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i APPARATUS AND METHOD FOR RECEIVING DIGITAL VIDEO
SIGNALS The present invention relates to an apparatus and method for
receiving transmitted digital video signals and operation of digital
devices/terminals, 5 Use of digital video signals such as digital television
(DTV) services via terrestrial broadcastifg has gained momentum
worldwide recently. One _of the attractive features of DTV is its capabilit
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DTV device, especially a handheld one, io however, low power
Q%sum‘%tion is.desirﬁlble for obtaining reasonable usage and standb
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is on the move, for example, when in a vehicle. To some extent, these two

requirements are mutually exclusive. In order to provide high quality
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j isti jgnal pro ing algorithms for mitigating adverse
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scheme is the so-called time-s ique adopted In the European

[SRivitssde Possilieatieh ey atHadareiand vBdepsjechication{t-alsdden the
[D¥E-H SYsigaimHeliBed RaseA0R s RaRent Rigial vi‘é?%d?ﬁgaé&&@ﬁ?,'rfhese two

Terrestrial (DVB-T) standard for fixed and mobile/handheld reception o
dRfr§VIghars mhduady oralrfdvalicioiiaidedaterwda DuBqyality services in
GRMIGHIYCR IRRAGRBSPONYA! thd NESREEY &hdl ORI SIARIIGRMYsoHRisticated
t0,90% to 95% in comparison with its 30 DBV-T counterpart [4].

signal processing algorithms for -mitigating adverse transmission channel
effects, which, of course, result in considerably increased power consumption.
Therefore, the application of effective power consumption reduction schemes in
the implementation of a mobile and/or handheld digital television

terminal/device is highly desirable.

Various schemes for power consumption reduction have been proposed in the
area of digital terrestrial broadcasting. A particularly well-known scheme is the
so-called time-slicing technique adopted in the European Digital Video
Broadcasting — Handheld (DVB-H) specification [1-4]. The DVB-H system is
defined based on its parent Digital Video Broadcast — Terrestrial (DVB-T)
standard for fixed and mobile/handheld reception of digital TV signals. The use
of time-slicing is mandatory in DVB-H and it can reduce the average power in
the receiver front-end significantly — up to 90% to 95% in comparison with its
DBV-T counterpart [4].
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2 The power saving made possible by the time-slicing technique in
DVB-H comes from the fact that essentially only those parts of the
moving picture experts group (MPEG) transport stream (TS) which carry
the currently selected data of the service have to be processed [3-4].
Thus, service multiplexing can be 5 performed solely in a time-division

hidtiptexe(TEMN g headata of sible paytinelaimsesutiapiedheraiers ME-HI comes
[tted continuously -.as, shown in Fig. 1la - but.in compact periodica
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h rsts e.selected service b itches to a power-saye {0 mode
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farshests e gericrrtintedimsggiiomygliipie DVIDM sy Jteendarapeflyne particular

r i b red and read out of the byffer .
B B B R e A Brad e butin
REEHRRE Persediiere ust B ridiinig v yrtiverssiavegierend of teedravtrend Fig. 1b.

PRRionef the-kirsts s signalled;in feips.o elative fi , :

m%re%%%o&?weien twcfé cggnsgegéutpi%/g%ﬂ%rgts%o t eéést:é:cn{{%%érv}tég Terminalidevice
pyastcanipandatiatiim geafdhnire ionathsrervincriyt th)itshasthe agnpesr-save

phasyemlimdigd millisesands whete O@a\%@rgs?)\fﬁépge@mgg e being

4 of Fig. 1b) may amount to several se lead time for powering up
Bhiedd, for resynchronisation and so on has to be taken into
account; this time period is assumed to be less than 250 ms in DVB-H

case [3]. In general, and referring angin to Fig. 1, the TDM based power
JaRrRIR b ralicied s thérdhobranelppwrionsily tikiwgstwataring the

esveraliuadodbeoftcHneA d6aited [P LG dassrirahan BIiKd @i rate.
%‘%glig?ﬁciigh% %:st ga{t%bcgrft]éi)éégoféo {g%':)e Sbu(r:st?’ geseds to be sufficient for bridging
the power-save period of the front-end. The position of the bursts is signalled in
terms of the relative time difference between two consecutive bursts of the
same service. Practically, the duration of one burst (on-time 2 in Fig. 1b) is in
the range of several hundred milliseconds whereas the power-save time (off-
time-4 of Fig. 1b) may amount to several seconds. A lead time for powering up
the front end, for resynchronisation and sc on has to be taken into account; this

time period is assumed to be less than 250 ms in DVB-H case [3].

In general, and referring again to Fig. 1, the TDM based power saving can be
measured as the ratio of the power-save time between bursts, relative to the on-

time 2 required for the reception of an individual service, i.e.,

;
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Where Sb is the burst size in bits, Cb is the burst data-rate in
bit-per-second (bps), C, is the expected service data-rate (continuously
transmitted with lower rate) in bps of a handheld device, while t5 is the
lead time in seconds. 5 In a DVB-H system, the burst size Sb = 2Mbits,
the maximum burst transmission rate is around Cb = 10Mbps, and the

heghareddead Yme b AluLs i Z9AMe: Ir]st%@gttg%gﬁi & I ef-second

around 4s. Thus, for a typical service data-rate ps, abo
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also been proposed for use in the Digital “‘Multimedia
Broadcasting-Terrestial (DMB-T) system, which is a candidate for

b@@mﬁrmmﬁﬂy thecomméng fRegligiaiiarrestial telsvision BoTdiransmission
adcast standard | m e countries: e.g, China [5-6]. The technique

IG5 A0S Fuise 5 P DVBS ieqiied ﬁgﬁ]@@ﬁciﬁ@muws =250ms. In
?fgmltlaaet miﬁed:%hb@mﬁetl\ﬂeemanﬁ(%@mlﬂ@ tﬁddf??ﬁbﬁl%ﬁiﬁ@?%@ ra)te of Gy
or realised in the li yer (i.e., the layer above the physical layer

gggg?ﬁe Igﬁgppsqeallgéf O pBPAYE In SRXIshy8BaPRyFhiRY S shBilim Fmakes it
F@sﬁJl@MBaT@ﬁﬁéla bisrgEchigaidiamestsue6dél- A basic frame
element is called a Signal Frame 8. The Frame Group 10 is defined as a

group of signal frames 8 with the first frame specially defined as Frame
@reimildiepoeet Zalivg Supentyame kids delinedrapasatPes Afderaehe Digital

he t the rame s ru called a Calendar Day
@@rﬁ%ﬁ% é ‘%glc (95! &siia &%3 Eélyéﬁ%ym?gnﬁea wRRdidate for
%mabsaglt@rtpsmtmwepmdr@/tﬁ@@smﬁilﬁ@iﬁéﬁﬁaﬂ@e@ﬂ@r@?ltbﬂ;’!‘ ) broadcast
features which differentiate DMB evices is its  adoption
T e s v GG e o pover
referngdito RBMBDE 10 EBM dAsatepistethin FI). 2/ askigntdfranaed eonsisketween

1 ng.20 and 2, The TDS-OFDM inserts
R S A el i el the iy (e
Methayer above the physmal iayer) whereas the latter is realised purely in the
physical layer. ' '

As shown in Fig. 2, DMB-T adopts a hierarchical frame structure 6 [7]. A basic
frame element is called a Signal Frame 8. The Frame Group 10 is defined as a
group of signal frames 8 with the first frame specially defined as Frame Group
Header 12. The Super Frame 14 is defined as a group of Frame Groups 10. -
The top of the frame structure is called a Calendar Day Frame 16. The physical

channel is periodical and synchronised with the absolute time as depicied by
time markers 18a, 18b.

One of the features which differentiate DMB-T from other DTT devices is ifs
adoption of the time-domain synchronous muifi-carrier transmission technique
referred to as TDS-OFDM. As depicted in Fig. 2, a signal frame 8 consists of
two parts: Frame Sync 20 and Frame Body 22. The TDS-OFDM inserts

pseudo-random number (PN) sequences 24 and their cyclical extensions as the



10

20

25

30

4 guard intervals, which also serve for synchronisation and channel
estimation. This time-domain synchronous technique can achieve fast
frame and symbol timing acquisition with the theoretical lead time, t, of
only about 2ms, which is desirable for TPM-based power saving
schemes, as can be seen from equation s (1). The signal frame 8 also

cpraptisetanl® RTHRDCK S . s ewnsiricisronisB8 SFRRSISLEIRERPWEEmation.
ﬁé}\ﬁ?% scheme for DMB-T is to form. a. number of frame slices 28, each
wit

a Cartain RO mber STEIRHESIFE IR FamESHSYRdR BeltAigeoand symbol
demiredfracgeigitom Wih Tpicalipratitamesticn?8 in, csnsisits sh&mrsignalhich is
f -slicing_ scheme is different from the time-slicin -
e B e ARGl TPy Tom squaton
trhhshtissinrial thartieldl ajer cohgreasshenftame-Blistkgescheme is
physical layer based, This gives some flexibility in controlling the burst
period and the power-saving period. Obviously, the burst size can be
EHOSERWS e e SizthefiiBneteivioslivees. Wiog acignze femIBVESISTAE to form
62A5rans, Hedhration.of >drameslicn 28 i IS 6358 D8 sive o
burst data-rate of Cb = 24M§b§%§§ {gﬁﬁtg séﬁ%ﬁ&ﬁ%ﬂ%igﬁsﬁlgwsswe signal
SRS Brakicg Priresrsideesama amermeood k0= Jvpiaatlyfclidwing slice 28

eaualing Lhrrnemay fingibatgin this ﬂ%’?ﬁeteﬁ@r%e@@ﬁgn@%'%glggﬁm the

384kbps, approximately rl = 97% power saving can be 20 achieved. From

{HOSISHGRBiSEHEEHSH, Whishdpareit th semsthdant aliding anamgenmesnt for on-off

ORG-S ARSIV SCRAMRIANIGHEAR PINE' FRYBLSIEHDSRASAE s physical
l(%(l-:-cre sed service data rates. 25 The invention is defined’in the _
i g@bg}?&@ﬂ clAMTs 986 & Uphotiariaiifrss epntrrilingelivoR uit aefissdand the

ipcive depengd b medvBhogi MeSLs [Havida anAstverIHAR, ISR size of
can be apilled either on top of time-slicing or frame- slicing schemes or

G 8s"dGaric-alblE Ui Rehdiams fetfueigahesstppewsie duration of a
¢ensenapdenefigigithyden dedcanel WAL EMRPIERE, 0L BE e the

burst size is found to be S, = B0Kbits. Taking into consideration a lead fime of
fs = 2ms and following equation (1), one may find that, in this case, for a service

data-rate of C, = 384kbps, approximately n = 97% power saving can be
achieved.

From the above discussion, it is apparent that both time-slicing and frame-

slicing are passive schemes which gain power savings at the price of decreased
service data rates,

The invention is defined in the independent claims. Some opfional features of
the invention are defined in the dependent claims. Embodiments provide an
active solution, which can be applied either on top of time-slicing or frame-
slicing schemes or simply as a stand-alone design feature for reducing the
power consumption of digital video devices or terminals. Embodiments of the

apparatus have particular application for digital television signals. Digital
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apparatus have particular application for digital television signals. Digital 5
television apparatus may make use of specific features of the
broadcasting system such as simplex transmission and its error tolerance
for motion pictures. Embodiments of thesapparatus propose an
environment-adaptation scheme for 5 reducing power consumption of

g esii |§1,9£1 ( ices/ inals. T h is .
3?5%3&% I%H%I%Q%WN %%%%gﬁ? atr%) %gﬁéj g%é}ﬁd'%%m%@ﬁ}%ebroadcastmg
PR RAHRY 36 admelredtinrsntiotipreans s remaliteerapleiog motion pictures.
complicated operations with simpler ones in one or more receiver

modules when the transmission channel is found to be good for signal io

trRERTBRISTH A RRBATBH D PEPBRRR I XD RTMBANS atfedaatrtign scheme for

reakdisng MBRIing ebtRemgivies of arb?grﬁpgrde%ﬁt@éﬂé@h aRRR o)
decader, which is cgrmmonly adopted in D Z%:tems. In embodiments,
t

SASIRIAUAR Sroddis S SRR R ARk Ipdp Selisepiial BHiquewapals and
sshritheltirdbuigigpowehegvigs: canig AchigvededS Fabedimenisobine n-time

prreﬁent invention w'%ll ow be described by way of example only and with
r

CRIZHEE (SR UGG RS AL AR MTGs SRR ORRS 1MIISR aBEsTIES receiver

auodetsof e EDMitasEdmaniesRaviRgSsaBeme; Hith? #IHRteREd for signal
f}i%r,.igﬁ{gé%%grar?ﬁ Strcture of DMB-T; 20 Fig. 3 illustrates a simplified .
e 1 of & DT TranLea et Big AR RRPREL I SRR EREKRE R Bral-time

diagram o
arpovteringdefctienzsitheties infthe ceceivrteaftthe IR doascelyaeebfiig, dhich is

T i ime-slicing and frame-slicing power reduction
A T e ST B R TR, 155,86 asaryerey process
betsyaamaticaily aadafrerieistiding sareémes ke pchiekarbe sutedwar savings
@Mq{es%mgygﬁiciency. Also, to maintain a certain level of quality of

i 0S), t

service e required high Cb should be always achievable
independent of channel environment variations. Together, in practice,

t@?xﬁ?o’&ﬁﬂ@ﬁ?mé@P@égﬁﬁtiﬁ%rﬁYSBeME?EC@J&e&etuégscribed by way of exampile
only and with reference to the accompanying drawings in which:

Fig. 1 illustrates the concept of a TDM-based power savings scheme;

Fig. 2 iliustrates a hierarchical frame structure of DMB-T:

Fig. 3 illustrates a simplified block diagram of a DTT transceiver:

Fig. 4 illusirates an implementation of a power reduction scheme in the receiver
of the DTT transceiver of Fig. 3.

The above analysis on time-slicing and frame-slicing power reduction schemes
show that a high burst data-rate, C; in (1), is necessary for both time-slicing and
frame-slicing schemes to achieve the required power saving efficiency. Also, 1o
maintain a certain level of quality of service (QOS),‘ the required high Cp should

be always achievable independent of channel environment variations.

‘ Together, in practice, these requiremants imply that the system architecture

design and the choice of related algorithms should make the high-rate

transmission workable under the worst channe! conditions such as a fast fading
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30 design and the choice of related algorithms should make the high-rate
transmission workable under the worst channel conditions such as a fast
fading 6 environment (with larger Doppler frequency shift - a significant
problem for mobile devices). Fig. 3 depigts a simplified architecture 30 of
a DTT transceiver. At the 5 transmitter side, the MPEG TS 32 is first

eSeAHRtBAR RAgY ROIINIRR) GG ERd dgﬁ:ﬁ‘l A gzﬁﬁﬁe@éﬁrle To éem for

36 is deployed such that its receiving counte part outer de=interleaver
-8B e dieie e;‘?fBSSlblllty of burst errors from the inner channel decoder
66. to After that, the bit streams will be encoded by an inner channel
jpcoder 8 such as a convolutional coder, Turbo coder or Turbo-like

erSTABRIGH # bR PANsse R diastureindRr fitctidavar Mersheiver. At the

resuingtinterieayeskbivstrans 42> a{'@ﬁ@ﬁ@ﬁ%@éﬂqﬁ?‘easmgé@yﬁ@omon (RS)
(PL%\?K)) or qu dra:?(%reé,_glnm litude modulation. (QAM) constellations (not
e

HERE IRt PR S® |§59ﬁﬂi8}éedar%'9§e@@é férrreceiving

thetmﬂ@mg@hal tretpredey tisikiatan @iplexipe: AR BM) sigBdifianeeHhYst arrors
Po% FiM Modulator 44. The transmitter also comprises a

|g|tal gl guaengoﬁ\c}gﬁg ) 46 and a RF transmitter 48 for

transmitting the transmission S|gnal over a channel 50 to 20 the receiver.

ejver.si he reve erati of the transmitter are
A e A
mmqm@} ogw?]mw?nsémmh?nddﬁkaﬁnmwsma@%b&ﬁrhaﬂﬂé;@aﬂ‘&j bits are
ultipath 25 chan vironme ts As illustrated in
T e e e VeSS o e i soams 42

he receivef comprises a
cﬂfﬁvmﬁm@mb) Sﬂaaaolsimﬁ S@wmgca(m@K)freqlaﬁrmyaaym@h@mmﬂe modulation

isati a I e tlmat to atlc ain control
%%m dﬂgﬁqﬂé&g@@%@@g manne equ Ilsa?%n ﬁﬁﬁﬁ%r GEH iﬁgggermapped
syMrienerehatesl decdden Gmeamnegdaahtéﬂqaeec%camduo’ﬁo afultiplexing
RSMSUS A frames by an OFDM Modulator 44.

The transmitter also comprises a digitai~t0~anél0gue converter (DAC) 46 and &

RF transmitter 48 for transmitting the fransmission signat over a channel 50 to
the receiver.

At the receiver side, the reverse operations of the transmitter are performed
with some additional processing biocks such as automatic gain control (AGC),
synchronisation and channel estimation for handling the noisy and multipath
fading channel environments. As iltustrated in Figure 3, the receiver comprises
an RF tuner 52, an analogue-to-digitai converter (ADC) 54, a block 56 for carrier
frequency, symbol timing synchronisation and channel estimation, automatic
gain centrol 58, an OFDM demodulator '60, channel equalisation 62, an inner

de-interleaver 64, an inner channe! decoder 86, an outer de-interleaver 68 and
an RS decoder 70.
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7 If one considers PALL =PRF + PBg to be the overall power
consumption of a regular DTT receiver (i.e., the device may not
implement a TDM-based power reduction scheme), and PRF and Pea be
the power consumed by the RF tuner 52,and the baseband processor
(not shown), respectively. 5 The required power consumption for a

hansheld savissbesgmespRHA p%ti’[ré g%e WIRREL Bgﬁér(zc)or%eé\ﬁion of a

10 Since DTV broadcasting Is mainly wnlink transmission, It can
AU PhEBREVERI| Faribs diaYiRe MBT 58 domiemnerddafiafibihased power

vmﬁl&m@@cé%),CB%%A?Q%W@Q%@%%HW@WH@% the RF tuner

however, the situation is quite different. Processing cqm?lexity and, thus,
r am%&wmﬂﬁﬁﬁéﬂg sfrewilidpyrraiyEMependent and
become fixed after realisation. Thus, PBB can be regarded as

inﬁge endent on the channel variations. Obviously, by default, the
LU LAY [FECURNE SURBBLPR T RS PRSHEE Iouics P ae e

design and implementation of baseband demodulator and decoder need

to take account of the worst ch%\@gej/cgpdgiqn) (T gi?ngrir};% ¢ nsideration
the fact that 20 PRF andfﬁ-anoeeuﬁy—al{ﬁeﬁé#eqaaLpzep@Xion ofthe
overall power in a regular OFDM-based DFF s/yﬁém, it becomes
necessary to reduce further Paa such that the required power
consumption, PALL, of a regular device, or, PRA, of a handheld device is

niﬁhiﬂﬂ'sféwbtmﬁﬁngséquﬂdna(ﬁr)yvﬁheiothalh&quiaadrﬁ&Gﬁ, it regulee assumed
L doa o D ey AL g AL O o Sparioep! 2ctal
r_ﬁbéﬂf@%&ﬁr@h&igﬁ‘rﬁ‘mﬁs vihitheare: sehelly phttighcvosmplestitg aseuatast is quite
el anecer e RN e S T . e
nfed YeURl ¢ rifRiigBd fRclagefddingl chanoric dinditicaféain malisation.  Thus, Pas
can be regarded as independent on the channel variations. Obviously, by
defauit, the baseband processor would operate at its highest level of Fgp as the
design and implementation of baseband demodulator and decoder need to take
account of the worst channel condition. Taking into consideration the fact that
Prr and Pgs occupy almost an equal proportion of the overall power in a regular
OFDM-based DTT system, it becomes necessary to reduce further Pggs such
that the required power consumption, Py, of a regular device, or, Pua, of a
handheld device is minimised. Foliowing equation (2), when the required Pgg of
a regular DMB-T device goes down from 800mW to 500mW, for example Pua
will be down fo 30mW from 40mw.

Given a high target of C,, operational module control algorithms which are
usually of high complexity are most likely selected for achieving robust receiving
under less-than-ideal channel conditions. The channel estimation aigorithm, for
example may need to be enhanced for fast fading channel conditions in a

mobile environment.  These enhanced algorithms, which are usually
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mobile environment. These enhanced algorithms, which are usually 8
computationally expensive, are actually redundant in situations such as
when the user is slowly moving (e.g., pedestrian) and even still. A power
reduction scheme is illustrated in Fig. 4. The receiver apparatus 5
comprises an operational module configured to operate in a first mode

apshipaRRENY Bl dhe agparatys i .r]%%%?ﬁ?glq{%g %‘tﬁ%ﬁﬁ?ﬁs such as when

operation of the module from the first mode e secon In
dE5erhsRnESEIVEN B égarPadertiameandearritist.of the channel.

Examples of the operational modules of the receiver are the AGC 80, _
ADC 82, Channel Estimator 84 and Outer Channel 10 Decoder 86 of Fig.
A TR AP LRIRhp ssave diHstaiRFatiordsmadulddedepraier apparatus

genersilycay 850 8- A A%RAMBIE AL 2 Arslonrdet8f ARGAHOR, & OmINE and in a
ADC 82, is %J ADC 82 to operate with "normal" samgllng resolution.

th A M
RS UL fE 3P ORI BRE B STl KBLoBE i Bpedhibe moduie
vitthmother fssimpting resdhetienctbd hadeseaiveldssanigueeditamakeriate of an

decision on whether.to operate one or re of operational modules 80,

£ I HECHE (PO L OF SR RIBBE T S S GRERional Modules of
désesztrarr afrththe B e 60 ADGIRRNS haneavay oh doingahis dsdoier Channel
r@ﬂm r etectj ctivities of the RS decoder (88 in 20 Fig. 4
Comﬁéy@géﬁ& 'a% tm%caﬁgﬁﬁé?c%’u HRESRIARS 5&?@&@%5)‘[@0%]93
mm@tmnﬁmlmdbxer&ﬁrcﬁﬁn%nta{xmmpt&tiohangﬁe,mdiwl ’ ef Geéfﬁtmﬁ for, e.g.,
recei [ r e nsecutive RS codin ocks (before error
c%%ec?;)q]e%%%? i rg?-?ﬂy Eljgi u%%c(feag %eég\és%ﬁ"cﬁt%rrﬁ#fc?raggéléggiﬁ%so{um“' The
viesied fhedehahneeeiiiroimekDis diba dontiigdddCIBAtta timerinstanth lower
tsﬁ‘rﬁﬁﬁﬁﬁi}@iﬂigﬁ? received N or more than N consecutive error-free

RS coding blocks, the current channel condition is assessed as "good".
Otherwise, the current channel condition is assessed as "not good". Here,

thevalbefldy . iwhichrean.gasalesied 28 AORLVEINGASHSP ér(%lﬁépa e one or
reliability of channel condition

more of operational modules 80, 82, 84, 85, 88, 87 in the first or the second
mode from a real-time assessment of the channel 50 conditions. One way of
doing this is to monitor the error detection activities of the RS decoder (88 in
Fig. 43, commdn§y adopted as the channel outer decoder in most DTT systems
to estimate the channel environment or condition. Here, whether or not the
receiver receives N error-free consecutive RS coding blocks (before error
correction by RS, if any) is used as a decision criterion for assessing whether
the channet environment is good or not good. i, at a time instant ¢, the receiver
has received N or more than N consecutive error-free RS coding blocks, the
current channel condition is assessed as “good”. Otherwise, the current
channel condition is assessed as “not good”. Here, the value of N, which can
be selected as a positive integer, controls the reliability of channsl condition
assessment. When N is selected small, the assessment result “the channel is
not good” is more reliable than “the channel is good”. Correspondingly, when N

is selected large, the assessment result “the channel is good” is more reliable

than “the channel is not good”. When the receiver determines that the channel
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assessment. When N is selected small, the assessment result "the
channel is 30 not good" is more reliable than "the channel is good".
Correspondingly, when N is selected large, the assessment result "the
channel is good" is more reliable than "the channel is not good". When
the receiver determines that the channel 9 is in a "good" condition, the
receiver, switches on or more operational modules 80, 82, 84, 85, 86, 87

fiom the HrSfmeY& 6&%&1&%6% BYRE SWESHESHRR OF TBRE: AR atienAkmodules

cBOtiBaeB4n@TitdBHgaT frenchhsrfakis mbeias oherafioestnfiiossidhg mode of
ng&t‘lﬁ O%nvironment is an ongoing process -the receiver is configured to

toggle between first and second modes of operation in dependence of the
continued estimation. Because of the reduction in complexity of the

' - eiyer, embodiments,of the receiver are . .
o e e SR S St o e
i tiRaRicemdraivtetfis geraigoitiapratessinithe firstivade obofigiagiono toggle
' I ti ig.4is.n iven,. Controj variables M P .

R BSOSO SJa O S PSRN conimeo
@ﬁﬁﬂ@*@ﬂuﬁ@%ﬂ&ﬁ@émfm@gmmmngrbmek'stwqmarepr@miuedla;tatus of
thereeivoE Prighipsu et rRinRtign. hatlhe chaan l'ﬁflﬁﬁé@Q%dllcsonsume less
condition; M is a predetermined maximum number of consecutive _

&lerifierl IRayeowbahGhe onesWsichre@ o doeisetondheseeont operation

m&&ewﬁ@;ﬁ)mqﬂgqirgfig(dgé%\fqggg%@oﬂperation in the first mode of

operation; After operation in the simplified mode of operation, P is a
predetermined minimum number of consecutive RS coding blocks which

Aederdied espiehinherire node,elPBR/EHOR AHRLIYSMIRIDIPREKHIS N K of

255_ operation in the second mode of operation when the channel is'in a

"fod FshRIBIE bR follows:

¢ N is a predetermined minimum. number of consecutive eror-free RS
coding blocks which are received at the receiver prior to a determination
that the channel is in a “good” condition;

« M is a predetermined maximum number of consecutive error-free RS
coding blocks which are to be received in the second mode of operation
prior to reverting to operation in the first mode of operation:

¢ After operation in the simplified mode of operation, P is a predetermined
minimum number of consecutive RS coding blocks which are to be
received in the first mode of operation prior to switching back to
operation in the second mode of operation when the channel is in a
“‘good” condition; and

* kis a count of error-free RS coding blocks received in a channel “good”
condition (i.e. after receipt of N error-free blocks described above) and is

used to control the process flow.

Initially, k is set to zero, and any or all of operational modules 80, 82, 84, 85, 886,
87 are operated in the first mode of operation. RS decoder 88 monitors the
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k is a count of error-free RS coding blocks received in a channel "good"
condition (i.e. after receipt of N error-free blocks described above) and is
used to control the process flow. 30 Initially, k is set to zero, and any or all
of operational modules 80, 82, 84, 85, 86, 87 are operated in the first
mode of operation. RS decoder 88 monitors the 10 signal received over

¢ 1eba0 I NCRRSERHING QB YLIee %%&%@9&'@%&%&%},51%2 T %Polocks

. Until N consecutive error-free RS coding blocks are “detect
BbiAEHHIT cigRNEP0 ridndlderabasutivatgontieeARSudnding keptks are

abzareat ﬁx@pcgacﬁﬂsmaﬁ'&%ﬂ@%ﬁ@@@@ﬁ@é}%‘mw@ﬁ&ogcg@gf‘haé such. k

85, 86, 87 are operated in the respective first modes of operati pon

FeteRiFH eriteNHIR Teanm/bepoIchet RIS SHRRLEEK aetrs03thda2, 84,
appagiusTeipsminesdaat the rhanaehising "gredreanditign ’%é%adftio% Upon

éwitch,es operation of one or more of operational modules 80,

BISPHO0 thE 1AM PRREEHERR ratib - 189 Rvec8aingg Riash@kméeredo, the
hypeplasingsemplicaied apgratinbehbeiLperatigaahmedHIfasIP. $4d 8vitches

85, 8% 87 v¥ith simpler o egrftional modes when the channel is found to
BRYBBA T syt dRgiricdi b eraipralimailex 2 ik i nftfeSdt to the

the aperatideabhdistetiisna normal mode of 15 operation and the second
mode of the operational module is a simplified mode of operation. In Fig.
4, the receiver implements the power reduction scheme for any or all of

Bperaticswlimpdedes B, &He&ﬂecsaa%rméaiagaw_m@mr@%W%f the
o A OB G0t o i AmBlner (LK) O RFAGRER S modes
stEROthe opeatehishfaset onbengdeqdin wiyahlisiersrifaia firshaore in one
SR B SRR R U B e o
epafifineditoorer atecwitth mode of the operational module is a simplified mode
of operation. In Fig. 4, the receiver implements the power reduction scheme for
any or all of operational modules 80, 82, 84, 85, 86, 87 in a DTT receiver as
examples for illustrating the concept. If the channel condition is.determined to
be good, the AGC 80 gain of low-noise amplifier (LNA) in the RF tuner 52 is set
to operate with a second mode gain which is less than a first mode gain; that is,
to a lower but yet acceptable level such that lower power consumption can be
achieved, In one example, the ADC module 82 is configured to operate with a
second mode sampling resolution which is less than a first mode sampling

resolution; the sampling resolution in the second (simplified) mode of operation

is less than the sampling resolution in the first (normal) mode of operation.

Similarly, as the inner channel decoding may involve a certain number of
iterations (e.g., with Turbo decoder) and/or require certain data resolutions
(e.g., with a soft-decision convolutional decoder), the power saving can be

achieved by reducing the iteration number and/or the word-length [6] when

‘switching modes of operation from the first mode to the second mode.
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second mode sampling resolution which is less than a first mode sampling
resolution; the sampling resolution in the second (simplified) mode of
operation 25 is less than the sampling resolution in the first (normal) mode
of operation. -Similarly, as the inner cha pel decoding may involve a
certain number of iterations (e.g., with Turbo decoder) and/or require
i e i Wi oft-decision conyolutignal decoder),
Sk)?eﬁ ggwﬁigévﬁ%gé%%n&éga‘%ﬁﬁg? %%Ci%%u%ﬁgaﬁ%aﬁgfgﬁo\ﬁ' 4 operation of
AR /BP e B RIS IRARAE) vah ero S0l switeHing finstdes 06 opfesptioativonintheither of

ikt Mage. t@ﬁ?ﬁ,sﬁwgr[ﬁ?‘?&dgtyg@;ﬁEH‘élﬂeﬁcc%bqn qugc(l)(f %%ﬁg!t(iaonn step 90

the apparatus will revert operation of the one or more operatiohal

RREIGITBORS thafidh ASGe e biserioniceivraiog feyevags. Fistbisan received.
eEuns HeteaieshinadeR $c9ding Rlogte flepision step 99n82&‘?rrrgf8%s %}aé[rationai
N consecutive error-f[ee COdlng have no'g now been received. 5 Count KIS
{Iﬁ‘é’ﬁ‘r‘éf'sqe?fﬁ 3Re0 srdiched sl trdiunérst meds shapeiEiignmodules

are then switched back to the first mode of operation. Secondly, to prevent

gng/ oag{ible misjudgement due to, for example, baseband processing
8@[” o iR BrE¥FID AnkRosriis dnirivdaamant Aesitaofuseveapleiobiaseband

isrootpeingikielty makeia lerr dsHISKENHREIMaRRLORELBENRIO98 robust when
Q(hannetl condlftépn a regular return to the first mode of operation (i.e. a
S REtkiE BiRke g ST nSian ARNaRE BaiRericRahaepd channel

conditions,are fegutbgorduis peifameedirdftandgteraringianabsten .80 a more

that;;[ré?. channel 50is .in a g%gd" condition, the apparatus checks at ste
SaRhatrarthe FiTREER 9 Y8 e BYESeHihotin cirmatichangeh tenditiens are

tthedvgols, theapparaids AMdeicosieeswastiesthgapaimum menbemie 50 is
onse gti(\{e Ro% [ Idin ﬁ)locks in g}e second mode éi.e. simplified mode)
g} pé-i(tl n has e%nrigéx%e%ndjeeﬂel S SFVBaPHE Afdhgndhe ndmber of

theteprénestiyt-stepi9ddhatddhiss eofeen ancapdethdnewdi@sON®er apparatus
T TS 08, T 3% B
the second mode (i.e. simplified mode) of operation has been exceeded {k is
qual to M). If the apparatus determines at step 94 that M has not been
éxcaeded, then the one or more of operational modules 80, 82, 84, 85, 86, 87
continue to operate in the second mode and count k is incremented by 1 at step

96.

i no error is detected in the received RS coding biocks, the apparatus controller
loops around steps 80/82/84/85/86/87, 88, 90, 04 incrementing k in each loop
until the apparatus determines that count of the presently-received RS coding
biock means that the number M has been reached (that is, k is equal to M) and

proceeds to revert operation of the one or more operational modules 80, 82, 84,

- 85, 86, 87 to the first (normal) mode of operation.

When operation is switched back to the first mode, predetermined count P
defines the number of RS coding blocks to be received in this iteration of

operation of the one or more operational modules 80, 82, 84, 85, 86, 87 in the
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If no error is detected in the received RS coding blocks, the apparatus
controller loops around steps 80/82/84/85/86/87, 88, 90, 94 incrementing
k in each loop 25 until the apparatus determines that count of the
presently-received RS coding block means that the number M has been
reached (that is, k is equal to M) and pré%eeds to revert operation of the

one or'maﬁr}e er tiongg%m%dules 80, 82, 84, 85, 86, 87 to the first )
(I ot oF Siher oM SOARRRIR b SSRGS MR BRI KAS ki received

ficstdingdelopkedeianyioedntdunt R+definesthecuinkas ohSreediBa by 1 at step
b%s l’t'!% beé?gei\(jeg ig_\this iteration of 9;)E;@qer%tion gf the one or more . .
operationaRRsHIRCEY 2T EACRBIYE FFRIRHRIZLMREHIRS FORpLEs,in the first
ag\athe appreratisndetermines whether the kth received coding block

means count k = M+P. If not, count k is incremented by 1 at step 100 and
operation of the one or more operational modules continues in the first

néeRnaiepetiatiolnas kipanaletbttionkhar&ssguaks Koreedk is mese) Gred the one or
f I [ . I ra

O B praT oo SAGtal IR WSt mose
pakenrAration stdovgryandmipanayt rrssdirakahistern Pocinecappasatus detects

zg1e: I theschaaneleandiion £amaing, 0ead nihen 91858t &hhins “good” then
error-free coding blocks at step 90 is iImmediately detected and operaﬁon

ofarRIRinel N bR dia atiemiaamlachs & sternRRl sadrrocsiatelcdatected and
r@@@ea@wgfam-ﬂww%w%g@aﬂ@%%&h@ DRI back to the

between quality of service 15 (QoS) with power savings can be effected.
A5 B 9EREGRHIAB between first and second modes of operation

is controlled by prescribing the maximum number of consecutive RS
C_E ing blocks that can tt&%received in the second mode, and the minimum
er

E3REEGe RS BEERTGHRIcKs R AROGR BRIMERIVEUHItheT service
fitSabpdetithatver withingtewnradoerisnis MranthBr, 2 AtepB glifRbetween
bfe seendxhat SU%P a sé%nal rocessing algorithm can control .

irst and second modes of operation is controlled by prescribing the maximum
number of consecutive RS coding blocks that can be received in the second
mode, and the minimum number of consecutive RS coding blocks that should
be received in the first mode; that is, with reference to counts M and P.
Therefore, it can be seen that such a signal processing algorithm can control
the apparatus to toggle operation of the one or more operational modules
between first and second modes in dependence of a the received coding
blocks, not onty'between good and bad channel conditions, but also in a regular

pattern when the channel is friendly to transmission.

It should be pointed out that, here, the choice of the parameters N, M and P
depends on actual design requirements, as these parameters are the
determinant factors for balancing the required power saving efficiency and the
QoS to be provided. If N is selected small, M large and P émail, more power
saving can be achieved, but at the price of lower QoS, and vice versa. In acttja!
implementation, these parameters can be predefined or be hardware-

reconfigurable.
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the apparatus to toggle operation of the one or more operational modules
between first and second modes in dependence of a the received coding

blocks, not only between good and bad channel conditions, but also in a

regular pattern when the channel is friendly to transmission. 25 It should

be pointed out that, here, the choice of the parameters N, M and P

depends on actual design requirements, as these parameters are the
determinant factors for balancing the required power saving efficiency and
thleuQdS i (s piioei died réfdvide SelthtadthmakoMitageandP sratt mskeiver by

h d, but at fl S,
CUE PRI AR A 0 DA e OO, T
be, hﬁid&%lrélgt@'&mﬁguva‘m@ 1@’eThlm4at!ys pbsisighe tmmpimayfuﬁherrﬂrt&st likely
S T A BN R S MR SRR ATRRY i 8 Blons. The

channel environment” Given a ose AlgontmeEaW
shaRakppOTRIGCalapritit, af@r rﬁﬁ@ﬂhk@ymfgeleemﬂ forimfaahimg:ed for fast

FABKR] rereiying URIRENRINDS C%an&%b(f%ndg@% g ,ghan ste enhanced

estimation algorithm, for example may need to be enhancéd for
RlaMgvREN '%Mﬁl&hﬁﬁﬁi'lﬁ@ﬁﬁmm‘iéﬁiﬂﬁmweﬂfh@% ershaotedy redundant

HIABEIER. YRR %H%@M%ﬂ%@é@rﬂ@”%% §l¥%lg‘ﬁ%§§%@%}éstnan ) and

redundant in most situations such as when the usér is m

@87 $léblestrian) and io even still. The channel estlmatlon 84, which is a
significant component for achieving acceptable system performance in a
mobile environment, is now discussed as a detailed example of

PRl aREAiRRy Bfte Y HE R dSp prisE BB FRMRONR S dRErachieving

A@déﬁﬁﬂﬁé%ﬂ/ﬁbﬂvﬁéﬁtﬁrm%é@lﬂ@%%"é‘?hv‘ﬁ%ﬂi%@hte@ﬁﬁﬁﬁgéﬁussed as a
% ied function y to reduce ﬂpower consumption. In the DM

 REER! @ﬁﬁ?&ﬂ&ﬁ 'ﬂ)%r%ian%ﬁ%%\{@fb%%%d)ﬁﬁaqsmoposed power
Bavfﬂgnech@rﬂ@e tme dipaiResing tie: PhheeovRiRAOTRAFN I ABRENBE from

20 i . .
enhanced to simplified functionality to reduce power consumption.

in the DMB-T system, the channel estimation is per signal frame based and is
performed in the time domain using the PN sequence of each Frame Sync 20 -
[8]. Suppose that the channel impulse response (CIR) at the Frame Sync 20 of
the nt" signal frame has been estimated as A(n, N, /). Here, N, denotes the
relative position of Frame Sync 20 in a signal frame 8 and / denotes the index of
CIR taps. Assume that the first path is the main path of the channel 50, the
channel frequency response (CFR) estimation at the k™ subcarrier, H(n,Ny,k),
over the Frame Sync 20 interval of the n'"" signal frame 8 can be obtained by

performing a discrete Fourier transform (DFT) on A(n,No, /).

It can be seen that the CFR estimation achieved, Hf(n,!\!o,'k), can be used for
equalising the Frame Body 22 of the n® signal frame provided that the channel
50 is invariant over the duration of a signal frame 8. However, this may not be

always frue in practice, as indicated in [8]. When the channel 50 is timing-
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20 [8]. Suppose that the channel impulse response (CIR) at the Frame
Sync 20 of the nth signal frame has been estimated as h(n,No,O. Here,
No denotes the relative position of Frame Sync 20 in a signal frame 8 and
| denotes the index of CIR taps. Assume that the first path is the main
path of the channel 50, the channel freéff]ency response (CFR) estimation
%}1 e kthvsub arri ,rl-%g\ N ? 25 ovefr the Frame Sénc 20 interval of the
a Fame Atea St r?é%iw FRNS-Hir) s G raifficed channel
&aWMhm(mma(m,[\&),mw caplye seen that the CFR estimation
achieved, hl(n,NO,k), can be used for equalising the Frame Body 22 of
the nth signal frame provided that the channel 30 50 is invariant over the
Aemation Yhat dlymallfeame SHowamrgrodsisaniagaoybelomys/gUend period of a
RIGCYChaRT G dan(G] %YHSPS“EIF;FS fo Slféo tlrp h%Jf i Var%{éargt of the "

over the duration of a sj me 8 ance "ehah
daimnaiiorbabebitea in fSﬁlﬁaﬁlaﬁDWNAs&mﬂE tI\%lt d;lae dbanestiB@ted by linear
\Hidesgees A Jaear variation over the period of a s signal frame 8, the kth
subcarrier's CFR, H(n,NO,k), at the time instant of the 1<h data symbol of

the nth Signal Frame Body 22 can be estimated by linear interpolation as:

H(n,i,k)=FH 4 (n, iH D (5 Ky (3)y 10 where a linear function
of i. Define: H 4(n, k)ﬁz(izlg r}g-jNo I(g)}+ {I(n No k))lé)% fs and: H n(n,k) = (3)

(H(n,No,k) - R(n-1,No,k))/2, (5) And let X(n) = [X(n,1),X(n,2),...,X(n,Nb)]
Wdré(8) arEENiAdIH uRbtiorY 67 NDLIR 20 transmitted and received data

vectors of the nth signal frame body 22, respectively. Also, let us define
the diagonal matrices, A = diag(al, a2,... aNb); U(n) = diag 0 A(n,1),

HA(n,2), ..., RAGNB) xand V)= miag(HB(d). a(n,2)) 2, RS(IND)) 4y

with H5(n, k) = hlo(n,k)(HA(n,k). The system transmission thus can

and;
H p(nk) = (H(n,No, k) ~ H(n—1,Ng. k))/2, (5)

And let X(n) = [X(n,‘l),X(n,Z),...,X(n,Nb)] and Y(m =[Y{n,1),¥Y(n,2),...,Y(n,Ny)] be
transmitted and received data vectors of the nth signal frame body 22,
respectively. Also, let us define the diagonal matrices, A = diag(as, 87,...8Np ),
U(n) = diag (H a(m1), Ha(n,2), ..., Fa(n,No)); and V(n) = diag(Ha(n, 1), Ha(n,2),
., Fs(n,No)) with Ha(n,k) = Fp(n,k)/Ha(n,k). The system transmission thus can

be modelled in the frequency domain as:
Y(n) =I-T(n)) . Uln). X(n) + Z(n); (6)

where Z(n) is a white Gaussian noise vector, and, T(n) = WAW" V(n)y with W
and W" being the DFT and inverse DFT (IDFT) matrices, respectively. Thus,
the equalised n'" signat frame body becomes:

X () =Uw*. @-10m)" . ¥y, 7)
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be modelled in the frequency domain as: 25 Y(n) =(I- T(n)) . U(n) . X(n) +
Z(n); (g) where Z(n) is a white Gaussian noise vector, and, T(n) =
WAW"V(n) with W and WH being the DFT and inverse OFT (IDFT)
matrices, respectively. Thus, the equalised nth signal frame body
becomes: 30 X (n) = U(n)"t. (I- T(n)) t %n), 15 where | is an identity

matrix. The actual implementation of (7) requires. significant expense gsit .

s b Bord oA (NS B o/ IR ATRAGR. k) requires

higdmifieaptexifyecarr 2 iethuetddsyausiay thenfpliontad rmppioxiveatidoasperation,
[T (©®)).T'(n).(8) As a result, the simplified equalisation can be .

P !F?-ér"r??ed as):TPﬁw)m@J?n)):p i ??{HS)( -5 A(n %(H?@.C@g %VTH{;%"Q@)ré},"%efOHOWMQ

repeivexirsaenfigared to receive a signal frame of the transmitted signal,

the signal frame comprising a frame quy,nﬂd to, perform, in the

frequency domain, a simﬁiﬁegéﬁdélisatfo tthe fdme body. Thus, (®)
embodiments of the receiver perform the simplified equalisation of the

frang Body RPEHARING &1, AR0LS WBHR%‘;&W%H%ETS“”

operation. 15 Obwiously, the above channel egtimation and equalisation
can be easily inc¥rporatetd into’the propgsed Power reduciion scheme, as  {9)
a trade-off between system performance and computational complexity
can be easily made simply by choosing a suitable Q value (i.e. number of
itbhaiefrres the racpitdsonigrerdile reraivharsigaal dripsechttgitiansmitted
cappUharRthefhanpshis %ﬁ@@ng%ﬁﬁﬁﬂg%&ﬂ,a&%’%'%Q%rm, in the
value for fast varying channels. Note that, from
frequency domain, a simplified equalisation of the frame body. Thus,
embodiments of the recetver perform the simplified equalisation of the frame

body by performing an approximation of a matrix inversion operation.

Obviously, the above channel estimation and equalisation can be easily
incorporated into the proposed power reduction scheme, as a trade-off between
system performance and computational complexity can be easily made simply
by choosing a suitable Q value (i.e. number of iterations of the “T’ process).
Receiver designers can choose Q=0 in a case where the channel is good and
increase it fo 1 or an even larger value for fast varying channels. Note that, from
(8) and (9), with an increment of 1, an extra “T” process is required. Since the
“T" process involves both IDFT and DFT operations, significant power savings
are expected by reducing one “T” process in this case. That is, the receiver
performs the approximation of the matrix inversion operation in an iterative
process, a number of Eteratiohs of the iterative process being determined in
dependence of the estimate of the channei environment. The receiver may also
transition between enhanced and simplified functionality of the channel
estimator module by variation of the number of iterations of the iterative

pProcess.
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(8) and (9), with an increment of 1, an extra "T' process is required. Since
the "T' process involves both IDFT and DFT operations, significant power
savings are expected by reducing one "T process in this case. That is, the
receiver 25 performs the approximation of the matrix inversion operation
in an iterative process, a number of itertions of the iterative process

eing determined in dependence of the estimate of the channel
POAIMENSTHY rdbeivER SRR RIS QrapRish iFRawéen epericedvithd simplified

simplifed fynsjignatiyrainigerehapnslirRslimqianaedu e Pyesafion ?é%igqnstead

ngfn&ber of itgc[ations_of the iterative 30 process. 16 Embodiments o . .
CRITR AR SRR o pieRYE RN Bavytsed weiamsnEIRY I§3ill be realised in
pedorimiigthensatphified equalisation of the frame body instead of the

normal equalisation. Significant power reductions may still be realised in

such implementations. 5 It should be emphasised that, although this

Hasfiewlit examplehdeimensiratesaithelRB datoderscennr deiaHRN demonstrates

Hity S hannel conditipns in _this invention, the concept_ . .
@Z‘% e g(efgﬁ%%%%tc% ﬁe@%ggﬁgﬁo%a\ﬁﬁe# %¥k?é) RESEIRHFIShapRRkapitions in
Histiverestion dthectonteptectivenectamitd soiaktias sstoreyile where the RS
wsdensity parity-check (LDPC) code.
R N R ) e s as a

W@H@tr@dw:é reskrieR ) thissaseaniple-temaityspaity-ehetie | DR) code.
hg ahRsesialRd %ﬁél&srﬁé’ﬁﬂﬂ% Q%P{ﬁ%@%ﬁéﬁ“ﬁ&&a‘%@ﬁ%ﬂ% énger reduction

example only and variations in design detail may be"ma T
8eParin FraeR ek i5ghic seawpdomaiasnalition. 17 REFERENCES
[1] Digital video broadcasting (DVB); transmission system for handheld

terminals (DVB-H), ETSI EN 302 304 V1.1.1 (2004-11), European
Further, it will be appreciated that the invention has been described by way of

example only and variations in design detail may be made without departing

from the spirit and scope of the invention.
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continued estimation of an environment of the channel. 2. Apparatus

according to claim 1, wherein the apparatus further comprises io an error
detection module for detecting errors in the communications signal and ~ MCSLLP
the apparatus is configured to estimate the channel environment by

monitoring the error detection module. 38 Apparatus according to claim 1

or claim 2, wherein the first mode of the 15 operational module is a
rokmmakmode of operation and the second mode of the operational

module is a simplified mode of operation. 4. Apparatus according to claim

1, wherein the apparatus is configured to toggle between first and second
Modes dpppesitiondn wependgrcdigital codet 2Qudicodimyiittakever a channel,
recei - . [ : dj ' :
R B R 5T
ooeligustitoropesreciith redeotitE rapre gais visitlyishadiptiied ddirkeggle the
rBB%?a%H‘?azﬁq%dﬁ%%&%éw%@'ﬂ%fw B@ﬁﬁ%nﬂﬁ%' iWhgéﬁ'é‘rﬁ{%nce of
operational module is an analogue to digital converter module configure
t6UpeTaes witiraatieosamenu saimsingfddel ghienddlich is less than a

first mode sampling resolution. 30 7. Apparatus according to any

preceding claim, wherein an operational module is a decoder module

configurtidl AP oEalgd i dadecdnwhrsal thavrosaigiug dusihantemprises
W BHIDRICAb Eriane adianshieRel e iEe 18d5sS UhaEaRons signal and

number of iterations and/or word length when operating in the first mode.”
ghaRiataladeorainioty athyp RSN EMaimh RN RUpBR dHamenitoring
meduleds ashammesstimator module configured to operate with

enhanced functionality when operating in the first mode, and to operate
with simplified

3. Apparatus according to claim 1 or claim 2, wherein the first mode of the
operational module is a normal mode of operation and the second mode of the

operational module is a simplified mode of operation.

4, Apparatus according to claim 1, wherein the apparatus is configured to
toggle between first and second modes of operation in dependence of a count

of coding blocks received at the apparatus.

5 Apparatus according to any preceding claim, wherein an operational
module is an automatic gain control module configured to operate with a second

mode gain which is less than a first mode gain.

6. Apparatus according to any preceding claim, wherein an operational
module is an analogue to digital converter module configured to operate with a
second mode sampling resolution which is less than a first mode sampling

resolution.

7. Apparatus according to any preceding claim, wherein an operational

module is a decoder module configured, when operating in the second mode, to
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functionality when operating in the second mode. 9. Apparatus according
to claim 8, wherein the apparatus is configured to io receive a signal
frame of the transmitted signal, the signal frame comprising a frame body,
and to perform, in the frequency domain, a simplified equalisation of the
frame body. 10. Apparatus according tolglaim 9, wherein the apparatus is
configured to is perform the simplified equalisation of the frame body by
pertatengién approviaratdntefeonatranioersiondofergtionviiith is less than a
%Pﬁﬁé%ﬁ“éf%é’r%%ﬂ% %’H%Pé’r %&J&'f@ﬁggﬁ%}}%ﬁ% %{Falﬂéh?naﬂ%a{ﬁ‘&‘%' de.
configured to perform the approximatron of the matrix inversion operation

in an 20 iterative process, a number of iterations of the iterative process

being detepined i Jepan ‘98%3?{#“&8888?&‘%9 e SRRBRSh an operational

environment. 12. Apparatus according to claim 11, wherein the apparatus

isnsshfiguite @ tehaansities thoatee medhin csh Badrsin isifiekefiatetivithlignhanced
: j b riatiop o u : b

e pobats U Mhen T s B ST i simlifec

viteesipnavapparaereratoafigdhedsecopbrard@ith simplified

functionality of the channel estimator by performing the 30 simplified

eqgualisation of the frame body. \MCSLLP 20 14. A method for receiving,

afan afeparasie g@m@m‘m ParvsRffeia _’f@@eaan,afaﬁﬁeliﬁtﬁ@nfigured to
JRRAIGLIS SURRNIHAhRPRAEAHIANRMALH IS GRRIIAHED IR PRRIRIE Kbmprising a
first mode and in a second mode, and toggling operation'of the o
opeRgidiesmandiépesaiEsmtHe fitst BRAURRONENtRIEs thaledifigd Reugfisation
%g%@pﬁﬁ@ggg@te of an environment of the channel. 15. A method

according to claim 14, wherein the apparatus comprises an error

detection module for detecting errors in the communications signal, the

method AWhesERMRIESREH QB ENY BeBREELICPRIARMBPAIE 19 configured to

estimate the N o ,
perform the simplified equalisation of the frame body by performing an

MCSLLP

approximation of a matrix inversion operation.

11.  Apparatus according to any of claims 8 to 10, wherein the apparatus is
configured to perform the approximation of the matrix inversion operation in an
iterative process, a number of iterations of the iterative process being

determined in dependence of the estimate of the channel environment.

12. Apparatus according to claim 11, wherein the apparatus is configured to
transition between enhanced and simplified functionality of the channel
estimator module by variation of the number of iterations of the iterative

process.

13.  Apparatus according to claim 9, wherein the apparatus is configured to
operate with simplified functionality of the channel estimator by performing the

simplified equalisation of the frame body.
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1o channel environment. 16. A method according to claim 14 or claim 15,
comprising operating the first mode of the operational module as a
normal mode and the second mode of the operational module as a
simplified mode of operation. 15 17. A method according to claim 14 the
method comprising toggling between firgy and second modes in
dependence of a count of coding blocks received at the apparatus. 20 18.
Almethgdraedesdifg teeslviobclainas e biusyhediitanazeralional transmitted
module i%tan abltoﬁ?tic aintcontrol module and the ethéd comprises p dt
o 57afing TR St dRTa L GRS R RIS WA LRGN st gariyTigured to
wdpehsie lesa thah enbick mndegainc @6, ivadethaddcoggtimy oparatioh of the
claims.14 tq 18 erein.an operational module is an analpgue to digital

B o R R R TR, A e A TR o Rberce o

MCSLLP

0
digitdihcenivestimaichod secamdrarodersarhiiimghearsodiition which is less

than a first mode sampling resolution. so 20. A method according to any of
claims 14 to 19, wherein an operational module is a decoder module and

tHé methochetimaprisespwiieg tpataiinglih, thearedoritienadpateatingiises an

g . —— / ' !
LR WA DD PRI VI AL s, v
opethtiddfintties tiesnpiisdeg Znopitarstadtieaecmtiriestiny mpeiiene estiate the

Z%M%Eeéﬂ\ﬂfbﬂpr?éﬁ{!onal s_module isa channe_l estimator modyle and
the method comprises operating the channel estimate module with

enhanced functionality when operating in the first mode and with

sipgplified flagtionality ShER ORSEIRY uthe Se5RNd 51048 A2 s8R ting the

according to claim 21, furthér comprising receiving, at the io apparatus, a

sigalniegnobif v periantldughie, aRagighalaransseangrismgecond mode of

the operational module as a simplified mode of operation. .

17. A method according to claim 14 the method comprising toggling between
first and second modes in dependence of a count of ceding blocks received at

the apparatus.

18. A method according to any of claims 14 to 17, wherein an operational
module is an automatic gain control module and the method comprises
operating the automatic gain control module with a second mode gain which is

less than a first mode gain.

19. A method according to any of claims 14 to 18, wherein an operational
module is an analogue to digital converter module and the method comprises
operating the analogue to digital converter with a second mode sampling

resolution which is less than a first mode sampling resolution.

20. A method according to any of claims 14 to 19, wherein an operational
module is a decoder module and the method comprises, when operating in the

second mode, operating the decoder module with a number of iterations and/or
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a frame body, and performing, in the frequency domain, a simplified
equalisation of the frame body. 23. A method according to claim 22, the
method comprising performing the 15 simplified equalisation of the frame
body by performing an approximation of a matrix inversion operation. 24.
A method according to any of claims 2149 23, comprising performing the
approximation of the matrix inversion operation in an iterative process, a

Z\Qmm@@gtﬁf\i@ﬁ@ﬁQQSéﬁsthﬁaiF@@%W@C@ﬁ%@@ﬂ@r@mfmmeﬂdi’d length when
dep endence of t rﬂe estimate of the channel environment. 25. A method

a%ESFa RP0 GHSR MR ein the apparatus transitions between

enhanced and simplified functionality of the channel estimator module 25
varying th ber of jterations of the |terat| 6. A meth

o orct ST SR PR ko R3S o gimed G5 ShuReoperational

Wﬁbmaksflacthmmmrt@ﬁmewh@mmar&sﬂmaﬁmﬂhm@ermnmmsr@eratzng the

Slrﬁgm%?esq%g S tz'a(w)gdp f!éhvev:{ka %ancé\;{d functionality when operating in the first

MCSLLP

mode and with simplified functionality when operating in the second mode.

22. A method according to claim 21, further comprising receiving, at the
apparatus, a signal frame of the transmitted signal, the signal frame comprising
a frame body, and performing, in the frequency domain, a simplified

equalisation of the frame body.

23. A method according to claim 22, the method comprising performing the
simplified equalisation of the frame body by performing an approximation of a

matrix inversion operation.

24. A method according to any of claims 21 to 23, comprising performing the
approximation of the matrix inversion operation in an iterative process, a
number of iterations of the iterative process being determined in dependence of

the estimate of the channel environment.

25. A method according to claim 24, wherein the apparatus transitions
between enhanced and simplified functionality of the channel estimator module

by varying the number of iterations of the iterative process.

26. A method according to claim 25, wherein the apparatus is configured to
operate with simplified functionality of the channel estimator by performing the

simplified equalisation of the frame body.



