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In parti cul edinsnftésfoir wsidg frmaedigebudfranesdaperhtibfl) t hat i ncl udes receiving unit
120 and transmitting unit 122. Receiving unit 120 includes deframer unit
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whi ch With the advent of the Internet and the World Wide Web (WWW), the need for

high-speed transmission of data including video and audio has continued to increase.
Moreover, in addition to the demand for higher bandwidth, there has also been an
increased need for various types of services that employ different protocols. For
example, certain customers (e.g., companies providing voice services) of high-speed
networks want to operate on a Time Division Multiplexing (TDM) Network, which
combines different data streams, such as voice traffic, such that each data stream is
assigned a time slot within the combined data stream. Moreover, other customers of
high-speed networks may desire to transport data employing packet-based data streams,
which do not have dedicated timeslots to given packets. Examples of the types of
packets that can be placed into such data streams can include Asynchronous Transfer
Mode (ATM), Internet Protocol (IP), Frame Relay, voice over IP and Point-to-Point
Protocol (PPP).

Figure 1 illustrates a prior art traffic or line card within a network element for
processing of packet-based data that is wrapped in different formats for transmission.
In particular, Figure 1 includes line card 100 that includes receiving unit 120 and
transmitting unit 122. Receiving unit 120 includes deframer unit 102 that is coupled to

packet engine unit 104, which in turn is coupled to packet processor 106. Transmitting



inturn is coupled to franer unit 112. The packet-based data being received
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Mor eover, under_ current n m SSj on %ndardf, 28 DS 1 data streans can
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unit 112 then encapsulates these payloads into the protocol for the transmitting line and
forwards these encapsulated payloads thereon.

Figure 2 illustrates a different prior art traffic or line card within a network
element for processing of TDM traffic, including telephone calls, through a packet-
based network. In particular, Figure 2 includes line card 200 that allows for voice over
IP and includes receiving unit 220 and transmitting unit 222. Receiving unit 220
includes deframer unit 202 that is coupled to interface unit 204 that is coupled to digital
signal processor 206, which in turn is coupled to packet processor 208. Transmitting
unit 222 includes packet processor 210 that is coupled to digital signal processor 212
that is coupled to interface unit 214, which in turn is coupled to framer unit 216.

The input into receiving unit 220 is TDM carrying telephone lines, such as Data
Signal (DS)-3s and DS1s. In particular, 24 DS0 data streams, each associated with a
given telephone call, are interleaved within a DS1. Moreover, under current

transmission standards, 28 DS1 data streams can be interleaved into a single DS3.



2 WO 02/ 080421 PCT/ US02/ 04451 Defraner unit 202 receives the DS3s or DSIs
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forwarding table to router the packets through the network to the destined
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i ncl udes TDNrbardinddble to router the packets through the network to the destined location.
Disadvantageously, line card 200 is typically located within a network element
wherein the real estate for the racks holding the line cards of such network elements is
considered to be expensive due to space limitations. In particular, such network
elements are typically located a central office or on the premises of large customers.
Accordingly, all of the hardware within liﬁe card 200, including interface unit 204 and
digital signal processor 206, are considered very costly in terms of real estate.
Moreover, digital signal processor 206 tends to consume a relatively large amount of
power, which needs to be limited in this location. Moreover, digital signal processor
206 conventionally includes processing power that can handle more TDM signals than
is provided at such locations.
Figure 3 illustrates a prior art TDM switch for switching of DS0 data streams.
This TDM switch, also termed a class 4 or class 5 switch, includes TDM bus 304,
which is coupled to time-slot interchanger 302, (de)framer units 306-310 and DSO

interface 312. DSO interface 312 is an interface that couples a number of DS0Os from a

number of different sources to TDM bus 304. For example, DSO interface 312 could



which is coupled to tine-slot interchanger 302, (de)franmer units 306-310
and DSO interface 312. DSO interface 312 is an interface that couples a
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coupled to h def.r Th engine unit receives the payl oad,
t he overhe S&'“ﬁﬁ %ﬁMﬁ?%ﬁﬁ%ﬁﬁaﬁ ata and generates a nunber of
packet engi ne packets. The packet engi ne packets represent a frane within

t he TDM si gnal such that t he packet engi ne packets include the payl oad, the
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i ncludes a acke ofessor ¢ mer, unit.. The packet
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a line card in a network element includes a deframer unit that receives a Time Division

Multiplexing (TDM) signal. The TDM signal includes a payload and overhead data.
The deframer generates frame alignment data based on the overhead data. The line
card also includes a packet engine unit coupled to the deframer unit. The packet engine
unit recetves the payload, the overhead data and the frame alignment data and generates
a number of packet engine packets. The packet engine packets represent a frame within
the TDM signal such that the packet engine packets include the payload, the overhead
data and the frame alignment data. Additionally, the line card includes a packet
processor coupled to the deframer unit. The packet processor receives the packet
engine packets and generates network packets based on the packet engine packets.

In another embodiment, a method includes receiving a TDM signal that includes
overhead data and payload data. Frame alignment data is generated based on locations
of frame boundaries within the TDM signal. The method also includes placing the
TDM signal into packet engine packets based on the frame boundaries within the TDM
signal. The overhead data, the payload data and the frame alignment data are within



I n anot her enbodi nent, a nmethod includes receiving a TDM si gnal that
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packet - based data that is wapped.in different formats for transm ssion;
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Figure 4 is block diagram illustrating a system that incorporates embodiments
of the present invention;

Figure 5 illustrates portions of in-ring network elements 102-108, according to
embodiments of the present invention;

Figure 6 illustrates portions of line card 502, according to embodiments of the
present invention;

Figure 7 illustrates a superframe DS1 signal and packet engine packets created
there from, according to embodiments of the present invention; and

Figure 8 shows packet engine packets corresponding to DS1 frames within a

DS1 superframe, according to embodiments of the present invention.

DETAILED DESCRIPTION

A method and apparatus for alignment of TDM-based signals for packet
transmission using framed and unframed operations are described. In the following
description, for purposes of explanation, numerous specific details are set forth in order
to provide a thorough understanding of the present invention. It will be evident,
however, to one skilled in the art that the present invention may be practiced without

these specific details.



A nmet hod and apparatus for alignnent of TDM based signals for packet
transm ssion using framed and unfraned operations are described. In the

f ol | owi ngwode®smepti on, for purposes of explanation, nunmePcNgSepeasfic
details are set forth in order to provide a thorough understandi ng of the
present invention. It will be evident, however, to one skilled in the art
that the present invention may be practiced without these specific
details. 5 WD 02/ 080421 PCT/ USO02/ 0444 Trm eEEMpRIBGRCRI PTI ON Figure 4 is
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In an embodiment, system 400 transmits data traffic among the different
network elements, both in-ring and non-ring, employing the Synchronous Optical
Network (SONET) standard or Synchronous Digital Hierarchy (SDH). However,
embodiments of the present invention are not so limited, as data traffic among the
different network elements can be transferred using other types of transmission
standards. Examples of other types of transmission standards can include, but are not
limited to, T1, T3, J1, E1, E3, Data Signal (DS)3 and DS1 signals. In one embodiment,
data traffic among in-ring network element 402, in-ring network element 404, in-ring
network element 406 and in-ring network element 408 includes TDM traffic and packet
traffic within a same Time Division Multiplexing (TDM) signal.
In this ring network, network elements are used that can transmit and receive
TDM ring traffic. In addition, at least certain of the network elements provide two
different switching techniques - TDM and packet. The packet switching provided can
support any number of protocols including layer 2 and layer 3 type protocols such as

ATM, Ethernet, Frame Relay, etc. In addition to typical operations of a TDM network

element, the network elements are implemented to be able to: 1)programmably select



network el enent 406 and in-ring network el enent 408 includes TDMtraffic
and packet traffic within a sanme Tinme Division Miltiplexing (TDM signal.
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control card(s) 520 are coupled to each of | i ne cards

NETWORK ELEMENT DESCRIPTION

Figure 5 illustrates portions of in-ring network elements 402-408 (for purposes
of Figure 5, hereinafter “network element 402”), according to embodiments of the
present invention. As shown, network element 402 includes line cards 502a-d and
control card(s) 520, such that control card(s) 520 are coupled to each of line cards
502a-d. The number of line cards illustrated are for the sake of simplicity and not by
way of limitation, as a lesser or greater number of line cards can be included within
network element 402. Additionally, network element 402 includes a first switch fabric,
packet mesh 526, which includes a full mesh such that each of line cards 502a-d is
coupled to one another. For example, line card 502a is coupled to line cards 502b-d
through packet mesh 526. However, embodiments of the present invention are not
limited to a full mesh for the transmission of packets among line cards 502a-d, as any
type of switching method that switches based on the addressing scheme described
herein can be incorporated into embodiments of the present invention. For example, in

one embodiment, line cards 502a-d could be coupled together using a switch fabric,



502a-d. The nunber of line cards illustrated are for the sake of sinplicity
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carry optical and/ar electrical signals, which is described _ in nore detail
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SONET OG- N signal s. eover, In an e nt, line dards 502a-d of
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T3, J1, E1,..E3, hernet, G.gabit Ethernet, etc. wever, enbodinents of
the present IFRGLRTIBAPAETBHoCc DS, Fg oy UL HmT o GaLet o BH B bs, as
any other tyaRnfdsidPdandRlin@rp&hRatint ealbodRhdhts dtAOPLSE BRnEGN be

i ncorporated i nto enbodi nents of the present invention. Additionally,

control car8ddispnadbo conirdl garslsEDA G nctudh I TRYM sivitehing circ®irg 516n an enbodi ment ,
each line card 2a-d .can be coupled t our optical dior _.electyrical
Cnes 1 amot hop S anSemaT. S P oA e8RS <O AR ol arslsT B i gt
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coupled to network element 402 through line cards 502a-d. Additionally, physical

connection circuitry 510a-d are coupled to ingress packet processing circuitry 512a-d,

respectively, such that packet data being received from the optical and/or electrical

lines is passed from physical connection circuitry 510a-d to ingress packet processing

circuitry 512a-d, respectively. In one embodiment, the packet data is extracted from a

TDM signal, which is described in more detail below.

Ingress packet processing circuitry 512a-d is cz)upled to packet mesh 526.

Accordingly, each ingress packet processing circuitry 512a-d is coupled to each egress

packet processing circuitry 514a-d, respectively, on other line cards 502a-d through

packet mesh 526. Moreover, egress packet processing circuitry 514a-d is respectively

coupled to physical connection circuitry 510a-d, such that packet data traffic coming in

from packet mesh 526 from ingress packet processing circuitry 512a-d is transmitted

from egress packet processing circuitry 514a-d to physical connection circuitry 510a-d,

respectively.



respectively, such that packet data being received fromthe optical and/or
electrical lines is passed from physical connection circuitry 510a-d to

I ngress paokens@epcessing circuitry 512a-d, respectivel yPCIrUSoed451

enbodi nent, the packet data is extracted froma TDMsignal, which is

described in nore. detail bel ow ,lngress. packet. processing circuitry 512a-d
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given in-ring network elenent to add, drop and transmt different types of

traffic inctlememgnayintlude esingle/lpnescant wigh okdtiple intérffaass seacthateesfidT™M  Fr ane

Relay, IP, etc, receive ransm tted to a nonsring network, elenent. In
anot her enmb8di %f?celgeﬁﬁggﬂgﬁﬁcﬁw an t_ﬁl%rr?ﬁﬂ.{n_grpfw ?rﬁce:l?ﬁ’geélt’aa_ Cro e 1ine card
W th mul ti pingerfabé 8EAAGESTISMCRaiBES adihdriSking nBiveirk 8ktehaRi ¥Bsd M hEAl f i C
fromanother in-ring network el enent, a second .interface transnmts TDM

traffic to dstdieps and trangepits sl Ruch) aspesitet atficdo afopdingnetwerkeiemends
drops and transm - | ffic. t. on-ring network
el ement. Accor dlrur% oﬁhhgf};r :a?]ige g%ﬁ S ?%d%gg%}e[é icﬁ)%rc I {tooanclghrﬁlgc epvfjc())rkaeg“nilef?&r I ng
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wi th out-of ring network ) ) :
elements. To provide some examples with regard to a line card connected with an out-

of-ring network element: 1) layer 2/3 traffic from out-of-ring network element can
come in, go through the packet mesh to a line card connected to an in-ring network
element, and then out onto the ring being carried by a SONET frame; 2) layer 2/3
traffic coming from an out-of-ring network element can be de-mapped into SONET, go
through the TDM switch fabric to a line card connected to an in-ring network element,
and then out onto the ring being carried by a SONET frame; 3) TDM traffic coming
from an out-of-ring network element can come in, go through the TDM switch fabric to
a line card connected to an in-ring network element, and then out onto the ring being
carried by a SONET frame; 4) TDM traffic carrying layer 2/3 traffic can be procéssed
to extract the layer 2/3 traffic, with the layer 2/3 traffic going through the packet mesh
to a line card connected to an in-ring network element, and then out onto the ring
carried by a SONET frame; layer 2/3 traffic coming form an out-of-ring network

element can go through the packet mesh to an line card connected to an out-of-ring
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present invention. In particular, Figure 6 illustrates portions of physical connection

circuitry 510, ingress packet processing circuitry 512 and egress packet processing
circuitry 514. Physical connection circuitry 510 includes those blocks to the left of
dashed line 650, while ingress packet processing circuitry 512 and egress packet
processing circuitry 514 include those blocks to the right of dashed line 650. Physical
connection circuitry 510 includes deframer unit 602, packet engine 604, framer unit
612 and packet engine 610. Ingress packet processing circuitry 512 includes packet
processor 606, while egress packet processing circuitry 514 includes packet processor
608.

Additionally, line card 502 of Figure 6 is broken into ingress and egress units,
as described above in conjunction with Figure 5. Ingress unit 620 includes those blocks
above dashed line 652, and egress unit 622 includes those blocks below dashed line
652. Tn particular, ingress unit 620 includes deframer unit 602, packet engine 604 and
packet processor 606, while egress unit 622 includes framer unit 612, packet engine

610 and packet processor 608.
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present invention. In particular, Figure 6 illustrates portions of physical
connection «circuitry 510, ingress packet processing circuitry 512 and

egress pawRer/operessing circuitry 514. Physical connect iPeR/uso2/edstry 510
i ncl udes those blocks to the left of dashed |ine 650, while ingress packet
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Packet processor 608.is coupled .to packet engi ne uni 610. regver,
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now be described in terms of framed-based and unframed-based operations.

FRAMED-BASED OPERATIONS

The operation of the portions of line card 502 illustrated in Figure 6 will now be
described in terms of framed-based operations. In other words, in addition to other
operations, line card 502 will locate the frame boundaries of the incoming TDM
signals. Ingress unit 620 receives a data signal, such as a number of DS3 signals,
external to the network element, containing line card 502, through deframer unit 602.

In one embodiment, with regard to ingress unit 620, deframer unit 602 receives
a DS3 signal and extracts the 28 DS1 signals contained therein, as is known in the art.
The subsequent operation of deframer unit 602, packet engine 604 and packet processor
606 will be described in terms of one of the 28 DS1 signals extracted from the
incoming DS3 signal. The given DS1 signal used to illustrate the operation of line card
502 will be a DS1 superframe signal, as is known in the art. This is by way of example
and not by way of limitation as signals employing other formats can be incorporated

into embodiments of the present invention. For example, in another embodiment an
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data signals. Franmer unit 612 is coupled to an external data signal, such
as a nunber of DS3 signals. The operation of the portions of |ine card 502
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unfraned- based operations. FRAMED- BASED OPERATI ONS The operation of the
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of line ca a DS 1 superfrane signal, as is known in the art.
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enpl oying other fo S can be i.n i.nt.0 odi rre of t he
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si gnal , coJIOG Wwhile/DEd frammﬂﬂenqludersmygthea(ﬂ-bﬁ 34 psi DS é16.r Additiaeadlys BShg t o
enbodi rrent 3%89{ Se?r]w}er}keﬁgbﬂ%ﬁtab%ﬁsog 93@art| cular, Figure 7 includes

DS 1 super € art - a DS1 superfrarre i ncl udes 12
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the beginning o frame
data signal 634. Moreover, deframer unit 602 transmits frame alignment data,

including the beginning of DS1 superframe 700 as well as the beginning of each of
DS1 702, 712 and 732, across frame alignment signal 632. As illustrated, deframer unit
602 transmits the payload (e.g., the DS0s), the overhead data (i.e., overhead bits) as
well as frame alignment data (not just the payload of an incoming signal) to packet
engine unit 604.

Packet engine unit 604 receives the DSOs, the overhead bits and the framing
alignment data from deframer unit 602 and processes the data. In one embodiment, the
processing of data by packet engine unit 604 includes the generation of packet engine
packets such that each packet engine packet corresponds to a DS1 frame including the
payload of DSOs and the overhead bits. |

To help illustrate, Figure 8 shows packet engine packets corresponding to DS1
frames within a DS1 superframe, according to embodiments of the present invention.
Packet engine packets 800 include packets 802, 808 and 814 that correspond to DS1
frames 702, 712 and 732 of Figure 7, respectively. As illustrated, a packet engine
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700 as well as the locations of each DS1 frame contained therein. For
exanpl e, defranmer unit 602 identifies the beginning of DS1 702, 712 and
732. Nor e80e2/080421 an  enbodi nent, deframer unit 602 extra®CI/usvEo4snd bits
704, 714 and 734 from DS1 702, 712 and 732, respectively. Accordi ngly,

def ramer unit 02t nsm. ts. Dt 706,.. 716 36_3acr ps | gad signal
530 and ovarisadruriE HERIE R ate Yun Tivell shePnadtd StuPR i 854
Mor eover, cigaﬁlaégathemog feR2theINISfAh&s. f rane al i gnment data, including the
begi nning of DS 1 superfrane 700 as well as the lgagol nni ng of each of DS1

702, 712 and 73Xorgxpesle, packeecnainegrinlset 803 gphades EX30s TR6 of DISA franzg W2
def r armer “”Al&r\llgex@ﬁ gédb%@g% ts%é@ﬁm Jh?& sfaft &qm&e Ps@gg)‘z?ﬁ O¥er head

data (i. rane j ust the

payl oad of @mrrlicagbiti70g. Sa}ntae()4 is@ap@@kqetﬁalﬁ@gﬁgimdmmd&ta@@ﬂera@dibyaéfraﬂai ne
unit 604 receives the DSGCs, the overhead bits and the framn | i gnment
data from dEHteernd ipdicatenwhather the Bdd fxwre eantainret i the paydend cérg%m , the

processi ng. afifghachys BRTanens ﬂ@w’fﬂﬂiﬁth&gﬁpérﬁ%gd%ré:{}ﬁpﬁ’@@gﬁ%lOn of

packet engln ts suc each pac engi ne corresponds to a
DS 1 frame framé GOR,vwhitths thefist DS fm&ndiiﬁ@Slasquetﬂmla)m Be&d: $04twill To hel p

illustrate,, Figure 8 sho ket .e ne packets corresponding to DS 1
frames wit hinficatepatthis tgsﬁff% edﬁgﬁlcﬁuﬁﬁr%faﬁieemoﬁ’hﬂﬁﬁﬁé: G310 9nd §ipedent

i nventi on. a%ﬁ@tggbs%k%ﬂ?r&?ﬁ&%%%gldlﬂﬁc%iﬁc‘ha& & n80Fe BQ%aapd 814 that

correspond to DS'1 frangés 2 and 732 of Figure 7/, respectlvely As
illustrat edw1t]az1n;ib$:‘lkmpeérmm@012 WD 02/ 080421 PCT/ uso2/ 04451 packet
i ncludes a head

te al.ong with payl oad. a such. packet s
i ncl udes the DS O‘F’go% Wleor%%imf Pgﬁﬁé’ré/sﬁ%trm‘é Iag I\{Oﬁ egn?jlt i§ packet
802 i ncl udesORS@ata/dda1Pindionte btidr Fih e dk hiofa, WidrexBRBRE M MiRr 806, whi ch
includes start of frame group (SOFG 804 and overhead bit 704. SOFG 804 is

part of theenibcsimen|whpsersthe dgnad bgas érramremteﬁyo pasketegngine unifi (04692 D3d

engi ne. packuparpo Fut ol T ARLR M Brd SRR el Sl o

for DS 1 fOodtReallAt 70dhis el dvieriidae bitiffoah DB Yrdniearo2.i n DS1 superfranme 700,
SOFG 804 wi |l | indicate that this is the first frame in DS1 superfrane 700,
whil e SOFG 810 angiily, packetpagiaeaclah 808 nelwies DSPad beef DSéWmG\Mdawépng

I ndi cate thafy, hORN, € s79 whilR idchfdRl sthft 3FFram¥ bl (SO URBHMA 03P O-
bit 714. Packet engine packet 814 includes DSOs 736 of DS1 frame 732 along with
header byte 818, which includes start of frame group (SOFG) 816 and overhead bit
734. As illustrated by Figure 8, packet engine unit 604 generates packet engine packets
based on DS1 frames such that the entire framing structure including the payload and
overhead bits are included therein. Moreover, these packet engine packets also
included the framing alignment data generated by deframer unit 602 within the header
bytes of these packets.

Packet engine unit 604 transmits packet engine packets 800 to packet processor
606. Packet processor 606 generates a header for deployment as a network packet
through packet mesh 526 (shown in Figure 5) to egress unit 622 of another or same line
card within a given network element. In one embodiment, the network packet
generated is an IP packet. However, embodiments of the present invention are not so
limited, as any other type of packet can be generated by packet processor 606.

Returning to Figure 6, in one embodiment, with regard to egress unit 622,
packet processor 608 receives a number of packets from packet mesh 526 (shown in

Figure 5) destined to be outputted from line card 502 on which packet processor 608 is
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However, enbodi nents of the present invention are not so limted, as this
SOFG data could indicate other frane alignnment data. For exanple, in

anot her woplwodsment wherein the signal being transmtted troTpmoketsengi ne
unit 604 is a DS3 signal, this SOFG data could indicate the first subfrane

within the DS3 signal. if 17 i kol bS 1
frame 702. "SH¥ af (f/h,e Sbl%}(?égl%&gln%Pﬁga%hargﬁ%g%%gggeﬁegééf%%gggﬁgg@e%‘{i@%f DSl
frane 712 ghenrdor vgiven TERMdeignhy t or&k2mplshitetpatiet bowldinduder 4 DB1 stibfeamee gr oup
(SOFG 810 and overhead. bit 714. Packet engi ng p%ﬁﬁet 8&4 i.ncl udes DSCs
736 of DSl withimeDE3signebnly anpthsr ewbodiErnheragke cod iplufe figmevidia pr of
frane grou §  ignal 34he ASod Sighiloethdppdigur e 8.
packet engihns(elssﬁ%%frgeg%grag?ge@%pac %%1%%gﬁﬁgé€%ck§dsb based 0 SDSI frames
such that tiameeitat cen be Awiudgd stithircthe packatchaing regeivbdbp pgdketptoagsdor @der head
bits are included therein. reover, these packet. engi ne packets_.al so

i ncl uded t BE BY WAY AGEXANG wﬂ%@t&é{t‘%ﬁy E]Plz%t@& Hiothet ??é)rf%[i‘meﬁ“é@?mthi n

t he header t f Ragkets. Packet engine unit 604 transmts packet
engi ne paclgﬁ\}sh%&gtcgﬁ%gc ét processor 606. Packet processor 606 generates
a header for dePadyatpricesssr G0Emwvek theauklest header plaghd padheaiackes diy PBLIEt (shown
in Figure 5) to e s unjt. 622 of another,ar sa l.ine .card.within a

gi ven net V\/@F‘?@eéiloégég om Winﬁh_ S S‘i‘}?e%%a?“% ﬂ?eer%é{i\%ﬁvrlﬂg B%?&{ﬁg?ngllbeé’ﬁfg‘%%? ed is
an | P packe j1ddauey 8% Fi St 8 ipaBie: prodbssoR 80P fopwarls thedy patkiedto phekeOt SO
limted, as any other type Of(praC et can be ?enerat ed by packet processor

1

606. Ret ur ehgige woit Bl guiearsembediment, prdkstinnient0 fopvands thepayipad of egaekes uni t

622, packet processor 608 receive I mesh
526" (shown R PrghT 88y R ST 6 g FrstcaliBRASHS roriQR AR aROT ]

whi ch packeff s PCRSSAFanfDBgiaS, thS pWILARIHD BRARLRCHEHISPALIRAAFILl intledé dieng. | n
one such enbodi nent, each packet being received is associated wth a frane
for a gi vedSoNprthgM1 frame insluse ietheiaekeha RRBing i Bigrecd ipdielilipgrate,
subfrane it hi ' - : [ . acket could
include a }Q‘?lét%aézﬂ%aﬁq?fsﬁsgg g@vfu é%g%%ﬁlggr&eacggggj%b’ fegra\gtgﬁngltr}%gg frame signal.
The above exanpl/skitdndllyepdckpiemgde unitréPesmnthas thearvethead bitd fod gt DBt hin t he

packets being recei ved by packet processor .60 re by way af exanpl.e and
not by way f&ng ﬁorﬁ%f%firiuélﬁ,61§§°¥?§ﬁ%1’er taosflgliq? Q?’rgsl? i %Xﬁmp)(e, a@ffgﬁéﬁs can

be incl Ude%‘veg@g&(gﬂ 704 CEARREOR L TIUBad LRa BBEX38NSRERE ebSHERAENON the
packet by packet

packet engine unit 610 also transmits frame alignment data for the DS1 frame to framer

unit 612 across frame alignment signal 640. For example for packet 802, SOFG 804 is
transmitted across frame alignment signal 640. Framer unit 612 receives the DSOs, the
overhead data and the frame alignment data and aligns the DS1 signal using bit stuffing
operations when necessary and transmitting the DS1 signal out from egress unit 622, as
is known in the art.

In an alternative embodiment, frame alignment data would be transmitted by
framer unit 612 to packet engine unit 610 across frame alignment signal 640, thereby
allowing packet engine unit 610 to locate the boundaries for the signal to be
transmitted. In such an embodiment, packet engine unit 610 performs the necessary bit
stuffing operations for alignment the signal. In one embodiment, framer unit 612
receives a timing reference and generates the frame structure of the signals by counting
positions. In one such embodiment, the timing reference may include a
synchronization pulse to mark the start of a frame. In an embodiment, the internal
counter of framer unit 612 counts along independently at the rate provided by the

timing reference. Accordingly, the associated deframer receiving the signal being
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processor 606 from which the packet originated, thereby |eaving packet

engi ne packets as illustrated by Figure 8. Packet processor 608 forwards
t hese packetog/os@2packet engine unit 610. In an enbodi nent pPCpasSkBo44enit 610
forwards the payl oad of a packet engine packet across payl oad signal 636.

Usi ng t he aml,e used for_.i,ngress .unit..620 of . super f .sdgnal ,

t he gayl oag%< btyﬂga%%fdﬁ?éttmgﬁg?‘ﬁ’éoﬁé%sk‘@% %r\%nle ] uﬁllﬁg%cli%acg gteeng%%ré%l tf% (%ra t he
DS1 frame igg faeesdds heldighaPRCtaher Rt 412N IFagnEQun @I2rtean8mite tealighal bitust r at e,
for packet 802, DSCs 706 will be transmtted across payl oad signal 636.

Addi t i onal Ifsom paeéastd 56Agi ne unit 610 transnits the overhead bits for the DS
1 frame to franer_unit .612. 2a V. ] anpl e,
for packet 802, q}%&gg 8318166]1t’t ej}ﬁﬁ%@?%%%?ﬁ? Tg gz%a%%ggteg\%ﬁgéﬁﬁ%tgp

si gnal 638.ynlt00RAd PEEIRH EREA unit FEEHETudeNgDIS sighial, d6fmarl Wit G02atvesrnodts frame
alignment data for the DS.1 frane to franer unit 612 across frane

al i gnment  sixgaetithearerhqad bits forpihe DY sigaalk Bethgh she mpfeaddismng tenspitigds i ¢ ¢ ed
across frane ali . Sj . 1ndzr ' I [ Os, the
over head dﬁf?sﬁﬂ%ﬁg‘%{;& rdé%‘gagﬁlﬁgi%}r%dr%ttﬁgg? g%g%%mg%?ogrr%}g&?hgﬁ%g? rgg‘glné}?al usi ng
bit stuffi ngongopieh el cvathendibits foe tiesBAB yigasid Adcardmgly tthegverhendbits ass gotal out
fromegress unit 622, as _is kno inthe art. In alternatj.v

.62 In a
enbodi ment ,placed Fathin fhgheadar bates oF (hsnagkgenging Ragkets Bwt Tg{pairy W‘é‘?fﬂsh% nit 612
to packet i ' c - i tio il tJask& 8y2
al | owi ng p;@gg@&g%}%ﬁ%@ %g%ﬁ?%é ﬁ’g%gﬁ‘lgktg%gggc%%glg?iﬁ%sstﬁf%fortﬂﬁgg signal to
be transm tusedito packstirer B3 eutticaieybedder e 866 wall giih encludetS@HG 8pr f or ns t he

necessary hit stuffing operati.gns for ali nt. t he, si.gnal. | n. one
embodi nent ,HW%%#L%HY%%%@I"SWE@&O& %e)grztcﬁ%irlﬂogn &%?W%%ggngweﬁ%%@?oat es the
frame strugflig p9fe $0% TRICORRASS, hike@ILRbADEIts WS inBRifed inthe PLy1SAELSE

enbodi ment, the timng reference may include a synchronization pulse to
mark the stpcketd)2aHomevet, cinhodimentinsdhepigsent iyenfion &emat so piet e of

framer unit 612 . ind d | . i
timng lrJe:c " ﬁ.&gﬁ\g{i‘%}eﬁ’ ﬁ%ﬁ%lﬁ EEﬁggsﬁgggo & %%gel%‘g%‘gfe trh%%%grhf%e(gﬁélks\cjaﬁga %[aﬁ%&igl gnal
bei ng 14 WG:QR 18042 dutitahiddSna afdihbdtedlin@BehdiMef byaeest therpackétéhgine

synchroni zes with franer unit 612. Packet engine unit 610 then forwards
t he signal nagkéte.aner unit 612. Framer unit 612 transnmits the signal out
fromline card 502. In an enbodi rent, wherein the TDM si gnal being
transmtted fromdeframer wunit 602 and packet engine unit 604 includes a
DS3 signal, deframer unit 602 doESFRANIED-BASED OPERATIONS

The operation of the portions of line card 502 illustrated in Figure 6 will now be
described in terms of unframed-based operations. In other words, operations will be
described within line card 502 such that the frame boundaries of the incoming TDM
signals are not located and such that the outgoing TDM signals are not framed. Even
though described in terms of not framing the incoming signals, embodiments of the
present invention are not so limited. In one embodiment, line card 502 may still frame
the incoming signal, but are not required for the subsequently described operations.

For example, ingress unit 620 may still frame to ease the processing burden of another
network element that receive this data and may required framing of such data.

The following description of the unframed-based operations will be described
such that a DS3 signal is framed to locate its DS1 signals, wherein the DS1 signals are
processed independent of any such framing. This is by way of example and not by way
of limitation, as other types of TDM-based signals can be incorporated into
embodiments of the present invention. For example, in an embodiment, the incoming

TDM signal could be an E1 or E3 signal. With regard to ingress unit 620, deframer
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extract the overhead bits fromthe DS3 signal. Rather, the payl oad being
transmtted across payload signal 630 will include the DS3 subfrane for
t he gi verwD$30si4gnal along with the overhead bits for thecDEBosigsal .

Accordingly, the overhead bits are not placed within the header bytes of

th ket ket t - : kets.
Ret ur ni g EONRDarat e s Mg T Ohmitds Il steld o B PO Rt PECKE °
packetize JiPsh paspbadediEnal bee,cminebaugenﬁaﬁmgmdl 1633 tandl/br overhesd elaGERGEaB04.

However, the overhead bits wll not be extracted fromthg)gpayl o&d and
i nserted i 986 bhetigeworlyia @mbofine defigaer upih 80 dossaioh logateithe Kamey | pe

|ncluded|n t f th t
q%f-',” tidhadiggat s o e presen

i nvention alehqﬁz[) Xéoqﬁﬂﬁlg{gngp&cg%ﬁéano elrﬁg\é% ?lmant or the processing of

a DS3 signal, tNhgoayembedicheht, packet engind umt6@@lrecéwemulnshecmﬁgbutstrcanes and

T M RN e SbERLE I PRERE oA HEnG ot AL SUEPEF 502
i 11 ustratedy 'lbir:[s dt(%gérﬁleﬁt ﬂ‘elmlﬂg‘%gﬁiang@%ﬁf IIBIQ&Q théde bRE Hﬁo afe ﬁé?fo'é@@?ﬂ based

oper ati ons. r words rations wl described within line card
502 such t hpatkdtrgihe aaekeb olmruimrerré@dmﬁent H:be feftredimgnbEDM blta gnsuoh thatdheot

| ocated and such- t hat e ou nal s ar.e ,not d. Even though
descri bed |H"?leeéreﬂ%m?)i’a%fs e 5%18 nn%zq Y5 Lnbpdypents 8%9 8i%8Ht s of the
present i nvgnti:gn a?é&t@@ﬁmﬁ@d'ésrgréﬁéi'or'léhséi*t@ze%ﬁ@@&'eﬁ@ﬂ%gaa&kefk&aﬁ@%d 502 may
still frame the incomng sighal, but are not required for the subsequently
descri bed ommmwdsntoléufooexm efthcn@segsnvmtmnazo may still frame to ease

t he processing rden anot her .net P I dat a
and may require qrreﬁ?ﬁqpl > Brong sapoduyS mﬁ%m%f’l%fm%\t/\%ﬁaﬁl%egg@iﬁh ﬁlgﬁltmo t he
unf r aned- basgdqanRenes | m%ﬁg Wdftanke ubli2 $02 s@ﬁ@btegmsmmagna 11@8&ssompaﬂ1en|ts
framed to locate its 1 signals, wherein the DS 1 sj nals re processed

i ndependentDDF signgls. sH@werrramcmg sughhpabedimt, theindyideg ﬂarﬁd’t" by way
of limtati t her Qﬁﬁﬁ rated into
enbodi nment 51935? Cﬁﬁ%& (Fa eﬁﬁ?\%@%\?—{ orSil g%?}eﬁm?%g%%%gﬁggg eréént t he
incom ng Tkt g@gatd mué sothel famdboundarks veitgn die DSV tignale ddoreoven, i inmgr ess
unit 620, deframer 15 WO 02/080421 PCT/. USOZ/eeﬁA'Sqlql uni t. 602 receives the
DS3 si gnal @mpdimenietbadits REsIhdraIe-HigedRigscEpr dntomark e 6asing R Shn

222' Of‘ﬂ ?,'t g%@lhag %th; gﬁm%ﬂtﬁg@%ﬁ%@h a%ﬂﬁ/d%nﬂé{ea[shﬁﬁﬁ bitgkRrsi gnal

ef ramer unit 602 does not |ocate
t he franes overhead and payload bits of a given frame. However, the SOFG bit of the packet

would not be set, as no framing is involved herein.

Returning to Figure 8 to help illustrate, the defined number of bits are placed
into the location designated for DSOs. For example, for packet 802, this defined
number of bits from the incoming bit stream are placed into the location for DSOs 706.
Similar to the framed-based operations, header byte 806 is generated for packet 802.
However, header byte 806 does not include SOFG 804 or overhead bit 704, as there is
no framing involved in this embodiment. Overhead bit 704 is, however, included in the
incoming bit stream.

Packet engine unit 604 transmits packet engine packets 800 to packet processor
606. Similar to the framed-based operations, packet processor 606 generates a header
for deployment as a network packet through packet mesh 526 (shown in Figure 5) to
egress unit 622 of another or same line card. In one embodiment, the header includes
the source and destination for the packet. The source is determined based on the line
card and if multiple ports on the line card, which port the data within the packet is

being received from. The destination is determined based on forwarding tables, which
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within the incom ng signal or generate framng information there from In
one enbodi nent, packet engine unit 604 receives this incomng bit stream

i ncl udi ngwotee/opegl oad and over head data, and breaks this PCTaSNHHEED a
defined nunber of bits independent of fram ng boundarl es and pl aces these

bits into the,payl oad of ket pac one enbodi.nent, the
et ned nurbernays Bttt ol BRRE ChrafRRH 06 REEERe il e BHGRUOE ¢ 5
bytes in siiagmdieynemermal mﬁetwesso@fm (&t RAGSENtn ohB¥RBbHiRR AR NOt SO
limted, as %Weat er or |esser size packet engine packets can be

i ncor por at etptvatkdaske @gneratedds of IR paskelr dlayaver, ﬁv@ﬁﬂimﬁms <I>‘fdhe pieagndl e, in one
nbodi t, d DS3
cTooC T ORI o gt e SR MELRORRIR, O e,

signal s. Howey&kor 06. one such enbodi ment, the individual DSl signals are
not framed. Instead, a given DS 1 si gnal is arbitrarily broken into
frame-sized pi ec@gnofer ﬁ@h?dwahpaclﬁebenw wt 04 dges apkpoeessesdhe Bwomingi n
the DSl si I ane-si zed
bi cces ar e rbeteiaton Bt kel GtleTRbkey. kbt etiiFHEBL "0 B
SOFG, over haamtnhgtbﬂalaﬂd ﬂm;ﬁlmdlehboﬁmheadasthexfeoﬁ hefobmtthese@aeketsnv}e:{tm;ad and

payl oad bits iven frame. However,  t SOFG_bit of the packet would
not be set,P3§ er?B HHL094 iPasses theps, Baomi lﬁ to R%QI@Fmoﬁﬁss?@qﬁrdﬂﬁ%d’Bm}o hel p

illustrate, [

desi gnat ed ?‘ntél%&llil)%%g ﬁ%gs%%og%mg?ﬁ%ﬁ%ﬁg%gg%%ﬂm B&Qg)eél I negEﬁ‘Bﬂ& er of
bi ts from tpeeketnobagivgn lsize, whllchaﬂm‘a;r@ppichngm thetpootbbel dr satiard enfpbeyeDSOs
706. Simlar to the fr d base g r at header byte 806 is generated
for packet bgans%% %Bﬁ%‘f‘f Br)?? %roé)o does not incl ude SOFG 804 or

overhead bit 704wi@se @E&egrgssdﬁﬁ62Qa1’)'ﬁcﬁékﬂrBé’é@édf%@@rébeNéh%nﬁmB@ldéﬂmm
Overhead bit 704 is, however, included in the incom ng bit stream Packet

engi ne uni tpagkets ﬁpm@tﬁ@@cﬁ%t@@\@ ind'igre R destigedta e pupkist fypmobivs sor
605, S m | 3§t e LI ATRS BRS-GBS, 20 PRAEL pRLOEESSAY, B00, gpper at s

a header fof de oyrrent (shown

in Figure Hack& he@(garr(p&ﬁ:edl Gh Eheﬁﬂﬁkﬁfby@ﬂ@kéﬁ@foo@ﬁsoﬁ 808 froiN@hieR tHE. pakketone
enbodi ment, the header includes the source and destination for t he packet.

The source Q%%Pé%‘b therefodendng nackat engind naskets esillystizied by Fiawre §-pPeckgbrt s on
he |
the line caf, es&ﬂ'é?)@ fwatr(clist t?‘e:s gqaa d eget € E]rng%(ﬁh%t 0' %’a%lgg‘argné’ 1\?/\1}]?51;(53 16 VO

from The des |nat|on|s rwar di ng

02/ 080421 Rehb\SGRE B dm the payload of packet engine packets 800 and forwards these bits
to framer unit 612 through payload signal 636, frame alignment signal 638 and/or
overhead data signal 640. Framer unit 612 passes these bits onto the outgoing line,
independent of any framing. In other words, framer unit 612 dumps the bits onto the

outgoing line without regard for framing of such bits.

SYSTEM APPLICATIONS

System applications related to both framed-based and unframed-based
operations will now be described. As illustrated, by Figures 7 and 8, for frame-based
operations, embodiments of the present invention break down the incoming TDM
signals into their constituent parts for transmission as network packets, while
maintaining the framing structure of the original TDM signals, including the payload
and the overhead bits contained therein, as well as frame alignment data related to the
signal. Moreover, embodiments of the present invention can provide the functionality

of the prior art illustrated in Figure 2, independent of interface units 204 and 214 and
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are known in the art, that packet processor 606 accesses froma nenory

| ocation internal or external to packet processor 606 (not shown). In one
enbodi merwp oelgn42het wor k packet generated is an | P packet PCHISOV®HS51

enbodi ments of the present invention are not so linmted, as any other type
packet - engi B e abgsChEts 2055 A5 1 Bel FREC R keal BT PV oEBR e
gener at i on gdwek cpatkgitiodngquitedapsiditom. | ncl udi ng the division of the
incomng bits an@é&e@ql acenent 'Ot];%fa hlgatlder, thgé%?ﬁnwéofg;‘ or mkgpese_ pac_kets.
Rat her, packet YnTROTGHACIP S NBEKYL FBSIBC P TR Pagisl prregnaernt
processor 6 i . iheat es

t hese i ncom&?gp%%egﬂﬁge%&a%%@%g&hﬂ%ﬁsg 5 ﬁﬁ@? &‘Sg’éﬁ@?‘zﬁ% mgﬁ) ‘gfl@%rl’]lj@gze, whi ch
vari es depepudketgtreams.ha cpurdingtyolin an erabaditheny tienipdioided] DSOS ark baffsrgdsadon out
f Kk 606. Wth d t ress unit_622, packet processor
505 1 o6l vEBCKOHGTBBIeDgRIeEAER BTSRRI B RED Sses 2o SBIF. e ERbur o o)
destined t |4 | ' 608
o est di ng paEkR Dk Re iy ftred IR R DRI ik JRE R DOE BRRE Pl
packet by packetkgiized bssdron8Béntimben offbits o bdmcheded at the paylghdsaifehk t her eby

| eavin acket .engi ne packets illystrated b igure 8. Packet processor
508  { of war GECKHELEVDTRRONES] ShiR BECKEhBPREara0- SHBteO Rt REFSaEF s
610 r em)V@@)GtJ&ﬁ_chntp%tsg 'b]gértd 4% RN L3R DIRVsEEe SRS apﬁﬁul@ﬁilea bggﬁ)giﬁri‘g .

forwards these bits ramer unit 612 through payl oad signa 6
al i gnment  siigmdprogggonAdd, asingstend dagmpagsaiogitephalques Oln dheambodimdéit, 612

passes these bits onto e _outgoi.ng ljne i hde d of ;any framing. In
bt hor wor oo eeRvtRsRet (06 21 il oo o "By mub B B BR B3 BresG¥ierahre o ¢ hou
regard for deffd 1862t B EEmPickson SYDEREMARM. | LAD NSy SHS CeprRAbH a1 bONS
related to both framed-based and unframed-based operations will now be
descri bed. pesformpd by peacsesorsy yuqhy agiadgitat signal @ocqsgor, facates ibeeiade lospéenst i ons,
enbodi nent s ' Ny d ' 1.ng I signal s
Tnto thet 1 Eanel BRI Herl g MRl ciRn S MR st MM AL The G

mai nt ai ni ngoftth® nbtvastk REn&int.uct ure of the original TDM signals, including

the payload and the qverhead bits contained therein, as well as frane
al i gnment dat a ri@|3RcsePadyme cbackpigrasessquda speapsulates sipsararrkstsofith he present

invention ¢ i 68t & ungtd aReddstidatiof ad A ' N din
Fi gure 2, il?]egg%éﬁycﬂgnt l?(i) eant er#éace ur%%%{%lo Oa an%f%zéf%%gﬁ%%it o{mgg&gg
being processed by packet processor 606. Packet processor 606 forwards these DSO

packet streams to egress units 622 of this or other line cards of the given network
element for external transmission. Moreover, in an embodiment, the overhead bits and
frame alignment data are transmitted to the receiving egress unit 622 through the packet
stream. Packet processor 608 of the receiving egress unit 622 receives the DSO packets
and interleaves the DSOs into DS1 frames. Additionally, packet processor 608
generates packet engine packets 800 using the interleaved DSOs as payload along with
overhead bits and frame alignment data with the headers, as illustrated by Figure 8.
Packet engine unit 610 and framer unit 612 generate the outgoing TDM signals, as
described above.

Another system application for the frame-based operations could include the
functionality provided by the prior art illustrated in Figure 3 to allow for switching at
the DSO level. In particular, as set forth above in the other-described system
application for frame-based operations, packet processor 606 can separate the
individual DSOs within the payloads of packet engine packets 800 and generate

individual DSO packet streams across a number of DS1 frames. Accordingly, in one
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WO 02/ 080421 PCT/ US02/ 04451 digital signal processors 206 and 212, thereby
reducing the real estate as well as the power consunption required there
from I n werkiogdkrr, upon recei pt of packet engi ne packet C80B01/04am packet
engi ne unit 610, packet processor can break the DSOCs within the payl oad
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th ket 1 : : ,
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streans, asthffughipaeickt heshl596.t Rbtundh@odiigmiedciodrety illd8ate, 28l D§Nssdoakidsy d

conpressi on techni ques, |In one enbodi nent, acket processor 606 can
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for conpressi i v fl SH n be

porf or mod by bsd Befchebl PR R RLELAN0R of kAP oATREES B GED, 03 1

r enot e | ocadanfiggrati¢®e ofjnetwotlhelemerit 4031 the diratriteIDS)s sigrairofitdmdme oprdi 50Ga are

expensive real estate aon the |i ards ..of this network elenent. Jn an
enbodi nent ,toga&pe 1‘}5’#(5’85&@‘8%%(5@%&&8%?% %le _%“dpaée F(%P%“strﬂ“e‘*‘é‘ﬁder S
that includg g agﬁalctﬁm%gg afl SRbIERRNAMhe BRI SIBRC NIDRyaOMEd ¥h t h ot her

packets being procCessed packet processor 606. Packet processor 606
f orwar ds t hewéghston phodtworlsclewantst (Rothedase $6 Dfidistionglige eird SH2asareto be her

i ne cards of .the given ne | ement f xternal .transn ssion,

Mor eover , j GPIRin ’5]8%%# Wﬁgo%ﬁamﬂﬁ]&&aﬁﬁoﬁfﬁ arg ?M%?‘Bf‘?ﬁr@ﬁ? %hta are
transm ttedp§Psicha tﬁﬁﬁ?h ¥h Nfe@ie@ninetatd £028. tihe abeVe-ddieribaicselichinktangam
Packet processor 608 of the receiving egress unit 622 receives the DSO

packets aneprihiniagoé250s it ewaBckeyamnde mrindt baveay, ofAmeifatiosnas P§0s fpasket
processor Garql% gﬁ’g'gﬁ%g rﬂgfo\%gtti(ﬁ%%légbe ﬁcrﬁg d E@cf M%a}eﬁ%gse Zcin?i%r\%}gitﬂggéélﬁéé eaved

DSCs as pay over hea S an rane gnnen awth the

header s, asand/dridstabades Ghddyadkiegpfoeesors Fackeb08 g AtessniAs hdAnaDH0S Earer
unit 612 generate the outgoing TDM signals, as_ described above. Another

syst em appl becaiifched thpugthzacketdneshy28 and speiervrd Hathiohb is infbiierget « he
unct) on g 508 0,1 e o o o0
ot her - descrhBeédfren st fercapintoramii TMfsignafst ame- based operati ons, packet
processor 606 ¢ a§ys§e%£1) g}%ﬁgc%tiggsefor unframed-based operations will now be described. In

one embodiment of the unframed-based operations, packet mesh 526 (shown in Figure

5) of network elements 402-408 can act as a full DS1 or DS3 level cross connect. In

particular, as described above, these TDM signals can be mapped into packet size data

that can be processed by packet processor 606 and packet processor 608 as well as

being switched through packet mesh 526, independent of locating framing boundaries

within such signals.

Returning to Figure 5 to help illustrate, 28 DS1 signals could be received by
line card 502a. Additionally, an additional 28 DS1 signals could be received by line
card 502b. Based on configuration of network element 402, the first 14 DS1 signals
coming into line card 502a are to be combined with the last 14 DS1 signals coming into
line card 502b and are to be transmitted out as a single DS3 signal through an interface
on line card 502d. Moreover, based on configuration of network element 402, the last
14 DS1 signals coming into line card 502a are to be combined with the first 14 DS1

signals coming into line card 502b and are to be transmitted out as a single DS3 signal

19



i ndi vidual DSGCs within the payl oads of packet engi ne packets 800 and
generate individual DSO packet streanms across a nunber of DS 1 franes.
Accor di ngwg,02josp4one 18 WO 02/ 080421 PCT/ US02/ 04451 enbodiPEEAISODH445he
frame- based operations, packet nmesh 526 (shown in Figure 5) of network

el ements 402-408 ca t as.a fu SQ. | evel cross copnnect. As descri bed
Sbove. "t hesBidugan tertite SRR S JReRboPeCriRs gat B PRI e Rposng
processed acgacﬂgg@esmr%@@ggg cRedngmcIost processor 608 as well as being
swi tched through packet mesh 526. Returning to Figure 5 to help

illustrate, 24 De@arizenlardedsh of therds IS baighyls peink aecepied baydmsrcagiod)2afand i ne
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el ement 40Zsizd diga fbhd mcésée@ﬁ%cﬁétg tbset paeRet Jro®ssir 606 a8d padkeEmetOs 163
conbined with the |ast 10 DS fromline card 502b and are to be

transmitt eginéenend@ﬁ o thgdtamesgidhin spehotigitnlanlhase ppekgtsarerecpivad by Brgkeb02d.
Mb , | gurat: 4 he 10 DSCs
from | ne PG alRositihy GHREhOGudl bl he P Wl RE qeqilia b 1Y, 10

card 502b amdssambdleddnioghéir anginltDEUsighdls B tiee ask¥slated pavkbt dnlgimeuwgit 10
interface on |ine card 502c. The above-described sw tchi n%and conbi ni ng

of DSOs is ¥y fmyeramitdlgmgion exameplpdhe pekgisynaking yidhefirstdd Delssigrads £ r om
any nunber of ' . ' j L war di ng
tables and cl)rrlé %g?g ‘ggzé‘ﬁt@ %rtﬁ%gg%%gﬂﬁg?é%ggs%%s&%gg%?g%gﬁcg:%%?g?%ess. As
shown, DSCscardfi02thare sedeiveddy pabka pglvessac k@d ofiishcab® 602hahdi ant saabseanbdedl wi t hi n
DS 1 s indfferent. .c inations such that a giyen Qutgoin si gnal can
nci ude oneiou st e Do Bl mRia aReneRERE 1§ RELRIHG SFENT S s,

Syst em appl i £@abhaDSvbRlove) faAREHhiP PR AtQRATA theR28HE1 siBRYL R0 SeRari bed. In
one enbodi nent of the unfraned-based operations, packet nesh 526 (shown in
Figure 5) ufnahendahsnalscthisdS3 sigml g08remdingsarda®2a full DS 1 or DS3 | evel
cross connect. | rticul as descri bed above, these. TDM signal s .can be
mpped i nto- packbrr8fpienydhe piSt EXEhia e BELER L R S RERLS, 606
and packet Hise€ 650 B inkedsk sids dideRé e Fahddchathfaeatakedypeteionsesh

526, independent of |ocating fram ng boundaries wthin such signals.

Ret ur ni ng ten theggress side.olhenerembodiment angrespnipsA0 Gpigesths incouties sendlecei ved
by line card 2 L [ t.1-onal - i : uld be
recei ved b?oqsg?%nﬂigéf%fé%%r&cﬁ%%%g{%ﬁg%% |g%%gfi%%ﬁggia%é’gvn\‘gb%@?emnt 402,
the first IlhkcEBhgekanalsit 622 performs the framing operations related to both the frame and

frame group (e.g., DS1 superframe) boundaries for the outgoing signal from framer unit
612. In other words, using the SOFG, framer unit 612 replaces the overhead bits and
aligns the payload with the frame and/or frame group boundaries. Accordingly,
robbed-bit signaling and subrate formats that require alignment to frame group
boundaries are passed intact. In such an embodiment, the input and output data links
are treated as separate links for the purposes of line maintenance signaling.

In another embodiment, ingress unit 620 frames the incoming signal based on
the frame and/or frame group boundaries, as described above, while the receiving
egress unit 622 performs the framing operations related to only to the frame boundaries
and not the frame group (e.g., DS1 superframe) boundaries for the outgoing signal from
framer unit 612. In such an embodiment, the receiving egress unit 622 ignores the
SOFG such that the frame group boundary is not aligned but the individual frames
therein are. Accordingly, in the event of frame slippage due to clock differences, the

slips occur in units of one frame. Such an embodiment can be used for long distance
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comng into line card 502a are to be conbined with the last 14 DS 1 signals
comng into line card 502b and are to be transmtted out as a single DS3
signal thwowglsmpl i nterface on |ine card 502d. Moreover, POagsd2/onst
configuration of network el ement 402, the Iast 14 DS1 signals coming into

line card 502a are to be. conbi.ned wiith the fi al,s, com ng
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WO 02/ 080424 Bgylgﬁg%p%@hpoggg&qg@ I@d’intleﬂélﬁéfsﬁghﬂgj | ine card 502c. These
oper ati ons can be perfornmed enpl oy |nggg§acket processors 606-608 and packet
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signals. These packets are received by packet processor 608 of the gi ven
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being received by line_ card 502b are received by packet processor 608 of
line card 502d alPngreanhodyaeipeiess uniheZ) dossimet ﬁamsrdﬁ-‘dpccm@ng signgh ayhdley

packet engl ﬂg {%@ rtléégre?sqgug 2230 dU%k h %fo?xffl ﬂ%ﬂﬁﬁg %HOI%(%HZ}HSM@%% ver,

framer unit eaves t ese 1 signals and
transmts tThepdHEhdsofghia Is1gna11s ffmmardadnraﬂ'caii af ﬁe bverﬂiambdhtmtm mthin thbe
present invention are n the fr ased.
berati ons. SR PGB enBpGEdH dbs Ui T Fanbhe masiered

operations 0fich he RBH&STnS tHein Rh&rﬁﬂﬁtﬁﬁ'@%'lﬁﬁé‘he tkéa%ea%%aﬂilbfa §4Q1ef rames
the incom ng signal based on the frame and/or frame group boundarres, as

descri bed abniv@;r thehpurposeh ef lineweinidnagceogredioguMare®2p, spppdgsrwithin He f r ani ng

oper ati ons Le ted ot h th frame and franme group (e.g., DS1
superfrarre) f’tfn&t? e%ds% ‘Bﬁﬂsgm ng signal fromfraner unit 612. In

ot her words, USIngarfohﬁersﬁiB&iuﬂdhamegremmﬁ @b2nt e REESInERErRYAiiheRH bits and

aligns the payl oad with the frame and/or frame group boundari es.

Accor di ngl yprocgssesibel signel isjagrrappasent amndles Jbe dﬂ@ ig @mﬁ«a@r@s&mketﬂwbu% as
al i gnment g r{?{nq@e c'ﬁBt Vpﬁ}%ﬂﬁ@%ﬁ? 1?({11%31@?%? ﬁf?a%f I ket Hs ép cket

enbodi nent , are reate as Séparate FI nks
for the purmﬁms&ﬁteﬂlmmgm ait Bnﬁrecmclse]gbedmfegt slippags elithex theshedi igent

i ngress unl&nﬁ%%ii&iﬁ%d%gﬁslnconlng si gnal based on

Moreover, with regard to timing between a given deframer at the line card
where a TDM signal is to be packetized and the corresponding framer where the
packetized signal is reconstructed, a number of mechanisms may be employed. In an
embodiment, the framer on the line card where the TDM signal is packetized and the
framer on the line card where the signal is reconstructed from packetized data are timed
from a common network clock, while the far end network element sending the TDM
signal to be packetized is loop timed (i.e., its framer is timed according to the signal
received by its deframer). In one embodiment, the framer where the TDM signal is
reconstructed and the framer at the far end network element where the signal originated
are both timed from a common network clock that is distributed by some other
transmission path.

In an embodiment, the framer where the TDM signal is reconstructed and the

framer where such signal originates are not constrained to have common timing,

thereby allowing frame-slips to occur. In one embodiment, the timing of the framer
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the frame and/or franme group boundaries, as described above, while the
receiving egress unit 622 perforns the framng operations related to only
to the frao@iosdadari es and not the frame group (e.g., DBCTAIspBofEaMTE)
boundaries for the outgoing signal from framer unit 612. In such an
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monitoring of the overhead information. In such an enbodi ment, the input
and out put aebalihentktheaieziation fanetdic astvivak chochambscongingnicatel td the t he

pur poses of |ine maintenan sj,gnal i ng. .In one. enbpdi nent, ingress .unit 620
Hoes not f rEFRSTHE e ARG DY PR e s PR opeal T hg “beeesoid 622
al so does nghbduhEE BY fHeaBitMEURP &Y Bok 18 $indiig bBiweef b @i defrifer ArYfraas of
this signal is forwarded with all of the overhead data still w thin the

si gnal . | n @abyswotriextopiemadnot bhwapoblimdadon as athentechiiguesitg alpwingfabt be
nonitored. _Iln,. e i . i £ . i nks are
roat od s PEREHE0cANCHERRbRRD ind b s BFhe BB ipftidn, | T2 210
si gnal i ng. Mor eoVied linss¢dr@padecontrbhiandd iheludsd @iae differanit hbiwork elefRdissi zed
units. In another enbodinent, ingress unit 620 and_the receivj n{q elgéess
unit 622 prelderwmarss rPeRTEATs AXYar ppRlireHan SReciip Buceratsd Casis (ASIKsht |
across pack i 0= S| : | acl such dat a
into the fog&r%tqﬁ %?O%ﬁgﬁg;&eseaﬁrg?%gﬁégg%ﬁﬁgnﬁg@g? B?I“%Cglp ?gt% ]é a?s(r\?'tgggur e 8. In
one such eniastdiatiens (i.eslsbfipags embbdying tieosd, gnall, dfshe mithbdslopas Hetcribéed ed

units. Moreover, W.th regard.to tim bet ween a given .deframer at the |ine
card wher eheaﬂ%%wma%ires% CHEPISIAN Bt Bk B Th e ED ﬁl%%ﬁ’&ﬂ‘&ﬂh@“ Paner
where the packehd 3RHe3bORRNor ASICRC BB iHeYatRRes G Hi4RPSiifioNEEha ST MRy
be enployed. In an enbodi nent, the framér on the line card where the TDM

signal is phdchinezeadablrmediom” shall be taken to include any mechanism that provides

(i.e., stores and/or transmits) information in a form readable by a machine (e.g., a
computer). For example, a machine-readable medium includes read only memory
(ROM); random access memory (RAM); magnetic disk storage media; optical storage
media; flash memory devices; electrical, optical, acoustical or other form of propagated
signals (e.g., carrier waves, infrared signals, digital signals, etc.); etc.

Thus, a method and apparatus for alignment of TDM-based signals for packet
transmission using framed and unframed operations have been described. Although the
present invention has been described with reference to specific exemplary
embodiments, it will be evident that various modifications and changes may be made to
these embodiments without departing from the broader spirit and scope of the
invention.

For example, embodiments of the present invention illustrated with Figures and
8 were described with regard to a DS1 superframe. However, embodiments of the
present invention are not so limited, as other transmission standards can be employed.

For example, the E1 standard could be used. Therefore, the overhead bits illustrated in
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framer on the line card where the signal is reconstructed from packeti zed
data are tined froma common network clock, while the far end network

el enent swodefgp4ehe TDM signal to be packetized is | oop PCHRAH0L/04481, its
framer is timed according to the signal received by its defranmer). In one
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the timng gi,the TDM signal to be packetized is conpared against the
networ k cl ock. Accordingly, a neasure of the deviation is placed in the
packets of the TAWitiahalys e frocassing tiae detcoibedhacresst e cafo apd gouatiolicards.
reconstructed and used..to adjyst the timng of the fr. r_ therei.n. However,
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i ncl ude nentid &awings gecdodsregadrd i an Allpstiatine ragher Sppad TFtECYR ¥gbat ed
Circuits (ASICs). Such menory includes a nachi ne-readabl e medi um on which
is stored a set of instructions (i.e., software) enbodying any one, or
all, of the nethodol ogi es described herein. Software can reside,
conpletely or at least partially, within this menory and/or wthin the
processor and/or ASICs. For the purposes of this specification, the term
"machi ne-readabl e nedi unt shall be taken to include any nmechani smthat
provides (i.e., stores and/or transmts) information in a formreadabl e by
a machine (e.g., a conputer). For exanple, a machine-readabl e nedi um

i ncl udes read only nenory '
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(ROM ; random access nenory (RAM; magnetic di sk storage nmedi a; optical
storage nedia; flash nenory devices; electrical, optical, acoustical or

ot her forwpae/ogepagated signals (e.g., carrier waves, i RCrarsezogsgnal s,
digital signals, etc.); etc. Thus, a nethod and apparatus for alignnent of
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oper ati ons een descri bed. Although the present invention has been
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evident that various nodifications and changes nay be nade to these

enbodi ments wi thout departing fromthe broader spirit and scope of the

i nvention. For exanple,. .enbodinents of the.present invention illustrated
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si gnal . Moreover ;3 paikbpeiginist @uplcdeo HeakEinet Oiighé patkar @gtieamititbed wit hin
aline card in an in-ring network elenent (illustrated in Figure 1).
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exanple, e I tog i i i : ed into
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t he processwitginwas TD4 eighhlestichdraotie patlet engine packett indnde the pegloddand However ,
enbodi ments _of the _present invention are not so limted. For exanple, a

si ngl e | i nethedranecabigngent, ﬁ@é‘gat e the processing described across nultiple
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into the control card. Accordingly, the specification and drawings are to
be regar dedP¥HLENRKkT St i ve rather than a restrictive sense. 23 WO

02/ 080421 PCT/ US02/ 04451 CLAIMS What is clained is:

2. The line card of claim 1, wherein the packet engine packets include the

payload, the overhead data and the frame alignment data.

3. The line card of claim 1, wherein the TDM signal includes a Digital Signal
(DS)-1 signal.

4. The line card of claim 1, wherein the TDM signal includes a Digital Signal
(DS) — 3 signal.

5. The line card of claim 1, wherein the TDM signal includes an E1 signal.

6. The line card of claim 5, wherein the packet processor compresses the DS0O
signals.
7. The line card of claim 1, wherein the packet processor separates Digital

Signal (DS) — 0 signals from within the TDM signal.
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1. Aline card in a network el enent conprising: a defraner unit to receive
a Time Division Multiplexing (TDM signal, the TDM signal including a
payl oad awo oowsdbead data, the defraner to generate franePCalisguomnt dat a
based on the overhead data; a packet engine unit coupled to the defraner
unit, the packet engine unit to receive the payload, the overhead data and
the frame alignnment data and to generate a nunber of packet engine
packets, the packekrfidicendeekahssin@presenting a frame wthin the TDM
signal such that the packet engine packets include the payload and the
frame alignnent abumberaiding cprdskeach pf the avuber eldlins eddstiocludiagdef r amer uni t,
t he packet processor t receive the. packet .engin cket.s 0 generate
net wor k packets based® g?‘fr‘?ﬂ%ungi%ﬁeé:fﬂvgﬁﬁlﬂlg %{%Il(oé]te%[% .e%@tﬂ%i card of
claim 1, whggeilnrhé TOMsRKelincliginge RgRkehed bighedialatd) the RfvhRaed the

over head data and the frame alignnment data. 3. The line card of claim1,
wher ei n t hezerewtsirgna pligiaenidate basqd i thaovebgehdata DS) - 1 signal . 4. The
line card of claim1, relin. T i i ol i gnal
(09 -3 signal 5. ThERREEbe G RURER, e R bR nellel

i ncl udes anuid toge¢Hingd the Payldhd; the overlead datafandlthé findhe alenh&itdatah@dpacket
processor conpresses the DSO signals. 7. The line card of claim1, wherein
the packet FPetszBrmBe{packss cngige papketsgihgpasket prgine PerketsgaRPeting m wi t hi n
t he TDM si T / ment

conpri si ng?gggﬁaﬁgy}%‘gzﬁll ne%}ggtﬂé%g%%%ﬁt élgﬁlgr@gg&% Hﬁrelsg{hgar ds

i ncl udi ng: payttefly thoevethnad ddto andiheifiamennlipnmenbilata;sindn Ml ti pl exi ng ( TDV

signal, the TDM signal inc)Juding a |.oa over head data, the defraner
to generate frane alt} mfoaeég%{ %ggléﬂt‘b%e?d%ga@%}“ﬁ&z]&eBaé‘i(gf:prﬁ‘_’eﬁ%ket
engi ne uni tyGRsEfle hAclehBndfs pRRBE aHid gerehfe ﬁ@c@%ﬁ%pa@:ﬁ_@t‘s@@sed%‘tﬁet Y

recei ve the payl oad, "the overhead data and the frame alignnent data and to

gener at e a paektfengok pecoitstanéngi ne packets, the packet engi ne packets
representing

at least one control card coupled to the number of line cards.

9. The network element of claim 8, wherein the TDM signal includes a Digital
Signal (DS)-1 signal.

10.  The network element of claim 8, wherein the TDM signal includes a Digital
Signal (DS) — 3 signal.

11.  The network element of claim 8, wherein the TDM signal includes a J1
signal.

12.  The network element of claim §, wherein the packet processor separates a

number of Digital Signal (DS) — 0 signals from within the TDM signal.

13.  The network element of claim 12, wherein the packet processor for each of
the line cards forwards the number of DSO signals out to any of the number of line
cards based on forwarding tables, wherein any of the number of DSO0 signals from

any of the number of line cards can be combined to form a DS1 signal.
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a frame within the TDM si gnal such that the packet engine packets includes
the payload, the overhead data and the franme alignnment data; and a packet
processorwomajpmgel t o the deframer unit, the packet proces®OT/USHZ0448Cei ve

t he packet engi ne packets and to generate network packets based on the
packet engine packets; and at |east one control card coupled to the nunber
of line cards. 9. The network el enent of claim8, wherein the TDM si gnal

i ncludes a 1l 9i tBle neflGRANerh&IPLE daih 39 herdf thd bm@?gnwsl&aﬁéﬁmafoupf claim
8, wherein the TDMsignal includes a Digital Si gnal” (DS) - 3 signal. 11.

The net wor Krah éreelinte aafdscl ai m 8, wherein the TDM si gnal i ncludes a J1
signal. 12. The network el enent of claim8, wherein the packet processor
separates a nunber of Digital Si gnal (DS) - 0 signals fromw thin the TDM

si gnal . 13 The el enent f | the acket rocessor
for each of "t he |n\r%gw%r§re ?n(gr\gvglr 1??1‘&}1“61 tghg%c?( &S grncé) "BAT° t o any
of the nunmhgs DSD sidna. cards based on forwarding tables, wherein any of the
nunber of DSO signals from any of the nunmber of |ine cards can be conbi ned
to forma DS 1 signal. 25 WD 02/080421 PCT/ US02/ 04451 14. The network

el ement of claim13, erein . the DS1 signal is transmtted out fromthe
line cards.1615 Amethssmisiiterent of claim 12, wherein the packet

pr ocessor COWr%éﬁfmg%ﬁ@)l@% mfaan%ludééove%héaatda%danfagﬁpfdaéum receiving a

TDM si gnal that inc es over d data and payl oa generating frane
al i grment dat a lmsemttmglﬁ‘amalﬂlgmnsntafatafbaaaéoﬂntmmwrslafsfranmhdunduartdse TDM

signal ; placi nﬁ hﬁ?}\’ﬁM gnal i nto packet engi ne packets based on the
frame boun é]% he TDM si gnal , wherein the overhead data, the

payl oad data anqalaélﬁgethfewm agﬁmeﬁéck@@é@k Fackétt Bhddd RaGkekag89i ne
packets, such that each packe engl ne et corresponds to a franme within

the TDM si dwandarmm@mﬁpéUPMSIgmﬂ,twi@r@aémveelmgﬂ ﬂ@tap@@meybad date anét wor k

packets. the frame alignment data are within packet engine packets, such that each packet

engine packet corresponds to a frame within the TDM signal; and

encapsulating the packet engine packets into network packets.

17.  The method of claim 16, wherein the TDM signal includes a Digital Signal
(DS) — 1 superframe signal, such that each packet engine packet includes a DS1
frame of the DS1 superframe signal.

18. The method of claim 16, wherein the TDM signal includes a Digital Signal
(DS) — 1 extended superframe signal, such that each packet engine packet includes
a DS1 frame of the DS1 extended superframe signal.

19.  The method of claim 16, wherein the TDM signal includes a Digital Signal
(DS) — 3 signal, such that each packet engine packet includes a subframe of the DS3
signal.

20.  The method of claim 16, wherein the network packets include Internet

Protocol packets.
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17. The method of claim 16, wherein the TDM signal includes a Digital

Signal (DS) - 1 superfrane signal, such that each packet engi ne packet

i ncl udes WODYodo42f rane of the DS 1 superfranme signal. 18. PChasawo4asd of
claim 16, wherein the TDM signal includes a Digital Signal (DS) - 1

ext ended superfrane signal, such that each packet engi ne packet includes a
DS1 franme of the DS1 extended superfranme signal. 19. The nethod of claim
16, wherei mi he IDMBdIORhpridigd:udes a Digital Signal (DS) - 3 signal, such
t hat each packet engine packet includes a subfrane of the DS3 signal. 20.
The net hod of clmievihg,a fikieFigienDivirtombiukioyléxipga CKRYVS signell thaten¢indesr net

Prot ocol packets. .26 02/ 08Q421 PCT/ US02/ 04451 21. A nethod conpri sing:
recei vi ng a°¥e?k?e§9 dﬁar?\é\gﬁaﬁ"&ﬁ?gﬁtaw tiplexing (TDM signal that includes

over head data angbi@aihiadradRiRundfiRWitih B frsenpvoggpgari es within the
first TDM signal; placing the first TDM signal into first packet engine

packets based orplading therfawel B¥usigraliiets inktipatket ehgné packetstddsingthal ;

recei ving a.second .IDM si.gnal ;: ~pl acing. t he second TDM si gnal -into second
packet engi %nf)g%l%ltag?sW}tﬁl&@aeeﬁg%@l\ggl@?gne boundaries within the second
TDM si gnal ; and gegiemata egorddctv®I Koackets fromthe first and second packet

engi ne packets wusing a sanme packet processor. 22. The nmethod of claim 21,
wher ei n det er ni nP'AGNE Hie sep P¥Lsigal inte sedopf pesket enginepackeiy si gnal

i ncl udes ge; ' 'gm@g . r fl I St. signal. 23. The
met hod of clﬂg‘%praeﬁhggg Omﬁ%ib?fuﬁ acl %th?rg{él%fs %&&dt’%slgn éiriéﬂg E):\/Into first packet
engi ne packet s i genktuiag nptvack packictsefran eid@atardiadeaond frekétreagime phtigyrent dat a
and the payl oad data into the first packet engi ne packets. 24. The net hod
of cl ai m 21SHgRFBGPICKE: BIPFe§tOTand second TDM signal s include a Digital
Signal (DS) - 3 signal. 25. The nethod of claim 21, wherein the first and
second TDM signals include a Digital Signal (DS) -1 signal.

22.  The method of claim 21, wherein determining the frame boundaries with the

first TDM signal includes generating frame alignment data for the first TDM signal.

23.  The method of claim 22, wherein placing the first TDM signal into first
packet engine packets includes placing the overhead data, the frame alignment data

and the payload data into the first packet engine packets.

24.  The method of claim 21, wherein the first and second TDM signals include
a Digital Signal (DS) — 3 signal.

25.  The method of claim 21, wherein the first and second TDM signals include
a Digital Signal (DS) — 1 signal.

26.  The method of claim 21, wherein the TDM signal includes an E3 signal.

27. A machine-readable medium that provides instructions, which when
executed by a machine, cause said machine to perform operations comprising:

receiving a TDM signal that includes overhead data and payload data;
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26. The nethod of claim21, wherein the TDM signal includes an E3 signal.
27. A machi ne-readabl e nmedi umthat provides instructions, which when

execut ed W9 0a/0smehi ne, cause said nachine to perform oper CIrarse2/6@38pr i si ng:
receiving a TDM signal that includes overhead data and payl oad data; 27 WD
02/080421 PCT/ U%é%é%ﬂg %ranﬂ:%%ﬁﬁ%htr&taf Ea'ée@oﬁ‘ldcgﬂéﬁ‘s’ﬁf e RAAKEEON

| ocati ons of frame boundaries  wthin the TDM signal; placing the TDM

si gnal i nt owjtkinklee TBMybigealpacket s based on the frane boundaries within the

TDM signal, wherein t head. dat a | pad, dat.a t he frane
al i gnnent data |Iﬁ?‘8 B’f@%ﬁ@%%ﬂ% %ng“getgaﬁﬁatﬁg?seﬂ Eg‘? famGi ne packet
cor r espondspdu@daidstatin e TIDRI §1 1, MMrsindR@bveriaded danc aRyayRhi Q8tatang packet
engi ne packets into network pac ets. 28. The machi nereadabl e medi um of

claim 27, vihefiems aligamemidats @mackﬁmeu@@@cl@tgsmh thpt [Sicketangippgpcket
superfrarre si gnal et packet includes a DS 1
frame of the"%@c’fidgu(bé%?’ ethl%gh Tﬁﬁgségm%hag‘dnachl ne-r eadabl e nedi um of
claim 27, wher ei ¢hchpialabinivted ghokbt enighelpadiess mtdh@iwbid paokewal (DS) - 1

extended superfranme signal, such that each packet engine packet includes a
DS 1 frame of the DS 1 extended superframe signal. 30. The

machi ne-readabl e _nedi ym of erein the TDM si gnal. | ncl udes a
Digital Sigfhal (B®mac nelfegﬁ%hafe mfﬁw %ﬁlﬁb%wv AR Ehe EﬁM #ig3)acket

i ncludes a Si g | di um of
claim 27, m%gl?glé%]tg % %'%]ﬂgﬁg@? I : 'erfr Sléjir:d El s?igﬂ &%%g@? el‘?%l{elg

mac hi ne-rea;Mh(btendedhswrﬁ)Sf frainaioﬂﬂzeﬂpswlmee‘irmmt kignalet wor k packets include

I nternet Protocol packets. 33. A machine-readabl e nediumthat provides
instructions, which when executed by a nachine, cause said machine to

P orm oPet o0 SRR Rl rAREh UL R AR o

det er mi ni nginthases DNUSIheSDY) LN extédied bipafrahBMeakighah;thitleagi ng the first

TDM signal into first packet engine g ackets based on the franme boundaries
wi t hi n t he packeftengmgpaclph #icludes a DS1 frame of the DS1 extended superframe signal.

30.  The machine-readable medium of claim 27, wherein the TDM signal
includes a Digital Signal (DS) — 3 signal, such that each packet engine packet
includes a subframe of the DS3 signal.

31.  The machine-readable medium of claim 27, wherein the TDM signal

includes an E1 signal.

32..  The machine-readable medium of claim 27, wherein the network packets

include Internet Protocol packets.

33. A machine-readable medium that provides instructions, which when
executed by a machine, cause said machine to perform operations comprising:

receiving a first Time Division Multiplexing (TDM) signal that includes
overhead data and payload data;

determining frame boundaries within the first TDM signal;

placing the first TDM signal into first packet engine packets based on the
frame boundaries within the first TDM signal;
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28 WD 02/ 080421 PCT/ US02/ 04451 receiving a second TDM signal; placing the
second TDM signal into second packet engi ne packets, independent of frane
boundar i esowewsn4al t he second TDM si gnal ; and generati ng n@Cmarsk2/pasket s
fromthe first and second packet engi ne packets using a sanme packet

processor. 34. The.ipRehiResdepdonigndiedi um of claim 33, wherein determning
the frame boundaries with the first TDM signal includes generating frane

al i gnnment dat a frlacing te seeomst TOMMigiad indd sec®Bd patket aegihé packetsadabl e nedi um
of claim 34, wherein_.placin he fi.rst . TDM si .into first packet engine
packet s indpﬁwgd?ﬂté?é% etq‘?_gn FWé@‘H‘@SF%‘?O@@ﬁSWL A gnnent data and
the payl oad dat agdnBfafing R6twdrk phckRACHKSh IR EisghdREKEL SackeConglRPackets

machi ne-r eadabl e” medi um of claim 33, wherein the first and second TDM

si gnal s i ncusingea senm grickeliprefegsmal (DS) - 3 signal. 37. The machi ne-readabl e
medi um of claim 33, wherein the first and second TDM signals include a
Digital Signal (DS) - 1 signal. 38. The nmachi ne-readabl e nedi um of claim

33, whereingg he N, SLANALeaqhB1€ It fisn 8 c]l;'in?gﬂ%{ereiﬁ %etermining the frame

boundaries with the first TDM signal includes generating frame alignment data for
the first TDM signal.

35.  The machine-readable medium of claim 34, wherein placing the first TDM
signal into first packet engine packets includes placing the overhead data, the frame

alignment data and the payload data into the first packet engine packets.

36. The machine-readable medium of claim 33, wherein the first and second

TDM signals include a Digital Signal (DS) — 3 signal.

37. The machine-readable medium of claim 33, wherein the first and second

TDM signals include a Digital Signal (DS) — 1 signal.

38.  The machine-readable medium of claim 33, wherein the TDM signal

includes a J1 signal.
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