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Sub- Codebook of an Error Control Codi ng Codebook FIELD Thi s
appl i catiwo2oelatrsaas to wirel ess conmuni cati on techni quegciricAzoganessal , and
to the techniques of this disclosure, in particular. BACKGROUND

A detector in a receiver in a data cofnunication system can inpl enment

ei ther coherent detection or non-coherent detection. |In coherent detection,
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detect or does not have such inforn@édéeboékd nmust therefore try and cancel
out any phase discrepancy (e.g. using a differential detection schene), or
apply other _non-coherent detection nmethods known in the art. 15A receiver

t hat pefflBkBs coherent detection offers many advantages. However, there may
be situations in which non-coherent detection is necessary (due to the
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detection. It is therefore desira el'op comuni cat1 oh schenes

sui t @bl geheralusmd W the techeiquesoé thadisdiiseed, dn paZiicular. In Draft
| EEE 802. 16m System Descri pti on Docunent, |EEE 802.16m 08/ 003r1, dated
April 15th 2008 . it is stated that: This [802. 16nm] standard

amends GACKSROWND 16 W r el essMANOFDVA specification to provide an
advanced air interface for operation in licensed 25 bands. It neets the
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10 this knowledge to improve detection. In non-coherent detection, the detector does
not have such information and must therefore try and cancel out any phase
discrepancy (e.g. using a differential detection scheme), or apply other non-

coherent detection methods known in the art.

15 A receiver that performs coherent detection offers many advantages.
However, there may be situations in which non-coherent detection is necessary
(due to the capabilities of the receiver), or is even preferred over coherent
detection. It is therefore desirable to develop communication schemes suitable for
use with a non-coherent detector.
20
In Draft IEEE 802.16m System Description Document, IEEE
802.16m-08/003r1, dated April 15™ 2008, it is stated that;
This [802.16m] standard amends the IEEE 802.16 WirelessMAN-
OFDMA specification to provide an advanced air interface for operation in licensed
25 bands. It meets the cellular layer requirements of IMT-Advanced next generation
mobile networks. This amendment provides continuing support for legacy
WirelessMAN-OFDMA equipment.

And the standard will address the following purpose:

i. The purpose of this standard is to provide performance



WO 2012/ 027819PCT/ CA2010/ 001367 2 i nprovenents necessary to support future
advanced services and applications, such as those described by the ITU in
Report | WoR0M@@i2. SUMVARY I n general terns, there ispPpr@azdmdomenet hod
of encoding data using 5 an error control code. The nethod conpri ses:
mappi ng a sequence of the data to a codeword from a codebook G of the error
control code; and forwarding the codeword for transm ssion over the

hannel .. The codebook G i b- codeb f debook P. dewor d
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the ot her codewords in the sub-codeboo I n one enbodi nent,
the nethod for generating G conprises: (a) establishing an enpty

sub- codHMMARY (b) sel ecting a codeword from codebook P and including the
codeword from codebook P in sub-codebook G (c) conputing an
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conpri ses: obtaining the sequence of data that was received over the

communi cati on charnnene dmbodiant othdensthddifor geraratng @ c&mpriséigagr r or
control code, conputing a correlation value between the sequence and the
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an auto-correlation amplitude of the codeword from codebook P; (d) computing a

15 correlation amplitude between the codeword from codebook P and each codeword
in codebook P, and deleting from codebook P each codeword in codebook P in
which the correlation amplitude is equal to the auto-correlation amplitude; and (e)
repeating operations (b) to (d) until all of the plurality of codewords are deleted
from codebook P.

20 In one specific embodiment, using the technique above, a new
codebook G can be constructed, which is a sub-codebook of a Reed-Muller
codebook P. Data is then encoded using G rather than P.

There is also provided a method of decoding a sequence of data
received over a communication channel, the sequence having been encoded
25 using an error control code prior to transmission over the channel. The method is
performed in a receiver and comprises: obtaining the sequence of data that was
received over the communication channel; for each codeword in a codebook G of
the error control code, computing a correlation value between the sequence and
the codeword; and selecting the codeword in the codebook G resulting in the

30 highest correlation value. The codebook G is a sub-codebook of a codebook P.



3 Each codeword g in the sub-codebook G has an autocorrel ati on anplitude
that is different fromand higher than each correlation anplitude between g
and each wO 20te2e81ber codewords in the sub-codebook G TPhera208)/0W36r her
provi ded a device in a data comruni cation system5 configured to encode
data using an error control code. Thesdevice conprises: nenory for storing
a codebook G of the error control code; an encoder configured to map a
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10 autocorrelation anplitude that is different fromand hi gher than each
cor r el atthe gtharpodewevie: thesybocadehoekd® of the ot her codewords in the
sub- codebook G There is also provided a device in a data
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perform ng the above techniques is also provided. Aspects and

features of the present application will become apparent to those
ordinarily skill edhefe isndlsabroyiges ardaricaing dataecaromupigatigngystampt i on of

SPect 1 GRS B RSt R 1
2012/ 0274 seiieries2am@Bé8h encoded using an error control code prior to
15 transmission over the channel. The device comprises: receive circuitry for
receiving the sequence of data from the channel; memory for storing a codebook
G of the error control code; and a decoder configured to compute, for each
codeword in the codebook G, a correlation value between the sequence and the
codeword, and selecting the codeword in the codebook G resulting in the highest
20 correlation value. The codebook G is a sub-codebook of a codebook P. Each
codeword g in the sub-codebook G has an autocorrelation amplitude that is
different from and higher than each correlation amplitude between g and each of
the other codewords in the sub-codebook G.

A computer-readable medium having stored thereon computer-
25 readable instructions for performing the above techniques is also provided.

Aspects and features of the present application will become
apparent to those ordinarily skilled in the art upon review of the following
description of specific embodiments of the disclosure in conjunction with the

accompanying drawings.

30 BRIEF DESCRIPTION OF THE DRAWINGS




4 Enbodi ments of the present application will now be descri bed,
by way of exanple only, with reference to the acconpanyi ng figures wherein:
FIG 1 iswa2bizeksidi agram of a cel | ul ar conmuni cati on SPETATN2010/001367

FIG 2 is a block diagramof an exanple base station that m ght be 5 used
to i npl enent sone enbodi nents of the present appl i cation; FI G
3 is a block diagram of an exarrple W reless term' nal that mght be used to
i npl ement sone enpodi nent s, of ent t on; FIG 4
is a block diagra défﬁe@?é?fﬁ %%ﬁ B‘Eﬁ dlovﬁpﬁrﬁesﬁﬂb%&i/to
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di agram of a | ogi cal eakdown an exanpl e ansmtter architecture
that m ght be used to inpl enent_ some enbodi ments of the present
application; FIG. 1 is a blaekdiagrans oha setigRr domgrunicationasystencal br eakdown

of an exanple OFDM receiver architecture that m ght be used to inpl errent

sone enbodi nents .th esent _applicatio
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ar chit egééd & implement some drhbodifhdnts EfMﬁregeﬁ‘lfazﬁ 5t|§|92 16m 08/003r1, a
Rel ay Station in overall network architecture; Is Figure 3 of |EEE

802. 1 6m 08/003r1, a System Reference Model; FIG 10 is Figure
4 of |EEE 802. 16nFi3/d53 blocmbagraEEoBmemmpmmr@te@ls texminet thaé mighto

2012/ 028@ jugpﬂé %g%%r%nq er‘%bodlments of the present application;

FIG. 4 is a block diagram of an example relay station that might be

used to implement some embodiments of the present application;

10 FIG. 5 is a block diagram of a logical breakdown of an example
OFDM transmitter architecture that might be used to implement some

embodiments of the present application;

FIG. 6 is a block diagram of a logical breakdown of an example
OFDM receiver architecture that might be used to implement some embodiments

15 of the present application;

FIG. 7 is Figure 1 of IEEE 802. 16m-08/003r1, an Example of overall
network architecture;

FIG. 8 is Figure 2 of IEEE 802. 16m-08/003r1, a Relay Station in
overall network architecture;

20 FIG. 9 is Figure 3 of IEEE 802. 1 6m-08/003r1, a System Reference
Model,

FIG. 10 is Figure 4 of IEEE 802.16m-08/003r1, The IEEE 802.16m
Protocol Structure;

FIG. 11 is Figure 5 of IEEE 802. 16m-08/003r1, The IEEE 802. 16m
25 MS/BS Data Plane Processing flow;



FIG 12 is Figure 6 of |EEE 802. 16m 08/003r1, The | EEE 802. 16m MS/ BS
Control Plane Processing Flow, FIG 13 is Figure 7 of |EEE 802.
16m 08/ 008BORp128emapi ¢ protocol architecture to support malridacarwioeds7syst em
5FIG 14 is a flow diagramoutlining a nmethod for constructing a sub-
codebook G from a codebook P;, FIG 1§ I s an enbodi nent of device configured
to encode and transmt data; FIG 16 is an enbodi nent of a

device configured to recejve an decode d . .an FIG 17 is
a f1ow di agram olit¥i h2 hyFigwee @ﬁ%r'égﬁo&p%ﬂ%'fh@%mr&ggh%%ﬁ 802- 4P, 16 and
17. i : rals are used in different figures to
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illustrative purposes, enbodinents will now be explained in greater detail

bel ow i n t he contrd®t 18fis Bjgrre 7i af IBEEBGX 1 Goy-H8103r1, Generic protocdlhe
enbodi rrerﬁits et forth hel ogcre.present the necessary information to enable
I
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best node of practicing the invention. Upon reading the foll ow ng

desey i ption in I it 18fs biipwAREHABLINNG hHeMBa bhesRsthltiinbedsir the art

wi || understand the concepts of "the invention and wl| recoghize
appl i caodeheok G fromsecodelamit i8; not particul arly addressed herein. It should
be understood that these concepts and applications fall within the scope of

t he di sclosure ang_.the.acconpanying,clainms. 25Mreqver, it wll be
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that exggihfsdatast ructions may include or otherw se have access to conputer
readabl e medi a such as storage media, conputer storaae nedia, or data

storaae devices (renovable and/or non-renovable) stinh 6
FIG. 16 is an embodiment of a device configured to receive and

10 decode data; and

FIG. 17 is a flow diagram outlining the operation of the devices
shown in FIGs. 16 and 17.

Like reference numerals are used in different figures to denote

similar elements.

15 DETAILED DESCRIPTION

For illustrative purposes, embodiments will now be explained in

greater detail below in the context of specific wireless systems.

The embodiments set forth below represent the necessary
information to enable those skilled in the art to practice the invention and illustrate
20 the best mode of practicing the invention. Upon reading the following description
in light of the accompanying figures, those skilled in the art will understand the
concepts of the invention and will recognize applications of these concepts not
particularly addressed herein. It should be understood that these concepts and

applications fall within the scope of the disclosure and the accompanying claims.

25 Moreover, it will be appreciated that that any module, component, or
device exemplified herein that executes instructions may include or otherwise
have access to computer readable media such as storage media, computer

storage media. or data storaae devices (removable and/or non-removable) such



as, for exanple, magnetic disks, optical disks, or tape. Conputer storage
medi a may i nclude volatile and non-vol atile, renovable and non-renovabl e
medi a i nperrereedivon any met hod or technol ogy for storagertafa2orioorisat i on,
such as conputer readable instructions, data structures, program nodul es,
or other data. 5 Exanples of comput er, storage medi a i ncl ude RAM ROM
EEPROM flash nenory or other nenory technology, CD-ROM digital versatile
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(not SWELEQSS@YQTEM; gwﬁﬂgﬂrel ay 15. In sone configurations, base
station comunicate W each and with another network (such as a

core network or the internet, both not shown) over a backhaul network 11.
I n Eome confi gur dRéferring mowds ¢hes deawings,ddfd. riashaws abaise statiomeeded. 7
Wth reference 2, an exanple of a base station.14 is illpystrated.
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stations 14 results in significant fluctuation in channel conditions. As illustrated,
the base stations 14 and mobile terminals 16 may include multiple antennas to

25 provide spatial diversity for communications. In some configurations, relay stations
15 may assist in communications between base stations 14 and wireless terminals
16. Wireless terminals 16 can be handed off from any cell 12, sector 13, zone (not
shown), base station 14 or relay 15 to another cell 12, sector | 3, zone (not
shown), base station 14 or relay 15. In some configurations, base stations 14

30 communicate with each and with another network (such as a core network or the
internet, both not shown) over a backhaul network 11. In some configurations, a

base station controller 10 is not needed.



The baseband processor 22 processes the digitized received signal to
extract the information or data bits conveyed in the received signal. This
processi ngotzgmadiby conpri ses denodul ati on, decodi ng, &0u/G2o00CIBITr ect i on
15 operations. As such, the baseband processor 22 is generally inplenented
in one or nore digital signal proceszors (DSPs) or application-specific
integrated circuits (ASICs). The received information is then sent across a
wirel ess network via the network interface 30, or transnitafd t o anot her
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network interface 30 or transmitted to another mobile terminal 16 serviced by the

base station 14, either directly or with the assistance of a relay 15.

20 On the transmit side, the baseband processor 22 receives digitized
data, which may 20 represent voice, data, or control information, from the network
interface 30 under the control of control system 20, and encodes the data for
transmission. The encoded data is output to the transmit circuitry 24, where it is
modulated by one or more carrier signals having a desired transmit frequency or

25 frequencies. A power amplifier (not shown) will amplify the modulated carrier
signals to a level appropriate for transmission, and deliver the modulated carrier
signals to the antennas 28 through a matching network (not shown). Modulation

and processing details are described in greater detail below.

With reference to FIG. 3, an example of a mobile terminal 16 is
30 illustrated. Similarly to the base station 14, the mobile terminal 16 will include a
control system 32, a baseband processor 34, transmit circuitry 36, receive circuitry
38, multiple antennas 40, and user interface circuitrv 42. The receive circuitrv 38



data, which may represent voice, video, data, or control information, from

the 15 control system 32, which it encodes for transm ssion. The encoded

data i s owmDpot2/esibhe transmt circuitry 36, where it i CusG0im08367

nodul ator to nodul ate one or nore carrier signals that is at a desired

transmt frequency or frequencies. A gower anplifier (not shown) will
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si gnal PABK&si ng carrying out an Inverse Discrete Fourier Transform (IFFT)
and Di screte Fourier Transform (DFT), respectively. Accordingly, the

characterizing fe . | aft i 1St rt onal .carrier waves
are generated for%ht:Fr?pgrltnésﬁ‘ﬁ;ﬂéﬂg%ﬁ#‘%ﬁﬁphpgﬁgﬁ%@r%%?\%f?aﬁﬂg'lzgdme

nmodul at geltas iveiieh ma?rregﬁléwn& gbice! gidabsdatay bhBomtrélghfirtnadbN, fréty theansm ssi on
rate and capable o staying within their respective bands. The
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power amplifier (not shown) will amplify the modulated carrier signals to a level

appropriate for transmission, and deliver the modulated carrier signal to the

20 antennas 40 through a matching network (not shown). Various modulation and

processing techniques available to those skilled in the art are used for signal

transmission between the mobile terminal and the base station, either directly or

via the relay station.

In one embodiment, the baseband processor 34 uses a new sub-

25 codebook generated from a codebook of an error control code to encode data to
be sent to base station 14 or relay 15. This is described in further detail below with
reference to FIG. 14. As will be explained in detail below, the data encoded using
the new sub-codebook may be, for example, control packet(s) sent on the uplink

channel from the mobile terminal 16.

30 In OFDM modulation, the transmission band is divided into multiple,

orthogonal carrier waves. Each carrier wave is modulated according to the digital



20 station 14 is equipped with "n" transmt antennas 28 (n >=0, and each
nobile termnal 16 is equipped with "in" receive antennas 40 (np=1).

Not abl y, wbeorsmgepseti ve ant ennas can be used for receptiPom/Gndiot0083s3Ni SSi on
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clarity. Wien relay stations 15 are u?ed, OFDM i s preferably used for 25
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and at once by IFFT processing.

In operation, OFDM is preferably used for at least downlink
transmission from the base stations 14 to the mobile terminals 16. Each base

20 station 14 is equipped with “n” transmit antennas 28 (n >=l), and each mobile

terminal 16 is equipped with “in” receive antennas 40 (m>=1). Notably, the
respective antennas can be used for reception and transmission using appropriate

duplexers or switches and are so labelled only for clarity.

When relay stations 15 are used, OFDM is preferably used for
25 downlink transmission from the base stations 14 to the relays 15 and from relay
stations 15 to the mobile terminals 16.

With reference to FIG. 4, an example of a relay station 15 is
illustrated. Similarly to the 25 base station 14, and the mobile terminal 16, the
relay station 15 will include a control system 132, a baseband processor 134,

30 transmit circuitry 136, receive circuitry 138, multiple antennas 130, and relay
circuitry 142. The relay circuitry 142 enables the relay 15 to assist in



processi ng techni ques available to those skilled in the art are used for
signal transm ssion between the nobile term nal and the base station,
ei t her diweabiyv2es19i ndirectly via a relay station, as destriAzet/amsve.
25Wth reference to FIG 5, a logical OFDM transm ssion architecture wll
be described. Initially, the base stgfion controller 10 will send data to
be transmtted to various nobile terninals 16 to the base station 14,
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A”p"t“((AESIlEQ.?UI ation (QAM or Quadrature Phase Shift Key (QPSK) nodul ation
is used degree of nodulation is preferably chosen based on the CQ for

the particular nobile termnal. The synbols nay be systematically reordered

to further bol st eFor thansmissiont theobadebanidr mrosesddreiB4siegoivestdigifieed odi ¢ dat a
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FIG S g\f}tlelnn S gRﬂ)(ilhrougnBl éo r% tc%ir?g(]) H}atrv%rks(}! tnéihlowt/no). Various modulation and
processing techniques available to those skilled in the art are used for signal
transmission between the mobile terminal and the base station, either directly or

indirectly via a relay station, as described above.

25 With reference to FIG. 5, a logical OFDM transmission architecture
will be described. Initially, the base station controlier 10 will send data to be
transmitted to various mobile terminals 16 to the base station 14, either directly or
with the assistance of a relay station 15. The base station 14 may use the channel
quality indicators (CQls) associated with the mobile terminals to schedule the data

30 for transmission as well as select appropriate coding and modulation for
transmitting the scheduled data. The CQls may be directly from the mobile
terminals 16 or determined at the base station 14 based on information provided



30 control STC encoding. At this point, assume the synbols for the "n"
outputs are representative of the data to be transmtted and capabl e of
bei ng recwoenexh2819t he nobile term nal 16. 12 PCT/(Aan1otdoe36pr esent
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circuitry 70. ForBit inerdeaver drgie A cystanasticallydeomless the bijs indhey one of the

two rec 1] us tail 0 digital

( ADC) Cﬂ%@gﬁﬁa@%%ﬁg@ﬁﬂ%%@ﬁg gﬁoﬁ?’?%‘twsf@gai éqﬁd@“? fezsé’ét Qﬁga%omﬁsponver ts
the anadregysictiaticallpmabrtd idto B6PESsSHdIY sﬂ'r’ﬁBoFsQféfén@m_/g &h thd tESsbrsi gnal
may be used by automatic gain control circuitr 4 to control the
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level - Modulation (QAM) or Quadrature Phase Shift Key (QPSK) modulation is used.

The degree of modulation is preferably chosen based on the CQlI for the particular

mobile terminal. The symbols may be systematically reordered to further bolster

the immunity of the transmitted signal to periodic data loss caused by frequency

20 selective fading using symbol interleaver logic 58.

At this point, groups of bits have been mapped into symbols
representing locations in an amplitude and phase constellation. When spatial
diversity is desired, blocks of symbols are then processed by space-time block
code (STC) encoder logic 60, which modifies the symbols in a fashion making the

25 ftransmitted signals more resistant to interference and more readily decoded at a
mobile terminal 16. The STC encoder logic 60 will process the incoming symbols
and provide "n" outputs corresponding to the number of transmit antennas 28 for
the base station 14. The control system 20 and/or baseband processor 22 as
described above with respect to FIG. 5 will provide a mapping control signal to

30 control STC encoding. At this point, assume the symbols for the “n” outputs are

representative of the data to be transmitted and capable of being recovered by the
mobile terminal 16.



30lnitially, the digitized signal is provided to synchronization |ogic 76,
whi ch includes coarse synchroni zation logic 78, which buffers several OFDM
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were nof ?ﬂ’}ﬁ}l e Gme actual and interpol ated channel responses are used
to estimate an overall channel response, WO 2012/027819PCT/ CA2010/ 001367

20 Reference is now made to FIG. 6 to illustrate reception of the

transmitted signals by a mobile terminal 16, either directly from base station 14 or
with the assistance of relay 15. Upon arrival of the transmitted signals at each of
the antennas 40 of the mobile terminal 16, the respective signals are demodulated
and amplified by corresponding RF circuitry 70. For the sake of conciseness and

25 clarity, only one of the two receive paths is described and illustrated in detail.
Analog-to-digital (ADC) converter and down-conversion circuitry 72 digitizes and
downconverts the analog signal for digital processing. The resultant digitized
signal may be used by automatic gain control circuitry (AGC) 74 to control the gain
of the amplifiers in the RF circuitry 70 based on the received signal level.

30 Initially, the digitized signal is provided to synchronization logic 76,
which includes coarse synchronization logic 78, which buffers several OFDM

symbols and calculates an auto-correlation between the two successive OFDM



14 which includes the channel responses for nost, if not all, of the
sub-carriers in the OFDM channel . The frequency domai n synbol s
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responses for each receive path 5 are provided to an STC decoder 100, which
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At this point, the OFDM symbols in the time domain are ready for
conversion to the frequency domain using FFT processing logic 90. The results
are frequency domain symbols, which are sent to processing logic 92. The

20 processing logic 92 extracts the scattered pilot signal using scattered pilot
extraction logic 94. determines a channel estimate based on the extracted pilot
signal using channel estimation logic 96, and provides channel responses for all
sub-carriers using channel reconstruction logic 98. In order to determine a channel
response for each of the sub-carriers, the pilot signal is essentially multiple pilot

25 symbols that are scattered among the data symbols throughout the OFDM sub-
carriers in a known pattern in both time and frequency. Continuing with FIG. 6, the
processing logic compares the received pilot symbols with the pilot symbols that
are expected in certain sub-carriers at certain times to determine a channel
response for the sub-carriers in which pilot symbols were transmitted. The results

30 are interpolated to estimate a channel response for most, if not all, of the
remaining sub-carriers for which pilot symbols were not provided. The actual and

interpolated channel responses are used to estimate an overall channel response,



In sone enbodi nents, a relay station nay operate in a time division nmanner
using only one radio, or alternatively include multiple radios. 5FIGs. 1 to
6 provi dewoneizpesapfi c exanpl e of a conmuni cati on syst eRCTIGA20B)/036he
understood that particul ar enbodi mrents of the application can be

I npl emented wi th comuni cati ons systelgs having architectures that are
different than the specific exanple, But that operate in a manner
consistent with the inplenentation of the enbodi ments as descri bed herein.
10FI Gs. Whichdnglpdes therehannal respansesferomosk ifinad @naf the subyerrcigrsiinthgs | EEE
802. 16”@8?“@(3?‘5&“6'The description of these figures found in | EEE 802.

16m 08/ ri171s incorporated herein by reference. Particul ar enbodi nents
described in further detail below nay be inplenmented in an architecture

such as that showfhe freGuéacy dehdin dyivbolsarsl cmiel 'recoclmshuditi)asrgntg will now
be described in the context of the wrel ess systens described above.
when apBfermeasioanwhich aregiarygdifrong jle ehanrel casrRNses oReael rsaleiPatiove (for
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sequences of data, RM codes have a relatively |arge m ni num Hanm ng
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stati onfréqhe@@mﬁaid@gmd@ed-wm ler (RM block code RMmr) having an
order r and a codeword length n = 2m RM codes are well known in the art,

and [t will be appreciated that the RM code can, be consjidered to be an (n,
k) BPock code in [h§ FecoveirtsyMbpiscareqbarechack ineordaeysieggymbyl kebit s of

1" e bkaRet bk 163 el e Sie e i hepgslskgR sk e o
m ni muntréwesmitteg Thestievaterloaversymboly drethem demaidditated oP desmappéd to a
corresponding bitstream using dc-mapping logic 104. The bits are then dc-
interleaved using bit de-interleaver logic 106, which corresponds to the bit
15 interleaver logic 54 of the transmitter architecture. The de-interleaved bits are then
processed by rate dc-matching logic 108 and presented to channel decoder logic
110 to recover the initially scrambled data and the CRC checksum. Accordingly.
CRC logic 112 removes the CRC checksum, checks the scrambled data in
traditional fashion, and provides it to the de-scrambling logic 114 for descrambling
20 using the known base station de-scrambling code to recover the originally
transmitted data 116.

In parallel to recovering the data 116, a CQI or at least information
sufficient to create a CQI at the base station 14, is determined and transmitted to
the base station 14. As noted above, the CQI may be a function of the carrier-to-

25 interference ratio (CR). as well as the degree to which the channel response
varies across the various sub-carriers in the OFDM frequency band. For this
embodiment, the channel gain for each sub-carrier in the OFDM frequency band
being used to transmit information is compared relative to one another to
determine the degree to which the channel gain varies across the OFDM

30 frequency band. Although numerous techniques are available to measure the

degree of variation, one technique is to calculate the standard deviation of the



Non- coherent detection may be used in channels in which the 5 sequence of
data is being transmtted fromthe sender to the receiver. However,
decodi ng wotui2tgiomay occur if a RM code is used direcCy/dAarom/mystem t hat
i npl enents non-coherent detection due to the increased |ikelihood of the
presence of nore than one naxinun1corﬁglation anplitude in the non-coherent
decision netric. 10Therefore, instead of transmtting the sequence of data

usi ng a RM code,, new sub- codebook G i s, con ed using t codebook P
of the KRVPRBELIAIRARN e %%G%Hl%%&ﬁou&gf’ﬁt %8 @%E)Mfiﬁg‘l‘ﬁ’ﬂ‘iye W“QB?WQt ead
encoded \lssl41g t,tghg"ma?:étgub-codebook G The sub-codebook Gis constructed
from P such that each codeword g in G has an autocorrel ation anplitude that

is different from and in fact 15 higher than, each correlation anplitude
between g and eacHnsbnenembbtimentodavelay stationGnay wperaiegpactimne divisianpl e

above for which.the codebook P is that of. a cogde, this reduces the
li kel i hdBANRTF" Y510 BP&S‘E}%@%’ q{@it@r@ﬂyﬁPyo'HgluggipH@mec@dlﬂ%ﬁ'ati on anplitude
when conputing the non-coherent decision nmetric during decoding. 20A net hod

for apnstructing &|geb1G8@Re0IlecDrid SHRcKicermhpRIoffa ebmmurfcdtin contr ol
code is shown in FIG 14. As an exanple, this nmethod can be perforned on a

pr ocessisygtami it is torbenedenstanti thah partichlar pnaedigients oithe applicatiorhea@band
processqr 34 on bjle termnal 16. Turning therefore to Fl 14, first in
Ctep 20tbe BipSmerPuln sEaRmERaticns SEEBF hail SeBRSbTIEt oM  he et hod
i's perf ofifié@nt thhramhelpedifietr SEeRH8! bthalopaatdited Athrfee @oASistEBIWith i N the
mobile termnal 16 can be reserved for codebook G Ginitially has no
codewor dbe implementation of thexembpdimenip ag@escrbedderaind p i s sel ected from
codebook P and added to codebook G The sel ected codeword nay or nmay not be

rmdelEl ear bel ow, TP% R L8l BEES e RPN FATRSRRE R ale T Modebook
P, it WIEEE802IeBR{-68/008r1 tThe désTription oF eiesetfyuras faHddndEEre86R.| -

anplitude of codeword p is then conputed. 5Then, in step 206, a correlation
anpl i t ud¥B/0@3rd4s ingosperatest heraim by reference. Particular embodiments described in

further detail below may be implemented in an architecture such as that shown in
FIGs. 7-13.

15 Various specific embodiments will now be described in the context of

the wireless systems described above.

When applying channel coding in systems such as those described
above (for example, in channel encoder 50), it may be beneficial to use a Reed-
Muller (RM) error control code to encode small packets or small sequences of

20 data requiring robust protection against channel noise. Notably, for small
sequences of data, RM codes have a relatively large minimum Hamming distance
and a relatively fast decoding algorithm. An example of a small packet that may
benefit from encoding using a Reed-Muller code is a control packet transmitted on

the uplink from the mobile terminal 16 to the base station 14.

25 Consider a Reed-Muller (RM) block code RM(m,r) having an order r

and a codeword length » = 2™. RM codes are well known in the art, and it will be

appreciated that the RM code can be considered to be an (n, k) block code in
. . 4 m
which n =2"is the codeword length and & = Z[ .

i=0

j. Such a block code can
I



codeword p and each codeword ii in P. In step 208, any codeword
ii inPis deleted fromP if the correlation anplitude cal cul ated between p
and p eqguab=otde7saat o- correl ati on anplitude of p. PCT/CA2010/001363t eps
202 to 208 are repeated until all codewords have been 10 del eted from
codebook P. In this way, ing the nethod of FIG 14, a
codeword fromP is added to sub-codeblt)ézk G at each iteration until all of

the codewords in P have been deleted. This construction ensures that each
codewor éngodgide o kdits ofinformatien withautotalef r2d| eadewordapl he (kM codabools

and 22?&3'&%‘%}?&%@%& g%@ét{é%ﬁf?ﬁa P B 56 R Bbé 3Gl b a1 ne
et hod o 1hb Grinkdyn Rl RS ANEER BrlyBRRIGBICHES §f pemob |

term na the new sub- codebook i's store in menory on
the nobile term nal 16 and is accessible by the baseband processor 34.
20FI G 15 shows amMN@wbolbénephtetefictian deay be used in chawmeal irs whichcthéebook G i s

t dth - 304. S d bpok t t ed
Gesch bERIT o o el 1 iiad ey tad JOr R ARASSE o eEeorée?v”eio OBEVER 1 5
conf i guae@bd. @u@ﬁ g%eupfacﬁmaco%‘i.gt&eeed«ew é gestevord in the

codebook 2 further 1 ncludes transnit CI U|tr 308 for 25
transm lmplagletnll‘eanom{d;eheramtde&cttandmﬁmdheMeased \ikéllhood dnbe eci ated t hat

t he neno 304 i nstead be | ocated the e r 06 itself and that
the subBlREDER! Blaredhanong RGP SoHeRoN SEMIIGS Moy or-GaRRiea | ng

matri X fegisfNRefic Ng codewords in G In one Speci f| c enbodl ment, in the
context of the 18 system described with reference to FIGs. 1-6, the device
302 is the nobile term nal 16, the encoder 306 is part of the baseband
prodBssor 34, andThereforeainstead oftramsmiﬁ}'ngm& seguenaasfidatz usiogia RM 36. FI G

16 sh of dev 2 f dd di
Lhe' oncaodh SAaNBHBCBRBGKE s Cnsthicted GiindSPerStebadiPiardle BIEr channel |
302. Thgodkedrferthd 22 quBRtd @F@afaet%%é/ ﬁaﬁérh?dédt |§¥ns'18#d eAtod&d ﬁb?ﬁgrtﬂet he

sequence of data 325 from the channel 2, as well as nenory
st or i ngheWesubetislebolk & .ofhe h@b-eodebomioﬁ?tlsmonsttdeted‘ﬁmn dfésmdethazéathrt her

i ncl udes decoder 8 conf f o conput.e, ch codeword.in the
codebook® % ward g i eﬁéﬂ ?ﬂ\af’ﬂ '%&%”@Hd?ﬁ%atgedﬁg%tee om), 3Rd i fact

d ted that
he Do ighBeLlan, aeh %ﬁ%&%@?*@@aﬁ%ﬁbﬁﬁe‘%" graid odr of B8 RRBE ST 2109, Lar

t he subcedeiwdrdskn G. dnéh@dpeclflcrenamlaaﬁovmgormm theecaaebook /@ énthahdf ng

mat ri x fm%a t| n codg ;ﬁsl The decoder, 328 %el ects the codeword
inthe 8 (514 FAge i etmgdtﬁfdh%ﬂe%\cﬁé?fﬂ?@n 8 QP8 ue. In one
speci f i ;maRIFRQSh dBrrdl erence
Lo FIGs 1 6, the*‘*%‘ﬁ'ﬂ%ﬁ“?%tz“@.@?‘?ﬁ‘ By B RO R MR el ! <

part of dutirg das@ha@d processor 22, and the receive circuitry 324 is rece| ve
circuitry 26.

20 A method for constructing a sub-codebook G from a codebook P of
an error control code is shown in FIG. 14. As an example, this method can be
performed on a processing unit. In one embodiment, the processing unit is the

baseband processor 34 on mobile terminal 16.

Turning therefore to FIG. 14, first in step 200, an empty codebook G
25 is established. For example, if the method is performed in baseband processor 34,
a designated area of memory in the mobile terminal 16 can be reserved for
codebook G. G initially has no codewords.

Next, in step 202, a codeword p is selected from codebook P and
added to codebook G. The selected codeword may or may not be deleted from



FIG 17 outlines the operation of the device of FIG 15 (the 20transmtter)
and the device of FIG 16 (the receiver). Steps 402 and 404 of FIG 17 are
per f or redwbyote7gipansmtter. First, in step 402, a seqeremaA0fo/odaiea 305 is
mapped (for exanple, by encoder 306) to a codeword g in cod ebook G Then,
in step 404, the codeword g is transr’{1’7tted over the channel (for exanple,
using transmt 25circuitry 308). The codeword g, which represents
an encoded sequence of the data, is corrupted by noise in the channel and

i s recefaaabogk R.ms willdes made(glear klawpifdhe selgciastepdawemiRis 9ty 324). This
IS Sho‘é@blb{%dsﬁ&ﬂ c%%@boa??’ ﬁt%iﬁlb\ée%gﬁgﬁﬁgg@l ?g?-dat a 325 obtained is
19

oper at upon, as shown in steps for exanple, by decoder
328. First in step 408, for each codeword in G a

correl ati on val ueln step @0gyardutetorelatibh@ammsitede eficedewendce isSthenand t he
codeword. Then, in step 410, the codeword is selected that results in the
hi ghestC¥BPY¥Mat i on val ue. This sel ected codeword represents the 'best
guess' of the receiver. 5A specific exanple will now be described below in

the gontext of a”TﬁEP'Yh%Yéé?@G,éHSHeI%ﬁo@%%plﬁm %%Pc@é@?bétﬂv@en'zor the

purpose of this exanple, 1t IS assune at’ a set arriers of an OFDM

r esour ceodawere p andievcHeddenbed Pl pesource spaces, each referred to herein
as a "tile"; each tile has J subcarriers. 10For the purpose of transmtting

an uplink control packet, a selected codeword is transmtted by the nobile
station 16 to thenbagg %B?%ggﬁoééwéﬁj ?Qﬁn‘ P# délded froRPP iftheR@dtlRpd 1 N

detail below, and using J synbol s per tile (one per sub-carrier), for

a total 5phit¥eé &3 é§%ﬂ%t\ﬁeeh’bémgféaﬂﬁ%%ﬁ@u?&yﬁor}ebﬁoﬁ%n_%"lﬁ?c;i/e '?Ep?’ 4, 6,

or 8 but 1t shou e clearly understoo at these are sinp
I mpl enent ati on exanpl es.

Steps 202 to 208 are repeated until all codewords have been
10 deleted from codebook P.

In this way, using the method of FIG. 14, a codeword from P is
added to sub-codebook G at each iteration until all of the codewords in P have
been deleted. This construction ensures that each codeword p added to G will
have an autocorrelation amplitude that is different from (and higher than) each

15 correlation amplitude between p and each of the other codewords in G.

In one embodiment, the method of FIG. 14 is performed in advance
of operation of the mobile terminal 16, in which case the new sub-codebook G is
stored in memory on the mobile terminal 16 and is accessible by the baseband

processor 34.

20 FIG. 15 shows an embodiment of a device 302 in which sub-
codebook G is stored thereon in memory 304. Sub-codebook G has been
constructed as described in FIG. 14. The device 302 includes an encoder 306
which is configured to map a sequence of data 305 to be encoded to a codeword
in the codebook G. The device 302 further includes transmit circuitry 308 for

25 transmitting the codeword over a channel 310. It will be appreciated that the
memory 304 may instead be located in the encoder 306 itself and that the sub-
codebook G stored in memory 304 may comprise only a generating matrix for
generating codewords in G. In one specific embodiment, in the context of the



Specifically, in this exanple the nobile termnal 16 transmts QPSK synbol

pi, at data tone j of atilei, wherei =1,-, 1,1 G{2,4,6,8} andj =1, -,
J where .Wwo=20R/0278ihe baseband processor 34 sel ects a coseraradop/ooiiepi )] E

G where 20 Gis the set of possible codewords determ ned using the nmethod
of FIG 14. The notation [pu] refers to such a set of IxJ QPSK synbols.

Let yif, be the synbol received at rdBei ve antenna number k at the base

station 14. yuk corresponds to QPSK synbol p transnmtted at data tone j of
tile i.systes desaribeswith refaseeeetn E1Gs.rof, heriaviea 302 ésthegnokilel t heref ore

codevor BN JCER e oBL PBe T RERRE M bEBRRR eRRER L S eLl ) oui g
deci si ofarfghit tiecuifty 30836 trameitcifduithus®G i, k  EP; Yuk 20 As
expl ai ned above, the method of FIG 14 is used to construct codebook G

which is a sub-codebook of a code P, such as a RMcode. In this specific
exanpl e, when consiG- & shaysanexanwpleembediment of a devige Bradopreeiving 14,

duri 99 34 Phecliftng HEABRES QLG RIRE RUaRIR!d. tHE BoflwS R isthifled BygPPUt ed S

asp
channel 302. The device 322 includes receive circuitry 324 for receiving the

sequence of data 325 from the channel 302, as well as memory 326 for storing the
codebook G of the error control code. The device 322 further includes a decoder
328 configured to compute, for each codeword in the codebook G, a correlation

10 value between the sequence 325 and the codeword. As is the case with the
device 302, it will be appreciated that the memory 326 may instead be located in
the decoder 328 itself and that the sub-codebook G stored in memory 326 may
comprise only a generating matrix for generating codewords in G. The decoder
328 selects the codeword in the codebook G resulting in the highest correlation

15 value. In one specific embodiment, in the context of the system described with
reference to FIGs. 1-6, the device 322 is the base station 14, the decoder 328 is
part of the baseband processor 22, and the receive circuitry 324 is receive

circuitry 26.

FIG. 17 outlines the operation of the device of FIG. 15 (the
20 transmitter) and the device of FIG. 16 (the receiver). Steps 402 and 404 of FIG.

17 are performed by the transmitter.

First, in step 402, a sequence of data 305 is mapped (for example,
by encoder 306) to a codeword g in codebook G. Then, in step 404, the
codeword g is transmitted over the channel (for example, using transmit

25 circuitry 308).

The codeword g, which represents an encoded sequence of the
data, is corrupted by noise in the channel and is received at the receiver (for
example, via receive circuitry 324). This is shown in step 406. The received
sequence of data 325 obtained is operated upon, as shown in steps 408 and

30 410, for example, by decoder 328.



t synbols corresponding to the codeword pE P. During step 206 of FIG 14,
the correlation anplitude between the codeword pE P and codeword ii E P is
conput ed wocordizngyot o the formula:E ._ Pt Pt , where pPCraA20QR8K36dat a
synbol in the set of T QPSK synbols corresponding to the codeword
ii E P and where p: 10 is the conpl eﬁgconj ugate of pt. As
described earlier, the nethod of FIG"714 can be perfornmed using a RM
codebook P. For a first order RMcode, it can be shown that the RM codebook
P can be partiti oniest in gtep 408,for ﬂa@p@@@i@n@rdslutﬁcamﬂ@m@nGz_alue@2 G3, and

usi ng. R SN EEn W R ELR Mo RFes 2D B M. Thebnly of Fr
14 using dtbp modﬁimwdemér@né seldeedd ihait résulsah tiod higm@@t/\@dilfﬂélatlﬁn gafehook P

m nus the_codewords in . &3 can be then generated by perform ng the
net hod of *ms@elemed@w@wweremmﬁmbest\me@ﬁﬂmw@cea/e@n It will be

appreci ated that although sone of the specific exanples 20 di scussed above

are gescribed in t d ] t 4 can be
appliged to a code’%%@ﬁgge e%h@%ﬁe%fb%c%%ﬁcﬁgﬁdcb%m "guﬁec?%'g %‘nt%f h I'inear
and nonOFDM 8ystef) GuBh aislthaEsHova® IIEEIGSXae i &sthie s, bhmlswﬁ@ihgte c
resi dual code, the Golay code, and the famly of B codes Al so, the

speci f | it iscaammned &t%@cﬁamﬁsua@@r@er%@fcan PROM r@wréﬁtsp@pe%dmeg;nm system
Fovever s fERloE aAdats Pabl e @l b N i S SR Mool TR G 1 1

I ndepenglgstiaridrst he nodul ati on schene utilized.

10 For the purpose of transmitting an uplink control packet, a selected
codeword is transmitted by the mobile station 16 to the base station 14 using / of
the tiles, as described in detail below, and using J QPSK symbols per tile (one per
sub-carrier), for a total of 7 x.J QPSK symbols. In the example below, Jis 16 and /
is 2, 4, 6, or 8, but it should be clearly understood that these are simply

15 implementation examples.

Specifically, in this example the mobile terminal 16 transmits QPSK

symbol p, at data tone j of a tile i, where i =1,---,1,7 € {2,4,6,8} and j =1,---,J

where J =16.

The baseband processor 34 selects a codeword p=[p,]e G, where

20 G is the set of possible codewords determined using the method of FIG. 14. The

notation [p, ] refers to such a set of 7xJ QPSK symbols.

Let y, be the symbol received at receive antenna number k at the
base station 14. y,, corresponds to QPSK symbol p, transmitted at data tone j of
tile j. Base station 14 implements a non-coherent receiver and therefore uses y,,
25 from each receive antenna to make a ‘best guess’ as to which codeword p was

sent by selecting the codeword satisfying the following decision metric:

2

Zpyyyk

J

p=argmax )

p=lp;1eG ik




WO 2012/ 027819PCT/ CA2010/ 001367 21 can be considered any nediumin which an
encoded data sequence is transmtted or stored thereon and subsequently
recei ved wo 2oezad781ber ef rom Final ly, although the foregecmgaran/doesn
described with reference to certain specific enbodi ments, various

nodi fications thereof will be apparent to 5 those skilled in the art

W t hout departing fromthe scope of tfie clains appended hereto. WO

2012/ 027819PCT/ CA2010/ 001367 22 CLAIMS: 1. A method of encoding data using
an error control Asexplaingsd alacnmdh@mei@o@@fﬂﬁn%lsmsqi toreonsitiuct er and

Cotebogtobsek oA SbeREIRER Y i Pofidh b aRAREIIEMS o' or

transni gsd @ﬂb@%@ﬁg@ WUPRANRINstrBEH S EaddBBOKCGIRINA FRvige the nfethb8 of PUGbOoOk  of
anot her codebook wherein each codeword g in the sub-codebook G has an

aut ocor 14 @rmgnstama% thecautnagorrelatinr ampétuderaf modemdréipgh@ommeed each

correl ation applitude between g and each of 10 the other codewords in the
sub- 60d@$)§dlp |Gwhere p,,t=12,...T,is a QPSK data symbol in the set of T QPSK

symbols corresponding to the codeword pe P . During step 206 of FIG. 14, the

correlation amplitude between the codeword pe P and codeword p € P is

computed according to the formula:z p,P,|, where p, is a QPSK data symbol in

the set of T QPSK symbols corresponding to the codeword p € P and where p:

10 is the complex conjugate of p,.

As described earlier, the method of FIG. 14 can be performed using

a RM codebook P. For a first order RM code, it can be shown that the RM
codebook P can be partitioned into four independent sub-codebooks G7, G2, G3,
and G4 for QPSK. G1 can be generated by performing the method of FIG. 14

15 using RM codebook P. G2 can be generated by performing the method of FIG. 14
using the codebook P\{G 1}, that is the set of codewords in codebook P minus the
codewords in G1. G3 can be then generated by performing the method of FIG. 14
using the RM codebook P\{G1,G2}, and so on.

It will be appreciated that although some of the specific examples
20' discussed above are described in the context of a RM code, the technique of FIG.
14 can be applied to a codebook P of other error control codes, including both
linear and non-linear, and non-binary codes. Examples include the quadratic
residual code, the Golay code, and the family of BCH codes

Also, the specific example embodiment described in the context of
25 an OFDM system above has been described in the context of a QPSK modulation
scheme. However, it will be appreciated that the technique described in FIG. 14 is
independent of the modulation scheme utilized.

Moreover, it will be appreciated that the “channel” described with
reference to FIGs. 15-17 is not limited only to a data communication channel‘, but



2. The method of claim1l wherein the codebook P is a codebook of a

Reed-Mul | er code. 15 3.The nethod of claim1 or claim2 wherein the

sub- codebwoko3/oeasogener at ed from t he codebook P by: PCT/CA2010/001362)
establishing an enpty sub-codebook G (b) selecting a codeword
from codebook P and including the codeword from codebook P in sub-codebook
G 20(c) conputing the autocorrelati & anplitude of the codeword from
codebook P; (d) conputing the correlation anplitude between the codeword

f r om coeRibb® kopsidatedoan maskilwdn avhich ao¢abodéd Batansenukricetis tgnsmitted odebook

P h c word_ in codebook P for ich e correlation anplitude is
cqual 18 SREBRIRIEah SRRy arpvedias Foadh rerspm
2012/ 027819PCT/ CA2010/ 001367 23 (e) repeating operations (b)
to (d) until all phafifielitloughlthé Yorehomgdeobékn aescritRlcals réfersnceagebook P.
4. The method of claim3 wherein the autocorrelation anplitude is 5 conputed
as El p, certain specific embodiments, various modifications thereof will be apparent to

5 those skilled in the art without departing from the scope of the claims appended

hereto.



, 2, and wherein the correlation anplitude is conputed as where p, t
=1,2, ... T, is a data synbol of a set of T data synbols , associated with
t he codewvoadofrmmigeodebook P included in sub-codebook GpCmltarzelopniders t he
conpl ex conjugate of p" and where -13, is a data synbol of a set of T data
synbol s associated wwth a codeword in\%godebook P. 10 5. The nethod of any
one of claims 1 to 4 wherein the codeword is transmtted using O thogonal
Frequency-Di visi on Mil tiplexing (OFDM. 6. A nethod of decoding a sequence
of dataqg%@ﬂ&ed over a 15 communication channel, the sequence havi ng been
encoded using an error control code prior to transm ssion over the channel,

the nmet hpd being p ' ; ' . LS9 4QPsal N t he
sequencgp' of data tﬁﬁ&\ﬁ\g@ggg@%@é@%%bééﬁglpae%q]c%mﬁrﬁ@|%8ﬂgcﬁ%r{ﬁ8ﬂ%d20for
each codming geiforraed ot temsnfitef andeomprisihgcont rol code, conputing a
correlation val ue between the sequence and the codeword; and selecting the

d in the codebook Gresulting in the highest correlation value; WO
38‘32}“8578'18%5;1@,@@%;%@@3@(3 data toga codeword frgm a codebook G of the error

5 control code; and
forwarding the codeword for transmission over a channel;

wherein the codebook G is a sub-codebook of another codebook P, wherein each

codeword g in the sub-codebook G has an autocorrelation amplitude that is

different from and higher than each correlation amplitude between g and each of
10 the other codewords in the sub-codebook G.

2. The method of claim 1 wherein the codebook P is a codebook of a
Reed-Muller code.

15 3. The method of claim 1 or claim 2 wherein the sub-codebook G was
generated from the codebook P by:

(a) establishing an empty sub-codebook G;

(b) selecting a codeword from codebook P and including the
codeword from codebook P in sub-codebook G;

20 (c) computing the autocorrelation amplitude of the codeword from
codebook P;

(d) computing the correlation amplitude between the codeword from
codebook P and each codeword in codebook P, and deleting from codebook P
each codeword in codebook P for which the correlation amplitude is equal to the
25 auto-correlation amplitude; and



24 different fromand higher than each correlation anplitude between g and
each of the other codewords in the sub-codebook G 7.The nethod of claim®6
wher ei n twe 2nettegivi s perforned in a 5 receiver that | nmpCeEB/001367

non- coherent detection and wherein the codebook P is a codebook of a
Reed-Mul | er code. 8. The nethod of clain6 or claim7 wherein the

sub- codebook G was gener at ed fromthezg]od ebook P by: 10(a) establishing an
enpty sub- codebook G sel ectin codeword from codebook P
and i ncl udl ng the (@dmeﬁtmqamhmﬁbd« (® umllﬁﬂ@fél@lébtﬁéllﬁygf

(c) corrp a I tude of the codeword from codebook
P; 15(d)c N&j{jgﬁég?%@i@% TS éécfe[)bﬁ)%g%l | tude between the codeword from
codebook P and each codeword in codebook P, and del eting from codebook P
each codeword in codebook P for which the correlation anplitude is equal to
t he auto-correlation anplitude; and (e) repeating
operations (b) to (d) until all of the plurality of 20 codewords are

del et ed 4.r om codebbdk Method vhelajfBhulaersin thesrutpgorplatien ampiéude is

autocorrel ation anplityde is conputed as Et Pt12 , and wherein the

cor r b at¢amputegias n&éj@) 5 angriwierein the correlation amplitude is computed as

le, B,

associated with the codeword from codebook P included in sub-codebook G,

where p, ..T, is a data symbol of a set of T data symbols

where p’ is the complex conjugate of p,, and where p,is a data symbol of a set

of T data symbols associated with a codeword in codebook P.
10

5. The method of any one of claims 1 to 4 wherein the codeword is
transmitted using Orthogonal Frequency-Division Multiplexing (OFDM).

6. A method of decoding a sequence of data received over a
15 communication channel, the sequence having been encoded using an error
control code prior to transmission over the channel, the method being performed

in a receiver and comprising:

obtaining the sequence of data that was received over the communication

channel;

20 for each codeword in a codebook G of the error control code, computing a

correlation value between the sequence and the codeword; and

selecting the codeword in the codebook G resulting in the highest correlation

value;

wherein the codebook G is a sub-codebook of another codebook P, wherein each
25 codeword g in the sub-codebook G has an autocorrelation amplitude that is



, Where p" t =1,2,... T, is a data synbol of a set of T data synbols r 25
associated with the codeword from codebook P included in sub-codebook G
25 wher e W0i2012/027819 , s the conpl ex conjugate of p" an®#CEGA2e10/061363 a dat a
synbol of a set of T data synbols associated with a codeword in codebook P.
10. The net hod of any one of clainms 7 ?g 9 wherein the sequence of 5 data is
recei ved using OFDM and wherein the rrelation value is conputed as 2

wher e i.s a data synbol of a tile land a data, ton and y ijk is _the
val ue gfd'ﬁﬁﬁenﬂ e 9%@1 hﬁh%ﬁh%?émﬁoﬁe@ﬁ'of‘ﬁ@&%‘g@ E%t"‘.’eeﬂg@ AN n a

dat a co%?tﬁggiﬁé aéﬁmr@ﬁﬂ-%é@ébcﬂ@G?”COde data 10 using an error
control code, the device conprising: nenory for storing a codebook G of the
error control code;

7. The method of claim 6 wherein the method is performed in a
5 receiver that implements non-coherent detection and wherein the codebook P is a

codebook of a Reed-Muller code.

8. The method of claim 6 or claim 7 wherein the sub-codebook G was

generated from the codebook P by:
10 (a) establishing an empty sub-codebook G;

(b) selecting a codeword from codebook P and including the

codeword from codebook P in sub-codebook G;

(c) computing the autocorrelation amplitude of the codeword from
codebook P;

15 (d) computing the correlation amplitude between the codeword from
codebook P and each codeword in codebook P, and deleting from codebook P
each codeword in codebook P for which the correlation amplitude is equal to the

auto-correlation amplitude; and

(e) repeating operations (b) to (d) until all of the plurality of
20 codewords are deleted from codebook P.

9. The method of claim 8 wherein the autocorrelation amplitude is
computed as ZIpt\z , and wherein the correlation amplitude is computed as

2

f

D. D, where p,, t=1.2,...T, is a data symbol of a set of T data symbols

25 associated with the codeword from codebook P included in sub-codebook G,



an encoder configured to map a sequence of the data to a codeword fromthe
codebook G and transmt circuitry for transmtting the codeword over a
channel ; Wb 2odpanesim t he codebook G is a sub-codebook of pamatArervoodebook P,
wherein each codeword g in the sub-codebook G has an autocorrel ation
anplitude that is different fromand hjgher than each correlation anplitude
bet ween g and each of the other codewotrds in the sub-codebook G 20 12. The
device of claim 11 wherein the codebook P is a codebook of a Reed-Miller
code. mheoa.gf, OISIBQ@BGTD’I@AQ@]JOQGGM‘GP, 2hdlehates pdsva dataosynobeliahaisetor
claim12 further conprising a plurality of transmt antennas, and wherein

t he traneh¥tdata pymborsyagsocided M@fbraaﬁod@NQrﬂaﬁMBb@ﬁchodevmrd over the
channel using OFDM 5 14. The device of any one of clains 11 to 13 wherein
t he sub-codebook G stored in the nenory was previously generated fromthe
cod ebook P by: (a) establishing an enpty sub-codebook G

(b) selecting a codeword from codebook P and including the codeword from

codebook1@. i n sub- Thdehetblsd Gf ahQ(dhe sfamiHis Nt Qhﬂwe’tétrﬂﬁ@rsfe@héhb@@fa”p' i tude
of the codeword from codebook P; conputing the correlation

anpl i buddaizeisieesived dsigdaioM &ndowhemmmorrela value is camsited pa

codebook P, and de Iet| ng from codebook P each codeword in codebook P for
whi ch thzfz( rell y W ee}gp Ixtsuad ga{assyerﬁgéa\loftaotllcta/and adatatonej, and y; is
J

j

the value of p, received at an antenna k of the receiver.

11. A device in a data communication system configured to encode data
10 using an error control code, the device comprising:

memory for storing a codebook G of the error control code;

an encoder configured to map a sequence of the data to a codeword from the
codebook G; and

transmit circuitry for transmitting the codeword over a channel;

15 wherein the codebook G is a sub-codebook of another codebook P, wherein each
codeword g in the sub-codebook G has an autocorrelation amplitude that is
different from and higher than each correlation amplitude between g and each of
the other codewords in the sub-codebook G.

20 12. The device of claim 11 wherein the codebook P is a codebook of a
Reed-Muller code.



15 auto-correlation anplitude; and (e) repeating operations
(b) to (d) until all of the plurality of codewords are deleted from
codebook W0 20/087¢1@vi ce in a data conmuni cati on syst em eomfdAgorogdiico decode
a 20 sequence of data received over a comunication channel, the sequence
havi ng been encoded using an error coQ%roI code prior to transm ssion over
the channel, the device conprising: réCeive circuitry for receiving the
sequence, of data f .a _codebogk G of the

omthe chapnel ;. nmenory far storin
error cohtrol codefh%ﬁﬁv'cﬁﬂ?é%c%H%W&gl‘}%ﬂ?dkwé@r?Qj’“gﬂﬁ‘ﬂgtaepmf iy @bch

codewor G4 - o] i i i . g,%]ﬁ and

t he codg\a%r?béﬁmgﬂ%q@g?égﬁ r%]e?%@qg% g@é%'@itﬁgs%\é@gﬁ&@ﬁesu i?lmr% in the
hi ghest coewsdrdtdventheathemneMusing @FDiMe codebook G is a sub-codebook of

anot her codebook P, wherein each 5 codeword g in the sub-codebook G has an
autocorrelation anplitude that is different fromand hi gher than each

correlation anplitude between g and each of the other codewords in the
sub- codebook G 16. The device of claim 15 wherein the device is

configuregl to per  pgd i a9 esTtoisifiecrt 1S dbrshitheisipldiiepeeRDOOk P

is a codebook of a Reed-Miller co . The device of claim15 or claim
16 furt h@rstereddnitse meroryl was preMicuslye generatethfrormtine codebabk2byr t he recei ve
circuitry is configured to receive the 15 sequence of data using OFDM  18.
The device of any pgpe pof clains 15 to 17 rein_the sub-codebook G stored

in the nemory was ﬁf@ﬁ‘?ggaéhﬁmgiyeﬁﬁh?ﬁﬁ&?% God ebook P by: (a)

establ i shing an enpty sub-codebook G 20(b) selecting a codeword from

codebook P and i nclhydieR@tihgd Ssti&wsit drdn eBuesssiePUndintiid debook G
(c) conputing the autocorrel ation anplitude of the codeword from codebook

P; codeword from codebook P in sub-codebook G;

10 (c) computing the autocorrelation amplitude of the codeword from
codebook P;

(d) computing the correlation amplitude between the codeword from
codebook P and each codeword in codebook P, and deleting from codebook P
each codeword in codebook P for which the correlation amplitude is equal to the

15 auto-correlation amplitude; and

(e) repeating operations (b) to (d) until all of the plurality of
codewords are deleted from codebook P.

15. A device in a data communication system configured to decode a
20 sequence of data received over a communication channel, the sequence having
been encoded using an error control code prior to transmission over the channel

the device comprising:
receive circuitry for receiving the sequence of data from the channel;

memory for storing a codebook G of the error control code; and



(d) conputing the correlation anplitude between the codeword from 25
codebook P and each codeword in codebook P, and del eting from codebook P
each codewondizm’siodebook P for which the correl ati on amplricAazam/osseequal to
the auto-correlation anplitude; and WD 2012/ 027819PCT/ CA2010/ 001367 28

(e) repeating operations (b) to (d) u 1;7|I all of the plurality of codewords
are del eted from codebook P. 19. A corrputer-readabl e nedi um havi ng stored

t hereon conputer- 5 reada instructions fo erformn od of

encodi g dABROGTRPIUEY t5oorDRNeo orsed, cuRER D I P b

I nstructions ¢diedibeh galhl%sﬁde’ Eéh%sé eﬁt"erérﬂ'! fHé’&)dH?/%r@t bﬁ&%eréé'ﬁﬁ{;' Si ng:
mappi ng a sequence o to a c deword from a codebook G of tThe error

control code;tharmbde®iond ivathd c@&ﬂwkcﬁdwﬂhm@ frothet highasti cosietatianvealue;
channel ; wher ei n t he codebook G is a sub-codebook of another codebook P,

wh i h h b- cod Kk h t | .at

Al § t UdRNETR TTSCRSRBRS PR oA R AT HAR CoOERORb s B G B, Pealol i ¢ ude
bet wegn ébd-‘HWbr@%th 9k édﬁcdﬁéb%bk@‘ﬁ@%n%tb@oﬁr@l@hé#@nﬁﬂm%t@ 15 20.
The conput er-readabl e nmedi um of claim 19 wherein the codebook P is a

codebookdlﬁercmtIfi@erdaNﬁlhlgsherdbdre each corremtlon‘lampldudgubeyveerelm eachedf um of
claim 19 or n the codebook G was generated fromthe

b-
codebook" %66”:0 Snordh Thd puf-ca ?Q‘B‘?Lk Ghing an enpty sub-codebook G
(b) selecting a codeword from codebook P and including the codeword from

codebook P in sub-codebook G (c) conputing the autocorrelation anplitude
of the codeword from

16. The device of claim 15 wherein the device is configured to perform
10 non-coherent detection and wherein the codebook P is a codebook of a Reed-

Muller code.

17. The device of claim 15 or claim 16 further comprising at least one
receive antenna, and wherein the receive circuitry is configured to receive the

15 sequence of data using OFDM.

18. The device of any one of claims 15 to 17 wherein the sub-codebook
G stored in the memory was previously generated from the codebook P by:

(a) establishing an empty sub-codebook G;

20 (b) selecting a codeword from codebook P and including the
codeword from codebook P in sub-codebook G;

(c) computing the autocorrelation amplitude of the codeword from
codebook P;

(d) computing the correlation amplitude between the codeword from
25 codebook P and each codeword in codebook P, and deleting from codebook P
each codeword in codebook P for which the correlation amplitude is equal to the

auto-correlation amplitude; and



29 (d) conputing the correlation anplitude between the
codeword from codebook P and each codeword in codebook P, and deleting from
codebook Woeardn2esidewor d i n codebook P for which the corcel@2imwosspl i t ude
is equal to the auto-correlation anplitude; and 5(e) repeating operations
(b) to (d) until all of the pl uralityzgf codewords are deleted from
codebook P. 22. A conputer-readabl e medi um havi ng stored thereon

conput er-readabl e jnstructions for rformng.a hod, of . decodi ng a
sequence of data 1@?1"%"\?‘900%@90%5@3&%@ ‘é&i'iagﬁirf‘%ﬁh’éﬁl,‘ty e sequence
havi ng beRwite93ee dertd@rdmh &5d&bodkapt rol code prior to transm ssion over

the channel, the conputer-readable instructions including instructions for
perform ng operations conprising: obtaining the sequence of data that was

recei ved over the conmunication channel; 15for each codeword in a codebook
G of the error control code, conputing a correlation val ue between the

esurtinlin the regninerEReaE GRUN eRgRoB e (Bl C s

sub- cedelaaakbrf inaheithris fépﬁéﬁﬁﬁllﬁngga MRS Of SRTHIRPdSt AnCridt t he

sub- codebook G has an autocorrel afion anplitude that is different from and
hi gher teéeniratgode cibercoinputenreadsble instrustionteineluglingthstuctions farhe ot her
codewords iin the sub-codebook. G = 23. The conputer-readabl e nmedi umof claim

22 wher PHTYAUNG GRE(AIONS CORRNSIEL ¢ i nstructi ons further conprise

instructions for performng the nethod in a receiver that inplenents

non- coher efjappRiges seQuisnc 6t the Wata b hRedendrPRBI & cbBeBodio tRBIaRK epfora
Reed- Mul | er codet. o 201d2/ 027819PCT/ CA2010/ 001367
control code, an

10 forwarding the codeword for transmission over a channel,

wherein the codebook G is a sub-codebook of another codebook P, wherein each
codeword g in the sub-codebook G has an autocorrelation amplitude that is
different from and higher than each correlation amplitude between g and each of
the other codewords in the sub-codebook G.

15

20. The computer-readable medium of claim 19 wherein the codebook P

is a codebook of a Reed-Muller code.

21. The computer-readable medium of claim 19 or claim 20 wherein the
20 sub-codebook G was generated from the codebook P by:

(a) establishing an empty sub-codebook G;

(b) selecting a codeword from codebook P and including the

codeword from codebook P in sub-codebook G;

(c) computing the autocorrelation amplitude of the codeword from
25 codebook P;



30 24. The conputer-readabl e medi um of claim 22 or claim23 wherein the

sub- codebook G was generated fromthe codebook P by: (a)

est abl i shwogomv2esipt y sub- codebook G (b) eelranirgomecodewor d
from codebook P and including the codeword from codebook P in sub-codebook
G (c) conputing the aut %orrel ation anplitude of the codeword
from codebook P; (d) corrputl ng the correl ation anplitude

bet ween t he codewo g f rom codebook n deword i n c deba&k P, and
del eting from code@i SRMPUtipg dhe ROES ”@% fher e Qe

correl atdqaRBR!P bHd®akh c?ggéﬁtbgd i(?x éé&b@&@ EHd ?éléﬁhé’ﬂo?rﬂ%déb&ﬁ( pand

(e) repeating operations unti | lurality of codewords
are del eeaah ¢odewarddelcodebdbk EEfoQWhmhrthemmdredﬁtlou:mmphhudel|$|gqaabmuheodebook

G of an error c trol de having a codebook P, the method being perfornmed
in a prddH9GHE %r}fﬂ”ta@ﬁgu%rrﬁ dsing: (a) establishing an
enpty sub-codebook G (b) sel ecting a codeword from
codebgok P and |nc ¢ i ub- codebook G
(c) cgrrputl ng the aezt o‘?:%brr a‘t%iqgfril arrggtg 0 %;Hgg@@% ledv\?glrltgo;fr om codebook
P; codewords are deletigd &onpcmde’tg)otkr% correl ation anplitude between the
codeword from codebook P and each codeword in codebook P, and

del eting from codebook P 25 each codeword in codebook P for which the
correlation anplitude is equal to the auto-correlation anplitude; and
22. A computer-readable medium having stored thereon computer-
readable instructions for performing a method of decoding a sequence of data
10 received over a communication channel, the sequence having been encoded
using an error control code prior to transmission over the channel, the computer-

readable instructions including instructions for performing operations comprising:

obtaining the sequence of data that was received over the communication

channel;

15 for each codeword in a codebook G of the error control code, computing a

correlation value between the sequence and the codeword; and

selecting the codeword in the codebook G resulting in the highest correlation

value;

wherein the codebook G is a sub-codebook of another codebook P, wherein each

20 codeword g in the sub-codebook G has an autocorrelation amplitude that is
different from and higher than each correlation amplitude between g and each of
the other codewords in the sub-codebook G.

23. The computer-readable medium of claim 22 wherein the computer-
25 readable instructions further comprise instructions for performing the method in a
receiver that implements non-coherent detection, and wherein the codebook P is a

codebook of a Reed-Muller code.



WO 2012/ 027819PCT/ CA2010/ 001367 31 (e) repeating operations
(b) to (d) until all of the plurality of codewords are deleted from
codebook W0 2012/02289 The net hod of claim 25 further conpPCcIiaxgostwiieng t he
sub-codebook 5 Gin nmenory on a device to be used in a data conmuni cation
system 27. The nethod of claim25 or, _claim26 wherein the error control
code is a Reed-Miller code. 10 28. Thefet hod of any one of clainms 25 to 27
wherein the autocorrelation anplitude is conputed as 1t A2, and wherein
the corrétation ahff romgetergeadaplgtreedias of ¢lginp22 orglrime23 whereinthe 2 .

codevor ¢ oA S HePondlestliom M8 DR RS s o i € 1 he

conpl ex conjugate of p,, and where /-5, is a 15 data synbol of a set of T

data symbol s assocfayesthblishingarcenptyosub-codelsstbgpk P. 29. A device

conprising a processing unit and nmenory, the device configured to perform
f f clainms 25 tq 28. . )

the method of any (%?%el%ctiﬁgacodeword from codebook P and including the

5 codeword from codebook P in sub-codebook G;

(c) computing the autocorrelation amplitude of the codeword from
codebook P;

(d) computing the correlation amplitude between the codeword from
codebook P and each codeword in codebook P, and deleting from codebook P
10 each codeword in codebook P for which the correlation amplitude is equal to the

auto-correlation amplitude; and

(e) repeating operations (b) to (d) until all of the plurality of
codewords are deleted from codebook P.

15 25. A method of constructing a sub-codebook G of an error control code
having a codebook P, the method being performed in a processing unit and

comprising:
(a) establishing an empty sub-codebook G;

(b) selecting a codeword from codebook P and including the
20 codeword from codebook P in sub-codebook G;

(c) computing the autocorrelation amplitude of the codeword from
codebook P;

(d) computing the correlation amplitude between the codeword from
codebook P and each codeword in codebook P, and deleting from codebook P
25 each codeword in codebook P for which the correlation amplitude is equal to the

auto-correlation amplitude; and
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(e) repeating operations (b) to (d) until all of the plurality of
codewords are deleted from codebook P.

26. The method of claim 25 further comprising storing the sub-codebook

G in memory on a device to be used in a data communication system.

27. The method of claim 25 or claim 26 wherein the error control code is

a Reed-Muller code.

28. The method of any one of claims 25 to 27 wherein the
autocorrelation amplitude is computed as Z‘ ptr , and wherein the correlation

amplitude is computed as > _|p, p,|, where p,, 1 =1,2,...T , is a data symbol of a
set of T data symbols associated with the codeword from codebook P included in
sub-codebook G, where p. is the complex conjugate of p,,and where p.is a

data symbol of a set of T data symbols associated with a codeword in codebook
P.

29. A device comprising a processing unit and memory, the device

configured to perform the method of any one of claims 25 to 28.

30. A computer-readable medium having stored thereon computer-

readable instructions for performing the method of any one of claims 25 to 28.



