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(57) ABSTRACT 

A method and apparatus for providing frame acquisition and 
synchronization for ATM transmissions in terrestrial Wire 
less and satellite systems. During acquisition (1020), the 
transmitter (15) ?lls the entire payload of a frame With a 
pattern that is used by the receiver (18) to determine the 
location of the frame boundary. As to synchronization 
(1020), a procedure is utilized for using frame sequence 
number ?eld in the header and Reed-Solomon decoding 
result (1012) for correction and maintaining frame synchro 
nization. 

cm X OUTPUT PRIORITY Hm " 
miEgtlplégTAécoL RECEPTION. QUEUES ASSEMBLY I’ARTOSER“m8 9 
PROCESSOR mum's '°°5\ 33131 

I :UID 
W06 I007 

RS-449/Tl I003 HEADER WA 44 
,WDW- ‘0W commas [OHPRESS 1010 f “150109 
iinunsi l0|7 HEADER DA“ “"5 "m miili‘ficzm 
mm“ nrconrazss DECOMPRESS l0l3 _ 

1111]: [115: RSDENCODE I011 
1001 “H6 ‘ 0000mm ' cm [1111: 

TRANSMISSION \ FRAME “mm 
I001 INPUT m4 0010mm 

QUEUES 1019 I012 
‘MN-E3 ADAPIIVE comm; MANAGEMENT 
I022 FRAME 
k CONFIGURATION “WM )1 

I000 I020 



Patent Application Publication 

5 0cm 

“gm L 
| | :0 

48 am _ 

PAYLOAD 
/ 

H20 

H2 

lll3 

Hi5 

FIG. 1A 

Mar. 4, 2004 Sheet 1 0f 10 

s can 

@051‘ ][ 
| I I0 

48 am 
PAYLOAD 
/ 

I no 

FIG. 18 

US 2004/0042420 A1 

IIZ 

lll3 
[N4 |__0 
HIS 



420 A1 Patent Application Publication Mar. 4, 2004 Sheet 2 0f 10 US 2004/0042 



Patent Application Publication Mar. 4, 2004 Sheet 3 0f 10 US 2004/0042420 A1 

cm oumn moam mgygggpgm Racing QUEUES “m 
raocessoa “0W6 WOSN IIIED ‘ 

3 :[UII 

RS-449/T l _ I003 HEADER DATA 
[El/D831 m4, comm: commas IOIO / “m9 
Emmi‘ Hm HEADER 9m IOIS I009 INTLE‘gFEAC ..__ 
“TERM DECOMPRESS DECONPRESS mu 7 E 

I002 TRANSMISSION \ FRAME 52mm 
INPUT “"4 DISASSEMBLY 

ml QUEUES um um 
ADAPIIVE coomc 

‘ \@ MANAGEMENT 
m- rams CONFIGURATION Q t k l m 4 

I000 I020 

H6. 25 



Patent Application Publication Mar. 4, 2004 Sheet 4 0f 10 US 2004/0042420 A1 

mun 
INTERLEAVER 
mm ‘W52 vL100 

mo/ 
FRAMEI 

1230 
/ 1240 2,4. “'10 

IOCTETS ’ 0cm; [1250 
mm HRST (PARTIAL) PARTIAL ascmzcx m0 
HEADER cw. ' cm cm cm 0cm: ‘f 

4 \\m2 ‘\ / \lm ; 
F244 mmmucmczsnocms - 

|26o\> 7 6 5 4 3 Z l 0 7 6 5 4 3 \l\() 
coumo SIZEO coome mum 

/ / / / 
I262 I264 I266 ma 

FIG. 3 



Patent Application Publication Mar. 4, 2004 Sheet 5 0f 10 US 2004/0042420 A1 

FRANELENGTH =252 OCI'ETS 
I300 4 

\v n22 m3 I324 I325 I326 
2 ocms s2 ocms/ s2 ocms / 52 ocmy 52 ocms/ 22 ocms/zo ocms 

' PARTIAL mum FRAME 
HEADER- CELL CELL (ELL (ELL (Eu QUE-[S \Bw 

mo N0 
765432l076543\2~l~0 

FIG. 4A 







Patent Application Publication Mar. 4, 2004 Sheet 8 0f 10 US 2004/0042420 A1 

sum ARBITRARY 
FRAME BOUNDARY fs|°° 

or N’ am 

SIDS 

CONVOLUTFON? 

RECEIVE SERIES OF 
BITS EQUIVALANTTO [SI I0 
"I" FRAMES AND 

DFSCARD 

RECEIVE NEXT "I" 
FRAMES AND ISIZO 
ANALYZE FOR 

OFFSET NUMBER 

SKIP OFFSET AND “25 
RESUME BIT V 
COLLECTION 

RECEIVE AND 3'30 
DISCARD I+l / 

FRAMES 

RECEIVE AND 
INSPECF NEXT N fSMD 
FRAMES-N=I6,I V 

ORI+I A 



Patent Application Publication Mar. 4, 2004 Sheet 9 0f 10 US 2004/0042420 A1 

1. FRAME INPUT 

SELECI"m" [$200 
ocms m FRAME 

COHPUIE orrsn 
roa SELECTED x51") 
ocms 



Patent Application Publication Mar. 4, 2004 Sheet 10 0f 10 US 2004/0042420 A1 

ISOI 
SATELLITE/WIRELESS 

FRAME 
PROCESSOR 
2502 

REASSEMBLY AND SATELLITE/WIRELESS 
FRAME _ 

RESEQUFNUNG PROCESSOR 
PROCESSOR 

FIG. 6A 

VCld \PACKET#|SEQ#| LAST 

PAYLOAD DATA 

FRAMEI 
INTERLEAVER 
Hm _ FRAMEZ 

FRAMEI 

SIZE HELD 

KIN 1, 4, W10 ‘20am ocrEIs 
FRAME FIRST (PARTIAL) _ _ PARTIAL RscREcR 
HEADER SPACKET SPAM‘ ‘mm SPACKH ocms 

\ AV 
FRRMELEMG'FH (< =252) OCTEFS 

765432IO'I65432|\O 
COUNTO SIZEO V CODING FRAME # 

FIG. 6C 

M 



US 2004/0042420 A1 

METHOD AND APPARATUS FOR FAST 
ACQUISITION AND SYNCHRONIZATION OF 

TRANSMISSION FRAMES 

FIELD OF THE INVENTION 

[0001] The present application is based on US. provi 
sional application S. No. 60/052,359 ?led on Jul. 15, 1997 
and priority therefrom is claimed under 35 USC § 120. The 
entire content of Provisional Application S.No. 60-052,359 
is incorporated herein by reference. 

[0002] The present invention relates to the ef?cient and 
reliable transmission of packet or cell-based information, 
such as frame relay, SS#7, ISDN, Internet or asynchronous 
transfer mode (ATM) based information, via Wireless links. 
More speci?cally, the present invention relates to a method 
and apparatus for fast acquisition and synchroniZation of 
frames for transmission over satellite and Wireless links 
Without the use of any overhead pattern bits for acquisition 
or synchroniZation. While the present invention is applicable 
all of the foregoing and other similar types of cell or 
packet-based transmission formats, the ATM format Will be 
the exemplary focus of one preferred embodiment for pur 
poses of providing an enabling disclosure, Written descrip 
tion and best mode for the present invention. 

BACKGROUND OF THE INVENTION 

[0003] There are a variety of methods for transmitting 
information via a broadband Integrated Services Digital 
NetWork (B-ISDN), using a variety of protocols related to 
Asynchronous Transport Mode (ATM), frame relay mode, 
Internet, ISDN and SS#7 modes of transmission. The ATM 
mode, as the exemplary preferred embodiment, is a method 
for transmitting information via a broadband Integrated 
Services Digital NetWork (B-ISDN). A group called the 
International Telephone and Telegraph Consultative Com 
mittee (CCITT) originally investigated this mode. The 
group, currently called the International Telecommunication 
Union—Telecommunications Standards Sector (ITU-TSS), 
investigated a neW form of ISDN that Would have the 
?exibility to accommodate a large number of channels and 
the ability to transfer large amounts of data at a very fast 
rate. At the end of the study, the committee decided to adopt 
ATM as the target transfer mode for the B-ISDN. The 

ITU-TSS is currently de?ning the Wide area netWork standards for ATM. 

[0004] ATM is a transfer mode that sends 53 octet-siZed 
packets of information across a netWork from one commu 
nication device to another. The 53 octets are assembled as a 

“cell”, Which comprises 48 octets of data information, 
referred to as the “payload”, and 5 octets of “header” 
information (including the routing information). The header 
and data information must be organiZed into cells so that 
When the cells are ?lled, they can be sent When an open slot 
of 53 octets becomes available. 

[0005] Within a system that transmits ATM cells or pack 
ets, the end-to-end connection along Which the user sends 
data is conventionally identi?ed as a virtual channel con 
nection (VCC). The VCC is unidirectional but VCCs occur 
in pairs, thus making the connection bidirectional. Each 
virtual channel is Within a virtual path (VP), meaning a 
group of virtual channels that are associated so as to be sent 
in the same direction. Each VC and VP have specially signed 
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numbers called virtual channel identi?ers (VCI) and virtual 
path identi?ers (VPI), respectively. These numbers help the 
system determine the direction in Which the cell should be 
sent or Where the cell belongs. 

[0006] There are tWo forms of headers that are speci?ed in 
the CCITT Recommendation 1361. Each form is 5 octets 
long. There also are tWo different ATM netWork connec 
tions, each one having a different type of header. One 
connection form is the user-netWork interface (UNI), Which 
is used betWeen the user installation and the ?rst ATM 
exchange and also Within the user’s oWn netWork. The other 
form of connection is the netWork-node interface (NNI) 
Which is used betWeen the ATM exchanges in the trunk 
netWork. The header format for the UNI consists of the 
folloWing ?elds: 

[0007] Generic ?oW control (GFC) ?eld of 4 bits. It 
can provide ?oW control information toWards the 
netWork from an ATM endpoint. 

[0008] Routing ?eld of 24 bits. Eight of the bits are 
VPI (virtual path identi?ers) and 16 bits are VCI 
(virtual channel identi?er). Empty cells With both the 
VCI and VPI set to Zero indicates that the cell is 
unassigned. 

[0009] Payload type (PT) ?eld of 3 bits. This ?eld is 
used to provide information on Whether the cell 
payload contains user information or netWork infor 
mation. This ?eld is used by the netWork to intercept 
any important netWork information. 

[0010] Cell loss priority (CLP) ?eld containing 1 bit. 
This ?eld may be set by the user or service provider 
to indicate loWer priority cells. If the bit is set to 1 the 
cell is at a risk of being discarded by the netWork 
during busy times. 

[0011] Header error control (HEC) ?eld of 8 bits. 
This ?eld is processed by the physical layer to detect 
errors in the header. The code used for this ?eld is 
capable of either single-bit error-correction or mul 
tiple-bit error-detection. 

[0012] As seen in FIGS. 1A and 1B, the header format for 
the NNI is the same as the header information of the UNI 
except that there is no GFC, and the VPI of the routing ?eld 
is 12 bits instead of 8 bits. 

[0013] Error detection occurs only Within the header mes 
sage. No error detection of the data occurs Within the 
information portion of the cell. The receiving endpoint 
determines Whether the data can be corrected or Whether it 
must be discarded. When a link or node becomes busy, an 
ATM netWork must discard cells until the problem is 
resolved. The ?rst cells to be discarded are the cells that have 
a CLP bit in the header set to a “1”. Since connection 
endpoints are not noti?ed When a cell is discarded, higher 
layers of protocols are needed to detect and recover from 
errors. 

[0014] A cell is sent along a channel called a Virtual 
Channel Connection (VCC). A VCC consists of a series of 
links that establish a unidirectional connection through the 
netWork that alloWs the How of information from one 
endpoint to another endpoint. Cells on a VCC alWays folloW 
the same path through the netWork. Therefore, each cell 
arrives at its destination in the same order in Which it Was 
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transmitted. VCCs can be unidirectional or may occur in 

pairs, thus making the connection bidirectional. VCCs can 
be Within a Virtual Path Connection (VPC), meaning a group 
of virtual channels that are associated together, so as to be 
sent as a large trunk for a part of netWork. The VCCs are 
multiplexed and demultiplexed at appropriate netWork 
nodes in the netWork. Each VCC and VPC have specially 
assigned numbers called Virtual Channel Identi?ers (VCI) 
and Virtual Path Identi?ers (VPI), respectively. These num 
bers help the system determine the direction in Which the 
cells belonging to the connection should be sent and Which 
applications should be associated With the connection. 

[0015] Although cell- or packet-based transmission, 
sWitching, and netWork technology has been employed in 
broadband integrated services digital netWorks (B-ISDN) 
Which rely on ?ber optics, there are numerous dif?culties 
associated With implementing such cell- or packet-based 
technology in a Wireless communication netWork. These 
dif?culties include the fact that cell- or packet-based net 
Works and sWitches rely on a number of high-speed inter 
faces. These high-speed standard interfaces include OC-3 
(155 Mbit/s), OC-12 (622 Mbit/s) and DS3 (45 Mbit/s). 
HoWever, a feW cell- or packet-based netWorks and sWitches 
support loWer speed interfaces, such as T1 (1.544 Mbit/s) 
and the programmable rate RS449 interface. 

[0016] As a consequence, there are only a feW interfaces 
Which can support the comparatively loW transmission rates 
(less than 1 Mbit/s to 8 Mbit/s) used in Wireless communi 
cation. Although commercial satellite and Wireless modems 
support these loW transmission rates using an RS449 pro 
grammable rate interface, it is dif?cult to implement cell- or 
packet-based technology in a Wireless environment using 
conventional interfaces because most cell or packet traf?c, 
such as ATM, is transmitted over high rate data interfaces. 

[0017] Another dif?culty associated With implementing 
cell- or packet-based technology in a Wireless communica 
tion netWork has to do With the fact that cell- or packet-based 
protocols rely on extremely loW bit error ratios Which are 
typical of ?ber optics based netWorks. By Way of example, 
ATM protocols assume that the transmission medium has 
very loW Bit Error Ratios (BER) (10_12) and that bit errors 
occur randomly. 

[0018] In contrast, the bit error ratios associated with 
Wireless communication are much higher (on the order of 
10 to 10-8) and tend to ?uctuate in accordance With atmo 
spheric conditions. In addition, the errors associated With 
Wireless communication tend to occur in longer bursts. 
Thus, a robust error correction scheme must be employed in 
a Wireless netWork in Which cell- or packet-based technol 
ogy is to be implemented. 

[0019] In addition to the dif?culties discussed above, there 
is another signi?cant constraint placed on Wireless commu 
nication netWorks Which is not imposed on terrestrial based 
?ber optics netWorks. This constraint has to do With the fact 
that the cost of bandWidth in a Wireless netWork is much 
higher than for ?ber optics netWorks. As a consequence of 
having been traditionally implemented in ?ber optics net 
Works, for example, ATM based technology is not particu 
larly ef?cient in its use of transmission bandWidth. There 
fore, if ATM-based technology is to be implemented in 
Wireless netWorks, it must achieve a more ef?cient use of 
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bandWidth. One basis for such inef?ciencies arises from the 
use of traditional signal acquisition and synchroniZation 
techniques. 
[0020] Transmission links need a technique for formatting 
frames such that a receiver of a bit stream can recogniZe the 
boundaries Where frames begin in the bit stream. Most 
systems accomplish this by inserting some additional bits in 
the bit stream Which are dedicated to this purpose. Special 
iZed hardWare is used at the receiver to search for this pattern 
in the bit stream. It takes several samplings of the bit stream 
before frame boundaries are reliably recogniZed. These 
techniques lead to a loss of bandWidth, expensive hardWare 
and a long time to achieve synchroniZation, especially over 
loW speed links. 

[0021] For example, there are various traditional methods 
used for frame synchroniZation in ATM, synchronous circuit 
systems and packet transfer systems. Many non-cell and 
non-packet systems, use special synchroniZation bits in the 
bit stream to achieve synchroniZation. ATM uses a self 
delineation scheme, Whereby the error detection capability 
of the ATM cell header checksum is used as an indication of 
cell synchroniZation. All methods generally require dedi 
cated hardWare implementations to search for the synchro 
niZation pattern and to retain synchroniZation. Most systems 
require sampling of several frames to achieve acquisition, 
Which is of not much concern in high speed links, but is 
detrimental in loW speed links. 

[0022] Other primary access interfaces include ISDN/ 
SS#7 (for sWitched digital circuits, voice, fax and video 
conferencing), Internet and “frame relay” (for LAN inter 
connection and Internet access) using TCP/IP or other LAN 
protocols. Considerations similar to those for ATM are 
relevant to the transmission of traf?c using these other 
interfaces, as exempli?ed by the transmission of frame/relay 
traffic over satellite/Wireless netWorks, although some dif 
ferences are knoWn in the art. For example, unlike ATM 
cells, frame relay packets are variable lengths. Thus, the 
frame formats used to communicate betWeen the satellite/ 
Wireless terminals are arranged to transport variable length 
packets ef?ciently. 

[0023] As explained in the Provisional Application S.No. 
60-052,359, Which is incorporated herein by reference, the 
frame/relay uses a robust, ?exible frame format betWeen tWo 
communicating terminals Which alloWs the transport of 
several variable siZed Spackets (segmented packets) in a 
frame and also alloWs a single Spacket to be carried over 
several frames, Whichever the case might be. Also, the frame 
format alloWs fast synchroniZation and the exchange of 
coding information. Each frame contains Reed-Solomon 
(RS) check bytes that are used for error correction and to 
enhance the quality of the satellite/Wireless link. The number 
of RS check bytes in a frame can be changed on the ?y, 
Without any loss of data, to compensate for varying link 
conditions. The decision to change the RS check bytes in a 
frame is based on the constant monitoring of the link quality. 
Several frames are also interleaved before transmission over 
the satellite/Wireless link, to help spread the effect of burst 
errors over several frames, all of Which can then be corrected 
by the FEC in the frames. 

[0024] Also, Virtual Channels (VCs) can be con?gured to 
be enabled for data compression, Which means that the 
Spackets belonging to the VC are passed through a data 
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compressor/decompressor combination to save bandwidth. 
VCs can also be con?gured to be either high or loW priority 
VCs and the scheduler then, uses this information to fairly 
transmit the various Spackets over the satellite/Wireless link. 
To minimize the large delays introduced by the transmission 
of loW priority packets on a loW bit rate link, and the delay 
experienced by high priority packets Which are Waiting to be 
scheduled, the Spacket alloWs the segmentation of large 
packets into several, smaller Spackets. The delays experi 
enced by high priority packets are substantially reduced. 
This also alloWs for efficient implementation of the com 
pression and decompression modules. 

[0025] The frame relay arrangement using Spackets also 
faces the problem of efficiently using bandWidth in a Wire 
less netWork. Therefore, if frame relay (Spacket)-based 
technology is to be implemented in Wireless netWorks, it 
must achieve a more efficient use of bandWidth. These same 

goals apply to ISDN/SS#7 transmissions, Internet transmis 
sions and those generally using TCP/IP protocols. HoWever, 
no solution to problems blocking achievement of these goals 
is seen in the prior art. 

[0026] Us. Pat. No. 5,568,482 relates to a loW speed radio 
link system and method designed for ATM transport. The 
system is based on a data protocol that is compatible With 
non-Wireless ATM based data transmission systems. The 
data protocol incorporates a frame format that alloWs for the 
transmission of ATM cells in loW speed, high noise links. 
HoWever, the data protocol is rigid and does not account for 
partial or compressed cells. Similarly, this prior art scheme 
fails to accommodate ?exible data payloads or ?exible block 
codes for error correction. The problems of conventional 
ATM synchroniZation in a loW speed noisy environment are 
avoided by establishing a data frame With 45 ATM cells in 
its payload and by using a 7-byte header and individual 
l-byte subframe headers, With each subframe having 5 
53-byte ATM cells. The 2400 byte frame is siZed to have an 
integer relationship With the standard 8 kHZ sync clocks, and 
the framing header serves to indicate the start of a frame. 
The frame header can also have one byte to represent 
standard BIP-8 for the previously sent frame. The l-byte 
subframe header can also provide a periodically repeating 
framing information that can serve synchroniZation. 
Because the framing structure is at predictable ATM cell 
locations, and are repeated continuously there, rapid re 
synchroniZation can be achieved. Moreover, the internal 
ATM cell checksum present in the standard ATM cell can 
verify error free transmission. 

[0027] Afurther prior art technique for synchroniZation in 
a Wireless ATM netWork is called the Limitless ATM Net 
Work (LANET) protocol. The LANET protocol is combined 
With the Reed-Solomon forWard error correction scheme and 
simple error tolerant addressing (multiple redundancy 
addressing). The LANET provides a framing structure 
around ATM cells for transmission purposes and provides a 
regular frame Mbit pattern for cell extraction. A 15 byte 
overhead, Which includes LANET frame and subframe 
headers, are used in conjunction With traditional cell header 
error detection methods (HEC) to enhance cell delineation in 
noisy environments. Rather than using block error correc 
tion schemes to protect the header, LANET uses error 
tolerant addressing schemes (multiple redundancy address 
ing) so that multiple virtual circuits to the same destination 
are established. The LANET protocol is touted to have the 
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ability to sort quickly through the bits to locate headers that 
obey a certain periodicity constraint because they are simple, 
predictable and have reasonable chance of surviving noise. 

[0028] HoWever, the present invention and the prior art 
differ in both the framing and content of the transmission, 
and thus Would differ in the algorithms applied for synchro 
niZation and acquisition. First, the framing composition in 
the present invention does not utiliZe a single frame header 
for a group of frames, but uses a header for each frame and 
appends RS checking onto each frame. This differs from the 
subframes used in the prior art, Which rely on only a single 
bit of overhead per subframe but require a shared header of 
7 bytes. Although the prior art does teach reliance on both 
error correction decoding and use of other frame header 
information every frame to maintain frame synchroniZation, 
there is no teaching of the algorithm used and, even on the 
basis of the limited disclosure, there Would be a difference 
from that proposed in the present disclosure. 

SUMMARY OF THE INVENTION 

[0029] The present invention overcomes the above-men 
tioned problems associated With implementing cell or 
packet-based technology in a Wireless communication net 
Work by providing a frame format for a communication 
signal containing a bit stream, such as one including asyn 
chronous transfer mode (ATM) formatted data. 

[0030] The present invention also overcomes the above 
mentioned problems associated With implementing frame 
relay-based technology in a Wireless communication net 
Work, carrying frame relay formatted data supported by 
TCP/IP and other LAN protocols, by providing a frame 
format for a communication signal containing a bit stream 
including Spacket formatted data. 

[0031] The present invention also overcomes the above 
mentioned problems associated With implementing ISDN/ 
SS#7-formatted data in a Wireless communication netWork, 
by providing a frame format for a communication signal 
containing a bit stream including appropriately formatted 
data. 

[0032] In the ATM environment, the invention concerns a 
portion of the ATM Link Accelerator (ALA), Which is 
located betWeen the ATM sWitch and the WAN transmission 
device. The ALA design is based upon an architecture and 
frame structure Which encompasses adaptive rate interfaces, 
Reed-Solomon coding and decoding, interleaving and 
deinterleaving, and frame assemble/disassemble functions. 
Improvements are also made in adaptive coding, frame 
synchroniZation, head compression and data compression. 

[0033] A particular problem Which the present invention 
overcomes is the inefficient use of available bandWidth. For 
example, ATM technology uses small siZe cells (53 octets), 
each having 5 octets that are used as a header to provide a 
header-error-correcting checksum and virtual path (VP) and 
virtual circuit (VC) ID numbers and control. The cells are 
assembled into frames for transmission and, using conven 
tional synchroniZation techniques, Would require the com 
mitment of additional overhead bits. 

[0034] Accordingly, an object of the present invention is to 
provided an algorithm, applicable to several cell- and 
packet-based protocols, that is simple and streamlined and 
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can be implemented efficiently in software, such that spe 
cialiZed hardware for bit and frame synchronization pattern 
search is not required. 

[0035] Another object is to provide an algorithm that is 
adaptive and loss-less, and is totally transparent to any 
netWork sWitches, including those speci?cally directed to 
ATM, frame relay, ISDN or SS#7 transmissions. 

[0036] A further object of the present invention is to use a 
synchroniZation and acquisition algorithm that does not 
require any a priori knoWledge of the con?guration of 
Virtual Circuit Identi?ers in use over the link, or otherWise 
impose any constraints on the range of Virtual Circuit 
Identi?ers (VCIDs) or Virtual Path Identi?ers (VPIDs), such 
as those used by the ATM sWitches or frame relay-type 
sWitches. 

[0037] Yet another object of the present invention is to 
achieve bit and frame synchroniZation betWeen the trans 
mitter and the receiver over a transmission link Without use 
of any special dedicated synchroniZation patterns Within the 
data stream to perform frame acquisition and synchroniZa 
tion functions, Without use of any bandWidth overhead and 
Without use of any specialiZed hardWare. 

[0038] The present invention takes advantage of the fact 
that the transmission link, Which carries cell (e. g., ATM) and 
packet (e.g., Spacket) traf?c, has varying amounts of idle 
cells or packets during start-up as Well as during operations. 

[0039] The present invention uses the bits in the idle cells 
or packets to generate synchroniZation patterns Which can be 
recogniZed by the receive softWare to determine frame 
boundaries rapidly and With a high degree of reliability. 

[0040] The present invention determines frame boundaries 
rapidly, With just one sampling of 21 frames, Where I is the 
interleaver depth. 

[0041] Finally, the present invention provides an acquisi 
tion and synchroniZation technique that is very robust, such 
that the probability of error in synchroniZation is extremely 
small, even at very high BERs, and, if an error is made, the 
error can be detected Within a second attempt at synchroni 
Zation. 

[0042] In accomplishing these objects, the present inven 
tion uses a scheme for achieving rapid bit, byte and frame 
synchroniZation betWeen the transmitter and the receiver, 
Without using a dedicated synchroniZation pattern and With 
out randomly searching for the frame boundary. During 
acquisition, the transmitter ?lls the entire payload of the 
frame With a pattern that is used by the receiver to determine 
the location of the frame boundary. This procedure is 
deterministic and in most cases, a single sampling of 21 
frames alloWs the receiver to adjust the frame boundary to 
the correct value. 

[0043] As to synchroniZation, the unique content of the 
cell or packet framing and a novel algorithm that takes 
advantage of the fact that the satellite/Wireless link carries 
varying amounts of idle cells during startup and normal 
operation. The algorithm uses these idle bits to generate 
synchroniZation patterns Which can be recogniZed rapidly 
and With high reliability in determination of frame bound 
aries. This procedure requires no overhead bits in the data 
stream, Which results in a small savings in bandWidth. 
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[0044] Speci?cally, With respect to an ATM transmission 
system, the ALA transmit bit stream consist of a sequential 
train of interleaved frames, forming an “interleaver frame” 
of ?Xed siZe that is n octets long and has I frames. Each 
frame includes a frame header (2 octets), payload (?xed cells 
and variable packets) and error correcting check bits (2t 
octets), and the siZe of the packets and check bits can vary 
inversely to maintain a ?Xed frame siZe. The frame header 
includes a frame number that is incremented modulo 8 and 
assigned to each frame. Also included are count, siZe and 
coding information. 

[0045] The invention uses (1) the frame sequence number 
?eld in the header of every frame and (2) the Reed-Solomon 
decoding result as a method to verify and maintain frame 
synchroniZation. Speci?cally, if proper frame synchroniZa 
tion has been achieved at the receiver, all (most) frames 
should have the correct incrementing frame sequence num 
ber and the Read-Solomon decoder should declare success 
in correcting all (most) frames. Thus, once synchroniZation 
has been achieved, received frames are monitored for cor 
rectness (absence of Reed-Solomon decoder errors and 
matching frame number and correct header ?elds). 

[0046] These and similar considerations apply to the use 
of the present invention in a frame relay, ISDN or SS#7-type 
system, Where fast and ef?cient acquisition and synchroni 
Zation is desired. 

[0047] As used herein, the term “cell” shall be used to 
mean a ?Xed siZe container, such as the ATM cell, and the 
term “packet” shall be used to mean and a variable siZe 
container, and the term “cell/packet” shall mean generically 
either or both such container arrangements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] These and other features, aspects and advantages of 
the present invention Will become better understood With 
reference to the folloWing description, appended claims, and 
accompanying draWings, in Which: 

[0049] FIGS. 1A and 1B shoW an ATM cell structure 
having the UNI and NNI header formats, respectively. 

[0050] FIG. 2A shoWs a Wireless/satellite system archi 
tecture, With an interface at each of a receiving and trans 
mitting station, Which implements the present invention. 

[0051] FIG. 2B shoWs a schematic diagram of an ATM 
interface corresponding to the present invention. 

[0052] FIG. 3 shoWs an eXample of a frame formed for 
transmission of ATM cells and packets in accordance With 
the present invention. 

[0053] FIGS. 4A-4C shoW eXamples of frames formed in 
accordance With the present invention. 

[0054] FIG. 5A illustrates a How chart for implementing 
an algorithm for achieving frame synchroniZation in accor 
dance With the present invention. 

[0055] FIG. 5B illustrates a How chart for calculating an 
“offset” value for incoming frames in connection With the 
synchroniZation algorithm of FIG. 5A. 

[0056] FIG. 6A illustrates a high level arrangement for a 
frame relay system. 
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[0057] FIG. 6B illustrates the ?elds in a Spacket used in 
a frame relay system. 

[0058] FIG. 6C illustrates a satellite/Wireless frame struc 
ture that is applicable to a frame relay system 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0059] In a preferred embodiment as disclosed herein, the 
subject matter of the present invention is embodied in one 
aspect of an ATM-based technology that is incorporated into 
an interface betWeen conventional ATM-based technology 
and a Wireless communication netWork. The interface facili 
tates the transmission of ATM-based traf?c in a Wireless 
communication netWork. HoWever, the interface may also 
facilitate the transmission of ATM-based traf?c over a ter 
restrial based netWork. Such interface is referred to as an 
ATM Link Accelerator HoWever, one of ordinary 
skill in the related art Would recognize that similar structures 
Would be applicable to frame relay and ISDN/SS7 transmis 
sion systems. 

[0060] The preferred embodiment of the present invention 
is related to an ATM Link Accelerator (ALA) design that 
offers a Way to interconnect ATM sWitches over satellites 
and Wireless links, provide high quality of service for ATM 
applications, and offer ef?cient use of transmission link 
bandWidth. The ALA is particularly suited for use over both 
satellite and Wireless terrestrial Wireless links, operating at 
fractional T1 to several 10’s of Mbit/s data rates. The ALA 
utiliZes a method to interconnect standard ATM sWitches 
With interfaces, such as DS3 and E3, to commercial satellite 
and Wireless modems that support variable rates using an 
RS-449 programmable rate interface. 

[0061] As disclosed in the Provisional Application from 
Which priority is claimed, the ALA includes forWard error 
correction and interleaving so that ATM applications expe 
rience ?ber-like quality over satellite and Wireless links, 
Whose bit error characteristics are much poorer than those of 
?ber. The ALA includes a number of features, including but 
not limited to, a unique frame formatting technique that 
facilitates transmission of ?xed siZed and variable siZed cells 
and packets, adaptive coding, header compression, and data 
compression to maximiZe user throughput over expensive 
satellite and Wireless links. 

[0062] The present invention speci?cally concerns a novel 
scheme, Which may be incorporated in the ALA-acquisition 
and synchroniZation algorithm (ASA) or other comparable 
algorithm, for achieving bit and frame synchroniZation 
betWeen the transmitter and the receiver over a transmission 
link. The scheme is different from the traditional approach 
that uses special dedicated synchroniZation patterns Within 
the data stream to perform frame acquisition and synchro 
niZation functions, resulting in a small bandWidth overhead 
and requiring specialiZed hardWare. The ALA-ASA requires 
no overhead pattern bits, and can be implemented With 
simple hardWare and softWare. The ALA-ASA takes advan 
tage of the fact that the transmission link carries asynchro 
nous ATM and packet traf?c, Which results in the link 
carrying varying amounts of idle cells or packets, more 
during a start-up phase, feWer during a normal data transfer 
phase. The ALA-ASA uses these idle bits to generate 
synchroniZation patterns Which can be recogniZed by the 
receiver softWare to determine frame boundaries. With this 
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technique, frame boundaries can be recogniZed very rapidly 
With high degree of reliability. Speci?cally, frame bound 
aries can be determined With just one sampling of 2I frames, 
Where I is the interleaver depth. The acquisition time is much 
smaller than that achieved by traditional techniques, an 
advantage that is especially critical for loW speed links. 

[0063] FIG. 2A depicts a communication system involv 
ing tWo local area netWorks (LAN) 15 and 18 that are 
connected by a terrestrial Wireless or satellite link 25 that, in 
a preferred embodiment but Without limitation, operates in 
the range of 2.4 Kb/s to 8.448 Mb/s. Each netWork has a 
respective interface 5, 7 Which provides a means of inter 
connecting a standard ATM sWitch 10 and 20 in each LAN 
over the terrestrial Wireless or satellite link 25. The inter 
faces are operative to provide high quality service for 
ATM-based applications and to provide an ef?cient use of 
transmission link bandWidth. In the illustrated application, 
the ATM sWitches 10 and 20 are connected to respective 
groups of computers (e.g., 30, 40 and 50, 60) directly or 
through LAN routers 70 and 80. The interfaces 5, 7 may 
connect to the terrestrial Wireless or satellite link 25 via 
respective modems 90, 100, Which implement a RS-449 
programmable rate interface. Alternatively, a multiplexer, a 
channel service unit (CSU) or a digital service unit (DSU) 
may be used instead of a modem. 

[0064] The architecture and operation of an ALA appara 
tus 1000 that embodies the present invention is discussed in 
connection With FIG. 2B. User ATM cells having a con 
ventional 53-octet structure, including a S-octet header and 
a 48-octet payload, are received by the ATM cell interface 
block 1001 from an RS448, T1, E1, DS3 or E3 link. In the 
interface block 1001, the HEC byte in the headers of the 
received ATM cells is discarded. The processed ATM cells 
are then forWarded to an ATM physical layer protocol 
processor 1002. The ATM physical layer protocol processor 
1002 handles receive cell synchroniZation and ATM HEC 
processing functions; it also ?lters and discards idle cells. 

[0065] Next, the series of processed ATM cells are further 
compressed, as individual cells or packets. For this purpose, 
the original ATM cells (Without the HEC byte in the header) 
are directed by a router 1003 to either the header compres 
sion function 1004 or the data compression function 1010. 
The router 1003 selects the destination function on the basis 
of the content of the ATM cells and operator-selected 
options. The header compression function 1004 replaces the 
4-octet ATM header With a 2-octet value, in a manner 
disclosed in the Provisional Application from Which priority 
is claimed. The header compression function can be dis 
abled. The data compression function 1010 takes up to 4 
cells and compresses them into a single variable-siZed 
packet. In a preferred embodiment of the ALA, users can 
con?gure the ALA so that cells for certain con?gured VCs 
are routed through the data compression function 1010. 

[0066] Subsequently, the cells With compressed headers 
and the packets containing compressed cells are added to 
output priority queues 1005. Cells are entered into a high- or 
loW-priority queue, depending on VC identi?cation and user 
con?guration options, in preparation for assembly into 
frames for transmission. For example, packets containing 
compressed cells may be entered into the loWest-priority 
queue, While individual cells With compressed headers may 
be placed into the highest priority queue for assembly into 
frames. 
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[0067] Frame assembly 1006 receives the output of the 
prioritized queues and, every “frame” time, creates a ?xed 
siZed frame that contains a frame header and data from cells 
or packets. Some cells and packets may be split across 
frames. 

[0068] Once created, the frame is sent through a RS 
(Reed-Solomon) Encoder/Interleaver 1007. The Reed-So 
lomon encoder function appends a number of error correc 
tion checkbytes to the frame. The frame is then processed by 
the interleaver function, Which reorders the octets among I 
frames before parallel to serial conversion in P-S converter 
1008 and transmission over the WAN via RS-1449 WAN 
line interface 1009, Where currently the preferred embodi 
ment uses I28. The interleaving operation occurs under the 
control of an adaptive coding management microprocessor 
1019 Which uses an interleaving RAM (not shoWn) to 
combine several frames. 

[0069] Each ALA 1000 also is provided With components 
Which are employed for the disassembly of transmitted 
frames. In particular, the WAN interface 1009 that is used 
With the present invention receives the transmitted data 
stream and provides the series of bits to a serial to parallel 
converter 1011. Thus, frames over the WAN link are 
received at the WAN interface and collected into ?Xed-siZe 
frames. The parallel signal is then provided to a RS Decoder/ 
Deinterleaver, Which has functions that ?rst are used to 
deinterleave an interleaved frame. The deinterleaving opera 
tion also occurs under the control of an adaptive coding 
management microprocessor 1019, using a deinterleaver 
RAM. Once an interleaved frame has been deinterleaved to 
provide individual frames, each individual frame is pro 
cessed by a Reed-Solomon decoder function, Which 
removes the Reed-Solomon check-bytes and corrects any bit 
errors of the frame. 

[0070] Subsequently, each of the corrected frames are 
output from the Reed-Solomon decoder function in RS 
Decode/Deinterleaver 1012 to a disassembler function 1013, 
Which uses a RAM buffer to store the frames for processing. 
The microprocessor 1019; Which is also employed as a 
frame disassembler in the ALA of the present invention, 
disassembles each corrected frame output by the-Reed 
Solomon Decoder and separates the data payload of each 
frame into its individual components (eg ATM cells and/or 
packets) in accordance With information provided in the 
header of the frame. The ATM cells and/or packets are then 
output via an input queue 1014, comprising a buffer RAM, 
to the ATM cell microprocessor 1019, Which appends error 
correction information to the header of each ATM cell and 
separates compressed cells. Speci?cally, the error-free frame 
is then disassembled and cells and packets containing com 
pressed cells are eXtracted. Cells and packets are arranged 
into tWo separate input queues in input queue 1014. In one 
queue, cells from the cell input queue are sent through the 
header decompression function (unless that function is dis 
abled by the user). Packets from the packet queue are sent 
through the data decompression function. 

[0071] In discharging the header decompression function, 
the ATM cell processor 1019 also Will apply an ALA-AHCA 
decompression algorithm Within header decompression 
function 1016, Which substitutes 4 octets of the header for 
the received 2-octet code. The ATM cell processor 1019 also 
Will control a data decompression function for received 
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packets. The ATM cell microprocessor 1019 then outputs the 
ATM cell (With a decompressed error correction portion) 
and/or packet to a cell transmission function 1017. The 
individual ATM cells from the transmission function 1017 
are processed by the ATM physical layer protocol processor 
1002 so that the HEC byte can be added to the header and 
a standard ATM cell With 53 octets created. The ATM 
physical layer protocol processor 1002 also generates idle 
cells as needed. The protocol processor 1002 outputs the 
standard cells to the terrestrial line interface 1001 for return 
of the ATM cells to the ATM sWitch for routing. 

[0072] As seen in FIG. 2B, the ALA also includes a 
capability for providing statistics, using function 1021, and 
adaptive system con?guration, using function 1022. A fur 
ther function, Which is the subject of the present invention 
is the frame acquisition and synchroniZation function 1020, 
Which is provided as an application of the microprocessor 
used in the ALA. The acquisition and synchroniZation 
function is detailed subsequently, folloWing a discussion of 
the frame formats to Which the function is applied. 

[0073] According to the present invention, in an ATM 
environment, ATM-based cells are organiZed into frames 
Which are suitable for Wireless communication. Advanta 
geously, the header and data portions of each cell may be 
separated and compressed so as to increase the effective 
bandWidth of the Wireless communication link. Each frame 
can be efficiently packed With ATM cells and/or variable siZe 
packets Which may be made up of compressed ATM cells. In 
addition, as required, only a portion of an ATM cell or 
variable siZe packet may be included in a frame, in order to 
provide optimal ef?ciency. 

[0074] The standard ATM cell formats that are relevant to 
the implementation of the present invention are illustrated in 
FIGS. 1A and 1B, and the standard frame format is illus 
trated in FIG. 3. With respect to the standard ATM cell 
format as seen in FIGS. 1A and 1B (Which is preferred), the 
cell 1100 includes a header 1110, comprising ?ve octets 
1111-1115, and a payload 1120 comprising 48 octets 1121 
1123. The ?ve octets in the header include an HEC check 
sum, tWo virtual path identi?ers (VPID) and tWo virtual 
circuit identi?ers (VCID). In a conventional processing of a 
plurality of cells from an ATM sWitch, as previously noted, 
the headers are stripped from the cells and compressed, and 
the remaining data (Without headers) for the plurality of cells 
is also compressed. The separated and compressed header 
and data components are provided into a frame format for 
transmission. 

[0075] The ALA uses a unique frame structure over the 
WAN link. This frame structure has been designed to 
facilitate fast frame synchroniZation, accommodation of 
?Xed-siZe ATM cells as Well as variable-siZe packets, fast 
recovery from lost frames, very loW bandWidth overhead, as 
Well as dynamic Reed-Solomon coding change Without 
introducing data loss during the coding rate change transi 
tion. FIG. 3 shoWs the ALA frame format. 

[0076] Each frame 1200 shoWn in FIG. 3 corresponds to 
a fundamental unit of transmission over the WAN link. Each 
frame 1200 is a ?Xed siZe frame, Which is n octets long. If 
interleaving is utiliZed, then I frames are used to compose an 
“interleaved frame”1210. An interleaving technique rear 
ranges the order of the bytes in the interleaved frame and 
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transmits each byte sequentially over a WAN link. There are 
no special synchronization bits employed Within the frame 
structure. 

[0077] An exemplary frame 1220 is n bytes long and 
includes a frame header 1230, a data payload 1240, and a 
block code 1250, as shoWn in FIG. 3. The header 1230 is 
tWo octets long. The data payload 1240 has a variable length 
Which depends on the size of the block code. As noted 
above, the data payload 1240 may contain a combination of 
partial or complete ?xed-sized ATM cells 1242 and 1244 
and variable-size packets (the packets, Which are not shoWn, 
may contain one or more compressed ATM cells or some 

other data). The block code 1250 has a length Which 
corresponds to a multiplicity of octets (e.g. block coding 
length=2t, t>0, such that 2t is an even number, as is 
understood by one of ordinary skill in the art. Advanta 
geously, Reed-Solomon coding check-bytes may be pro 
vided as the block code 1250. 

[0078] The above-mentioned frame header 1230 is made 
up of a number of ?elds. An exemplary frame header 1260 
includes ?rst through fourth ?elds 1262, 1264, 1266 and 
1268. The ?rst ?eld 1262 contains the variable COUNT 
Which de?nes the number of complete ATM cells in a frame, 
including any partial ATM cell Which folloWs the complete 
ATM cells. It does not include a ?rst partial cell or packet, 
if any, that may appear at the beginning of a frame. The 
second ?eld 1264 contains the variable SIZE Which de?nes 
the space Within the data payload that is allocated for a ?rst 
partial ATM cell to be contained therein. By Way of example, 
the variable SIZE may be set equal to the number of octets 
reserved for the ?rst partial ATM cell divided by four. 

[0079] A third ?eld 1266 contains the variable FRAME# 
Which de?nes the frame number. Frame numbers may range 
from 0-7 and repeat periodically. 

[0080] Finally, a fourth ?eld 1268 contains a variable 
CODING Which de?nes aspects of the corresponding block 
code 1250 based on the frame number. By Way of example, 
if the value of FRAME# is equal to zero, then the fourth ?eld 
1268 (or coding ?eld) represents a suggested value of the 
number of octets Which are to be reserved for the block code 
1250. Advantageously, the block code 1250 may be gener 
ated in accordance With Reed-Solomon Coding. If Reed 
Solomon Coding is employed then the coding ?eld 1268 
represents a suggested value of the number of Reed-So 
lomon octets divided by tWo so that the transmitting inter 
face should employ for its oWn transmissions. Reed-So 
lomon Coding is implemented in the form of check-bytes 
Which are generated by a standard Reed-Solomon algorithm 
based on the size of the frame (expressed as ‘N’ bytes) and 
the number of check-bytes (2t) to be included Within the 
corresponding frame. 

[0081] If the receiving interface is not yet synchronized to 
its receiving bit stream, the coding ?eld 1268 is set to a 
predetermined value (eg OxF). The coding ?eld 1268 
cannot assume a value of zero, Which corresponds to an 
invalid value. 

[0082] If the value of FRAME# is equal to 1, then the least 
signi?cant bit of the coding ?eld 1268 is set to 1 to represent 
the fact that an ATM cell header compression algorithm has 
been activated. If the value of FRAME# is equal to 2 or 3, 
then the coding ?eld 1269 may be set to zero. 
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[0083] If the value of FRAME# is greater than 3, then the 
coding ?eld 1268 is set to a number Which is a function of 
the number of block coding octets that the transmitting 
interface should use for its oWn transmissions starting With 
the next frame numbered zero. 

[0084] The rules for ?lling each frame’s data payload With 
ATM cells and packets Would be understood from the 
foregoing description by one of ordinary skill in the are and, 
in any event, are described in the Provisional Application, 
from Which priority is claimed. 

[0085] After the complete ATM cells are included in the 
data payload, a number of variable-size packets may be 
provided therein. Each packet contains a length ?eld Which 
is 1-octet in length folloWed by the packet’s contents. The 
value contained in the length ?eld includes the length of the 
length ?eld itself For example, a packet having a length of 
61 octets Will begin With a length ?eld of 62. If the last 
packet cannot be entirely contained in the data payload, then 
only its initial portion Will be included therein. According to 
the present invention, the length ?eld of a partial packet 
speci?es the length of the entire packet. 

[0086] If there are any octets left over in the data payload, 
then the ?rst such unused octet shall contain a zero. The 
remainder of the octets, if any, shall be ?lled sequentially 
With the numbers i, i+1, i+2, . . . , Where i is the octet number 

of the ?rst such octet in the payload (octets in the payload 
are implicitly numbered 0, 1, . . . 

[0087] Based on the above mentioned rules, it is possible 
for the data payload of a frame to contain ATM cells only, 
packets only, or a combination of both. In addition, an ATM 
cell or packet may be split across more than tWo frames if 
either is larger than the size of the data payload. Moreover, 
the data payload size is unrelated to the size of an ATM cell 
or variable size packet. By Way of example, the size of the 
data payload can be as small as tWo bytes. 

[0088] The above-described frame structure alloWs for the 
possibility of dynamically changing the Reed-Solomon code 
size by correspondingly changing the data payload size but 
keeping the frame size constant. Such a scheme enhances the 
ef?cient use of the available transmission bandWidth. 

[0089] Advantageously, if a receiving interface “loses” a 
frame, due to, for example, excessive bit errors in the frame, 
the variable SIZE can be used to rapidly determine an ATM 
cell or packet boundary in the very next frame. 

[0090] With reference again to the ALA illustrated in FIG. 
2B, particularly the frame acquisition/synchronization appli 
cation 1020, the underlying algorithm is effective to syn 
chronize bit and frame timing betWeen the transmitter and 
the receiver of the ALA bit stream. As previously noted, the 
ALA transmits a bit stream consisting of a sequential train 
of interleaved frames; each frame includes a frame header, 
a frame payload and the error correcting Reed-Solomon 
check bytes. The frame header includes a frame number, that 
is incremented modulo 8 and assigned to each frame. Unlike 
other systems, the ALA frame format does not include any 
special bits devoted to the frame synchronization function. 
The ALA-ASA uses the frame sequence number ?eld in the 
header of every frame and the Reed-Solomon decoding 
result as a method to verify and maintain frame synchroni 
zation. If proper frame synchronization has been achieved at 
the receiver, then most (possibly all) frames should have the 
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correct incrementing frame sequence number and the Reed 
Solomon decoder should declare success in correcting most 
(possibly all) frames. 
[0091] In principle, ALA-ASA could Work by randomly or 
systematically shifting the receive frame boundary, and by 
checking Whether frames are being correctly received, until 
the correct boundary is reached. HoWever, the ALA-ASA 
uses a technique to achieve acquisition and frame synchro 
niZation that does not require a random search for the frame 
boundary. 

[0092] Speci?cally, in every frame, folloWing the header, 
the payload portion of the frame Will contain all ATM cells, 
ATM cells and a partial cell (see FIG. 4A), ATM cells, 
partial cells, packets and partial packets (see FIG. 4B) and 
Where there is space remaining in a frame, a ?ll pattern that 
is a sequence of numbers, as subsequently explained in the 
framing Rules 1-4, and as seen in FIG. 4C. During acqui 
sition, the transmitter ?lls the entire payload of the frame 
With a ?ll pattern, comprising a sequence of numbers 
beginning With “0”. No data is transmitted in the payload. At 
the receiver, the sequence is detected for purposes of acqui 
sition, and may also be used to determine Where the frame 
boundary is located for purposes of synchroniZation. This 
procedure is deterministic and in most cases, a single 
sampling of 21 frames, Where I is the interleaver depth, 
alloWs the receiver to adjust the frame boundary to the 
correct value. 

[0093] Before explaining the frame synchroniZation tech 
nique of the present invention, it should be recalled that the 
fundamental unit of transmission over the WAN link is a 
?xed siZe frame, Which is n octets long. If an interleaving 
depth of I is used, then I such frames are used to compose 
an “interleaver frame”. The interleaver rearranges the order 
of the bytes in the interleaver frame and transmits each byte 
sequentially over the WAN link. 

[0094] It should be noted that there are no special syn 
chroniZation bits in the frame structure illustrated in FIG. 3. 
Each frame is n bytes long and consists of: 

[0095] 
[0096] folloWed by the frame payload, and 

[0097] terminated by 2t octets (t>0) of Reed-So 
lomon coding checkbytes in the end. 

a 2-octet header 

[0098] The payload contains a combination of ?xed-siZed 
ATM cells and variable-siZe packets (the packets may con 
tain one or more compressed cells). 

[0099] In accordance With the present invention, the rules 
for ?lling a frame payload With cells and packets are as 
folloWs: 

[0100] 1. If the previously transmitted frame contained a 
partial cell or packet at the end of the payload, the frame 
payload currently being transmitted begins With the next 
portion of that cell or packet. This portion shall consume 
min(4* SIZE, payload siZe) octets of the payload, Where 
SIZEZO. The actual siZe of this partial cell or packet may be 
up to three octets less than 4* SIZE, in Which case the extra 
octets shall be ?lled With Zeroes. 

[0101] 2. After the initial partial cell or packet segment, 
the payload contains COUNT ?xed-siZe cells, COUNTZO. 
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If the last cell cannot be entirely contained in the payload, 
then only its initial portion is included in the payload. 

[0102] 3. After the ?xed-siZe cells in the payload, the 
payload contains a number of variable-siZe packets. Each 
packet contains a l-octet-length (# of octets in the packet) 
?eld folloWed by the packet contents. If the last packet 
cannot be entirely contained in the payload, then only its 
initial portion is included in the payload. 

[0103] 4. If there are any octets left over in the payload, 
then the ?rst such unused octet shall contain a Zero. The rest 
of the octets, if any, shall be ?lled sequentially With the 
numbers i, i+1, i+2, . . . , Where i is the octet number of the 

?rst such octet in the payload (octets in the payload are 
implicitly numbered 0, 1, . . . 

[0104] From these rules, one can see that a frame payload 
may contain cells only, packets only, or a combination of 
both. Aframe With no cells or packets contains the sequence 
0, 1, 2, . . . in the payload. Acell or packet may be split across 
more than tWo frames if either is larger than the payload 
?eld. It should be noted that the payload siZe is unrelated to 
a cell or packet siZe; the payload siZe can be as small as tWo 
bytes. This frame structure design alloWs the possibility of 
dynamically changing the Reed-Solomon code siZe by cor 
respondingly changing the payload siZe but keeping the 
frame siZe constant. 

[0105] If the receiver “loses” a frame, for example, due to 
excessive bit errors in the frame, the SIZE ?eld alloWs rapid 
determination of the cell or packet boundary on the very next 
frame. 

[0106] FIGS. 4A-4C shoW examples of frames Which are 
organiZed according to the frame format of the present 
invention. Each frame has a ?xed length of 252 octets. In 
addition, the contents of each frame is also shoWn in FIGS. 
4A-4C. Although ATM cells contain 53 octets, as noted 
above, FIGS. 4A-4C shoW each cell containing only 52 
octets. The reason for this discrepancy stems from the fact 
that When a cell is received by an interface, one octet of the 
5 octet header associated With that cell is removed to detect 
errors Within the header. The removal of the octet occurs 
prior to the assembling of each frame of a communication 
signal. In addition, each packet includes a packet length ?eld 
in their ?rst octet Which is not shoWn in FIGS. 4A-4C, as 
discussed above. 

[0107] FIG. 4A shoWs a frame 1300 formed in accordance 
With the present invention Which includes a frame header 
1310, a data payload 1320 and a block code 1330. The frame 
header 1310 includes a ?rst ?eld 1312 Which contains a 
variable COUNT having a value of 5, and a second ?eld 
1314 Which contains a variable SIZE having a value of 0. 
The frame header 1310 also includes a third ?eld 1316 
Which contains a variable CODING having a value of 10, 
and a fourth ?eld 1318 Which contains a variable FRAME# 
having a value of 4. 

[0108] Given that the value of the variable COUNT is 5, 
there are 5 ATM cells 1322-1326 included Within the data 
payload 1320. Because the value of the variable SIZE is 0, 
the data payload 1320 does not contain a partial ATM cell 
Which precedes the 5 ATM cells-1322-1325 included 
therein. Accordingly, there are at least 4 complete ATM cells 
contained in the data payload 1320. In addition, because the 
frame header 1310 occupies 2 octets and the block code 
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1330 occupies 20 octets, as determined by the value of the 
variable CODING, (Which in this case is 10) it is clear that 
a partial ATM cell 1326 must also be included in the data 
payload 1320. 

[0109] The reason for this stems from the fact that there 
are 22 octets used for the frame header 1310 and the block 
code 1330, alone, leaving 230 octets for the data payload 
1320. With four complete ATM cells 1322-1325 occupying 
the data payload 1320, at 52 octets apiece, only 22 octets are 
left in the data payload 1320 for the remaining ATM cell. 
Therefore, only a partial ATM cell 1326 can be included in 
the current frame 1300. The remaining 30 octets must be 
included in the neXt frame, as shoWn in FIG. 4B. 

[0110] FIG. 4B shoWs a frame 1400 formed in accordance 
With the present invention Which includes a frame header 
1410, a data payload 1420 and a block code 1430. The frame 
header 1410 includes a ?rst ?eld 1412 Which contains a 
variable COUNT having a value of 1, and a second ?eld 
1414 Which contains a variable SIZE having a value of 8. 
The frame header 1410 also includes a third ?eld 1416 
Which contains a variable CODING having a value of 10, 
and a fourth ?eld 1418 Which contains a variable FRAME# 
having a value of 5. 

[0111] Because the variable SIZE has a value of 8, there 
are 32 octets Which have been reserved for the initial partial 
cell 1422 in the data payload 1420. As the initial partial cell 
1422 only requires 30 octets, 2 additional octets of padding 
1423 are included in the data payload 1420. With 22 octets 
being used for the frame header 1410 and the block code 
1430 and 32 octets being used for the initial partial ATM 
cell, there are still 198 octets remaining in the data payload 
1420 of the frame 1400. As the value of COUNT is 1, there 
is at least one complete ATM cell 1424 included in the data 
payload 1420 of the frame 1400. 

[0112] The remaining 198 octets of the data payload 1420 
are occupied by a complete packet 1425 and a partial packet 
1426. The complete packet 1425 occupies 13 octets of the 
data payload, While the partial packet 1426 occupies the 
remaining 133 octets of the ?fth frame’s data payload. The 
neXt frame shoWn in FIG. 4C, includes the remainder of the 
second packet Which includes the partial packet 1426. 

[0113] FIG. 4C shoWs a frame 1500 formed in accordance 
With the present invention Which includes a frame header 
1510, a data payload 1520 and a block code 1530. The frame 
header 1510 includes a ?rst ?eld 1512 Which contains a 
variable COUNT having a value of 1, and a second ?eld 
1514 Which contains a variable SIZE having a value of 7. 
The frame header 1510 also includes a third ?eld 1516 
Which contains a variable CODING having a value of 10, 
and a fourth ?eld 1518 Which contains a variable FRAME# 
having a value of 6. 

[0114] As the value of SIZE is 7, there are 28 octets 
reserved for a partial packet 1522 Which along With the 
partial packet 1426 (shoWn in FIG. 4B) comprises the 
second packet shoWn in FIG. 4B. HoWever, because the 
partial packet 1522 only occupies 25 octets, three octets of 
padding 1523 are included in the data payload 1520 of the 
siXth frame. Because the value of COUNT is one, there is an 
ATM cell 1524 included in the siXth frame. This ATM cell 
1524 is also a complete ATM cell because only 50 octets of 
the frame 500 are employed for the frame header 1510, 
block code 1530 and the remainder of the second packet. 
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[0115] There is one 59 octet packet 1525 Which also 
occupies the data payload 1520 of the siXth frame, leaving 
91 octets remaining. According to the present invention the 
remaining 91 octets are used for the synchroniZation pattern 
1526 described above. HoWever, the ?rst octet 1527 of the 
left over portion of the data payload 1520 has a value of Zero 
to delineate betWeen the end of the packet and the beginning 
of the synchroniZation pattern 1526. Each byte position of 
the remainder of the left over portion of the data payload 
1520 stores a number Which corresponds to the byte posi 
tion. 

[0116] As shoWn in FIG. 4C, the ?rst byte position of the 
synchroniZation pattern, Which corresponds to the one 
hundred and fortieth byte position of the data payload, stores 
a value of Zero. The second byte position of the synchroni 
Zation pattern, Which corresponds to the one hundred and 
forty-?rst byte position of the data payload, stores a value of 
140. The third byte position of the synchroniZation pattern, 
Which corresponds to the one hundred and forty-second byte 
position of the data payload, stores a value of 141. The value 
stored in each subsequent byte position of the data payload 
increases sequentially up to and including the last or tWo 
hundred and thirtieth byte position of the data payload. 
Therefore, the tWo hundred and thirtieth byte position of the 
data payload Would store a value of 229. 

[0117] As noted above, if there are no partial or complete 
ATM cells or packets included in a particular cell, then the 
data payload can be ?lled entirely With the synchroniZation 
pattern. The advantage of using the synchroniZation pattern 
of the present invention stems from the fact that it is very 
easy to determine Where the boundary of a particular frame 
lies for frame synchroniZation once the value stored at a 
particular byte position is ascertained. 

[0118] In implementing the ALA-ASA algorithm, the fol 
loWing parameters Would be used: 

[0119] Parameters: 

5 length of ALA frame in octets 
N length of ALA frame in bits; = n * 8 

Interleaver depth, I = 1, 2, . . . 8 

[0120] The frame synchroniZation algorithm is illustrated 
in ?oW-chart form in FIG. 5A. The algorithm is eXecuted by 
the receiver initially choosing an arbitrary receive frame 
boundary in step S-100. In this step, N sequential bits from 
the receiver are collected and designated as a “frame”. With 
reference to FIG. 2, the receive bit stream is sent through the 
deinterleaver and Reed-Solomon decoder 1012 before col 
lection into a frame in frame disassembly 1013. 

[0121] In step S110, initially, I “frames” are received and 
discarded. This “?ush” operation is done to initialiZe the 
deinterleaver, if it is a “convolutional” type. On the basis of 
a decision at step S105, this step can be skipped if a 
non-convolutional deinterleaver is used. 

[0122] Then, in step S120, the neXt I “frames” (for a 
convolutional type; or the ?rst I frames for a non-convolu 
tional type deinterleaver) are received and analyZed. The 
analysis results in an “offset” number. In step S125, the 
receiver logic is instructed to skip “offset” bits after the neXt 














