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The present invention relates to tel ecomunication systens in which
asynchronous transfer node (ATM is used for transporting voice-type data
as well as other types of data, for exanple, video and control data. Mre
particularly, the present invention relates to a tel econmuni cation system
in which ATMis used for transporting low bit rate, circuit enul ation data
(i.e., synchronous data) fromone or nore circuit 10 emul ati on
connections (i.e., circuit emulation data sources). ATMis a standard
protocol that is comoiHORTEACKET CIREUIT EVMUISSFIONR! Onous

t el ecommuni cation data within a tel econmuni cation systemfor one or nore
applications. ATMis based on the transm ssion of data in fixed size data
packets known as ATM cells. The pr éﬂéﬂ@{fﬁ’h each ATMcell is the sane,
wherei n, each 15 ATM cel | cont et payload and a 5 octet
headef. In general mé}%sea meéduohm&slt@tél&%n% icafiB &&édﬁmhcat on
data associated with ch application is init nil Ina ta transfer
format t hsyhchmnam)irth modes@@vﬁ iscused fonét'ﬂﬂspmmg vbﬂ:eumkiaftmas welasporting

the data, ;the applicati specifjic data format is adapted sothat It is 20
conpat | bPEERAPES OF data; ?IWJ“B‘EOY‘ deerpp CQW%&BHWPWW therpresept at i on
layer ( I dob bR r t he
appl i caflﬁ‘gn ﬁl&)llreerlﬁ?ls {é) Ar%gércgsent sda?%lreﬁéerrnr}rﬁnmggta AT <§;1tB géleiai;rt)?|m]\ja£§r1é rl#n%

speci fi cldwebitcaentincuinémulatickedata fipn| syarhicaous E[ite) frmkmefor tnfge AﬁtbmiOl as
nentioned, is to reformat the data so the data is corrpatlble with the ATM
pr otldt ol emujation carRscHaRS G - GUCRIt ATMatiopddata yreesh 2 transport the data

to a desired receiw | mgq@ AALL is
typically used to pa el'fJ?zs{ean%% @éﬁ%&gatggg am@“ , Ci rcui“? gatlon dat a)
i nto st angmchiionens wiicampamication dathiwithie ameleddmmmanob@yﬁé:hlfst ofieeer or
unstructured data. Structured data is organized into _a sequence of data

bl ocks, WiE? apRiicatienss ol hithis,Papesh onstie fragsmission of Hatadn xed pige dappagiets

?f r g?t ur EHO\QI?E?A&‘NI LR ’i‘ﬁpgx)otoc-gb?or%ggh ATM REY hfthg %é’, vVi?e%g' I gz{chal | gnrent

15  ATM cell contains a 48 octet payload and a 5 octet header. In general, ATM is well
known in the art. ' '

The telecommunication data associated with each application is initially
in a data transfer format that is application specific. If ATM is to be used for
transporting the data, the application specific data format is adapted so that it is

20 compatiblt with the ATM protocol. This is accomplished by an ATM adaptation layer
(AAL) 101, as illustrated in FIG. 1. ‘Referring now to FIG. 1, the application layer
102 represents telecommunication data arriving from a specific telecommunication data
application. The task of the AAL 101, as mentioned, is to reformat the data so the data ;
is compatible with the ATM protocol. Once reformatted, the ATM layer 103 can

25  transport the data to a desired receiving unit.

, One of the more common AALs is AAL1. AAL1 is typically used to
packetize synchronous data (i.e., circuit emulation data) into standardized data packets,
which can, in turn, be structured or unstructured data. Structured data is organized
into a sequence of data blocks, wherein the boundary for each data block is defined-by

'~ 30  astructured data pointer (SDP). The SDP is specifically used for alignment (i.e.,
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PCT/ SE98 covery) of the data at a receiving unit. Unstructured data
refers tgqgis\?vaégfa that includes no fram ng information. ALTSEIROWS0 ded
into two basic functional sublayers, as illustrated in FIG 1. a
segnentation and reassenbly (SAR) subl ayer 104 and a convergence subl ayer 5
105. The SAR subl ayer 104 packetizes the incomng data into data bl ocks
that are 47 bytes in |l ength. The SAR subl ayer 104 then adds a 1 byte
sequence nunber and a 1 bit data type identifier (to identify the incom ng
data as either structured or unstructtded). For exanple, if the data type
identifier bit is set, the first byte in the block will contain a SDP. The
conver gemessveny ofitherdata g poretsividg maitp dbdsaructaeed dam refdro akramedsmy/eay, cel | 10
del ay variatjon co ensaftion. and forward error correction. There are a
nunber ofnci"}d’?éflgff{a‘%f‘%m RaUBsoci ated with AALL. Forenpst is that the tine

del ay requi red by AN QUAREPRLEH hakilihesidlal funbhRrk ol Sugessl vel v 1 ono.
For exanple, a typical service rate (I.€., e 1ncon hg data rate) for
circuit &HWl hta segmiatation anddeakienibly (BARsaublnyer 10 endeneon®engenstisiblayéd e del ay

for AAL1 | d a xinmately 6 ml]iseconds (i.e., 47 bytes/8

kbyt €3 pé&gs g@%ﬁ%“ s%yggiéq?yacg(ﬁtézeg pRpingdatainter dagablaciesitbahase 4€ndi ng
unit to ) R0 ' ' l4yiy i eral transiti ; thus,
the. al rooes SEIHERO T SaR XAETs 104 oRKOUE R, RHE St Wb BTG4 BRE
addi ti ondatwhype idemifien gtovidémify dw iatdmingidatadttefthert iRk Qrédorains@ictared).

I nsufficient ampunt of data to conpletely fill each ATMcell. Pursuant to

the 20 . Forgrample, if heqlagaape identifigyinis pal; thexfiest byrefin the tlonk willeontaimg

. : / i o ot e
bonavi dt S| T Yfefeehod bbby BRdRRRG: B Bckttlbaion, Hotidthydd it o ' o oo
hi ghity séelay varisionGosiessationasd forivaid @fordrig¢ton.and because bandwi dth is

very expensive, there is a real need to design a nore efficient way to
transport |ow bit KB ar¢s pember ofiipherent proklems assotiatgd mithh ARBLSUMVARY OF

ot orr odt PSS R LTS G BTRMES NALT plegere bt BB Bk r ot
asynchr oexessividy fongs URJT example| b ¢ypidal Yérvice rai@e., My ificotiing idei!rade) Yor AAL2

segnents |ow bit rate data .
circuit emulation data is 64 kbits per second. The corresponding time delay for AAL1

15  would be approximately 6 milliseconds (i.e., 47 bytes/8 kbytes per second).
Moreover, the transportation of data from a sending unit to a receivihg unit typically
involves several ATM transitions; thus, the already excessive delay is compounded
with each 1\XTM transition. In addition, when dealing with low bit rate data, there is
often an insufficient amount of data to completely fill each ATM cell. Pursuant to the
20  ATM cell protocol, the AAL1 may have to fill the remaining portion of each ATM cell
with padding bits. This, in turn, results in podr bandwidth utilization. Since many
applications, such as voice data, are highly sensitive tb data transportation delays, and
' because bandwidth is very expensive, there is a real need to design a more efficient
way to transport low bit rate, circuit emﬁlation data using ATM.
25 | '
SUMMARY OF INVENTION
Another commonly employed AAL is AAL2, which is sometimes
referred to as AALm. AAL2, is typically used to transform low bit rate, asynchronous
data, such as cellular voice data. More particularly, AAL2 segments low bit rate data

30  streams into small data packets, which are often called minicells or microcells. The



30 streans into small data packets, which are often called mnicells or
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PCT/ SE98/:00750 smal | data packets froma particular |low bit rate,
asynchronous data source are then nultiplexed together with small packets
fromother simlar data sources to form ATM cells. By segnenting the data
into snmaller, variable size data packets and by nultipl exing the snall
packets fromnultiple data sources, data transportati on delays 5 are
reduced and bandw dth utilization is imgproved. In addition, transportation
del ays can be further reduced and bandw dth utilization further inproved by

|1 owi | . t ' t ATM cel I s,
11 st r oo A A pe et AR o A5t ial s AR DR RE e A or mance
for cir Cumhltﬁilﬁﬂeattb%ﬂ]diaﬁﬂl siedInshckee ﬁfonﬂsﬁléxomhmc@@@mdr&fsits&oﬁﬁ Aqevat ed

e

w th AAL2. Hence, the 10 resent invention is essentially an enhanced
ver si on ofellaaBy segmentingthgrdatadnto smallentvapiablesizealatipackess end byl t o as t he

circuit emulation adaptation |ayer. .. ordance.with FIG 3, the present
ivent 1 orbtibl BRI Rabke AR gy B A o e, qat psmparion g, "1t
a Ci r gui tar@ Fethitell @Ad BakviakIIlizARHES iBPRovadd Ixaad‘d?@cfﬂ, latiby h&rayé exi ng

| ayer 310, wherein the latter is functionally simlar or identical to the
AAL2 des ceanihecfuriber/xeduaed and bandwidth utilizatigw fiwther mgprpyed by aldoweing olig ect of t he

toi ' t ket | the | bi te, Ci, i t [ dat
bet or ot roE PR oSG Sokrnaditem AThibdl: SRR 0T ot oo
of the present | venkd prisd ivERESH BrghR NI bbb R By T anspor i ng.

circuit enul ation data over an ATM connection. [n accordance wth one
aspect ofennilatiomdaiausiop thet feactiomabeppabiljtiensksatisted wth AALDbHents the € achi eved
by an _apparatus, system and/or nethod for trapsporting circuit enulation

dat a10ThiRFeseRE H1veauon 1 siantnls o shhancsd vsrsiehol AdLdnanthibg present mventioience of
circuit N : : | t .0, e nce of
circuit ?gu“}"?i“? gégegg(gg) %ggﬁg{{?}?%?%a%&g%aggﬁ (r)}én ? %r tnc%cﬁgdak%xvﬁﬁﬁg‘ dat a
t ransf er 3;ah¢ presentrinvengion iseathieyediby eepdaciignhe WAL 105, Hufttared indFIGf1,a dat a

t ransfer C’%‘lbl shaioin cl ock. Inn(?JS %dition, the |l ength of each_ data
packet i sSVERBACHGHE sHulation adaptation Jayer 305 aad g short packstmaftiplexing lanem3 Ky cl ock.

wherein the latter is functionalty similar or identical to the AAL2 described above.

15 Accordingly, it is an object of the present invention to packetize the low
bit rate, circuit emulation data before transporting the data over an ATM connection.
It is another object of the present invention to improve bandwidth
utilization when transporting circuit emulation data over an ATM connection.
In accordance with one aspect of the invention, the foregoing and other
20  objects are achieved by an apparatus, system and/or method for transporting circuit
emulation data. This involves the transformation of emulation data into a sequence of
circuit emulation data packets, and then the insertion of the sequence of circuit
emulation data packets into a data transfer cel¥: Next; ey tranwheor-ccll is
transported to a receiving unit as a function of a data transfer cell shaping clock. In
25 - addition, the length of each data'packet is controlled as a function of the data transfer
cell E,haping clock.
In accordance another aspect of the invention, the foregoing and other
objects are achieved by an apparatus, system and/or method for transporting circuit -
emulation data. This involves transforming the circuit emulation data into a sequence

30  of circuit emulation data packets and inserting the sequence of circuit emulation data



I n accordance anot her aspect of the inventjon, the foregoing and other

obj ects & ved by an apparatus, system and/or metho porting
circuit enu?szlﬂi'%)‘ﬁ data. This involves transformng the ci S’({T?%Egg)r’qﬁggt i on
data into a sequence 30 of circuit emulation data packets and inserting
t he sequence of circuit enul ati on data WO 98/51114

PCT/ SE98/ 00750 -4- packets into a data transfer cell. Then the data :
transfer cell is transported to a receiving unit. Here, data packet |ength.
is controlled as a function of the service rate clock. 5

BRI EF DESCRI PTI ON OF THE DRAW NGS The-obj ects and advant ages of. the

i nvention will be understood by reading the follow ng detail ed description
in conj un%qkpﬁnnwatqlﬁt& h‘énscﬁfFremilng'@lenrﬁha/\ﬁﬁtch'anﬁe@ellms ttemipotted toe asynchronous

transfer datat r. i.n accordance with the prior
art; 10 ™ Vg Gl E?%Pa%% h“é&‘t‘fs qqeas rﬁfP’P‘i“BP@E tHeSERYICETA® t packet s
into ATM:e6k! s i n accordance with the pI’IOI’ art; FIG 3 depicts an AAL in
accordance with the present invention; FIG 4 illustrates a short packet

i ncl udi ng a header and paddi ng i nformation; 15 FI GS. 5A and

5B |Ilustrate t he funﬁgﬁg sutfe present invention at a sending
unit:°>FIG 6 illustra h 3@?&‘# resent invention at

a receiving unit; ihGep Zt@‘aﬁci‘ﬁ’dw%ﬁta ' echni que for
transporting 20 41:Tlow gl t rate, rsg%tftk@ mls%, a de&%g IG 8 is a
f I owchar teadingithe fallpwang éatmudcdcecripmonmcemunm@nlwm the drawihgs mqwmshﬂ t
enul ati on data. D%LIEE) gr\l
eplcts e async onous transfer mode (ATM) adaptation layer

(AAL) in accordance with the prior art;

10 FIG. 2 illustrates the multiplexing of short packets into ATM cells in
accordance with the prior art;
FIG. 3 depicts an AAL in accordance with the present invention;
FIG. 4 illustrates a short packet including a header and padding
information;
15 FIGS. 5A and 5B illustrate the functional layers of the present invention
at a sending unit;
FIG. 6 illustrates the functional layers of the present invention at a
receiving u\nit; -
FIGS. 7A and 7B are flowcharts depicting a technique for transporting
20  low bit rate, circuit emulation data; and
FIG. 8 is a flowchart deplctmg a technique for receiving low bit rate,

circuit emulation data.

DETAILED DESCRIPTION
25 i The present invention more efficiently transports low bit rate, circuit
emulation (i.e., synchronous) data from a sending unit to a receiving unit over an ATM
connection. In general, the present invention accomplishés this by packetizing
incoming circuit emulation data into one or more short packets, for example, short
packet 405 which comprises a number of data bytes including a last data byte 410, as
30  illustrated in FIG. 4. Since the length of each short packet is typically much shorter



25 The present invention . nore efficiently transports |ow bit
rate, cirwQ9s/semdl ation (i.e., -synchronous) data from a sepgiRgosisrse t 0- a
receiving unit over an ATM connection. In general, the present invention
acconplishes this by packetizing incomng circuit emulation data into one
or nore short packets, for exanple, short packet 405 which conprises a
nunber of data bytes including a | ast data byte 410, as 30 i1 lustrated
in FIG 4. Since the length of each short packet is typically nuch shorter
WD 98/51114

PCT/ SE98/ 00750 -5- than the | ength of ‘e si ngl e ATM cel | payl oad, a sequence
of short packets containing,glrcuit lation data froma particul ar
circuit gFi lﬁ?ﬁ‘ﬁB%ﬁé@ﬁﬁo‘ﬁfM c_:egl_ gayﬁ;?daa seAveRss) of short packetsseontairing nt o t he
payl oad Qfircliteniid |, | . of. sh ets in a
sequencec%lécﬁgr at e%ltﬁ)g)éd;gg ggﬂptai %ﬁ%‘?ﬁcﬁ%ﬁgp ‘%Jrar@fl%p %%%ﬁ%%hh%t?ﬁ{%ﬁ&%lgél not 5
conpl et elcanfbelihserted intothepryloddMf aclidglpATM acll. Quiteofen)ithe nabevdfhbrt
utilization, apd to reduce data transportation delays, the present

i nvent i orPACKRTF {Tka SoqupRCe BRRSrateA DY Aupartiey)ar eirqwitiemubttion compestian vi@ot packet

sequepce AMLCOFRESS] ein..each shor ket seqguence
corregpo%(?g{btl%gg fgrﬁerenttcm rcﬁlt&g%pgﬁoo WL}) ?‘g#néﬁﬁﬁ@%oﬁ’ necti on
i nvol vi ngo zedlict idataardnsporrazion elayifthé present Gnvenla, Bk WATL1, Had B sbilith O

coded speech). This does not nmean that the present invention conpletely

avoi ds t e muplex sevsaalishert pagkst saquomage on the samecdATMcapineationr wheresed, t he
resent i We) Q ill.the remaining.portion of a short

Bac ket , fe(g)‘rYt?g%(dg h‘%fcg,gé %éﬂgécgg{’gg%]to g&o{?tae&l o ?F‘E“ﬁee’%q%} ??QBR%PMOS, as

i || ust r atagd/orfa dohfiectién ifNoding i idiffsretitpge Of fesria (&g data baftol 9%%41515 skilled

inthe art will readily appreciate that a padding counter (PC) 415 can be
i ncl 4@ed caded spgeChe receiving unit can properly identify them and di scard

t hem For purposes of §ll i gn, .the PC 415 conprises 3 hits A0, Al, A2.
Accor di ngl 5 IF:)’C 41?‘&%@1&53@ |{ ﬁg%@amyr%sgn@n CHitgn “’Bfef"jy ayqigds the use
i 11 ustr atogpaddifig bitsIC Howaoér, ifpadamgdnd afd £OBY ShObresdht EVRIBLAbNiy2es

ol
enbodi ment 500 of the present invention with respect to a tePegom"runi cation
system them to fill the remaining portion of a short packet, for example, the last data byte 410

in the short packet 405, as illustrated in FIG. 4. Also, if padding bits are utilized, one

15  skilled in the art will readily appreciate that a padding counter (PC) 415 can be
included so that the receiving unit can properly identify them and discard them. For
purposes of illustration, the PC 415 comprises 3 bits A0, Al, A2. Accordingly, PC
415 can define as many as 8 padding bits.

FIG. 5A illustrates the functional layers and elements of an exemplary

20 embodiment 500 of the present invention with respect to a telecommunication system -
sending unit. The three functional layers include the ATM layer 5035, the short packet
layer 510, and the circuit emulation adaptation layer 515. As previously mentioned,
the present invention replaces the AAL 101 with a short packét layer and a circuit
emulation adaptation layer.

25 3 " The exemplary embodiment 500 operatés as follbws. Circuit emulation
data 520, from a particular circuit emulation connection 525, is clocked into an input
buffer 530, located in the circuit emulation adaptation layer 515, by a service clock
(SVC CLK) 535. The input buffer 530 is a hardware component comprising a number

of shift registers which perform a serial to parallel conversion.



sending unit. The three functional |ayers include the ATM | ayer 505, the
short pa r 510, and the circuit enul ati on adaptatig ayer_ 515. As
previ ouslwf%%ghl??ﬁned, t he present invention replaces the Kﬁ” P a
short packet layer and a circuit enulation adaptation layer. 2 5

The exenpl ary enbodi nrent 500 operates as follows. Circuit enul ation data
520, froma particular circuit enulation connection 525, is clocked into an
i nput buffer 530, located in the circuit enul ation adaptation |ayer 515, by
a service clock (SVC CLK) 535. The input buffer 530 is a hardware conponent
conprising a nunmber of shift registersfwhich performa serial to parallel
conver si on. WO 98/51114

PCT/ SE98/ 00750 The TheSWIL KLE3535 funcridneas a phrticulafitlotic titérandliomly bat e, and it

may be acconpanied by_a fr clock (not shown), if the circuit enulation
data is @fwﬁwee&yo%#amef@g&maﬁw)mf tilﬁélfwlé%_‘ﬂé‘ll@tﬁam & steicpgecht i fy the
begi nNi ga@! AROLrIEA e Eme HORE & ity HEbefhAflS JreSH B Yl | e @

derivative of _ ervice clock frequency.
enul at i olleadsthefiame diackeredhthcyabitiche aderivdtiee 6f tha eice ZidckTreqabmyk. More
specifically, it i n&lléudes, a packetizatjon clock signal 540. I'n one

embod? nent, t he padit&Essl FBRIatP adapiatigndayes 205 plso ireludes @ pegkesigation ng a

f Vi he sianal d .h |l _shapi | ock
550, aii oy Mt spAREtan’ NipSh i pepkABHEGHI0K, BE S, Mpe” 0 E G A
the si gnembpdiattucatle pyckfizatioh Ri>chFignalesdo is ha@&mﬂ@@m@é@mhﬁeﬂé' vided by a

val ue K, which is an qperator ad&stabl e vari able. Therefore, the operator

can cont ABlderpdSie theougnal praduced iAvEMicsH sbapdegiclogk 530, whithnis t he val ue of

K. Since . t .S function of the cketization
cl ock peP%g"gf“k‘?ﬁg{@%gE g%%?%bé%ﬁ?éﬁ@%e‘“l@ﬁg#ﬁ" ?3?@1 B‘F?gf"? cket s
ext reet etef ADM tdieshapingtcldaifS5ems Bivied Notatvalie e, WhidH idarPbpdritr Short packets
is also a_ 15 function of the service clock rate. For exanple, as the

packet i zadirgable|vaeirblse ihsteiorgcthe ppetstor can controlithe paried of demypacketizatibe short
packets. i | : t el Ce. rate .l ncreases o too wll the | ength of
t he shorfﬂoggg g?@xjsm?%thgqgg%&t]‘ 'e%%mmg, 8€ |SP?§P?‘§&=§dS pfungtion ofg "t pe

packet i z el pabketization clock period, the operator can control the length of the short packets

extracted from the input buffer 530. Note, the length of the short packets is also a |
15 function of the service clock.rate. For example, as the packetization clock period |
increases, so too will the length of the short packets. Likewise, as the service rate
increases, so too will the length of the short packets.
In a second embodiment, as illustrated in FIG. 5B, the packetization '
clock signal 540 is derived by applying a factor K to the signal produced by the SVC
20 CLK535. Again, the operator would be able to control the period of the packetization
clock signal 540 by adjusting the value of K. _
If the circuit emulation data is structured data, a sequence of short
packets will be passed from the input buffer 530 to a SDP generation unit 555. The
SDP generation unit will produce a SDP which, as explainéd previously, is used for
25  maintaining the alignment of data frames at the receiving unit. If the circuit emulation
data is unstructured data, the sequence of short packets will be passed from the input
buffer 530 directly to the header generation unit 560. The header generation unit then

generates a header 420 for each short packet 405. The header may include, for

example, the SDP (if one is required), a sequence counter, a data type identifier, and a

30 circuit emulation connection identifier.



clock signal 540 is derived by applying a factor Kto the signal produced
by the S¥o odki114 CLK 535. Again, the operator would be abl &!ﬁﬁmsbol the
period of+ the packetization cl ock si gnhal 540 by adjusting the val ué

If- the circuit enulation data is structured data, a sequence of short
~packets will be passed fromthe input buffer 530 to a SDP generation unit
555. The SDP generation unit will produce a SDP whi ch, as expl ai ned
previously, is used for 2 5 mai ntaining the alignment of data franmes at
the receiving unit. If the circuit enulation data is unstructured data, the
sequence of short packets will be passkd fromthe input buffer 530 directly
to the header generation unit 560. The header generation unit then

gener ates a header Theseqwnceedcﬂl;osmfzketq)iadk@t fodwarded trethh shokt packey i ncl ude,

for exa t he i f_ one i.s ui.r ed nce counter data type
| Gent 1 Bty 650 The spil Backee HRHBIERE Moo nBRIERE e SRS dfshort o

98/ 51114gackets containing circuit emulatton data from circuit enéulauon onne tion 55%@@@8/ 00750
_The sequence of short packets is then forwarded to t ort pac

nul ti pl eXAdM $6l strddne aboing withpshokteiackets t:mmhmmgrdatdtfeﬁmmﬂet- lcphmxﬁsnst (het sequence
of short packets.containi _rla%mgl rcuit enulatign data fromcircuit emnul ation

connett i "QQSHWCH{dH‘gt‘HEP“K afqn coppectiops, pad/er WI‘F‘H“@H&F%HX)‘&&IQQ{CE cont ai ni ng

data fro t [ | ati on
connect | DRS: SElpRRBRE SRl dnd ccritba vbiaE), ShBPE shi phoiE™
control mulipiéxer 368 rmmipiemsshdrt\pacm)frorﬁlmmréds&:oﬁﬁwnbn@&ﬁ&ﬁéf whichi pl exer
565 nul ti pl exes short E)acket s. from nunerous connections, each of which may

be sendi FgY desending Ea‘-‘i‘F‘isrﬁFF‘élF?é‘S%W thg ﬂ@ebrwmch the,ghorpackss shor t
ket e b
B?ggfarrpm}%ﬁ ﬁ%;%?%tﬁs ﬁ?@uﬂfyﬁs daf&e Q@ts EJ]U S THES P‘l"gf a "f'\g/“(ieg'lt $§1 s mysgi on

pri arg t yséheduleawhich fdefibestae kahuveByamwxstsioml prioritg fari eraemgnoreﬁau(gt iRy data into
a single ATMcell, w.th short packets from other connections, the pr esent

i nvent i ofuiiexdng eiscuitl amuption dats iwe asingle ASMgell. avith shevtpagkals fromndwi dt h
utilizat g&grscdrﬁne&%on‘é’etﬂ e pr ?s‘é&giﬂbéﬁg gt?éfxgcgg %véra}lrgggxg%lfss%gﬁ ari fhat the ATM

| ayer 50 can supp “severa al l ocati on,
or traff inereagds\ban@withlh @GR4atiOf.

It is well recognized by those skilled in the art that the ATM layer 505

15  can support several different kinds of bandwidth allocation, or traffic service categories
such as constant bit rate (CBR) services, variable bit rate (VBR) services, available bit
rate (ABR) services, and unspecified bit rate (UBR) services. In accordance with a
preferred e\mbodiment of the present invention, ATM cells are dispatched from the
sending unit and constant, peak cell rate allocation is controlled by the ATM cell

20  shaping clock 550. Since the packetization clock signal 540 is derived directly from
the ATM cell shaping clock 550, there is less potential for interference between the
generation of short packets and the generation of ATM cells.

When the ATM cell shaping clock 550 signiﬁes that the current ATM

cell is to be transported, a header generation unit 570 in the ATM layer 505 will cause

25 astandard ATM cell header to be appended to the payioad of the current ATM cell.
The ATM cell header and payload are then transported to the appropriate receiving
unit. One of skill in the art will readily appreciate that the ATM cell could transition
through a number of different ATM-switches before arriving at the desired receiving—
entity. Each of these ATM-switches would result in additional transportation delays

30 independent of the present invention.



such as constant bit rate (CBR) servi.ces, \./aria_blg Blt rate (VBE) services,
avai | abl gydyi e (ABR) services, and unspecifie it rat rvi ces.
In accordangﬁelsf/}ﬁh a preferred enbodi nent of the present |§(€/1(é#f5%8298?§ ATM"
cells are dispatched fromthe sending unit and constant, peak cell rate
allocation is controlled by the ATM cell 20 shapi ng cl ock 550. Since the
packeti zation clock signal 540 is derived directly fromthe ATM cel |
shapi ng cl ock 550, there is less potential for interference between the
generation of short packets and the generation of ATMcells. Wen the ATM
cell shaping clock 550 signifies that-8he current ATMcell is to be
transported, a header generation unit 570 in the ATMlayer 505 will cause
25 a standard ATNFIGe(6ldepistsdbe funotitmeal Mygﬁsrmfaﬂl e pxgsédnm\/feﬁ&damaﬂtmfespéb;e .
current ATM cell... The ATM cel] header and payl oad are then transporte o]
the appr Gﬁ?ﬂ%@ewg’@&% HYAGRTGRNCECHER ap exqmplary; epboriznea 60Q4 s m&ﬁfji lg'yff t
apprecia ; I Iyl . I fferen
ATV i £ CRg hpl e AR Layep Rl 2R ek 806 R R Byl 600 T hoce
ATM swi t ahéa cirruitcmmudationtadaptatichdaér@i Al Aga&ﬂﬁh?pffe@émt Drivefiforobeplaces the

I ndependent_of the present invention. WD 98/51114 i

PCT/ SE98/ ol 381 vgth ©p &hotg parkst vy QlReand dhe eir@uifaamulztiparadapatiomiaypr esent

i nventioaswith respect to the receiving unit, in accordance with an

exenpl ary enbodi ment 600. As in the sending unit, the functional |ayers

i nclude an ATM | ay &fhe@RBmplarysémbddimest6a0 dpapueds a6 F8llowan dTke ATM lykr emul ati on
adaptation_|l ayer 615. Again, the present invention replaces the 5 AAL 101

with t he 69f&eeeives @RdRcomips AT gelkfram the sending wnit, svherein o ATM dsaderi on | ayer

615. The I ngﬂ% es as,.follows. The | ayer 605
receives ‘%ﬁg‘@é‘g‘?ﬁ*%g%ﬁ}( ce A roﬁwafﬁ%%éreﬁaﬁnﬁge ﬁ‘HF‘i"\?B“W?EWé% MC%)TIM header
renovel payload2hdribemyassestthepsyIdddasid tHeeReR paéked BerhilEpleér 623t ot REPH NI ATM
cell 10  payl oa and then passes the payl oad onto the short packet

d
demul ti pm&@oﬂ&@kﬁdwréaoi_ ‘he shoré panket grroitiplexenf35 sepegatesthe showr t packet
demul ti p&)&&i&E sé‘%ﬁr@n&@ Q@&%iﬁﬁ t& Hl%irscra?rregponding connections, which may include one

or more circuit emulation connections. The short packets are then forwarded to the

appropriate adaptation layer. Short packets containing circuit emulation data are passed
15 to a circuit emulation adaptation layer, e.g., circuit emulation adaptation layer 615.
In the circuit emulation adaptation layer 615, a short packet header
removal unit 630 removes the header from each short packet. The header removal unit
630 is also\ responsible for extracting the SDP if the corresponding sequence of short
packets contains structured data. The header removal unit 630 then sends the short
20 - packets, and the SDP if the short packets contain structured data, to the output buffer
1635. The output buffer 635 utilizes the SDP to segment the blocks of data and to
generate a block rate clock. For example, if stand‘ard PDH/SDH lines are being
emulated, the SDP will be used to identify 0.125 microsecond frame borders. The
output buffer 635 is a hardware component comprising a series of shift registers that
25 perfqrms a parallel to serial data transformation. '
The header removal unit 630 is also responsibie for transmitting a clock
recovery initiation pulse to the clock recovery unit 640 if the corresponding sequence
of short packets contains unstructured data. Whether the sequence of short packets i
contain structured or unstructured data, the clock recovery ﬁnit, in turn, controls the

30  rate at which data is transferred from the output buffer 635 to the circuit emulation



packet sequences according to their correspondi ng connections, which may

i ncl ude Y98 1Inbre circuit erul ati on connections. The shopdr/Pessloeiss are

then forwarded to the appropriate adaptation |ayer. Short packets

containing circuit enulation data are passed 15 to a circuit enulation

_ adaptation |ayer, e.g., circuit enulation adaptation |ayer 615. In the
circuit enul ation adaptation |ayer 615, a short packet header renoval unit
630 renoves the header from each short packet. The header renoval unit 630
is al so responsible for extracting thg-g_SDP i f the correspondi ng sequence of
short packets contains structured data. The header renoval unit 630 then
sends the_shay.t packet.s. ..and the SDP if the short packets contain
struct urgan%ﬁ{’%f} g‘?% TRECERIIP s EFP%S?CO?.‘W& Wik QAR TERRREF LSS @85 utili zes
the SDP {&o% t ¥ige @ : ik rate clock.
For examtgl e, &ig?mgtrgir?grtgé §@I;‘:QDI-V Sd@lc{éig?zg@g?é ec?[ﬁgﬁcrg%]ﬁgta %g%aﬁ %e SDP wi Il be
used to indusfeired tothe 26rmspondng cineuit Emakatioh conterson G4featahé paquirbdififtar 635 i s
a hardware c onent conprising a series of shift registers that 2 5 '
per f or ns 3 pdP ICP oK TECPVERY it Cagiafﬁgel{efagﬁéﬁépﬁﬁqq@qaﬁkm nieeher o npval  unit
630 i ahﬁgr&ﬁs,&gg_si ble for transmtting a clock recovery initiation pulse
-to the clock recovery unit 640 if the correspondi ng sequence of short
packets contains uffbe clock uecosteryatnit 640N éx hereférnal anspdemen, ffgendiatel tRacket s
contain struct tlprcﬁd or, unstruct%red data, the clock recovery unit, in turn,

cont r ol sS§TKiee §tpck Tate By FXIractie W seryics clackiratg g theohTM: sireamas 2out put  buf f er
635 to t 2] iHe 2TM &1 28 : 111 . .
PCT/ SEQS?%@%S?% conn@liﬁxdéﬂ%gl%éé#éoﬁphﬁe%%emw geHeargyaggﬁter ecovery

uni t 640diseipunion direstly feflects theefreqieney of the ATNIReRkhdphes AN 55 Thock 535 so
that the circuit enulation data is transferred to the corresponding circuit

emullct | oflOElFEFEXETY JRItRAE can thenaise dbp AT My celbaraivalnate disthibuticmand thecovery unit
t ' [ 490] f di f .
The cof oclabgbEx BBt Selithel B el Rl otk v sitpal 8 Tu e

servi ce clockkecoudrs unjt GiOtthacdétergnihddahs edty bf Bie GhEde dlGtkSn ab&Riddee WM St ream
as a '

the following relationship:
15 SVCeix = Nypg * P = Nyar * SHe /K (1)

wherein SVC, represents the service clock rate, P¢,, represents the packetization
clock rate, SHe represents the shaping clock rate, and Ny,, represents the size of the
short pack}:ts. Because Ny, can vary due to ﬂucfuations in the frequency of the
20  service clock and the frequency of the shaping clock SH,, a service clock estimate is
smoothed by a low pass filter, thus helping to attenuate packet size jitter. |
With respect to structured data, the service block rate is derived in

accordance with the following relationship.
25 - - SVCaix = Nvar/Nprk * Perw = Nyao/Nay * SHey o/ K(2)
The block size Ny, ¢ is derived in accordance with the SDP, which is extracted by the

header removal unit 640 as explained above. The block rate is also independent of ~

block size which implies that the number of time slots for standard circuit emulation of



function of the ATMcell arrival rate distribution, wherein the ATM cel |
arrival ) 1+$4ribution directly reflects the frequency cell
shapi ng ('?f’(’(é)ng(/ﬁg% . The 10 cl ock recovery unit 640 can tfé#’%@g’m? e ATM
cell arrival rate distribution and the value of K to determ ne the
frequency of the packetization clock (P[err]) signal 540. The cl ock
recovery unit 640 then determ nes the rate of the service clock in
accordance with the follow ng rel ationship: 15

SvC err] = Nerr] * Plerr] = Nerr] * SHerr]/K ) (1) wherein
SVCCLK represents the service clock rdfe, Plerr] represents the

packeti zation clock rate, SH err] represents the shaping clock rate, and
NVAR r eprPSEMSDH pennertion esfuld bexchanged withoktatramataliy nessynhidRizimmthear y due to
fluctuations iT he frequency of the 20 service clock and the frequency
of the sFASIHPIOKTAE 5 err]. a service clock estimate is snoothed by a | ow
pass filter, thus ' &G : 'k?d!\'r' ' spect to
structured data, tgé?g?eiricgvﬁock ra’??eﬁg&géebroi%e |?1ﬁ% gg?ggér{@éfo\?vith t he
f ol | owi nglock kecovenyshethodsXEcause this method relies exGiéivelyrdn the biaradidriscenf ] *

P =_N N * SH /| K(2) The bl k size NBLK i deri di
P b M b i Rl B 35K P monsonghiom "o 540
as expl ajgshiakeY 8f stbiEpdekaek Aéhror‘%ih yahé%chgggb‘r%g&g@ﬁt @z{oté&g?r&uc}&e“ ze which

inmplies that the nunber of tinme slots for s rcul ation of
WO 98/ 514ctgrately compute the service clock rate.

PCT/ SE98/ 00750 -10:. a PD;—V SDH connection coul d be changed w t hout
dramatical |y re- syNeKF8K ef‘?’r[\zgef‘ Q?WWTEQHHI%WDF@tTéC%W.Sem cl ock

recovery | o | i 0 recovery
met hods ‘f)lg%ag{s)%ctg ﬁ?é&éﬁﬁ?ﬂg@b %ﬁ“?%@@%?%%??;ﬁ%ﬁ&%@p g‘ﬁg‘% rg@%teoﬁ%gt ics of 5
t he 1ATM tseyddn c6fanctivni with AlAddadly aecordamedeitteofesuck €lodl recavergirh@nsd, caused by

the multiplexing of short packets. Accordingly, the clock recovery unit 640
can nor ethgEeTrics dogk is sesayered dram au exiemal petwork slacke . These dg nvitesaal, "t he cl ock

recovery gt fecBdly 4t WABPHE mblGa S Anbhef prior method for recovering the

service clock is the Adaptive Clock Recovery method. This method involves

measuring the average output buffer fill level, then utilizing the measurement to adjust

15  the phase-locked loop (PLL) in the clock recovery unit 640..' Yet another prior
technique for recovering the service clock is the Synchrondus Residual Time Stamp
method. This method involves measuring the difference between a stable system clock
and the scr\vice clock, then using the measurement to adjust fhe PLL. These methods
are well known in the art.

20 Although each of the above-identified prior methods could be used for
clock recovery, there is less delay variation with the present invention. This is due to
the fact that the packetization clock 540 is derived fr611:1 the ATM cell shaping clock
550, in at least one of the above-identified embodiments. Therefore, clock recovery
performance is primarily dependent upon the transmission characteristics at the ATM

25 layer..-103 rather than the performance characteristics of the AAL.

FIG. 7 is a flowchart depicting the method steps for transporting low bit
rate, circuit emulation data from a sending unit to a receiving unit in accordance with a
preferred embodiment of the present invention. As illustrated in block 705, circuit
emulation data 520 is first shifted into an input buffer 530 in the circuit emulation data

30 adaptation layer 515 at a rate that is governed by the service clock 535. The circuit



clock in accordance with any nunber of prior nethods, particularly those
nost . of t ¥ W51k4ised in conjunction with AALL. | n accordanper/skédnoesee such
" clock recovery nethod, the service clock is recovered froman external
network clock. There is no internal clock recovery required with this

met hod. Anot her prior nethod for recovering the service clock is the
Adaptive O ock Recovery nethod. This nethod involves neasuring the average
output buffer fill level, then utilizing the neasurenent to adjust 15 t he
phase-1 ocked | oop (PLL) in the clock rgeovery unit 640. Yet another prior
techni que for recovering the service clock is the Synchronous Residual Tine

Stanp nethod... Thi ' Aeasuring the difference between a

stabl e sys é“ﬁ“@ﬁéﬁ%@%’!eﬁ e%%{/tlg%’el %58%,17 ’-q‘r’i‘grPaﬁlﬁqnﬁB“e’r“ﬁ%o’i‘Fegs’E}P%e nt to
“adj ust t RRofPibhckel PEAOad R GRBWNGR DIOWR! 710K BIBaddthot A%y 8¢ SddedOif

Al t hough eacE of ?he above-identified pri otrl\ﬁarret r%dgy coul o? ble “S‘éeeséa%r cl ock

recover y as exppiacd gboves {0 mainain byteialighmentwi Segmentatipn ek thereforerthe sive This i s
due to t t t cketi zat. clock 54Q is deriv romthe ATM
cel | sha%?ﬁ% &é}@%&g@?ﬁog@sa%e i ?liegg’é{ packerzateR, Gioc ﬁl‘gﬂﬁ%ﬁbeﬁ’h“’h
enbods ek derivEl S¥dth @h A TMI OB KhaphGOMBEL S5PH RE qu'ieﬁ 5p3 BPHBIT' s%rﬂ@ endent

M ayer 10

upon the transm ssion characteristics at the A rat her than
t he perf ologki#38. characteristics of the AAL. FIG 7 is a flowhart depicting
t he net hod st eps fcalr tranﬁs#)o ting low hit rate, circuit enulation data from
a sending unit to dDPF8EE pn‘éfpﬁ UPCR Q@@W&%@“WWI@%@MM

enbodi ne ' | QR; | : | o] 0% ircuit
enul at i oﬁ&‘é‘g{%ﬁ%ﬂ@%;?k?&gﬁaﬁ gglqlﬁ?%kghy ?Iﬁ%gﬁbﬁ%b‘w e’)? 5'S%thlznc%icﬁ circuit
enul at i ormuletian 88ta 528dg ptrettired datay &r acodidante with diee" YEBI !t paitls ogtofer ned by t he
servj ce ﬁl ock %&5% 7136 citcuit MO 38/ 51114 )

PCT/ S0 Fe3578B Ta0; B CLravis cmpigtipn adaptationdwres i & avill igenasate @A yas and
packeti z ' - : _ . . ' ck 710.
Bt padd inbIREe TR SRS SI0ieuaR6 ek BAKE SRR tuip 0ol iR

byt e al i blookahd/oSdatadranat alignment, Thdweir@ﬁtcrrmlaﬁdaﬂacﬁptaﬁomtagéxhsrlﬁdh@ﬁt packet

payl oads are conh&%l dtpxé a packeti zation clock signal 540, which 5 S
deri ved BFRHAtEHhA ASAPCE &1 the ARG PTEORE SHEXt P3skets. in aepordenke WithdlodkgB SorIff r om

SErvi C€ the circuit emulation data 520 is not structured data, in accordance with the "NO" path

)

15  out of decision block 715 , the circuit emulation adaptation layer will simply generate a
header, as shown in block 725, without first generating a SDP.

The generation of a SDP depends upon whether the circuit emulation
data is structured. Alternatively, the generation of a SDP may depend upon whether
there is a ﬁxed relationship between data packet size and block size. If there is no

20  relationship, then a SDP will be generated, as explained above, and as illustrated in
FIG. 7B (blocks 750 and 760). If, however, there is a fixed relationship between data
packet size and block size, then the function of the SDP can be accomplished by setting
a system configuration command, for example, through software controls, as illustrated
in FIG. 7B (blocks 750 and 755). By not generating and transporting a SDP, valuable

25  bandwidth is preserved for data and/or other important overhead information.

N Once the headers have been gexierated for the one or more short packets,
the header and the packetized data are then forwarded to the short packet layer 510,
wherein the packetized data is multiplexed together with short packets generated by ~
other.connections, as illust_ratéd in block 730. As mentioned above, the order in which

30  the short packets from each connection are multiplexed into the ATM stream will



cl ock 535. The next step depends upon whether the circuit enulation data
520 is structured data or unstructured data, as illustrated by decision

bl ock 71%¥O9¥51¢He circuit enul ati on data 520 is structur ePQISRES/ODISO
accordance with the "YES' path out of 10 deci sion block 715, the circuit
enul ation adaptation |ayer 515 will generate a SDP, as shown in block 720,
whi ch is subsequently used at the receiving unit to maintain data bl ock
and/or data frame alignnent. The circuit enul ati on adaptation |ayer 515

t hen generates a header for the one or nore short packets, in accordance
with block 725. If the circuit enul ati;gn data 520 is not structured data,
I n accordance with the "NO' path 15 out of decision block 715, the

circuit t A : i L1, sinpl,y generate.a header, as shown
in bl ock %ﬂ ‘%B%Eﬁgp&?&}ﬁ‘é‘?e%g‘lé%ﬁgf‘f gulg- <o °?ﬂ_%ar§ S rmetan o sop
depends @ipatchibio e dediredGbdeivihi uhilus @tiRoslof thel STMIHGhaifs clock _
Alternatively, the generation of a SDP may depend upon whether there is a

fixed rePaPi Braspordanserwilleblogla/35.packet size and block size. If there is no
20 - relationshi hgn a,SPDP. w Ll .be ner at ed, ag expl.ai ne bove, and
as illustrated i_npl’EF{:} §ﬁ3a PBWS%%@WB‘%“‘& : ’f’@g’f’g sfeps iﬁd AFERg Atdjﬂ\%rcSuﬁ s a
fixedsrelas t%%&ﬂmﬂ R AP SR Hit ?ﬁe,ac'f&;éui? efialatsh 48m ﬂ'&ﬁ?llxcg he

function of the can be acconplished by setting a system con uration
command, s¢quenesxefighbn packatosaythatio ambe properly farivardedso tlel cistitaimdation FI G 7B

bl ocks 750 apd .. B t t] t ti SDP, . val uabl e 25
R b A
i nformati on. Once qﬁe,ﬁ&%aqllﬁstwn@?)ggﬁg%gg fsd%felﬁ‘;’?'t ﬂ@a&gg%ﬁ{;%nor e short

packets, the header and the packetize a aret orwar t he short
packet | awtbrblecko§05nanAcTM celids reacived by ek AlEMblajer 605| whitheemdvésoget her with

SO P2 e A R Rl L TP B S o2 e 00k T30
CONTECL) e 9 BT 18 e tot O BMSHROEM e DOBIETLE
cel | s ar eccohding totheirdespedtive circuit emulation connections, as illustrated by block 810.
The short packet demultiplexer 625 then forwards each sequence of short packets to a
corresponding circuit emulation adaptation layer 615, where the headers are removed
15  for each short packet, in accordance with block 815. The corresponding short packet
payloads are then directed to an output buffer 635, as shown in block 820, and a clock
recovery trigger signal is issued to initiate the process of recovering the service clock
(i.e., regenerating the service clock rate), as shown in block 825. Once the service
clock has been recovered, the circuit emulation adaptation layer 615 will forward the
20  circuit emulation data from the output buffer 635 to the circuit emulation connection
645, at the appropriate service rate, in accordance with block 830. It should be noted
that the service clock can be recovered in accordance with any one of a numbér of
different methods as explained above. However, in a preferred einbodiment, the
service clock is extracted as a function of the ATM layer characteristics, as explained
25 above. |
The present invention has been described with reference to a preferred
embodiment. However, it will be readily appafent to those skilled in the art that it is
possible to embody the invention in specific forms other than the preferred embodimc-nt
described above. This may be done without departing from the spirit of the invention.

30  The preferred embodiment is illustrative and should not be considered restrictive in any



di spatched to the desired receiving unit as a function of the ATM cel

Shapi ng cWéc98/3813, in accordance with block 735. .FIG 8 is pa1ideou6éast

“ depi ¢ting+the method steps for receiving ATMcells 5 at a receiving unit
and for extracting the low bit rate, circuit emulation data fromthe
sequence of short packets so that it can be properly forwarded to the
circuit emulation connection 645, in accordance with a preferred enbodi nent
of the present invention. The nethod illustrated in FIG 8 proceeds as
follows. In accordance with block 805, ,an ATMcell is received by the ATM

| ayer 605, which renoves the 10 ATNF&T-I header and forwards the ATM cel
payl oad to the,short ket | ayer 610. The short packets are then

denul ti pl E’Q%de%‘ﬁ SEQRE @ﬁﬁ% ln"B%&‘if'e‘ﬁ g&’éWt‘F%P@?&?ﬁ%ﬁé@ﬂﬁc%hf‘di% the their
respectiv LyiG ek tJ GRRIESs! L 'l 0. The
shor-t pacgrgtE é‘gg%g%stciﬁgﬁglgedﬁa%lz% theﬂkfag?\%ﬁ?iggleg{geﬂﬁ ‘Es‘{e%ﬁ’%&@o rgﬁger ?flpacket S
to a cor rtemiainhs age mtended to Brrhiracainthednt ati on | ayer 615, where the
headers are renoved 15 for each short packet, in accordance with bl ock
815. The correspondi ng short packet payloads are then directed to an out put-
buffer 635, as shown in block 820, and a clock recovery trigger signal is

i ssued t-o initiate the process of recovering the service clock (i.e.,
regenerating the service clock rate), as shown in block 825. Once the.
service clock has been recovered, the circuit enul ati on adaptation | ayer
615 will forward the 2 0 circuit enulation data fromthe output buffer
635 to the circuit enul ation connection 645, at the appropriate service
rate, in accordance with block 830. It should be noted that the service

cl ock can be recovered in accordance with any one of a nunber of different
met hods as expl ai ned above. However, in a preferred enbodi nent, the service
clock is extracted as a function of the ATM | ayer characteristics, as
expl ai ned 25 above. The present invention has been described with
reference to a preferred enbodi nrent. However, it will be readily apparent
to those skilled in the art that it is possible to enbody the invention in
specific fornms other than the preferred enbodi nent descri bed above. This
may be done without departing fromthe spirit of the invention. 30 The
preferred enbodinent is illustrative and should not be consi dered
restrictive in any
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PCT/ SE98()§é8B11143- way. The scope of the invention is give he _
appended claims, rather than the preceding description, anﬁ?%é?ﬁ?ﬁ%t i ons
and equival ents which fall within the range of the. clains are intended to
be enbraced therein. WD 98/ 51114

PCT/ SE98/ 00750 -14- WHAT IS CLAIMED | S: 1.

transporting circuit erulation data conpri si ng datH"mHlmmzmmm on
nmeans for packetizing the circuit enulation data 5 *irftota sequence of
circuit enul ation data packets; data t#ttipl exi ng means for inserting the
sequence of circuit enul ation data packets into a data transfer cell; and
means f orWHARNIHEGLAMEDIS: dat a transfer cell to a receiving unit as a
function of a data transfer cell shaping clock, 10 wherein
sai d data packet generation neans controls data packet I ength as a function

of the dagta transfeqy Q@ﬁa@ﬁPhﬁ& hﬁ%kcm:ﬁzt emulation data cgﬁﬁrigﬂﬁar atus of

claim1l1, wherein said data nultipl'exi ig neans conpri ses
means for nultipl eﬂang)adhatgemaMmea{nsd’m packeétinigy the wirodit emniadion daas i nt o
the data.transfer gF I n._accor.da Ece W th a transm ssion priority schedul e.

3. 5 intoa s?ﬂ\%e”&f)ﬁ ueyicergylaiigndats packgiser ei n sai d data packet generation
el at  on dat o oty myltplexing meaps B shidfithe Gt dtlent bt ARER RO 71
cl ock fodamaquatkens intmg dataetrdnefegtdfﬂ,mhdeach circuit emulation dat a packet,
‘ means for transporting the data transfer cell to a receiving unit as a
function of a data transfer cell shaping clock, -
10 wherein said data packet generation means cbntrols data packet length as

a function of the data transfer cell shaping clock.

2. The apparatus of claim 1, wherein said data multiplexing means
comprises:
15 means for multiplexing data packets from a plurality of connections into

the data transfer cell in accordance with a transmission priority schedule.

3. . The apparatus of claim 1, wherein said data'p_acket generatibn means
comprises: _
20 an input buffer for receiving circuit emulation data from a circuit
emulation connection; and |
an input buffer clock for controlling the length of each circuit emulation
data packet,
wherein said input buffer is responsive to said input buffer clock.
25 '
4. - The apparatus of claim 3, wherein said input buffer clock comprises:
means for receiving a clock signal from the data transfer cell shaping
clock; and B
frequency divider means for dividing the frequency of the data transfer

30 cell shaping clock signal.



wherein said input buffer is responsive to said input buffer clock. 25 4.
The appar¥®ad%5Hfi4cl ai m 3, wherein said input -buffer clock POWSEP®EES0 NnEANS
" for receiving a clock signal fromthe data transfer..cell_ shaping clock; and
frequency divider neans for dividing the frequency of the data transfer 30

cell shaping clock signal. WO 98/51114 u
PCT/ SE98/ 00750 -15- 5. . The appar at us of J ‘m‘m,”,w#,l””"f he data
transfer cell i's an asynchronous transfer node (ATM* céllt s s - The
apparatus of claim1, wherein the cirgait emulation data is 5 structured
data. 7. The apparatus of claim®6, wherein said data packet
enerati means c I : f;0( 4 i - structured

gi rcuit gnr'ml ation da adp?%ﬁl]sg??%ﬁn léhhgtk?rﬁﬂeew at??rgﬁegggltlgsfaélonnection; and
means f onsgrRifondbs ognsfer mbdeIA TV deltlat a pointer if there is no fixed

rel ati onship between data bl ock | ength and data packet |ength. 8.

The apparatus of claim®6, wherein said data packet generation neans 15

conprises. means f i ' . bl.o of. circuit enmul.ati.on.data froma -

circuit §WUI ati on'g‘(zg’teaagg%rﬁ{r’iﬂéc%?lcgﬁg la%“’ R, e GGt SEIMANER A 1S, o1t i gurat i on
commagd rehéerddidage.a fi xed rel ati onshi p between data bl ock | ength and data
packet |ength. 20 9. The apparatus -of claiml, wherein the

circuit enmul ation data is unstructured data.

C

7. The apparatus of claim 6, wherein said data packet generation means
comprises: '
means for inputting a block of structured circuit emulation data from a
10 circuit emulation data connection; and |
means for generating a structured data pointer if there is no fixed

relationship between data blocR Téngthi and data packet length.

8. . | The apparatus of claim 6, wherein said data packet generation means
15 comprises: '
means for inputting a block of circuit emulation data from a circuit
emulation data connection; and '
means for generating a configuration command reflecting a fixed

relationshib between data block length and data packet length.

20
9. The apparatus of claim 1, wherein the circuit emnlation data is
unstructured data.
10. ‘An apparatus for transporting circuit emulation data comprising:

25 o input means for transferring the circuit emulation data from a circuit

emuléﬁon connection into said apparatus in accordance with a service rate clock;
| data packet generation me_ahs for packetizing the circuit emulation data
into a sequence of circuit emulation data packets; -
data multiplexing teans for inserting the sequence of circuit emulation

30  data packets into a data transfer cell; and



10. An appar at us for transparting.circui't enulation data
conprisi RED os/H114 i nput neans for transferri %ﬁ/&%& uit
emul ation data froma circuit enulation connection into s 6 us in.
accordance with a service rate clock; data packet géh”éf"atl on nmeans for
packetizing the circuit enulation data into a sequ i | ati on
data packets; data multiplexing neans for insertin m‘ gmﬁﬂ%@[& rcuit
enul ation 30 data packets into a data transfer cetl;c and » /51114
PCT/ SE98/ 00750 -16- neans for transporting the data transfer cell to a
receiving unit, wherein said data pac#ét generation neans controls data
packet |length as a function of the service rate clock. 5 11.

The apparatus of czans fod transparengithealanh cekisfer pelltoed regeiviipanitpn means
conprises: an input buffer for receiving the circuit enulation data from

the circuit erul at "G5 s?e datapack e&ﬁ@‘ﬁéﬁlanfﬁws gomtrals data packet lengdast r ol | i ng
the |eng tion 10 dat a packet, wherein said input
buffer i é@%ﬁgﬁdgﬁé&%@%gﬁﬁ%h‘gut buffer clock. 12. The appar at us
of claim1l, wherein said input buffer clock conprises: nmeans for receiving
a clock si gnal fromthe service rate clock; and 15

frequencyldi vi der FB&ABPFENS af cipdm AY Whﬁ!emrsé@mﬁmgacbtﬁt geheratien wiegms r at e

cl ock si OfAF: ejss _ The apparatus of claim 10, wherein said data

mul ti pl exi ng HRans conprises: 20 means for nultiplexing data
packets froma pl umhn;iqu@ﬁfercteﬂf&eivhgrtﬁebﬂ&xﬁtéxﬁﬂaﬁ@&@ad ﬁ%ﬁﬁ&@h&ﬁk' in
accordance with a transm ssion priority schedul e. . e

appar at usmylation gpaneetion;@dr ei n t he data transfer ceII is an

an input buffer clock for controlling the length of each circuit emulation

10  data packet,

wherein said. input buffer is responsive to said input buffer clock.

12, The apparatus of claim 11, wherein said input buffer clock comprises:

means for receiving a clock signal from the service rate clock; and

15 frequency divider means for dividing the frequency of the service rate
clock signal. '
13. . The apparatus of claim 10, wherein said data multiplexing means
comprises: _

20 means for multiplexing data packets from a plurality of connections into

the data transfer cell in accordance with a transmission priority schedule.

14. . The apparatus of claim 13, wherein the data transfer cell is an
asynchronous transfer mode (ATM) cell.

25 .
15. - In a telecommunication network, a system for transporting circuit

emulation data comprising:

an joput buffer for receiving the circuit emulation data from a first

circuit emulation connection;



asynchronous transfer node (ATM cell. 25 15. In a
t el ecommO Wb network, a systemfor transporting cirecurdT/sgsgloatsoon data
- conprising: an input buffer for receiving the circuit emulation data froma

fi.rst circuit enul ation connecti on; WO 98/51114

PCT/ SE98/ 00750 -17- an i nput buffer cl ock, connecte ffer ,
for generating a packetization signal that contr ol sci "ﬂlﬂm "ﬂgl! n of
the circuit enulation data into at |east one circuit enul ati on data packet

data packet nultiplexer for multiplexi Zg the at |east one circuit emulation
5 data packet into a data packet st' am corrprl si ng data packets

associ ated at | east qne er nnecti o ck for generating a
data transfer cell @H%Rﬂtﬁﬁ Eﬁ“de §P@‘W&Tegttﬂé¥’aéﬁﬁ¥ggff ?Wegegﬁtapgg@. on of a
data trapshet,aedd s orf oMtk B e She SbitiHyIdish

dat a traﬁgér%t&s%i&orrl1 nég%s ?or transpoptl ng the a%a trans‘% er &% payl oad to
a recei vileast onel dircuitermeationsdatapacket  buffer cl ock generates the

- packetization signal and controls circuit enulation data packet Iength as a

function of the datdata; pagket maptiplexer f@mﬁlth@l&)@ﬁ at |east one ctfgulggmu ation
e Syo! e Glackh 3o\ dhna WOSLARRAB ok B 0oL Bl ARBLAGE,

freq respon tra aprng ¢ ock

si gnal . 3ﬁmmcoé&xnon The systentof claim 16, wherein said frequency
di vi der divides the data transfer cell shapi ng clock signal by a variable
factor K, which is 2:5hapipseleck forgenerating p data transfer cell shaping clock signal

that controls the extraction of a data transfer cell payload from the data packet stream;
and |
0 data transmission means for transporting the data transfer cell payload to
a receiving unit,
wherein said input buffer clock generates the packetization signal and

controls circuit emulation data packet length as a function of the data transfer cell

shapittg clock signal.
15
16. The system of claim 15, wherein said input btiffer clock comprises:
a frequency divider responsive to the data transfer cell shaping clock
signal.
\
20 17. The system of claim 16, wherein said frequency divider divides the data

transfer cell shaping clock signal by a variable factor K, which is an operator adjustable - i

o e

function.

18. The system of claim 15, wherein said data packet multiplexer
25 muluplexes the at Jeast one circuit emulation data packet into the data packet stream in

_ accordance with a transmission pnonty schedule.

19. The system of claim 15, wherein the data transfer cell payload is part of
an asynchronous transfer mode (ATM) cell.

30



function. 18. The system of claim 15, wherein said data packet

mul ti pl ex®b ogB1114Mul ti pl exes the at | east one circuit emul ?%_h}g 9@&%{ packet
into the data packet streamin accordance with a transm ss g% [ty -
schedul e. 19. The system of cl ai m15, wherein-the-data-transfer

cell payload is part of an asynchronous transfer rmc:ljl !IAT% cell. 30

98/ 51114 L'm

PCT/ SE98/ 00750 - 18- 20. The system of clai ! "cl z "”m”“"I
circuit emulation data is structured data. 21. The systém df claim
20, further-conprises: 5 -18-npans for I nputting a bl ock of

struct ureﬁiq circuit egnulation data froma circuit enul ati on data connection;
and means?t-or gener526 $¥§tem ok clym 17, avhenein shexirquitemulationtdstads iseustaretli xed

rel ati onshib between data bl ock | ength and data packet |ength. 10 22.
The system of claim 20, further conprises: nmeans for inputting a bl ock of
circuit emulation data froma circuit enul ati on data connection; and neans
for generating a configuration command reflecting a fixed relationship

bet ween ddta bl ock Thensystemeefcriaim 20, fanthestcotnprigesh. 15 23. The

system of cl aim 15, e N e ci,rcuit. enmul ation data, is ynstructured
data. 24, S 56 PahiBe & G o pE SR -oiPud heBiarion 35 e o
| nput  meadiguit @ulReaidata dbnhbRiodahm tr ansfer cell payl oad; denul tipl exing

means, connected to said input nmeans, for extracting the at |east one
circuit enul ation dogass fefcgeserating a structured data pointer if there is no fixed

relationship between data block length and data packet length.

0 22, - The system of claim 20, further comprises:
means for inputting a block of circuit emulation data from a circuit
emulation data connection; and
means for generating a configuration command reflecting a fixed

relationship between data block length and data packet length.

15 |
23, The system of claim 15, wherein the circuit emulation data is
unstructured data.
24. ' The system of claim 15 further comprising:

20 : | input means for recei‘}ing the data transfer cell payload;

demultiplexing means, connected to said input means, for extracting the
at least one circuit emulation data packet;

output buffer for extrécting circuit emulation data from the at least one
circuit emulation data packet, and transferring the ciréuit emulation data to a second

25  circuit emulation connection as a function of a circuit emulation data transfer rate; and

clock recovery means, connected to said output buffer, for deriving the
circuit emulation data transfer rate based on a data transfer cell arrival rate.
25. The system of claim 24, wherein the data transfer cell :;afrival rate is a

30 function of the data transfer cell shaping clock signal.



out put buffer for extracting circuit enmulation data fromthe at |east one
“circuit AYRQPEFIAH data packet, and transferring.the circui PcesEdsaorsin dat a-

"to a second 25 circuit enul ation connection as a function of a circuit

enul ation data transfer rate; and clock recovery neans "'""6'6ﬁ'he'CT“‘ed to said

. output buffer, for deriving the circuit emulation dat sed
on a data transfer cell arrival rate. 25. The @ﬂ “ﬂ %
_ ) ; . et

wherein the data transfer cell arrival rate is a 30 I an ata
transfer cell shaping clock signal. _gW\O 98/51114
PCT/ SE98/ 00750 -19- 26. The system of claim 24, wherein said

clock recgvery rreanﬁlecsg,g@fnl m@agﬁﬁé}ﬁsm@ %gv@rﬂﬁéa%s%ﬁ %e%r cell

arrival rate distribution; mean esta CII’C émul ati on
data transfer rate meana fd’mmeasunng atiath heansifet eell ir@i?&lfﬁte digtribuiér;iangl rate

di stribution and an operator _adjustable 5 vari able K. 27. The
system of cl ai m 24, MR8 feF; gstablishingthe £ircpis smulation date tysaglenrate p$apart of an
asynchro r& gﬂ syst em of -
cl ai m 15, é)%lel nr?ﬁésal a UN%% %Tg%ﬁgéﬁeggg&ﬂg‘g}%’ @gr?ﬂropgré%m %%lsﬁi’l"f or
supposti RgriablplKural ity of traffic service categories. 29. The
system of claim 28, wherein the plurality of traffic service 15

categories includes constant bit rate services. 30. The system of

claim 28 -wWherein afflc rV|ce ca or inclu es
variableZit rate ?eﬁr% %:tglglaofkama % Erein Said Gaed tragfer %"@g‘?aé("ﬂaafls TS

wher ei n Tahesﬁidhf@iduhkaﬂéfextmadef% Myesti.ce cat egories includes avail abl e b| t
rate services. 32 e system of claim 28, wherein the pIurallty

of traffic service categories includes unspecified bit rate services. ~25
10 28. The system of claim 15, wherein said data transmission means
comprises:

means for supporting a plurality of traffic service categories.

29. The system of claim 28, whereiﬁ the plurality of traffic service

15 categories includes constant bit rate services.

30. | The system of claim 28, wherein the plurality of traffic service
categories includes variable bit rate services.
\
20 31. The system of claim 28, wherein the plurality of traffic service

categbries includes available bit rate services.

32. The system of claim 28, wherein the plurality of traffic service
categories includes unspecified bit rate services.. '
25
33. . A method for transporting circuit emulation data from a circuit
emulation connection to a receiving unit, said method comprising the steps of:
shifting the circuit emulation data into an input buffer from the first -

circuit emulation connection;



33. A nmethod for transporting circuit enulation data froma
circuit ' connection to a receiving unit, said method conprising

t he stepgwg‘@géﬁdllfti ng the circuit enmulation data into an iP%E@Fg‘B 7P&r from
the first circuit enulation connection; WO 98/51114._ .

PCT/ SE98/ 00750 -20- packetizing the circuit enulation data into at Téast

one circuit enulation data packet, in accordance wt humnglmm i cl ock
signal; nmultiplexing the at |least one circuit enul ati uﬁm”ﬁm\to a
data transfer cell; and 5 transporting'tHe dat& tsanster
cell to a receiving unit in accordance2dth a data transfer cell shaping

cl ock signal, wherein the packetization clock signal is derived fromthe
data transfer shapi packetizink thei qirvalt.emi@ition F4ta into at least onediRuitRidagdionl cl ai m

33, wherei.n said nmethod further conprises the step of: multiplexing at
| east oneYfaRackstcRACCoTHRCE WHEh 3packetisating clack signeli f r om a connection ot her

than the circuit e ' ' . . The f hod of
claim 34, wherein %@ﬂ%@{%g@%ﬁ%ﬁﬁg&rﬁegﬁw F%ggatlpﬁgatgtpgﬁkeafngo érsagﬁ‘bl i shing a
data transmsfaieefi;pd ority for each connection; and multiplexing the at

| east one data packet fromthe other connection and the at |east one
circui® emul ati on dHABSPEHIELRE f3tp trapsfer eqll tod neceining anit dmaccordapce with ai nt o 20

the data ' ce with the data transmi ssion priority.
36. Mﬁ@éﬁ%ﬁr‘%ﬂ%ﬁpf&@c&%&%ﬁ%@g wherein said net hod further conprises
the step of: frequentpreti the @acl@titARndick s‘iglﬁﬂﬁf&ﬁv&i‘ﬁemﬂlﬁe ahattansepnal by a

variable K 2.5 to _derive the packetization clock signal.

shaping clock signal.
10 34, The method of claim 33, wherein said method further comprises the step
of: '

multiplexing at least one data packet into the data transfer cell from a

connection other than the circuit emulation connection.

15 35, The method of claim 34, wherein said method further comprises the step
of: '
establishing a data transmission priority for each connection; and
multiplexing the at least one data packet from the other connection and
the at least one circuit emulation data packet from the circuit emulation connection into
20  the data transfer cell, in accordance with the data transmission priority.
36. The method of claim 33, wherein said method further comprises the stel;
of:
frequency dividing the data transfer shaping clock signal by a variable K

25  to derive the packetization clock signal.-

37. The method of claim 33, wherein said step of transporting a data transfer

cell to a receiving unit comprises the steps of:

transporting a plurality of traffic service categories.
30



37. The met hod of claim 33, wherein said step of transporting a
data tramedes/siasd | to a receiving unit conprises the stepsp@fsedsigafspporting .
- aplurality of traffic service categories. 30 WO 98/51114

PCT/ SE98/ 00750 -21- 38. The net hod of cl ai m37;-wherejin the
plurality of traffic service categories includes constant bit rate
services. 39. The net hod of claim 37, \/\herﬁmuummw,ﬂl i of
traffic service 5 categories includes variabl e bi‘t8 ##"40.

The system of claim37, wherein the plLurality of traffic Ser¥ice categories

I
incl udes available bit rate services.210 41. The system of

claim37, wherein the plurality of traffic service categories includes
unspeci f B8d bit ratldemethodefclaimB7, wherein the phwalieafiterifio sergicai m 33, wherei n

t he datac%fégl#ﬁ%ﬁ%?lﬁnﬂjgpohﬁﬁﬁrﬁital%%rk%m&rgpus transfer node (ATM cell. 15 43.

The net ho €rein the circuit enulation data is structured
data. 44. The nethod of claim 33, wherein the circuit enul ati on
data is 20 unstructured data. 45. In a tel econmuni cati on '

net wor k, 3% net hod e methpdgfstaimpy, svhereie fegrurglitycafitrafiersdrdiceon data from
first. ci It. i . ction to a second circuit enul ation
connescti %&'éoggeﬁg}ftlf@%%rx@@%ﬁﬁéﬁeﬁarvg%& steps of: 25

shifting the circuit emulation data into an input buffer as a function of a
service clock rate; packetizi ng@t he circuit enulation data into at |east
one circé@t enul at ifbe syiem op elaloe 87 hwhiérainp the phmajith of traffici serjeever ned by a

acketi zation. cl.ock. rat e: . .
P categories includes available bit rate services.

10 41. The system of claim 37, wherein the plurality of traffic service

categories includes unspecified bit rate services.

42, The method of élaim 33, wherein the data transfer cell is an

asynchronous transfer mode (ATM) cell.

15
43, The method of claim 33, wherein the circuit emulation data is structured
data. .
\ -
- 44, : The method of claim 33, wherein the circuit emulation data is

20 unstructured data.

45. In a telecommunication network, a method for transp;);ﬁng a block of
circuit emulation data from a first circuit emulation connection to a second circuit
emulation connection, said method comprising the steps of:
25 5 shifting the circuit emulation data into an input buffer as a function of a
service clock rate;
packetizing the circuit emulation data into at least one circuit emulation
data packet having a length that is governed by a packetization clock rate; i}
multiplexing the at least one circuit emulation data packet into a data

30 transfer cell; and



mul tiplexing the at |east one circuit. enulation data packet into a data 30

transf er vi@gbds118d1d WO 98/ 51114 0075
PCT/ SE98/ 00750 -22- transporting the data transfer cell toPCgISrEegg/e?ang uni t

in accordance with a data transfer cell shaping clock-rate, wherein the
packeti zation clock rate is derived fromthe data transfer shaping clock

(atel reoelving the catatranster cel | v the recet vy IRTHAMY MR INEY i -

transfer cell; recovering the service clock rate; and transfert i rfg trhe

circuit enulation data, contained in-2he at |least one circuit enulation
data packet, to the second circuit enul ation data connection in- 10
accordance with théanspooing the datatsansfer cdlltola neagiving 418it in accordance with@a et hod
of claim/45, wh reilg hsaid zt gp of Elecov ri n@@t.he.seti-v' ce cl gck rate . '
conpr i seSata{FRnSEL felthapmg cIork raty,, wherem e packetigationiclockirate s, defived, o dat a
transfer i ; kStribution, wherein the data transfer
cel | arrlﬂ\t}a blregag tgiﬁiss{e??%ﬁu?ggﬁo?ksﬂge?f unction of the data transfer cell

shapi ng cl ock r at erecéiving the data transféheelhintthetecofving witn 46, wherein sai d step

of recovering the service clock rate conpprises the ste of ;. 20

meas®ing the dat aS¥FagHaethe "Eg‘l"aISt ORe GIRFYYt © aémﬂidé‘?rﬂaﬁlﬁft&%fﬂﬁ‘? the, 4t ecoveri ng
the servigessl QK rate as a function of the neasured data transfer cell
arrival rate disfribution and an operator adjustable variable K. 48.

The met hod of cl ai mecé¥eringhe semvics@lodk satepamdf recovering the service 25
clock rate conprises the, ste . recovering the service clock rate froman

of . f
external network CFGE%?“WG.‘F‘&)C““““ emulatipp.datg, cApf@ingd 1 thgiakleast ongher ei n sai d
step of LeGAY&hhiadod B5ta DEREL, 6 the second circuit emulation data connection in-

10 accordance with the recovered service clock rate.

46. The method of claim 45, wherein said step of recovering the service
clock rate comprises the step of: |
recovering the service clock rate based on a data transfer cell arrival rate
15  distribution, wherein the data transfer cell arrival rate distribution is a function of the

data transfer cell shaping clock rate.

47. . The method of claim 46, wherein said step of recovering the service
clock rate comprises the steps of:
.20 measuring the data transfer cell arrival rate distribution; and
recovering the service clock rate as a function of the measured data

transfer cell arrival rate distribution and an operator adjustable variable X.

48. The method of claim 45, wherein said step of recovering the service
25  clockirate comprises the step of: '
recovering the service clock rate from an external network clock.
49. The method of claim 45, wherein said step of recovering the service
clock rate comprises the step of:

30 recovering the service clock rate by an adaptive clock recovery method.



clock rate conprises the step of: 30 recovering the
service d’f’@(?ﬂ’nfléﬁe by an adaptive clock recovery nethod. pcYOESSI§0T50l14

" PCT/ SE98/ 00750 -23- 50. The met hod of claim 45, wherein said step
of “recovering the service clock rate conprises the step-efi.-recoveri ng the
service clock rate by a Synchronous Residual Tine-Sta nmet hod. 5 51

The nmethod of claim45, further conprising the step oml] gﬁﬂﬂjm“
structured data pointer if the circuiit enul ati on data ”

and if there is no fixed rel ationshi pget ween bl ock |ength ahd "datsa packet

| ength. 10 52. The net hod of €l ai m 45, further corrprl sing the step

f d d.reflect d | at hi
bet ween Btock | engt TieAtA oL bR 5, ¥ honid s et B e S, ?o'nOSZt 2
i s structdigekCate comprises the step of:

recovering the service clock rate by a Synchronous Residual Time-Stamp

method. -
5
oL The method of claim 45, filrther cdmprising the step of:
generating a structured data pointer if the circuit emulation data is
structure data, and if there is no fixed rclationship between block length and data
packet length. _
10
52. The method of claim 45, further comprising the step of:

generating a data configuration command reflecting a fixed relationship

between block length and data packet length, if the circuit emulation data is structured.



