(19) United States

12 Reissued Patent
Allpress et al.

(10) Patent Number:
45) Date of Reissued Patent:

USOORE42453E

US RE42.453 F
Jun. 14, 2011

(54) DECODER AND A METHOD FOR
DETERMINING A DECODING RELIABILITY
INDICATOR

(75) Inventors: Stephen Alan Allpress, Bristol (GB);
Carlo Luschi, Oxford (GB)

(73) Assignee: Icera Inc., Bristol (GB)

(21)  Appl. No.: 12/851,013

(22) Filed: Aug. 5, 2010
Related U.S. Patent Documents

Reissue of:
(64) Patent No.: 7,424,071

Issued: Sep. 9, 2008

Appl. No.: 11/168,642

Filed: Jun. 27, 2005
(51) Int.CL

HO4L 27/06 (2006.01)
(52) US.ClL . 375/343
(58) Field of Classification Search .................. 375/262,

375/265, 341, 343; 714/780, 792, 794795
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

----------------------------------------------------------

7,103,085 B1* 9/2006 Dabaketal. .................. 375/132
2003/0031236 Al* 2/2003 Dahlman etal. .............. 375/147
2004/0057468 Al* 3/2004 Shichetal. ................... 370/514
2004/0110473 Al 6/2004 Rudolf et al.

2005/0002477 Al* 1/2005 Kajtaetal. .................. 375/341
2006/0140313 Al* 6/2006 Futamietal. ... 375/343
FOREIGN PATENT DOCUMENTS
EP 1422859 A2 5/2004
OTHER PUBLICATIONS

International Preliminary Report on Patentability for PCT/GB2006/
050167, Jan. 10, 2008, 6 pages.

* cited by examiner

Primary Examiner — Khanh C Tran
(74) Attorney, Agent, or Firm — Ryan, Mason & Lewis, LLP

(57) ABSTRACT

A decoder for use 1n a wireless communication device, the
decoder comprising a correlator for correlating a recerved
data sequence with a set of codewords such that a correlation
value 1s generated for each correlation, wherein the set of
codewords correspond to possible codewords that could be
generated from encoding bit sequences having a predeter-
mined number of information bits; a selector for selecting a
first correlation value and a second correlation value gener-
ated by the correlator and for subtracting the second correla-
tion value from the first correlation value to generate a third
value; and a comparator for comparing the third value with a
predetermined value to generate a decoding reliability 1ndi-

21 Claims, 2 Drawing Sheets
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DECODER AND A METHOD FOR
DETERMINING A DECODING RELIABILITY
INDICATOR

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates to a decoder and a method for
decoding, and 1n particular a decoder for use 1n a wireless
communication system.

BACKGROUND OF THE INVENTION

An atr mterface 1s used 1n a wireless communication sys-
tem to define the exchange of information between user
equipment UE, for example a radiotelephone, and a base
station or other communication system element.

For example, the High Speed Downlink Packet Access
HSDPA specification, which forms part of the third genera-
tion partnership project 3GPP universal mobile telecommu-
nication system UTMS specification, defines a High Speed
Downlink Shared Channel HS-DSCH for allowing data trans-
missions from a base station to a plurality of UEs by sharing
a glven number of HS-DSCH codes among the plurality of
UEs 1n a time/code division manner. To facilitate the sharmg
of the HS-DSCH channel among a plurality of UEs 1n a
time/code division manner, an associated High Speed Shared
Control Channel HS-SCCH provides information that allows
a UE to make a determination as to whether data being trans-
mitted 1n the HS-DSCH 1is intended for the UE.

As such, HS-SCCHs are used for transmitting signalling
information to allow a UE to determine which data transmis-
sions are intended for the UE and to allow the processing of
data transmitted on the HS-DSCH by the appropriate UE.

The signalling information (i.e. control channel data) that
1s incorporated 1n an HS-SCCH 1s transmitted 1in time trans-
mission intervals TTIs, where a TT1 1s divided into two parts.
The first part of a T'TI uses a UE specific masking, which
allows a UE to make a determination as to whether data
transmitted on an associated HS-DSCH 1s intended for that
particular UE. The second part of the TTI includes a UE
specific Cyclic Redundancy Check CRC attachment, which
makes 1t possible to assess the result of HS-SCCH detection
performed from the first part of the TTI.

The TTIs of the HS-SCCH are built on a three time slot per
frame structure corresponding to a time nterval of 2 ms. The
first part (1.e. Part 1) of the HS-SCCH control channel 1s
transmitted in the first time slot of the TTI and includes
information of the HS-DSCH channalization code set (corre-
sponding to 7 bits) and modulation scheme (corresponding to
1 bit). The second part (1.e. Part 2) of the HS-SCCH control
channel 1s transmitted in the second and third time slots of the
TTI and contains information on the HS-DSCH transport
block size (corresponding to 6 bits) and Hybrid Automatic-
Repeat Request HARQ process (corresponding to 7 bits). For
robustness and to aid data recovery the data associated with
part 1 and part 2 of the HS-SCCH TTI 1s encoded, using a
convolutional code of rate R=1/3 and constraint length K=9.

For the purposes of the 3GPP UTMS standard the coding
scheme applied to the signalling information transmitted 1n
Part 1 of the HS-SCCH produces 48 bits from the 8 Part 1
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(1.e. punctured) to produce 40 bits, which are masked by a UE
specific mask, thereby generating a 40-bit transmitted code-
word as 1s well known to a person skilled 1n the art.

This process 1s 1llustrated 1n FIG. 1, which shows a trans-
mitting element 10 for use 1 a wireless communication sys-
tem element 11, for example a base station, which 1s arranged
to encode a data string. The transmitting element includes a
first element 12 that 1s arranged to receive the 7 channeliza-
tion code bits 13 and the modulation code bit 14 to which 1s
appended 8 tail bits. The information bits and appended tail
bits are then provided to a convolutional encoder 15, which
generates a 48 bit codeword that 1s fed to a rate matching
clement 16. The rate matching element 16 punctures the
received codeword to produce a 40 bit sequence, which 1s
passed to a masking element 17 that masks the rate punctured
codeword with a UE specific scrambling sequence. The
resulting codeword 1s then passed to a transmitter 18 for
modulation, spreading and generation of a WCDMA trans-
mitted signal.

To allow a UE to make a determination as to whether there
1s data being transmitted 1n one or more of the HS-DSCH
codes that 1s intended for the UE, part 1 of the HS-SCCH (i.e.
the first time slot of the HS-SCCH TTI) 1s transmitted in
advance of the HS-DSCH data transmission. As such, a UFE
must decode the first part of the TT1 1n each HS-SCCH, where
typically 1n a 3GPP UTMS system there are up to four HS-
SCCHs transmitted simultaneously, 1n order to determine
whether or not a data transmission included 1n a HS-DSCH 1s
intended for that particular UE.

This process 1s complicated 1n that the information bits that
form the first part of the HS-SCCH do not include a CRC
attachment. As such, to aid data recovery a receiver uses
convolutional decoder metrics for error detection.

Two common convolutional decoder techniques used for
error detection are the Viterb1 path metric difference algo-
rithm and the Yamomoto-Itoh YT algorithm.

The Viterb1 algorithm 1s based on a trellis diagram that 1s
used to perform the decoding process 1n order to identify the
particular path through the trellis that maximizes the prob-
ability that the corresponding bit sequence was transmitted,
conditioned to the received data samples (Maximum Likel:-
hood ML sequence).

In particular, the Viterbi path metric difference algorithm
computes the difference 1n Viterbi path metrics between the
merging paths in the last stage of a Viterbi trellis. The calcu-
lated difference 1s compared to a threshold. It the calculated
difference 1s greater that the threshold the decoding 1is
declared a success, otherwise 1t 1s declared a failure. When
performing this calculation on the first part of the HS-SCCH,
a successiul decoding implies that the HS-SCCH transmis-
sion 1s estimated to be intended for the UE and a failure
implies that the HS-SCCH transmission 1s estimated not
intended for the UE.

An 1mproved technique for decoding the HS-SCCH uses
the YI algorithm, where the YI algorithm 1s based on a modi-
fied form of the Viterbi algorithm to produce a rehability
indicator. In particular, the Y1 algorithm 1s based on the prin-
ciple that when two paths merge 1n a Viterbi trellis and are
close 1n terms of their path metrics, then the selection of one
of the paths over the other 1s prone to error. For example,
states 1n a trellis are labelled as “good” or “bad” depending on
whether the survivor path at a state 1s reliable or not. To begin
with all states are labelled “good.” As Viterbi decoding
progresses and a survivor path 1s selected over a merging path
at a state, the path metric diflerence 1s computed. This com-
puted path metric difference 1s compared to a threshold. If the

computed difference 1s less than the threshold the surviving




US RE42,453 E

3

path 1s labelled “bad,” otherwise it 1s labelled “good.” In any
subsequent stage 1n the trellis, 11 a path labelled “bad” 1s
selected over a merging path 1t retains the label “bad” even 1f
the path metric difference exceed the threshold at that stage.
At the end of the Viterb1 decoding, the label on the chosen
survivor path 1s checked. If the survivor path has a “good”
label the decoding is regarded as a success and 11 “bad” the

decoding 1s declared a failure.

However, both the Viterb1 and Y1 algorithms can be com-
putationally intensive, which can result 1n increased proces-
sor requirements and correspondingly an increase 1n associ-
ated power and cost of a device.

It 1s desirable to improve this situation.

SUMMARY OF INVENTION

In accordance with an aspect of the present invention there
1s provided a decoder and a method for decoding according to
the accompanying claims.

This provides the advantage of allowing the computational

requirements for decoding data to be less than that required
for decoding data using the Viterb1 or Y1 algorithms.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will now be described, by
way of example, with reference to the drawings, of which:

FIG. 1 illustrates a wireless communication system ele-
ment arranged for generating the first part of a HS-SCCH;

FI1G. 2 illustrates a wireless communication device includ-
ing a decoder according to an embodiment of the present
invention;

FI1G. 3 illustrates a decoder according to an embodiment of
the present invention;

FI1G. 4 illustrates the detection probability versus the false
alarm probability for a decoder according to an embodiment
ol the present 1nvention.

DETAILED DESCRIPTION

FI1G. 2 shows a user equipment UE 1n the form of a wireless
communication device 20, for example a radiotelephone, a
PDA or laptop, arranged to operate in accordance with the
3GPP wireless communication standard. The wireless com-
munication device 20 includes an antenna 21, a receiver 22, a
first processor 23, a second processor 24 and an output device
25.

The antenna 21 1s coupled to the receiver 22, which are
arranged to receive a wideband code division multiple access
WCDMA RF wireless communication signal that 1s 1n accor-
dance with the 3GPP standard, as 1s well known to a person
skilled 1n the art.

The recerved signals that are generated by the receiver 22
are provided to the first processor 23 1n the form of a stream
of data samples (1.e. a data sequence). The first processor 23
1s arranged to despread, descramble, demodulated and
decode the stream of data samples to recover the original
information generated by the transmitting device, {for
example a base station, as described below.

Although the first processor 23 and receiver 22 are shown
to form separate logical elements they can also be combined
to form a single element. Alternatively, a single processor
could perform the functions of the first processor 23 and
second processor 24.

Upon successiul decoding of a HS-SCCH (1.e. the success-
tul decoding ofthe codeword corresponding to the estimate of
the 8 information bits that forms the first part of the HS-
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4

SCCH) the decoded information bits are provided to the
second processor 24 to allow recovery of data transmitted on
the HS-DSCH. The second processor 24 1s coupled to an
output device 25.

The wireless commumnication device 20 will typically
include other well known features, which are well known to a
person skilled in the art and as such will not be describe any
turther for the purposes of the present embodiment.

As shown i FIG. 3, the first processor 23 includes a
despreading and descrambling module 30 coupled to a
decoder 31 where the decoder 31 includes a correlator 32, a
selector 33, a comparator 34 and an optional memory element
35.

The despreading and descrambling module 30 1s arranged
to despread and descramble the receirved stream of data
samples to generate the sequence of 40 samples correspond-
ing to the 40-bit codeword generated by the transmitting
clement in the transmitting device, as described above. The
module may include additional processing to improve the
receiver performance 1n the presence of a multipath channel,
as 1s well known to a person skilled 1n the art.

In contrast to the prior art technique of decoding in which
a received data sequence 1s processed in accordance with the
Viterb1 or Y1 algorithm, the present decoder 31, as described
in detail below, operates on the basis of comparing a recerved
sequence with all possible 40-bit transmitted codewords. For
the purposes of the present embodiment 1n which only 8
umque information bits are encoded and transmitted 1n the
first part of a HS-SCCH, only 2°=256 possible codewords
could be applicable/intended for a specific UE.

Accordingly, a data sequence received by the decoder 31
via the despreading and descrambling module 30 1s correlated
using the correlator 32 with codewords that could be intended
for the UE, which as stated above for the purposes of the
present embodlment will be 256 codewords. As such, for the
present embodiment the correlator 32 includes a bank of 256
parallel correlators (not shown) where each one of the bank of
256 correlators correlates one of the 256 possible codewords
with the received data sequence. Although the current
embodiment describes the use of a correlator 32 having a
bank of 256 parallel correlators, alternative correlators could
be used, for example a single correlator 1n which senal cor-
relations are performed.

Additionally, codewords having more or less than eight
information bits could also be decoded where the number of
correlations to be performed would vary accordingly. For
example, for a codeword corresponding to 6 information bits
only 2° (i.e. 64) correlations would need to be performed for
cach receirved data sequence.

Coupled to the correlator 32 1s a memory 35 for storing the
256 possible codewords where the 256 possible codewords
are computed offline and stored 1n the memory 35 prior to
operation of the decoder 31. Alternatively, other means for
providing the possible codewords to the correlator 32 are
possible, for example a codeword generator (not shown) that
1s arrange to generate the codewords 1n a similar fashion to the
codeword generator 1n the transmitting device, as described
above.

As each codeword i1s represented by 40 bits (1.e. 5 bytes)
and the memory 1s arranged to store 256 codewords, the
memory 35 will typically be required to store at least 1280
bytes of information. Accordingly, the size of the memory 35
will typically be dependent upon the number of possible
codewords that could be mntended for a UE.

In the preferred embodiment of the present invention, 256
correlations are performed for each received sequence.
Therefore, the total number of operations performed by the
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correlator 32 1s 1n the order of 10,751 (1.e. 256 x40 =10,240
operations of sign change and accumulate, plus 511opera-
tions of compare and store). In comparison, more than 28,672
operations would be required to perform decoding using the
Y1 algorithm (the basic Viterbi algorithm for decoding the
rate 13, constraint length 9 convolutional code requires
(2x256x3+256)x16 operations).

The number of operations to be performed by the decoder
31 will vary according to the number of correlations that need
to be performed. However, the number of operations to be
performed using the Y1 algorithm will vary 1in a different
proportion with the number of information bits. As such,
there will be a threshold, for the number of codeword infor-
mation bits, that will determine whether decoding via corre-
lation of codewords or by the use of the Y1 algorithm will
result in fewer operations when performing decoding. In the
present embodiment, where part 1 of the HS-SCCH has 8
information bits the number of correlations 1s fixed at 256,
and consequently the present embodiment has a computa-
tional advantage over the Y1 algorithm. However, the decoder
31 could be arranged to switch between decoding via corre-
lation of codewords, as described herein, and a Viterb1 based
algorithm, such as the YI algorithm, based upon the number
of recetved data samples, corresponding to a codeword, that
need to be decoded.

The correlator 32 1s arranged to generate an output value
for each correlation where the output value 1s indicative of the
likelihood that the codeword being correlated with the
received sequence 1s the transmitted codeword.

For the purposes of the present embodiment, the output
value generated by each one of the bank of 256 correlators are
related to the natural logarithm of the probability of the cor-
related codeword being the particular codeword that was
transmitted by the transmitting device, conditioned to the
received data sequence.

In the present embodiment, the selector 33 1s arranged to
receive each of the correlation output values and select the
two largest correlation values (1.e. the two values that corre-
spond to the two most likely transmitted codewords).

The selector 33 1s then arranged to subtract the second
largest correlator output value from the largest output value to
produce a resulting value where the resulting value provides
an approximation to the log likelihood ratio for the specific
codeword that produced the largest correlation output value
when correlated with the received data sequence.

The resulting value (1.e. the approximation of the log like-
lihood rat10) 1s provided to the comparator 34 for comparison
with a threshold value to provide a decoding reliability 1ndi-
cator. The threshold value 1s selected to provide an indication
of the likelihood that the codeword that has been correlated
with the received sequence to produce the largest correlation
output value (1.e. the most likely transmitted codeword) 1s the
same as the actual transmitted codeword, 1.e. that a successtul
decoding has occurred. As such, the probability of correctly
identifying whether a successful decoding has been per-
formed 1s dependent on the setting of the threshold value. For
example, if the threshold value 1s set too high then only a
subset ol possible successiul decodings will be 1dentified.
However, 1f the threshold value 1s set too low then unsuccess-
tul decodings may nadvertently be identified as successiul
decodings. As such, the setting of the threshold value 1is
dependent upon the acceptable error rate for the decoder 31.
For example, FIG. 4 provides an 1llustration of the detection
probability (1.e. the v axis) and false alarm probability (1.e. x
axis) performance obtained with the present embodiment of
the mnvention. The present embodiment has the same detec-
tion probability/false alarm probability performance as that
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demonstrated using the prior art YI algorithm technique
while, as stated above, using considerably fewer operations
for decoding a codeword contaiming information bits less than
a given number.

I1 the comparator 34 makes a determination that the calcu-
lated approximation of the log likelihood ratio 1s greater than
the specified threshold value (1.e. a successiul decoding has
been deemed to have occurred), the 8 information bits that
correspond to the codeword having the largest correlator out-
put value are provided to the processor 24 for processing the
appropriate data transmitted on the HS-DSCH.

I1 the comparator 34 makes a determination that the calcu-
lated approximation of the log likelihood ratio 1s less than the
specified threshold value (1.e. an unsuccesstul decoding has
occurred) the wireless communication device 20 continues to
monitor the HS-SCCH channels without attempting to
receive data over the HS-DSCH.

We note that, 1n an alternative implementation of the
present invention, the detection process may be based on

more than two and up to all correlation values produced by the
correlator 32.

It will be apparent to those skilled 1n the art that the dis-
closed subject matter may be modified 1n numerous ways and
may assume embodiments other than the preferred forms
specifically set out as described above, for example the
decoding of channels other than HS-DSCH and HS-SCCH
could be performed and the decoding could be performed on
data transmitted according to wireless communication stan-
dards other than 3GPP.

What 1s claimed:

1. A decoder for use 1n a wireless communication device,
the decoder comprising a correlator for correlating a received
data sequence with a set of codewords such that a correlation
value 1s generated for each correlation, wherein the set of
codewords correspond to possible codewords that could be
generated from encoding bit sequences having a predeter-
mined number of mformation bits; a selector for selecting a
first correlation value and a second correlation value gener-
ated by the correlator and for subtracting the second correla-
tion value from the first correlation value to generate a third
value; and a comparator for comparing the third value with a
predetermined value to generate a decoding reliability indi-
cator; wherein the decoder is arranged to switch, based on a
threshold for said number of information bits, between
decoding via said correlation of codewords and a Viterbi-
based algorithm.

2. A decoder according to claim 1, wherein the received
data sequence corresponds to a transmitted codeword repre-
senting a predetermined number of encoded information bits.

3. A decoder according to claim 2, wherein the correlation
values are indicative of the likelihood that the respective
codeword corresponds to the information bits represented by
the transmitted codeword.

4. A decoder according to claam 1, wherein the set of
codewords corresponds to all possible codewords that could
be generated from encoding bit sequences having the prede-
termined number of information bits.

5. A decoder according to claim 1, further comprising a
memory for storing the set of codewords.

6. A decoder according to claim 1, wherein the first corre-
lation value 1s the highest determined correlation value for a
given set ol codewords and the second correlation value 1s the
second highest determined correlation value for the given set
of codewords.

7. A decoder according to claim 1, wherein the predeter-
mined number of information bits 1s below a threshold num-
ber.
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8. A decoder according to claim 1, further comprising a
receiver arranged to recerve a data sequence that corresponds
to the first slot of a wideband code division multiple access

WCDMA shared control channel transmission time interval
TTI

9. A decoder according to claim 8, wherein the WCDMA

shared control channel 1s the high speed shared control chan-
nel HS-SCCH, and the first slot contains part 1 of the HS-

SCCH.

10. A decoder according to claim 1, wherein the recerved
data sequence corresponds to a transmitted forty bit codeword
representing eight encoded information bits.

11. A decoder according to claim 10, wherein the correlator
includes 256 parallel correlators to allow correlation of the

received data sequence with 256 codewords.

12. A decoder according to claim 11, wherein the memory
1s arranged to store 256 codewords that correspond to the 256
possible codewords that can represent eight encoded infor-
mation bits.

13. A decoder according to claim 1, wherein 1f the third
value 1s greater than the predetermined value the reliability
indicator 1s arranged to indicate that the codeword 1s intended
for an apparatus associated with the decoder.

14. A wireless communication device having a decoder
according to claim 1.

15. A radiotelephone having a decoder according to
claim[s] 1.

16. A method for determining a decoding reliability indi-
cator, the method comprising correlating a received data
sequence with a set of codewords, where the set of codewords
corresponds to possible codewords that could be generated by
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encoding a predetermined number of information bits, to
generate a correlation value for each correlation; selecting a
first generated correlation value and a second generated cor-
relation value and subtracting the second generated correla-
tion value from the first generated correlation value to gener-
ate a third value; and comparing the third value with a
predetermined value to generate a decoding reliability 1ndi-
cator; wherein the method further comprises switching, based
on a threshold for said number of information bits, between
decoding via said correlation of codewords and a Viterbi-
based algorithm.

17. A user equipment having a decoder according to claim
I, wherein the decoder is arranged in the user equipment to
decode a data sequence received on a downlink.

18. A user equipment according to claim 17, wherein the
decoder is configured to decode a data sequence received on
a downlink shared control channel.

19. A user equipment according to claim 18, wherein the
decoder is configured to decode a data sequence received on
a high speed shared control channel HS-SCCH.

20. A user equipment according to claim 18, wherein said
data sequence is to allow the user equipment to make a
determination as to whether data being transmitted on a
downlink shaved data channel is intended for the user equip-
ment.

21. A user equipment accovding to claim 20, wherein said
data sequence is to allow the user equipment to make a
determination as to whether data being transmitted on a high

speed downlink shared channel HS-DSCH is intended for the

user equipment.
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