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MULTIPLEXING OF VOICE AND DATA MINICELLS 

BACKGROUND 

The present invention 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 multiplexing the different types of data 

io simultaneously on the same ATM connection. 

Asynchronous Transfer Mode {ATM) is a standard 

protocol for transmitting telecommunication data within a 

telecommunication system (e.g., a cellular 

telecommunication system) . Data is transm.!. tted 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 Howeyer, 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 payload of an ATM 

cell before the ATM cell is transported from a 

transmission station (e.q., a cellular base station) to a 

receiving station (e.g., a cellular mobile switching 

30 center). While each data packet ranges in length from a 

few octets to about 20 octets, the length of the ATM cell 

payload 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 
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is extremely ineff~cient as well as cost ineffective. 
To improve the utilization of available b~ndwidth 

when ATM is used in conjunction with a' low bit rate data 
application, an ATM adaption layer .100 (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 before 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 o·f 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 variation factor to a 

fixed delay, resulting in larger overall transmission 
times. Removinq jitter is a complicated process and 
generally requires very expensive equipment. Moreover, 

35 _ ,, low bit rat$ data applications, such as voice 
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communication, are particularly susceptible to the 

degenerative effects of jitter. 

To correct the problem caused by excessively long 

minicells, an updated version of the AALm 100 is 

s illustrated in FIG. 2. AALm 200 in FIG. :2 incl\.l,des 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 remaininq portion of the user data 

packet 305, ~ounded to the nearest octet. Next, the AAD 

25 sublayer inserts each seqment 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 p9rtion 

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 lenqth code 410/460, and 

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

35,._ 405/455 identifies the specific connection associated with 
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the minicell (e.g., a particular cellular telephone call). 

The HIC code 410/460 is an error detection cod~. The 

length field 410/460 comprises 6 bits; therefore, 64 code 

combinations are possible. The length field· 410/460 

5 provides a means for distinguishing between a first or 

middle segment·minicell, as illustrated in FIG. 4A, and a 

last or single segment mini cell · (i.e. , a mini cell 

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 lengths for a last or single minicell, as 

illustrated in FIG. 4B, and a means for defining 1 of 4 

fixed lengths for a first or middle segment minicell, as 

illustrated in FIG. 4A. Therefore, the length field 

15 contains all of the data necessary for the SAR sublayer 

301 to reassemble the user data segments at the receiving 

station. 

20 

FIG. 5 illustrates how segmented and unsegmented data 

packets are transported between telecommunication system 

end stations over a single minicell connection. Note, 

user data packet ''an 501 arrives at the SAR sublayer 201 

first. Although 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 packet "a" 501, but well before the 

30 SAR sublayer 201 and the AAD sublayer 202 hav~ 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 "a" 501 have been inserted into minicells la, 2a, 
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and Ja. 
FIG. 5 illustrates that a significant probiem exists 

with the way ATM has been implemented when used in 

conjunction with low bit rate data applications, 

s 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 transportatio~ of voice 

data. This data may be represented by user data packet 

15 "b" 502. Because the s~ 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 

asso'ciated 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 s~blayer ·203 operates on a "first-in­

first-out" (FIFO) basis, data packets containing voice 

30 data m~st 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 
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transmission priority requirements. · 

SUMMARY 

The present invention overcomes this deficiency by 

providing an improved AALm that takes transmission 

5 priority into consideration when generating and 
multiplexing segment minicells into the ATM cell stream. 

It is an object of the present invention to assign 

a transm~ssion priority to each segment minicell. 

It is another obj.ect 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 to 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 segmented 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 
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and/or an apparatus for multiplexing segmented 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: 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 
transmission 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 BR·IEF DESCRIPTION OF THE DRAWINGS 

The objects and advantages of the present invention 
will be understood by reading the foll°<;>wing 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 
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data packets; 
FIGS. 4A and 4B illustrate prior protocols for 

segment minicells; 

FIG. 5 illustrates the multiplexing of segment 

s minicells when transmission priority is not taken into 

account; 

10 

FIG. 6 illustrates, the multiplexing of segment 

minicell when transmission priority is taken into 

account; 
FIGS. 7A and 7B illustrate exemplary protocols for 

segment minicells; 

FIG. a illustrates an exemplary method for 

segmenting user data packets; and 
FIG.·. 9 illustrates an apparatus for segmenting and 

15 simultaneously multiplexing segment minicells. 

DETAILED DESCRIPTION 

The present invention is capable of simultaneously 

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 present 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 assemblinq the three segments into minicells la, 

2a, and 3a respectively, and the MAO sublayer 203 begins 

multiplexing the minicells la, 2a, and Ja into the ATM 
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cell stream for transmission. However, before minicell 

2a has been fully segmented, assembled, and multiplexed, 

user data packet "b" 610 arrives at the AALm, wherein 

user data packet "b" 610, for the purpose of 

s illustration, has a higher transmission priority than 

user data pac](.et "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 until 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 accomplished, the AALm will complete 

the processing of user data packet "a" 605, assuming 

15 that no additional user data packets with a higher 

priority have arrived. 
The minicell transmission sequence 600 clearly 

reflects a different result compared to the transmission 

sequence achieved by the prior method illustrated in 

20 FIG. s. 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 of-the fact that the conventional method does 

35 not use all 64::possible length code combinations to 
.r 

···-~----·--·----···· ----·-·- ... 
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define segment position (i.e., first segment, middle 
segment, last segment) and segment length. 

As mentioned, the present invention relies on a 

predefined transmission priority assignment schedule. 
s 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 "1" 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 
f·ollows: 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 
combinati_ons (the length code in a typical minicell 
header protocol is allocated 6 bits). 

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

30 code combinations. As TABLE l 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 
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to identify segment minicells associated with priority 

_cateqory "2" ," circuit data. Code 56 is used to identify 
segment minicells associated with priority category "J", 
power measurement data. Codes 57, SS, and 59 are used 

s to identify segment minicells associated with priority 
cateqory 11 4", control data. Codes 60, 61, 62, and 63 

are used to identify segment minicells associated with 
priority category "5", other data. 

10 

15 

TABLE 1 

code and delay priority assignment example 

segmeatat:ioa first/middle segment last/single segmeat . · applicotioo 

method miliicell . minicell 

leqlh payload lellgth payload delay 

code leqtb code length octets prior usnge 

octets ity 

prior art 48, 8, I· 1-46 I voice packets 

49, 16, 46 respectively 

so, 31, 

Sl 46 

Sl, 16, 54, 8, l circuit dau. (c .g. fax, 

53 32 SS 16 voice rtla.ted video) 

. . 56 8 3 power measurement 

Jnvcruion 
(note: only single 

segment allowed) 

S1, 16, S9 & 4 control 

58 31 

60, 16, 62, 8, s data packets 

61 32 63 16 

FIGS. 7A and 7B further illustrate how the length 

cod~s in the header of each segment minicell are used to 
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define not only the length and relative position of each 

segment minicell, but also the transmission priority of 

· the corresponding user data packet. Referring first to 

FIG. 7A, the length code 52 or 53 indicates that a) the 

s 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 11 , 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 define the last segment of user data packets 

associated with transmission priority categories 11 2 11 

20 through 11 5" than is utilized in prior art methods. More 
specifically, FIG. 7B illustrates that a last segment 

minicell associated with transmission priority category 
11 211 is 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 
11 111 -type data packets, a preferred embodiment of the 

invention allows the length of a last s~gment minicell 

35 associated with transmission priority category 11 1" to 
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vary from just l octet to 46 o~tets. 
The reason that the length of last segment 

minicells associated with transmission priority 

categories 11 2" through "5" is limited in the 

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 11 211 through "S". 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 

soo 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", "3", or "4". 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 
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801, is equal to one of the limited number of lengths 
available for the corresponding transmission pri~rity 
category. For example, user data packet 810 is 178 
octets in length. It is divided by the SAR sublayer 801 

s into a 16 octet first segment, ten 16 octet middle 
segments, and a 2 octet last segment. Assume, for 

illustrative purposes, that user data packet 810 
contains circuit data (i.e., transmission priority 
category "2"). Then the mini.cell 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 
corresponding to the last segment will be 16 octets long 
and contain a length code of 55 (refer to TABLE l) • 

As illustrated in FIG. a, 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 sim~le 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 912. Attached to the user data packet 905 is a 

30 user data packet pointer 915. The pointer 91? 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 



W097148251 PCT/SE97/00972 

15 

data packet 905 (e.g., voice data, circuit data, power 

measurement data, control data, etc.), which in. turn 
defines the transmission priority for user data packet 
905. The pointer 915 also defines the length of the 

s user data packet 905. 
At the AALm 910, 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 922. The sort 
multiplexer 925 then begins dividing the user data 
packet 905 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 are 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 cont~ins 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 ,, 
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referen~e to several exemplary embodiments. However, it 
will be readily apparent to those skilled in the ·art 
that it is possible to embody the invention in specific 
forms other than those of the exemplary em~odiments 

s 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 qiven 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. 
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CLAIMS: 

l.7 

·THIS SHEET HAS BEEN 
REPLACED· 

1. In a telecommunication system, a method of 

multiplexing segmented user data packets into a stream · 

of data cells prior to transmission from a sending 

5 station to a receiving 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 sa_id segments are interleaved re la ti ve 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: 

30 

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 

le~gths reserved for the type of data associated with 

the user data packet; and 

if the length of the last segment is shorter than 
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one of a numbel;'.' of pred,,ef ined last segment lengths 

reserved for the type of data associated with the user 

data packet, then· exterl,dinq the length of the last 

segment with a trailer.field so that the length of the 

s extended last segment·equals one of the predefined last 

segment lengths. 

10 

4. The method of claim l, wherein said step of 

dividing a user data packet. into segments comprises the 

steps of: 
dividing the user data packet into a first segment, 

at least one middle segmen~, and a last segment, wherein 

the f ~rst ~egment 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 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 lengths. 

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

dividing a user .data packet into segments comprises the 

25 steps of: 

identifying the: user ·4ata packet as a single 

segment, wherein said sing-+·e segment is designated as a . 

last segment; and 

if the length of the:::·~ast segment is shorter than 

30 one of a number ·of predefi~ed last segment lengths 

reserved for the type of data associated with the user 

data packet, ·then extending the length of the last 

r segment with a ·trailer field so that the length of the 

tllllllHlfllf lllfllllll If Jiil 
* ·' :c. ··L ·M·,,:-_.,s · *. 
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extended last segment.equals one of the predefined last 

segment lengths. 

6. In a telecommunication system, a method of 
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 ~ata packet from one of a select 
number.of telecommunication applications serviced by 

l.O said telecommunication system, 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 

l.5 type of data associated~ith said user data packet; 
providing a corre$ponding 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 ea9h minicell, a minicell header 
containing a code th,at ·identifies a transmission 
priority associated with-a type of data contained in the 
segment; and 

25 multiplexing the minicells into a stream of data 

30 

cells with minicells·: asso,ciated with other user data 

packets from the same ·t~lecOltUl\unication application for 

transmission to a reC::~i.~inq station, 
. . : ~ ... -' 

wherein the orderfin which the minicells· are 
multiplexed is a fun_et!_b_ri of transmission priority. 

7. The method of claim 6 further comprising the step 

of: 
storing each of the minicells into a select one of 
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a number of buffers in accordance with the transmission 

priority code contained. in~the minicell header of. the 
. . .. 

corresponding one of the minicells. 

s. The method of claim 6'Ifurther comprising the step 

s of: 
multiplexing 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 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 data 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 segment, 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 p~edef ined last segment lengths 

reserved for the type of 'data associated with the user 

25 data packet, then ex;:tending the length of the last 

segment with a trail~r fi~ld so t~at the length of the 
:-: ~ .. • -.... 

extended last segme~t equ~ls one of the predefined last . ,.·. 

segment lengths. 
""< 

' " 

10. The method of ~la.in\ ;,_·6, 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 user data packet comprises the 
~-;--;--:-;--;--:--:---'-'--,.-,-~-~ 

J IHlll11illlllll111111111111 ... · 
*· · :c· . L: ·' · .M. ·. S .. 'k . 
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steps of: 
dividing the use#_ -.data packet int_o a first: segment, 

at least orie-middles~gnient, and a last segment, wherein 
the first segment and_t]:ie at ieast one middle segment 

s each have a length th~t is- a select ope of a number of 
predefined lerigths re.~erved for the trt:>e of data 
associated with the user data packet;- and 

if _the length of _:~}le last segment is shorter than -
one of a number of predE!fined last-segment lengths 

. . .·.·. : 

10 reserved for the type.of data associated with the user 
data packet, then extending the length of the last 
segment with .a trailei '.-field so that the length of the 
extended last segmentequals one of the predefined last 
segment lengths. 

15 11. The method of claim 6, wherein said step of 
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 data packet comprises the 
steps of: 

20 identifying the us1ar data packet as a single 

25 

30 

segment, wherein said single segment is designated as a 
last segment; and 

if the iength of 'the last segmen1; is shorter than 
one of a number of pr·~-d~fined last se:gment lengths 
reserved for the ·tyPe.:: Of -Clata associc;\:t:ed with the user 
data packet, then ext~~~in_g the lengt~ of the last 
segment with a trailer.•'.'.;tield so that):.he leng~h of the 
extended last segment)~'lU-als one of the predefined last 
segment lengths. 

12. 

also 

·:··. --
_:.:.;;··: 
:'.":.-.,.··_:· .. · . : ,;.· 

The method =of- ·cia:i~: 6:, wherein:· $~·id minicell header 
contains codes t):).at identify the corresponding 

telecommunic_atiori appiication, the corresponding user 
data packet, the length of the minicell, and the type of 
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data associated with the corresponding user data packet. 

13. In a telecommuni~~tic:m system, .. a~ apparatus for 
multiplexing segmented user data pa2kets into a stream 
of data cells .prior to transmission ··from a sending 

s station to a receiving station, the.at>paratus 

comprising: 
segmentation means for dividing 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 insertingthe 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, furt~er comprises: 
means for inserting each of the segments of the 

20 user data packet into a respective one of a plurality of 
minicells; and 

25 

30 

means for attaching to each·minicell, a minic~ll 
header containing the: transmission:,p~iority code 
assigned to the co~responding segtU~nt . 

. : .. ; . 

1s. The appax:atus 9f claim 13, wh~rein said 
segmentation means ::f(:,r dividing.a '1s~r data packet into 

·: ~-: '.: 

segments col'llprise:; ~ :'::, ,. 
means tor diV~~·.ihg the user . d.~ta packet into a 

first segment·: and:· ~:'i~·a.st segment, '-th~rein the first 
. . . ·.. . 

segment has:a. length·that is a select one of a number of 
preclef ined l~nqths .reserved for the type of data 
associated with the user data packet; and 
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means, responsive· ·to ·the length of the last segment 

being shorter than oriE7 of . a·. number of predefine~ last 

segment lengths _l:'eserved -for the type of data associated 

with the user data packet; for extending the length of 

s the last segment with a trailer field so that the length 

of the extended last· s·egmer:it equals one of the 

predefined last segment len~ths. 

16. The apparatus of clailt_I 13, wherein said 
segmentation means for div'iding a user data packet into 

10 segments compr_ises: 
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 of.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 shorter than one of a number of predefined last 
segment lengths reserved for the type of data associated 

20 with the 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 one of the 

predefined last segment 1engths~ 

17. The apparatus of clai~ 13, wherein said 
. .· 

25 segmentation.means for dividing a user data packet into 

segments comprises the s~~?s of: 

means for identlfyinq the user data packet as a 
~. . . . : . . 

single segmen~, ·_wher~:~n ;'s'~id single segment is 

designated.· as·. a'~last .. :~e~e.nt; and 

30 means, res~onsi:vE!' tC>/:the length of the last segment 
. .· 

being shorte~ than one of a number of predefined last 
. ..·/' . 

segment lengt:l'ls'reserved for the type of data associated 

with the user data packet, for extending the length of 
--~~--~~~~-c--~. 

· 11111111 n1m111H11~111 mm··•• 
* c·· ·L>:· .M _,·,,s .. ·. ····* · 
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the last segment with a· trailer field so·. that the length 

of the extended last ~egment equals one ·of the 

predefined last segment lengths. 

18. In a telecomtnuni~ation system, an apparatus for 

s multiplexing s.e91"ente.d ·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 user data packet from one of 

10 a select number of t~lecommunication applications 

serviced by said telecommunication system, wherein said 

telecommunication application 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· pa_cket; 

means for providing a corresponding 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 minice~l; 

means foratta~hing to each min~cell, a minicell 

header contain,i119 a!code that identifies a transmission 

25 priority assoqiated!with a type of data_ contained in the 

segment; and 
multiplexing m~ans for inserting the minicells into 

a stream of data cells with minicells a'ssociated with 

other user data packets from the same telecommunication 
. . ' . . ·>": 

30 application for trafi·~inission ·to a rece'~'ving station, 

wherein·fhe ordet in which the mihicells are 

multiplexed 1~ a fubction of transmission prior.ity. 

19. The appa,l::atus of claim 18 further comprises: 
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means for storing each of the minicells into a 
select one of a number .of buffers in accordance· with the 
transmission priority code. contained in the minicell 
header of the correspond:j.ng one of the minicells. 

s 20. The apparatus of claim 18 further comprises: 
multiplexing means for inserting the minicells into 

a stream of data cells with minicells associated with 
user data packets from <:>,ther telecommunication 
applications serviced by. the telecommunication system, 

10 wherein the order in which the minicells are 
multiplexed is a function 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 comprises: 

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 usf!r ··_data packet; and 

means, responsive to the length of the last segment 
being shorter than one.·of a number of predefined last 
segllient lengths reserved for the type of data associated 

25 with the user data packet, for extending the length of 
the last segment with a. :.1±.railer field so that the length 

of the extended last s~9ment equals one of the 
predefined last segment'lengths. 

22. The apparatus of claim 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 
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data packet comprises the steps of:. 

. iJllllHI lllllUllll lllll IUllr · 
. *, .C·:.-:.:L·: . M :_: S. ' ... * 

means for d.j.viding the user da'ta packet into a 

first segment, at least one middle :_segment, and a last 

segment, wherein the first segment _:and the at least one 

5 middle segment each have a lenqth_that_is a select one 

of a number of :E?"redefined lengths;~ese~ved for the type 

of data associa~ed with the user d~ta packet; and 

means, responsive to the length df the last segment 
. . 

being shorter than one of a number :.of predefined last 

10 segment lenqths·reserved for the type of data associated 

with the user d~ta packet, for ext~nding the length of 

the last segment with a trailer fiald so that the length 

of the extended last segment equals one of the. 

predefined l,ast segment lengths. 

15 23. The apparatus of claim 18, wh~rein said 

segmentation means for dividing the user data packet 

into segments according to the lenc;rth 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 use:r data packet as a 

single segment, wherein said single segment is 

designated as a last segment; and 

means, responsive 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 ex"t:ending the length of 

the last segment with a trailer fi;eld so that the length 

of the extended last segment equa~s one of the 

predefined last segment lengths. __ _ 

30 24. The apparatus of claim 18, wherein said minicell 

header also contains codes that identify the 

corresponding telecommunication application, the 

,... corresponding ~ser data packet, the length of the 
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minicell, and ·the· _type of ·data associated with the 

corresponding:user data packet . 

. ': .. · 

.. > .• 
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