

segment.

5 FIG. 5 shows the seémentation process 500 for the

Ythree code method" or embodiment which' is accomplished by
the sending entity 401 before transporting the data to a
receiving entity 403. For example, suppose that a user
packet 501 has a length of 178 octets. The fixed segment

10 size, for illustrative purpcocses, is set to 16 octets.
Those skilled in the art will appreciate, however, that
the fixed segment size can be set to any desired size.
Therefore, 11 minicells with payloads that are 16 octets
long (e.g., minicells 502 and 503) and one minicell with

15 a payload that is two octets long léngth {e.g., minicell
504) will carry the segmented user packet 501 from the
sending entity 401 to the receiving entity 403.

At the sending entity 401, the SAR sublayer 301

invokes the AAD sublayer 302. The AAD sublayer 302
20 attaches a minicell header to each minicell (e.g.,

minicell headers 505, 506, and 507). The minicell headers

define, among other things, the length of the

corresponding payload and whether the minicell corresponds

to a "first segment" 502, a "middle segment" 503, or a
25 "last segment! 504.

At the receiving entity 403, the AAD sublayer 302
extracts the minicell headers, which inform the AAD
sublayer 302 whether the minicell corresponds to a "first
segment", "middle segment", or a "last segment". The AAD

30 sublayer 302 continues to pass the segments to the SAR
sublayer 301 which reassembles the segments, one-by-one,
back inte the original data packet. After the SAR
sublayer 301 adds the "last segment" to the data packet,
it passes the reassembled data packet to the convergence

35 layer 304.



FIG 2 shows a known nethod for inserting packets of 20 user data into
m ni cel | s; FIG 3 illustrates the AALmM protocol nodel with the
new segnentati on and reassenbly subl ayer; FIG 4a and 4b show t he
met hod for inserting packets of user data into mnicells in accordance
with the new 25 segnentation and reassenbly subl ayer;
depicts the s%’&?é’ﬁ'fsg?i on process in accordance with the gqtrﬁsflg‘;e,ﬁg‘(,)oge
met hod"; . FIG 6 shows a state diagramrepresenting the
reassenbly process in accordance with the "three code 30 nethod";
FIG 7 illustrates the mnicell header codes in accordance with the
"three code nethod"; FIG 8 depicts the segnentation process in
accor dance with the "three code nethod";g WO 97/ 38550
PCT/ SE97/ 00570

If the length of the data packet is so short that

"middle segments” are not required, the three code
embodiment will segment the data packet into a "first
segment” and a "last segment" only. If the data packet is
5 so short that it can fit into a single minicell,
segmentation is not necessary. In this instance, the
sending entity 401 will send the data packet to the
receiving entity 403 in a single minicell marked "last
segment".
10 FIG. 6 shows a state diagram which represents the
- reassembly process 600 for the three code embodiment. The
state diagram comprises three states: an idle state 601,
a reassembly state 602, and an abort state 603. At start
620 or power-up, the reassembly process 600 enters the
15 idle state 601. Idle state 601 merely indicates that no
'reassembly is currently taking place.

Under normal procedures, the reassembly process 600
enters the reassembly state 602 whenever the receiving
entity 403 receives a minicell marked "first segment", as

20 illustrated by event 604. The SAR sublayer 301 then
stores the user data associated with the "first segment."
The reassembly process 600 remains in the reassembly state
602 while the receiving entity 403 receives all of the
"middle segments", as illustrated by event 605. As each
25 "middle segment" arrives, the SAR sublayer 301 reassembles
the data packet by adding the user data associated with
these middle segments, in order, to the user data
associated with the "first segment”". When the receiving
entity 403 receives the "last segment"™, as illustrated by
30 event 606, the SAR sublayer 301 adds the corresponding
user data to the previously stored user data and then
presents the fully reassembled user data packet 501 to the
next sublayer, for example, the convergence sublayer 304.
The reassembly process 600 then reenters the idle state
35 601, as illustrated by event 607.



5 FIG 9 shows a state diagramrepresenting the reassenbl y
process in accordance with the "three code met hod" ; FIG 10
illustrates the mnicell header codes in 5 accordance with the "three
code net hod"; FIG 11 illustrates an apparatus for segnenting

ackets of user and assenbling mnicells; and
PI | ustrates aﬁ“ﬁ%@ﬁsﬁt us for the digsassenbl y of m ni cel F‘Jgﬁg% 7%
reassenbly of user packets. 10 DETAI LED DESCRI PTI ON
The present invention segnments excessively |ong user dat a packets and
Inserts each segnent into a small mnicell. In contrast, the known
net hods transmt the entire user data packet 1in one |ong
m nicell. By 15 segmenting and transmitti g a user data packet in
smal | er m nicells, the problens assqciate vvithlq?n%mmcel

ef

| s, .
such as the degradati oW e Y8 iAFaRpTiRE can ?'é"cﬁ’%?éfme’s% i
net wor k swi t chi ng siqgleneninicsll bethere risdused needeltor havede Ahe SAR

The  present | NUBALNAR 38FCAMent18Rea 4Db%e. BHerefore, no reassembly
will take place at the receiving entity 403. For

S completeness, FIG. 6 indicates that the reception of a

~ mast segment”" while in the idle state 601 causes the

reassembly process 600 to enter the reassembly state 602,

as illustrated by event 613. The AAD sublayer 302

extracts the user data from the minicell and presents it

10 directly to the sublayer above the SAR sublayer 301, for
example, the convergence sublayer 304. After which, the
reassembly process 600 reenters the idle state 601.

The reassembly process 600 will enter the abort state
603, if it encounters one or more specific errors. For

15 example, 1in another embodiment of the invention, a
threshold indicating the maximum length of a data packet
can be defined. If the SAR sublayer 301, in reassembling
the data packet exceeds this maximum 1length, the
reassembly process 600 would enter the abort state 603 to

20 clear the error as illustrated by event 608. Following
this, the reassembly process 600 reenters the idle state
601 as illustrated by event 609.

In yet another embodiment of the invention, a time
out value could be defined. 1If, in reassembling a data

25 packet, the SAR sublayer 301 exceeds this time out value,
the reassembly process 600 would enter the abort state 603
to clear the error as illustrated by event 610. Following
this, the reassembly process 600 reenters the idle state
601 as illustrated by event 609.

30 If the receiving entity receives a minicell marked
"middle segment” while the reassembly process 600 is in
the idle state 601, the reassembly process 600 would
detect an error and enter the abort state 603 to clear the
error as illustrated by event 611. After which, the

35 reassembly process 600 reenters the idle state 601 as



I ntroduci ng a new functional sublayer for the AALm protocol nodel.
FIG 3 depicts the AALm 300 with the new functional sublayer 301. The
new functional sublayer 301 is called the segnentation and reassenbly
(SAR) sublayer. 25 The SAR sublayer 301 is invoked if a user data packet

S SO lo%ﬂ?$ﬁ§ segnentation is necessary to avoid sendppg *ﬁer
data to a rece entlty in a mnicell whose | engt h, echuJ

header, exceeds a predefined maxi num |l ength (e.g., the ATM payload

| ength). 30 FIG 4a shows a sending entity 401 (e.g., a cellular

t el econmuni cati on base station), an interconnecting |ink 402, and a
receiving entity 403 (e.g., a nobile switching center). The sending
entity 401 and the receiving entity 403%ot h contain the new protocol

ggg?gEbgbggg;thQ1lustrated by %Qe%%/%gi?o Likewise, 1if the receiving

entity 403 receives a minicell marked "first segment"

while in the reassembly state 602, the reassembly process

600 would detect an error and enter the abort state 603 to

5 clear the error as illustrated by event 612. After which,

the reassembly process 600 reenters the idle state 601 as

illustrated by event 609. '

FIG. 7a, 7b, and 7c show how the minicell headers can

be configured to identify whether the corresponding

10 minicell is associated with a "first segment", a "middle

segment”, and/or a "last segment", as well as the length

of the corresponding segment. For example, FIG. 7a

illustrates that the four codes 48, 49, 50, and 51

identify the minicell 701 as corresponding to a "first

15 segment"™ that has a length of 8, 16, 32, or 48 octets

respectively. Similarly, FIG. 7b illustrates that the

four codes 52, 53, 54, and 55 identify the minicell 702 as

corresponding to a "middle segment"” that has a length of

8, 16, 32, or 48 octets respectively. FIG. 7c illustrates

20 that codes 0-47 identify the minicell 703 as corresponding

to a "last segment” that has a length of 1-48 octets
respectively. ' '

The specific codes in FIG. 7a, 7b, and 7c are

illustrative. One skilled in the art will understand that

25 other codes could be used to perform this function and

that more or fewer codes could be assigned if needed.

However, the specific code values should be predefined in

both the sending entity 401 and the receiving entity 403.

This coding strategy permits the SAR sublayer 301 to

30 segment the user data packet as necessary. For example,

in yet another embodiment of the invention, the segment

length can vary even for segments that correspond to the

same user data packet. As illustrated in FIG. 5, the SAR

sublayer 301 could segment the user packet 501 into 11

35 equal segments having a length of 16 octets and one



6 FIG 3. More specifically, the sending entity 401

contains the segnentation part of the SAR subl ayer 301 and t he
receiving entity 403 contains the reassenbly part of the SAR

subl ayer 301. The interconnection link 402 5 <carries the ATMcells

fromthe sendin ntity 401 to the receiving entity 40 ATM
cells, in tuM@ g%? the segnented user data (e.g. §CE§BHM%BG

communi cation - Si gnal s) in mnicells. FIG 4b illustrates how
t he new AALm protocol nodel 10 of the present invention takes each |ong
user packet (e.g., user packet 410), segnents it, and places it into

a nunber of small mnicells, such as mnicells 411, 412, and 413.

Unli ke the known ATM protocol nodel (refer 1b FIG 2), there is no

| onger a one-to-one correspondence 15 between each user data  packet
and each nini céggment wigh kenath @F 48577 | PTRE vt esHPVAI Sy SFWSI ghR
mnicell can subi@fledd 30a rmmad l’EEﬂrsdJr’@edhﬁ‘vﬂmaiHe beseter pask etonpredat 0

t he known prot ocq] qlelséaésnl Shl g gnaFI &n%td‘ T‘l_;lfs &‘?r%‘t 8Ct?€gau§ﬁrg%l

| ength of each m n| 8 scusse or " exa
to a length that 'Imidddes se@meRte haVlA‘?M%ellF“ﬁ'&m d%fd 6. é"’t%roc?@?s)
There are twos basigi e eaghent taAGRPEPLEAENGE 48 osegt@ lalid oniaatle

reassenbly in accordan%e, V\figvm:?ea len&@(e%tfl 032 '%eétter{%r Ognéhease"last

approaches are i nt
segment" hav1ng a length of two octets, for a total length

of 178 octets.
FIGS. 7a, 7b, and 7c, 1illustrate that minicell
10 headers also contain other information. Minicell headers
generally include a minicell connection identifier (CID).
The CID separates the minicell connections from one
another and allows a number of minicell connections to be
multiplexed onto the same ATM connection. For example,
15 the CID may identify a particular cellular telephone call;
therefore, data packets corresponding to that call would
be carried in minicells each having a header that
contained the same CID value. It then follows that every
minicell corresponding to the same segmented data packet
20 would contain an identical CID value. In an alternative
‘embodinent of the present invention, the length codes, for
example 48 through 51 as illustrated in Figure 7a, could
be defined for each CID value. Therefore, every CID value
could have its own set of fixed length codes defined at
25 connection set-up. Minicell headers also contain a header
integrity check (HIC) code. This code is used to protect
the header information by detecting and correcting errors
that may occur during the transmission of the minicell
from the sending entity 401 to the receiving entity 403.
30 Both CID and HIC codes are well known in the art.
As discussed above, the second exemplary embodiment
of the present invention is called the "two code method".
FIG. 8 shows the segmentation process 800 for the “two
code method" or embodiment which is accomplished by the
35 sending entity 401 before transporting the data to the



25 suggest that the present inventionis [imted to these two

approaches. Instead, the two approaches are considered to reflect two
particul ar enbodi nents of the invention. The first approach or

enbodi nent is called the "three code met hod". The second approach or
enbodi nent i%wf?hkﬁﬂ the 30 "two code nethod. " | n gener aperRid7fdosto
enbodi nents enpl oy the sane basic segnentation strategy. A user packet
S diivided into several segnents. Al but the |ast segnent has a

fi xed and equal | ength. The |l ength of the |ast segnent is adjusted so
that all of the segnents together 35 are the sane |length as the original
user packet. The WO 97/ 38550

PCT/ SE97/ 00570 12 7

receiving entity 403. 1In most respects, the SAR sublayer
301 segments the user data packet 801 the same way that it
would in the three code embodiment, except that, for
example, a combined code is used for both the "first

5 segment” and all "middle segments" as illustrated by
minicell headers 802 and 803.

For example, suppose that the segmented user packet
B01 has a length of 178 octets. Again, the fixed segment
size, for illustration, is set to 16 octets. Therefore,

10 11 minicells with payloads that are 16 octets in length
(e.g., minicells 804 and 805) and one minicell with a
payload that is two octets in length (e.g., minicell 806)
will carry the user packet 801 from the sending entity 401
to the receiving entity 403.

15 FIG. 9 illustrates a state diagram which represents
the reassembly process 900 for the two code embodiment.
Like the state diagram 600 in FIG. 6, the state diagram in
FIG. 9 comprises three states: an idle state 901, a
reassembly state 902, and an abort state 903. Since each

20 of the events depicted in FIG. 9 are the same as those
similarly labelled events described with respect to FIG.
6, such description is not repeated here. However, note
that FIG. 9 also illustrates that events 611 and 612 which
caused error detections in the reassembly process 600 do

25 not apply in the two cocde embodiment.

FIG. 10a and 10b illustrate an example of a coding
scheme for the two code embodiment. FIG. 10a specifically
shows that fewer codes in the minicell header are
required, siﬁce there is ho need to distinguish between a

30 "first segment®” and a "middle segment."

FIG. 11 illustrates an exemplary hardware embodiment
1100 for implementing the segmentation and assembly of
telecommunication signals using the AALm 300 described
above. The AALm 300 first delivers a user packet 1101

35 from the higher sublayer, (i.e., the convergence sublayer



segnents are then placed into mnicell payl oads. Consequent |y,
the length of each mnicell payload is the - sane as the length of each
correspondi ng user packet segnent. 5 FIG 5 shows the
segnentation process 500 for the "three code net hod" or enbodi nent
which is accqppbiabgd by the sending entity 401 bef or epttapaposIbi Ng
the data to a receiving entity 403. For exanple, suppose that a user
packet _.501 has a length of 178 octets. The fixed segnment 10 size, for
illustrative purposes, s set to 16 octets. Those skilled in the art

wi || appreciate, however, that the fixed segnent size can be set to any
desired size. Therefore, 11 mnicells with payl oads that are 16 octets
long (e.g., mnicells 502 and 503) and oneirminicell with 15 a payload that
is two octets long length (e.g., mnicell 504) will carry the
segmented user pHKet §®1thﬁorﬁptﬁ1esublaye§Enmhg editt@aEhed] t thee BEeEi ving

ent i L y 4?ﬁ AAD ackeuAtnTohelgeé\cbdlgm%&t m% lémﬂwnt ﬁﬂ8$é§t§§b$tﬂﬁﬁrt€30é10

i nvokes the su r ayer aches
mnicell header® 4) dgﬁ? cmﬁq"e%%§35 X Iﬁﬁhﬁge loﬁe§%8F35563 506,
and 507). The midetssininesaddres lengtdehﬁnabe asengpackehed10L hi ngsen, ahe
length of gthegyiei YRS R‘ﬂﬂﬁh—@ﬁg p@!b@agxéf%w%r{@rp&lhﬁem '1'1@9' Erom

corresponds to a flrst se ddl e se a 25
"l ast segment" GEe user packg tlﬁglré’d’& \ﬁ?f@inenﬁlf’?“ﬁ 3! FﬁgnﬂDléﬂﬁrayer
302 ext r act seprtesantiinge| théieddépspathdrhcontained hednAAfhe pointer
1102, to the control logic 1106. The control logic 1106
uses this control signal to select a specific address 1107
10 in a connection table 1108. The connection table 1108
contains preloaded rules for segmenting user packet 1101
as well as the information needed to construct minicell
headers for each segment of user packet 1101. The
preloaded rules may, for example, define the specific
15 number of segments, into which the user packet 1101 is to
be divided, given the length of the user packet 1101, as
well as the length of each individual segment. Moreover,
each minicell connection corresponds to a distinct address
in connection table 1108. The MUX-IN 1104 calculates the
20 actual size of each segment in accordance with the length
of the user packet 1101 (provided by the FIFO-IN 1103) and
the preloaded rules stored at address 1107 in connection
table 1108.
In order to assemble each minicell, the control logic
25 1106 fetches the ATM connection and the minicell header
information from address 1107 in connection table 1108.
The contreol 1logic 1106 sends this information to a
multiplexer (MUX-OUT) 1109, which generates the minicells
by attaching minicell header information to the
30 corresponding segments of user packet 1101 provided by
FIFO-IN 1103. The MUX-OUT 1109 alsc attaches the
appropriate ATM connection information to each minicell as
illustrated by ATM pointer 1110. The SAR sublayer 301
stores the minicells in a FIFO-OUT 1111 before directing
35 them to the MAD sublayer 302.



subl ayer 302 whether the mnicell corresponds to a "first segnent ",
“m ddl e segnent”, or a "last segnent”. The AAD 30 sublayer 302 continues

to pass the segnents to the SAR subl ayer 301 which reassenbl es the
segnents, one-by-one, back into the original data packet. Af ter
the SAR er 301 adds the "last segnent” to the d ,

It passes théwéggéééhbled data packet to the convergence 35% 'ayer 304.
WO 97/ 38550 PCT/ SE97/ 00570

8 If the length of the data packet is so short that "m ddl e

segnents” are not required, the three code
14

In another embodiment of the present invention, the
SAR sublayer 301 could employ a plurality of FIFO-IN
devices to segment several user packets in parallel. 1In
addition, FIFO-IN 1103 could be co-located in the same
5 position as connection table 1108.
FIG. 12 illustrates an exemplary hardware embodiment
1200 for implementing the disassembly of minicells and
reassembly of user packets, at the receiving entity 403,
using the AALm 300 described above. The process begins
10 | when the MAD sublayer 302, at the receiving entity 403,
stores a minicell 1201, with a corresponding ATM pointér
1202, in a FIFO-IN 1203. The ATM pointer 1202 indicates
the ATM cell from which the minicell was demultiplexed.
Control logic 1204 then extracts the ATM pointer 1202
15 and the minicell header using a MUX-IN 1205. The minicell
header information contains a code, as explained above,
which identifies each minicell as being associated with a
"first", "middle", or "last segment" (depending upon
whether a three code embodiment or a two code embodiment
20 is being used). This, in turn, indicates, for example, .
whether a new reassembly process is to begin, whether an
on-going reassembly process is to continue, or whether a
reassembly process is complete.
If the minicell header indicates that a new
25 reassembly process is being initiated, the control logic
1204 fetches a pointer 1206 from the connection table 1207
and places it into FIFO-OUT 1208, along with the data
segment associated with the first minicell. The location
(i.e., address) of the pointer 1206 is defined by the ATM
30 pointer 1202 in conjunction with the CID in the minicell
header. Once the pointer 1206 and the first segment are
stored in the FIFO-OUT 1208, all subsequent data segments
from consecutive minicells belonging to the same minicell
connection (i.e., having the same <CID value) are
35  transmitted to the FIFO-OUT 1208 using MUX~IN 1205 and a



enbodi mrent w Il segnent the data packet into a "first segnent” and a
"™l ast segnent" only. |If the data packet is 5 so short that it can

fit into a single mnicell, segnentation is not necessary. In
this instance, the sending entity 401 will send the data packet to the
recei ving entgd¥yshesy in a single mnicell marked "l ast oM 0057010
FIG 6 shows a state diagram which represents the reassenbly process
600 for. the three code enbodi nent. The state diagram conprises three
states: an idle state 601, a reassenbly state 602, and an abort state
603. At start 620 or power-up, the reassenbly process 600 enters the 15
idle state 601. |Idle state 601 nerely indicates that no reassenbly is
currently taking place. Under norr@ procedures, the reassenbly

process 600 L rea st, 602 whengver_the receivj
entity 403 recei 3,‘22 gﬁ?n %?ggel I .ﬁgrgﬂggxefi ?é%tsga m%?er", EGiORE ﬁ%eus%&gt ed
by event 604. FHR1ZNR s3BlLaydregys tthen fully srepssemifedydiserdaacket

associated with tbeo"toreie SRgERUblayer, dIg. | adsSesbvErgencessudiier
remains in the rgﬁgserrbly state 602 while the receiving entity 403
receives all of ’ "m ddl e segnents”, as illustrated by event 605.
As each 25 9%'niddl e &d'grhsfiorear r thes SARhes@ARRID| a92r SHMd eespiopl es

the data packet pyuaddifg dheruepbudahavassociatedadehBly, inthigsa yuddl e
segnents, in ordek,.Lo jheuser d assoc|at e WI'[% the "first

segnent”. Wen t REPFEERT FEem 2 giﬁf?‘ﬁ%o‘é r Bt tFR PRSP Segnetft
as illustrated bgdddtienerthes FXFOQUTSARVECS| 1304 cB@ldabdscohbocated in
correspondi ng the same position as the connection table 1204.

10 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

15 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,

20 and all variations and equivalents which fall within the
range of the claims are intended to be embraced therein.



user data to the previougly sREPé&OE@rSPﬁFﬁTé and Sthen
f.ul ly reassenbl ed user dat acket 501 Lo nex sub m ! H ”U!
exanpl e, the convergence fe%" ‘B age """" %8a%ed """" &1 D BI I II

reenters the idle state Ia s RalgFEJS%T é?@?ﬁea ié {1 nt 607
97/ 38550 D‘aw‘"g( : paged ...... 'PRIECSEDT/D0570 pemisET00sTO

9 \MQH?’?’I“I@ enti Q‘ﬂ%ﬁ“&c‘packﬁﬁe%an -BePosAt-aingd in a si ngl e
mnicell, there is no ne nmvoRe—tie—SAR" sobtayer 301 as nentioned
above. Therefore, no reassenbly will take place at the receiving
ePtlty 403. For 5 conpleteness, FIG 6 indicates that the reception
of a
16
CLAIMS:

1. In a telecommunications system, a method for
generating data cells comprising the steps of:
segmenting a data packet into at least two segments;
5 inserting each of the at least two segments into
respective minicells; and
multiplexing the respective minicells into at least
one data cell.

2. The method of claim 1, wherein the step of segmenting
i0 a data packet further conmprises the step of:
segmenting the data packet if the data packet is
longer than a predefined length.

3. The method of claim 2, wherein the predefined length
is the same length as a payload portion of the at least
15 one data cell.

4. The method of claim 1, wherein the step of inserting
each of the at least two segments into respective
minicells further comprises the step of:
appending a code to each of the at least two
20 segments.

5. The method of claim 4, wherein the code appended to
each of the at least two segments defines a length and a
segment type for the corresponding segment, and wherein
the segment type is selected from a group of segment types

25 which includes a first segment type, a second segment type
and a last segment type.

6. The method of claim 4, wherein the code appended to
each of the at least two segments defines a length and a

segment type for the corresponding segment, and wherein

is Sheet Has Been Reﬂlaced




"l ast segnment” while in the idle state 601 causes the reassenbl y
process 600 to enter the reassenbly state 602, as illustrated by
event 613. The AAD sublayer 302 extracts the user data fromthe
mnicell and presents it 10 directly to the sublayer above the SAR

subl ayer 301, for exanpl e, the convergence subl ayer 304 |ch

t he g r eas SURBTRES fﬂ'ocesngOO reenters tge idle sta%/e 601. P&ISEWMM
reassenbly process 600 will enter the abort state 603, if it encounters
one or nore SﬁECIfIC errors. For 15 exanple, in another enbodi nent

of theuwmﬂ mmumﬁlm threshol d indicating the maxi num|ength of a
data pa efined. If the SAR sublayer 301, in reassenbling

the data packe excdeds this maxi rum | engt¥, the reassenbly process 600

woul d enter the abort state 603 to 2 the error r by
event 608.  FolfhsvSegment tyRe 1% ﬁ&%&gg‘ggﬁﬁw ap%glégsafioqt?dr (La%tr'ft gﬁlgg%h
idle state Géhli cas iridlmiersataedfb;stevszegmeﬁﬁg.type and a| hagbt sgaABENEY
enbodi nent of ttﬁg énmwnlon atine out value could be defined. |If, in
reassenbling a a 25 packet, the SAR subl ayer 301 exceeds this tinme out
val ue, the reassenbly process 600 woul d enter the abort state 603

to clear the errpr ashe meshpdt ell dlaiovant wbebeifothewithdeast ohesdatae
reassenbl y pgocess AL LeeaughintbRod!! Ersatet noaebBdres 11l ustrated by
event 609. 3 “he réceiving entity receives a mnicell marked

"m ddl e segnent” while the reassenbly process 600 is in the idle state
601, the reassenp)y process t&amuwhicatiodet esystemerrar mmtihedt efothe

abort state 603 {éhééééyfﬂhﬁea data packet comprising the steps of:
segmenting the data packet into at 1least two

segments;
10 inserting the at least two segments into respective
minicells;
multiplexing the respective minicells into at least
one data cell; and '
transmitting the at least one data cell from a
15 sending entity.

9. The method of claim 8, wherein the step of segmenting
the data packet further comprises the step of:

segmenting the data into at least two segments if the
data packet is longer than a predefined length.

20 10. The method of claim 9, wherein the predefined length
is the same length as a payload portion of the at least
one data cell.

11. The method of claim 8, further comprising the steps
of:
25 receiving the at least one data cell at a receiving
entity;
extracting each of the respective minicells from the
at least one data cell;
extracting the at least two segments from the
30 respective minicells; and

This Sheet Has Been Reila\.ed




errdr as illustrated by event 611. After which, the 35 reassenbly
process 600 reenters the idle state 601 as WO 97/ 38550

PCT/ SE97/ 00570 10 illustrated by
event 609 Li kew se, if the receiving entity 403 receives a
m ni cel | kﬁ,g) é&srsft segnment " while in the reassenbly t he
reassenbly pr 600 woul d detect an error and enter rt_state
603 to 5. <clear-the error as illustrated by event 612. After mhlch

the reassenbly process 600 reenters the idle state 601

by event 609.

can
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15

20

25

30

FIG 7a, 7b, and 7c show howthJﬂu”ﬂlﬂlﬂﬂHﬂﬂﬂMd

18

reassembling the data packet by combining the at
least two extracted segments.

12. The method of claim 11, wherein the step  of
reassembling the data packet further comprises the steps
of:

storing a set of predefined reassembly rules; and

recombining the at least two segments in accordance
with the set of predefined reassembly rules, wherein the
step of recombining the at least two segments continues
until a 1last one of the at least two segments is
recombined.

13. The method of claim 11, wherein the step of inserting
the at least two segments into respective minicells
further comprises the step of:

appending a code to each of the at least two
segnments.

14. The method of claim 13, wherein the code appended to
each of the at least two segments defines a length and a
segment type for the corresponding segment, and wherein
the segment type is selected from a group of segment types
which includes a first segment type, a second segment type
and a last segment type.

15. The method of claim 13, wherein the code appended to
each of the at least two segments defines a length and a
segment type for the corresponding segment, and wherein
the segment'type is selected from a group of segment types
which includes a first segment type and a last segment
type.

16. An apparatus for generating data cells comprising:
means for segmenting a data packet into at least two

This Sheet Has Been
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be configured to identify whether the corresponding 10 mnicell is

associated with a "first segnent”, a "mddle segnent”, and/or a "l ast
segnent”, as well as the length of the corresponding segnent. For
exanple, FIG 7a illustrates that the four codes 48, 49, 50, and 51
identify the il | 701 as corresponding to a "first 15 Bﬁf‘ﬁn'o' hat
has a length 0O D.)é,ﬁ?gf& 32, or 48 octets respectively. §g?m ar"f7§'/, FI G
7b illustrates that the four codes 52, 53, 54, and 55 identify the

m ni cel | esponding to a "mddl e segnment” that has a | ength
of H’ﬂﬂuﬂﬂmmmmﬁm octets respectively. FI'G 7c illustrates 20 that
codes 0-47 identify the*ninicell 703 as corresponding to a "last
segnent” that has a length of 1-48 octets 19 respectively. The
specific codes in Fl Gt 7a, 7b, and 7c are illustrative. One skilled in
the art will underBtand 't hat 25 other codes could be used to performthis
functi on and t haneamsr 8obr inssfiingogash cfultPehatakeagihdd’a FeABeRES.
However, the spegitd ¢espéetitkumfsnsboLis); mapr edefined in bot h the

sending entity 401 and _the_recejvin ntity, 40 ; Thi di;
strategy permts the"”aeﬁﬁssﬁgralﬁ‘éﬁﬁ*glf%il@%%he g%%%%%%l\f%émﬁgg%lg%t %Hggcket
as necessary? R¥ leastplose data ¢@llet anot her enbodi nent of the

i nvention, the segnent | ength can vary even for segnents that

- correspond to th sanme_user_ dat cket, As illustrated in_Fl 5, the
SAR subl aye’re;7 ‘Sth@ouT%P%re%‘t’f\?nt°€hg?ﬁ§’§r 18ackberssl iM% rfﬁa'f':'%ch”équaI
segnent s havi ng sedmendtimgofe dagacpacket funthemecomprises:
means for segmenting the data packet into at least
two segments if the data packet 1is longer than a

10 predefined length.

18. The apparatus of claim 17, wherein the predefined
length is the same length as a payload portion of the at
least one data cell.

19. The apparatus of claim 16, wherein the means for
15 inserting each of the at 1least two segments into
respective minicells further comprises:
means for appending a code to each of the at least
two segments.

20. The apparatus of claim 19, wherein the neans for
20 appending a code to each of the at least two segments
further comprises:
means for appending a code that defines a length and
a segment type for the corresponding segment, wherein the
segment type is selected from a group of segment types
25 which includes a first segment type, a second segment type
and a last segment type.

21. The apparatus of claim 19, wherein the means for
appending a code to each of the at least two segments
further comprises:

30 means for appending a code that defines a length and
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\1/\? o7 38228ment with a length of two octets. I—E\/\C/-e%grEw{ ggﬁml”!mllll""llll“"'
subl ayer 301 could al so segnent the user packet int

having a |l ength of eight octets, three "m ddl e segrrents" havi ng a

| ength of 16yqsépkssy One S  "mddl e segnent” having a Ieng}&r,gég.,,@&.,@ct ets,
one "mddl e segnent” having a length of 32 octets, and a "l ast
segnent”. having a length of two octets, for a total Iength of 178

oct et s. FIGS. 7a, 7b, and 7c, illustrate that mnicell 10
headers al so contain other information. Mnicell headers general ly

I nclude a mnicell connection identifier (ng».

a segment type for the corresponding segment, wherein the
segment type is selected from a group .of segment types
which includes a first segment type and a last segment

type.

5 22. The apparatus of claim 16, wherein the at least one
data cell is an asynchronous transfer mode cell.

23. An apparatus for transporting a data packet
comprising:
means for segmenting the data packet into at least
10 two segments;
means for inserting the at least two segments into
respective minicells;
means for multiplexing the respective minicells into
at least one data cell; and
15 means for transmitting the at least one data cell
from a sending entity.

24. The apparatus of claim 23, wherein the means for
segmenting the data packet into at least two segments
further comprises:

20 means for segmenting the data packet into at least
two segments if the data packet 1is 1longer than a
predefined length.

25. The apparatus of claim 24, wherein the predefined
length is the same length as a payload portion of the at
25 least one data cell.

26. The apparatus of claim 23, further comprising:
means for receiving the at least one data cell at a
receiving entity;
means for demultiplexing each of the respective
30 minicells from the at least one data cell;
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The t“l"ﬂﬂ'ﬁ"ﬂuﬁﬁln" m ni cell connections from one anot her and al | ows
a nu connections to be mul ti pl exed onto the sane ATM
conneétibn." 'For® eXanple, 15 the CID may identify a particular cellular
t el ephone caII ‘therefore, data packets corresponding to that cal

woul d be in mnicells each having a header that bkAR ned
the sane Cl D‘@%’ﬁ'}é"?’gﬂ t then follows that every m ni cel | Pgg’rsr espo.ﬂdi ng
to the.sanme segnented data packet 20 would contain an identical C D val ue.
In an alternative enbodi ment of the present invention, the | ength
codes, for exanple 48 through 51 as illustrated in Figure 7a, could

be defined for each CI D value. Therefore, gvery CI D val ue coul d have
its own set of fixed | ength codes defined £ 25 connection set- up

M nicell headers als Jeaden ipte C

This code is used toq%efag’[ge(a:ﬂt& ® @%lﬁg éhe ?{r:\f g%%%%l%#\h&b%/e% ect| ng and
correcting errortheir respactiye @éB&Fea&?rr@PQhe transm ssion of the

m ni cel | fron1tkmhaﬁ§utdngﬂﬁuséémb4ﬂﬁgtehéheatﬁcpadk@g WNtddmbiHlhg 30
Both CID and HI C des n.th r As di scussed
above, the seconﬁﬁ xenp EHSQM%%S %QQ@% ked sg%ﬁEQHf present invention is

called the "two code nethod FIG 8 shows the segnentation process
800 for the stwoz7., meodeppethost oF eYeas M)t whixdid StReCaBRhsShRE by
the 35 sending eggééghﬁhlng ¥9r8a££%&§ bengcém 1&%%&3 O t@eleast two
extracted segments comprises:
means for storing a set of predefined reassembly
rules;
10 multiplexer means for recombining the at least two
segments in accordance with the set of predefined
reassembly rules until a last segment is recombined.

28. The apparatus of claim 26, wherein the means for
inserting the at 1least two segments into respective
15 minicells further comprises:
means for appending a code to each of the at least
two segments.

29. The apparatus of claim 28, wherein the code defines
a length and a segment type for the corresponding segment,

20 and wherein the segment type is selected from a group of
segment types which includes a first segment type, a
second segment type and a last segment type.

30. The apparatus of claim 28, wherein the code defines
a length and a segment type for the corresponding segment,

25 and wherein the segment type is selected from a group of
segment types which includes a first segment type and a
last segment tyée.

31. A telecommunication system for generating data cells
comprising:

30 a control logic circuit for segmenting a data packet
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g entity 403. In nost respects, the SAR subl ayer 301

segnents the user data packet 801 the same way that it woul d in the

t hree code enbod

i ment, except that, for exanpl e, a conbined code is

used for both t@&n&ﬂﬁrSt 5 segnment” and all "mddle segngAisEor003%

i1 lustrated BVO
suppose_that the
Again, the fixed
Therefore, 10

(e.g., mnicells
two octets in le

801 fromthe sendiQ%)entl
in

10

15

20

25

ni cell headers 802 and 803.

.segnent ed user packet 801 has a | engt 7
segnent size, for illustration, is %ﬂﬂhumqiﬁﬁ aml
11 minicells with payl oads that are 16 oc L *

804 and 805) and one mnicell with a payl oad t hat

S

ngth (e.g., mnicell 806) 22 will carry the user packet

1e¥s O%wo Segmentgya receiving entity 403.

a first multiplexer for inserting each of the at
least two segments into respective minicells; and
a second multiplexer for inserting the respective

minicells into at least one data cell.

32. The telecommunications system of claim 31, wherein
the control logic circuit segments the data packet if the
data packet length is longer than a predefined length.

33. The telecommunications system of claim 32, wherein
the predefined length is the same length as a payload
portion of the at least one data cell. '

34. The telecommunications system of claim 31, further
comprises:
a connection table that stores at least two codes,

wherein the first multiplexer appends the at least two

codes to the at least two segments respectively.

35. The telecommunications system of claim 34, wherein
each of the at least two codes defines a length and a
segment type for the corresponding segment, and wherein
the segment type is selected from a group of segment types
which includes a first segment type, a second segment type
and a last segment type.

36. The telecommunications system of claim 34, wherein
each of the at least two codes define a length and a
segment type for the corresponding segment, and wherein
the segment type is selected from a group of segment types
which includes a first segment type and a last segment
type.

37. The telecommunications system of claim 31, wherein
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* M
15 FIG 9 illustrates a state di agram which represents t he
reassenbly process 900 for the two cﬂmm"ﬂ " Like the state
diagram 600 in FIG 6, the state dia ﬁ I"Hnl“"n 9 conprises three
states: an idle state 901, a reasseﬁbly statse 902, and an abort state
903. Since eag*)?g‘g3 Qf the events depicted in FIG 9 are thepéiygﬁ-,@ss-,bhose
simlarly | abe events described with respect to FIG 6, such
description is not repeated here. However, note . that FIG 9 also
illustrates that events 611 and 612 which caused error detections in
the reassenbly process 600 do 25 not apply in the two code enbodi nent.

FIG 10a and 10b illustrate an exanpl e of a2§od|ng schene for the two
code enbodi nent. FIG 10a specifically shows that fewer codes in the

m ni cel | headerayﬁ% at léggylggg détgcgagp Le 55|y§yygggohgug|§}hﬂgyé§h

bet ween a 30 I'rst segnent” e segnent
illustrates an e%@ﬁ%#&ﬁ9 har dwar e enbodi nent 1100 for |nplenent|ng the
segnent ati on and assenbly of t el econmuni cati on signals using the AALM

390 described . g 2DQV elelﬁﬁmgﬁ&%@?{)%é'; dediP!Sote It hapRBE 1RGCL Chald 01

35 fromthe hldh' nver gence s ayer
packet comprlslng'

5 a control logic circuit for segmenting a data packet
into at least two segments;
a first multiplexer for inserting each of the at
least two segments into respective minicells; and
a second multiplexer for inserting the respective
10 minicells into at least one data cell; and
a transmitter for transmitting the at least one data
cell from a sending entity.

39. The telecommunications system of claim 38, wherein
the control logic circuit segments the data packet into at

15 least two segments if the data packet is longer than a
predefined length.

40. The telecommunications system of claim 39, wherein
the predefined length is the same length as a payload
portion of the at least one data cell.

20 41. The telecommunications system of claim 38, further
comprising:
a first data buffer for receiving the at least one
data cell at a receiving entity;
a demultiplexer for extracting each of the respective
25 minicells from the at least one data cell;
a second demultiplexer for extracting the at least
two segments from their respective minicells; and
a second control logic circuit for controlling the
reassembly of the data packet by recombining the at least
30 two extracted segments.
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13 304), to the SAR subl ayer 301. Attached to the user packet
1101 is a pointer 1102 which indicates both the CID and the ATM cel
connection. A FIFOIN 1103 stores and determ nes the length of the

user packet 1101. Then a 5 nmultiplexer (MIX-1N) 1104 extpefésd7oéso
‘pointer 1102WQYRPSS®  {he user packet 1101 and sends a control signal 1105,
represeﬁ%rﬁg—fhe~rﬂforﬂatTon contained in the pointer 1102, to the

control control |ogic 1106 uses this control signal to
sel ect 1 GWE! m ﬁHs 1107 10 in a connection table 1108. The

connecti contains preloaded rules for segnenting user
packet 1101 as well as the information aweeded to construct m nicel
headers for each segnent of user packet 1101. The pr el oaded
rules may, for exanpl @heddfelecomhunipatidis dystemnbercdiimeghenfyrther o
whi ch the user 4§5§E1L£ Ql is to be divided, given the |ength of the
user packet 1101 wel | as the |ength of each i ndi_yvi dual s§ nt
Nbr eover , each m ﬁ<ﬁ9ﬂ“%EGHHBCFPBHechFe§EBHH§9t8 ﬁeﬁlggiRE? ggg?%%s

reassembly rules,

5 wherein the second control logic circuit recombines
the at least two segments in accordance with the set of
predefined reassembly rules until a last segment is
recombined.

43. The telecommunications system of claim 41, wherein
10 the first multiplexer appends a code to each of the at
least two segments.

44. The telecommunications system of claim 43, wherein
each of the at least two codes defines a length and a
segment type for the corresponding segment, and wherein

15 the segment type is selected from a group of segment types
which includes a first segment type, a second segment type
and a last segment type.

45. The telecommunications system of claim 43, wherein
each of the at least two codes defines a length and a
20 segment type for the corresponding segment, and wherein
the segment type is selected from a group of segment types
which includes a first segment type and a last segment

type.

This Sheet Has Been R

T



in"cohnect}on tabl e 1108. The MJUX-IN 1104 cal cul ates the 20 actual size of

.each segnent in accordance with the |ength
(provided by the FIFOIN 1103) and
address 1107 in connection

each m ni cel

tabl e 1108.

logic 25 1106 fetches the ATM powseeresm and

of the user packet 1101
the prel oaded rul es stored at
In order to assenble

t ontro
the m nicell W@gﬂéf& I nformati on from address 1107 in connection table
1108. The control |ogic 1106 sends tMbPs information to a
mul ti pl exer (MJUX-OUT) 1109, which generates the mnicells by

attachi ng m ni cel

1109 also attaches the
each mnicell as

header
segnents of user packet 1101 provi ded by

illustrated by ATM pointer 1110.

information to the 30 corresponding
FIFOIN 1103. The
appropriate ATM connection information to
The SAR subl ayer

MUX- OQUT

301 stores the mnicells in a FIF 1111 before directing 35 them
to the MAD subl ayer 302. ' WO 9 0
PCT/ SE97/ 00570 (PRIOR ART)
e CONVERGENCE SUBLAYER 101
APPLICATION i (ts)
100
AALm 3 ASSENBLY AND DISASSENBLY 102
3 (A40)
ATH \\
Y
YLTIPLENT /
TSI \\‘ NULTIPLEXING a0 DENLTIPLENNG | gy
/ CONVERGENCE SUBLAYER 304
K (ts)
7
APPLICATY [
LIcATION | 300 SECHENTATION AND REASSENBLY | 3py
(SAR)
AAlm \
\
ATH \ ASSENBLY AND DISASSENBLY 302
' (AA40)
PHYSIEAL \
\| - MOLTIPLEXING AND DEWULTIPLEXING | o .
1

(HAD)
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14 - I n anot her enbodi nent of the present invention, the SAR
subl ayer 301 could enploy a plurality of FIFOIN devi ces to segnent
several user packets in parallel. In addition, FIFOIN 1103 could be
co-located in the same 5 position as connection table 1108. FI G
12 illustrate a!g g%‘grrpl ary hardware enbodi nent 1200 f orpeTISKoz0¥SM | NQ
t he di sas-senbl%’ PER ni cel i s and reassenbly of user packets, at the
receiving entity .403, usi ng the AAL800 descri bed above. The process
begi ns 10 when the MAD subl ayer 302, at the receiving entity 403,

stores a mnicell 1201, wth a correspondi ng ATM poi nt er 1202, in a
FIFO-IN 1203. The ATM pointer 1202 i n%@sg the ATM cell from which
the mnicell was denultipl exed. t%el | ogic 1204 then extracts
the ATM pointer 1202 15 and the m ni cgPR/ORAADEr using a MUX-1N 1205. The
m ni cel | header information contains a code, as expl ai ned above 201
V\/ni ch i dent | f | es each mnicell bej ng_associated with a "firsh"

"m ddl e” fst gsErmpkeT (dependliing upon WHSERNBICAET t hr ee _code
enbodi mant o 20 1S pbeing used. This, 1n turn, 202
i ndi cat es, exanpl e \/\hpt a i ,
whet her an i’-_' on- gomjgcﬂeasse rocess is to c Chide, or whet her

N\ AN N\
ATH CELL ATH CELL

FlG. 4a

SENDING SIDE U,” ' RECEIVING SIDE
11 402 Yy
401 403

Fi1G. 4b

50
| [ user pacrer USER PAGKET N
| K y 4 1 ) 43
] WINICELL HINIGELL HINICELL el ||
N ) AN 1 AN
ATH CELL ATH CELL
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reassenbly process is conplete. If the mnicell header indicates
-that a new 25 reassenbly process is being initiated, the control |ogic

1204 fetches a pointer 1206 fromthe connection table 1207 and pl aces
it into FIFO-QUT 1208, along with the data segnent associated with the
first mni cqldorskhm | ocation (i.e., address) of the p®CWSEI7THM206 i S
defined by the ATM 30 pointer 1202 in 2onj unction with the CDin the
m ni cel | header. Once the pointer {56 and the first segnent are
stored in the FIFO-QUT 1208, all subsequent data segnents from
consecutive mnicells belonging to the sane m nicell connection (i.e.,
havi ng the same CID value) are 35 transmtted to the FIFO OQUT 1208 using
MUX-1 N 1205 and a WD 97/ 38550
PCT/ SE97/ 00570
S
S
-~ J -—- : \ 3
&y ~ g hNFe) &,
S |53 2 |38 S5
5 Pl Sk NI
- ——|m———————— e SN
e : ] J I
E Wl Al \ *
S | 8§ 2 o .
s | S8 8
= e | DR
1 D
-— N
! )
\ - ' '
S : .
[Ny ] 1 '
S : : S
TRES ' 3.
(o) ~ I : =8
"# ' 1 'Q"'u
Q > ' t * E%
| g N ' : G
Ll\ S ' ' S
S fo . ! o~
g el EEE TR ~ $§
= : w §$
R = G | =R b
2158 S |38 [
L | XN [ [
S |8 x® | SS 2 '
® pcl B SR > £ i
-=- e A B
ol . Ry annn
J <
S8 |k [S8]] =2\
N | wia o3 SN b=
S &‘% a e ' 2 SN
e | 8 SREN GRS S
= -l 30 S S
—_——— N P N =3
85
) i
{ \ XX
3 ~Y
Ry Qe
N Ny
[T —
w =X
S ® -
Qe & wov e
< N KEKKA
&S N
33 I3

SUBSTITUTE SHEET (RULE 26)



15 ° MUX- OUT 1209. When the "I ast segnent" arrives, the SAR

subl ayer 301 directs the fully reassenbl ed user packet 1210 to the
next subl ayer, e.g., the convergence subl ayer 304. 5 As
before, the SAR sublayer 301 could enploy a plurality of FIFO OQUT
devices to reassenbla/, in parallel, mnicells froma plprespotyosml
mi ni cel | conn®¥&3Ha0 In addi tion, the FIFO QUT device 1209 could be
co-located in . the sane position as 4/he& connection table 1204. 10
The present invention has been described wth reference to
several exenplary enbodi nents. However, it wi |l be readily apparent
to those skilled in the art that it is possible to enbody the
invention in specific forns ot her than those of the exenplary
enbodi nents described 15 above. This may be done wi thout departing from
the spirit of the invention. These exenplary enbodi nents are nerely
illustrative and shauld not be considered restrictive in any way.
The scope of the ipverntion is givensby he appended cl eg:;ns,gr at her
than the preceding]deqcription, 20 < ang al lkgvari atfons and equi¥al ents
which fall wthin Ef»‘ ran@e of *t helcl ahs are intended §O b¢ enbraced
t her ei n. = > | l
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- 16- -16- CLAI VE: 1. In
a tel ecommuni cations system a nethod for generating data cells conprising
t he st eps of: segnenting a data packet into at |east two variable
| ength segnments, wherein a nunber of segnents and a | ength of each
segnent vary bﬁ%@?ﬂ"g‘{' a set of segnentation and r eassenbl YpdTiEESH00570
generati ng mi N by appending a code to each of the at |east two
segnents, wherein each code contains indomation identifying the |ength of

a correspondi ng segnent; and mul tiplexing the mnicells into at
| east one data cell. 2. The nmethod of claim1, wherein the step of
segnenting a data packet further o7 SEEHERTHMMEEL] of - seguent i g
the data packet if the d%ﬁ cket éls | onger than a predefined | ength.
3. The netlgd of cl ai '4 mﬂﬂ- St he predefiged length is the sane
|ength as a pnyl oad pnrjinn of the at least aone data cell 4
method of claim1, whgpein the jcodesappgnded tppedch ohpdmes ks B3R a0
48175 6 8ITS 2 8ITS 4, 16, 32 OR 48 OCTETS
N
CODES. 48 CORRESPONDS T0 8 101
49 CORRESPONDS T0 16
50 CORRESPONDS To 32
51 CORRESPONDS TV 48
FIG 7a
- "MIDDLE SECNENT" NINICELL
.
oo LENGTH HIC NIDDLE SECNENT py
USER DATA
8 8iTs 6 8ITS 28178 8, 16, 32 OR 48 OCTETS
| cooes: 52 CORRESPONDS T0 &8 7\02
93 CORRESPONDS 10 16
54 CORRESPONDS To 32
- 55 CORRESPONDS T0 48
- “LAST SECMENT" NINIGELL
i
\/
¢l LENGTH Hie LAST SECNENT
2 8ITS 6 8175 28178 1-48 06'#% o
N\ N
CODES. 0-47 CORRESPONDS T T 103
FIG r7c
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segnents further contains information identifying a segnent type for the
correspondi ng segnent, and wherein the segnent type is selected froma
group of segnent types which includes a first segnent type, a second
segnent type and a | ast segnent type. 5. The nethod of claim1,
wherein the c ” nded to each of the at |east two segneptgsEvodsier
contains informatron identifying a segnent type for the correspondi ng
segnent, and wherein the segnent type isé6t® ected froma group of segnent
types which includes a first segnent type and a | ast segnent type. 6.

The met hod of claim 1, wherein the at | east one data cell is an
.asynchronous transfer node cell.
-17- 7. In a tel ecomruni cati ons system a method for transporting a
dat a packet conprising the steps of: segnenting a data packet into
at least two variable I ength segnents, wherein a nunber of segnents and a
| ength of each segnent vary based on a set] of segnentation and reassenbly
rul es; generati ng mn|ae"L:ls'tS")Z:'é‘ﬁ'ﬁ'eﬁ(ffi"ng'a':c'b'tj_t dach of the at
| east two segnents, wherdin eacu;cqggscontains i nfern @9 i dentifying the
length of a correspondind segriel ;| S I |S
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nul tiplexing the minicells into at | east one data cell; and

transmtting the at | east one data cell froma sending entity. 8. The
met hod of claim 7, wherein the step of segnenting the data packet further
conprises the step of: segnenting the data into at |east two
segnents if the daéihpacket is longer than a predefined | engétysgomobs?o  The
nmet hod of cIéY?ﬁ??s erein the predefined length is the sane length as a
payl oad portion of the at |east one data’/dél|. 10. The met hod of claim
7, further conprising the steps of: receiving the at |east one data
cell at a receiving entity; demul ti pl exi ng each of the mnicells

fromthe at |east one data cell as a function of the appended code;
extracting the at |east two segnents fromthe respective mnicells; and
reassenbling the data packet by conmbining the at | east two extracted
segnents. 11. The met hod of claim 10, wherein the step of reassenbling
the data packet cgmprises the step of: reconbining the at |east two
segnents in accordancg with the set of segnentation and reassenbly rul es,

wherein the step ofbgaconbining the at | east two segnents continues until a
| ast one of the at| &efist two segnents is reconbined.
| W»n
S
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-18-  12. The nethod of claim?7, wherein the code appended to each of the
.at least two segnents further contains information identifying a segnent
type for the correspondi ng segnent, and wherein the segment type is
selected froma group of segnent types which includes a first segnent type,
a second segnent t ge and a | ast segnent type. 13. The rewSEIT0oS?0 cl ai m
7, wherein tWQ’é”éﬁ% appended to each of the at |east two segnents further
contains information identifying a segngfio type for the correspondi ng
segnent,” and wherein the segnent type is selected froma group of segnent
types which includes a first segnent type and a | ast segnent type. 14.

An apparatus for generating data cells conpri sing: means for -
segnenting a data packet into at |east two variable | ength segnents,
wherei n a nunber of segnents and a | ength of each segnent vary based on a
set of segnentation and reassenbly rul es; means for generating

m nicells by appending a code to each of the at | east two segnents, wherein
each code contains information identifying the | ength of a correspondi ng

segnent; and
“FIRST OR MIDDLE SEGMENT " MINICELL

- ——
;_; HEADER 2 OCTETS -
l\/
o0 ' LENCTH HIC \FIRST OR MIDDLE SECMENT USER DATA
& 8ITS 6 8ITS 28178 &‘M;JZQP4!0&GZE
CODES. 48 CORRESPONDS 10 8
49 CORRESPONDS 10 18
90 CORRESPONDS T0 32

31 CORRESPONDS T 48

FIG. 10a

"LAST SECMENT" MINICELL

g ——
A/
ey LENGTH HIC LAST SECNENT USER DATA
8 8I7s 6 817 . | 28115 1-48 OCTETS A

CODES. 0-47 CORRESPONDS T0 J‘

FI1G. 10b
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‘means for nultiplexing the mnicells into at | east one data cell. 15.
-The apparatus of claim 14, wherein the neans for segnenting a data packet
further conprises: nmeans for segnenting the data packet into at

| east two segnents if the data packet is |onger than a predefined | ength.
16. The apgay® of claim 15, wherein the predefined | engefisiodedsie sane
| ength as a payl oad portion of the at | east one data cell. 17. The
apparatus of claim 14, wherein the coda/appended to each of the at |east
two segnents further contains information identifying a segnent type for

t he correspondi ng segnent, wherein the segnent type is selected froma
group of segnent types which includes a first segnent type, a second

segnent type and a Iasth? nt type. -19-
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18. The apparatus of claim 14, wherein the code appended to each of the
at |l east two segnents further contains information identifying a segnent
type for the correspondi ng segnent, wherein the segnment type is selected
froma group of segnent types which includes a first segnent type and a

| ast segnent &i@% The apparatus of claim 14, wher eigeridigygsrd east
one data cell gﬁsasynchronous transfer node cell. 20. An appar at us
for transporting-a data packet conprisingso - means for segnenting the
data packet into at | east two variable |length segnents, wherein a nunber of
segnents and a |l ength of each segnment varies based on a set of segnentation

and reassenbly rul es; nmeans for generating mnicells by appending a
code to each of the at |east tw segnents, wherein each code contains
information identifying ]Iength of a correspondi ng segnent; means
for multiplexing the renifke]ils into at | east one data cell; and means

for transmtting the & T t one data cell froma sending entity. 21.

The apparatus of claim 2 bherein the nmeans for segnmenting the data packet
into at | east two segnent urther conprises: means for segnenting
the data packet into at | t two segnents if the data packet is |onger
than a predefined |l ength 22. The apparatus of claim?2l, wherein the
predefined length is the e | ength as a payload portion of the at |east
one data cell
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23. The—“apparattrs—of“d—ai m 20, further conprising: medrid SES7 /955, 4

receivin e data cell at a receiving entity; nmeans for
demul ti pﬂ E(I Ime respective mnicells fromthe at |east orfe5da§a998
cel | | appended code; nmeans for extract| ng t he af

| east two segnents fromthe mnicells; a

AVENDED SHEET - 20-
means for ClABMSenbl i ng the data packet by combining the at |east two
extracted segmerits. 24, The apparatus of claim 23, wherein the neans

for reassenbling the data packet by conbining the at |east two extracted
segnents qonpr ifg %&elecommumcﬁ&ﬁﬂs's?bt@ﬁﬁeﬁ DRBRRSESTof QEndr G Wit EAE dofipriRing! tﬁ@st

tvvo segnments in accordance with
steps of:
segmenting a data packet into at least two variable length segments, whereina -
| number of segments and a length of each segment vary based on a set of segmentation and
reassembly rules; |
generating minicells by appending a code to each of the at least two segments,
wherein each code contains information identifying the length of a corresponding segment;
and

| multiplexing the minicells into at least one data cell.

2. The method of claim 1, wherein the step of segmenting a data packet further
comprises the step of: | |

segmenting the data packet if the data packet is longer than a predefined length

3. The method of claim 2, wherein the predefined length is the same length asa
'payload portion of the at least one data cell. '

4. The method of claim 1, wherein the code appended to each of the at least two
segmen'ts.further contains information identifying a seginent type for the corresponding
segment, and wherein the segment type ié selected from a groﬁp of segment types. which
includes a first segment type, a second segment type and a last segment type.

| 5. The method of claim 1, wherein the code appended to each of the at -least two
. segments furfher contains information identifying a segment type for the corresponding
| segment, and wherein the segment type is seleéted from a group of segment types which
includes a first segmenf type and a last segment type.
6. The method of claim 1, wherein the at least oné data cell is an asy;ﬁ:hronous transfer

mode cell.
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sﬁ'et of segnentation and reassenbly rules until a |ast segrr.ent.&j Sun . -
r econbi nﬁlllllLumml'Lum pparatus of claim 20, wherein the cSdd- AppEndedsy @
sach of NI segment s further contains information idenz'?f.y.,'g,i_n&
a segment “type ‘for" t Re correspondi ng segpent, and wherein the segnment typ %8
Is selected froma group of segnent typés’which includes a first segnent
type, a second_segnent type and a | ast segnent type. .  26. The appar at us
of claim 7o, wBrdelscomumupisationssyermea meshaskion tignsnoréng:a data packet GRMBEYASN!
further cgﬁégi ns 1j_nf ormation identifying a segnent type for the :

h

correspon © Se%r‘rent, and wherein the segnent type is selected froma

group of segrrérs&%rhmﬁfg ANDitE PadkRE sl @Sledst bivd YhrifR8 [BBth deyRRnBNhérelPst
segnent type. 7. A tel econmmuni cation system for generating data cells
conpri si ngumber of segmentsrandal lehgthiof eachr seginent vary dbaspdeomta seg ofi sementatinnland
into at | east tt\ﬂo Vﬁl’j abl e I ength segnents, wherein a nunber of segnents
and a | endtHSFROEdBSsegment vary based on a set of segnentation and
reassendl y rul gnerating minidells' BySdppEhdihg BlcBIEFo dah of BidSH Wdst'Gvd dedhiefits! S DY
appendi ng a co%gn?rg Iégarcnﬁmof stlﬁ’: pgtgh.k}le%stc twé) sae'gr?ents, vagegve({@rfggfaegk’code
cont ai ns iwlieeeimea¢hoendedentairisyinfogmatien identifiyingathe tengthr ofes porretpogling sppemeng; and
a second multiplexer for inserting the minicells jntg at | east one data
cell. 28 tipleriag Shemimeells wsatiga&@m@raeqltiam?n, wherein the o
control logic g e el i ata packet length is
(ffag%@ftﬁrrxégﬂlrﬁg rl\”égatﬁrh&{éeda?aaée?l Rankeenlifng iy | |

longer than a pr

8. 'The method of claim 7, wherein the step of segmenting the data packet further
comprises the step of: ' -

- segmenting the data into at least two segments if the data packet is longer than a
predefined length.

9.  The method of claim 8, wherein the predefined length is the same length as a
payload portion of the at least one data cell. | '

10.  The method of claim 7, further comprising the steps of:

receiving the at least one data cell at a recéiving entity;

demultiplexing each of the minicells from the at least one data cell as a function of
the appended code; |

extracting the at least two segments from the respective minicells; and

reassembling the data packet by combining the at least two extracted segments.

"11. The method of claim 10, wherein the step of reassémbling the data packet comprises
the step of: |
recombining the at least two segments in accordance with the set of segmentation

and reassembly rules, wherein the step of recombining the at least two segments continues

until a last one of the at least two segments is reco_mbmed.. REPLACENERT s ]
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Illlmmlmmwmllons system of claim28, wherein the predefined -
Iength [ as a payload portion of the at |east one A& 2! "QQB
cell. The tel® ecom*rum cations systemof claim27, wherein the code
appended to each of the at |least two segh%'nts further cont ai ns information

identifying a segment type for the correspondi ng segment, and wherein the
segnent tyRe i STheahetboddf €lainn7 awhersimpthefcode gppended tpmach whihetat least twibes a

The tef cosamtrny Bitosd sS850 ARG re s redue s K RE bt biitne o
each of ¢l 63k G SEATBALS AU ANBECERROR RordABRLANIASL Y1 N0

a segnent e tor e corres segnent, and gment type
I s sel ect dncldesra ﬁrsgsegmenofypsegsmohdtsqg:mt@pecdndlariaiusdgmexa tfpe. st segment
type and a | ast segnent type.

13.  The method of claim 7 » Wherein the code appended to each of the at least two
segments further contains information ide_ntifying a segment type for the corresponding
segment, and wherein the segment type is selected from a group of segment types which

- includes a first segment type and a last segment type.

14.  An apparatus for generating data cells comprising:
means for segmenting a data packet into at least two variable length segments,
~ wherein a number of segments and n length of each segment vary based on a set of
segmentation and reassembly rules; | |
means for generating minicells by appending a code to each of the at least two
segments, wherein each code contains information identifying the length of a correéponding
ségment; and '

means for multiplexing the minicells into at least one data cell.

15.  The apparatus of claim 14, wherein the meahs for segmenting a data packet further
comprises: - -

means for segmenting the data packet into at leasi two segments if the data packet is
longer than a predefined length. ' ' |

" 16. The apparatus of claim 15, wherein the predefined length is the same length as a
payload portion of the at least one data cell.

17. The apparatus of claim 14, wherein the code appended__to’ each of the at least two
segments further contains infonnaiion identifying a segment type foi‘ the corresponding
segment, wherein the segment type _is selected from a group of segment types which
includes a first segment type, a second segment type and a last segment type.
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32. The tel econmuni cati ons system of claim 27, wherei n the at pI east one
nre TEGT o

data cell is an asynchronous transfer node cell. ~F7535,9
tel econmuni cations system for transporting a data—paeket eeﬁﬂplel—sr—n

a control logic circuit for segnmenting a data pac t t\&ﬁ {11~ 998
vari abl e I ength segnents, wherein a nunbd?- of segﬂmugﬂﬁmi mﬁ h of each
segnent vary based on a set of segment ation and r

first multipl exer for generating mnicells by appending a code to each of

the at le segnent s n each co cont s in

dent fy1 Bt hehecimgRis ot Bk (4 SHEHIR Al <o ABaed fo eath GF Tt gt two

mul tipl exg ROSRY ﬁptz{, and

a transmtt?’%&&?t(s)r tratrtt:ls)ir?nﬁ!tl%Fﬁfop?n e at E’?MZH% grdgat ce| ?ré%&htes?sserl}%l ng
entity. segment, Whereie thecsegmwm tgpé iseekcteyl Stomia @houpl ¢fi sepdant typesrwhiocht he
control laogic circuit segnents the data packet into at |least two segnents
if the datladb%l@eft-lrswem@%’etaﬁéﬁ last segmmentityRed | engt h. -22- 35,

The tel ecomuni cati ons system of cI aim 34, wherein the predefined | ength i s

t he _
19. - The apparatus of claim 14, wherein the at least one data cell is an asynchronous

transfer mode cell.

~20.  An apparatus for transporting a data packet comprising:
means for segmenting the data packet into at least two variable length segments,
wherein a number of segments' and a length of each segtnent varies based on a set of
segmentation and reassembly fules;
means for generating minicells by appending a code to each of the at least two
segments, wherein each code contains information identifying the length of a corresponding
segment; . '
means for multiplexing the minicells into at least one data cell; and
means for transmitting the at least one d_ata_ cell from a sendihg entity.
21.  The apparatus of claim 20, whérein the means for segmenting the data packet into at
least two segments furthe_r comprises:
| means for segmenting the data packet into at least two segments if the data packet is
longer than a predefined length. o

22.  The apparatus of claim 21, wherein the predefined length is the same length as a |
payload portion of the at least one data cell.

23.  The apparatus of claim 20, further comprising:
' means for receiving the at least one data cell at a receiving entity;
. means for demultiplexing each of the respective minicells from the at least one data

cell as a function of the appended code;

-~ means for extracting the at least two segments from the minicells; ahd REPLACELIET
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sarre Iength as a payload portion of the at |east one data celdgr/ s:36., COP eJ
afirs

tel econnmmnﬁtmmluuﬂj lmn of claim 33, further conprising: fi
dat a buf the at | east one data cell at a receiving ?Qt It

Y
a denul tipl exer” fOr éxtracting each of the ninicells fromthe at |edst dr e’%g

data cell as a function of the appended 208de; ‘a second denul ti pl exer
for extracting the at |east two segnents fromtheir respective ninicells:
and a sapédd fordassembliagitiee dita pavket by cormbifingahe anigadt hwo exgageddl y of

t he data packet by reconmbining the at | east two extracted segnents. 37.

The tel ecoegmaniat i ons system of claim36, wherein the second control logic
circuit reconbines the at |least two segnents in accordance with the set of
segnmentation and reassenbly rules until a |last segnent is reconbined. 38. -

The t el ecopuni piad ippasantsy/sit @33, GhiRiréth 3R mekR Bt feabdtenbling Shodng paaed: by
each of the at |east two segnments further contains information.identifying

a segnent Wﬁgﬁhqmeasbw@swdrﬂggmmnmprmd wherein the segnent type
is selected from rou nme WhICh i ncl udes .a first t
type, a second & Fr&? éﬁgecg é@ggg’& men@gnacc ce with the
tel ecomuniegt n&ﬁaﬁaﬁagassén?amas uM%ﬁst%egaentqe%o paded to each of
the at least t segnents turther” contains 1nfornmation I ntlfyl ng a
segnent type for the correspondi ng segnent, and wherein the segnment type is
sel ected froma _group of segnen es which includes a first segment type
and a | ast?s eg,%tgq gpglagls of claim 20, wl&:rem the code appended to each of the at Teast two "
segments further contains information identifying a segment type for the corresponding
segment, and wherein the segment type is selected from a group of segment types which

. includes a first segment type, a second segment type and a last segment type.

'26.  The apparatus of claim 20, wherein the code appended to each 6f the at least two
segments further contains information identifying a segment type for the corresponding
segment, and wherein the segment type is selected from a group'of segmént types which

includes a first segment type and a last segment type.

27. A telecommunication system for genérating data cells comprising:

a control logic circuit for segmenting 'a data packet into at least two variable length
segments, wherein a number of segments and a length of each segmént vary based on aset
of segmentation and reassembly rules; |

a first multiplexer for generating minicells by appending a code to each of the at

.least two segments, wherein each code contains information identifying the length of a
corresponding segment; and

a second multiplexer for inserting the minicells into at least one data cell.

28.  The telecommunications system of claim 27, wherein the control logic circuit |

segments the data paicket if the data packet length is longer than a predefined length.
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40. A method in accordance with claimi1, Megﬂmlalumﬂﬁmumu tlon and7/°U:u 0
reassenbly rules segnent the data packet as .a packet

lengt h. 41. A method in accordance with clai'm i, Whetei’n t'he )
segnentati on ‘and reassenbly rul es segrrené the data packet as a fUI’ICtIOT{ 4998

a correspondi ng connection identifier c6

AVENDED SHEET 42.

An appar at29s i Thgdeleeeramunicagions saﬁtamrﬁffhunm@ eierein Hie predafingd é@ﬂg@hlsahel

ength S ”'leensgﬁ%?ﬁ%éoécﬂﬁﬁ@é%Q%Caé‘?éasfﬁn B s " wher ein the
segnent ati on and reassenbly
30. The telecommu_nlcatlons system of claim 27, wherein the code appended to each of
the at least two segments further contains inforrnatien identifying a segment type for the
corresponding segment, and wherein the segment type 1s selected from a group of segment

types which includes a first segment type, a second segment type and a last segment type.

31. . The teleeommunications system of claim 27, wherein the code appended to each of
the at least two segments further contains information identifying a segment type for the
corresponding segment, and wherein the segment type is selected from a group of segment

types which i_nbludes a first segment type and a last segment type.

32.  The telecommunications system of claim 27, wherein the at least one data cell is an

asynchronous transfer mode cell.

33. A telecommunications system for transporting a data packet comprising:

a control logic circuit for segmenting a data packet into at least two variable length
segments, wherein a number of segments and a length of each segment vary based on a set
of segmentatmn and reassembly rules; _

a first multiplexer for generatmg minicells by appending a code to each of the at
least two segments, wherein each code contains information identifying the length of a
corresponding segment; | |

a second multiplexer for inserﬁng the minicells into at least one data cell; and

a transmitter for transmitting the at least one data cell from a sending entity.

34.  The telecommunications system of claim 33, wherein the control logic circuit
segments the data packet into at least two segments if the data packet is longer than a
predefined length.
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ruI es segnﬂem— t+he- eIaLa_packet as a function of a correspondi ng connect/r’
“identifier code. Asystemln accordance wth claim 27, §re1n he

. segnent tﬂumu u tm‘b rul es segment the data packet”
functio | engt h. 45, systemin accordance with claim

[
27, wher ei n't he segrrent ation and reass%%’ol y rul es segnent the data packet

as a function of a correspondi ng connection identifier code.
The telecommunications system of claim 34, wherein the predeﬁned length is the

same length as a payload portion of the at least one data cell.

36.  The telecommunications system of claim 33, further comprising:

a first data buffer for receiving the at least one data cell at a receiving entity;

a demultiplexer for extracting each of the minicells from the at least one data cell as
a function of the appended code; '

a second demultiplexer for extracting the at least two segments from their respective
minicells; and -

a second control logic circuit fbr controlliﬁg the reassembly of the data packet by
recombining the at least two extracted segments. '
37.  The telecommunications system of claim 36, wherein the second control logic.cireuit
recombines the at least two segments in accordance with the set of segmentation and

reassembly rules until a last segment is recombined.

38. The telecommunications system of claim 33, wherein the code appended to each of
the at least two segments further contains information identifying a segment type for the
corresponding segment, and wherein the segment type is selected from a group of segment

types which includes a first segment type, a second segment type and a last segment 'type.

39.  The telecommunications system of claim 33, wherein the code appended to each of
the at least two segments further contains information identifying a segment type for the
corresponding segment, and wherein the segment type is selected from a group of segment

types which includes a first segment type and a last segment type.

40. A method in accordance with claim 1, wherein the segmentation and reassembly

rules segment the data packet as a function of data packet length.

41. - A method in accordance with claim 1, wherein the segmentation and reassembly

rules segment the data packet as a function of a corresponding connection identrifiexj code.

~
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42.  An apparatus in accordance with claim 14, wherein the segmentation and reassembly

rules segment the data paéket as a function of data packet length.

43. A method in accordance with claim 14, wherein the segmentation and reassembly

rules segment the data packet as a function of a corresponding connection identifier code.

44. A system in accordance with claim 27, wherein the segmentation and reassembly

rules segment the data packet as a function of data packet length.

45. A system in accordance with claim 27, wherein the segmentation and reassembly

rules segment the data packet as a function of a corresponding connection identifier code.
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