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INCREMENTAL REDUNDANCY RADIO LINK 
PROTOCOL 

[0001] This application is continuation of US. application 
Ser. No. 10/040,790 ?led Jan. 9, 2002, Which is a continu 
ation of US. application Ser. No. 09/178,575 ?led Oct. 26, 
1998 and claims the bene?t of US. Provisional Application 
Serial No. 60/064,223 ?led Oct. 29, 1997 each of Which are 
incorporated herein by reference in their entireties. 

FIELD OF THE INVENTION 

[0002] The invention relates to communication netWorks 
in general. More particularly, the invention relates to a radio 
link protocol for increasing bandWidth ef?ciency for a 
netWork. 

BACKGROUND OF THE INVENTION 

[0003] The demands on an individuals personal and pro 
fessional time has created the need to communicate With 
others While on the move. Cellular systems provide this 
capability. As the number of individuals seeking to use 
cellular services increases, hoWever, cellular systems are 
quickly running out of capacity. The term “capacity” loosely 
refers to the number of cellular calls a system can carry at 
any one time. This is evidenced by the rising number of 
“busy” signals the average cellular user receives While 
attempting to place a call in heavily populated areas such as 
Within the doWntoWn portion of a city. Consequently, cel 
lular providers are turning toWards digital cellular technolo 
gies to increase the capacity of their systems. Accordingly, 
this movement led to the establishment of a digital cellular 
standard in the United States referred to as Electronic 
Industries Association (EIA) Interim Standard IS-136, Rev 
1.1, “800 MHZ TDMA Cellular—Radio Interface—Mobile 
Station—Base Station Compatability—Digital Control 
Channel,” Oct. 11, 1995 (IS-136). 

[0004] IS-136 de?nes a digital cellular system utiliZing a 
variety of technologies to enhance the capacity of a system, 
such as using Time Division Multiple Access (TDMA), 
voice compression using Vector Sum Linear Prediction 
Coding (VSELP), and digital signaling. In addition to the 
above, IS-136 uses four-level phase shift keying (4-PSK) 
modulation. Modulation refers to the process of converting 
digital data into analog tones that can be transmitted over 
radio frequency (RF) spectrum. 

[0005] A revision to IS-136 has been proposed. The 
revised IS-136 standard is referred to as “IS-136+.” IS-136+ 
attempts to achieve higher data rates over IS-136 by, among 
other things, increasing the modulation format from 4-PSK 

to 8-PSK or 16-Quadrature Amplitude Modulation While increasing the modulation format increases the capac 

ity of the system, it also increases the number of frame errors 
in the system, especially at loW Signal-to-Noise Ratio 
(SNR). 
[0006] Conventional IS-136 and IS-136+ systems use a 
radio link protocol referred to as EIA IS-130, Rev A, “800 
MHZ Cellular Systems—TDMA Radio Interface—Radio 
Link Protocol 1,” Jul. 25, 1997 (IS-130) to correct frame 
errors. IS-130, hoWever, is unsatisfactory for a number of 
reasons, tWo of Which are discussed beloW. 

[0007] The ?rst problem With IS-130 is that it does not 
account for the SNR for a communication channel. IS-130 
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uses a technique referred to as “5/6 encoding” as a means of 
performing error correction for data transmitted from a 
transmitter to a receiver. The technique of 5/6 encoding 
means for every ?ve bits of data, a siXth bit is introduced to 
correct errors. The problem With 5/6 encoding, hoWever, is 
that it introduces a ?Xed amount of overhead for every ?ve 
bits of actual data. If a communication channel has a high 
SNR, Which means there is a loWer likelihood of errors 
occurring during transmission, many times there is no need 
for the eXtra overhead. In other Words, a block of transmitted 
data is received, Without any errors, and therefore the 
bandWidth spent transmitting the error correcting bits could 
have been used to transmit actual data. Conversely, if a 
communication channel has a loW SNR, Which means there 
is a greater likelihood of errors occurring during transmis 
sion, in many instances the errors are so numerous that 5/6 
encoding cannot adequately correct them. Again, the 
resources used to transmit the error correcting bits are 
Wasted. Moreover, this latter point also gives rise to a second 
problem associated With IS-130. 

[0008] The second problem With IS-130 is that if the 
received block of data has errors that cannot be corrected, 
the entire block is discarded and is resent by the system. This 
means that the bandWidth spent transmitting and receiving 
the block is Wasted. The time spent resending the block takes 
up resources that could otherWise be devoted to carrying 
eXtra calls for the system, i.e., increasing the capacity of the 
system. 

[0009] In vieW of the foregoing, it can be appreciated that 
a substantial need eXists for a radio link protocol that solves 
the above-discussed problems. 

SUMMARY OF THE INVENTION 

[0010] One embodiment of the invention includes a 
method and apparatus for sending blocks of data Without any 
error correcting coding. If the block is received Without an 
error then the neXt block of data is transmitted. If the block 
is received With an error, the receiving device sends a 
message requesting error correcting information. The trans 
mitting device sends the error correcting information in 
speci?ed increments until the receiving device can success 
fully decode the block Without error. Once the block is 
received Without errors, the neXt block of data is transmitted. 

[0011] With these and other advantages and features of the 
invention that Will become hereinafter apparent, the nature 
of the invention may be more clearly understood by refer 
ence to the folloWing detailed description of the invention, 
the appended claims and to the several draWings attached 
herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 illustrates a cellular communications sys 
tem suitable for practicing one embodiment of the invention. 

[0013] FIG. 2 is a protocol stack suitable for practicing 
one embodiment of the invention. 

[0014] FIG. 3 is a block diagram of a computer system for 
implementing an Incremental Radio Link Protocol (IRLP) in 
accordance With one embodiment of the invention. 

[0015] FIG. 4 is a block diagram of a sending IRLP 
module in accordance With one embodiment of the inven 
tion. 
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[0016] FIG. 5 shows the format of a block B in accor 
dance With one embodiment of the invention. 

[0017] FIG. 6 illustrates rate 2 binary convolutional 
encoding in accordance With one embodiment of the inven 
tion. 

[0018] FIG. 7 is an example of a transmit table in accor 
dance With one embodiment of the invention. 

[0019] FIG. 8 illustrates a Packet Data Unit in accordance 
With one embodiment of the invention. 

[0020] FIG. 9 is a block diagram of a receiving IRLP 
module in accordance With one embodiment of the inven 
tion. 

[0021] FIG. 10 illustrates a receive table in accordance 
With one embodiment of the invention. 

[0022] FIG. 11 illustrates a frame as de?ned by 15-136. 

[0023] FIG. 12 illustrates the throughput results of one 
embodiment of the invention versus the IS-130 protocol for 
loW Doppler frequencies. 

[0024] FIG. 13 illustrates the throughput results of one 
embodiment of the invention versus the IS-130 protocol for 
high Doppler frequencies. 
[0025] FIG. 14 illustrates the throughput and average 
delay for D=1, 2, 3, 4 and D=5 for loW Doppler frequencies 
in accordance With one embodiment of the invention. 

[0026] FIG. 15 illustrates the throughput and average 
delay for D=1, 2, 3, 4 and D=5 for high Doppler frequencies 
in accordance With one embodiment of the invention. 

[0027] FIG. 16 illustrates the throughput and delay curves 
for the adapted and non-adapted systems operating at high 
Doppler in accordance With one embodiment of the inven 
tion. 

DETAILED DESCRIPTION 

[0028] This embodiment of the invention includes a 
hybrid acknoWledgment/request (ARQ) based Radio Link 
Protocol for IS-136+ that offers higher data throughput 
compared to the Radio Link Protocol as de?ned by 15-130. 
This embodiment of the invention operates by transmitting 
data uncoded on the initial transmission and incrementally 
transmits parity information upon receipt of a negative 
acknowledgment from the receiver. The parity information 
is derived from a rate 1/2 binary convolutional code. The 
receiving protocol retains received information in the form 
of soft decision bits and jointly decodes the data and parity 
until decoding is successful. The gain of the protocol is 
betWeen 2 to 5 dB at loW to mid SNR ranges, and 20% 
throughput at high SNR. 

[0029] IS-136+ is an extension of IS-136 aiming to 
achieve higher data rates by increasing the modulation 
format from.4-PSK to 8-PSK and/or 16-QAM. The penalty 
incurred by a higher modulation format is an increase in the 
frame error rate (FER) especially at loW SNR. The radio link 
protocol de?ned in IS-130 (RLP1) is designed to correct the 
layer-1 frame errors by using a selective ARQ scheme to 
retransmit lost frames. Although the layer-1 and layer-2 
systems are individually optimiZed, When operating jointly 
there is a mismatch leading to inef?ciencies, especially at 
eXtreme values of SNR. The main cause for sub-optimal 
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performance of the joint system is a mismatch betWeen the 
layer-1 code rate and the average SNR the system is oper 
ating at. At loW SNR, the ?Xed rate 5/6 encoding of layer-1 
is too Weak, leading to frame error rates of as much as 80%, 
While at high SNR, the channel is of suf?cient quality that 
coding is almost unnecessary. 

[0030] This embodiment of the invention modi?es the 
IS-130 radio link protocol and the layer-1 speci?cation such 
that the code rate is adapted as necessary to match the 
average SNR of the system and the realiZation of the random 
processes affecting the transmitted signal. More particularly, 
the de?nition of layer-1 is modi?ed to be an uncoded data 
transport system that delivers bits to layer-2 in a soft 
decision format, that is, likelihood information for each bit 
is retained. The encoding task is moved to layer-2 in such a 
Way that the code rate is dynamically selected as required. 
This is implemented by initially transmitting the data 
uncoded, folloWed by transmitting parity information as 
determined by the receiver state feedback information. In 
other Words, the poWer of the code is increased as required. 
Although this embodiment of the invention is discussed in 
terms of modifying IS-130, it can be appreciated that other 
radio link protocols can be also modi?ed using the principles 
discussed herein and still fall Within the scope of the 
invention. 

[0031] A general overvieW of the steps implemented in 
accordance With one embodiment of the invention is as 
folloWs. A block of data is sent from a ?rst netWork device 
to a second netWork device. The ?rst netWork device deter 
mines Whether the block Was received With an error. If the 
block Was received With an error, the ?rst netWork device 
sends increments of error correcting information until the 
error has been corrected or until all available error correcting 
information for the block has been sent. 

[0032] In particular, the ?rst netWork device generates a 
block of bits at the ?rst netWork device, encodes the block, 
and sends the encoded blocks to a second netWork device. 
The ?rst netWork device determines Whether the encoded 
block Was received by the second netWork device With an 
error. The ?rst netWork device sends increments of error 
correcting information to the second netWork device if the 
encoded block Was received With an error. 

[0033] The ?rst netWork device determines Whether the 
encoded block Was received With errors as folloWs. First, the 
?rst netWork device receives a ?rst error message from the 
second netWork device. Astatus bit associated With the block 
is set and evaluated. 

[0034] The ?rst netWork device generates the block of bits 
as folloWs. The ?rst netWork device receives a service data 
unit (SDU) comprised of a series of bits. The ?rst netWork 
device generates error detection bits for the service data unit 
bits. The ?rst netWork device then concatenates the SDU bits 
and the error detection bits to form a single block. 

[0035] The ?rst netWork device encodes the block as 
folloWs. The ?rst netWork device generates error correcting 
bits for the block. It then allocates the data bits and error 
detection bits to data intermediate blocks, and the error 
correcting bits to error correcting intermediate blocks. The 
?rst netWork device interleaves bits from the data interme 
diate blocks to form data sub-blocks, and bits from the error 
correcting intermediate blocks to form error correcting sub 
blocks. 
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[0036] The ?rst network device sends the encoded block 
as follows. The ?rst network device forms a current data 
sub-block into a data packet data unit, and sends the data 
packet data unit to the second netWork device. The ?rst 
netWork device then determines Whether the data packet data 
unit Was received by the second netWork device With an 
error. The ?rst netWork device resends the data packet data 
unit until it is received by the second netWork device Without 
an error. This sequence continues for each data sub-block for 
the block until all data sub-blocks are received by the second 
netWork device Without an error. 

[0037] The ?rst netWork device determines Whether the 
data packet data unit Was received by the second netWork 
device With an error as folloWs. The ?rst netWork device 
receives a second error message from the second netWork 
device indicating a data packet data unit Was received With 
an error. The ?rst netWork device sets a status bit associated 
With the data sub-block used to form the data packet data 
unit, and then evaluates or checks the status bit. 

[0038] The ?rst netWork device forms the current data 
sub-block as folloWs. The ?rst netWork device encodes a 
header block for each encoded sub-block. Each encoded 
header block is then added to the encoded sub-block. 

[0039] The ?rst netWork device sends error correcting 
information as folloWs. The ?rst netWork device forms a 
current error correcting sub-block into a packet data unit, 
and sends the error correcting packet data unit to the second 
netWork device. The ?rst netWork device then determines 
Whether the error correcting packet data unit Was received 
by the second netWork device With an error. The error 
correcting sub-block is resent and re-evaluated until the 
error correcting packet data unit is received by the second 
netWork device Without an error. The ?rst netWork device 
determines Whether the block Was corrected using the error 
correcting sub-block used to form the error correcting packet 
data unit. If the block Was not corrected, the sequence is 
repeated using a neXt error correcting sub-block until the 
block is corrected or until each error correcting sub-block 
for the block is received by the second netWork device 
Without an error. 

[0040] The ?rst netWork device determines Whether the 
error correcting packet data unit Was received by the second 
netWork device With an error as folloWs. The ?rst netWork 
device receives a third error message from the second 
netWork device indicating the error correcting packet data 
unit Was received With an error. It sets a status bit associated 
With the error correcting sub-block used to form the error 
correcting packet data unit, and it evaluates the status bit. 

[0041] The ?rst netWork device determines Whether the 
block Was corrected using the error correcting sub-block 
used to form the error correcting packet data unit as folloWs. 
The ?rst netWork device receives a fourth error message 
from the second netWork device indicating the block Was not 
corrected using the error correcting sub-block. A status bit 
associated With the block is set and evaluated. 

[0042] The ?rst netWork device forms the error correcting 
packet data unit as folloWs. It encodes a header block for 
each encoded sub-block. The encoded header block is then 
added to the encoded sub-block. 

[0043] The neXt section Will describe in general terms the 
steps performed by the second netWork device in accordance 
With one embodiment of the invention. 
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[0044] The second netWork device receives an encoded 
block at the second netWork device and performs the fol 
loWing steps. It decodes the received block and determines 
Whether the block has an error. The second netWork device 
then corrects the error using error correcting information 
sent by the ?rst netWork device. The second netWork device 
then generates or recovers an SDU from the block. 

[0045] The second netWork device receives the encoded 
block as folloWs. The second netWork device receives a 
current data packet data unit from the ?rst netWork device, 
and it determines Whether the data packet data unit has an 
error. This is repeated until the data packet data unit is 
received Without an error. The entire sequence is repeated 
With a neXt data packet data unit until each data packet data 
unit for the block is received Without an error. 

[0046] The second netWork device determines Whether the 
data packet data unit has an error as folloWs. The second 
netWork device decodes the data packet data unit into header 
bits and error detection bits, and it tests the header bits using 
the error detection bits. The second netWork device then sets 
a status bit for a data sub-block indicated by the header bits 
in accordance With the test results, and it evaluates the status 
bit. 

[0047] The second netWork device decodes the received 
block as folloWs. It ?rst retrieves data bits and error detect 
ing bits from the received data sub-blocks. It then forms a 
service data unit. 

[0048] The second netWork device determines Whether the 
received block as an error as folloWs. The second netWork 
device tests the SDU using the error detection bits. It then 
sets a status bit associated With the block in accordance With 
the test, and it evaluates the bit. 

[0049] The second netWork device corrects the received 
block as folloWs. The second netWork device receives a 
current error correcting protocol data unit, and it determines 
Whether the error correcting packet data unit has an error. It 
then sends a third error message to the ?rst netWork device. 
This is repeated until the error correcting packet data unit is 
received by the second netWork device Without an error. The 
second netWork device determines Whether the block Was 
corrected using the error correcting sub-block used to form 
the error correcting packet data unit. If not corrected, the 
entire sequence is repeated With a neXt error correcting 
sub-block until the block is corrected or until each error 
correcting sub-block for the block is received by the second 
netWork device Without an error. 

[0050] The second netWork device determines Whether the 
block Was corrected using the error correcting sub-block 
used to form the error correcting packet data unit as folloWs. 
The block is corrected using the bits from the error correct 
ing sub-block. The block is tested using the error detection 
bits. The second netWork device sends a fourth error mes 
sage to the ?rst netWork device in vieW of the test results, 
and it sets a status bit associated With the block. The status 
bit is then evaluated. 

[0051] Referring noW in detail to the draWings Wherein 
like parts are designated by like reference numerals through 
out, there is illustrated in FIG. 1 a cellular communications 
system suitable for practicing one embodiment of the inven 
tion. As shoWn in FIG. 1, a cellular communications system 
100 comprises mobile stations 102, 104 and 106 in com 



US 2003/0131302 A1 

munication With a base station 108 over a plurality of 
radio-frequency (RF) channels. Base station 108 is con 
nected to a mobile telephone switching of?ce (MTSO) 110. 
MTSO 110 is connected to a public sWitched telephone 
network (PSTN) 112, Which in turn is connected to audio 
interface devices 114, 116 and 118. It is Worthy to note that 
cellular communications system 100 is but one example of 
a system in Which the present invention can be displayed, 
and that a person of ordinary skill in the art understands that 
system 100 can comprise any number of sub-systems and 
con?gurations and still fall Within the scope of the invention. 

[0052] In operation, for example, mobile station 102 
requests a communication channel for completing a call to 
audio interface device 118. Base station 108 establishes the 
communications channel With mobile station 102 and With 
audio interface device 118 via MTSO 110 and PSTN 112. 
Once the communication is established, mobile station 102 
and audio interface device 118 begin communicating infor 
mation. 

[0053] Establishing the communications channel betWeen 
base station 108 and mobile station 102, as Well as managing 
the transfer of information betWeen both, are accomplished 
in accordance With a series of communication protocols. 
These protocols manage different operations of the commu 
nications process, Which are typically de?ned in terms of 
“layers,” and are collectively referred to as a protocol stack. 
The protocol stack used by system 100 is described With 
reference to FIG. 2 beloW. 

[0054] FIG. 2 is a protocol stack suitable for practicing 
one embodiment of the invention. As shoWn in FIG. 2, 
mobile station 102 communicates With base station 108 over 
a radio interface 202 by utiliZing a series of communication 
protocols broken doWn into three distinct layers. Layer 1 of 
the protocol stack is the physical layer. The physical layer is 
concerned With the transmission of unstructured bit streams 
over a physical link, involving such parameters as signal 
voltage sWing, signal bit duration and so forth. In this 
embodiment of the invention, the physical layer operates in 
accordance With IS-136 or IS-136+. It is Worthy to note that 
15-136 and IS-136+ Will be uniformly referred to as IS-136 
unless differences betWeen 15-136 and IS-136+ merit sepa 
rate treatment. Layer 2 of the protocol stack is the data link 
layer. The data link layer provides for the reliable transfer of 
data across the physical link, such as sending blocks of data 
With the necessary synchroniZation, error control, How con 
trol, and so forth. As currently de?ned, 15-136 and IS-136+ 
utiliZe a radio link protocol de?ned by 15-130 for the data 
link layer operations. Layer 3 of the protocol stack is the 
netWork layer. The netWork layer provides upper layers With 
independence from the data transmission and sWitching 
technologies used to connect systems. The netWork layer is 
responsible for establishing, maintaining and terminating 
connections. In this embodiment of the invention, the net 
Work layer operates in accordance With any netWork layer 
protocol suitable for use With IS-136+ and 15-130. 

[0055] This embodiment of the invention relates to the 
physical layer (layer 1) and data link layer (layer 2) for the 
above-described protocol stack. The IS-136 layer-1 speci? 
cation for data transport delivers packets of 216 bits using a 
rate 5/6 binary convolutional code and 313/4 offset 4-DPSK 
modulation. IS-136+ aims to increase data rates by using 
higher modulation formats such as 8-PSK and 16-QAM. 
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This embodiment of the invention modi?es IS-136 layer-1 to 
transport frames of bits uncoded and deliver these to layer-2 
in a soft decision format, that is, reliability information on 
each bit is included. It is assumed that the physical layer 
decides on the most appropriate modulation format (4-PSK, 
8-PSK, 16-QAM) depending on channel conditions (average 
SNR and Doppler frequency). Such decisions can be based 
on measuring the average SNR over a number of slots and 
estimating the Doppler frequency fD as a function of the rate 
of change of the signal poWer. Further, this embodiment of 
the invention replaces the radio link protocol de?ned by 
IS-130 With an incremental radio link protocol (IRLP) 
described herein. As With IS-130, IRLP is a radio link 
protocol for asynchronously transporting data betWeen 
unspeci?ed layer-3 entities, and is positioned betWeen the 
physical layer (layer-1) and the netWork layer (layer-3) as 
shoWn in FIG. 2. 

[0056] FIG. 3 is a block diagram of a computer system for 
implementing the IRLP in accordance With one embodiment 
of the invention. In this embodiment of the invention, 
functionality for the IRLP is implemented in the form of 
computer program segments stored in memory for execution 
by a processing device. Accordingly, FIG. 3 shoWs a com 
puter system 300 comprising a processor 302 and a memory 
304. Processor 302 includes any processor of suf?cient 
processing poWer to perform the functionality for the IRLP 
described in detail beloW. Examples of processors suitable to 
practice the various embodiments of the invention include 
the Pentium®, Pentium® Pro, and Pentium® II micropro 
cessors from Intel Corporation. Memory 304 can be any type 
of high-speed computer-readable memory such as random 
access memory (RAM), dynamic RAM (DRAM), read only 
memory (ROM), programmable read only memory 
(PROM), erasable programmable read only memory 
(EPROM), electronically erasable programmable read only 
memory (EEPROM), and so forth. 

[0057] The overall functioning of computer system 300 is 
controlled by processor 302, Which operates under the 
control of executed computer program instructions that are 
stored in memory 304. The computer program instructions 
implementing the functionality for this embodiment of the 
invention are stored in memory 304 and are shoWn as 
separate functional modules, namely, sending IRLP module 
308 and receiving IRLP module 310. Also stored in memory 
304 is transmit table 306 for use With sending IRLP module 
308, and receive table module 312 for use With receiving 
module 310. Modules 308 and 310 Will be described in 
further detail beloW. 

[0058] FIG. 4 is a block diagram of a sending IRLP 
module in accordance With one embodiment of the inven 
tion. As shoWn in FIG. 4, sending IRLP module 308 
comprises a blocking module 404, an encoding module 406, 
and a send transport module 408. In operation, module 308 
receives a Service Data Unit (SDU) 402 from the netWork 
layer (layer-3), transforms SDU 402 into a corresponding 
Packet Data Unit (PDU) 410, and transports PDU 410 over 
the physical layer (layer-1). In this embodiment of the 
invention, SDU 402 is one of a series of SDUs all in the form 
of octets Which are to be delivered in-sequence to the layer-3 
on the receiving side. 

[0059] FIG. 5 shoWs the format of a block Bi in accor 
dance With one embodiment of the invention. Blocking 
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module 404 accepts SDU 402 from the transmitting layer-3 
and constructs a blocked SDU by concatenating LData bits 
and a frame check sequence (FCS). In this embodiment of 
the invention, the PCS is a Cyclic (Bi) Redundancy Check 
(CRC) of length LDCRC computed over the corresponding 
data bits. The lengths LData and LDCRC are design parameters 
to be optimiZed. The blocks Bi of length LBlock=LData+LD 
CRC are passed to encoder 406 described beloW. 

[0060] From the blocked SDU Bi, encoder 406 constructs 
a set of 2D sub-blocks of length LSub_b1Ock=LB1Ock/D. These 
sub-blocks are divided into tWo categories, namely data 
sub-blocks and parity sub-blocks denoted by Dij and Pi] 
(j=1 . . . D), respectively. The data sub-blocks Di1 to DU) 
contain no redundancy and represent a 1 to 1 mapping to the 
blocked SDU Bi. The parity sub-blocks Pi1 to PiD contain 
parity information derived from Bi and are used by the 
protocol for ForWard Error Correction (FEC) upon decoding 
failure at the receiving side. In this embodiment of the 
invention, the sub-blocks are derived from Bi by a rate 1/2 
binary convolutional encoding as shoWn FIG. 6. 

[0061] FIG. 6 illustrates rate 2 binary convolutional 
encoding in accordance With one embodiment of the inven 
tion. This embodiment of the invention includes rate 1/2 
binary convolutional encoding using a 32-state maXimum 
Hamming distance code With octal generators (53, 75). It is 
noted that the output bits resulting from the encoding are 
mapped to the sub-blocks in an interleaved manner to 
maXimiZe time/code diversity. The encoded sub-blocks are 
passed to send transport module 408 for transmission. 

[0062] Send transport module 408 transports the blocked 
SDUs Bi to the receiving side and delivers them in-sequence 
to layer-3. Module 408 accomplishes this by initially send 
ing just the data sub-blocks Di1 to DU) folloWed by sending 
additional parity sub-blocks Pij Whenever the receiver fails 
to decode block Bi correctly. Send transport module 408 
cannot discard the sub-blocks corresponding to a block Bi 
until it has received a positive acknowledgment from the 
receiver for Bi, hence the protocol operates by maintaining 
in a table the sub-blocks that have been transmitted but not 
yet acknowledged. An eXample of a transmit table is shoWn 
in FIG. 7 as described beloW. 

[0063] FIG. 7 is an eXample of a transmit table in accor 
dance With one embodiment of the invention. FIG. 7 shoWs 
a transmit table operating With D=4. The transmit table 
contains the folloWing ?elds: 

[0064] 1. NS is the sequence number assigned by the 
sending RLP to each block Bi. The sequence number 
is i mod WS, Where WS is the WindoW siZe. 

[0065] 2. B is a ?ag denoting Whether or not the 
corresponding block Bi has been successfully 
decoded by the receiver. AZero indicates the entry is 
undecoded. 

[0066] 3. R indicates Whether module 408 needs to 
transmit more information about block Bi to the 
receiving RLP. 

[0067] 4. MC indicates Whether the protocol has sent 
non-consecutive multiple sub-blocks of the block Bi. 
A 1 indicates yes and 0 indicates no. 

[0068] 5. BD1 to BDD respectively indicate Whether 
sub-blocks D1 . . . DD have been received. A 0 

indicates unreceived. 
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[0069] 6. BP1 to BPD respectively indicate Whether 
sub-blocks P1 . . . PD have been received. A 0 

indicates unreceived. 

[0070] 7. DATA contains the data and parity {Di1 . . 
. DiD, Pi1 . . . PiD} sub-blocks corresponding to block 
B-. 

1 

[0071] Send transport module 408 transports data and 
parity sub-blocks in accordance With the folloWing algo 
rithm: 

[0072] 1. Read the feedback packet. 

[0073] 2. Update the ?ags B, BD1 . . . BDD, and BP1 
. . . BPD. Set the indeX variable KR to the point in the 
entry most doWn in the table for Which one of the B 
?ags Was updated (i.e., changed from 0 to 1) and for 
Which MC=0. 

[0074] 3. For each transmit table entry from the ?rst 
to the entry KR (determined at step 2), set R to 1 and 
MC to 0. 

[0075] 4. Delete all entries in the table With B set to 
1. 

[0076] 5. If the last entry in the table has R set to 1, 
then go to step 9. 

[0077] 6. Find the ?rst entry With R set to 1, move it 
to the bottom of the table and go to step 9. If there 
is no entry With R set to 1, go to step 7. 

[0078] 7. If the WindoW is not full and there are data 
sub-blocks at the encoder output corresponding to a 
data block Bi, retrieve the sub-blocks Di1 . . . DiD and 

Pi1 . . . PiD from the encoder, assign the neXt NS set 
B and MC to 0, R to 1 and place the entry at the 
bottom of the table, and go to step 9. OtherWise, go 
to step 8. 

[0079] 8. If the table is empty, stop. OtherWise, move 
the ?rst table entry to the bottom of the table, set MC 
and R to 1, and go to step 9. 

[0080] 9. If all data sub-blocks have been transmitted, 
then send the neXt parity sub-block and set R=0. 
OtherWise send the neXt data sub-block. 

[0081] Note that for transmission, the sub-blocks are com 
bined With a header as described beloW. 

[0082] FIG. 8 illustrates a PDU in accordance With one 
embodiment of the invention. Module 408 sends the data 
sub-blocks encapsulated in the frame format shoWn in FIG. 
8. The packet consists of tWo parts, namely an encoded 
header and a data or parity sub-block Which is one of {Di1 
. . . DiD, Pi1 . . . PiD} as decided by step 9 of the sending 

protocol procedure. The header is rate 1/2 encoded to ensure 
a high decoding reliability and contains the folloWing ?elds: 

[0083] 1. NS is the block sequence number of length 
LNS bits. 

[0084] 2. NB is sub-block sequence number of length 
LNB bits. The number NB represents Which sub 
block of the block Bi is being transmitted. The length 
LNB is related to D by: 
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[0085] 3. A CRC of length LHCRC Which is a PCS 
over the header bits only. This FCS is used to ensure 
the integrity of the header information. 

[0086] The total PDU length is LPDU Which is the layer-1 
transmission packet length and is a design parameter to be 
optimiZed. It is a function of the number of IS-136 slots over 
Which a transmission occurs and the modulation format. It is 
Worthy to note that although the encoder described above is 
a 32-state rate 1/2 convolutional encoder, a block code With 
error correction and detection capabilities may be used and 
still fall Within the scope of the invention. 

[0087] FIG. 9 is a block diagram of a receiving IRLP 
module in accordance With one embodiment of the inven 
tion. Receiving IRLP module 310 is a peer for sending IRLP 
module 308 and is responsible for combining the received 
sub-blocks and jointly decoding them to recover the data 
blocks Bi. Module 310 receives PDU 410 from layer-1. 
Module 310 comprises a receive transport module 902, a 
quantiZer 904, a decoder 906, a PCS decoder 908 and a 
deblocking module 910. Module 310 outputs a replica of 
SDU 402. 

[0088] Module 310 utiliZes receive table 312. Receive 
table 312 is complementary to transmit table 306 and stores 
the received sub-blocks and decoded blocks until they can 
be delivered in-sequence to layer-3. It is Worthy to note that 
because the sub-blocks are retrieved from layer-1 in soft 
decision format and need to be stored in receive table 312, 
a high memory overhead is incurred (for example, memory 
requirements Would increase by a factor of 8 if 8 bits are 
stored per soft bit). Therefore for storage purposes, the soft 
information is quantiZed to q levels. 

[0089] FIG. 10 illustrates a receive table in accordance 
With one embodiment of the invention. Receive table 312 
has the folloWing ?elds: 

[0090] 1. NS is the block sequence number. 

[0091] 2. BF indicates Whether the corresponding 
block has been decoded successfully. A 1 indicates 
success. 

[0092] 3. BD1 to BDD respectively indicate Whether 
data sub-blocks D1 . . . DD have been received. 

[0093] 4. BP1 to BPD respectively indicate Whether 
parity sub-blocks P1 . . . PD have been received. 

[0094] 5. DATA contains the soft-decision data and 
parity {Div . . . DiD, Pi1 . . . PiD} sub-blocks 

corresponding to block Bi. 

[0095] Module 310 operates in accordance With folloWing 
receive algorithm: 

[0096] 1. If available, retrieve a received soft-deci 
sion PDU Ut‘ from layer-1, decode the header and 
check its CRC. If it fails, discard the PDU and go to 
step 6, else go to step 2. 

[0097] 2. If BF corresponding to the received NS is 
set to 1, then discard the received PDU and go to 6, 
else go to 3. 

[0098] 3. Set the ?ag BDJ- or PDJ- as speci?ed by NB to 
1. Use the quantiZer to quantiZe the soft-decision bits 
of Ut‘ and store the sub-block information at the 
location corresponding to NS and NB in the receive 
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table. If this sub-block Was already received earlier, 
then add the soft-decision metrics. 

[0099] 4. Pass the quantiZed soft-information sub 
blocks corresponding to NS already stored in the 
table to the decoder and the full soft-information of 
the most recently received sub-block. Decode this set 
of sub-blocks and compute the PCS. If the PCS 
passes, store the decoded block in place of the 
soft-decision data and set the ?ag BF to 1. 

[0100] 5. If the ?rst receive table entry has BF set to 
1, then deliver the decoded blocks from the ?rst entry 
up to, but not including, the ?rst entry With BF=0. 
Delete the delivered receive table entries. 

[0101] 6. Set NR to the value of NS of the ?rst entry 
in the table. If a PDU Was received or the receive 
table is not empty, send the feedback packet created 
from the receive table. OtherWise send nothing. 

[0102] QuantiZer 904 reduces the storage requirements of 
the soft-decision bits received from layer-1. The quantiZer 
converts the soft-decision information into a q level repre 
sentation, Where q is a design parameter that trades off 
receiver memory requirements against system performance. 
For a q level quantiZation, the memory requirements at the 
receiver per bit are given by [log2q]. It is Worthy to note that 
the quantiZation intervals should be optimiZed carefully, 
especially for loW values of q. 

[0103] Decoder 906 corresponds to encoding module 406 
described above. It is passed the subset of received soft 
decision sub-blocks D‘1 . . . D‘D, P‘1 . . . P‘D and attempts to 

decode using the soft decision Viterbi algorithm. In this 
embodiment of the invention, the soft decision metrics are 
calculated by ?rst letting bij denote the jth bit of sub-block Di 
(or Pi). For transmission, the sequence of bits bij is conven 
tionally interleaved and mapped to the tWo-dimensional 
constellation C (e.g., 4-PSK, 8-PSK, etc.). The number of 
bits that map to a point in C is l=log2|C|, hence each point 
in C is labeled by 1 bit. If bij maps to the nth bit of the label, 
then the set CO denotes the set of points in C for Which bit 
n of its label is 0, and C1 denotes the set of points in C for 
Which bit n of its label is l. 

[0104] Determining the soft-decoding metric mij for bit j 
of a sub-block D‘i (or P‘i) consists of the folloWing steps: 

[0105] 1. Let rj represent the received channel sample 
encoding bit j, and let vj represent the channel state corre 
sponding to rj. 

[0106] 2. Determine the symbol cO 6 CO closest (measured 
by Euclidean distance) to rj/vj, and c1 6 C1 closest to rj/vj. 

[0107] 3. Compute a noise variance estimate N‘OJ- for bit j. 

[0108] 4. Compute the soft decision metric mij for bit j. 

mij=(|’ j_%"j|2_ |rj_C1Vj|2)/N 1,] 
[0109] The noise estimate for each bit at step 3 is desirable 
due to variations in the SNR level betWeen transmissions of 
sub-blocks belonging to the block Bi. This decoding method 
provides a form of interference diversity. Apractical method 
of estimating the SNR level for each bit is to estimate it by 
the SNR NOi measured across the sub-block Di. 
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[0110] and using N‘O]-=N‘Oi. Decoder 906 output B‘i corre 
sponding to the sending Bi is checked for correct decoding 
by the PCS decoder 908. 

[0111] Decoder 906 passes B‘i to FCS decoder 908. FCS 
decoder 908 computes the PCS of B‘i and indicates to 
receiving IRLP module 310 Whether the received block 
passed the frame check. 

[0112] Deblocking module 910 performs the inverse 
operation to blocking module 404 described With respect to 
FIG. 4. Module 910 delivers the de-blocked SDUs to 
layer-3. 

[0113] In this embodiment of the invention, sending IRLP 
module 308 and receiving IRLP module 310 operate using 
the folloWing parameters. Although speci?c values are 
assigned for some parameters, it can be appreciated that 
these values are exemplary only and can vary While remain 
ing Within the scope of the invention. Speci?c parameter 
values for the length LBlock of data blocks and Lsub_block are 
given. These lengths are a function of the length LPDU of the 
layer-1 PDU, the number of sub-blocks D a block is divided 
into, and the PDU encoded header length LEncHeader. These 
are related as folloWs: 

L sub7block=L PDU_LEncHeadeI 

L Block=DXL subiblock 

L d313=LbIOCk_L DCRC 

[0114] The protocol overhead measured as one minus the 
ratio of the layer-3 data siZe to the transmitted data siZe is 
given by: 

[0115] Sending IRLP module 308 transports across the 
physical channel data packets of siZe LPDU bits and delivers 
these in soft decision format to the link layer. The underlying 
physical layer is IS-136+ Which is similar to IS-136 eXcept 
for employing a higher modulation format to enable 
increased data throughput. 

[0116] FIG. 11 illustrates a frame as de?ned by IS-136. 
Each 30 kHZ IS-136 channel consists of frames of 40 ms 
duration. Each frame is divided into siX slots of Which tWo 
are allocated to a user for full-rate transmission. The symbol 
rate is 24300 symbols per second giving 162 symbols per 
slot. Of these 162 symbols, 130 are available for data 
transmission. 

[0117] It is assumed that the physical layer determines via 
channel quality feedback the most appropriate modulation 
format to maXimiZe overall data throughput. The practical 
choices of modulation formats are those transmitting 2, 3 or 
4 bits per symbol. Table 1 lists some alternatives for each 
spectral ef?ciency. 

Jul. 10, 2003 

TABLE 1 

bits/symbol Coherent Differential 

2 4-PSK 4-DPSK 
3 8-PSK 8-DPSK 

4 16-PSK, 16-QAM 16-DPSK 

[0118] The link layer protocol requires a ?xed length 
packet siZe LPDU. In order to accommodate modulation 
mode sWitching, this siZe must be selected such that an 
integral number of PDUs can be transmitted over a ?Xed 
number of slots using each modulation format. This can be 
accomplished by choosing to transmit either over tWo slots 
With a PDU siZe of 260 bits, or over four slots With a PDU 
siZe of 520 bits as shoWn in Table 2. 

TABLE 2 

bits/symbol slots = 2, LPDU = 260 slots = 4, LPDU = 520 

2 2 x 260 2 x 520 

3 3 x 260 3 x 520 

4 4 x 260 4 x 520 

[0119] The advantage of a greater PDU siZe is better 
protocol efficiency and higher interleaving depth as 
described beloW. 

[0120] Tables 3 and 4 shoW the protocol block lengths and 
overhead as a function of D (the number of sub-blocks) for 
values of LPDU=260 and LPDU=520, respectively. 

TABLE 3 

D = 1 D = 2 D = 3 

LPDU 260 260 260 
LNS 6 5 5 
LNB 1 2 3 
LHCRC 7 7 7 
1...“... 15 15 16 
1mm... 40 40 42 
Lsubrblgck 220 220 218 
LBlock 220 440 872 
LDCRC 16 24 32 
LDam 204 416 840 
Overhead 21% 20% 19% 

[0121] 

TABLE 4 

D = 1 D = 2 D = 3 

LPDU 520 520 520 
S 6 5 5 

LNB 1 2 3 
law 7 7 7 
mm 15 15 16 

1mm... 40 40 42 
Lsubrblgck 480 480 478 
LBIQCk 480 960 1912 
LDCRC 16 24 32 
LDam 464 936 1880 
Overhead 10.77% 10% 9.62% 
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[0122] The protocol overhead is halved by transmitting 
over 4 slots. 

[0123] A number of performance analyses Were made 
comparing this embodiment of the invention relating to 
IRLP With the IS-130 radio link protocol combined With the 
IS-136+ higher modulation format. The folloWing assump 
tions Were made in each simulation. 

[0124] 1. Coherent detection. 

[0125] 2. Ideal channel state information (CSI). The 
effect of non-ideal channel state information through 
practical estimation methods such as pilot symbols 
in the case of coherent detection or differential 
detection Will affect each protocol equally; hence 
their relative performance remains the same. 

[0126] 3. Zero ISI, perfect symbol timing. 

[0127] 4. A feedback round trip delay of 300 ms. 

[0128] FIGS. 12 and 13 illustrate the throughput results 
of one embodiment of the invention versus the IS-130 
protocol for loW and high Doppler frequencies, respectively. 
The incremental redundancy parameters used are those of 
Table 4, With D=5, unquantiZed soft decision information 
and 16-QAM modulation. The throughput results for RLP1 
are shoWn for modulation formats 4-PSK, 8-PSK and 
16-QAM. The horiZontal axis is average SNR per symbol. 

[0129] As shoWn in FIG. 12, for loW Doppler, the protocol 
gains approximately 20% in throughput at high SNR due to 
uncoded transmission (in contrast to rate 5/6 coding used in 
IS-130), While at loW SNR the gain is about 3 dB due to the 
incremental redundancy. 

[0130] As shoWn in FIG. 13, at high Doppler, the protocol 
gains approximately 10% in throughput because uncoded 
modulation is not as affective due to errors being more 
evenly distributed. At loWer SNR the protocol gains betWeen 
2 to 5 dB versus the best modulation format for IS-130. 

[0131] Delay is an important factor in user-perceived 
throughput. With respect to a particular implementation, any 
delay associated With this embodiment of the invention can 
be reduced by decreasing the parameter D, that is, the 
number of sub-blocks comprising a data block. 

[0132] FIGS. 14 and 15 plot the throughput and average 
delay for D=1, 2, 3, 4 and D=5 for loW and high Doppler 
frequency, respectively. As seen in FIG. 14, for loW Dop 
pler, decreasing D signi?cantly reduces delay While having 
a small effect on throughput up to D=2. At D=1 the through 
put drops signi?cantly. This is also true for high Doppler as 
shoWn in FIG. 15. A value of D=2 provides a good com 
promise betWeen throughput and delay. 

[0133] In one embodiment of the invention, the service 
speci?cation of layer-1 Was de?ned to transport bits to be 
delivered as soft-information bits to layer-2. In another 
embodiment of the invention, the speci?cation can be 
changed such that layer-1 performs the header encoding and 
delivers to layer-2 the soft sub-block and the numbers NS 
and NB in order to perform mode adaptation and hence 
transmit either 2, 3, or 4 sub-packets per slot pair or 2 slot 
pairs. In this manner the headers can be combined, thereby 
reducing CRC overhead. The optimal header encoding 
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method can be used for each modulation format, e.g., 4-PSK 
is more robust than 16-PSK hence less header encoding is 
required. 
[0134] The effect of the various embodiments of the 
invention described herein is to decrease the code rate until 
transmission is successful. By observing the average number 
of incremental redundancy sub-blocks transmitted per suc 
cessful decoding as a function of average SNR, it is 
observed (as expected) that the number of sub-blocks trans 
mitted at loW SNR is much greater than at high SNR With the 
corresponding increase in delay. This observation leads to 
another embodiment of the invention Which is described 
beloW. 

[0135] In yet another embodiment of the invention, a 
method for adaptively reducing the delay is possible by 
observing the average number of sub-blocks transmitted and 
transmit this number immediately Without Waiting for a 
negative acknowledgment from the receiver. By transmitting 
the average number of required sub-blocks immediately, the 
probability of successful decoding increases greatly and 
upon failure only 1 or 2 additional sub-blocks are required. 

[0136] FIG. 16 illustrates the throughput and delay curves 
for the adapted and non-adapted systems operating at high 
Doppler in accordance With this embodiment of the inven 
tion. It is noted that the average delay at loW SNR has been 
reduced by approximately 30% using this scheme. 

[0137] The IRLP protocol sends state feedback on the 
entire receive table. In the special case of D=2, the feedback 
requirements can be reduced by using the folloWing 2-bit 
feedback encoding per block Bi: 

[0138] 00 Nothing received, sending RLP transmits 
Di0 and Du. 

[0139] 10 Decoding of Bi unsuccessful, receiver 
requests either Di0 or Pi0 decided by the transmitter 
depending on previous transmission as shoWn in 
Table 5 beloW. 

[0140] 01 Decoding of Bi unsuccessful, receiver 
requests either Di1 or Pi1 decided by the transmitter 
depending on previous transmission as shoWn in 
Table 5 beloW. 

[0141] 11 Decoding of Bi successful. 
[0142] Table 5 shoWs the decisions for the transmitter as 
a function of the feedback and Which sub-block of Bi Was 
previously transmitted. 

TABLE 5 

Previous 00 10 O1 11 

Du Du, Du Dil Du — 
Du Du, Du Pu Du — 
Pil Dil! Di2 Pil Pi2 — 
Pu Du, Du Dil Pu — 

[0143] In this embodiment of the invention, With a PDU 
length of LPDU=520 the required feedback is 50% of pre 
vious embodiments of the invention. 

[0144] To minimiZe memory requirements for storing the 
soft decision information at the receiver, the soft decision 
information is quantiZed. In this embodiment of the inven 
tion, the soft decision information is quantiZed to 3 levels, 
i.e., hard-decisions With erasures. This corresponds to about 



US 2003/0131302 A1 

1.58 bits of stored information per bit of transmitted infor 
mation. The estimated loss due to 3-level quantization is 
about 1.2 dB. 

[0145] As discussed above, encoding module 406 utilizes 
a binary convolutional encoding scheme to implement IRLP. 
If a 3-level quantization is to be used, Reed-Solomon codes 
for Which good erasure decoding algorithms are knoWn 
should be used as an alternative encoding scheme. This 
Would provide up to an additional 1 dB of gain over the 
convolutional encoding scheme. 

[0146] The various embodiments of the invention Were 
described above in terms of computer program segments 
stored in memory 304 and executed by processor 302. It is 
noted that the computer program segments Were shoWn as 
separate functional modules. It can be appreciated, hoWever, 
that the functions performed by these modules can be further 
separated into more modules, combined into a single mod 
ule, or be distributed throughout the system, and still fall 
Within the scope of the invention. 

[0147] Although various embodiments are speci?cally 
illustrated and described herein, it Will be appreciated that 
modi?cations and variations of the present invention are 
covered by the above teachings and Within the purvieW of 
the appended claims Without departing from the spirit and 
intended scope of the invention. For example, although 
memory 304 Was described in terms of high-speed com 
puter-readable memory to enhance execution speed, it can 
be appreciated that the computer program segments imple 
menting the functionality described for each embodiment of 
the invention can be stored in any computer-readable 
memory, such as a magnetic storage device,(e.g., ?oppy disk 
or hard-drive) or optical storage device (e.g., compact-disk 
read-only memory), and still fall Within the scope of the 
invention. In another example, it can be appreciated that a 
person of ordinary skill in the art Would understand that the 
functionality for these modules may also be implemented in 
hardWare, or a combination of hardWare and softWare, using 
Well-known signal processing techniques, and still fall 
Within the scope of the invention. 

What is claimed is: 
1. Amethod for correcting an error in a block of data sent 

from a ?rst device to a second device, comprising: 

encoding a block of data by constructing a plurality of 
data sub-blocks and a plurality of parity sub-blocks; 

transmitting only the plurality of data sub-blocks on an 
initial transmission from the ?rst device to the second 
device; 

determining Whether the plurality of data sub-blocks Were 
received With an error; and 

if the plurality of data sub-blocks Were received With an 
error: 

transmitting a ?rst one of the plurality of parity sub 
blocks from the ?rst device to the second device. 

2. The method of claim 1, Wherein the plurality of data 
sub-blocks have no redundancy and represent a 1:1 mapping 
to the block of data. 

3. The method of claim 1, Wherein the plurality of parity 
sub-blocks have parity information derived from the block 
of data. 
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4. The method of claim 1, Wherein the parity sub-blocks 
are used by a protocol for forWard error correction. 

5. The method of claim 1, further comprising: 

determining Whether the transmission of the ?rst one of 
the plurality of parity sub-blocks enabled successful 
decoding; and 

if the transmission of the ?rst one of the plurality of parity 
sub-blocks did not enable successful decoding, trans 
mitting subsequent ones of the plurality of parity sub 
blocks from the ?rst device to the second device. 

6. The method of claim 5, Wherein the transmitting of 
subsequent ones of the plurality of parity sub-blocks occurs 
in incremental steps. 

7. The method of claim 6, Wherein each incremental step 
transmits a succeeding one of the plurality of parity sub 
blocks. 

8. The method of claim 5, Wherein transmitting subse 
quent ones of the plurality of parity sub-blocks continues 
until decoding succeeds or all of the plurality of parity 
sub-blocks have been transmitted. 

9. The method of claim 1, further comprising maintaining 
a table to store an identi?cation of data sub-blocks that have 
been transmitted from the ?rst device but not yet determined 
to be received at the second device Without an error. 

10. A machine-readable medium having stored thereon a 
plurality of executable instructions, the plurality of instruc 
tions comprising instructions to: 

encode a block of data by constructing a plurality of data 
sub-blocks and a plurality of parity sub-blocks; 

transmit only the plurality of data sub-blocks on an initial 
transmission from the ?rst device to the second device; 

determine Whether the plurality of data sub-blocks Were 
received With an error; and 

if the plurality of data sub-blocks Were received With an 
error: 

transmit a ?rst one of the plurality of parity sub-blocks 
from the ?rst device to the second device. 

11. The machine-readable medium of claim 10, further 
having stored thereon a plurality of executable instructions, 
the plurality of instructions comprising instructions to: 

determine Whether the transmission of the ?rst one of the 
plurality of parity sub-blocks enabled successful 
decoding; and 

if the transmission of the ?rst one of the plurality of parity 
sub-blocks did not enable successful decoding, transmit 
subsequent ones of the plurality of parity sub-blocks 
from the ?rst device to the second device. 

12. The machine-readable medium of claim 10, further 
having stored thereon a plurality of executable instructions, 
the plurality of instructions comprising instructions to main 
tain a table to store an identi?cation of data sub-blocks that 
have been transmitted from the ?rst device but not yet 
determined to be received by the second device Without an 
error. 

13. A receiver, comprising: 

a quantizer that converts soft-decision information from a 
layer 1 protocol into a q level representation; 

a decoder that decodes the at least the q level represen 
tation of the soft decision information to yield a con 
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catenated block of data comprising error detection bits 
of a frame check sequence and a deliverable data block; 

a frame check sequence decoder that computes a frame 
check sequence of the deliverable data block and 
indicates to the receiver Whether the deliverable data 
block passed the frame check; and 

a deblocking module that de-concatenates the deliverable 
data block and the frame check sequence. 

14. The receiver of claim 13, Wherein q is a design 
parameter that trades off receiver memory requirements 
against system performance. 

15. The receiver of claim 13, Wherein, for a q level 
quantiZation, the memory requirements at the receiver per 
bit are given by log2q. 

16. The receiver of claim 13, Wherein the decoder uses a 
soft decision Viterbi algorithm. 

17. A method of recovering a block of data from a 
plurality of sub-blocks of data, each sub-block of data 
identi?ed by at least a block sequence number and a sub 
block sequence number, comprising: 

determining Whether a data block identi?ed by the block 
sequence number of the sub-block Was previously 
successfully decoded, and if not previously success 
fully decoded: 

storing the data of the sub-block at a location identi?ed by 
the block sequence number and the sub-block sequence 
number; 

passing a set of sub-blocks to a decoder; and 

decoding the set of sub-blocks to generate the block of 
data. 

18. The method of claim 17, Wherein the set of sub-blocks 
comprises all sub-blocks stored for the block sequence 
number. 
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19. The method of claim 17 further comprising: 

computing a frame check sequence of the block of data; 
and 

if the frame check sequence passes, storing the block of 
data in place of the set of sub-blocks. 

20. A computer system comprising a processor and a 
memory, the memory containing instructions to be eXecuted 
in accordance With the method of claim 17. 

21. Amethod of decoding a block of data from a plurality 
of data and parity sub-blocks, Wherein the data in the data 
and parity sub-blocks is in a form of soft decision bits and 
Wherein each sub-block of data is identi?ed by at least a 
block sequence number and a sub-block sequence number, 
the method comprising: 

quantiZing the soft decision bits of the one of the data and 
parity sub-blocks to yield a quantiZed soft-information 
sub-block; 

storing the quantiZed soft-information sub-block at a 
location corresponding to the block sequence number 
and the sub-block sequence number; 

passing all quantiZed soft-information sub-blocks corre 
sponding to the block sequence number to a decoder; 
and 

decoding, at the decoder, all passed quantiZed soft-infor 
mation sub-blocks corresponding to the block sequence 
number to yield a decoded block. 

22. The method of claim 14, further comprising: 

computing a frame check sequence of the decoded block, 
and if the frame check sequence passes: 

storing the decoded block in place of all quantiZed 
soft-information sub-blocks corresponding to the 
block sequence number. 

* * * * * 


