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NG The present invention relates to the
'It\/lr gunﬁ!_ls_s%ﬂfu' . °  tel ecommuni cation data usi ng:.an asynchronous transfer
node 5 (A‘IW’F!MQ@‘DCM More specifically, the present i.(ﬁyﬁgt,md
relates to a nmethod and apparatus for efficiently filling unuset <on
portions of each ATM cell to significantly mnim ze dat a tra.ntslnls on
“del ays. _' -ATM is a standard prot ocoI for transmtting

asynchronous tel ecommuni cati on MINEGELL D

tel ecomuni cation.system (e.g., a cell ukgé %ﬁ Eﬁpone systen) Ce;I'lhlss
-protocol S based .on the transm ssion o fixed si ze

known as ATM cel ks - 'ThR hPregante| inventign/gedetes to thepayhnenissibm o&f

oct et header .. Intgkémmﬁunik'ﬁl’ﬂlbﬁ W&’thl fi?a“ 4G 4R asiicHritnods! transfer mode ATM
can be used sf or_. -r—bvxeve?%ﬁ?l&f use spec;PﬂTa&\;vybl tth;a[pgegﬁﬂpl dpvention ATM

gges Rl)f ag:c ]9 P%_fé‘ﬁﬁ}?tgﬁ |‘Fq 7% method and apparatus for efficiently filling

: unused portions of each ATM cell to significantly minimize
. d 'a transmission delays.

- S aTM ie a standard protocol for transmitting
10 - asynchronous telecommunication data within a
;_:"'telecommum.cation system (e.g., a cellular telephone system).

T __.'is protocol is based on the transmission of data in fixed
;:_-';.' : _size cells known as ATM cells. Each ATM cell has a 48 octet
5payload and a 5 octet header. In general, ATM is well known
5 - -'in the art.

“ Am can be used for most low bit rate applications
__.-_?:'---_(e g. . cellular voice communication). However, when used for
1o §'b-it rate applications, ATM does not efficiently utilize
andviidth » and bandwidth is very expensive. To illustrate,
' e data from each communication channel is compressed into
:.data_ packets. Each data packet is then stored in the payload
of ah ATM cell and the ATM cell is transported from a sending
_ -source {e.g., a base station) to a receiving entity (e.g., a
. __obile switching center). While each data packet ranges in
: "'-length from a few octets to about 20 octets, the length of
th AT cell payload, as mentioned above, is 48 octets.
;"_':s ncé each ATM cell -carries but one data packet, a
. :.-asubstantial portion of the ATM cell payload remains empty

- -dur:mg transmission which is extremely inefficient.
30 .To improve ATM bandwidth utilization, the aTM adaption
layer 100 (AALm) was introduced, as illustrated in FIc. 1.
-:The ‘AALm 100 has two primary sublayers: the assembly and
-disassembly sublayer 102 (AAD) and the multiplexing and
demulti.plexlng sublayer 103 (MAD). The AALm 100 operates as
35 _ -'follows. The AAD sublayer 102 compresses voice data (and
- other types of related data) from each channel into
o relatively small data packets called minicells at a

20
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Jbandwi dth, and bandw dth is very expensive. To illustrate, 20 voi ce data

from each comuni cati on channel is conpressed into dat a packets.

Each data packet is then stored in the payl oad . of an ATMcell and the
ATM cel | i syigawaserted froma sending source (e.Q..pcisRafisgt ati on)
to a receiving entity (e.g., a nobil e switching center). Wile each
dat a packet ranges in 25 |l ength froma few octets to about 20 octets, the
| engt h of the ATM cel | payl oad, as nent?dhed above, is 48 octets.

Since each AT t t , bst antj al rtion
of the ATM ce%gihb?%‘géﬁ#zg%a% Q%tgﬁ as% i[raXsmfgs‘? on whi é‘n%8
extrenely inef FtéFéﬂN - 30 The MAD ‘ﬁ?hWFSVéOATm%Ml&iﬁle!‘Pﬁ A5t MHBY t he
ATM adaption minickdyer ai;OQw(sﬁ&bma i3t ol rﬁus)cbsmada%f | b6k ' AtrRd deniFl G

1. The 10 e y a

di sassenbly su glyer %BE ?ﬁh%?"g r?#é’ SH%"% e% r‘l:Elg %ﬁs%ﬁ% 3(1 the
denul ti pl él ng regeiving emitwathe MAP N‘Mﬁﬂﬂ% W&eﬂ&ﬂﬁ%téBlgfﬁs fHole-ows.
The AAD subl ay gepaPateg)PLieé Setnitiilae Gadathandap subliyer iopasktacs! ated -

‘rjnatnf‘éef lrgmafagt?:hgh%%h S0ER from €l Hinilef13MM® Elﬂéé LRI kihe il 94
now capable of transporting more than one data packet (i.e.,
wore than one minicell) at a time, bandwidth utilization is

10 improved.

FIG. 2 illustrates a prior method and/or apparatus for
transporting cellular data, such as vp;ce data, using ATM
with the AALm 100 described above. At a transmission source
200, voice data from communication chant_xe_ls 1...n (not shown)

15 is presented to the AAD sublayer 102 by the application layer
104. In the AAD sublayer 102, there is a corresponding one
of the assembly functions 201; through 253,01. for each channel
1...n. Each assembly function 201, thré:i;gh 201, represents a
separate parallel process in which v{:_ice data (and other

20 types of related data) from each channel 1...n is compressed
into minicells. The assembled minicells are then presented
to the MAD sublayer 103, wherein multif:lexer 203 takes each
minicell and concatenates them, back-to-back , to form the
payloads of ATM cells. If for any reason the AAD sublayer

25 102 delays the presentation of minicells to the MAD sublayer
103, multiplexer 203 automatically Eills the remaining
portion of the current ATM cell payload with a padding
minicell. A padding minicell does noi:_contain any useful
data, but is instead utilized merely té_s ;occupy space in the

30 ATM cell payload. Once the ATM cell .pa_}f;lpad is filled, it is
presented to the ATM layer 101. ATM 'lay:e'r 101 then generates
an ATM cell header, attaches the hea;_if_er to the ATM cell
payload, and transmits the ATM cell,' header and payload, via
communication 1link 207, to a telecéqj_munication system

35 receiving entity 220. e

If the delay in presenting mlm.cells to the MAD sublayer
103 is substantial, as is often the c;z_;se during off-peak
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- 2- t el ecommuni cati on system sending entity (e.g., a base

station). The MAD subl ayer 103 then nulti pl exes as many mnicells as
possi bl e i nt ayébgaspeyy! 0ad of each ATM cel | bef ore t he mevskongs®ntity
transmts the ATM cell. At the 5 receiving entity, the MAD sublayer 103
denul ti pl exes (i. separates) the nicells and the AAD subl ayer 102
extracts the voice data fromthe mnidells. Since each ATMcell is

now capabl e of Lg; 7 e ATHOEEL I '&%‘i\e%ﬁof‘aé@s Fﬁﬁ‘&ﬁb At Eflayer 101 "@{A than
one mnicell) a a tine, bandvmdth ut| |zat

FIG 2 illust ra?%%e’z? i3 VRAsRignad ?)%\fafhse‘f'or"“e "h??%ngﬁ%}?7$g

cel lul ar dat a, som:lta:ms noi ninrbma,s)um'rlgpmslgnednm ckedl Aikdh thén be
descri bed abovemufé@é,zeaﬂmaS%gg @ﬁgr&ql stre&lOpy i R ke 568" ana

conmmuni cati on chann I s presented to

subl ayer 162 pytramsniffied. K9 fbs ars-;%}elvmg eﬂf‘&tyl ﬁ%éﬂﬂAﬁWé&y‘%ﬂ%Z
there is a corrmimomh'lng.mneder to mdintadnashenbiy éelirtstoeam201, t hrough

201, for each channgly the redeivifl re'?fcq 2556 MU aer! ueﬁtém 4%l prebEfted

201, represents a arate pa rocess I n which voi e data (and
other 20 typekedms éMt Fatl}- epyiiiniexer 208 distipgpy %%%
into mnicells. heﬂ'ﬂmemssm&dsaqnnﬂm AEHI scaltst hend prag@entoedls carryindie

MAD subl aygy 1061:1%@[{& n M&é ? Jﬁ.%kﬂﬁe Adbarded adilhactiatds

concatenates t hem vpaas e):>asl:2€‘Q 209. the A%H cell is carrying minicells,

the ATM layer 101 removes the header from the ATM cell and

presents the payload portion of the ATM cell to the MAD

_ sublayer 103, wherein demultiplexer 211 distinguishes between

15 padding minicells and minicells carrying data. Padding

minicells are discarded (not shown) and minicells carrying

data are separated by channel and presented to the

corresponding disassembly function 213, to 213, in the AAD

sublayer 102. The disassembly functions 213, through 213,

20 extract the voice data from each minicell and present it to
the application layer 104.

FIG. 3 illustrates a well known protocol for minicell

301. Minicell 301 is divided into a header 302 and a payload

303 much like an ATM cell. The header is, in general,

25 divided into the following fields: a circuit (channel)

identifier (CID) code 304, a length code 305, and a header

integrity check (HIC) code 306. The CID code 304 provides

the information needed to associate each minicell with its

corresponding channel. The length code 305 provides the

30 information needed to determine the location of the first and

last octet of each minicell. The CID code 304 and the length

code 305 together make it possik_';ie -for a plurality of

minicells, each corresponding to a different channel, to be

carried by a single ATM cell. The CID code 304 and the

35 length code 305 also p#ovide ample means for demultiplexing

(i.e., separating) the minicells in the AAD sublayer 102 at

the receiving entity 220, as long as the minicells are



_payl oads of ATMcells. If for any reason the AAD subl ayer 25 102 del ays
‘the presentation of mnicells to the MAD subl ayer 103, nultiplexer
203 automatically fills the remaining portion of the current ATM

cell payl oa | paddi ng mnicell. A padding m g S not
usro? 'Y

contain any use data, but is instead utilized nerely to occupy
space in the 30 ATM cel | payload. Once the ATMcell payload is filled,
it is presented to the ATM | ayer r0% ~ATM | ayer 101 then generates

an ATM cel |l header, attgches the header to {he ATM cel | ayl oad, and
transmits the FTRrHUiqus e&ﬂﬁ?eﬁﬁﬁga%ﬁﬂ’%%&fi’?%' as mentjoned; Egi’ Bh 1ink
207, to a tel ecommFEGat4odepictem®b ATMecelli ratisam,t yc@firucted in | f
the delay in piessrddrte WikhCehé Smdth "anﬁ?@rsﬂﬁt@’ﬁus of F186032! Sas a

i WO 97744907

Substant! & oPundefin Or £ 2°C1A F8Y 8 tRRE runs accorqing th the arn

cel | genebSat oragdéw i 401.he MiRiiced}er 409] 4#4) 405, and 407 arrive at the
MAD sublayer 103 at various points in time. Each ATM cell
415 through 419 comprises a header and a payload portion, for
example, ATM cell header 420 and A':I'H cell payload 421
corresponding to ATM cell 418. :

10 To begin, minicell 403 is nultipléxed into the payload
of ATM cell 416 by the MAD sublayer 103'.:._ Because there is a
delay between the arrival of minicell _4Q_3 and minicell 404 at
the MAD sublayer 103, the MAD sublayer 103 must insert a
padding minicell 409 after minicell 403 to completely fill

15 the remainder of the ATM cell 416 paﬁrload. Despite the fact
that minicells 404 and 405 arrive at '@:he MAD sublayer 103
before the ATM cell 416 is transmitted by ATM sublayer 101,
minicells 404 and 405 are multiplexed iri}:b the payload of the
next available ATM cell 417. Because of the delay between

20 the availability of minicell 405 and minicell 407, the MAD
sublayer 103 must insert a padding minicell 410 after
minicell 405 to fill the remainder of the ATM cell 417
payload. Moreover, minicell 407 is not completely available
when the MAD sublayer 103 begins constrﬁcting the payload of

25 ATM cell 418; therefore, the MAD sublayer 103 must wait until
it begins constructing the payload of ATM cell 419 to insert
minicell 407.

FIG. 4 dQoes show that the use of ATM with the AALm 100
sublayer improves ATM bandwidth utilization in low bit rate

30 applications. For example, the paylosgi_ of ATM cell 417 is
carrying three separate minicells; therefore, less of the
payload is being wasted. However, FIG. 4 also shows that
ATM, even with AALm 100 still wastes a significant portion of
the bandwidth, as illustrated by those portions of the ATM

35 cells filled by padding minicell 409 and padding minicell
410. To illustrate just how 'inefficienéihm is with respect
to bandwidth utilization, even with the AALm 100 described

&Y



generate an unassigned ATMcell (i.e., one whose payl oad contai ns no
f nicells). The unassigned ATMcell will then be mul tiplexed into the
ATM cell stream by nul tipl exer 206 and 5 transmtted to the receiving
entity 220 Viwo@9ggepni cation link 207 in order to nmai necu/SESY/bOBOATM
cell stream At the receiving entity 220, each ATMcell is
present ed to the ATM | ayer 101, wherein _denultipl exer 208

di st i ngui shes bet ween unassi gned ATM Cell's and ATM cel | s carrying 10

mnicells. U“aS%&wd aTNfebtee rs-rﬁ' Sc?e”ﬂdeéaﬁ%(iﬂd Uﬁéf datd (i. e.b,y an

" basket " 1% the AT
et 205 ero AT JON FRSH ¢ Lo WAL hi b1 18 rebHERghes

payl oad portionée? néec Aldrtie|df tvlasttled mmwidmeummmmnqvménemll
derul-ti pl exer 2} &pﬁéééﬁwluxﬁaaaﬂe%mw&nt B2UdhSCed vl tlatnand

|1 I d ded h
2nd mni cel s Larryi b AT wiEh Adm 100704 €6 55 BREANESE A ppebckefs to
the - corresppplllwrbmssanblgsmmdmﬂan v Bjee copminicaBion s therret 8 AAD
subl ayer 102. ﬂeé’dgﬁ?%ﬁ’ﬂh&iz@ﬂﬁé' gaﬁﬁwe%r bt i 0§ faetor’ 0¥ %hhwxath

extract the voice dat rom each m ni

t to
appl i cation | ayBY HeAncing the size-pf “%“‘ﬁqaﬁ’?ﬁélgég L ﬁé}’f’ °ﬂ1’()\ﬁﬁyéxf’8flﬁcol

for mnicell espe@idllMwhercdat80isiavalidabded i nto a header 302 and a
payload 49 303 nuch |like an ATM cel . The header is, in general, 25
divided into the follow ng fields: aciié | (channel) i dentifier
(G D code 304, a length code 305, and r integrity check (H C

- code 306. The CI D colie 384aprobject of the t preseritorinuentione ddcmingmize
associ ate each ghihCEldnsiiidsibhSaelays when using the ATM protocol for low
bit rate applications, such as cellular voice communication.

15 It is also an object of the present invention to provide

improved bandwidth utilization when using the ATM protocol

for low bit rate applications, such as cellular voice

communication. _
It is another object of the present invention to -
20 minimize data transmission delays and to provide improved

bandwidth utilization by filling the payload of a current ATM
cell with decoupling minicells, having a fixed length of one
octet, during a peribd of time when user data is not
available.

25 It is yet another object of the present invention to
minimize data transmission delays and to provide improved
bandwidth utilization by inserting minicells, containing
actual user data, into the payload of a current ATM cell
immediately upon becoming available.

30 In accordance with one aspect of the present invention,
the foregoing and other objects are achieved by a method and
an apparatus for constructing a data cell which carries user
data from a transmission source to a receiving entity
comprising the steps of generating at least one decoupling

35 minicell if user data is not available, wherein the at least
one decoupling minicell has a predetermined 1length; and
constructing the data cell using the at least one decoupling



correspondi ng channel. The | ength code 305 provides the 30 I nformation

‘needed to determine the |location of the first and | ast octet of each
mnicell. The CID code 304 and the | ength code 305 together nake it

possi bl e f okygeidappral ity of m nicells, each correspGeiskerdososd

di fferent channel, to be carried by a single ATMcell. The C D code
304 and the 35 Iength code 305 al so provide anple neans for

derul ti pl exi ng (i.e., separating) thé @inicells in the AAD subl ayer

102 h U ' 2 I h i ni cel |
Vo 9‘;‘} 44907 thashe6&1Y ' 119 w3l h¥es20s Aot a%ihégééh gE??/ni)ggogs are

-4- cont i nuousty AGFAEAABEE hatikh oaBatRer aRsRANY 0REJ Ry Present
FI.G 4 depicts anavédbiee) thet feaegomq)raﬁidr uUthéd dbjects ageCacNiba v Wyl A t he

e o BERE R Soafrotin e ardSHEY' il B 3,
arrive at the data\gegll S?e?aHJOEF%t“S\%Tr fata fxam as transpigsiom Seuree)
cell to a receiving entity comprising the steps of generating
assigned minicells as long as user data is available and
making the generated assigned minicells available for
inclusion in the data cell; determining whether an assigned
10 minicell is currently available, and if so, then inserting
the assigned minicell into the data cell; generating
decoupling minicells and then inserting the decoupling
minicells into the data cell in place of assigned minicells
if there are no assigned minicells currently available,
15 wherein each decoupling minicell has a predetermined length;

and transmitting the data cell when the data cell has kheen
fully constructed.

In accordance with yet another aspect of the present
invention, the foregoing and other objects are achieved by a
20 method and an apparatus for extracting user data from a data
cell which carries the user data from a transmission source
to a receiving entity comprising the steps of separating at
least one minicell from the data cell if the data cell is not
an unassigned data cell; determining whether the at least one
25 minicell is a decoupling minicell, wherein the at least one
ninicell has a predetermined length; discarding the at least
one minicell if the minicell is a decoupling minicell; and
removing the user data from the at least one minicell if the
minicell is not a decoupling minicell.
30
BRIEF DESCRIPTION OF THE DRAWINGS
The objects and advantages of the invention will be
understood by reading the following detailed description in
conjunction with the drawings in which:
35 FIG. 1 is a diagram illustrating the primary sublayers
or the Asynchronous Transfer Mode Adaption Layer;
FIG. 2 is a block diagram of an:apparatus for



415 through 419 conprises a header and a payl oad portion, for exanpl e,
ATM cel | header 420 and ATM cel | payl oad 421 correspondi ng to ATM cel
418. 10 To begin, mnicell 403 is nultiplexed into the payl oad

of ATM cel |l 4W®Pmdsshe MAD subl ayer 103. Because there i s apCI/SE9T#aS0RY
between the arrival of mnicell 403 and mnicell 404 at the MAD

subl ayer 103, the MAD subl ayer 103 nust ipsgrl a paddi ng m nicell 409
after mnicell 403 to conpletely fill 15 t he renmai nder of the ATM cel

416 payl oad. D&mﬁstmbhenéaotransmiﬂﬂiﬁlt\;ﬂ, niﬁt Q.?ldéﬁ._v‘iﬂté ard _Af)?l%r L i viTel\l/lt
t he MAD subl ayer, AILM ce Is transmtted by
b actigatng £ I0lE Hitne

subl ayer 101, mn fare multiplexed into the payl oad
of .t he next avaFfg&kl 2 #OWLA |stapdardcprokacall foMeadwinicel meen 20

the availability of gugLcelisuixNeaii Bltestratihg hhe_twanl 31%5A1E1§U]?! ﬂ/e{h
103 nust ingert ddipg. kol gel er ice (to fi e
r emai nder o% thef'%ﬂ%l'cépla4 "%é\ﬁén %%g§’?%aﬂ.c%srt§6'\??ﬁg H?%ﬁ‘%e?f“ﬁ)? i's not
conpletely avai mghhods; when the MAD subl ayer 103 begins constructing
the payl oad of 25  &IblLcslis 4l&E1dwhchatergepideiny R sebhedacse 103 must wait

til it ' r [ t he | oad ATM cell 419 to insert
lr:inn: cel | 407! %9.';@}11889'3_% (ﬁﬂg ‘il t&%@?‘"&ﬁgg\l’\‘? Rk ﬂ%’e Cfcc BFC g %9 #he AALM
100 subl aydrstnsnbedimentyiafa thei Brasent |inventdonin | ow bit rate 30
applications. For eragple,is e Mow ehdref addidiigld athéthéa of rededvihignd

three separate gniae&l [LSyqt ég]r l.esse.0f_t he . ag#o d i.s being
wast ed. I—b\A/eve;H,nne‘f‘rg.Lgl%I is?(;és dg'v!\’? £ ﬁa? efret ?ﬁﬂdlﬁgﬁ tHPARTRSERS
still wastes a dMy®PEdeBAt portion of _
FIGS. 7A and 7B are flow charts depicting a method of
constructing and transmitting an ATM cell according to a
1s second embodiment of the present invention;
FIG. 8 is a flow chart depicting a method of receiving

an ATM cell according to a second embodiment of the present
invention;

FIG. 9 is a block diagram of an apparatus for
20 econstructing, transmitting, and receiving ATM cells
according to the various embodiments of the present
. invention;
FIG. 10 shows an exemplary decouple code for the
decoupling minicells; and
25 FIG. 11 is a diagram illustrating a stream of ATM

cells, as a function of time, constructed the present
invention.

DETAILED DESCRIPTION

30 FIG. 5 is a flow chart depicting an exemplary
embodiment of the present invention. In general, this
embodiment provides a method for efficiently preparing and
transmitting cellular telecomuunicatibn data, for example,
cellular voice data, using the ATM'p:otocol with an

35 improved AALm sublayer. This method will now be described
in greater detail hereinbelow. 1 3 

First, bursts of user data (inclﬁding voice data)



the bandwi dth, as illustrated by those portions of the ATM 35 cells

filled by padding mnicell 409 and paddi ng m nicell 410. To
illustrate just how inefficient ATMis w th respect to bandw dt h
utilization,weypiuesd th the AALm 100 descri bed T V¥ skodddaty’

PCT/ SE97/ 00809 ' - 5- above, a 53
octet ATMcell carrying no data (i.e., an unassi gned ATMcell), for
exanple, ATMcell 418, represents 6-7 $€ec worth of wasted bandwi dt h.

Egﬁgwpgggl ng M Bieebd at a ﬁx%%ﬁiﬁgiénaéb@&@ t('eOBa' af@éﬁcdﬁmm%%@on

AALmM 100 | for lowRhit rate
appl i cations, seﬁﬂea§t§£AQQH §F°FOFE€hcﬂﬁﬁ&ﬁﬁw:&PFBHgn?h%FQPWQ}ca tion, need to
m.ni m ze the i nchannekntaaitillussrated by dekwbl GO5. Secdnd, dzhecmg t he size

giarrggfg pigt'Qﬂﬁlﬁ@eﬁ“fﬂé*”locﬂ%&hoﬁﬂSthe tran2®l88ish! Yol WRsdmbles
each burst of user data, as it becomes available, by
compressing the data into the payload portion of an
assigned minicell, as illustrated in block 510. These
minicells are referred to as assigned minicells because the
AAD sublayer 102 "assigns" a burst of user data,

10 corresponding to a particular coﬁmhnication channel, to
each of these minicells. Third, thé.AAD sublayer 102 sends
each assigned minicell to the MAD sublayer 103 immediately
after they are assembled, as illﬁstratad by block 515.

The MAD sublayer 103 is prepaiéd to continuously

15 receive assigned minicells from the AAD sublayer 102. As
long as the assigned minicells arrive at the MAD sublayer
103 in an uninterrupted strean, the MAD sublayer 103 links
them, back-to-back, to form the pgyload of the current ATM
cell. The MAD sublayer 103 continues to link the assigned -

20 minicells so long as the AAD sublayer 102 continues to send
assigned minicells without interruption or until the
payload of the current ATM cell is full. This is
illustrated by the combination of blocks 520, 525, and 530.
However, if there is any time delay between the arrival of

25 any two assigned minicells at the_HAD sublayer 103, the MAD
sublayer 103 will generate one or more decoupling
minicells. Decoupling minicells are different than other
minicells, such as assigned minicells and padding
minicells. Decoupling minicells do not contain a header or

30 a payload. Instead, they are data structures with a fixed,
predefined length and bit: pattern as ‘'will be illustrated in
greater detail below. The MAD sublayer 103 then proceeds
to use these decoupling minicells instead of assigned
minicells (sihce none are currently available) to build the "

35 payload of the current ATM cell uﬁﬁil[the payload of the
current ATM cell is full or untiliéng or more assigned
minicells become available from tﬁé AAD sublayer 102. This



It is an object of the present invention to mnimze data transm ssion

“del ays when using the ATM protocol for |ow bit rate applications, such
as cellular voice comunication. 15 It is also an object of the
present i Nnvenosm4900 provi de i mproved bandwi.dt h uti | iIPEXSESW0HRen
usi ng the ATM pr ot ocol for low bit rate appllcatlons such as

cellul ar voice conmuni cati on. -9 - |t is another object of the
present invention to 20 m nimze data transm ssion del ays and to provide

i nproved bag dyi Xlidtraitielli Bt e duhbinakiog bhehIoi0a20Qf 5a5¢us2RNt ATM
cell with decou #rgbdn nicells, having a fixed I ength of one octet,
during a period’o I me when user data is not avai l abl e.

is yet another obj ed@nas thecpayieadtof hhenciyrent ATM call,is; E@“Eh?%\elY
tramsm ssi on deffyFedyntthHed MADOSUBEaydfd 10ac Passes e Puiydicadutol thetATM by

1200 B 88y BEEROBER o8 i pdedon
accor dance mnthaﬁﬁ@ﬂagpéﬂtASM cabl theaden tonghat payload, themhgheor egoi ng
and ot her obj ectpandifisuiloncsodrby Grdfinitd &RE ATM cell) Neades! dadaf or

constructing 2 fehfodf el SN NSRSy corq., SFlrbldcMnnt gpag) o' O

source to a recelving ot nerati ng at
| east one decoulBPbile :Bﬂtqlhlﬁgc%!ltﬂf) UDS SHeWR in m‘:’h\ﬁéﬁl abféncendr ei n

the at least  contDNtoulsiehnngf NATN Rillshatst Béafeitaineadihengt h; and
constructing the daldnged lvith' Efe A Prdreddh, OPfe WU 'diScribea
above continuously repeats itself, as illustrated by block
550. :
In a preferred embodiment, each_découpling minicell
15 might be one octet in length, as mentiéned above. In order
for detector 930 to distinguish decoupling minicells from
assigned minicells, a special decouple .code must be
established. For example, a decouple code of 255 (11111111
in binary) might be used, as illustrated in FIG. 10. Of
20 course, if a decouple code of 255 is set aside to
distinguish decoupling minicells from assigned minicells,
one skilled in the art will readily understand that in
order to preserve minicell alignment, the first octet of
assigned minicells should never be set equal to a value of
25 255,

In the event of single bit errors, minicell alignment
may be further protected by defining a: prlmary decouple
code and a secondary set of decouple qg@es, in vhich there
is a hamming distance of one between tﬁé primary decouple

30 code value and each of the secondary decouple code values.
For example, if the decimal value of the primary decouple
code is 255 (i.e., 11111111 in binary),;the secondary set
of decouple codes would consist of thej:pllowing decimal
values: 254, 253, 251, 247, 239, 223, ';_.‘_91, and 127 (i.e.,

35 the binary values 11111110, 11111101,;;1111011, 11110111,
11102121, 11012111, 10111111, and 011;ii;1 respectively).
Furthermore, a decoder at the receiviﬁéﬁéntity would decode
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-'6- mnicell if user data is not avail able. I n accordance
wi t h anot her aspect of the present i nvention, the foregoing and other
obj ects are woldhgaepf by a nmet hod and an apparatus for.gg8ahadshd'9 and
transmtting a 5 data cell which carries user data froma transm ssion
source to a receiving entity conprisiqgvthe steps of generating
assigned mnicells as long as user data i's 5i|abIF and nakln? theI
ener ated assi Mall Y on, L0t ata ce
get er m ni ng V\hg?ﬁ‘ qgﬁhggé#m %fjdig!r% 58 PT séoc%%r rgg'ﬁ vaﬁ]% e, and
if so, then i nsé\eFPﬁéarY de@mlesgogﬁedam and,emunhim mha cell. cddgain,

generating odnece!ﬂpbkim:ll it hetawdil hega hhaassifm Wﬁipb?ﬁer o
[ 1 [ |
oo no aesi ”E,Zd‘f‘%?n?i‘é?fé‘éc%% i fiﬁaﬂgﬁﬁf* eflpEFa ot be, A58 oupl | ng

m ni cel | a ﬁg@e t EP e Pf émﬁ pr imary or secondary decouple code
values to preserve minicell alignment.

As stated above, the length of each decoupling
minicell in a preferred embodiment may be one octet. By
minimizing the length of the decoupling minicells, the

10 present invention improves handwidth utilization by
minimizing the time required to insert an assigned minicell
into an ATM cell payload following a delay in the
availability of assigned minicells. In other words, the
MAD sublayer 103 no longer has to wait until the next ATM

15 cell to insert an assigned minicell if the assigned
minicell is presently available, as was the case in prior -
methods employing padding minicells.

While the-éxemplary embodiment described above,
provides a method for efficiently preparing and

20 transmitting cellular telecommunication data, FIG. 6
depicts a method for receiving cellular telecommunication
data using the same ATM protocol with an improved AALm
sublayer. This method will now be described in greater
detail hereinbelow.

25 First, the ATM cell arrives at the receiving entity
(e.g., a telecommunication mobile switching center) from a
transmission source, as illustrated by block 605. Second,
the ATM sublayer 101 removes the ATM cell header and sends
the ATM cell'payload to the MAD suhlq?er 103, as

30 illustrated by block 610. The MAD sublayer 103 then
separates each minlcell, one-by-one, from the ATM cell
payload and determines if each m;nicell is either a
decoupling minicell or an ass1gned ‘minicell. The MaD
sublayer 103 makes this determznat;on by detecting the

35 predefined bit pattern associated: with decoupling
minicells, as mentioned above. Thxs step is illustrated by
the combinat;on of ‘blocks 615 and 620. If the next



and transmtting the data cell when the data cell has been fully
‘const ruct ed. In accordance with yet another aspect of the present
i nvention, the foregoing and other objects are achieved by a 20 met hod
and an appar aves744807 extracti ng user data froma data PCTEEP7RMPA9C h
carries the user data froma transm ssion source to a receiving
entity conprising the steps of separatingjgl - | east one mnicell from
the data cell if the data cell is not an unassi gned data cell;

det _errr} lni nah whetgiidena le Beéééo%@min_ﬁb_éilﬁﬁ:ihé ;ihideaoupsi ng |
Tengtht | di scar di SR RBoL) Aiftrateg b Bi6Gy odF BEORRERLAR PO
decoupl i ng mi ni cadditignal minicekimy iafgdeternined hy fecigippnblesk |84t one
mnicell if the the MADisablabér i 503 Heparatesuhe Ngett Mitilck1130ana
the 1 nventi Bn witteEBines VALEAEE 4t do @ desodpfuRylaiiiiiteddliof 4T SOFC O
desctiption in assigneshminicedh. wikh thecngktvninicell {5 an: agsigned |G
1 is a diagram ihiniddial, et MAD PEuNRIYers 10bayehds the asdighBa MEyiwdwONOUS
;LS;?;S L SN]PSE Ad@(? til.lpen ALA%y g{ﬂalayer 102, ac'cz':log‘dixzigl éo %lbolc(?(C %39'- ag,i.ﬁ?lgﬂ IEHD an
sublayer then disassembles each assigned minicell and
10 assigns the user data contained therein to the
corresponding communication channel, as illustrated by
block 635. Since ATM cells are continuously transmitted to
the receiving entity in accordance with the ATM protocol,
the method described above continually repeats itself as
15 shown by block 640.

FIGS. 7A and 7B, which will henceforth be referred to
collectively as FIG. 7, is a flow chart depicting an
alternative embodiment of the present invention. This
embodiment also provides a method for efficiently preparing

20 and transmitting cellular telecommunication data. This
embodiment is very similar to the exemplary embodiment
depicted in FIG. 5. In fact, the method steps of the
alternative embodiment corresponding to blocks 705 through
745 are identical to the method steps corresponding to

25 blocks 505 through 545. The difference between the two
embodiments is that in accordance with the alternative
embodiment, a determination is first made as to whether any
data is available from the various communication channels,
as illustrated by block 701. If there is user data

30 available, the method of the alternative embodiment
proceeds according to blocks 705 through 747 and in the
same manner as described above regarding blocks 505 through
545. If there is no user data currently available, a
second determination is made as to whether there are any

35 communication channels currently active, as illustrated by
block 702. If there are active communication channels, the
method of the alternative embodiment also precedes as
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-7- constructing, transmtting, and receiving ATMcells

according to prior nethods; FIG 3 shows a standard protocol for
a mnicell ;wo 9744907 FIG 4 is a diagramillustrating apsisepaesed ATM 5
cells, as a function of tinme, constructed using prior met hods;

FIG 5 is a flow chart depicting a nethog of “ constructing and
transmtting an ATNIceII according to a first embodi ment of the

present invengkobig 1ocEJsGl%? t‘.r&d%gix' ?WSChaﬁérwb%ﬁﬁilng g?étﬁeéz@d of

recei ving 3CCO[ Irst e e present

i nvention; RO actfw\re IQ"@““ %‘?IFI'OW%M §§¥(ﬂ§' dPlng a nmethod of
construct i Ng genletatass Hnd teensniv¥d Micainasadgnedi ATMteeld 128 second

embodi ment of 4 %‘Sﬁﬁé etgg B!SE&&OP“ and Xf""ceﬁl&a& & Hrﬁ"‘h&i‘f”

dopicti g @ MO0 o etihll Lo, wuryt dpee Sor adsa eo%a?g "am5) ock

di agram of anmippceXisis {Imstgeaq, umsitgned RIY, celbslsmndlm@pcupyl receiving -

ATM cel |'s space in the ATM cell stream in order to maintain the
tining and alignment of the ATM cell streanm.

The reason for this alternative embodiment is that in

10 some telecommunication systems, there are periods in which
there are substantial delays between bursts of user data
(i.e., between assigned minicells). For example, if the
application is a cellular telephone system, there may be
substantial delays between bursts of dser data late at

15 night or during the very early morning hours. In fact,
there may be periods in which there is no communication
activity over any of the communication channels. If this
is the case, it may be more efficient to send one or more
unassigned ATM cells rather than one or more assigned ATM

20 cells each containing 48 decoupling minicells. No matter
which embodiment is employed, the ATM cell stream must be
maintained. The alternative embodiment merely provides the
option to do so by transmitting a series of unassigned ATM
cells or by transmitting a series of ATM cells filled with

25 decoupling minicells.

In yet another alternative embodiment similar to the
method illustrated in FIG. 7, the generation of unassigned
ATM cells could be triggered by the passage of a predefined
period of time, during which, there is no user data

30 available.

As a counterpart to FIG. 7, FIG. 8 depicts an
alternative embodiment of a method for receiving
telecommunication data that has been. pfépared when there
are substantial delays between bursts of user data and/or

35 no active communication channels. The: method for receiving
telecommunication data when there are substantial delays
between bursts of user data is very s;milar to the



‘according to the various enbodi nents of thej PHiSsSHIEET HAS BEEMent i on;
"FIG 10 shows an exenpl ary decoupl e code fof theREPLACEDecoupling

mnicells; and 25 FIG 11 is a di agramrirrostrattmg—a stream of ATM
cells, as a Wwowrssem of tine, constructed the present . PCIC/SEEY0809 .

DETAI LED DESCRI PTI ON 30 FIG 5is a flowchart depicting an

exenpl ary enbodi nent of the presenllknyention. In general, this

enbodi ment provides a nethod for efficiently preparing and

transm'dt{i ng C%ﬂbﬁ&ﬁ%ﬁﬁﬁéﬁtfabbﬂatd@t%% FI®. €xanphefact, theC|e| | ul ar
vol ce daata, usli e [ cO \Y er.
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Thi s method wi M eat er
First, bursts delgsepmunication dadmngovoesponing to blocks 8% #nd43397
PCT/"SEQ7/ 00809 through 835 are identical to the steps corresponding to

5 blocks 605, and 610 through 635. The difference between
the two embodiments for receiving telecommunication data is
that after the SIM cell is received by the receiving entity
{block 805), the ATM layer 101 in the alternative
embodiment first determines whether the ATM cell is

10 unassigned or assigned. This determination is represented
by decision block 845. If the ATM cell is unassigned, the
ATM layer 101 discards the cell, as illustrated by block
850. If the ATM cell is assigned, the method proceeds in
accordance with blocks 810 through 840, and in a manner'
15 similar to the previous embodiment.

FIG. 9 depicts an apparatus that may be used to
implement the various methods described above for
preparing, transmitting, and receiving telecommunication
data. Typically, each cell in a cellular telecommunication

20 system contains at least one base station. Each base
-station, in turn, maintains one or more receivers for
receiving user data (including voice data and other types
of related data) from the various communication channels
operating in the cell. 1In general, base stations are well

25 known to those of skill in the art.

In FIG. 9, base station 905 directs the user data from
each communication channel 1...n into separate assembly
units 910; through 910,. Each assembly unit 901, through
901, compresses the user data from the corresponding

30 communication channels 1...n into the payload of individual
minicells in accordance with known techniques (not shown).
These minicells are referred to above as assigned
minicells. The assembly units 901, through 901, then send
the minicells to multiplexer 915. Multiplexer 915 then

35 constructs the payload of a current ATM cell by connecting
the assigned minicells, back-to-back (ﬁot shown) .
Multiplexer 915 will continue to connect the assigned

" This Sheet Has Been R
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- 8- arrive at a transm ssion souf CiS(SHEET, HAS BEENdomuni cat i on
‘base station) fromeach active, incoming CORFRPACED | on channel , as
illustrated by block 505. Second, the ayer=102, |ocated in the

transm ssmr\végm@@, assenbles 5  each burst of User dat apcrgobibostdcCONeS

avail abl e, by conpressing the data into the payload portion of an
assigned mnicell, as illustrated in block 510. These mnicells are
referred to as assigned mnicells becauZel? He AAD subl ayer 102

[ t
communt eat hon ﬁ%nne’lﬂs St i3 eng Qprrdiit MARBATL oy fod BY hAHIBEe o,
subl ayer 102 swkdt theree&&h‘a@%?-@‘héd’ rﬁ%@ﬁpgt??@%Bj?éSP&}érfﬁ%
i medi ately  the afdsambiliycunite sosethieugh a03,!l | ustrated by bl ock 515.

The WD subl ayer 0% 4t fleeRE’ 8 ad P Y WANRYS i Zen 1P B4 8RTAS

mnicells fromthe € assi

nmi-ni cel | sBarri feomtt tlenéSHRBbg Ybeaits 901, thyengh, 9 ﬁ.um%ténleﬁﬁﬁdi’ﬁream
t he MAD subl aygil)l Ofhdti¢alds use deéwni@ﬁinheebaek géxﬁaxfdi:rd@ b;; payl oad of

the current AT, s C 0

assi gned 20 &rr/#’r‘ﬁ%ee]r]rc?e%'erggﬁg as ,[ﬁgo %gﬁ‘é g’? F%%Seé‘%t uegeig send
assi gned mi ni cEaYLoagk+ héiﬂtltﬂhﬂ-exmp?lﬁ)rwidrl G-mlFliﬂFhetO multipdeXoad of the
current ATM ce@éctniplifld mihicells into théd uaaaedf hd rireenii Ag@i on of

bl ocks 5%.% 525&19%&0 *he paylgpx\ei/g compl EF uﬁtlafyar;[ 'am%ig%eay bet ween

the arrival of
minicell from the assembly units 901, through 9061, becomes

available. Once the ATM cell payload is completely filled,
an ATM cell header is attached (not shown) and the ATM
cell, header and payload, is transmitted to a receiving
15 entity 920 via transmission link 925. The function of
generator 950 and multiplexer 955 will be discussed in
detail below.
At the receiving entity 920, the ATM cell header is
removed in accordance with known techniques (not shown) and
20 a detector 930 determines whether each minicell is either
an assigned minicell or a decoupling minicell. Detector
~ 930 then directs demultiplexer 935 to discard the minicell
if detector 930 determines that it is a decoupling
minicell, as illustrated by “wastebasket" 940. If detector
25 930 determines the minicell to be an assigned minicell,
demultiplexer 935 sends the minicell to an appropriate one
of the disassembly units 945, through 945,. The disassembly
units 945, through 945, then remove the user data from the
minicells and direct the user data to the corresponding
30 comnunication channel (not shown). The function of
detector 960, demultiplexer 965, and "wastebasket" 970 will
be discussed in detail below.
In accordance with the method of the alternative
embodiment described above, there may be extended periods
35 of time during which there is little or no traffic over any
of the communication channels. When this occurs, it may be
advantageous to transmit one or more unassigned ATM cells
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25 any two assigned mnicells at the MAD subl ayer 103, the MAD

Subl ayer 103 will generate one or nore decoupling m ni cel | s.
Decoupling mnicells are different than other mnicells, such as

assi gned m niwgbigeend paddi ng m ni cell s. Decoupl i ngeewseswaishs do
not contain a header or 30 a payload. Instead, they are data structures
with a fixed, predefined | ength and B# pattern as will be
illustrated in greater detail bel ow.*The MAD subl ayer 103 then
proceeds dies e

mnicells (since n%h:\tg are ?t?rgr %ﬁ?ﬁ&%\%éqi%% h ﬁéi%%a?h %Sﬁtgﬂgglll%ad of
the current ATMBeRECOPRYING Rdn ﬁ?i enent 'E,llﬁrsréﬂt eXPREL%E| s

full or until oembodiwments asgeperator 950ﬂnhucaebﬁ51ﬁm£hnnba§eashabienfron1

Lgﬁ/éég;fggggge§o§1”§enégﬂﬁ§s unassignedNQﬂ%?EéﬂQg7when, for exampl

by the contli nat FBRFRris MR kragsic aver amy of the ﬁWWati"" chan

(i.e., no active communication channels). Multiplexer 955
then inserts the unassigned ATM cells into the ATM cell
stream, along with any assigned ATM cells.

Likewise, a detector 960 at the receiving entity

10 determines whether the incoming ATM cell is an unassigned
ATM cell. If it is an unassigned ATM cell, demultiplexer
965 is directed to discard the cell, as illustrated by
"wastebasket" 970. If the ATM cell is an assigned ATM
cell, the ATM cell header is removed (not shown) and

15 demultiplexer 965 sends the payload to the detector 930 and
demultiplexer 935. Then, the process of separating the
minicells from the ATM cell payload and distinguishing
between assigned minicells and decoupling minicells
proceeds as previously described.

20 Finally, FIG. 11 shows an ATM cell stream as a
function of time; wherein ATM with the improved AALm layer
980 of the present invention is employed. In order to
better understand the benefit derived by employing the
improved AALm sublayer 980 of the present invention, it may

25 be helpful to coﬁpare the ATM cell stream depicted in FIG.
11 with the ATM cell stream generated using pribr methods
as depicted in FIG. 4.

Referring now to both FIGS. 4 and 11, line 1101
represents the passage of time much like line 401.

30 Similarly, assigned minicells 1103, 1104, 1105, and 1107
compare with minicells 403, 404, 405,'and 407 respectively,
while ATM cells 1115 through 1119 cqppara with ATM cells
415 through 419 respectively. Also in FIG. 11, the thin
vertical lines, for example line 1108, represent decoupling

a5 minicells; thus, there are no comparable items in FIG. 4.

When the MAD sublayer 985 begins constructing the
payload of ATM cell 1116, there are no assigned minicells

us{rated



Once the payl oad of the current ATMcell is conpletely filled, the MAD
*subl ayer 103 passes the payload to the ATM5 - layer 101, as illustrated
by bl ock 540. The ATM I ayer 101 attaches an ATM cel |l header to the
payl oad, thgh ohiifer transm ssion source transni'ts the gdMysfhdspe Neader
and payl oad, to a receiving entity (e.g., a telecomunication

nobil e swtching center), as shown in block 545. Since a 10 conti nuous
stream of ATMcells nust be maintained "'n16 = accordance with the ATM

otocol, the | hed b Nl PUO Lepe | If, a
!Olrl ustrated byggégg%ggsﬁé%%ofme lack &/%ﬁ%% ghgge erér/!écf%%n%rgglehrr%;f, eacfl
decoupl i ng mi nPEeppsigned pigicedd KA3 ocUaing,thenimprovad MM dA¥ET above.

I'n prdegI o 9|§oroﬂetmtpr_res|%% i ivention\gthehmipcoublayey ves beglifsf ro?
2t anet 11 s B0 i, 155 94RA%of i DAL, P e tpgHeRbb1IRE.
as illustBat edminicells . 0illgstreted by pinicelis;1308 and d1Q%de TheoMAD| s
set aii Fleefd oi nsubldysi-iywidantdﬁiﬁlespt& %ﬂﬂﬁﬁtﬁﬂﬁﬁéfﬁm%ic@?a@nﬁbéirm I's,
gpgsZr l/e m ni c%ﬁ?gaﬁi%\;r&%‘l?\‘{outbﬁ ﬁgqf #’g?geg{c]tsafa? Q‘Sﬁi& gés{%éesq énnié‘gc%i%i Eclg?? S
shoul d never bbesemegavailkablg.,Whencassigned minicell 1104 does| hecpme cvent
G B gy by | s LanLe oo W tepet are inatie it 0 spepaltohe
codes, ? \Mqi cR t%ggeggﬂ) fn.lss igmﬁéﬁ%g?\% cﬁf}te%n%' gogr%%ee jﬂ‘& v‘\’/eeg%&? Egng
pri mary decoupc€ll. Assigned minicell 1105 is also inserted into the

payload of ATM cell 1116 right after assigned minicell 1104

because it too is immediately available.

In contrast, the delay between minicells 403 and 404

15 forces the prior art MAD sublayer 103 to insert a padding
minicell into the remaining portion of the payload of ATM
cell 416, as explained above. Again, the prior art MaD
sublayer 103 must then wait until the beginning of the next
ATM cell 1117 to insert minicells 404 and 40S.

20 One advantage of the present invention is immediately
apparent by comparing the delay caused by transmitting
minicells 404 and 405 in ATM cell 417 using prior methods
and the delay caused by transmitting pinicells 1104 and
1105 in ATM cell 1116 using the present invention. The

25 delay in transmitting minicells 1104 and 1105 to a
receiving entity using the improved AALm layer 980 of the
present invention is substantially Léss{than the delay in
transmitting minicells 404 and 405 uﬁiﬁg prior methods.

The reduction in data transmission delay becomes most

30 evident by contrasting the transmission.delay of minicell

407 with the transmission delay of aséigned minicell 1107.
In FIG. 11, assigned minicell 1107 bgdﬁéés available just
as the MAD sublayer 985 begins constructing the payload for

ATM cell 1118. When the improved Aanﬁggéyer 980 is

35 employed in accordance with the preséé;;invention, the MAD
sublayer 985 can insert assigned miniééil 1107 at the very
beginning of the ATM cell 1118 payload. Using the prior




30 code val ue and each of the secondary decoupl e code val ues. For

‘exanple, if the decimal value of the primary decoupl e code is 255
(i.e., 11111111 in binary), the secondary set of decoupl e codes woul d
consi st of twesaibow ng deci mal val ues: 254, 253, 2BCT/SEXIPR0239,
223, 191, and 127 (i.e., 35 the binary values 11111110, 11111101,
11111011, 11110111, 11101111, 11031%4%1, 10111111, and 01111111
respectively). Furthernore, a decoder at the receiving entity would
decode nettod) '£A49%9rsertion of minicell 407 is delayed the length

PCT/ SE97/ 00809 . - P jfdgntify
the primary dec%fuﬂneeggégeaﬁ%u ecaecli':ul (‘)"r:"st'heIn a tesleeco(ra]'glgp)llcag(i:%ﬁp eé codes as

a-decoupl i ng ni9RerAtingagti 4 kbps, anS3opctrt|ATH calde (42¢ Rits) ftakes v
under st and thataﬁﬂt@xinateiifrrﬁthmm o QﬁraﬁBﬁiﬁSSimedsgiiBi tRé| casdauilth not
val ues to Bresdiinichui™er) 4IF Maer¥itn®or & RGIITTE MR T By,
| ength of each thed@mgthgof almost an entire ATM cell, the resulting
transmission delay for that minicell is approximately 7
msec. In contrast, if the insertion of a minicell is
pushed back only the length of a one octet decoupling

10 minicell (8 bits), the resulting transmission delay is
reduced to approximately 0.1 msec. This represents a
significant improvement over prior methods and a
significant enhancement in bandwidth utilization when using
ATM in low bit rate applications. '

15 In addition to reducing data transmission delays, the
improved AALm layer 980 of the present invention also
improves bandwidth utilization. This can be illustrated by
referring, once again, to FIGS. 4 and 11. In FIG. 4, ATM
cell 417 must carry minicells 404 and 405 even though these -

20 minicells were available before the p:e&ious ATM cell 416
was transmitted to a receiving entity. In contrast, ATM
cell 1116, in FIG. 11, carries the comparable assigned
minicells 1104 and 1105. This leaves the payload of ATM
cell 1117 completely available to carry data from

25 additional minicell channels or ATM channels, thus,'
improved bandwidth utilization. In prior art methods,
additional user data from additional céyuunication channels
would simply result in transmigssion déléy times even
greater than those illustrated in FIG. 4.

30 The present invention has been described with
reference to several exemplary emboﬂiﬁéﬁts. However, it
will be readily apparent to those-skiliéd in the art that
it is possible to embody the inventionjih specific forms
other than those of the exemplary emhodiments described

35 above. This may be done without departiﬁg from the spirit
of the invention. These exemplark_@mbé@iments are merely
illustrative and should not be considered restrictive in



mnicell in a preferred enbodi mrent may be one octet. By m nim zing the
'ength of the decoupling mnicells, the 10 present invention inproves
bandwi dth utilization by m ni m zi ng the tine required to insert an
assi gned m nwaai7i44907 into an ATM cel |l payl oad fol |l ow ng %cg/%@ﬁg% t he
availability of assigned mnicells. In other words, the | ayer
103 no longer has to wait until the next ATM 15 cell to insert an
assigned mnicell if the assi gned m #Bcal | is presently available, as

was the case iRy gr Q% % dy addl ;09 ni cells.

VWil e the exen‘gl r% n‘ooia1 ment 9$' |'Eié§h$ met hod for

efficiently pr2BRehded Fipims, rFFbﬁl?rﬂ'Jnn @%Msbﬁhyeﬂmﬂpﬂmt ana

data, FIG 6 all vepiatiom Iﬁﬂhﬁd’ui@ilirﬂf@lﬂﬂi@ﬁ Qﬁhi%ﬂhfﬁlﬁftﬁo thati on
aye

data using the Q0 Thi s
net hod wi Igl no&viggﬁﬁégs%arﬂgsoé i nka‘ré%}ﬁeé%o ﬁFf’ h%‘é?’?ﬁﬁé}'ow 25

First, the ATMcell arrives at the receiving entity (e.g., a

t el ecommuni cati on nobile switching center) froma transm ssi on

source, as illustrated by block 605. Second, t he ATM subl ayer 101
renoves the ATM cell header and sends the ATM cell payload to the MAD
subl ayer 103, as 30 illustrated by block 610. The MAD subl ayer 103 then
separates each mnicell, one-by-one, fromthe ATM cell payl oad and
determnes if each mnicell is either a decoupling mnicell or an
assigned mnicell. The MAD subl ayer 103 nakes this determ nation by

detecting the



35 predefined bit pattern associ at eq Nil$ SHEET GIASI BEEN | - mnicells, as
‘mentioned above. This step is illustrated bREPLACED the fonbination of
bl ocks 615 and 620. |If the next

PCT/ SE97/ 0CB &b 97/44907 mnicell is a decoupling mnicell, tHC¥/SEYMO80 | s

di scarded, as illustrated by block 625. |[If there are addi ti onal
mnicells, as determ ned by deci sion bl ock,637, t he MAD subl ayer 103
separates the next mnicell, and 5 determ nes whether it is a decoupling
m nicell or anwygamr ;3a5§;:ﬁgﬁij§.n|cell If the next "' mnicell is an assigned
mnicell, the MAD subl ayer 103 sends the assigned mnicell to the AAD
subl ayer 102, according to block 630. The AAD subl ayer then

di.sassenbl es edoh a¥di yntelepommunicagion gystemsy pethedcofiser dat a

_clolnt alt nefl ther@oﬁsteu&een a dat@b&quﬁﬂﬁmgcm&nueailmsmla as
I ustra

ranan o b 1 o transmi BRESH iRk, £BCR, FRoeSVAng sEIERBOBPE T thp
pr ot ocol , steps of:
generating at least one decoupling minicell if user
data is not available, wherein the at least one decoupling
minicell has a predetermined length; and
10 constructing the data cell using the at least one

decoupling minicell if user data is not available.

2. The method of claim 1 further comprising:

generating an assigned minicell if user data is
15 available; and

constructing the data cell using the assigned minicell
if user data is available.

3. The method of claim 2, wherein the:data cell is an
20 asynchronous transfer mode cell.

4. The method of claim 1, wherein the predetermined
length of the decoupling minicell is one octet.

25 5. In a telecommunication system, a method of generating
and transmitting a data cell which carries user data from a
transmission source to a receiving entity comprising the

steps of:
generating -assigned minicells as long as user data is
30 available and making the generated assigned minicells

available for inclusion in the data cell;

determining whether an assigned minicell is currently
available, and if so, then inserting the assigned minicell
into the data cell; :

35 generating decoupling minicells and then inserting the
decoupling minicells irito the data cell 1n place of
assigned minicells if there are no assxgned minicells

This Shee
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t he method described above continual |y rBH88KEET XS BERG {15  shown by

*bl ock 640. FIGS. 7A and 7B, whlchREpLACgmencef rth be referred to
collectively as FIG 7, is a flow chart—deprct+ng—ean alternative
enbodi ment Qg éiGeg’ €SENL i NVention. This enbodi mentpclsePdakgeVi des a
met hod for efficiently preparing 20 and transmtting cellular

t el ecommuni cation data. This enbodi nent is very simlar to the
exenpl ary enbodi nent depicted in FI®® 5. In fact, the method steps of
t he al terna t carrespondi Q bl cks %05 through

745 are | dont | CPTEIELF AVARIABES | A Ol RacRahPadp £nS ai sl kel o

t hr ough 545. Mf-ﬁmimﬁﬂeImMErﬁmd]e t wo enbodi nents is that in

accordance W th thetyddsdittiingCthe dat£Edl Wheh, tRe GBiEd He)A hAB bEehi I St
made as to mhe%hg%%an structe ata is available fromthe various

conmuni cati on tR as illustrated by block 701. If there is user
data 30 5 available, the nmethod of the alternative enbodi nent

proceeds accor @i ng fre HetHod 485ciAiRUP) fittnepdchbiipii®ing the BkEBsmaNNer
as descri bed aggye regardi ng bl ocks 505 through 545. If there is no

user data curréntly available, a second determination is nmade as to
whet her there are adgtaaninlngommgatﬂm:'a:mmnx cthmtdopmﬁpatmas

i | lustrated bycnannewalﬁclﬂ:n@%eleéémil&e{&ﬁroﬁ 8ybt¥g; cararuni cation
channel s,, .t he d of tge alter |ve %ﬁ?Odl nt al so recsdes as

10 genera ing and transm ing at least one unassigne

data cell, which contains no minicells, if there are no

active communication channels.

7. The method of claim 5, further comprising the steps
15 of:
determining whether a predefined amount of time has
elapsed since an assigned minicell was last generated; and
generating and transmitting at least one unassigned
data cell, which contains no minicells, until a next
20 assigned minicell has been generated.

8. The method of claim 5, wherein the data cell is an
asynchronous transfer mode cell.

25 9. The method of claim 5, wherein the predetermined
length of each decoupling minicell is one octet.

10. In a telecommunication system, a method for extracting
user data from a data cell which carries the user data from
30 a transmission source to a receiving entity comprising the
steps of:
separating at least one minicell from the data cell if
the data cell is not an unassigned data cell;
determining whether the at least one minicell is a
35 decoupling minicell, wherein the at least one minicell has
a predetermined length;
discarding the at least one minicell if the minicell

[T ”‘iiﬁ?iﬂ‘li‘ﬂlﬂﬂ::ﬂfiﬂ
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THIS SHEET HASTBEEAD)7/ 00809
- 12 - accordi ng to bl ocks 705 t hr oughREPLACEBowevef, if there are
no active comuni cation channels, the ATMTayer I0TI generates and
transmts anwovyaagogned ATM cel |, as il lustrated by bPOT/EES7/HEBB? and
747. An unassigned ATMcell 5 does not contain any useful data, nor does
It contain any m ni cel | s. Instead,_u9§s§igned ATM cells nmerely occupy
space in the ATMcell streamin order to faintain the timng and

alignnent of thg AT&A@&%{lﬁfgr fdficell; ana The reason for this alternative
enbodi ment is that in 10. '

I ' ther
periods in which rem?‘ffé}qeiggg“tggﬁg%%éﬁg g; é%@%‘%%r?’{?u%éfe‘%g%ﬁuser

dat a (i.eif thewinicelddi dscuoti aidesauplingrpinigeldi e, if the
application is a cellular tel ephone system there may be substanti al
del ays between_bursts of .uys at ate at_, 1 night or. during the very
early nor m ng- Figtlrsh‘e |’?P#‘a?g ° °ila£’f'h£?'e fr%j"hﬁé‘ 5@??5%55”?% i 5%3Pﬁere S
no comuni cati 0f: activity over any of the communication channels. |f
this i's the capggeiviniPenacadaceeil iGidha teafsRtkHith Foukbes

and -

discarding the data cell if the data cell is an
10 unassigned data cell containing no minicells.

12. The method of claim 11, wherein the data cell is an
asynchronous transfer mode cell.

15 13. The method of claim 11, wherein the predetermined
length of the minicell is one octet.

14. In a telecommunication system, an apparatus for
constructing a data cell which carries user data from a
20 transmission source to a receiving entity comprising:
means for generating at least one decoupling minicell
if user data is not available, wherein the at least one
decoupling minicell has a predetermined length; and
means for constructing the data cell using the at
25 least one decoupling minicell if user data is not
available.

15. The apparatus of claim 14 further comprising:
means for generating. an assigned minicell if user data
30 is available; and
means for constructing the data cell using the
assigned minicell if user data is available.

16. The apparatus of claim 15, wherein the data cell is an
35 asynchronous transfer mode cell.

17. The apparatus of claim 14, wherein the predetermined

This Sheet Has Been Replaced
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unassi gned ATM cel |l s rather than one or rﬂmsﬁg w49 BERN Do cells each
cont ai ni ng 48 decoupling minicells. No rat t er REPLAGEDwhi ch enbodi ment is
enpl oyed, the ATM cel |l stream nust be mal nt al ned. e alternatlve
enbodi ment gl 7Maday OVi des t he option to do.so by tr?ﬂiﬁhﬁ

series of unassigned ATM cells or by transn1tt|ng a series ATM
cells filled with 25 decoupling mnicells. In yet another
alternative enbodinent simlar to the = 22pgthod illustrated in FIG 7,

t he generation d ATM ce oyl d be trjiggered by the
passgge of a prg% yl nedifgﬁ"ee deﬁ@?’?%ﬁ“%fmt’#ﬁael dfi ﬁﬂemﬂ?'&%‘? there is no
user data 30 avai |l abl e. As a counterpart to FIG 7, FIG 8

depi cts an 1sal tﬂimttmceﬁibﬁdimioﬁfsr%ﬁa\fh Qﬁﬂ %gﬁaf%@é \&'dig
' a
Substanti al - del J4nBAELAd Und 3FARERDCELAP Y Hard B0y} Whfon cppeiBer yeer

coimuni cat i%n cﬁ& hAefzom arfxrapsmisgionrsounas \tiong receiving exrdiityni cati on

data when therecomprishsganti al del ays bet ween bursts of user data is
very simlar to the

means for generating assigned minicells as long as
user data is available and making the generated assigned
wminicells available for inclusion in the data cell;

10 means for determining whether an assigned minicell is
currently available, and if so, then inserting the assigned
minicell into the data cell;

means for generating decoupling minicells and then
inserting the decoupling minicells into the data cell in

15 Place of assigned minicells if there are no assigned
minicells currently available, wherein each decoupling
minicell has a predetermined length; and

means for transmitting the data cell when the data
cell has been fully constructed.

20
19. The apparatus of claim 18, further comprising:

means for determining whether there are any active
communication channels in the telecommunication system; and
means for generating and transmitting at least one

25 unassigned data cell, which contains no minicells, if there
are no active communication channels.

20. The apparatus of claim 18, further comprising:
means for determining whether a predefined amount of
30 time has elapsed since an assigned minicell was last
generated; and
means for generating and transmitting at least one
unassigned data cell, which contains no minicells, until a

next assigned minicell has been generated.
35

21. The apparatus of claim 18, wherein the data cell is an
asynchronous transfer mode cell.

U
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- 13 - exenplary enbodi nent depicted in|AHES SHEET HASABEEN { he net hod st eps
o0f the alternative enbodi ment for receivijng t eRERIOFDONI cat [ on data
corresponding to bl ocks 805, and 810 thrcm'g'h"&%—a'r'e-'t—d-a-rh cal to the steps
corr espondi ngweedlasrks 605, and 610 t hrough 635. " The di ff erpenseoimesoscen
the two embodi ments for receiving tel ecommunication data is that after the
ATM cell is received by the receiving entlt% (bl ock 805), the ATMlayer 101
in the alternative enbodi ment first determn fs whether the ATMcell is

unassi gned or ass.ngneﬁeuup%ﬁ%ersrnéiam 18, wa&eiﬁneﬁé phediternifgab! ock
845. If the ATNé ?‘% S una%sidgned 1 he ATN' qﬁ 101 discards the cell,

as illustrated R CBRpch AECPRR1 NG AT cY é§s?ﬁﬁe%° &%re et hod
proceeds in accordance with bl ocks 810 through 840, and in a manner simlar

to the previous QﬁbOdIﬂBé‘ttelecomﬁhﬁ:a%.&?FB NafP ﬂ’é\ﬁxé gy May be
used to inpl errentx*‘he vari ous ng ds descrjbed ahove d’F arin
transmittin §XFERSH A% s EBﬁTrEﬁ R A dFaggedl which ﬁVPeéa ecell in
a cel'lular tel ecoasnndata fxems ps teanswision surceatd ancedsisdngt ahtdty

Each base stati OBompRisingh: rral ntai ns one or nmore receivers for receiving
user data (including voice t her types of rel at ed data from t he

vari ous conmmuni cati on"tHEh 7 58 érﬁgﬂ‘i% ?'h lt toape. ‘}'h‘“('fe]r?e m khee

stations are wel fata cell if the data cell is not an unassigned data cell;
10 means for determining whether the at least one
minicell is a decoupling minicell, wherein the at least one
minicell has a predetermined length;
means for discarding the at least one minicell if the
minicell is a decoupling minicell; and
15 means for removing the user data from the at least one
minicell if the minicell is not a decoupling minicell.

24. The apparatus of claim 23, further comprising:
means for receiving the data cell from a transmission
20 source; and
means for discarding the data cell if the data cell is
an unassigned data cell containing no minicells.

25. The apparatus of claim 24, wherein the data cell is an
25 asynchronous transfer mode cell.
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known to those of skill in the art. In FIG 9, base station 905
directs the user data from each communi cation channel 1... n into separate
assenbly units 910[err] through 910[err]. Each assenbly unit 9l 0[err]

t hr ough 910[ eMO978¢80Pr esses t he user data fromthe correspordi/SEn7/00809
comuni cation channels 1...n into the payload of individual mnicells in
accordance with known techni ques (not dh ). These mnicells are referred
to above as assigned mnicells. The assenbly units 910[err] through
910[err] then send the mnicells to npl gxery 915. Ml tipl exer 915 then
constructs the payl oad of a current M g¢el I} byjconnecting the assigned

m ni cel | s, back-to-back (not shown). i pllexef 915 will continue to
connect the assigned -14- mnicells
until the current ATM cell payload is br until there is a delay in
recei ving assigned mnicells fromtheg asgent ini ts 910[err] through

far)
—_— — —t

e
910[err]. If there is a delay in regei Vigop assigned nmnicells
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fromthe assenbly units 910[err] through 910[err], multiplexer 915 w ||

i nstead use decoupling mnicells, generated by mnicell generator 902, to
construct the current ATM cell payload. Miltiplexer 915 will continue to
mul ti pl ex decowpbirsage7ri nicell's into the payl oad of the curr eidrskévboss! |
until the payload is conplete or until an assigned nmnicell fromthe
assenbly units 910[err] through 910[ err¥1becones avail able. Once the ATM
cell payload is conpletely filled, an ATM cell header is attached (not

shown) and the ATM cel |, header and payload, is transmtted to a receiving
entity 920 via transm ssion |ink 925. The function of generator 950 and
mul tiplexer 955 will be discussed in detail bel ow At the receiving

entity 920, the ATM cel| header is renoved in accordance with known
t echni ques (not shown) land a detector 930 determined whether each ni'nicel |

is either an assigned rinicell or a decbupling minidell. Detector 9:%0 t hen
di fects denultiplexer 935 to discard the minicell if' detector 930 |
determnes thaed it is d decoupling mnicell, as illustrated by

"wast ebasket " &40.. | f det eptor 80 det ek mines the mimicell to be an'
assigned mnic I§ demyl ti plgxer ﬁ§_§ sehds the mnidell to angappr oéri ate
one of the di sags@nbly uni N945[er¥] thropghXo4a5[enr]. The dRsasserbly
units 945[err] RPough 45] eirE faen relioy]

mnicells and dRct tHe u

coLrjspondi ng c

5
= o
channel (not shgv®). THe furgtign o [0 9 Lt and
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be discussed in detail bel ow. I n accordance with the nmethod of the
alternative enbodi nent described above, there may be extended periods of
time during which there is little or no traffic over any of the

comuni cat i onWhM¥?s. \Wien this occurs, it nmay be advant »geaEsdeshe
transmt one or nore unassi gned ATM Ce';lfn WO 97/ 44907

PCT/ SE97/ 00809 - 15 - rat her than
one or nore assigned ATM cells each containing 48 decoupl i ng

mnicells. To inplenent this alternative enbodi nent, a generator 950,

| ocated in the base station 905, generates unassigned ATM cel I s when,
for exanple, 5 there is no traffic over any of the conmunication channel s
(i -e., no active comunication channels). Miltiplexer 955 t hen

i nserts the unassi gned ATM ?.Pll s—into.the ATM cel | stream along with
any assigned ATM cells. Li ke se, a detector 960 at the receiving

entity 2 2
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10 determ nes whether the incomng ATMcell is an unassigned ATM

cell. If it is an unassigned ATM cell, denultipl exer 965 is directed
to discard the cell, as illustrated by "wast ebasket” 970. If the ATM
cell is an aswgomrgsoXTM " cell, the ATM cel |l header is r erSEo/doBmd
shown) and 15 denul ti pl exer 965 sends the payload to the detector 930 and
denul ti pl exer 935. Then, the process o‘f“éepar ating the mnicells from
the ATM cell payl oad and d| sti ngui shi ng bet ween assigned mnicells and

decoupling mnicells ‘pr oceeds as preVi desg¢ri bed. 20
Finally, FIG 11 shows anfATM cell stream ugction of tine,
wherein ATMwith the inproved AALm | ayer 40 of AHe present invention
is-enployed. In order to better undfir d the|benefit derived by
enpl oyi ng the i mproved AALmM subl ayer/ 1980—-&8# t helpresent invention, it
may 25 be hel pful to cofpare the ATM cgl dam depicted in FIG
11'with the ATM cell stream generated u meq{ hods as depicted
in FIG 4. Refefring now to bpth FIGS} 4 apd 11, line 1101
represents the passage of Jtinme nuch |ile ljine 4Qq1. 30 Simlarly, assigned
mnicells 1103, 1104, 110p, and 1107 corrpj're with mnicells 403, 404,
405, and 407 respectively whil ¢ ATNM celld 111% through 1119 conpare
with ATMcel |l's 415 t{hrough 419 eaqgcti velly. \Nlso in FIG 11, the
thin vertical lines| for exanplfe ne 1104, regﬁsent decoupling 35
mnicells; thus, there are no conparfabl e ijftens ijn FI F When
the MAD subl ayer 985 begi ns corn ting tihe
[
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payl oad of ATM cel

1116,
'97/ 44907
- 16 -
of assigned nwobnabdr 1103.
present invention,

payl oad of ATM cel
mnicells 1108 and 11009.

there are no assigned mnicells

WO

PCT/ SE97/ 00809

m nicells,
sublayer 985 conti

avail abl e due to the lack of user data after the assenbly

Usi ng the inproved AALm | ayer

t he MAD subl ayer 985 begins'
1116 usi ng decoupld/h

The MAD

PCT/SE9BPBM t he

constructing the

il lustrated by
nues to construct

t he payl oad of ATM cel

beconmes ayai | ald

o i

_m nicel

S it

m ni
|1

| s until assigned
le505 1104 does
to the payl oad 10

mnicell 1104

becone avail abl e, the
of. ATM cel | 1116 imedi ately
Assigned mnicell 1105 is al

atter the pre

Q |ncnrfnrl |n fohr\

edlng decoupl

ng cell.

1116 right after assigned mr
avai[able. | n cont
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15 forces the prior art MAD sublayer 103 to insert a padding
mnicell into the remaining portion of the payl oad of ATM cell 416,
as expl ai ned above. Again, the prior art MAD - subl ayer 103 nust then
wai t until thevédrendssor ng of the next ATM cell -1117 t 0 POTISENT/00809
mnicells 404 and 405. 20 One advantage of the present invention is
I mredi atel y apparent by conparind®/@he del ay caused by transnitting
mnicells 404 and 405 in ATM cell 417 using prior nethods and the

del ay caused by transmtting mnicells 1104 and 1105 in ATMcel | 1116
using the present invention. The 25 del ay, rgnsmiting mnigells
1104 and 1105 to a recei vinggei4 ty us%@%ﬁéﬁ?{@ AALmM ljayer 980
of -t he present invention is subsfantial®y"¥es delaﬂ in
transmtting mnicells 404 and 405 using prior nethogs.

reduction in data transm ssion del ay becones nost 30 evi dent by
contrasting the transm ssion delay of mnicell 407 wth the

transm ssi on del ay of assigned m nicel 1107.4{”50?44 Wll, asgi gned

The

mnicell 1107 becones avail abl e jugfg — a5 e r 985]begins
constructing the payl oad for ATM cel | f 2N g roveq AALmM
| ayer 980 is 35 enpl oyed in accordantce with hg P ventionp, the
MAD subl ayer 985 can insert assigned mnrcell 107 at tne very

begi nning of the ATM cell 1118 payl oad.__ Using the p{ior
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620
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IS THE MINICELL A
DECOUPLING MIRICELL 7

3
625
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637 o)
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FIG 6

rEs)
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- 17 - nmet hod, the insertion of mnicell 407 is delayed the I ength
of an entire ATMcell 418. In a tel ecommuni cation system operating at
64 kbps, a SwoewasetATM cel|l (424 bits) takes “appr oxi rRCTSEYIP80TEeC t o
transmt. If, as is the case with 5 m nicell 407, the insertion of a
mnicell is pushed back the | engtH 14f al npbst an entire ATMcell, the
resul ting transm ssion delay for that mnicell is~approximtely 7

nmsec. In contrast, if the insertion of a mnicel]l u: hed back only

the length of a one octet decoupling 10  nmipiCell s Subicgke ed0 ting
transm ssion delay is reduced(/mg» APPTOXI Meh Wyl MyThl S
represents a significe pToversQt over ppﬁmfm/md a
significant enhancenment injbandw dth util™»&{ion WhEMMELING AN I n | ow

bit rate applications. 15
del ays, the vention al so

i mproves bandwidth utilizag referring,
once again, to FIGS. A4 : 4lf—isty carry
minicell's 404 and-405 eypn syggugh T IWPUT USER DATA
ANY ACTIVE CONNUNICATION FROM EACH 105
CHANNELS 7 COMMUNICATION CHANNEL
N0) *
AAD SUBLAVER ASSEMBLES
USER DATA INTO ASSIGNED 710
NINICELLS AS USER DATA

BECONES AVAILABLE

!

SEND NINIGELLS ~T15
T0 HAD SUBLAYER

1S THERE AN
ASSIGNED MINICELL CURRENTLY

AVAILABLE ?

GENERATE
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) USE ASSICNED/OECOUPLING
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CONPLETE 7

130
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20 mnicells were avail able before the previous ATM cell 416 was

transmtted to a receiving entity. In contrast, ATM cell 1116, in
FIG 11, carries the conparabl e assigned mnicells 1104 and 1105. This
| eaves the pawiomadsset ATM ©cell 1117 conpl etely avai | abPET/sE9700809 y dat a
from 25 addi tional mnicell channels_or ATM channels, thus,
i nproved bandwi dth utilization. In pri8 5rt et hods, addi ti onal user
data from additional conmunication channel s woul d sinply result in
transm ssion delay tines even greater than those illustrated in FIG
4. 30 The present invention has been described with reference
to several exenplary enbodi nents. However, it wll be readily apparent
to.those skilled in the art that it is possible to enbody the
invention in specific forns ot her than those of the exenplary
enbodi nents described 35 above. This nmay be done w thout departing from
the spirit of the invention. These exenpl ary enbodi nents are nerely
illustrative and should not be considered restrictive in WO
97/ 44907 PCT/ SEQH-0

A

FI6. 74
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- 18 - any way. The scope of the invention is given by the appended
‘clainms, rather than the precedi ng description, and all variations and
equi val ents which fall within the range of the clainms are intended to be

enbr aced t herwD97/44907 - - 19 - PGWSEPTIES0SCI Al VED
| S: 1. 1In a tel ecomunication syst ené{ i\ met hod of constructing a data
cel | which carries user data froma traf$hi ssion source to a receivi ng

entity conprising the steps of: gene ) coupl) ng
mnicell if user data,ig not avail alyge.| wher effCEHEATH CALEL40M one decoupl i ng
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mnicell has a predeterm ned | ength; and constructing the data cel

using the at | east one decoupling mnicell if user data is not avail able.
2. The nmethod of claim 1 further conprising: generating an assi gned
mnicell if udQIWEMY i s avail abl e; and constructing therdesmosis! |
using the assigned mnicell if user data is avail able. 3. The nethod of
claim?2, wherein the data cell is an asVMéhronous transfer node cell. 4,
The nethod of claim1, wherein the predeterm ned | ength of the decoupling
mnicell is one octet. 5. In a tel ecommunication system a nethod of

generating .and transmtting a data cell which carries user data froma

transm ssion source to a receiving entity conprising the steps of:
gerierati ng assigned mpnicells as |long as user data is avail able and maki ng

t he generated assigned mnicells available for inclusion in the data tell;

| {
S ] ! I ]
N | i | |
!
~ I c ! .
o
\,"‘\4 I > e ' ' I
3 1 | = = = ' 2
~ Y g 53 g !
N ™1 Q3 ™ ! !
E% §§ | [} |
O | S ! S l
IS S x '
I -~ B ' '
8y ! 23 : ! '
S ' SJ]8 : slo! 5|
X ., 1S | R S|S!
‘ QF RF
! S i | S
| i ) [ Q !
! | ' 8
__________ | 'S
I —-— == - =TT ——— i
i ! ! |
§ ) ) i ]
} c ! | ]
1 e | I
W . "~ o u> J
%'\ ' S ! E ; S !
%g | — Eg ———— N— {
S ) QR ! !
33 3 ' !
8 o+ Lis | ! |8 S
i‘-‘% [ S ! | !
LS ——= &S [ !
S L _ 1 E8S] | !
i e x | - !
o | |
| | t I
&
: ! iE o ! §§ I
' ! S-S | % "§ |
S VS O
I I } Sa 1
' -
& | S 1 Q)
i . $ . 0
t Qo | axis '
S8 S !
| <3= v I[2 | !
= ! !
= I
X ! Q: ' !
S Ses ’ '
N SiS8s , =Sz
<3=) XI3I= I <32 I
— -



-

det er m ni ng whet her one of the assigned nminicells is currently avail abl e,
and if so, then inserting said one of the assigned mnicells into the data
cell; generating decoupling mnicells and then inserting the
decoupling m Weel4e7i nto the data cell in place of assignedciisBbfipsdsS | f

there are no assigned mnicells -20 - currently i
avai |l abl e, wherein each decoupling mi ni Bdtl has a predeterm ned | ength; and

transmtting the data cel]_ when the data cell has been fully constructed.

6. The nethod of clain15i further conprisjing the steps of:

determ ni ng whether therefare any active dommunigcatiqngchannels in the

t el ecommuni cati on system |and generatinq an trgh®&ntting at | east one

unassi gned p——
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data cell, which contains no mnicells, if there are no actgve

“communi cati on channel s. 7. The nmethod of claimb5, furthefy gonprising the
steps of: “det ermi ni ng whet her a predefined anount of t{ng Hé%ﬁé af¥98d
since a |l ast one of the assigned mnicells was generated; ahd

generating and transmtting at | east-ong wnassigned data cefl, which
contains no nminicells, until a next assigned ninicell is gehecated 8-

The net hodxempdhaiymembodtiaveritn ddprictedd 1l FIGs en asgnfactpotBet ransfer
cach decolisEhSy sHEBLTHE ne arvdbilferve BB RiadEs PEEETLERTLIERS 0 iy
a nethod ftelesempyniicsdisrerdats cdmmsponding cedlbhbckh 8a5¢i andt Brouser
0L 1TOMbrhte Bt SUALAL 5 S 1S L RSB Mol e oL
blocks 605, and 610 through 635. The difference between
the two embodiments for receiving telecommunication data is
that after the ATM cell is received by the receiving entity
(block 805), the ATM layer 101 in the alternative
embodiment first determines whether the ATM cell is
unassigned or assigned. This determination is represented
. by decision block 845. If the ATM cell is unassigned, the
ATM layer 101 discards the cell, as illustrated by block
850. If the ATM cell is assigned, the method proceeds in
accordance with blocks 810 through 840, and in a manner
similar to the previous embodiment.
FIG. 9 depicts an apparatus that may be used to
implement the various methods described above for
preparing, transmitting, and receiving telecommunication
data. Typically, each cell in a cellular telecommunication
system contains at least one base station. Each base
station, in turn, maintains one or more receivers for
receiving user data (including veoice data and other types
of related data) from the various communication channels
operating in the cell. 1In general, base stations are well
known to those of skill in the art.
In FIG. 9, base station 905 directs the user data from
each communication channel 1...n into separate assembly
units 910, through 910;. Each assembly unit 910, through
910, compresses the user data from the corresponding
communication phanneié 1...n into the payload of individual
minicells in accordance with known techniques (not shown).
These minicells are referred to above as assigned
minicells. The assemﬁly units 910; through 910, then send
the minicells to mnlti@lexer 915. Multiplexer 915 then
constructs the payload of a current ATM cell by connecting
the assigned minicells, back-to-back (not shown).
Multiplexer 915 will continue to connect the assigned
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the data cell is not an unassigned data cell; determnin et her tne
at |l east one mnicell is a decoupling mnicell, wherein the a

m nicell has a predetern ned | ength; di scardi ng the at ei:?%éﬁgﬁaw99
mnicell if the mnicell -p1 et
decoupling mnicell; and renovi nglthe user data fron1the at | east one
mnicell if {the.mnicell is not a decou I|n m ni cel

cl ai m 10,301 CREASCYRSiLsithe cperandpf €11 Paxleadi g FHEP&&F@<9§I

from t he unefintheren isou @ladndn recéiiwsﬁ&j dasgigheddninieellls fexidye data
cell s apninaashddiy dalide"1, et8lgh 9180, m M cel s

If there is a delay in receiving assigned minicells
from the assembly units.910, through 910,, multiplexer 91§
will instead use decoupling minicells, generated by
minicell generator 902, to construct the current ATM cell
payload. Multiplexer 915 will continue to multiplex
decoupling minicells into the payload of the current ATM
cell until the paylocad is complete or until an assigned
minicell from the assembly units 910, through 910, becomes
available. Once the ATM cell payload is completely filleqd,
an ATM cell header is attached (not shown) and the ATM
cell, header and payload, is transmitted to a receiving
entity 920 via transmission link 925. The function of
generator 950 and multiplexer 955 will be discussed in
detail below. ‘

At the receiving entity 920, the ATM cell header is
removed in accordance with known techniques (not shown) and
a detector 930 determines whether each minicell is either
an assigned minicell or a decoupling minicell. Detector
930 then directs demultiplexer 935 to discard the minicell
if detector 930 determines that it is a decoupling
minicell, as illustrated by "wastebasket" 940. If detector
930 determines the minicell to be an assigned minicell,
demultiplexer 935 sends the minicell to an appropriate one
of the disassembly units 945; through 945,. The disassembly
units 945, through 945, then remove the user data from the
minicells and direct the user data to the corresponding
communication channel (not shown). The function of
detector 960, demultiplexer 965, and "wastebasket" 970 will
be discussed in detail below.

In accordance with the method of the alternative
embodiment described above, there may be extended periods
of time during which there is little or no traffic over any
of the communication channels. When this occurs, it may be
advantageous to transmit one or more unassigned ATM cells



12. The nethod-of. claim11, wherein the data cell is an asynch oﬁEzEACEMENT SHEET
transfer node cell. 13. The nethod of clain111, wherein the grddet erm ned

l ength of the mllmml Ill "m:mmct et . In a tel ecommuni cat ijor] shZARR 1999

an appar at us f dat a ceII mhlch carries user dgtgd_froma
transni ssion solrcé dcei*ving enti{y <onprising: nmeargs for

generating at | east one decoupllng mnicell if user data is no

wher ei n t FEAE YR LEATHMEDJE8ouUpl ing ninicell has a predeternined | ength;

and means for constructing the data cell using the at |east one

decoupling mnicell if_ user data is not avail able. 15. The apparatus of

clai m 14 fimrt hel? cdnpeieragmunicatioansysdienye iemathed oof£ assi gned ni ni cel
i f user datdhdtrwyeihgbhedadfdcell wHBRMS éﬂrf@é‘&iéé&?tdaeatf'ﬁoﬂaaa cell

using the ass%g“ed minicell if user datg is avail able.
transmission source to a receiving entity comprising the
steps of:

_ generating at least one decoupling minicell if user
data is not available, wherein the at least one decoupling
minicell has a predetermined length; and

constructing the data cell using the at least one
decoupling minicell if user data is not available.

2. The method of claim 1 further comprising:
generating an assigned nminicell if user data is
available; and

constructing the data cell using the assigned minicell
if user data is available.

3. The method of claim 2, wherein the data cell is an
asynchronous transfer mode cell.

4. The method of claim 1, wherein the predetermined
length of the decoupling minicell is one octet.

5. In a telecommunication system, a method of generating
and transmitting a data cell which carries user data from a
transmission source to a receiving entity comprising the
steps of: .

generating assigned minicells as long as user data is
available and making the generated assigned minicells
available for inclusion in the data cell;

determining whether one of the aséigned minicells is
currently available, and if so, then in#erting said one of
the assigned minicells into the data cell;

generating decoupling minicells and then inserting the
decoupling minicells into the data cell in place of
assigned minicells if there are no assigned minicells
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16. The appar 15 mhereln the data cell is an asynghronous
transfer node mm'"mﬂm appar atus of claim 14, wherein {hp 17 APR 1999
predet erm ned * - 22 - length}fol_the
decoupling mnicell is one octet 187 3% 2 teIeconnunlcat|o1 systen1 an
apparatus for generating and_ transmitting a data cel

dat a from £WFERH Es2vdilablee VYhereisc P\ﬁlhgﬁieé"rﬂ‘%l?]yl%rfb’r’i"s?ﬁ has a
nmeans for ggﬁgﬂé&¢fﬁiﬁ§algaﬁgtﬁynaﬁalIs as long as user data is avail able

and maki ng the ner at ed. ass nlceIIs a|I | e lgn.in_the
data cell: %ﬂ§m+gFlﬂgt ﬁ1ﬂ? ?% a%%?%ué SnPRFRel | s
IS currentIﬂuhypjéehsEruahdde so, then insertlng sald one of the assigned
mnicells into the data cel:

6. The method of claim 5, further comprising the steps
of:

determining whether thére are any active communication
channels in the telecommunication system; and

generating and transmitting at least one unassigned
data cell, which contains no minicells, if there are no
active communication channels. -

7. The method of claim 5, further comprising the steps
of:

determining whether a predefined amount of time has

elapsed since a last one of the assigned minicells was
generated; and

generating and transmitting at least one unassigned
data cell, which contains no minicells, until a next
assigned minicell is generated.

8. The method of claim 5, wherein the data cell is an
asynchronous transfer mode cell.

9. The method of claim 5, wherein the predetermined
length of each decoupling minicell is one octet.

- 10. In a telecommunication system, a method for extracting
user data from a data cell which carries the user data from
a transmission source to a receiving entity comprising the
steps of:

separating at least one minicell from the data cell if
the data cell is not an unassighed dataecell;

determining whether the at least one minicell is a
decoupling minicell, wherein the at least one minicell has
a predetermined length;

discarding the at least one minicell if the minicell




neans for genérating découpling mnicells and then inserting t
mniceglls into pl ace of assigned mnicells ifjt
assi gned m ni cH“lmm lm @lu”mm 1 abl e, wherein each decoupli
has a redeternrned means for transmitting the Jdat2 ARR 1999
when the data cell has been fuIIy const 2dicred. 19. The apparfatjus of claim
18, further_co neans for determ ning whether thqre are any

active corffurftc ??BHpgﬁQﬁngﬁglFﬁlﬂheaFﬁieconnunlcatlon syst emt—and “J

nmeans for generm¢moyingdtheanseit Qata a:trdneaﬁe ate 1St gnetniltisere! | |

whi ch cont A I f .ther no ive ni cati on channel s.
20. The ap%fapg?ﬁgngbmgﬁg:l ifSEmF At ficn%ﬂ‘lce “nmeans for '
determ ni ng whet her a predefined anount of time has elapsed since a | ast
one of the AsSi BREIMBERLAELES AT ROGEN ?,gg: erating
and transmtting at |east onecunaéngleign'e ta ccejrﬁmp% cont a| n Q
mnicel | s,%%ntil a next assigned minicell is generated.

receiving the data cell from the transmisgsion source;

and

discarding the data cell if the data cell is an
unassigned data cell containing no minicells.

12. The method of claim 11, wherein the data cell is an
asynchronous transfer mode cell.

13. The method of claim 11, wherein the predetermined
length of the minicell is one octet.

14. In a telecommunication system, an apparatus for
constructing a data cell which carries user data from a
transmission source to a receiving entity comprising:
means for generating at least one decoupling minicell
if user data is not available, wherein the at least one
decoupling minicell has a predetermined length; and
means for constructing the data cell using the at

least one decoupling minicell if user data is not
available.

15. The apparatus of claim 14 further comprising:

means for generating an assigned minicell if user data
is available; and

means for constructing the data cell using the
assigned minicell if user data is available.

16. The apparatus of claim 15, wherein the data cell is an
asynchronous transfer mode cell.

-17. The apparatus of claim 14, vwherein the predetermined



21." The apparatus wherein the data cell is an asyrcﬁFBH$EMENTSHEET
t ransfser Elw‘iu ‘m‘n‘iﬁ - 23 -} '122. The

appar at us of the predeterm ned | ength of eacli decppRARRII999
mnicell is one octet. In a tel 28omruni cati on system arf dppar at us
for extracting user data fron1a data cell which carries the usgqr data fTom
a transni kehghhsefir thet degonpdding mirdfiedl, tonpnespret. mgans f or
separating at |east one mnicell fromthe data cell |f the data cell i1s not
an unaSS|gned data cell; nmeans for ternining her the at | east

one In telecommunlcatlon system, an a para us for

generating and transmitting a data cell which carries user
data from a transmlsSLOn source to a receiving entity
compr151ng.

means for generating assigned minicells as long as
user data is available and making the generated assigned
minicellé'available for inclusion in the data cell;

meang for determining whether one of the assigned
minicells is currently available, and if so, then inserting
gaid one of the assigned minicells into the data cell ; -

means for generating decoupling minicells and then
inserting the decoupling minicells into the data cell in
place of assigned minicells if there are no assigned
minicells currently available, wherein each decoupling
minicell has a predetermined length; and

means for transmitting the data cell when the data
cell has been fully constructed.

19. The apparatus of claim 18, further comprising:
means for determining whether there are any active
communication channels in the telecommunication system; and
means for generating and transmitting at least one
unassigned data cell, which contains no minicells, if there
are no active communication channels.

20. The apparatus of claim 18, further comprising:
means for determining whether a predefined amount of

time has elapsed since a last one of the:assignedxninicells
was generated; and

means for generating and transmitting at least one
unassigned data cell, which contains no minicells, until a

next assigned minicell is generated.

21. The apparatus of claim 18, wherein the data cell is an

asynchronous transfer mode cell.
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mnicell is a decoupling mnicell, wherein the at |east one N

predeterm ned | ength; means for discarding the at |east m_ni cel |

if the minicell +s—a—decoupling-mmnicell; and nmeans f.or renD@7n©PRkﬁ59

us?r data fronlt nicell if the minicell is njot
decoupl i ng m ni ce E!ﬂ[ mlﬂﬂ ﬂﬁoar atus of claim 23, further corrprl sing:
1 i . od

means for rece|VI fromthe transm ssi on sourc

means for discarding the data cell if the data cell is an unassigned data
cell containing no mnicells. 25. " The apparatus of claim 24, wherein the

data cell,}s apy, @SYRCALORQYS e 313hE! 182061E8ldin the predeterminea

length of each decoupling minicell is one octet.

23. In a telecommunication system, an apparatus for
extractiig_user data from a data cell which carries the
user daﬁa:from a transmission source to a receiving entity
comprisihg:

means for separating at least one minicell from the
data cell if the data cell is not an unassigned data cell;

means for determiniaq whether the at least one
minicell is a decoupling minicell, wherein the at least one
minicell has a predetermined length;

meahs for discarding the at least one minicell if the
minicell is a decoupling minicell; and

.meahsjfor removing the user data from the at least one
minicéil’if the minicell is not a decoupling minicell.

24. Thé.apparatus of claim 23, further comprising:
meaﬁs'for receiving the data cell from the transmission
source;’ and '
means for discarding the data cell if the data cell is
an unassighed data cell containing no minicells.

25. The’ apparatus of claim 24, wherein the data cell is an
asynchroncus transfer mode cell.
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