
US 20050122925A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0122925 A1 

Chitre et al. (43) Pub. Date: Jun. 9, 2005 

(54) 

(75) 

(73) 

(21) 

(22) 

(63) 

(60) 

METHOD AND APPARATUS FOR 
IMPROVING ASYNCHRONOUS TRANSFER 
MODE OPERATION OVER NOISY, HIGH 
SPEED WIRELESS LINKS 

Inventors: Dattakumar M. Chitre, Silver Spring, 
MD (US); Anil K. Agarwal, 
Gaithersburg, MD (US); Prabhakar 
Gowrisankaran, Andover, MA (US); 
John A. Lunsford, Gaithersburg, MD 
(US); Sathyanarayanan 
Narayanaswamy, Chicago, IL (US) 

Correspondence Address: 
SUGHRUE MION, PLLC 
2100 PENNSYLVANIA AVENUE, N.W. 
SUITE 800 
WASHINGTON, DC 20037 (US) 

Assignee: VIASAT CORPORATION 

Appl. No.: 10/967,291 

Filed: Oct. 19, 2004 

Related US. Application Data 

Continuation of application No. 09/462,895, ?led on 
Apr. 3, 2000, noW Pat. No. 6,839,330, ?led as 371 of 
international application No. PCT/US98/ 14195, ?led 
on Jul. 15, 1998. 

Provisional application No. 60/052,539, ?led on Jul. 
15, 1997. 

Publication Classi?cation 

(51) Int. Cl? ................................................... .. H04B 7/212 

(52) Us. 01. ........................................................ ..370/310.1 

(57) ABSTRACT 

In an asynchronous transfer mode (ATM) system, an appa 
ratus is used to improve the transmission and reception of 
encoded ATM information over a Wireless link having an 
encoder for encoding the information, assembling the infor 
mation into a frame format and interleaving of the informa 
tion for transmission over the Wireless link. In addition, the 
apparatus also has a decoder for decoding information 
received via the Wireless link Which Was encoded by a 
similar apparatus transmitting the information over the Wire 
less link. Further, methods utilized by the encoder and 
decoder to improve transmission include increasing the 
bandwidth efficiency by dropping a header byte from every 
ATM cell; assembling separate header and payload frames; 
utilizing and rearranging idle/unassigned cells in the payload 
frame for storing and, thereby, increasing error correction 
code in the frame; dynamically changing the coding of 
frame in real time from one payload frame to optimize 
utilization of the mumber of available idle/unassigned cells 
occurring in each frame; restoring the positions of all 
idle/unassigned cells to their original position at a receiving 
end in order to leave the Cell Delay Variation unaffected; 
interleaving the frames to reduce burst errors during trans 
mission; preservation of overhead parity bits present in the 
original frames received from a Wireline link; cell Header 
error detection and correction through the use of a generated 
syndrome; and a synchronization pattern detection method 
during decoding. 
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METHOD AND APPARATUS FOR IMPROVING 
ASYNCHRONOUS TRANSFER MODE OPERATION 
OVER NOISY, HIGH SPEED WIRELESS LINKS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to high quality of 
service transmission of Asynchronous Transfer Mode 
(ATM) information over noisy, high speed Wireless links. 
More speci?cally, the invention relates to protecting ATM 
cells transmitted over high speed Wireless channels using 
framing, interleaving and forWard error correction coding 
schemes to correct burst errors. 

[0002] The present application is based upon U.S. Provi 
sional Application No. 60/052,359, Which is incorporated 
herein by reference. 

[0003] Asynchronous Transfer Mode (ATM) is a method 
for transmitting information via a broadband Integrated 
Services Digital NetWork (B-ISDN). ATM is a transfer mode 
Which-uses ?xed siZe data units, knoWn as cells, made up of 
53 bytes; 48 of these bytes contain data (referred to as the 
information ?eld or payload) and 5 contain overhead 
(referred to as the cell header). The data bytes correspond to 
the ATM Adaptation Layer and the overhead bytes 
de?ne the ATM cell header. The header includes cell routing 
information and an error detection/correction mechanism to 
protect the routing information. Also included in the AAL is 
an error detection mechanism to mitigate against transmis 
sion errors in the AAL data. 

[0004] In principle, ATM cells may be transported using 
any digital transmission format. HoWever, the International 
Telecommunication Union (ITU) approved synchronous 
digital hierarchy (SDH) and plesiochronous digital hierar 
chy (PDH) signal formats are of particular interest from an 
international standardiZation vieWpoint. An important fea 
ture in SDH transmission is the inclusion of pointer bytes 
Which are used to indicate the location of the ?rst byte in the 
payload of a SDH frame and also avoid slips and their 
associated data loss due to slight phase or frequency varia 
tions betWeen the SDH payload and frame. ATM cell trans 
mission via SDH further incorporates a cell delineation 
mechanism for acquisition and synchroniZation of ATM 
cells on the receiving side of the netWork. There eXist, 
hoWever, a number of factors Which present problems When 
transmitting ATM cells in SDH and PDH formats over 
Wireless links. 

[0005] Transmission considerations and performance cri 
teria for both ATM and its carriage in the SDH and PDH 
frames are currently based on the assumption that transmis 
sion bit errors are randomly distributed. This assumption is 
generally valid for most optic ?ber based transmission 
systems. HoWever, due to the necessity of including channel 
coding into Wireless transmissions to reduce receiving sta 
tion siZe, such as in satellite channels for eXample, and 
thereby minimiZe ground segment costs, transmission bit 
errors in a Wireless environment are likely to occur in bursts. 

[0006] Furthermore, ATM protocols assume that the trans 
mission medium has very loW Bit Error Rates (10-12 or 
better) and that bit errors occur randomly. Most satellite and 
Wireless links have much Worse Bit Error Rate characteris 
tics (10-6 to 10-8) and errors tend to occur in long bursts, 
especially When Viterbi coding is used in the modems. 
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[0007] These factors have a severe effect on ATM proto 
cols and applications that use ATM. For eXample, ATM cells 
use a feature to correct single bit errors in the cell header. 
This feature is useless in the satellite and Wireless bursty 
error environments, With the net result being that the cell 
headers of a large number of cells can get corrupted, leading 
to cell losses or misinsertions. 

[0008] Therefore, in Wireless environments, such as sat 
ellite communications, the bursty nature of transmission 
errors requires a careful evaluation of transmission perfor 
mances of both the SDH or PDH transport signal and the 
ATM cells contained therein. 

[0009] US. Pat. No. 5,600,653 teaches a technique to 
solve the problem of cell losses by selectively interleaving 
the ATM cell headers. The interleaving and deinterleaving of 
cell headers distributes the possible burst of errors in the 
ATM cell header over a number of cell headers such that no 
ATM cell header Would have more than one bit in error. A 

Header Error Correction (HEC) algorithm is then used to 
correct the one bit error occurrences in all ATM cell headers 

thereby reducing the ATM cell loss to an acceptable level. 
This technique, hoWever, does not address the problem of 
high ATM cell error ratio (CER) characteristics present in 
Wireless links. 

SUMMARY 

[0010] The present invention is directed to and apparatus 
and methods for protecting ATM cells transmitted over high 
speed Wireless channels by correcting burst errors. 

[0011] The apparatus of the present invention is a trans 
mitter/receiver Which receives an ATM cell stream sequence 
via a terrestrial Wireline link and encoding the ATM cell 
stream for transmission of data via a Wireless link, such as 
a satellite link. In addition, the apparatus also receives and 
decodes encoded Wireless data received via the Wireless link 
and transmits an ATM cell stream sequence via the Wireline 
link. 

[0012] Included in the apparatus is a terrestrial interface 
Which receives ATM cell stream sequence data from the 
terrestrial Wireline link. Additionally, this interface is also 
used to transmit data received via the Wireless link over the 
terrestrial link. An encoder receives cell stream data from the 
terrestrial interface and encodes this data With a coding 
scheme, such as Reed-Solomon coding. The encoder is, in 
turn, connected to a Wireless or satellite interface Which 
receives the encoded data and transmits it over the Wireless 
link. 

[0013] Further, a decoder is also included in order to 
decode encoded data received via the-Wireless interface 
from a similar apparatus Which encoded the data. In addi 
tion, a control unit (ALECPU) is included to provide control 
of the interfaces, encoder and decoder. 

[0014] A method employed by the above apparatus for 
protecting ATM cells includes dropping a Header Error 
Correction byte from a header of each ATM cell at a 
transmitting end of a Wireless link and using a byte space left 
unoccupied by the dropped Header Error Correction byte to 
transmit other information. 



US 2005/0122925 A1 

[0015] Another, method for protecting ATM cells includes 
assembling a header frame in an arrangement made up of 
headers of a predetermined number of ATM cells received 
from an incoming ATM cell stream over a Wireline link. The 
header frame is further partitioned into tWo sections. A 
further method includes assembling a payload frame made 
up of payloads of a predetermined number of ATM cells. 

[0016] Another method of protective encoding includes 
?rst receiving an ATM cell stream consisting of a plurality 
of ATM cells from a Wireline interface. The idle/unassigned 
cells Within the cell stream are then detected. Next, a 
payload frame made up of payloads from said plurality of 
ATM cells having a plurality of columns is assembled, the 
assembly including placing up to a predetermined number of 
the detected idle/unassigned cells in a selected portion of the 
payload frame. 

[0017] Yet another method includes setting a ?rst infor 
mation ?eld Within a frame at a ?rst state When any 
idle/unassigned cells are being used for eXtra error correc 
tion code. If no idle/unassigned cells are used for eXtra error 
correction, the ?rst information ?eld is set at a second state. 
In addition, the number of idle/unassigned cells used for 
eXtra error correction code is stored in a second information 
?eld Within the frame When the ?rst information ?eld has 
been set at the ?rst state. 

[0018] A further method of protecting ATM cells includes 
?agging a ?rst nibble occurring in a plurality of ATM frames 
received from the Wireline interface. Header and payload 
frames are then assembled for transmission over a Wireless 

link and consist of a predetermined number of ATM cells 
derived from the plurality of ATM frames. Aposition of each 
said ?rst ?agged nibble encountered in each said predeter 
mined number of ATM cells is recorded in control bytes 
contained in the header frame; and overhead parity bits 
occurring in each of the plurality of ATM frames are stored 
in control bytes contained in said header frame. 

[0019] In addition, a method for protecting ATM cells 
includes recording the original positions of idle/unassigned 
cells in a cell stream sequence before being moved during 
assembly of an ATM frame prior to transmission of said 
frame over said Wireless link. The original positions of the 
idle/unassigned cells are then restored Within said cell 
stream based upon the recorded original positions after 
transmission of the frame over a Wireless link. 

[0020] The above and other features of the invention 
including various and novel details of construction and 
combination of parts Will noW be more particularly 
described With reference to the accompanying draWings and 
pointed out in the claims. It Will be understood that the 
particular methods of protecting ATM cells transmitted over 
Wireless links embodying the invention are shoWn by Way of 
illustration only and not as a limitation of the invention. The 
principles and features of this invention may be employed in 
varied and numerous embodiments Without departing from 
the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The invention Will be more clearly understood 
from the folloWing detailed description in conjunction With 
the accompanying draWings, Wherein: 
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[0022] FIG. 1 is a block diagram of an ALE architecture 
used to implement the present invention; 

[0023] FIG. 2 is a block diagram of the components of the 
Encoder used in the ALE of FIG. 1; 

[0024] FIG. 3 is a block diagram of the components of the 
Decoder used in the ALE of FIG. 1; 

[0025] FIG. 4 illustrates the Header Frame construction; 

[0026] FIG. 5 illustrates the Payload Frame construction; 

[0027] FIG. 6 illustrates the format of the control bytes 
added to the Header Frame shoWn in FIG. 4; 

[0028] FIG. 7 is a state diagram of the Acquisition and 
Synchronization Procedure folloWed by the Acquisition and 
Synchronization Unit shoWn in FIG. 3; 

[0029] FIG. 8 illustrates the pattern search WindoW used 
by the Acquisition and Synchronization Unit shoWn in FIG. 
3; 

[0030] FIG. 9 illustrates a Satellite Transmit alarm 
response matriX; and 

[0031] FIG. 10 illustrates a Terrestrial Received alarm 
response matriX. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] The present invention is directed to methods of 
protecting ATM cells transmitted over high speed Wireless 
links using framing, interleaving and forWard error correc 
tion coding schemes to correct burst errors. 

[0033] The implementation of the methods of the present 
invention to be described herein are accomplished via an 
apparatus referred to as an ATM Link Enhancer The 
particular ALE described herein is suitable for the case of 
transmission of ATM cells at DS3 (44.786 Mbps) rates over 
a Wireless satellite link. The present implementation of the 
invention can, hoWever, be applied equally Well for trans 
mission of ATM cells at different rates. 

[0034] FIG. 1 illustrates the architecture of the ALE, 
shoWn generally at 10, Which is comprised of siX blocks; a 
Front Panel (FP) 20, a Central Processing Unit (ALECPU) 
21, a Terrestrial Interface Unit (TIU) 22, an Encoder (ENC) 
23, a Decoder (DEC) 24 and a Satellite Interface Unit (SIU) 
25. 

[0035] The ALECPU 21 con?gures the TIU 22 and SIU 25 
to operate at a user speci?ed interface rate. In addition, the 
ALECPU receives and collects performance monitoring 
data as listing in Table 1 concerning the Terrestrial Transmit 
(TT) 27 and Satellite Receive (SR) 28 streams from the TIU 
22 and SIU 25, respectively. Moreover, the ALECPU 21 
softWare and hardWare includes debug capabilities such as 
Writing speci?c patterns to system memories (not shoWn), 
checking system memory integrity and access to internal 
registers through an Operator Console (not shoWn). The 
ALECPU has the capability to communicate With the Opera 
tor Console over a serial link or an Ethernet. 
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TABLE 1 

Performance Monitoring 

Error DS3 E3 

CP bit errors Y N 
P bit errors Y N 
Framing errors Y ‘.7 
FEBE events Y Y (TI‘ only) 
Line code violations Y Y 
Cells with one header error (TI‘ only) Y Y 
Cells with multiple header errors (IT Y Y 
only) 

[0036] The ALECPU further receives information about 
alarms detected on the TT and SR streams form the TIU and 
SIU. The ALECPU instructs the TIU and SIU to generate the 
alarm responses on the ST and TR streams, for the detected 
alarm conditions, based on the matrices shown in FIGS. 9 
and 10, respectively. 

[0037] The ALECPU also reads system parameters set by 
a user through the Front Panel 20 and con?gures the 
hardware based on these parameters. For example, the user 
can choose between idle cells or unassigned cells for extra 
payload protection. The idle cells are de?ned as cells with 
the header 0x00 0x00 0x00 0x00 0x00. Unassigned cells are 
de?ned as cells with the header bin “yyyy0000” 0x00 0x00 
0x00 bin“0000xxx1”. In addition, the user can choose to 
correct 1 bit header errors on the ATM cells arriving in the 
TT stream. Another feature is that the user can choose to 
replace ATM cells having multiple header errors which 
arrive in the TT stream with idle/unassigned cells. 

[0038] The TIU 22 provides the interface between the 
Encoder (ENC) 23, Decoder (DEC) 24 and the terrestrial 
network (e.g., Terrestrial Transmit 27 and Terrestrial 
Receive (TR) 28). TIU 22 interfaces to the TT and TR 
streams (27 and 28) at a DS3 rate, with direct-mapped ATM 
cells. It is noted, however, that the TIU could also be used 
with ATM Physical Layer Convergence Protocol (PLCP) 
mapped ATM cells. In addition, the TIU 22 extracts the cell 
data from the received DS3 frames on the TT stream 27 and 
assembles the cell data received from DEC 24 to transmit 
DS3 frames on the TR stream 28. 

[0039] The TIU 22 receives (and transmits) a B3ZS 
encoded, Alternate Mark Inversion (AMI) signal at DS3 or 
an HD3B encoded, AMI signal at E3 from (to) the TT (TR) 
stream on a 75 ohm coaxial cable. The TIU supports a cable 
length of 0-450 feet on both the TT and TR streams (27 and 
28). The TIU 22 has been designed as an interchangeable 
module to allow the user to switch between DS3 and E3. The 
change from one rate to another can be accomplished 
without any physical change to the rest of the system. 

[0040] The TIU 22 is also interfaced with the SIU 25 such 
that the Satellite Transmit (ST) stream 29 is phase locked to 
the TT stream 27 and the aggregate cell transfer rate is the 
same on both streams. Likewise, the TR stream 28 is phase 
locked to the Satellite Receive (SR) stream 30 and the 
aggregate cell transfer rate is the same on both streams. 

[0041] In operation, TIU 22 processes the received TT 
stream 27 and extracts the payload from the DS3 frame. The 
TIU 22 then implements a Cell Delineation Algorithm as 
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speci?ed in ITU 1.432 to delineate the ATM in the DS3 
payload. Delineated cell data is, in turn, transferred to ENC 
23. As will be discussed later, another function of the TIU 22 
is to ?ag the ?rst nibble extracted from the payload of every 
DS3 frame for use in the ENC 23. In addition, in DS3 
operation, the TIU extracts the CP overhead (ITU G804) bit 
from the DS3 frames on the TT stream 27 and transfers these 
bits to the ENC 23. Further, the TIU 22 transmits the TR 
stream 28 by assembling cell data received from the DEC 24 
into a DS3 frame. In DS3 operation, the TIU 22 receives CP 
bits from the DEC and inserts these into the DS3 overhead 
on the TR stream 28. 

[0042] In DS3 operation, the TIU 22 extracts the overhead 
bits listed below from the DS3 frames on the TT stream 27. 
The extracted overhead is then transferred by the ALECPU 
21 to the SIU 25 and is then transmitted on the ST stream 29. 

[0043] C13 Far-End Alarm Control bit (ITU G804) 1 
bit 

[0044] C51-53 Path maintenance data link bits (ITU 
6.804) 3 bits 

[0045] In E3 operation, the TIU 22 extracts the overhead 
bits listed below from the E3 frames on the TT stream 27. 
The extracted overhead is then transferred by the ALECPU 
21 to the SIU 25 and is then transmitted on the ST stream 29. 

[0046] NR Network Operator byte (ITU G832) 8 bits 

[0047] GC General purpose communication link 
(ITU 6832) 8 bits 

[0048] TR Trail Trace (ITU G832) 8 bits 

[0049] TM Timing Marker (ITU G832) 1 bit 

[0050] In DS3 operation, the TIU 22 receives the overhead 
bits listed below from the ALECPU 21 and transmits them 
in the DS3 frame overhead on the TR stream 28. The 
ALECPU 22 transfers these bits from the SIU 25, which 
extracts them from the SR stream 30 

[0051] C13 Far End Alarm Control bit (ITU G804) 
I bit 

[0052] C51-53 Path maintenance data link (ITU 
6.804) 3 bits 

[0053] In E3 operation, the TIU 22 receives the overhead 
bits listed below from the ALECPU 21 and transmits them 
in the E3 frame overhead on the TR stream 28. The 
ALECPU 21 transfers these bits from the SIU 25, which 
extracts them from the SR stream 30. 

[0054] NR Network Operator byte (ITU G832) 8 bits 

0055 GC General urpose communication link P 
(ITU G832) 8 bits 

[0056] TR Trail Trace (ITU G832) 8 bits 

[0057] TM Timing Marker (ITU G832) I bit 

[0058] Additionally, the TIU 22 measures the performance 
monitoring data speci?ed in Table 1, and the data is read 
every second by the ALECPU 21. Furthermore, the TIU 22 
detects the following alarms on the TT stream 27: LOS, 
OOF, AIS, Idle and FERF. Subsequently, the TIU 22 trans 
fers this alarm information to the ALECPU 21. The TIU 22 
can also generate the following alarms on the TR stream 28 
(as instructed by the ALECPU 21): AIS, Idle and FERF. 
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[0059] Finally, the TIU 22 detects the presence of any 
errors in the headers of ATM cells received on the TT stream 
27 by either correcting 1 bit header errors and/or replacing 
cells With multiple header errors With idle/unassigned cells. 

[0060] The Encoder (ENC) 23, Which is used to encode 
terrestrial signals for transmission over satellite Wireless 
links, is further shoWn in FIG. 2 partitioned into its various 
components. A Cell PreProcessor 40 receives cell data from 
the TIU 22 and, in turn, monitors the header bytes of all the 
incoming cells and detects idle/unassigned cells. Upon 
detection of idle/unassigned cells, the Cell Preprocessor 40 
signals the Frame Assembler 41. The Frame Assembler 41 
receives the cell data and idle/unassigned cell detection 
signal from the Cell PreProcessor 40 and assembles an ALE 
frame of 121 ATM cells according to the methods Which Will 
be described herein, including storing the incoming cells 
into the ALE frame comprised of a Header Frame having 
tWo sections and a Payload Frame, dropping a Header Error 
Correction (HEC) byte from each of the cells in the frame, 
pushing idle/unassigned cells to the end of the ALE frame 
and storing the sequence numbers of these moved idle/ 
unassigned cells in header byte 1, and executing end to end 
overhead protection of C-bit Parity bits (CP bits). In addi 
tion, the Frame Assembler 41 monitors the idle/unassigned 
cell detection signal from the Cell Preprocessor 40. If this 
signal is received the Frame Assembler increments a count 
of the number of idle/unassigned cells (ICNUM) and stores 
this number in header byte 2 of the 121st cell of the frame 
if ICNUM is greater than Zero. 

[0061] Included in ENC 23 is RSEncoder 42 Which 
receives the ALE frame and ICNUM from the Frame 
Assembler 41 and generates a 10 byte Header Error Cor 
rection Code (HECC) and a 4 to 20 byte (depending on 
ICNUM) Payload Error Correction Code (PECC) through 
use of a Reed-Solomon coding scheme to be added to the 
Header and Payload Frames, respectively. These methods of 
generating and adding Error Correction Codes (ECC), as 
performed by the RSEncoder 42, are more fully discussed 
later. 

[0062] Additionally, ENC 23 includes a Byte Interleaver 
43 Which receives the cell data and ECC from the RSEn 
coder 42 and, in turn, appends a tWo byte Sync pattern to the 
start of the ALE frame. The Byte Interleaver 43 then 
interleaves and transmits the frame via the SIU 25. 

[0063] Decoder (DEC) 24 deinterleaves ATM cell data 
received from the Satellite Receive (SR) stream 30, decodes 
the ECC and checks and corrects errors in the data. It then 
reassembles the corrected cell data and transfers it to the TIU 
for transmission on the TR stream. DEC 24 also extracts CP 
bits from the ALE frame and inserts them in the DS3 
overhead on the TR stream. The Decoder (DEC) 24 is shoWn 
in FIG. 3 partitioned into its various components. These 
components are comprised of an Acquisition and Synchro 
niZation Unit (ASU) 50, a Byte Deinterleaver 51, a RSDe 
coder 52 and a Cell Assembler 53. The DEC is ?rst used to 
acquire and maintain the start of an ALE frame for correct 
operation. 

[0064] Finally, referring back to FIG. 1, SIU 25 provides 
the interface betWeen the Encoder (ENC) 23, Decoder 
(DEC) 24 and the satellite side (e.g., Satellite Transmit (ST) 
29 and Satellite Receive (SR) 30). SIU 25, interfaces to the 
ST and SR streams (29 and 30) at a DS3 rate. SIU 25 extracts 
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ALE frame data from the received DS3/E3 frames on the SR 
stream 30 and assembles ALE frame data received from 
ENC 23 to transmit DS3/E3 frames on the ST stream 29. As 
discussed previously With respect to the TIU 22, the SIU 25 
is also interfaced With the TIU 22 such that the Satellite 
Transmit (ST) stream 29 is phase locked to the TT stream 27 
and the aggregate cell transfer rate is the same on. both 
streams. LikeWise, the TR stream 28 is phase locked to the 
SR stream 30 and the aggregate cell transfer rate is the same 
on both streams. 

[0065] The SIU 25 receives (transmits) a B3ZS encoded, 
Alternate Mark Inversion (AMI) signal at DS3 or an HDB3 
encoded, AMI signal at E3 from (to) the Satellite Receive 
(Satellite Transmit) stream on a 75 ohm coaxial cable. SIU 
25 supports a cable length of 0-450 feet on both ST and SR 
streams (29 and 30). 

[0066] In addition, the SIU 25 has been designed as an 
interchangeable module to alloW the user to sWitch betWeen 
DS3 and E3. The change from one rate to another can be 
accomplished Without any physical change to the rest of the 
system. The SIU 25 transmits the ST stream 29 by assem 
bling ALE frame data received from the ENC 23, into a 
DS3/E3 frame. 

[0067] The SIU 25 processes the received SR stream 30 
and extracts the payload from the DS3/E3 frame. For E3 
operation, the SIU 25 implements the E3 Frame Acquisition 
Algorithm speci?ed in COMSAT 112-06-00013 to synchro 
niZe to the E3 frame. The ALE frame data is then transferred 
to the DEC 24. 

[0068] In DS3 operation, the SIU 25 extracts the overhead 
bits listed beloW from the DS3 frames on the SR stream 30. 
The extracted overhead is then transferred by the ALECPU 
21 to the TIU 22 and is then transmitted on the TR stream 
28. 

[0069] C13 Far-End Alarm Control bit (ITU G.804) 1 
bit 

[0070] C51-53 Path maintenance data link bits (ITU 
6.804) 3 bits 

[0071] In E3 operation, the TIU 22 extracts the overhead 
bytes listed beloW from the E3 frames on the SR stream 30. 
The extracted overhead is then transferred by the ALECPU 
21 to the TIU 22 and is then transmitted on the TR stream 
28. 

[0072] NR NetWork Operator byte (ITU G-832) 8 
bits 

[0073] GC General purpose communication link 
(ITU 6.832) 8 bits 

[0074] TR Trail Trace (ITU G832) 8 bits 

[0075] TM Timing Marker (ITU G832) 1 bit 

[0076] In DS3 operation, the SIU 25 receives the overhead 
bytes listed beloW from the ALECPU and transmits them in 
the DS3 frame overhead on the ST stream 29. The ALECPU 
21 transfers these bits from the TIU 22, Which extracts them 
from the TT stream 27. 

[0077] C13 Far End Alarm Control bit (ITU G.804) 
1 bit 
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[0078] C51-53 Path maintenance data link (ITU 
G804) 3 bits 

[0079] In E3 operation, the SIU 25 receives the following 
overhead bits from the ALECPU 21 and transmits them in 
the E3 frame overhead on the ST stream 29. The ALECPU 
21 transfers these bits from the TIU 22, Which extracts them 
from the TT stream 27. 

[0080] NR Network Operator byte (ITU G832) 8 bits 

0081 GC General ur ose communication link P P 
(ITU G832) 8 bits 

[0082] TR Trail Trace.(ITU G832) 8 bits 

[0083] TM Timing Marker (ITU G832) 1 bit 

[0084] The SIU 25 accumulates the performance monitor 
ing data speci?ed in Table 1, and the data Will be read every 
second by the ALECPU 21. Additionally, in DS3 operation, 
the SIU 25 detects the folloWing alarms on the SR stream 
and transfers the alarm information to the ALECPU 21: 
LOS, OOF, AIS, Idle and FERF. Further, the SIU 25 can also 
generate the folloWing alarms on the ST stream 29 (as 
instructed by the ALECPU 21): AIS, Idle and FERF. 

[0085] In E3 operation, the SIU detects the folloWing 
alarms on the SR stream and transfers this information to the 
ALECPU: LOS, OOF, AIS and FERF. The SIU 25 can also 
generate the folloWing alarms on the ST stream 29 (as 
instructed by the ALECPU 21): AIS and FERF. 

[0086] Given the above described apparatus used to imple 
ment the present invention, the inventive methods thereby 
implemented are discussed as folloWs. 

BandWidth Ef?ciency 

[0087] Encoding schemes currently used in Wireless links 
provide for error correction by generating coding bytes 
based on the data to be protected. These coding bytes must 
also be transmitted over the Wireless link, thus requiring 
extra bandWidth. The ?fth (5th) byte in the header of every 
ATM cell is called the Header Error Correction (HEC) byte 
and is a checksum that is generated from the contents of the 
?rst four header bytes. In the present invention, the HEC 
byte is dropped at the transmitting end of the Wireless link 
(i.e., not transmitted over the Wireless link) by the Frame 
Assembler 41 in the Encoder 23. The dropping of the HEC 
byte creates extra bandWidth Which is used to transmit the 
coding bytes, thus alloWing the Wireless link to operate at the 
same bandWidth as a terrestrial Wireline link, While provid 
ing forWard error correction. At the receiving end of the 
Wireless link, the HEC byte is regenerated from the other 
four bytes of the ATM header and can be then transmitted on 
an outgoing terrestrial Wireline interface to include the HEC 
byte. 
[0088] If the errors occurring in a Wireless link transmit 
ting ATM cells affect the ATM cell header, the entire ATM 
cell (header and payload) has to be dropped. In order to 
protect the headers of the ATM cells, the present invention 
uses a frame structure called a Header Frame to protect from 
errors over a Wireless link. FIG. 4 illustrates a Header Frame 
according to the present invention as embodied in a DS3 rate 
(44.736 Mbps) Wireless link. The techniques of the present 
invention can, hoWever, be applied equally Well for trans 
mission of ATM cells at different rates. 
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Header Frame Construction 

[0089] AHeader Frame is formed by the Frame Assembler 
41 in the Encoder 23 from the headers of 121 ATM cells in 
an exemplary embodiment. When the HEC byte is dropped 
from each these headers, as discussed previously, this leaves 
a total of 484 bytes (4 bytes><121 cells). As shoWn in FIG. 
4, the 121 headers are split into tWo sections, the ?rst section 
consisting of the headers of 60 cells (Cell sequence numbers 
120-61) and the second section consisting of the headers of 
the remaining 61 cells (Cell sequence numbers 60-0). A 
header made up of three control bytes (C1-C3) and one 
dummy byte (Hex “00”) is added to the ?rst section of the 
Header Frame. The dummy byte is added to the ?rst section 
for symmetry and is not transmitted over the Wireless link. 
The ATM cell headers are then arranged in a matrix With 4 
roWs and 122 columns, With each ATM cell header occu 
pying a column and the control bytes occupying one column. 

[0090] Each section of the Header Frame contains 244 
bytes (4 bytes><61 cells). To these 244 bytes in each section 
are added 10 bytes of Header Error Correction Code 
(HECC) arranged in tWo columns and 5 roWs as shoWn in 
FIG. 4. These 10 bytes of HECC are generated by the 
RSEncoder 52 in the Encoder 23 from the 244 bytes of the 
Header Frame using a Reed Solomon coding scheme. Thus, 
the total number of bytes to be transmitted in each Header 
Frame is 507 (2 sections><244 bytes/section+20 HECC 
bytes-1 dummy byte). This Header Frame structure in 
association With Reed Solomon coding provides increased 
error correction capability to the ATM cell headers and 
improves the Cell Loss Ratio over the Wireless link. 

Payload Frame Construction 

[0091] Similar to the Header Frame Structure, the payload 
of the ATM cells is also protected by assembling them in a 
frame called the Payload Frame via the Frame Assembler 41 
in Encoder 23. FIG. 5 illustrates an exemplary embodiment 
of a Payload Frame according to the present invention as 
embodied in a DS3 rate (44.736 Mbps) Wireless link. The 
Payload Frame is formed from the payloads of the 121 ATM 
cells and occupy 5808 bytes (48 bytes/cell><121 cells). These 
cell payloads are arranged in a matrix of 242 columns by 24 
roWs. Every ATM cell payload of 48 bytes occupies tWo 
columns and is spread over all the roWs. The ?rst 24 bytes 
of the payload are arranged in a ?rst column allocated to it 
and the next 24 bytes in a second column allocated to it. 
Each roW of the Payload Frame thus contains 242 bytes to 
Which are added 4 bytes of Payload Error Correction Code 
(PECC). These bytes of PECC are arranged in 4 columns 
and 24 roWs. The 4 bytes of PECC for every roW are 
generated by the RSEncoder 42 in Encoder 23 using the 
Reed Solomon coding scheme. Although the payloads of 
individual ATM cells have no error correction capability 
built into them, the frame structure of FIG. 3 is designed to 
provide the payloads With error correction capability 
through the PECC. 

Extra Payload Protection 

[0092] The statistical nature of ATM transmission at high 
data rates results in a very high probability of ?nding 
idle/unassigned cells distributed amongst other valid cells. 
These idle/unassigned cells occupy valuable bandWidth if 
transmitted over the Wireless link. According to a method of 
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the present invention, these idle/unassigned cells are put to 
use for providing increased error correction capabilities for 
the ATM cell payload. In both the Header and Payload 
Frames, the ?rst eight or feWer idle/unassigned cells avail 
able are pushed to the end of the frames by the Frame 
Assembler 41 in Encoder 23 When the idle/unassigned cell 
detection signal from the Cell Preprocessor 40 is received by 
the Frame Assembler 41. As illustrated in FIG. 5, When an 
idle/unassigned cell is moved to the end of the Payload 
Frame, for example, it occupies tWo columns on every roW. 
These tWo columns provide tWo eXtra bytes of PECC for 
every roW in the Payload Frame Which are added by the 
RSEncoder 42 in Encoder 23. Up to eight idle/unassigned 
cells (16 columns) may be used in every Payload Frame to 
provide this eXtra PECC. This use of idle/unassigned cells 
for eXtra protection of the ATM cell payload has been shoWn 
to result in dramatic improvement of the Cell Error Ratio 
(CER) even if only 1% of the incoming ATM cells are 
idle/unassigned cells. 

Real Time Adaptive EXtra Payload Protection 

[0093] In addition, providing eXtra bytes of PECC alloWs 
for dynamic change of coding in real time from one Payload 
Frame to another. The systems at both ends of the Wireless 
link have to knoW in real time the number of idle/unassigned 
cells in every Payload Frame. This information has to be a 
part of the Header Frame at the transmitting end since the 
Payload Frame cannot be decoded Without this information. 
Thus, this information must also be available at the receiving 
end prior to its processing the Payload Frame since the data 
from both frames is processed in real time. In another 
method of the invention, informing the receiving end of 
these dynamic real time changes in the PECC in the payload 
frames is accomplished by using tWo different information 
?elds in the Header Frame. 

[0094] The ?rst information ?eld is a 1 bit ?eld in Control 
byte 1 (C1) as illustrated in FIGS. 4 and 6 and is called the 
Idle Cell Indicator (ICIND). The Idle Cell Indicator is set to 
a “1” if the idle/unassigned cells are used for eXtra PECC 
and is set to “0” if not. As discussed previously, if idle/ 
unassigned cells are present their headers and payloads are 
moved to the end of their respective frames. If the Idle Cell 
Indicator is set to a “1” in the Header Frame, at minimum the 
last cell (i.e., Cell 120) in the Header Frame must be 
idle/unassigned. Therefore, the cell has a knoWn header 
Which may be dropped at the transmitting end of the Wireless 
link and regenerated at the receiving end of the Wireless link. 

[0095] The second information ?eld is located in the 
second header byte of the last cell of the frame and is used 
to store the number of idle/unassigned cells in the frame 
used for EXtra Payload Protection. In other Words, this ?eld 
is used only When ICIND is equal to “I”. 

[0096] At the receiving end of the Wireless link, the ?rst 
section of the Header Frame is processed ?rst, folloWed by 
the second section and then the Payload Frame. Since the 
Idle Cell Indicator and the number of idle cells are present 
in the Control bytes in the ?rst section of the Header Frame 
(Cells 120-61), this information is available Well before the 
receiving end starts processing the Payload Frame. 

ATM Cell Stream Sequence Restoration 

[0097] Since the method of the present invention moves 
idle/unassigned cells to the end of the Header and Payload 
Frames at the transmitting end of the Wireless link, the order 
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in Which the ATM cells arrive on the receiving end is 
disturbed and affects the Cell Delay Variation. Therefore, in 
order to leave the Cell Delay Variation unperturbed, a 
method of the invention further provides restoration of these 
idle/unassigned cells to their original positions in the cell 
stream. Restoration is accomplished by recording the origi 
nal position of all idle/unassigned cells When they are moved 
by the Frame Assembler 41 in the Encoder 23. The ?rst 
header byte in the idle/unassigned cells’ neW position in the 
Header Frame is then overWritten by the Frame Assembler 
41 With the recorded value. Thus, When the Header Frame is 
received at the receiving end, the recorded value in the 
header byte is used to restore all idle/unassigned cells to 
their original positions in the cell stream. This technique of 
cell stream sequence restoration is advantageous in that it 
leaves the Cell Delay Variation unperturbed Without using 
any eXtra bandWidth over the Wireless link. 

Interleaving 

[0098] In a method of the invention, the series of tech 
niques described above are used in conjunction With inter 
leaving the Header and Payload Frames by use of the Byte 
Interleaver 43 in the Encoder 23. Typically Wireless links 
eXhibit transmission characteristics that result in error bursts 
affecting the information transmitted. Accordingly, this 
embodiment interleaves the Header and Payload Frames 
before transmission on the Wireless links, transmits the 
frames, and then deinterleaves the frames at the receiving 
end. Interleaving the frames spreads the burst errors ran 
domly over the entire Header and Payload Frames, thus 
making them easier to correct. 

[0099] Speci?cally, for transmission over the Wireless link 
every set of 121 ATM cells is assembled into the Header and 
Payload Frames as discussed previously and then encoded. 
AtWo byte Sync Pattern (e. g., hexadecimal “6789”) is added 
by the Byte Interleaver 43 to every set of assembled 121 
ATM cells and is also transmitted ahead of the transmission 
of the set of cells. The receiving end uses the Sync Pattern 
to synchroniZe to the Header and Payload Frames Whose 
transmission immediately folloW this pattern. 

[0100] The interleaving technique transmits 11 bytes from 
the Payload Frame folloWing every byte transmitted from 
the Header Frame. For eXample, the ?rst byte transmitted is 
a byte from the second section of the Header Frame (header 
byte 3 of Cell 60). The Header Frame bytes being picked by 
going doWn the columns and alternating betWeen the tWo 
sections. Every byte transmitted from the Header Frame is 
subsequently folloWed by 11 bytes from the Payload Frame. 
The bytes from the Payload Frame are accessed by going 
doWn the columns left to right. After the 507 bytes of the 
Header Frame are transmitted, the remaining 338 bytes are 
transmitted out consecutively. An eXample of the output 
stream is as folloWs: 

[0101] 2 byte Sync Pattern 

[0102] H60-3 

[0103] PO-5 to PO-15 

[0104] Control byte 1 

[0105] PO-16 to PO-26 

[0106] H60-2 

[0107] PO-27 to PO-37 
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[0108] Control byte 2 

[0109] PO-38 to PO-48 

[0110] H60-1 

[0111] PO-48 to P1-5 

[0112] Control byte 3 

[0113] P1-6 to P1-16 

[0114] H60-0 

[0115] P1-17 to P1-27 

[0116] H120-3 

[0117] P1-17 to P1-27 

[0118] H120-3 

[0119] P1-28 to P1-38 

[0120] H59-3 

[0121] H0-0 

[0122] 
[0123] P110-23 to P110-33 

[0124] HECC1-0 

[0125] P110-34 to P110-44 

[0126] 
[0127] HECC1-9 

[0128] P114-40 to P114-50 

[0129] HECC2-9 

[0130] P114-51 to P120-52 

[0131] PECCO-0 to PECC23-3 

End to End Overhead Bits Preservation 

[0132] Framing structures used for terrestrial Wireline 
interfaces (e.g., DS3, E3) have certain overhead parity bits 
present in the frame Which are used for end to end moni 
toring. These bits are generated based on the Payload 
contained in the frame. Further, these bits must be trans 
ferred transparently from one end to the other so the infor 
mation received is the same as that transmitted. In another 
method of the invention a technique is used to synchroniZe 
the payloads betWeen the tWo ends and to transfer these 
overhead bits across the Wireless link for restoration at the 
other end. This technique is illustrated as embodied in a D53 
rate (44.736 Mbps) Wireless link frame for C-Bit Parity (i.e., 
CP bits). 

[0133] At DS3 rates, ATM cells are nibble aligned to the 
payload of a D53 frame. When extracting the ATM data 
from every DS3 frame on the terrestrial Wireline interface, 
the ?rst nibble from that frame is ?agged by the TIU 22. 
When the Header and Payload Frames are assembled, the 
position of the ?rst ?agged nibble that is encountered in 
every set of 121 ATM cells is recorded in the Control bytes 
(e.g., C1 and C2 as shoWn in FIG. 6). This position, called 
NIBID, is encoded in 11 bit binary With 4 bits for the cell 
number, 6 bits for the byte number inside the cell and 1 bit 
for the signi?cance of the nibble. This signi?cance bit is set 
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to logic level “1” if the ?agged nibble is the more signi?cant 
nibble in the corresponding byte of the ATM cell and is set 
to “0” otherWise. 

[0134] Every set of 121 ATM cells arrives on the incoming 
terrestrial Wireline interface spread over either 10 or 11 D53 
frames. For every DS3 frame, the three CP bits standard to 
the DS3 format are extracted. These bits all have the same 
value, so only the ?rst bit is transferred over the Wireless 
link. This transfer is accomplished using tWo ?elds in the 
Control bytes. The ?rst is an 11 bit ?eld called CBITS Which 
stores all the CP bits and the second is a 1 bit ?eld called 
TEN_CBIT_FLAG as shoWn in FIG. 6. 

[0135] While assembling the Header and Payload Frames 
for every set of 121 ATM cells, the CP bits for each 
“contained” DS3 frame are recorded. The DS3 frames that 
are “contained” in a 121 ATM cell set are de?ned as the DS3 
frames Whose ?rst payload nibble is present amongst those 
121 ATM cells. The most signi?cant bit of CBITS corre 
sponds to the ?rst contained DS3 frame and the least 
signi?cant bit of CBITS corresponds to the last contained 
DS3 frame. There can be either 10 or 11 contained DS3 
frames in any ALE frame. If an ALE frame has only 10 
contained DS3 frames, the most signi?cant 10 bits of CBITS 
are used and the least signi?cant bit is set to “0” and 
TEN_CBIT_FLAG is set to a 1”. If 11 contained DS3 
frames are found, TEN_CBIT_FLAG is set to 0. 

[0136] At the receiving end of the Wireless link NIBID, 
CBITS and TEN_CBIT_FLAG ?elds are used to restore the 
CP bits to the outgoing terrestrial Wireline interface. This is 
accomplished by the folloWing algorithm. 

[0137] The Cell Assembler 53 in Decoder 24 starts in an 
Initial mode. In Initial mode, the Cell Assembler 53 eXtracts 
the NIBID to obtain the position of the ?rst nibble of the 
payload of the ?rst complete DS3 frame in the ?rst received 
ALE frame. Cell Assembler 53 then starts transmission of 
cell data to the TIU starting at the nibble identi?ed by 
NIBID. This nibble is the ?rst nibble in the payload of a neW 
DS3 frame transmitted on the TR stream 28. This process is 
repeated every ALE Frame until it enters Normal mode. 

[0138] In Normal mode, the Cell Assembler 53 continu 
ously transmits the cell data starting at the ?rst nibble of the 
ALE Frame. The Cell Assembler 53 eXits the Normal mode 
and reenters Initial mode only When it loses synchroniZation. 

[0139] Cell Assembler 53 veri?es that it is in synchroni 
Zation through tWo methods. The ?rst method uses the 
NIBID derived from one ALE frame While Cell Assembler 
53 is in the Initial mode and calculates an eXpected NIBID 
for the neXt ALE Frame. The Cell Assembler 53 compares 
this calculated value to the NIBID received in the neXt ALE 
Frame. If the values match, the Cell Assembler 53 enters 
Normal mode, otherWise it remains in Initial mode. When 
the Cell Assembler 53 enters Normal mode, it continues to 
calculate the eXpected NIBID value to the NIBID value 
received. On three consecutive comparison mismatches, the 
Cell Assembler 53 returns to Initial mode. 

[0140] The second method for verifying synchroniZation 
begins With the Cell Assembler 53 checking during every 
ALE Frame, at the start of the ?rst DS3 frame (as indicated 
by the TIU 22), its internal counters and veri?es that they are 
pointing to the cell, byte and nibble indicated by NIBID. 
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This check is performed only in Normal mode, and on three 
consecutive veri?cation failures the Cell Assembler 53 
returns to Initial mode. 

[0141] In Initial mode, the Cell Assembler 53 extracts the 
most signi?cant bit of the CBITs ?eld in the Control bytes 
and transmits it on the CP bit positions in the DS3 overhead 
of the neW DS3 frame on the TR stream 28. Cell Assembler 
53 monitors the start of DS3 frame indication from the TIU 
22 and transmits the corresponding CP bit from every DS3 
frame. 

[0142] In Normal mode, the Cell Assembler 53 uses the 
information in the TEN_CBIT_FLAG ?eld of the Control 
bytes for the correct reinsertion of the CP bits. The Cell 
Assembler 53 monitors the start of DS3 frame indications 
remaining in the ALE Frame (9 or 10 as indicated by 
TEN_CBIT_FLAG) and extracts their corresponding CP 
bits and transfers them to the TIU 22. After transmitting all 
10 or 11 bits of the CP bits for that frame, the Cell Assembler 
53 loads the CBITS ?eld for the next ALE Frame and repeats 
the process. 

ATM Cell Header Error Detection/Correction 

[0143] Another aspect of the present invention is that the 
headers of all ATM cells received on the incoming stream 
are checked for errors. This is accomplished by generating 
a syndrome for the ?ve bytes of the header. The syndrome 
is the remainder of the division (modulo 2) by the generator 
polynomial x8+x2+x+1 of the product of x8 multiplied by the 
contents of the ?rst four bytes of the ATM cell header and 
the HEC byte after subtracting binary 01010101 from the 
HEC-byte. If there is a single bit in error in the header the 
syndrome Will indicate the errored bit and a correction is 
performed. If there are multiple bits in error in the header as 
indicated by the syndrome, the Whole ATM cell is dropped 
and replaced by an idle/unassigned cell. 

Decoding Received Encoded ATM Cells 

[0144] As illustrated by the state diagram in FIG. 7, ASU 
50 of the Decoder 24 shoWn in FIG. 3 accomplishes 
acquisition and maintenance of an ALE frame by ?rst 
entering a Search mode S1 in Which ASU 50 sets a pattern 
search WindoW open to look for the Sync pattern in all the 
data received from the SIU 25. The ASU 50 searches for a 
perfect match (Zero errors) to the tWo byte Sync pattern in 
the incoming data Which has been appended to the ALE 
frame by a byte Interleaver on the transmitting end. Upon 
?nding a perfect match, ASU 50 enters into an Acquisition 
mode S2. 

[0145] In Acquisition mode S2, ASU 50 searches for the 
Sync pattern Within a pattern search WindoW. As shoWn in 
FIG. 8, the start of the ?rst pattern search WindoW is set to 
6411 bytes from the Sync pattern detect in Search mode. 
Each subsequent WindoW is started 6411 bytes from the 
previous Sync pattern detection and is set to a Width of tWo 
bytes. ASU 50 declares a Sync pattern detect if the tWo bytes 
of data under the WindoW are a perfect match to the Sync 
pattern. In this mode, data received in the previous frames is 
passed to the Byte Deinterleaver 51 and the RSDecoder 52, 
shoWn in FIG. 3. If the number of Bytes in error as a result 
of transmission via satellite exceeds the correction capability 
of the HECC, the RSDecoder 52 declares the corresponding 
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Reed-Solomon coded block (i.e., one of the tWo Header 
Frame sections) to be uncorrectable. 

[0146] If ASU 50 receives tWo consecutive Sync pattern 
detects and does not receive any uncorrectable Reed-So 
lomon coded block indications for either section of the 
Header Frame, ASU 50 enters SynchroniZation mode S3. In 
the SynchroniZation mode, ASU 50 declares a Sync pattern 
detect if the pattern under the WindoW has no errors When 
compared to the Sync pattern. ASU 50 continues to generate 
pattern detect WindoWs and checks to ensure it receives Sync 
pattern detects under the pattern detect WindoWs. If ASU 50 
misses tWo consecutive Sync pattern detects and receives 
uncorrectable Reed Solomon block indications for the ?rst 
and second sections of the Header Frame, it returns to 
Search mode S1. Thus, SynchroniZation mode ensures that 
no errored cells are transmitted to the terrestrial netWork via 
the TIU 22. 

[0147] Next, the Byte Deinterleaver 51 receives the inter 
leaved data from ASU 50. The Byte Deinterleaver 51 then 
deinterleaves the data and rearranges it as an ALE frame. 
The ALE frames are then passed to the RSDecoder 52 Which 
checks the HECC using the Reed-Solomon coding scheme 
and corrects any errors detected in the Header Frame. If the 
number of errors in either section of the Header Frame 
exceeds the correction capability of the HECC, a Reed 
Solomon block error indication is declared. This indication 
is also used by ASU 50 as discussed previously. If either 
section of the Header Frame is found uncorrectable, the cells 
Whose headers are present in that section are replaced by 
idle/unassigned cells. This ensures that no cells With incor 
rect headers are transmitted to the terrestrial netWork, thus 
reducing cell misinsertion errors. 

[0148] In addition, the RSDecoder 52 checks the three 
Control bytes in the Header Frame to determine if idle/ 
unassigned cells Were used in the PECC in the Payload 
Frame. If so, the RSDecoder reads ICNUM from header 
byte 2 of the 121st cell. Next, the RSEncoder 52 proceeds to 
read header byte 1 of the last ICNUM cells in the Header 
Frame and forms a table of the sequence numbers of these 
idle/unassigned cells. If idle/unassigned cells are used for 
the PECC, header bytes 0 and 3 of these cells are also 
present in the ALE frame. These header bytes are read and 
added to the above mentioned table of sequence numbers. 
When assembling unassigned cells, the Cell Assembler 53 
inserts these into header bytes 0 and 3 of the unassigned cells 
transmitted on the TR stream. The Cell Assembler 53 uses 
the above mentioned table and reinserts idle/unassigned 
cells into the correct positions in the ALE Frame, thus 
restoring exactly the order in Which the cells arrived on the 
terrestrial transmit (i.e., TT) stream at the transmitting end. 

[0149] The Cell Assembler 53 then selects out the 4 header 
bytes and the 48 bytes of payload for all 121 cells in the ALE 
Frame. In turn, the Cell Assembler 53 regenerates the 
dropped HEC byte using the remaining 4 header bytes and 
reinserts it as the ?fth byte in the header. Finally, the Cell 
Assembler 53 passes the assembled cell data to the TIU 22 
to be framed and transmitted on the TR stream 28. 

[0150] While several particular forms of the invention 
have been illustrated and described, it Will be apparent that 
various modi?cations can be made Without departing from 
the spirit and scope of the invention. 
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1-14. (canceled) 
15. A method of transmitting ATM cells over a Wireless 

link comprising the steps of: 

receiving a plurality of ATM cells each having a header 
and a payload, said header including at least one 
Header Error Correction byte; 

dropping said at least one Header Error Correction (HEC) 
byte from said header of each ATM cell to thereby leave 
an unoccupied byte space in said header; 

inserting other non-HEC information into said unoccu 
pied byte space; and 

transmitting each of said plurality of ATM cells. 
16. A method according to claim 15 further comprising 

the step of: 

regenerating said Header Error Correction byte from the 
remaining bytes in said header of each ATM cell after 
transmission of each cell. 

17. A method according to claim 15 further comprising: 

generating a header syndrome; and 

identifying bits in error using said header syndrome; 

Wherein When a single bit in error is identi?ed in the 
header, correction of said bit in error is performed, and 
When multiple bits in error are identi?ed in the header, 
an ATM containing said multiple bits in error is 
dropped and replaced by an idle/unassigned cell. 

18. (canceled) 
19. A method for encoding ATM cells for transmission 

over a Wireless link comprising the steps of: 

receiving an ATM cell stream comprised cells each 
including a header and payload; 

assembling a header frame comprised of headers of said 
plurality of ATM cells. 

20. A method according to claim 19, Wherein said step of 
assembling said header frame further comprises: 

partitioning said header frame comprised of headers of 
said predetermined number of ATM cells into a ?rst 
section and a second section; 

said ?rst section comprised of a second predetermined 
number of headers from said ?rst predetermined num 
ber of ATM cells and an added cell made up of control 
bytes; and 

said second section comprised of having a third prede 
termined number of headers from said ?rst predeter 
mined number of ATM cells. 

21. A method for encoding ATM cells for transmission 
over a Wireless link comprising the steps of: 

receiving an ATM cell stream comprised of a plurality of 
ATM cells; 

assembling a payload frame comprised of payloads of 
said plurality of ATM cells. 

22. Amethod according to claim 21 Wherein said payload 
frame is comprised of a predetermined number of said 
plurality of ATM cells arranged in a matrix comprised of an 
i number of roWs and a j number of columns. 

23. A method according to claim 22, Wherein said step of 
assembling said payload frame further comprises: 
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adding a predetermined number of bytes of Payload Error 
Correction Code (PECC) to all i number of roWs of said 
payload frame. 

24. Amethod according to claim 23, Wherein said Payload 
Error Correction Code is generated by a Reed-Solomon 
coding scheme. 

25. A method for encoding ATM cells for transmission 
over a Wireless link comprising the steps of: 

receiving an ATM cell stream comprised of a plurality of 
ATM cells from a Wireline interface; 

detecting idle/unassigned cells Within said cell stream; 

assembling a payload frame comprised of payloads from 
said plurality of ATM cells; and 

placing at least some of the detected idle/unassigned cells 
in a selected portion of the payload frame. 

26. A method according to claim 25, Wherein said step of 
placing idle/unassigned cells further comprises: 

adding eXtra Payload Error correction code in those 
idle/unassigned cells Which are placed in the selected 
portion of said payload frame. 

27. A method according to claim 25, further comprising: 

generating a header syndrome; and 

identifying bits in error using said header syndrome; 

Wherein When a single bit in error is identi?ed in the 
header, correction of said bit in error is performed, and 
When multiple bits in error are identi?ed in the header, 
an ATM cell containing said multiple bits in error is 
dropped and replaced by an idle/unassigned cell. 

28. A method for encoding ATM cells in a frame for 
transmission over a Wireless link comprising the steps of: 

detecting idle/unassigned cells in an ATM cell stream; 

inserting error correction code into some of said idle/ 
unassigned cells; 

setting a ?rst information ?eld Within said frame at a ?rst 
state When error correction code has been inserted into 
any idle/unassigned cells Within said frame; and 

setting said ?rst information ?eld at a second state When 
no error correction code has been inserted into idle/ 
unassigned cells Within said frame. 

29. A method according to claim 28, further comprising 
the step of: 

storing a number of idle/unassigned cells used for eXtra 
error correction code in a second information ?eld 
Within said frame When said ?rst information ?eld has 
been set at said ?rst state. 

30. A method of restoring an ATM cell stream sequence 
after transmission over a Wireless link comprising the steps 
of: 

recording the original positions of idle/unassigned cells in 
a cell stream sequence before being moved during 
assembly of an ATM frame prior to transmission of said 
frame over said Wireless link; and 

restoring said original positions of said idle/unassigned 
cells Within said cell stream based upon said recorded 
original positions after transmission of said frame over 
said Wireless link. 
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31. An apparatus for receiving an ATM cell stream 
sequence via a Wireline link, encoding said ATM cell stream 
for transmission of data via a Wireless link, receiving and 
decoding encoded Wireless data received via said Wireless 
link and transmitting another ATM cell stream sequence via 
said Wireline link, comprising: 

a Wireline link interface for receiving said cell stream 
sequence from said Wireline link and transmitting said 
another cell stream sequence; 

an encoder receiving cell stream data from said Wireline 
interface, encoding said cell stream data and outputting 
encoded cell data; 

a Wireless interface for receiving said encoded cell data 
from said encoder, transmitting said encoded cell data 
via said Wireless link and receiving previously encoded 
cell data; 

a decoder receiving said previously encoded cell data 
from said Wireless interface, decoding said previously 
encoded cell data and outputting said another cell 
stream sequence to said Wireline interface; and 

a control unit for controlling said interfaces, encoder and 
decoder. 

32. An apparatus according to claim 31, Wherein said 
encoder further comprises: 

a cell preprocessor for receiving said cell stream data, 
monitoring header bytes of incoming cells, detecting 

idle/unassigned cells and outputting cell data; 

a frame assembler for receiving said cell data from said 
cell preprocessor assembling said data in a frame and 
outputting said frame; 

an encoder unit for receiving said frame and encoding 
said frame according to a predetermined coding 
scheme; 

and an interleaver for interleaving and transmitting said 
frame to said Wireless interface. 

33. An apparatus according to claim 31, Wherein said 
decoder further comprises: 

an acquisition and synchroniZation unit for receiving 
previously encoded cell data from said Wireless inter 
face, 

searching for a predetermined synchroniZation pattern in 
said previously encoded cell data, declaring a synchro 
niZation pattern, and outputting interleaved cell data; 

a byte deinterleaver for deinterleaving said interleaved 
cell data received from said acquisition and synchro 
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niZation unit, deinterleaving said interleaved cell data 
and outputting deinterleaved cell data; 

a decoder for decoding said deinterleaved cell data 
received from said byte deinterleaver according to a 
predetermined coding scheme and outputting decoded 
cell data; 

and a cell assembler for receiving said decoded cell data; 
assembling the decoded cell data into said another cell 
stream sequence, and outputting said another cell 
stream data to said Wireline interface for transmission 
via said Wireline link. 

34. A method nor decoding interleaved and encoded data 
received over a Wireless link comprising: 

detecting a predetermined synchroniZation pattern in said 
encoded data received over said Wireless link; 

passing said data to a deinterleaver and decoder When said 
predetermined synchroniZation pattern has been 
detected; 

determining a number of bytes in error in said data; and 

declaring a synchroniZation mode When the number of 
bytes in error betWeen successive synchroniZation pat 
terns is less than a predetermined number. 

35. A method according to claim 34, Wherein said step of 
detecting includes setting a pattern search WindoW of a 
predetermined number of bytes. 

36. A method according to claim 34 further comprising a 
step of declaring an identi?cation of said synchroniZation 
pattern When a predetermined number of bytes of data are 
detected as matching said predetermined synchroniZation 
pattern. 

37. A method according to claim 36, Wherein said prede 
termined number of bytes is tWo. 

38. A method for decoding interleaved and encoded data 
transmitted and received over a Wireless link comprising: 

deinterleaving said data and rearranging said data into a 
predetermined frame; 

decoding said data according to a predetermined coding 
scheme; 

detecting if any cells Within a Header frame Within said 
predetermined frame are uncorrectable; and 

replacing detected uncorrectable cells With idle/unas 
signed cells. 

39. (canceled) 


