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MULTI PLEXI NG OF VO CE AND DATA M NI CELLS BACKGROUND The present invention
rel at es towedmsesaruni cati on systens whi ch enpl oy Asynchr on®cI/SBIam0es72r
Mode (ATM to 5 transmt both voice-type data and other types of data
over the same ATM connection. Mre particularly, the present invention
relates to a nethod and apparatus for distinguishing between voice-type
data and other types of data and nmultiplexing the different types of data
10 sinultaneously on the same ATM connection. Asynchronous Transfer Mde
(ATM is a standard protocol for transnittlng t el ecommuni cation data within
a tel ecomuni cation stem cellular tel ecomunication
systemn). Data is tra Wim}ﬁr}fﬁn Z@Icﬁ 2 AR AHENRGELLH to a
receiving station in fixed-size data packets called ATM<cells. Each ATM
cell contains 53 octets, including a 48 octet ayl oad and a 5 .octet header.
ATMis well known in the art and i s cHffoid d to transport high bit

yate data (e.g., nuirhengsitesdltt ajnvention relates to telecommunication
systems which employ Asynchronous Transfer Mode (ATM) to
s transmit both voice-type data and other types of data over
the same ATM connection. More particularly, the present
invention relates to a method and apparatus for
distinguishing between voice-type data and other types of
data and multiplexiné the aifferent types of data
10 simultaneously on the same ATM connection.
Asynchronous Transfer Mode (ATM) 1is a standard
protocol for transmitting telecommunication data within a
telecommunication systen (e.g., a cellular
telecommunication system). Data is transmitted from a
15 transmission station to a receiving station in fixed-size
data packets called ATM cells. Each ATM cell contains 53
octets, including a 48 octet payload and a 5 octet header.
ATM is well known in +the art and is commonly used to
transport high bit rate data (e.g., multimedia data).
20 However, ATM can be used for low bit rate data
applications as well (e.g., cellular voice communication).
In general, when used to transport user data for low
bit rate data applications, ATM does not efficiently
utilize the available bandwidth which is very expensive.
25 To illustrate, voice data is compressed into data packets.
Each data packet is then stored in the paylocad of an ATM
cell before the ATM cell is transported from a
transmission station (e.g., a cellular base station) to a
receiving station (e.g., a cellular mobile switching
30 center). While each data packet ranges in iength from a
few octets to about 20 octets, the length of the ATM cell
paylocad is much larger (48 octets). Since each ATM cell
carries but one data packet, a substantial portion of the
ATM cell payload remains empty during transmission which



20 However, ATM can be wused for |low bit rate data applications
as well (e.g., cellular voice comunication). In general, when used to
transport WE¥W4823it a for | ow bit rate data applications, ATRCISESTHNI72
efficiently utilize the avail able bandwi dth which is very expensive. 25

To illustrate, voice data is conpressed into data packets. Each data packet
is then stored in the payload of an ATMcell before the ATMcell is
transported froma transm ssion station (e.g., a cellular base station) to
a receiving station (e.g., a cellular nobile swi tching 30 center). Wile
each data packet ranges in length fromagzfew octets to about 20 octets, the
| ength of the ATM cell payload is much |arger (48 octets). Since each ATM
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: when ATM is used in conjunction with a';ow bit rate data

application, an ATM adaption layer_.ioo (AALm) was

5§ introduced, as illustrated in FIG. 1. " The AALm 100 has

| two primary sublayers: the assembly - and disassembly

sublayer 102 (AAD) and the multiplexing and demultiplexing

sublayer 103 (MAD). The AALm 100 operates as follows.

The AAD sublayer 102 inserts the low bit rate data into

10 small data packets called minicells at a telecommunication

system transmission station (e.g., a base station). The

MAD sublayer 103 then multiplexes as many minicells as

possible into the payload of each ATM cell béfore the ATM

cell is transported to a receiving station (e.g., a mobile

15 switching center)}. At the receiving station, the MAD

- sublayer 103 demultiplexes (i.e., separates) the minicells

and the AAD sublayer 102 extracts the low bit rate data

from the minicells. Since each ATM cell transports more

than one data packet simultaneously (i.e., more than one

20 minicell), +the utilization of available bandwidth is
significantly improved.

Despite the fact that ATM with AALm achieves better
bandwidth utilization than ATM without AALm, other
problems arise when the minicells tend to be excessively

25 long, for example, minicells with a data portion that is
longer than a predefined length (e.g(; the length of an
ATM cell payload). First, excessively large minicells
tend to introduce large transmission delay variations.
These delay variations typically manifest themselves as
30 “"jitter" in the telecommunication signal. . To avoid
jitter, a system must add a delay vafiation factor to a
fixed delay, resulting in larger overall transmission
times. Removing jitter is a complicated process and
genérally requires very expensive equipment. Moreover,
35 . low bit rate data applications, such as voice



is extrenely inefficient as well as cost ineffective. To inprove the
utilization of avail abl e bandwi dth when ATMis used in conjunction with a
| ow bit ratwodz#®8Sapplication, an ATM adaption |ayer 10ECT/SEWNOAY72 was
5 i ntroduced, as illustrated in FIG 1. The AALm 100 has two prinmary
subl ayers: the assenbly and disassenbly sublayer 102 (AAD) and the

mul tipl exi ng and denul ti pl exi ng subl ayer 103 (MAD). The AALm 100 operates
as follows. The AAD subl ayer 102 inserts the low bit rate data into |10
smal | data packets called mnicells at a tel ecommunication system

transmi ssion station (e.g., a base statiod). The MAD subl ayer 103 then

mul tipl exes as many mnicells as possible into the payl oad of each ATM cel
before the ATMammunicatiemspor¥ed Parkicadamiyng suseephibbeg. toa MR | e

15 switchin éaaﬂéygtive/gfféﬁtgfﬁfﬂj&ﬁﬁhﬁjatiOn, t he MAD subl ayer 103
denultiplexesg%ife., separates) the mnjcells and the AAD suhl-ayer 102
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mnicell)., the, willzalion gireaval! ablg  bapgyi dih e 5 includes a
Segmentation and Reassembly (SAR) sublayer 201. At the
transmission station, the SAR sublayer 201 segments:
excessively long user data packets before the AAD sublayer
202 inserts the segmented user data packets into shorter

10 bandwidth efficient minicells. At the receiving station,
the SAR sublayer 201 reassembles the segmented user data,
as the name suggests, after the AAD sublayer 202 extracts
the user data from the minicells. _

U.S. Patent Application No. 08/630,578 describes a

15 method for segmenting excessively large user data packets
as illustrated in FIG. 3. First, the SAR sublayer 201
segments the user data packet 305 into a number of
segments. Each segment, except the last segment, has a
predefined length. The predefined length may be, for

20 example, 8, 16, 32, or 46 octets. In FIG. 3, the
predefined length for each segment (except for the last
segment) is 16 octets. The length of the last segment,
however, reflects the remaining portion of the user data
packet 305, rounded to the nearest octet. Next, the AAD

25 sublayer inserts each segment into a minicell with an
appropriate header.

U.S. Patent Application No. 08/630,578 also describes

the minicell protocols 400 and 450 illustrated in FIGS. 4A

_ and 4B, respectively. In 'accordance with protocol

30 400/450, each minicell is divided into a header portion
401/451, and a payload portion 402/452. The header is
further divided into the following fields: a connection
identifier (CID) code 405/455, a length code 410/460, and

a header integrity check (HIC) code 415/465. The CID code

35 405/455 identifies the specific connection associated with



significantly inproved. Despite the fact that ATMw th AALm achi eves better
bandwi dth utilization than ATM wi t hout AALmM ot her problens arise when the
m ni'cel | sweeonMsest be excessively 25 | ong, for exanple, mMPETSELIBN th a
data portion that is |longer than a predefined length (e.g., the length of
an ATM cel | payl oad). First, excessively large mnicells tend to

I ntroduce | arge transm ssion delay vari ations. These delay variations
typically mani fest thensel ves as 30 "jitter" in the telecomunication
si gnal . To avoid jitter, a systemnust add a delay variation factor to a
fixed delay,, resulting in |larger overal lg transm ssion tines. Renovi ng
jitter-is a conplicated process and generally requires very expensive

equi pnent. MYeadericedl (d.@wv, hi partitelafadel 1wt itedlldpiivne calugh -as
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' length field 410/460 comprises 6 bits; therefore, 64 code
combinations are possible. The 1length field 410/460

5 brovides a means for distinguishing between a first or
middle segment minicell, as illustrated in FIG. 4, and a
last or single segment minicell (i.e., a minicell
corresponding to a user data packet that is 46 octets in
length or less), as illustrated in FIG. 4B. The length

10 code also provides a means for defining 1 of 46 variable
minicell 1lengths for a 1last or single minicell, as
illustrated in FIG. 4B, and a means for deflnlng 1 of 4
fixed lengths for a first or middle segment minicell, as
illustrated in FIG.. 4A. Therefore, the 1length field

15 contains all of the data necessary fot the SAR sublayer
301 to reassemble the user data segments at the receiving -

station.

FIG. 5 illustrates how segmented and unsegmented data

packets are transported between telecommunication system

20 end stations over a single minicell connection. Note,
user data packet "a" 501 arrives at the SAR sublayer 201
first. Aalthough FIG. 5 does not reflect the actual length

of user data packet "a" 501, user data packet "a" 501 is

. sufficiently long to. warrant segmentation. The SAR
25 sublayer 201 then proceeds to segment user data packet "a"
501 into 3 segments. The AAD sublayer 202 then inserts
each'segment into separate minicells la, 2a, and 3a. Also
note, user data packet "b" 502 arrives at the SAR sublayer

201 after user data ﬁacket "a"® 501, but well before the

30 SAR sublayer 201 and the AAD sublayer 202 have segmented
user data packet "a" 501 and inserted each of the segments
into minicells la, 2a, and 3a. Therefore, the user data
packet "b" 502 will not be inserted into a minicell b
until each of the segments associated with user data
35,; packet "an 501 have been inserted into minicells 1la, 2a,



commupi catjon, are particularly susceptible to the degenerat I ve
effects of jitter. To correct the probl em caused by excessw?ﬁl_és ,rﬁg

m ni cel | s, waonNa828It ed version of the AALm 100 is 5 i 11 ust PAESFETPH G 2
AALM 200 in FIG 2 includes a Segnentation and Reassenbly (SAR) subl ayer
201. At the transm ssion station, the SAR sublayer 201 segnents
excessively long user data packets before the AAD subl ayer 202 inserts the
segnent ed user data packets into shorter 10 bandw dt h efficient
mnicells. At the receiving station, the SAR subl ayer 201 reassenbl es the
segnented user data, as the nanme suggests,safter the AAD subl ayer 202
extracts the user data fromthe ninicells. U S Patent Application No.

08/ 630, 578 desgnabes. a 15 met hod for segnenti ng excessi vely | arge user

data packets as ill rated n Fl rst 2
segnents the user ﬁiﬁgaa%a‘b STR e%n?%ﬂz s ﬁe&%@ém ac?nts
segnent, exceptyithe diest wegynddM, has abepnredeﬁnpi@ahdm:regl hwhenThespdedfii ned

!{ﬁggth may be, cor?fuggtloﬁant% Pow 1®it 3%ratd’ 4BtQCt&lSpricdfi&hE 3

5 specifically when the application involves more than one
ongoing session (i.e., the application generates more than
one type of data). For example, one session may involve
the generation and transportation of control data (e.g.,
data relating to power regulation or signalling that

10 controls "handoff" between base stations) or non-voice
| user data such as facsimile data. This data may be
represented by user data packet "a" 501. Another session
may involve the generation and transportation of voice
data. This data may be represented by user data packet
15 "b" 502. Because the SAR sublayer 201 and the AAD
sublayer 202 can only process one user data packet at a
time, as explained above, the voice data associated with
user data packet "b" 502 must wait until all of the data
associated with user data packet "a" 501 has been inserted
20 into minicells. This holds true despite the fact that
voice data. typically has a much higher ‘transmission
priority than other types of related data (i.e., voice

data is much more sensitive to transmission delays).
Further complicating the problem is the fact that the
25 MAD sublayer 203 may have to multiplex minicells generated
by more than one AAD sublayer 202, that is, AAD sublayers
associated with secondary or tertiary applications.
Because the MAD sublayer 203 operates on a wfirst-in-
first-out" (FIFO) basis, data packets containing voice
30 data must compete with data packets being generated by the
same application as well as data packets being generated

by other applications operating in parallel.

Prior methods that use ATM for low bit rate data
applications, even those that employ AALm, clearly do not
35 distinguish between segment minicells with different



predefined I ength for each segnent (except for the |ast segnent) is 16
octets. The length of the | ast segnent, however, reflects the renaining
portion owoohes28ser . dat a packet 305, rounded to the near esSRCH¥EIIO09TRiext |

t he AAD 25 subl ayer inserts each segnent into a mnicell with an
appropriate header. U S. Patent Application No. 08/ 630,578 al so descri bes
the mnicell protocols 400 and 450 illustrated in FIGS. 4A and 4B,
respectively. In accordance wth protocol 30 400/ 450, each m ni cel
is divided into a header portion 401/451, and a payl oad portion 402/ 452.
The header is further divided into the fgllowng fields: a connection
Identifier (ClD) code 405/455, a |ength Code 410/ 460, and a header
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SUMMARY
The present invention overcomes this deficiency by
pfoviding an improved AALm that takes transmission
§ priority into consideration when generating and
multiplexing segment minicells into the ATM cell strean.
It is an object of the present invention to assign
a transmission priority to each segment mihicell.
It is another object of the present invention to
10 multiplex segment minicells from various user data
packets into the ATM cell stream in order of
transmission priority.
It is yet another object of the present invention
to provide a segmentation process that makes it possible
15 fo utilize an existing minicell header code for
transmission priority, thereby providing the
transmission priority without detrimentally effecting
bandwidth utilization. _
In accordance with one aspect of the invention, the
20 foregoing and other objects are achieved by a method '
and/or an apparatus for multiplexing segménted user data
packets into a stream of data cells prior to
transmission from a sending station to a receiving
station, the method comprising the steps of: dividing a
. 25 user data packet into segments; assigning a transmission
priority code to each segment based on a type of data
associated with the user data packet; and multiplexing
the segments into the stream of data cells with at least
one segment from another user data packet as a function
30 of transmission priority, wherein said segments are
interleaved relative to one another as a function of
transmission priority.
In accordance with another aspect of the invention,
.~ the foregoing and other objects are achieved by a method



the maniceld (e.g., a particular cellular tel ephone call). The H C code
410/ 460 is an error detection code. The length field 410/ 460 conprises 6
bits; ther &¥@PU4828h code conbinations are possible.  The I%?'F?%ﬂzd
410/ 460 5 provi des a nmeans for distinguishing between a first or mddle
segnment mnicell, as illustrated in FIG 4A, and a last or single segnent
mnicell (i.e., a mnicell corresponding to a user data packet that is 46
octets in length or less), as illustrated in FIG 4B. The length 10 code

al so provides a neans for defining 1 of 46 variable mnicell lengths for a
| ast or single mnicell, as illustrated inZFIG 4B, and a neans for '
defining 1 of 4 fixed lengths for a first or mddle segnent mnicell, as

il lustrated i nahdfor 4dn apgaeathsr for mhatliphgkhn§i skgmébtedcusea datal | of

the. data necessg%%eégriﬁgg %ﬁ%%%%gha¥g;dgg%lFgégggégg Igothe user data

segnents at t he Cerving s FI'G S ow segrrent ed and
unsegnent ed datrapsmiesionr Eromaaspendingbstatannt tbeaonmeasivangon system

20 end statiQpgyQ¥RT €ns! MPtRod Bbhipkis¢AgNenki QPeps BBl C€retrieving
5 a user data packet from one of a select number of

telecommunication applications serviced by said

telecommunication system, wherein said telecommunication

application generates a plurality of different data

types; dividing the user data packet into segments

10 according to the length of said user data packet and the
type of data associated with said user data packet;
providing a corresponding minicell for each segment of
the user data packet; assembling each of the segments of
said user data packet into a payload portion of the

15 corresponding minicell; attaching to each minicell, a
minicell header containing a code that identifies a
transnission priority associated with a type of data -
contained in the segment; and multiplexing the minicells
into a stream of data cells with minicells associated

20 with other user data packets from the same
telecommunication application for transmission to a
receiving station, wherein the order in which the
minicells are multiplexed is a function of transmission
priority.

25 BRIEF DESCRIPTIQN OF THE DRAWINGS
The objects and advahtages of the present invention
will be understood by reading the following detailed
description in conjunction with the drawings in which:
FIG. 1 is a block diagram illustrating a prior ATM
30 system that incorporates an ATM adaption layer (AALm);
FIG. 2 is a block diagram illustrating a prior ATM
system that incorporates an AALm that includes a
segmentation and reassembly sublayer;
FIG. 3 depicts a prior method for segmenting user



user data packet "a" 501 arrives at the SAR sublayer 201 first. Al though
FIG 5 does not reflect the actual |ength of user data packet "a" 501, user
dat a packewo'yw482501 is sufficiently long to. warrant segnmeRCESENO0972 The
SAR 25 subl ayer 201 then proceeds to segnent user data packet "a" 501
into 3 segnents. The AAD subl ayer 202 then inserts each segnent into
separate mnicells la, 2a, and 3a. Also note, user data packet "b" 502
~arrives at the SAR subl ayer 201 after user data packet "a" 501, but well
before the 30 SAR subl ayer 201 and theaAAD subl ayer 202 have segnent ed
user data packet "a" 501 and inserted each of the segnents into mnicells
la, 2a, and §3téT %Eif &, the user data packet "b" 502 will not be
~inserted into a nmnicell ‘b until each of the segnments associated with user
~ data 35 packet "aFIsSL HdvansedP iNddteptanmriamirmatacqks for VO
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FIG. 5 illustrates the multiplexing of segment
5 minicells when transmission priority is not taken into
account; :
_ F1G6. 6 illustrates the multiplexing of segment
minicell when transmission priority is taken into
_account; _
10 FIGS. 72 and 7B illustrate exemplary protocols for
~ segment minicells;
' FIG. 8 illustrates an exemplary method for
segmenting user data packets; and
_ FIG.- 9 illnstrates an apparatus for segmenting and
15 simultaneously multiplexing segment minicells. '

DETAILED DESCRIPTION
The present invention is capable of simultaneocusly
multiplexing more than one user data packet on a single
minicell connection as a function of transmission
20 priority. As explained above, prior methods employ a
FIFO operation that sequentially multiplexes the user
data packets, one after the other, without taking
transmission priority into consideration.
FIG. 6 illustrates the minicell transmission
25 sequence 600 that results when the presént invention is
used to segment, assemble, and multiplex user data
packet "a" and user data packet "b" first depicted in
FIG. 5. As before, user data packet "a" 605 arrives at
the.AALm before user data packet "b" 610. The SAR
30 sublayer immediately begins to divide user data packet
"a* 305 into three segments. The AAD sublayer then
begins assembling the three segments into minicells 1a,
2a, and 3a respectively, and the MAD sublayer 203 begins
multiplexing the minicells la, 2a, and 3a into the ATM



and 3ar FIG 5 illustrates that a significant problemexists with the way
ATM has been i npl enented when used in conjunction with ow bit rate data
appl i'cati omwp 93148258peci fi cal 'y when the application invol vesPGBSEIHMAT2 one
ongoi ng session (i.e., the application generates nore than one type of
data). For exanple, one session may involve the generation and
transportation of control data (e.g., data relating to power regulation or
signalling that 10 controls "handoff" between base stations) or
non-voi ce user data such as facsimle data This data nay be represented
by user data packet "a" 501. Another sessiOn nay I nvol ve the generation and

transportation_of .vQj a
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of the data assocl a user'Qata packet "a" 501 has been I nserted 20
. into m nicel | suserTHa§ah@agkety (&"d&4f + £ath &y purpese of

] illustration, has a higher transmission priority than
user data packet "a' 605. Unlike the prior method, the
AALm recognizes, as will be explained in more detail
below, that user data packet "b" 610 has a higher
priority'and immediately interrupts the processing of

10 user data packet "a" 605 untll user data packet "b" has
been segmented, if necessary, assembled into a minicell
b, and multiplexed into the ATM stream for transmission.
Once this has been adcomplished, the AALm will complete
the processiﬁg of user data packet "a" 605, assuning

15 that no additional user data packets with a higher
priority have arrived.

The minicell transmission sequence 600 clearly
reflects a different result dompared to the transmission
sequence achieved by the prior method illustrated in

20 FIG. 5. The fact that the present invention multiplexes
minicell b into the ATM cell stream ahead of minicell 2a
and minicell 3a means that the voice data contained in
the payload of minicell b will arrive at the receiving
station much faster than it would have been received had

25 the prior method been employed. This ultimately results
in less transmission delay, less transmission jitter,
and an overall better voice signal quality.

The present invention simultaneously multiplexes
more than one user data packet on a single minicell

30 connection as a function of transmission priority by
employing a predefined transmission priority assignment
schedule (see TABLE 1 below) and by providing a modified
user data packet segmentation process that takes
advantage df-the fact that the conventional method does

35 not use all 64:possib1e length code combinations to



voice data typically has a nuch higher transm ssion priority than other
types of related data (i.e., voice data is nmuch nore sensitive to

transm ssivwo9n42slys). Further conplicating the problemis {RHQI/SEQH009That t he
25 MAD subl ayer 203 may have to multiplex mnicells generated by nore

t han one AAD subl ayer 202, that is, AAD sublayers associated wi th secondary
or tertiary applications. Because the MAD subl ayer 203 operates on a
"first-in- first-out" (FIFO basis, data packets containing voice 30 dat a
nust conpete with data packets being generated by the same application as
wel | as data packets being generated by giher applications operating in
parallel. Prior nethods that use ATMfor low bit rate data applications,

gven those thale pid! Quafbbin pobeeton 9 801 BPrstdiebhoft! Shibgiveen

segnent m ni er ent 971 48251
PCT/ SE97/ 009759egment, last segment) and segment length.

As mentioned, the present invention relies on a
predefined transmission priority assignment schedule.

5 TABLE 1 provides an example of a transmission priority
schedule that might be used in conjunction with a
cellular application. In accordance with this priority
schedule, user data packets will fall into one of five
different priority categories, wherein, a priority of

10 n1t represents the highest transmission priority and a
priority of "5" represents the lowest transmission
priority. In order of transmission priority, the five
categories presented in the exemplary embodiment are as
follows: voice data; circuit data; power measurement

15 data; control data (e.g., handoff signals); and other
data. Of course, the selection of categories and the
assignment of their relative priorities are not limited
to those illustrated here, but will instead depend on
the particular application.

20 In accordance with the conventional method, the
length code is used to define the length of each segment
and the relative position of each segment (i.e., whether
the segment is a first, middle, or last segment). To
accomplish this, the conventional method used

25 essentially 51 of the 64 possible length code
combinations (the length code in a typical minicell
header protocol is allocated 6 bits).

As stated above, the present invention takes
advantage of the fact that there are 13 unused length

30 code combinations. As TABLE 1 illustrates, these 13
previously unused length code combinations may be used.
by the present invention to define not only the length

" and relative position of each segment, but also the
transmission priority of the corresponding user data

35 .. packet. For example, codes 52, 53, 54, and 55 are used



transmssion priority requirenents. SUMVARY The present inventi'on overcones
this deficiency by providing an i nproved AALmthat takes transm ssion 5
priority inwee82stder ati on when generating and mul ti pl exi ng PEESESTIN0972
mnicells into the ATMcell stream It is an object of the present

I nvention to assign a transmssion priority to each segnent mnicell. It is
anot her object of the present invention.to 10 mul ti pl ex segnent mnicells
~ fromvarious user data packets into the ATMcell streamin order of :
transm ssion priority. It is yet another object of the present invention to
" provide a segnentation process that makesiftt possible 15 to utilize an
existing mnicell, header code for trapsnjssion priority,.thereb rovi di ng
Lhe transm ssith HRGRFIEY SPIMERE BLRiTRLEE ARPSOEtTEed| WotRREAPHLRY
utilization. |¢gategsrgarze, wibcope aapect Obdéh®ei hyeusédntot haeRBify

| foregoing and.égéﬁgnggﬁfgiéefis §§Q£8¥§9e§watﬂE£P99rity category "3u,
‘power measurement data. Codes 57, 58, and 59 are used

5 to identify segment minicells associated with priority
category "4"%, control data. Codes 60, 61, 62, and 63
are used to id_entify segment minicells associated with
priority category "5", other data.

_ TABLE 1 | |
10 Code and delay priority assignment example

segmentation first/middle segment last/single segment - - application

method misicell minicell

length payload length payload delay |

code length code length octets | prior usage
octets ity
prior ant 48, 8, L 1-46 ) voice packets
” 49, 16, 46 respectively

50, 32,

51 46

52, 16, 54, 8, 2 circuit daa (e.g. fax,
53 32 55 16 voice related video)

- - 56 8 3 power measurement
(note: only single

segment allowed)

8 4 control

3, 5 data packets

15 FIGS. 7A and 7B further illustrate how the length
.~ codes in the header of each segment minicell are used to



and/ or an apparatus for nultiplexing segnmented user data packets into a
streamof data cells prior to transm ssion froma sending station to a
recei vi ng wioxr4ers1 t he net hod conprising the steps of: diviBCIvgE®w/6e®n. user
data packet into segnents; assigning a transm ssion priority code to each
segnent based on a type of data associated with the user data packet; and
mul tiplexing the segnents into the streamof data cells wth at |east one
segrment from anot her user data packet as a function 30 of transm ssi.on
o priority, wherein said segnments are interleaved relative to one another as
~a function of transm ssion priority. In &&cordance w th anot her aspect of
the invention, the foregoing and other objects are achieved by a nethod
" WD 97/ 48251 define not only the length and relativeQstoion00f2eichnd/ or

~an apparatus {or, gy th pheXL 09, SEIECRIEE HAE" tHfhémission priority of
"+the corresponding user data packet. Referring fifst to
FIG. 7A, the length code 52 or 53 indicates that a) the
5 segment minicell is a first or middle segment minicell,

b) the segment minicell is 16 octets or 32 octets in
length respectively; and c) the segment minicell is
associated with a user data packet belonging to
transmission priority category "2", circuit data.

10 Referring next to FIG. 7B, the length code 54 or 55
indicates that a) the segment minicell is a last segment
minicell, b) the segment minicell is 8 octets or 16
octets in length respectively; and c) the segment
minicell is associated with a user data packet belonging

15. to transmission priority category "2", circuit data.

FIG. 7B also illustrates another aspect of the
_invention in which a somewhat different protocol is
employed to definé the last segment of user data packets
associated with transmission priority categories "2V%

20 through "5" than is utilized in prior art methods. More
specifically, FIG. 7B illustrates that a last segment
minicell associated with transmission priority category
nan jg limited to a fixed length of either 8 or 16
octets. Similarly, the last segment minicells

25 associated with the other transmission'priority
categories other than category "1" are also limited to
one or two fixed lengths. By contrast, in prior art
methods, the last segment minicell could take on any
length, essentially limited only by the length of the

30 ATM cell payload. Because it is desirable for the
inventive segmenting technique to be compatible with
prior art techniques with respect to providing category
nin-type data packets, a preferred embodiment of the
invention allows the length of a last segment minicell

35 associated with transmission priority category "i" to



packet,s into a streamof data cells prior to transm ssion froma sendi ng
station to a receiving station, the nethod conprising the steps of:
retrievi ngwd 2974888 data packet from one of a select nunber ¥ ISEY100972

t el econmuni cati on applications serviced by said tel econmuni cati on system
wherein said tel econmuni cation application generates a plurality of
different data types; dividing the user data packet into segnents 10
according to the length of said user data packet and the type of data
associated wth said user data packet; providing a corresponding m nicel
for each segnent of the user data packet; ggsenbling each of the segnents
of said user data packet into a payload portion of the 15 correspondi ng

mnicell; attachiR9 r@rfdeldtThnicetlet, t& Wehigetidtdieader containing a code
that identifies a“transmssion priority_assqoc¢iated with a type of data

contained in the sefieneason b ek itepgte of asH SeMANF a st ream of
data cells w t hifideqqld aszdtdeitedetrizh trarshidiam yidloriay packets from

the same tel ec%@”éé@o%%tésor"zq’p Q:lhir%%tgjhoq,sf,,o 1 st rl%rﬁlsirgesds ii%n the 2
5 illustrative embodiment is because the number of
available length codes is limited. However, one skilled
in the art will readily understand that the length code
assignments presented in TABLE 1 are exemplary, and that
the assignments could be rearranged to accommodate

10 greater flexibility in defining the length of last
segment minicells associated with transmission priority
categories 2" through "5". Furthermore, one skilled in
the art will recognize that allocating additional bits
to the length field will also accommodate greater

15 flexibility in defining the length of last segment
minicells as well as additional transmission priority
categories.

Given a 6 bit length field and the limited number
of available length code combinations, as explained

20 above, the present'invention provides a modified user

~data packet segmentation process for user data packets
associated with transmission priority categories "2%
through *5". This modified segmentation process is
described hereinbelow.

25 FIG. 8 illustrates an exemplary segmentation method
800 to be executed, in accordance with the present
invention, by the SAR sublayer 801 and the AAD sublayer
805 on a user data packet 810, which is associated with
transmission priority category "2“, "3n, or m4%, After

30 the user data packet 810 arrives at the SAR sublayer
801, the SAR sublayer 801 extends the length by a
certain number of octets. The extension is depicted by
the trailer 815.

Trailer 815 is employed so that the last segment of

35. user data packet 810, when segmented by the SAR sublayer -



receiving station, wherein the order in which the mnicells are nult.i pl exed
Is a function of transmssion priority. 25 BRI EF DESCRI PTI ON
OF THE DRAV®b#ES28he obj ects and advant ages of the present iRCHISET0972i || be
understood by reading the follow ng detailed description in conjunction
with the drawings in which: FIG 1 is a block diagramillustrating a.prior
ATM 30 systemthat incorporates an ATM adaption |layer (AALm; FIG 2 is a
bl ock diagramillustrating a prior ATM systemthat incorporates an AALmM
that includes a segnentation and reassenbly sublayer; FIG 3 depicts a
prior nmethod for segnmenting user WO 97148251

PCT/ SE97/ 00972 8 data packets; FIGS. 4A and 4B illustrate prior protocols
for 801, is equal to one of the limited number of lengths

available for the correspohding transmission priority
category. For example, user data packet 810 is 178
octets in length. It is divided by the SAR sublayer 801
5 into a 16 octet first segment, ten 16 octet middle
segments, and a 2 octet last segment. Assume, for
illustrative purposés, that user data packet 810
contains circuit data (i.e., transmission priority
category "2"). Then the minicell header for the first

10 and middle segment minicells should contain the length
code 52 (refer to TABLE 1). However, there is no length
code available for a last segment minicell associated
with transmission priority category. "2" with a length of
2 octets. Therefore a trailer 815 is added to the user

15 data packet 810, as explained above, so the minicell
cbrresponding to the last segment will be 16 octets long
and contain a length code of 55 (refer to TABLE 1).

As illustrated in FIG. 8, the trailer 815 contains
an error detection field 820 that may, for example,

20 contain a cyclic redundancy code (CRC) or parity bits; a
‘length field 825; and a padding portion 830. It is the
padding portion 830 that is used to extend the last
segment of user data packet 810 to a length of 16
octets. . |

25 FIG. 9 illustrates a simple block diagram of an
apparatus 900 that may be used to implement the method
described above. In accordance with FIG. 9, a user data
packet 905 arrives at the AALm 910 from the application
layer 9212. Attached to the user data packet 905 is a

30 user data packet pointer 915. The pointer 915 contains
a number of bits which define the minicell connection
identifier (CID) associated with the user data packet
905. For example, in a cellular telephone system, the
CID may define a specific telephone call. The pointer

35, 915 also defines the type of data contained in the user



segnment mpicells; FIG 5 illustrates the multiplexing of segnment 5
mnicells when transm ssion priority is not taken into account: FIG
i1l ustratewdo7/4825% i pl exi ng of segment mnicell when t r ans m RGYFRP W%rl ty

is taken into account; 10 FIGS. 7A and 7B illustrate exenpl ary
protocols for Segment mnicells; FIG 8 illustrates an exenplary nethod for
segnenting user data packets; and FIG 9 illustrates an apparatus for '

segnenting and 15 simul taneously multipl exing segment mnicells. DETAILED
DESCRI PTI ON The present invention is capable of sinultaneously multiplexing
nore than one user data packet on a singlesnnicell connection as a
function of transm ssion 20 priority. As explained above, prior nethods

enpl oy a FIFO aaeaabaeketﬂwtossqmqntla:ldly:endatﬂapl efeuifte datRl, Gdver
péckets one a%%%éu&@%e%&h até?‘é@% a@é%% etc.), which in turn
defines the transmission priority for user data packet
905. The pointer 915 also defines the length of the
5 user data packet 905.

At the AALm 210, a FIFO-IN 920 receives user data
packet 905. In practice, FIFO-IN 920 will receive user
data packets from many applications operating
simultaneously. Once stored in FIFO-IN 920, the pointer

10 is removed and analyzed by control logic $22. The sort
multiplexer 925 then begins dividing the user data
packet 205 into segments whose lengths are determined by
control logic 922. The sort multiplexer 925 also pads
the last segment of user data packet 905 and as directed

15 by control logic 922. The segments ére then assembled
into minicells and the appropriate minicell headers are
attached thereto (not shown). Sort multiplexer 925 then
transfers the assembled minicells to the appropriate
FIFO-OUT 930 as instructed by control logic 922 which

20 determines the appropriate FIFO-OUT 930 based on the
priority of the user data packet 905. Preferably, there
will be a FIFO-OUT 930 for each transmission priority
category. |

The priority multiplexer 935 then selects minicells

25 °~ according to priority. More specifically, if a higher
priority FIFO-OUT 930 contains minicells, priority
multiplexer 935 will select these minicells and
multiplex them into the payload of the current ATM cell
940. If the higher priority FIFO-OUT 930 is empty, the

30 priority multiplexer 935 will move to the next highest
FIFO-OUT 930 for minicells. The ATM layer 945 attaches
an ATM header to each ATM cell payload before
transmitting the ATM cell 940 to a receiving station
(not shown). ) '

35 The present invention has been described with



transm ssion priority into consideration. FIG 6 illustrates the mTicell
transni ssion 25 sequence 600 that results when the present invention is
used to SggewiE2s: assenble, and nultiplex user data packet PCFSEQH0%er data
packet "b" first depicted in FIG 5. As before, user data packet "a" 605
arrives at the AALm before user data packet "b" 610. The SAR 30 subl ayer

i mredi ately begins to divide user data packet "a" 305 into three segnents.
The AAD subl ayer then begins assenbling the three segments into mnicells

| a, 2a, and 3a respectively, and the MAD subl ayer 203 begi ns nul ti pl exi ng
the minicells la, 2d,.and-3a into the A‘g1 WO 97/ 48251

PCT/ SE97/ 00972 9 cel|l stream for transmi $&i on. Fbmever before mnicell 2a

nas been ful by seaient ed, Assem) oAbl dBIEE e SR A pACkE "Y'
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

5§ described above. This may be done without departing
from the spirit of the invention. These exemplary
embodiments are merely illustrative and should not be
considered restrictive in any way. The scope of the
invention is given by the appended claims, rather than

10 the preceding description, and all variations and-
equivalents which fall within the range of the claims
are intended to be embraced therein.



user data packet "b" 610, for the purpose of 5 Il lustration; has a higher
transm ssion priority than user data packet "a" 605. Unlike the grlor

met hod, t heos482s1ecogni zes, as Wi |l be explained in nore dECASEIHYOR,
that user data packet "b" 610 has a higher priority and i nrediately
interrupts the processrﬁg“of 10 - user data packet "a" 605 until user data
packet Thé&hashb nted, if necessary, assenbled into a mnicell b,

and nultl & ATM stream for trans t%pqw as been
acconpli will conplete the proce: ﬂgf xékg al packet "a"
605, assun1 no additional user _data RL gher

priority have arrlved The m ni cel | transﬁ?55|on sequence 600 clearly

reflects a dlffer§E§ result conpared to the transm ssion sequence achieved
by the prior illustrated in 20 FIG 5. The fact that the present
invention multiplexes mnicell b into the ATMcell stream ahead of m nicel

2a and mnicel] 3a ans é?%ﬁcﬁﬂ@n¥839f0g8§§%€gﬁtqer§§kh£h g payl oad of

mnicell b wlt arrtVe é? e recervin
' multlplexlng segmented user data packets into a stream -

of data cells prior to transmission from a sending
5 station to a :eceiving station, the method comprising
the steps of:
dividing a user data packet into segments;
assigning a transmission priority code to each segment
based on a type of data associated with the user data

10 packet; and
multiplexing the segments into the stream of data
cells with at least one segment from another user data
packet as a function of transmission priority,
wherein said segments are interleaved relative to
15 one another as a function of transmission priority.

2. The method of claim 1, further comprising the steps
of:

inserting each of the segments of the user data
packet into a respective one of a plurality of '

20 minicells; and

attaching to each minicell, a minicell header
containing the transmission priority code assigned to
the corresponding segment.

3. The method of claim 1, wherein said step of

25 dividing a user data packet into segments comprises the
steps of: '

dividing the user data packet into a first segment

and a last segment, wherein the first segment has a
length that -is a select one of a number of predefined

30 lengths reserved for the type of data associated with
the user data packet; and

'-i if the length of the last segment is shorter than

mmmmm; 




station nuch faster tham Tt Wul'd have been received had 25 the prior -
met hod been enpl oyed. hg&dghégag ﬁiymresults in |less transm ssion del ay,

| ess tranRggoHssen Jjittery better voice si grRFT/SEIFXT . The
present invention sinmul tH‘%}“M\m pl exes nore than one user data packet
on a single mnicell as a function of transm ssion priority
by enpl oying a predeflned transm ssion priority assignnment schedul e (see
TABLE 1 belom;g%g LyAg) %l Eg a -nodi fi ed user data packet segnentation
process that s 1 g&f;é@-'f the fact that the conventional nethod does
35 not use gl | b

| e ldngth codqaconbl nations to WD 97/ 48251
PCT/ SE97/ 00972 10 deflne segnment position (i. -first segnent, mddle

fﬁggﬁ?fon'?2%p§§8§egt%uﬁﬂQrSQQWEQEdE%&QEE 1&%tﬁ%@bh@&&d4e&@ﬁﬂﬁgesent
reserved for the type of data associated with the user
data packet, then extendlng ‘the length of the last
segment with a. traller fleld so that the length of the
5 extended last segment equals one of the predefined last
segment lengths. '

4. The method of claim 1, wherein said step of
dividing a user data packetfinto segments comprises the
steps of: ' .

10 dividing the user data packet into a first segment,
at least one middle segment, and a last segment, wherein
the first segment and the at least one middle segment
each ﬁave a iength that is a select one of a number of
predefined lengths reserved for the type of data

15 associated with the user data packet; and

if the length of the last segment is shorter than
one of a number of predefined last segment lengths
reserved for the type of data associated with the user
data packet, then extending the length of the last

20 segment with a trailer field so that the length of the
extended last segment equals one of the predefined last
segment 1engths. ' -

5. The method of claim 1, wherein said step of
dividing a user data packet into segments comprises the
25 steps of: .
1dent1fy1ng the user data packet as a single
segment, wherein said 31ng1e segment is designated as a .
last segment; and -=: .
if the length of the last segment is shorter than
30 one of a number of predeflned last segment lengths
reserved for the type of data associated with the user
data packet'-then extending the length of the last
- segment w1th a traller field so that the length of the




predefd ned -t ransm ssi OMhiP§HeRHal NeeR RSIQQTENt ScChedule. 5 TABLE 1 provides
an exanple of a transm | schedul e that m ght be used in

conj unct i oWoW¥4825t cel | amﬂwmﬁm ,)n. I'n accordance wi t h FCR{SEIHPIOGR i t y
schedul e, user data pac ' I """ i nto one of five different priority
categories, wherein, a priority of 10 "1" represents the highest
transm ssion priority and a priority of. "15" r STt 5t
transm ssion priority. In order of transm ssio 6&$33$E§, %hgg?f e
categories presented in the exenpl ary enbodi merjt ar eRH! ACED) ous: voi ce
data; circuit data; power measurement 15 jgqdata; control data {e.g.

handoff signals); and other data. O course, the selection of categories
and the assi g Unlg t1GeE E&4ReHY CeRiaDE | dAE DA N PrdddE {REQt PakpoSE
illustrated here, but wll instead depend on the particular application. 20
| n accor dance SRR hel@RYTRHt i onal method, the length code is used to
define the | ength of each segnent and the relative position of each segnent

(i-e.. whethergthe 5e0eply |5 fnlbhi3hes h W) eert! 4 ARestSHTEPL) - TO

multiplexing segmented user data packets into a stream
5 of data cells prior to transmission from a sending
station to a receiving station, the method comprising
the steps of: ' -
retrieving a user qata packet from one of a select
number .of telecommuni¢atiqn applications serviced by
10 said telecommunicationf5yétem, wherein said
telecommunication application generates a plurality of
' different data types;
dividing the user data packet into segments
according to the length of said user data packet and the
15 type of data associated with said user data packet;
providing a cotfés@bndiﬁg minicell for each segment
of the user data. packet; |
assembling each of the segments of said user data
packet into a payload portion of the corresponding
20 minicell;
attaching to each minicell, a minicell heagder
containing a code that identifies a transmission
priority associated kithﬁa type of data contained in the
segment; and . '
25 multiplexing the minicells into a stream of data
cells with minicells?aS$§ciated with other user data
packets from the saméfﬁéiecammunication application for

transmission to a receiving stationm,
vherein the order in which the minicells are

30 multiplexed is a fuﬁbﬁiéﬁ of transmission priority.

7. The method of claim 6 further comprising the step
of: -

~ - storing each of the minicells into a select one of

L3

S



acconplish this, the cTsShedtHayBeken RBlbRAd used 25 essentially 51 of the 64

possi bl e I ength code co Iength code in a typical mnicel
header pr g¢cpemis281s all o :IH As stated above, thePETEELT0972

i nvention takes advantage 0 that there are 13 unuysed | ength 30
code conbinations. As TABLE 1 |Ilustrates t hese 13 previously unused

| engt h code cg used by. the present invention to define not
only the | engl] AHENSHEET HASVBERIbEI ti on of each segnent, but also the

transm ssi on )rIOFIREPUACEDhe cofrespondi ng user data 35 packet. For
exanpl e, codes —55 are usgg WO 97/ 48251

PCT/ SE97/ 00972 11 to |dent|fy segnent m.nicells associated with priority

category "2",, Gifidtd SeturfPde B dccosdehd® wilentify eeandnisgisncel |'s
associ at ed mnth prlorlty cat egor "3

priority code cornta ned in the minicell header of the
corresponding one of the minicells.

8. The method of claim 6’further comprising the step
5 of: | . o
multiplexing the-minicells into a stream of data
cells with minicells associated with user data packets
from other telecommunicaﬁién applications serviced by
the telecommunication system,
10 wherein the order in which the minicells are
multiplexed is a function of transmission priority.

9. The method of claim 6, wherein said step of
dividing the user data packet into segments according to
the length of said user deta packet and the type of data
15 associated with said user data packet comprises the
steps of: _ '
dividing the user data packet into a first segment
and a last segmeht, wherein the first segment has a
length that is a select one of a number of predefined
20 lengths reserved for the type of data associated with
the user data packet; and
if the length of the last segment is shorter than
one of a number of pgedefined last segment lengths
reserved for the‘type”of*aata associated with the user
25 data packet, then ekﬁendiﬁg the length of the last
segment with a trailer field so that the length of the
extended last segment equals one of the predefined last
segment lengths. '

10. The method of-giaimﬁs, wherein said step of
30 dividing the user data packet into segments according to
the length of said user data packet and the type of data
.. associated with said usef data packet comprises the

QLT




power - measur enment data"—ﬁbde8"57~~58 ----- ahd 59 are used 5 to identify

segnent mnicells asso t rity category "4" control data
Codes 60, W@ 37/48251 5ng ggh% sﬁgetﬁ”asté" Efgnt ify segment .mni c%‘FT@EQJQ’Q%E at ed
with priority category ' l a. TABLE 1 10" Code and
delay priority a55|gnnen ntation first/mddle segnent

| ast/si ngl e segnent appllcatlon nmet hod - m ni cel | M ni cel
length payload .length =~ payload: delay qoﬂ_ﬁs SHF_lqurwa”l BEEN ode .

| ength octets prior usage octets . . s%AGﬂy pridqr art 48,
[err] l. 1-46 1 'voice packels 4 ~167 46
respectlvely 50 32, 51 ~-46 52, 16 54, 8,

2 circuit destep=.of: fax 53 . . 32 55 . 16 voice

related video) 56 gividifly the u§er EQMEprE@éHerEBta(PQLEt QBL¥eRENI! €

at least one middle segment and a 1ast segment, wherein

| the first segment and the at 1east one middle segment

5 each have a 1ength_that is a select one of a number of
predefined lengths reserved for the type of data
associated with the uset data packet;fand

if the length oftthe last segment is shorter than’

one of a number of predeflned last segment lengths

10 reserved for the type of data assoc1ated with the user
data packet then extendlng the length of the last
segment with a traller ‘field so that the length of the
extended last segment. equals one of the predefined last
segment lengths.

15 11. The method of claim 6, wherein said step of
dividing the user data-packet into'seguents according to
the length of said user data packet and the type of data
associated with said user data packet comprises the
steps of: _

20 identifying thejuser data packetias a single
segment, wherein said single segment is designated as a
last segment; and )

if the length of the last segment is shorter than
one of a number of predeflned last segment lengths

25 reserved for the typei"

f'data associated with the user

ding the length of the last

ield so that the length of the

extended last segmen ?equals one of the predefined last
segment lengths. '

data packet, then exte
segment with a trailel

30 12. The method 6f5cla;_ 6, wherein said minicell header
also contains codes tnat identify the corresponding
telecommunication appiication, the cofresponding user

. Qata packet the length of the minicell, and the type of

—_\‘
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| nventi on segnment all owed) 57, , Thi 4 . contral
58 32 60, 16, s ee‘HaSBeenRWes data packets 32 63

16 15  woo9748281l GS. 7A and 7B fum ’mﬂm,ﬂ e how t he PCEISBOHO097TC odes
in the header of each segment -mini WD 97/ 48251

PCT/ SEQ7/ 00972 12 define not only the |l ength and relatlve posi tion of each
segnent minicell, but also the transm ssion priority of the correspondi ng

user data pac %S%EE’EMA@Q@,E '3t to FIG 7A, the I'ength code 52 or 53
e

i ndi cat es t hat fit minicell is a first or niddle segnent
mnicell, b) tthe s ARACERi nicell i's 16 Qetets or 32 octets in length
respectively; and c) the segnent mnicell is :

data associated with the correspondxng user data packet.

13. In a telecommunlcatlon systen, : an apparatus for
multiplexing segmented user data packets into a stream
of data cellsrpr;or to transmlss1on_f:om a sending
5 station to a receiving station, the apparatus
comprising: o '
segmentatlon means for leldlng a user data packet
into segments,
means for assigning a transmission priority code to
10 each segment based on a type of data associated with the
user data packet; and
multiplexing means for 1nsert1ng the segments into
the stream of data cells with at least one segment from
another user data packet as a function of transmission
15 priority, ' |
wherein said segments are interleaved relative to
one another as a function of transmission priority.

14. The apparatus of claim 13, further comprises:
means for inserting each of the segments of the
20 user data packet into a respectlve one of a plurality of
minicells; and
means for attachlng to each m1n1ce11 a minicell
header containing the transm1551on;prlor1ty code
assigned to the correspondlng segmint

25 15. The apparatus of claim 13, whereln said
segmentation means. for dividing afuser data packet into
segments comprlses

means for aiv da
st segment, whereln the first
30 segment has a 1ength that is a select one of a number of
predefined lengths reserved for the type of data
.. associated w;th the user data packet; and I T

Hlllll! H!l” IIIH -

first segment'and a_d



associ-ated-with a user
category "2", circuit dat ,
54 or 55 i MPOHSLSLthat a)

pging to transmssion priority
g next to FIG 7B, the |ength code
mn| cell iis a last seBrERPMN2cel |,

b) the segnent minicell is 8 octets or 16 octets in'length respectlvely,
and c) the segnment mnicell is associated wth a user data pack bel ongi ng
15 to transm ssion priority category "2", cir RT H:ASGBEW al so

il lustrates another aspect of the invention in g ﬁﬁ& dilf f er ent
protocol is enployed to define the |ast segnent |of_us EPL at s
associated with transnission priority cat@§ories "2" 20 through "5" than
Is utilized in prior art nethods. More.specifically, FIG 7B illustrates

that a | ast segnentmeanscerespopnsivattd whehlengbbnpEstbe pasbr segmeategory
(2 s M tedplind %héﬁgekeﬂﬁéh BhieCbEN nBmBbr 16£0pt8RS 1 RbAI hatky, the

| ast segnment mnic associ ated with the other transm ssion priority
cat egori es ot heegmemh tepehBFyregerye gPEotPFnFYEB pE dAtaorSERGIALRE]

| engt hs. By COﬁif@SEhelﬁséflQatarpacket for extending the length of
5 the last segment with a trailer field so that the length
of the extended 1ast-segment equals one of the
predefined last segment lengths.

i6. The apparatus of claim 13, wherein saiad
segmentation means for dividing a user data packet into
10 segments comprises. ' '
means for dividing the user data packet into a
first segment at least one middle segment, and a last
segment, wherein the first segment and the at least one
middle segment'each have a length that is a select one
15 of a number qf_predefined'lengths reserved for the type
of data associated with the user data packet; and
means, responsive to the length of the last segment
being shortef'than one of a number of predefined last
. segment lengths'teserved for the type of data associated
20 with the useffdata packet' for extending the length of
the last segment with a traller field so that the length
. of the extended last segment equals one of the
predefined 1ast-segment 1engths,

17. The apparatus of clalm 13, wherein said
25 segmentatlon ‘means for d1v1d1ng a user data packet into
segments comprlses the st

means for 1dent1fy1n” the user data packet as a
single segment, whereln
designated as’ a: las'

30 means, respon51ve to?the length of the last segment
being shorter than one of a number of predefined last
segment lengths reserved for the type of data associated

1d 51ngle segment is

w1th the user data packet for extending the length of

HIIIIII mm ||I|I I IIII




desi r abl ewioxry4s¥s2 | nventive segnentl 0 be conpar/SBY700%12t h
prior art techniques with respect-to providing category "1"-type data
packets, a preferred enbodi ment of the invention allows the length of a

| ast segnent pci ated with transnlsS|on priority category
"1" to W gyﬁ%g? %as Bﬁﬁﬁ PCT/ SE97/ 00972
13 vary fromjust EP to octets. The reason that the Iength of |ast

segnent. mnicells associated with trar®¥i ssion priority categories "12"
through "5" is limted in.the 5 illustrative enbodi nent is because the

nunber of awkie Apiss |seupentcsUd ias Gradilexd fiaddewer thate Wig |1%rmrh t he
art will reqyd lohgndaraicuy ltés%t sté@nérﬁ:”@d%dl%d%ne of the

predefined last’ segment lengths.

net hods, the last segnent ninicell T8 aaB&m Iy | ength, essentially
limted only by the length of the 3 E oad. Because it is

18. In a telecomﬁunipation system, an apparatus for
5 multiplexinq-segmented-user data packets{into a strean
of data cells prior to transmission fromta sending
station to a receiviﬁg station, the apparatus
comprising: -
means for retr1ev1ng a user data packet from one of

10 a select number of telecommunication applications
serviced by said telecommunication system, wherein said
telecommunicatidn'ap@lication generates a plurality of
different data. types; '

segmentation means for dividing the user data

15 packet into segments according to the length of said
user data packet and the type of data associated with
said user data packet,

means for providing a correspondlng minicell for
each segment of the user data packet;

20 means for assembling each of the segments of said
user data packet into a payload portion of the
corresponding'minicell:

means for attaohlng to each mlnlcell, a minicell
header contalning a: code that 1dent1f1es a transmission

25 priority assoclatedQWLth a type of date:contalned in the
segment; and ; ki

mult1plex1ng means for 1nsert1ng the minicells 1nto
a stream of data cells with minicells a55001ated with
other user data packets from the sane telecommunlcatlon

30 application for transmlsslon to a rece1v1ng statlon,

wherein: the order in which the mlnlcells are
multlplexed is. a functlon of transm1551on priority.

~19. The apparatus of claim 18 further comprlses

e

\\II\II\ ] |||\\ ] \ll\




tlids pl. ar e exenpl ary, and that the assignnents

assi gnment.s presentedTW'SH
%eﬂigreater flexibility in defining the

could be rearranged to

| ength of ygobusepment ciated with transm ssi BRI/BEYTE0T2y
categories "2" through re; one skilled in the art wll
recogni ze that allocating addltlonal bits to the length field will also

accommodat e greater 15 flexibility in defining the | ength of ~segnent

m nicells as welt— Hs*addltlonal transm ssion prio iven a 6
d ithe limted nunber of availa

Jﬂ"’lﬂg@lm{"ﬂ! pl ained 20 above, the prese des a

nmodh f icedL user *a packet segnentation pr@éess for user data packet s

B e oy HSTASSHOD BELOLRYLRBoBOTIES B DISORe S s TS
i |l ustrates arsebestplong sfgaenuabepnofiebhbfieBH0incabeordanostedithnthe

accor dance wi tfi Lhe, PLEPSA" pk JYENE) OBoalY cbifa FAK SHR' BXE n8012] the AAD

subl ayer
header of the correspond;ng one of the minicells.

5 20. The apparatus of ciéim 18 further comprises:
multiplexing means for inserting the minicells into
a stream of data cells with minicells associated with
user data packets from other telecommunication
applications serviced by the telecommunication system,
10 wherein the order 1n which the minicells are
multiplexed is a functlon of transmission priority.

21. The apparatus of claim 18, wherein said
' segmentation means for dividing the user data packet
into segments according to the length of said user data
15 packet and the type of data associated with said user
data packet comprlses-' '
means for dividing the user data packet into a
first segment and a last segment, wherein the first
segment has a length that is a select one of a number of
20 predefined lengths reserved for the type of data
associated with the usétjdata packet; and
means, responsivéft& the length of the last segment
being shorter than onérgf a number of predefined last
segment lengths reserved for the type of data associated
25 with the user data padkét} for extending the length of
the last segment with a ‘trailer field so that the length
of the extended last segment equals one of the
predeflned last segment 1engths

22. The apparatus of'Eiéim 18, wherein said
30 segmentation means for dividing the user data packet
into segments according to the length of said user data
.~ packet and the type of data associated with said user



805 on a user data packet 810ﬂhM@ ml el ed Wi th transm ssion '

priority category "2", "3", the user data packet 810

arrives o é@25AR subl ayer . 80 ayer 801 ext ®GASEIHY%engt h by
d

a certain nunber of octets.: epicted by the trailer 815.

Trailer 815 is enpl oyed so that the | ast segnent of 35, user data packet
810, when segnented by the SAR subl ayer WO 97/481

PCT/SE97/0 é ﬁ to one of the li m t ed—nurber—of—tengths—
avai l abl e j%£§u Aés@%ﬁ@Eng transm ssion priority.:cate

“exanpl e, U"EI‘ 8 is 178 octgés in. Iength Eﬂmlluﬁaﬂmry t he
SAR subl ayer 801 5 into a 16 octet first®Segnent, ten

segnents, and a 2 octet | ast s%ggeqhe SSune, gcn |IIustrat|ve pur poses,

that user datd@iFadIaskely Fompris eps ‘o

means for dividing the user data packet into a
first segment, at least one middle isegment, and a last

segment, wherein the first segment ‘and the at least one
5 middle segment each have a lengthjﬁhat,is a select one
of a number of predefined lengths;éesefved for the type
of data associated with the user ﬂéta packet; and
means, resﬁbnsive to the 1ength'df the last segment
being shorter than cne of a numberiof predefined last
10 segment lengths reserved for the type of data associated
vith the user data packet, for extending the length of
the last segment with a trailer fleld so that the length
of the extended last segment equals one of the.
predeflned last segment lengths.

is 23. The apparatus of claim 18, wherein said
segmentation means for dividing thé user data packet
into segments according to the lenéth of said user data
packet and the type of data associated with said user
data packet comprises the steps of:

20 means for identifying the user data packet as a
single segment, wherein said single segment is
designated as a last segment, and

means, respon51ve to the length of the last segment
being shorter than one of a number: of predefined last

25 segment lengths ‘reserved for the type of data associated
with the user data packet for extendlng the length of
the last segment w1th a trailer fleld so that the length
of the extended_last segment equa}s_one of the
predefined last segment lengths. q

30 24. The apparatus of claim 18, whereln said minicell
header also contalns codes that identify the
corresponding telecommunlcatlon application, the

.~ corresponding user data packet, the length of the



contai.ns circuit data e., transm SSI on priority category "2"). Then the
m ni cel |l header for tH ddl e segnment minicells should

contai n theyd emghér code m a]mjillTABLE 1). However, theRET/SESHBNZNgt h
code available for a |4 icell associated with transm ssion
priority category. "2" W|th a length of 2 octets. Therefore a trailer 815
is added to the user 15 data packet 810, as expl aj
mnicell corresponding to the |ast segnent will beTHE SHEER $IAB dbEENaj d
contain a length code of 55 (refer to TABLE 1). |Ilu$5tpmggyi |n G 8,

the trailer 815 contains an error detectign fiel d- 820 ttat—may;—or
exanpl e, 20 contain a cyclic redundancy code (CRC) or parity bits; a I ength -

field 825; angiaikadd ng\r{mrﬁha)rtﬁi&) off tddta tdmsquackhied) wiokh ithwe 830 that is =

used to extend the | ast se packet 810 to a length of 16
octets. 25 rregpgn dgu} Hf%[ Q{ as"ﬁerarép ‘e bl ock di agram of- an appar at us
900 that may be used to |rrpl ement the nmet hod descri bed above. In accordance
with FIG 9, a user data :




packet 905 arrives at the AALm 910 fromthe application |ayer 912. Attached
to the user data packet 905 is a 30 user data packet pointer 915. The
poi nter 913VQ8H#RShs a nunber..of bits which define the m ni FIWSEOFRMEEt i on
identifier (CID) associated ‘w'th the user data packet 905. For exanple, in
a cellular tel ephone system the Cl B/r?ay define a specific tel ephone call.
The pointer 35 915 also defines the type of data contained in the user

W 97/48251 - e _ PCT/ SE97/ 00972 15 data
packet 905 ‘(e.g., voice data, circuﬁt dat 4, p5vver measur enent data, control
data, etc.), which in. turn defines]thq trlansji ssion priority for user data
packet 905. The pointer 915 also defings tthe {ength of the 5 user data
packet 905. At the AALmM 910, a FIFQ I N|92Q regei ves user data packet 905.
In practice, FIFO-IN 920 will ‘receije (ser
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dat a packets from many applications operating sinultaneously. Once stored
in FIFO-IN 920, the pointer 10 is renoved and anal yzed by contraol ] ogic
922, The S¥POTHEASLi pl exer 925 then begins dividing the userPYHS PRet
905 into segnents whose |engths are determ ned by control |ogic 922. The
sort multiplexer 925 al so pads the 124 segment of user data packet 905 and
as directed 15 by control logic 922. The segnents are then assenbl ed
into mnicells and the approprigge mnigell hEders are attached thereto
(not shown). Sort nultiplexer 92 then ransf%‘r‘s the assenbled mnicells to
t he appropriate FIFO OQUT 930 a %E try by~eqntrol |ogic 922 which 20
determ nes the appropriate Fl Fj) 930 sefl o the priority of the user
data packet 905. Preferably, therejw ll al FI BO- QUT 930 for each

transm ssion priority category.|{ The priorjty}nuliti pl exer 935 then select’s
mnicells 25 according to prijorijy. | Mfe spedifically, if a higher
priority FIFO OQUT 930 contai ns celll s,y priorijty multiplexer 935 w |l

sel ect these mnicells and '

o
=

SECHENTATION AND REASSEMBLY (SAR) =
ASSEMBLY AND DISASSEMBLY (AAD)
WULTIPLEXING AND DEMULTIPLEXING (HAD)

FIG. 2
(PRIOR ART)
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mul tiplex theminto the paytoad of the current ATMcell 940. If the .higher

priority FIFO-QUT 930 is enpty, the 30 priority multiplexer 935 wll nove
to the nextWOPY#ESt F|I FO OUT 930 for ninicells. The ATM | ayICTEE878hches

an ATM header to gach ATM cell payl opggbefore transnitting the ATMcell 940
to a receiving station (not sh 35 The pres Lnvention has been
described with 97/ 48251 ' :
PCT/ SE97/ 00972 16 rgference tc
wi Il be readily jappgrent to gbh
embody the invention in spegufii
enbodi nents 5 descifi bed abQgg.
the spirit of the ifgventiongT

ral |exenplary enmbodi menfs. However, it
killled in the art jthat, |t is possible to
rms {ot her than_.'t;h-'sgﬁ\xf t he exenpl ary
JHis may be done wit hu&s Heparting from

_ exernpl ary embodi:m nt‘,ﬁ,stare merely
illustrative and shqul d not be il T S
S
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considered-restrictive in any way. The scope of the invention is given by
t he appended clains, rather than 10 the precedi ng description,and al

vari at i onswaray4828di val ents which fall within the range of tRETESERIME2r e
i ntended to be enbraced therein. 17 CLAI M5 1. In a

t el econmuni cati on m a net h8d%f nul tipl exing use

data strearg pri to trjansm ssion froma sendi nd stai

packets into a
n toja receiving

station, the neth¢d corfprising the steps of: 5 difviding a first
user data packet first plurality of segmgnts ilf|{the first user data
packet is dreateyr ngth than a first predefiined lfepgth, {wherein the
first user |[data has associated with it alfirst pdata §fype and a first
transm ssign pri ased on the first data type; diidi a second user
dat a packet{ intoj 4 Secand plurality of segnentst{if 1 t hejsecond user
dat a packet| i s greefer\in length than the first |predgf e Agt h, wherein
the second juser HatR ket has associated withjit alspcgnd]data type and a
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second transm ssion priority based on the second data type; generaﬂing a

m ni cel

generating a mni cel
plurality of segnents,

identifies the second data type,

position of 20

appendi ng each m ni cel

header

wher ei n each m ni cel
t he second

t he correspondi ng segnent i
header to its corre?
[

plurality of mnicells associated with the

second plurality of mnicells associated w
and multiplexing the minicells associated it
and the minicells associat’ed
mnicells into the data stream wherein the m
first plurality of mnicells and the m nicel
plurality of mnicells are interl eaved rplati

mnicells 25

/

function of transm ssion priority.
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the first transm ssion priority,

header

m S
sec

th
ond] ng
rst

Q

h
'S
F

\Y

al

=

cel |

MINICELL FA

MINICELL 24

WINICELL 1A

user
sec
ne fi
h t he

5SOcCi
0 ong¢ another as a

CéEIJra|it of

T{SE97/00972

and a

n the first uspr data packet;
header for each segnent associ a

ed with the second
bnt ai ns a code whi ch
on priority, and a
bnd user data packet;
egnent to forma first
data packet and a )
bnd user data packet;
st plurality of
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18 2. . . .The method of claim1l, wherein said step of dividing the first
user data packet into the first plurality of segnments. and said step of

di viding twoenmesid user data packet into the second pl ural PCFSES7889GHent s
each conprise the steps of: dividing the correspondi ng user data packet
into a first segnent and a 5 | asté /Pegnment:, wherein the first segment has
a length that is a select one of a nunber of predefin | engt hs reserved
for the type of data associated with the correspondi user data packet;
and if the length of the last segnment is shorter th3 ja select one of a
nunber of predefined |ast segnent |engths reservqd for| the data type

associated with the 10 correspondi ng user Zata packgt, then extending the
|l ength of the last segnent with a trailer fi

d 4o that the length of the
extended | ast' segment equal s the sel ect one bf tHe prddefined | ast segment
| engt hs. 3. The met hod of claim 1, where disaid tep of dividing the
first user data packet into a first plurality]|qf |segngnts and said step of
di vidi ng the second user 15 data packet intpgd fsecond plurality of
segnents each conprise the steps of: dividjng| &g corrlespondi ng user data
packet into a first segnent, at |east one,nidjsg segnmgnt, and a | ast
segnent, wherein the first segnent and thz at ast one m ddl e segnent each
have a length that is a select one of a nunbef off predefined | engths
reserved for the type of data associated Wwith|thd corrlespondi ng
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20

pr edefi ned

conpri si ng

dat a packet
user data p
si-ngl e segm
| ength of t
pr edef i ned

the corresp
segnent wit
segnment equ

"FIRST" OR “MIDOLE" SECNENT NINICELL

user data packet;

and if the length of the |ast segnent
than a select one of a nunber of predefined | ast segnent
for the daWwD?¥4885lassoci ated with the correspondi ng user daf&T
extending the I ength of the |ast

| ength of the extended | ast segne

i's shorter
| engt hs reserved
72then

of the

ﬁ%gmnt\Mth atrailer field so that the
t/ “equal s the sel ect one 25
4

ast s | engt hs. 4. The ne*hod of claim1 further
he st gps of 19 identifying the first or {he second user
as a slinglejsegnment if the length of the firgt or the second
hcket ifs lesp than the first predefiped | ength, wherein said
pnt i s [desighated as a | ast segnent; {and} 5 I f the
he | ast Segngnt is shorter than a selectj one pf a nunber of
ast segpgent | engths reserved for the data type associated with
bndi ng uger Yata packet, then extending ke | &ngth -of the |ast
v a trarBer YNield so that the |ength)of Re Xtended | ast _
;Is t he E?Ieft one of the predefinedjl as §§eg nt | engths.
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10 5: «»

In a tel ecommuni cati on system a nethod of multiplexing user

data packets into a streamof data cells prior to transm ssion froma
sendi ng st O YIMBRH a receiving-station, the nmethod conprisi FEWHE7898ps of :
retrieving a first user data packet fromone of a sel'ect nunber of

t el ecommuni cation applications seByPced b

15 wher {
di fferent
accordi ng
generatin
m ni cel
code that
the data 1P
correspondli
mnicells
cell's contgns
wherein t h&&s3 ¢
dat a pack S (
of transnj$si or

(=4
>
[ <]

y said tel econmuni cation system

conmmuni cat cation generates a plurality of
di vi di ng t user data packget infjo segnents
h and dat 4 the first user al] packet ;
cor r espapdi ch segnent by n ning a 20
h segnerl, each mnicell h  contains a
he dat aly nsm ssi on pri or§§ hssociated with -
h of thesq H-Rg—Segrert—ean posi tion of the
in the fin ata packet; and mul fi-pl exi ng the
trjeam of dat , Iwherein the 25 - sfream of data
m nj celll' s associ gt ed Qith a second user -data padgket, and
er jn vhich the finicgl |s |associated with theHi@st user
the sgqcond uses {data fpackets are nu[tiphexed i 4&¥a function
priorilty. i "‘E."E -
O
s | =8
© 9
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USER DATA /’AM[Z?J OCTETS (810)
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20.6. -The nmethod of claim5 furt

each of the mnicells into a sel ect one of a nunber

accordance with t

mni cel | hd¥Q&p4szst The et

e transm ssion priority contained in the

her conprising the step of:
of buffers in

R Tne

sterikng-

hod of claim6 further

step of: multiplexing the mnicells %%ociated with the first and the

second user data packets into the str
associated with user data packefs
serviced by the £l ecommuni cati @rugys

in which the mn@g g
NE
Etket into segid

priority. 8.

first user data

of the first usefdata packet conpri g
dividing the first user data pac
segnent, wherein the first segment hg
nunber of predefined | engths reserveq
first user data

h

|

eam of data cells along wwth mnicells

gm ot her tel ecommuni cation applications

tem 10 wherein the order
dis a function of transm ssion

n 5, wherein said step of dividing the

according to the length and data type
es the steps of: 15

nto a first segnent and a | ast

s alength that is a select one of a
for the data type associated with the

LD
S -3
.
e X
SS
N
S
5 S
S ~
LR - ~
S N S |-
N N ~
33 S 0
o S
EQ’_
\‘ [ ]
3 Q)
&> II
33
h'_\m
o
[=p]
=
! =
XD .
S >
NN
~
b2
N
Qe
Lﬁ—
S g
= RS
DS
~ o <
TLLJ’Q <
O~ ~
S<S
S3I2 S
= S
“«
. 3
[T
D o
<




packet; and if the Iength of the

of “a nunber 20 of predefined Um"
ttype associated with the first & ULy )| exten pg_ﬂbe%ngth

~of *'the | ast segnent vvlthatrallerfleld sothat thelength the ended

- last segnent equals the select one of the predefined | ast segnent |engths.

. 9. The met hod of claimb5, wherein said step of dividing the first user

. data 25 packet into segnents according to the length and .data type of the

.~ first user data packet conprises the stepsq1gf: AMENDED SHEET 21 dividing

“ the first user data packet into a first -segment, at least one mddle -

. segnment, and a tﬁgh 2gnent, wherein the first segnment and the at |east one

: mddl e segment eac ave a length that is a select one of a nunber of '
predefined | engths reserved for the data type associated with the first

- user data packet; and 5 | f the length of the |ast segrrent S

. shorter than a Lel ect I gdelgeommpnigation systepy, éd@?‘h%ﬁfmﬁglPWE datangt hs
| reser ved for thﬁac%@fs%n{oyaod’atfﬁ&ﬁi Bﬁ&dto‘%a{ngnﬁsgﬁn from a sending station to a

receiving station, the method comprising the steps of:

??O&ej ¢obh one

rese r the data

5 dividing a first user data packet into a first plurality of segments if the
first user data packet is greater in length than a first predefined length, wherein
the first usei' data packet has associated with it a first data type and a first
transmission priority based on the first data type; . ' -
dividing a second user data packet into a second plurality of segments if
10 the second user data packet is greater in length than the first predefined length,
wherein the second user data packet has associated with it a second data type and a
second transmlssmn priority based on the second data type
generating 2 minicell header for each segment associated with the first
| _ plurahty of segments, wherein each minicell header cox_ltams a code which
1.5 identifies the first data type, the first transmission priority, and a position of the
corresponding segment in the first user data packet;
generating a m1mce11 header for each segment associated thh the second
plurahty of segments, wherein each minicell header contains a code which
identifies the second data type, the second transmission priority, and a position of
20 - the corresponding segment in the second user data phcket; _ |
appending each minicell header to its corresponding segment to form a
-first plurality of minicells associated with the first user data packet and a second | _
plurality of minjcells associated with the second user data packet; and
multlplexmg the minicells assocxated with the first plurahty of minicells
25  andthe minicells associated with the second plurality of minicells into the data
stream, wherein the minicells associated Wlth the first plurality of minicells and
the minicells assdciate_d with the second plurahty of minicells are interleaved _'

relative to one 'another as a function of transmission priority.
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First_ user data packet, then exyemne et the last s nt W th
atrailer field so that the Iengj. - QL o LD S dod st @é%&rﬁ$2§?}a§g%he
sel ect one of the predefined | adt - 10.ap _anJ t hod
of “‘claimb5, wherein said step of dividing the first user dat%ep'gz-kgﬁggﬁto
segnents according to the length and data type of the first user data
packet conprises the steps of: identifying the user data packet as a single
segment if the length of the first user data packet is less than a '
predefined | ength, wherein said single segggnt 15 i s designated as a | ast
segnent; and if the length of the | ast segnent i's shorter than a sel ect one:
of a number of predef iMgndtied ofGAIET whRBEIA/ HES6F hoRigthe (I ot dard YPE
associated with the first. user data packet, then&)thendi ngaht he Iengﬁ of
the | ast segnempackettintocthe fiastipluralifyadfdegmenth and sdi step ofjdividihg thessecondwsded

| ast segnment equal s the, sel ect one of the 20 predefined | ast segnent
lengths. 11.  daig packef @r%@smqﬁd&ww Qfipegrppyts a#%mge&eﬁtas ofg

mul ti pl exi ng user dat &;:Ra o] &mga{,' FWals §e§'ﬁ'ﬁ misd on
froma sending stati o?“?gﬁ ﬁr‘i%der%?%g- a%fgﬁéﬁﬁ%&%tgaar%us co?rpr I-SI ng:
first segnmefit atlastrsegments whereinl thei filst\@gmehi liasta length tiihtiva peledt@he ofiho a first
25 plurality of segnents if the first user dat a'fpack'et IS greater in

l ength than a fmmsbery%@a@kﬁn@hlengﬁhgmprmﬁé%ihﬁwfdatasassqrs%tpé, Withdheacket

has associ at ed ggr}ergpeﬁdil?g 'Lge;' Ahta packet; and

if the length of the last segment is shorter than a select one of a number

of predefined last segment lengths reserved for the data type associated with the
10  corresponding user data packet, then extending the length of the last segment with
a trailer ﬁeld so that the length of the extended last segmeni equals the select one
of the predefined last segment lengths. D

3. The method of claim 1, wherein 'said step of dividing the first user data
packet into a first 'plural.ity of segments and said step of dividiﬁg the second user -
15 data packet into a second plurality of segmente each cemprise the steps of:
dividing the corresponding user data packet into a first segment, at least
one middle segment, and a last segmeﬁt, wherein the ﬁst segment and the at least
one middle segment each have a lexigth that is a select one of a number of
_predefined leng_ths reserved for the type of data assoeiated with the corresponding
20  user data packet; and | ' ' |
| if the length of the last segment is shorter than a select one of a number
of predefined last segment lengths r‘eseryed for the data type associated with the
corresponding user data packet, thei_l extending the length of the last segment with
a trailer field so that the length of th_e :extendecll last e_egment equals the select one
25 ofthe predeﬁned last segment lehgths;; '.

4. The method of claim 1 further comprising the steps of:

AU oo



the YOIt St 99af 80R/P2;

data type and a first transm ssig )
ger data packet into a

22 second segnentation means fo ter _
second plurality of segnments if k%R e B . i packet &WLGW in

| ength than the first predefined Iength wher ei n the second user da

packet has associated wi'th it a second data type and a second transm ssion
priority based on the second 5. data type; neans for generating a mnicell
header for each segnent associated with the first plurality of segnents,
wherein each mnicell header contains a coge which irdentifies the first
data type, the first transm ssion priority, and-a position of the '

correspondi ng segnent jdentifyifg thefirkt otSiRé sé&h&u&%‘&ﬁ&tpacﬁ& as a single segméﬁ?ffns
for generating a mnicell "header for each segnent associated Wt

second plurali t&e&ngﬂbgﬁmgtfkstmmcménmdmamawths kssaﬂianthecﬁnsal ns a code

whi ch identifies co he second, trans iority,

- and a. position B Pé‘fr}eﬂﬁai@?g&é ‘%‘éﬁﬁ §é‘{ﬁi§?ﬁgmeﬂ PH’&S@B@S&E !@F S@FQ Lpacket ;
“assenbly neans jf@r appendi ng each mnicell header to its corresponding 15 -

segnent to forma first plurality of mnicells associated with the first
user data 5 if the length of the last segment is shorter than a select one of a number

of predefined last segment lengths reserved for the data type associated with the
corresponding user data packet, then extending the length of the last segment with
a trailer field so that the length of the extended last segment equals the select oné
of the predefined last segment lengths.

10 5. -Ina telecommunicﬁtion SyStem_, a method of multiplexing uéer data
packets into a stream of data cells prior to trahsmissidn fro:ﬂ a sending station to a
receiving station, the method coinptising_the steps of: -

retrieving a first user data pé.cket from one of a select number of
telecommunication applications serviced by said tele-commﬁnicétion system,

15 wherein said telecommunication fappiicatio_n generates a plurality of different data
type.s; : ' . |

dividing the first user data packet into segments aécording to the length
and data type of the first user data packet;

generatmg a nnmcell corresponding to each segment by attaching a

20 mlmcell header to each segment, wherein each minicell header contains a code :
that 1dent1fies thg data type, a transm_lss;on p_rmnty associated with the data type,a
length of the corresponding segment, and a position of the corresponding segment
in the first user data packet; and | _ '

multiplexing the mmlcells into the stream of data cells, wherein the _

25 stream of data cells contains m__l_mcells associated with a second user data packet,
and wherein the o_rdér in which the mlmcells associated with the first user data
packet and the second user daté'packéfé_érefmulﬁplexed is a function of

transmission priority.
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packet and a second plurality of m’rﬁwiﬂsPateemr&ted t,hSEt? f@@gr@ user
data packet; and nultiplexing ne ’a n| ce associ ated -
wi.ith'the first plurality of nminicells and the ninicel 's associated with the
sécond plurality of 20 mnicells into the data stream V\/rwse-l{ﬂ-sm
“mnicells associated with the first pl urality of mnicells and the
mnicells associated with the second plurality of mnicells are interl eaved
relative to one another as a function of transm ssion priority. 12. - The
apparatus of claim1l, wherein said first gegnentation neans for 25
dividing the first user data packet into a first plurality of segnents and
said second segnent atT&nm | er data packet
into the second plura |tyg%l?&s%£g%g%§smgg%@r?mrl SeQQ@pﬂgs means for

di vi di ng the corr espastetiimgeachef tibamninigelie kitd aiseleot onef dfrasiunsteey WE buffersdna | ast
segnent, wherein the first segnent has a _length that is a select one of a
nunber of predé?qoﬁ‘é@CFéﬁ@tthgtf%%@W%Pﬂ@WYt%Wéﬂ e@ﬁ@ﬁl’mm&ﬂwth
‘the user data B&ﬁfé?t and .

5 7. The method of claim 6 further comprising the step of:

o multlplexmg the minicells assoc1ated with the first and the second user
data packets into the stream of data cells along with ml_mcells associated with user
data packets from ether telecommunication applications serviced by the
telecommumcatlon system, ' ‘

10 ~ wherein the order in which the minicells are multxplexed is a function of

transmission priority.
8. The method of claim 5, wherein said step of dividing the first user data

packet into segments according to the length and data type of the first user data
. packet compnses the steps of:

15 -~ dividing the first user data paeket into a first s;:_gment and a last segment,
wherein the first segment has a length that is a select one of a number of
predefined lengths reserved for the data type associated with the first user data
packet and

 ifthe length of the last segment is shorter than a select one of a number

20  of predefined last segment lengths reserved for the data type associated with the
first user data packet, then extending- the length of the last segment with a trailer
field so that the length of the extended last segment equals the select one of the
predefined last segment lengths.

9. The method of claim 5, whejrein said step of 1d'_iyid_ing the first user data
25  packet into segments according to the :len'gth and data type of the first user data

packet comprises the steps of:
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5 means, responsive t [Tbhewbeiagbatea{ot—ne dst segnent being
shorter than a select one of a njmw_?mv@eiﬁ@ﬁw eagths
reserved for the type of data associated wth the COTTespondi ng user data
packet, for extending the length of the last segment with §6t+Hr 8% iel d
" so that the length of the extended | ast segment equals the select one of
:.the predefined | ast segnent |engths. 10 13. The apparatus of claim
11, wherein said first segnentation nmeans for dividing the first user data

packet into a first plurality of segnents ggd sai d second segnentation
means for dividing the second user data pa into the second plurality of

segnents each conpri ses ns.for diyvidi the c rres ondln user dat a
packet into a first 1§ ‘d@%&%@ﬁ““&f@'@é’é gg’@’é‘m@ astong a | ast

segnent ,- wher ei dlilbes in'eﬁlt 97Rek tt\b th n%g@l @&Ep each
have a | ength tlﬂl 'S e selaggt oneeo a nun‘[é)lfn 6? prede I ned hF‘beng ©

reserved for thmiddhkt agmentaeaah $ave alengthvthathis arseleclmneeﬂ’[ammhbeg of predefimdda
packet; and neans, responswe tqo the Iength of .the LLast segnment_bein

shorter than a lgngths reserved forthe gatadype asssiated With dbefirsh uger| @tpaglszf

| engths resgrved for § 6:881 Segile ECL lnl‘ﬁs 18t onB b 3 o
dat a packet’ for exten ng P segien ral
field so that tdferédefined 14t séghﬁnﬁlehgmdQ&bef\&ﬂtfoﬁmﬁlmﬁttyﬁﬂmbﬁaﬁehenﬂﬁdleﬁ one

- of the predefl ned | ast segnent |engths. 14. ~ The apparatus of ~claim 11,
- wherein said fifirst ussegaterpagkatoenexeading the length of the last segment with a trailer

' field so that the length of the extended last segment equals the select one of the
predefined last segment lengths. |

10 10. The method of claim 5, wherein said step of dividing the first user data
packet into segments accordmg to the length and data type of the first user data
packet comprises the steps of:

1dent1fy1ng the user data packet asa single segment if the length of the
first user data packet is less than a predefined length, wherein said smgle segment

15 . is designated as a last segment; and | |

if the length of the last segment is shorter than a select one of a rumber
“of predefined last segment lengths reserved for the data type associated wlth the
first user data packet, then extending the length of the last segment with a trailer
field so that the length of the extended last segment equals the select- one of the
20 - predefined last segment lengths. '

11. In a telecommunication system, an apparatus for multxplexmg user data |
packets into a data stream prior to transmlssmn from a sendlng station to a.
recexvmg statlon the apparatus compnsmg
first segmentatlon means for d1v1d1ng a first user data packet into a first
25  plurality of segments if the first user data packet is greater in length than a first
predefined length, wherein the first user data packet has associated with it a first
data type and a first transmission priority based on the ﬁrs.t' data type;

T —
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25 dividing the first user datf
segnents and said second segment 4ty : dﬁﬁf%%ddhb9ﬂébr

dat a packet into the second plura . ealsdh conpri ses:

means for identifying the first or the second user data pacgfg ?_aggpngle
segnent if the length of- the first or the second user data paCke ess

. than the first predefined | ength, wherein said S|ngle'segnent I s desi gnated
. as a last segnent; and 5 : " means, responsive to the length of the

| ast 'segnent -being shorter than a select o of a number of predefi.ned | ast
segnment | engths reserved for the data type associated with the

di dat cket he. Lenath of, th
Coman e th St e 'asoohR henctefin SES oL ATty SERA o ik @3hoo o
segnent equal s dcaendplubdity 6N Segaients i€ e seetd uderlditd p m%eargieateﬂ @neagie. 10

15. I'n a tel econmuni cati on system an apparatus for ti pl exi ng user
dat a packets i nthan ﬁlesﬁnsem&neddc@th,ewml‘e esecpnd usexdlata packetrhas associated

sendi ng station arec ng st ation aratus coopri.sing: neans for
retrieving a f.W&‘ﬁ %@&3’5@9%* SSQW‘E@YMQCS"W“& o
5 datatype

means for generating a minicell header for each segment associated with

lurality of

the first plurality of segments, wherein each minicell header contains a code whlch_
identifies the first data type, the first transmission priority, and a posmon of the
| corresponding segment in the first user data packet;
10 means for generating a minicell header for each segment associated with
 the second plurality of segments, wherein each minicell header contains a code
which identifies the second data type, the second transmiseion priority, and a
posmon of the corresponding segment in the second user data packet;
assembly means for appending each minicell header to its correspondmg
15 segmeht to form a first plurality of minicells associated with the first user data
| packet and a second plurality of minicells associated with the second user data
packet and - |
_ multiplexing means for msertmg the minicells associated with the first |
plurahty of minicells and the minicells assocmted with the second plurality of
20 minicells into the data stream, wherein sald minicells associated with the first
plura_hty of mm_xcells and the minicells associated with the second plurality of

minicells are interleaved relative to one another as a function of transmissio_x_l

priority.

12.  The apparatus of claim 11, wherem said first segmentatmn means for
25  dividing the first user data packet into a ﬁrst plurality of segments and said second
segmentatlon means for d1v1dmg the second user data packet into the second

| plurality of segments each comprise:

\
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of tel ecommuni cati on appl i cation :«seSwed!eldPhgensaf‘d at ellecorm$tmp dat? 89 72
system 15 wherein said tel ecoid ‘cati¢n generates a :
plurality of different data types; segnentation neans for d|u§d|cp7g m
first user data packet into segnents according to the length da ype
of the first user data packet; assembly means for generating-a nnicell
correspondi ng to each segnent 20 by attaching a mnicell header to each
segnent, wherein each mnicell header contains a code that identifies the
data type, a transm ssion priority associ ag®d with the data type, a length
of the correspondi ng segnent, and a position of the correspondi ng segnent
in the first user dat ﬂleﬂ@fé@"div@ﬂgtﬁé«'édﬂda Wudﬁ?ﬁﬂﬁph@lfethdt&@rﬁrsﬂg t he
mnicells into the stream of data 25 | s,- Wwherein the stream of data
cell s contains sngm'emnﬂsa laseogmantewmeimthg f'sstmgmeulslms adength that ksca select 25

wherein the order nvx/mch ni assoc with the first
data packet ananFt‘i’éas‘g’PB?‘?ﬁ nﬁ%@wﬁ% ?‘?ﬁ}ﬂ?médwa {a; assag ‘E’f on
of transm ssi Orthc%sé}rdataypacket and

5 means, responsive to the length of the last segment being shorter than a

select one of a number of predefined last segment lengths reserved for the type of
data associated with the corresponding user data packet, for extending the length
of the last segment with a trailer field so that the length of the extended last
segment equals the select one of the predeﬁned last segment lengths.

10 13, The apparatus of claim 11, wherein said first segmentation means for
dividing the first user data packet into a first plurality of segments and said
second segmentatibn means for dividing the second user data packet into the
second nlurality of segments each comprises: |

means for dividing the corresponding us'er data packet into a first

15  segment, at least one middle segment, and a last segment, wherein the first
segment and the at least one middle segment each have a length that is a select one
of a number of predefined lengths reserved for the data type associated with the
'correspondmg user data packet; and o

means, responsive to the length of the last segment bemg shorter than a

20  select one of a number of predefined last segment lengths reserved for the data
type associated with the corresponding user -data 'packet for extending the length
of the last segment with a trailer field so that the length of the extended last
segment equals the select one of the predeﬁned last segment lengths.

14. The apparatus of claim 11, wherein s'aid first seglne_ntation means for
25  dividing the first user data packet into a first plurallty of segments and said
second segmentation means for dividing the seeond'.user data packet into the

' second plurallty of segments each comprlses
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7 /A f for
storing each of the mnicells in p;%a @ utﬂf)' rSEo%r?t{u’}f{;rZ??i n
accordance with the transm ssion™prr -+ the cgmr esR0RLkA10

m ni cel | header. 17. The apparatus of claim 15 further c@r%ﬁ?’gew
mul tiplexing means for inserting the mnicells associated with the first 10
and the second user data packets into the streamof data cells along with
mnicells associated with user data packets from ot her tel econmunication
applications serviced by the tel ecommuni caggon system wherein the order in
which the mnicells are nmultiplexed is a function of transm ssion priority.
15 18 The appandins fordlestifFing tHSfirstBE R secdiidl deS SAaPAIKRE aspé‘siﬁﬁl@ns
for dividing the first user data packet into segnents according to the

| ength and dat asegmest fithe leagthi ofshe fixse or thetsecondoiser data ppekics isdessrtbamthef or

dividing the figst usefr data packet.into .a first se nt d a | ast
segnent, wher ei ﬁ"‘% R&%ﬁ%‘ﬁ%&‘ﬁn& repfhgalcgsmglﬁdggp?qéggg%gné@&s(gclgstone of a
20 nunber  of sgappAefanged | engths reserved for the data type associated
with the.first uSer data packet; and neans, responsive to the length of the
| ast segnenf bei ng shan¢ans, tesponsive s@ thedength ef tie lastisegrhent beingsherterf thamd | ast

segnment | engt hs f t he d :
g g serléac% %£g g a m%rnber, gf przei&eqined last segment lengths reserved for the data

A
i

16. - The apparatus of claim 1§

type associated with the corresponding user data packet, for extending the length
of the last segmént with a trailer field so that the length of the extended last
segment equals the select one of the predefined last segment lengths.

10- 15.  Inatelecommunication system, an apparatus for multiplexing user data
packets into a stream of data cells prior to transmission from a sending station to a
receiving station, the apparatus comprising:

means for retrieving a first user data packet from one of a select number
of telecommuhicatioh applicaﬁons serviced by said telecommunication system,

15  wherein said teiecon@unicaﬁon application generates a plurality of different data
types; : _ .

segmentation means for dividing the first user data packet into segments
according to the length and data tybe of the first user data packet;
| assembly means for 'generatihg a minicell corresponding to each segment
20 by attaching a;'minicel.l' header to each segment, wﬁére’in each minicell header
contains a code that identifies the data type, a transmission priority associated with
 the data type, a length of the borrgspondiﬁg 'segment, and é position of the
corresponding segment m the first user data packet; and )
multipléxing means for inserting the minicells into the stream of data e
25  cells, wherein the stream 'of data cells contains minicells associated with a seé(_md

user data packet,



type associated with the first udehe SmbdsiPatest C.1Lor ¢xt endigmo ey heru h
of the last 25 segrment with a]PElildtemaional Apsia tibval t he Iength of the
extertded | ast segnment equals the select one of the predefi n%gs Lﬂment
| engt hs. 26 19. The apparatus of claim 15, wherein sai Q‘E tion
means for dividing the first user data packet into segnents according to
the length and data type of the first user data packet conprises: neans for
dividing the first user data packet into a first segnent, at least 5 one
m ddl e segnent, and a | ast segnment, wherei@5the first segnent and the at

| east one m ddl e segnent each have a length that is a select one of a

nunber of predefined hrgdiithe Gtaar marhitlp thelhidiceBs assbdiRRd ItOhE Frstchsed t h the
first user- data packet; and neans, responsive to the length of the last

segment being sdf paoket ansthe seqund uses| daga pasket ase mltipleasdris affugstion®fi ned | ast
segnent | engths reserved for the data type associated with the user data
packet, for ext T ggl gth of the last segnent with a trailer field
so that the | ength of the extended | ast segment equal s t he sel ect one of
the predefined | ast segnment | engths.

16. The apparatus of claim 15 further comprises:

5 means for storing each of the minicells into a select one of a number of
buffers in accordance with the transmission priority contained in the

cortesponding minicell header.

17.. The apparatus of claim 15 further comprises:
_ | multiplexing means for inserting the minicells associated with the first
10  and the second user data packets into the stream of data cells along with minicells
associated with user data packets from other telecommunication applications
serviced by the telecommunication system,
wherem the order in which the mlmcells are multiplexed i is a function of

transmission pn_onty.

15 18. ' The apparatus of claim 15, wherein said segmentation means for dividing'
the ﬁrst user data packet into segments according to the length and data type of the
first user data packet comprlses _

" means for dividing the first user data packet into a ﬁrst segment and a
last segm_ent, wherein the first segment has a length that is a select one of a-

20  number of predefined lengths reserved for the data type associated with the first

user data packet; and _ _
means, responsive to the length of the last segment being shorter than a

select one of a number of predefined last segment lengths reserved for the data

type associated with the first user data packet, for extending the length of the last

25  segment with a traller field so that the Iength of the extended last segment equals
the select one of the predeﬁned last segment lengths.
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'20. The apparatus of clai m [fhe 9her €1 A romy bnt at’ConSkBENSI PE7 2

- dividing 15 the first user dajCpacket i ntappiegssn]s according to the
.l'ength and data type of the first user data pacKetr conpri sesﬂsrrg'lms‘lgﬂﬁr
identifying the user data packet as a single segnent if the length of the.
first user data packet is less than a predefined |ength, wherein said
single segnent is designated as a |ast segnent; and 20 means,
responsive to the length of the |last segnent being shorter than a sel ect
one of a nunber of predefined |ast segnent2d engths reserved for the data
type associated with the first user data packet, for extending the length
of the last seggent Wrhdappatdtad dfdlaifd B3, Cvlfepeih Raid sefrientativi Medis foheiviliagnded

| ast segnment equals the select one of the predefined |ast segnent. | engths.
the first user data packet into segments according to the length and data type of the

first user data packet comprises:
means for dividing the first user data packet into a first segment, at least
5  one middle segment, and a last segment, wherein the first segment and the at least
one middle segment each have a length that is a select one of a number of |
predefined lengths-reserved for the data type associated with the first user data
packet; and '
‘means, responsive to the length of the last segment being shorter than a
10  select one of a number of predefined last segment lehgths reserved for the data
type associated with the user data packét, for extending the length of the last
segment with a trailer field so that the length of the extended last segment equals
the select one of the predefined last segment lengths.

20. The apparatus of clai_m 15, wherein said seginentatioxi means for dividing
15  the first 'usef data packet into se_gments.according to the length and data type of the
first user data packet comprises: '

" means for identifying the user data packet as a single segment if the
length of the first user data packet is less than a predefined length, wherein said -
single éegment is designated as a last segment; and _

.20 means, r_eéponsive to the length of the last ségment being shorter than a
- select one of anumber of predefined last ségment lengths reserved for the data
type associated with the first user data packet, for extending the length of the last
segment with a trailer field so that the length of the extended last segrh‘ent equals
the select one of the predefined last segment lengths.
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(57) Abstract

Segmenting, multiplexing and transporting user data packets in a telecommunication system that employs Asynchronous Transfer
Mode can be accomplished more effectwe}y by assigning a transmission. priority code fo each segmented user data packet based on the
type of data contained therein. Data that is highly sensitive to transmission delays (e.g., voice data) will be assigned a hsgh priority, while
data that is Jess sensitive to transmission delays (e.g., signal strength measurement data) will be assigned a lower priority. When the user
data packet segments are assembled into segment minicells and multiplexed into:the: ATM cell stream, those with the highest priority will
be inserted first 50 that they experience the least amount of transmission delay. -




