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——1+HTFIFTT”IIIIIIIIIIIIIIIII *159159* 1 APPARATUS

on relates to an apparatus and nethod
transmtted digital video signals and
operat iG> 0f  di gital devices/termnals. 5 Use of
digital video signals such as digital television (DTV)
[
ABPARETUS AND SIETHOD FoR REGEIVNG PlofrA VADER siaNALS
features of DIV is its capabi lity to deliver content
o nobile termnals  or hel d devi ces. A For a bile . .
BESFeAL, iNYeniar JPI%}G’% tﬂaﬁahépaaaﬁsés e HY YOI dfreving
RQH@rhtfé@rﬁﬁﬁﬂt\h&fb b%ng%séﬁcﬁgb@raft@ﬁ P BiiaDHBGces/terminals.
reasonabl e”usage d standby cycl es. bility is
anot her requirenent such that access to services is

R&SO0 it a8 sBhals”578h B Tt v PR PR YA pitlices via
tetredtric? ireh@castingsitag gginedthomehesa WdewM@Ctét:éﬁtW?nUhe of the
are nutually exclusive. In order to provide hig

aliractive f%aﬁﬂ(ﬁsc:@stTN !Ss'tSaCEFFPQjW!ty t‘PnS’l?ﬂ'Y%r %Qﬂﬂ?ﬂbmp”e terminals

Bpﬂaﬂﬁﬂél‘aeée\fl{:@s | iRl eAERLGIL Wit d%@f?:}é' %%g‘é@faﬂg a $afBALId one,
processing algorithms for mtigating

howesem dow qrovedracoresumgtidre &t desivdble lfor obtaiming seasonable usage

ult in con r |ncrea ed ower consu tlon,
AR LPETEy DREsap OBl g TIOWeT BRI BBEHEn T3t access to

?Nﬁfé@ﬂ& IfRslbRsInet bﬁ[z‘ §tC|H888rSahdi‘ ouEJB%r' Imt%%ﬁtél% when the
of a nobile and/or ndhel d digital television
ueerms @l theguove fos ehargplqz whhes) ma#oV@uolVarTmsrsmscﬂa@emmhese two

oWer, consu on reduct i on e been os in_ . .
toireRhs BRE RIRR L xdisu: b B X niitite PP disity Services in
BaHighigUhablly eRirbniRNNthechenBed aré Mpleitemtall! With sophisticated
time-slicing teChmﬂUﬁ adopted in the European Digital

$9Aab PFecesRg calgeri iq5natigatingpAdvesses ﬁ@mmléa*pnoﬁhannel
piedh AR AU R ol FEEE el phipogpoumetion

?.Themﬂ@‘led tHeoapplicatidnasfeefientivé poivendbesumptior pédwstionfschemes in

. TV I Th
%‘gl tw%plemens'hlﬂ gna Sof engblle and/or handheld digital television

111
%m RECEI VI NG DI G TAL VIDEO SI GNALS The
el vl ng

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 fime-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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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 conparison with
its 30 DBV-T counterpart [4].
FLErerrrrererrrrrrrrrll~ *@002* 2 The power saving
made possible by the tinme-slicing technique in DVB-H

TP ower QUG rd RCbod L LU slidinQedtiifioe f BYE-F comes
ronedhe (fAg) thdti esserdially dnhe thoser patts yofsthee pioathg dictuel experts
tﬁgq?lqu @}%E’;&ﬁgﬁ%ﬁpo&gsgg@g(ﬁf@ggg Egg_ggll,thp:prbgrse’ntlflesre\llécctgd data of
théRelive Have BIlbd prétessé®NB.4)Thehat @eﬁficé’!?ﬁultiglexing can be
particular service are therefore not transmtte

oerformed solsly in astimadlivision rrulijplex @DMpuiherdata eofpaet particular

BBl P neBttotd Rl YhReH B0 o8 B T Ead Sty but
‘compagtbefbdical Burstd witheihtBrA@tiods h GRtwe¥AChhe BhedM OFig. 1b.

the bursts of the selected service but switches to a .
dbitertysavef isdanaldeaaubeniecaivechttimeseletivelyi ribepdernydal/device

S s DA B el SR AL TR S ave

emdds idwinghean irteshediatddinge t perisd bwiidrer stlennskriiead are being
ut of Qtjlpe buffer at the service data-rate. 15 The
RBSMYUSF data contained in one burst needs to be
sufficient for bridging the power-save period of the
front-end. The position of the bursts is signalled in

ter perforim tthe timeesticing ini aeDUBfH esystere frepedgnbumsts entering the

FRA A48 B b8 o1 G Bl R e
trhe drmBaet of dSRY B6MailddNi 88k Hurdtl SELRNES beNRIFSAENt 18 bridging
E)ower-save time (off 20 tine 4 of Flrg§ 1 b?ﬂgmay anount

he Bewerspve pedadsf the freatdend.nEhe mosfioneafithg bupsts iheignalled in

t re cheanl sat | d 1o
IS, of Ml reflinbhedERR, bRWIE 498 Chodfiiule elfars of the
sase $draice2SPrattically, ING-ddrathatof She burstgenairaé.2 mFig. 1b) is in
referri n% agai ntoFig, 1, the TDM based power savi ng{'
the, rapge 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 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 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.,

S,/ Cp + t
ﬂzll— b b s

x 100 %
S,/ C

(1)
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25 neasured as the ratio of the power-save tine

bet ween bursts, relative to the on- tine 2 required
for the reception of an individual service, i.e., Sb /
Cb +is 11 1- x100% (1) S,,/C, 30 3 Were Sb is the
burst size in bits, Cb is thesurst data-rate in
bit-per-second (bps), ClL is the expected service

t4ed
Vbl o 50 BAERLIONS I AT B i) Bel 1S B Bhgsecone
(bpséeﬁemsdme Bxpected Bébvite siata-eate (cbetimuoisly Sranemﬁted=wgh lower
2Nbi t t ot sion rate is aroun
eIt AEa PRRHRERLAS i, mhiB s B PAg e Rystspons.
250nms. In thls case, the off-tine 4 is around 4s.

Thus, for a typical service data-rate of C, =
Feaithg-H aystam, l’ihe bu@l%mﬁeF 20dhvits dhe matsauatbirst tdnsmission

5 AT OO 5k e B B B - 250me. 1

thid ease the off-imebs enamurricsedThas, féﬁgwgﬁlcbh%ﬂcﬁ! data-rate of C
Mul ti medi a Br oadcast i ng Terresti al system

whP@4Kaps, Ahoubn Fad % @cnoweje%@\rm@g:an bgaaemaveq/ This makes it

BEsITR B¢  Repdhal o bbb Beg” Gl

[ 5- 6] The technique tailored for power is saving in
DVMB-T is called frame-slicing [7]. A significant
bi $imdlpE ROWSS aNEKh SCheme-Ras alsaddeatd prarasedsior sisegni the Digital

I
Vi, BRIl o SRS ONBLEF sl | NED g St o
becoraingi csreplamxaﬂye Ibwcommgl the pigital eadestrint Qélev%ﬁbrﬁ&)'ﬁhpbfbadcast
in Fi opts a_hierarchical franme structure

sBnant 5 $oiDPEouTG S8 RBIG [eSk ol T deahniTumiailopsdfes power
§avﬂ@ n ’i‘il@l@eTcr:‘é Uhed Ofré/%fedﬁ/f:fﬂgyegi‘laSAaﬁ %ﬁge%ﬂn elfg‘eﬁérgf%abetween

franes wth the first franme spéci al
Wmar@mtago@pﬂ frametalicing is thad tise fenmdtriarrealised & thef linkeldyer (i.e.,

fie %yglr %ng hg %rrglc% Pay}%s) wﬂereas 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 depicted by

time markers 18a, 18b.

One of the features which differentiate DMB-T from other DTT devices is its
adoption of the time-domain synchronous multi-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
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The top of the frame structure is called a Cal endar

Day Franme 16. The physical 25 channel is periodical

and synchroni sed with the absolute tinme as depicted by

time markers 18a, 18b. One of the features which
differentiate DVMB-T from others DIT devices is its

adoption of the tinme-domain synchronous nulti-carrier

gﬁ@fbemtéﬁ)a%n Wﬁlﬁh%@b‘%@’\?@ f(?re%frfcfh‘?g%lggtld?\? a-ﬁgsclq I é%ﬁmatlon
epicted in Fig. 2, a sig ane consists o

pars QmeFd@nelrsyvmmcnamj té’ctmm@cdy %le\ﬁléasTD&r%mnd symbol

RS SEguBREN Wik TR retcs 1ehd tne JuardonhebovhRes, which i
Wéis@é‘bl@'féloTlM-basé@bo%ﬂ%hflm@'s%ﬁbh@% %Qd.:a‘hf’t?é‘géén from equation
estimation. This tIme-donmain synchronous techni que

¢bn Hensigoal frame § alsacommriseprasolDF k Blackg&cqui si ti on
with the theoretical lead tine, ts, of only about 2ms,
which is desirable for TDM based power saving

Ashehoes indSigc2ntheefraraesslitingrpameraaviny Schehe fIMBMB-T is to form

| DFT Bl k 26. As
Hﬂemgwnogfrgmezgl' G852 986 Sﬁh?@”ﬁgr@w%@awﬁgugm signal
AdBwhidPbeRnhbThe 3 Hﬂﬂ??hggiroﬁ SI e 2;’»85@1 ZBrame slice 28

eac Wth a certain nunber o
tongists ¢ fohi signbkframgst® The fmsﬁmag*chemqmsld]fferent from the

THBAng sqfrmer Wit i< Byl SeRERESHISORRG araiaemegmmor on-of
trBRsmidsiBir $A ithé NBhkS RlyBFEwhdRdfaNtHes fiaiebNcing pﬁ:ﬂ@ﬁl@ i©Bhysical

the arrangenment for on-off transm ssion in the
laygebasader B gives ﬁ@mﬁeﬂ%ﬁlblbﬁyng cattrolling thepbyrst pariod and the

BN sRNGborike RaBLEER R usF ey HnisPosg g the size of

aerarnd. slickV2®ushiien taeighal $lansd BelsC@YnSM§ 2hé QlRBtion of a
the size of 15 a franme slice 28. Wen sign frame 8

frames sliges28 i Rehms hdn dhisgasen the burstfdaéma@l ofc6b 2"824Mbp8 the

. €a L st t
53T 00 158805, LIS T A Q' SRl s tme o
Lak2mg and followirgy dquatioroft ) fome ahyt fintethett, inithiscades fandservice
foll ow ngf equation (1), one may find that, in this

dalgcrate 3T &1 ser IP4kdPsyARProimately T1==98%uipeper saving can be
5\9&(& mately rl = 97% power saving can be 20
achreved.

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 optional 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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From t he above discussion, it is apparent that both
time-slicing and frame- slicing are passive schenes
whi ch gai n power savings at the price of decreased
service data rates. 25 The invention is defined in the
i ndependent clains. Some optional features of the
invention are defined in the dependent clains.

[ \ n
a@pl@\ﬂp ?lggeg%)?%@:i@é Hﬁ’et% gﬁ‘a é‘%ltsrbm 81‘8 %Hf%é qgatu}‘@é%? had blkb%dcastlng
systemsgucivas simaplex transplissiars and stsaancbrablermcréaﬁjrgmbnon pictures.
feature for reducing the 30 power consunption of
digital video devices or term nals. Enbodi nents of the
Enﬂﬁfcﬁthemsfmf\/mepéwﬁarétdsaﬁro@@@é'a“rﬁéh\ﬁfbrfn‘i’éntdé gté‘ﬁon scheme for
te| evi sion signals. ?I t al tel evi si on appar
F%Hme AR cepeempfien f egft udigitabf temesbiadadtedstisiog  (DTT)

E@éﬂeerﬁl:jblgs s | r?gémc%%grg)o Sﬁeﬂﬁbélagﬁﬁ terminals and

erance nD I on pictur
apnpmad wievigespothe gowansavingrisndctidead & eabodrhients by fun-time

el SnRISIgd ReTatans) Wb $imAI. OB 15 T Bore receiver
#@ﬂhlééabwl/rféﬁ QhBOtrANERHEIGH dABhNEE" g gﬁ‘lnﬁ 35dpe h%%@?o? signal

devi ces. power saving is achieve n enbodi
§n$m|$StQWreTheeaﬂmsmnt@mchanaele@bmmmrats pedomhéd by real-time
nore receiver nodul %s when t he

FolRafifa 8 B At Of o BiBrISS TS usbione oIS Higaasen rhich is
ESTAROMIYS BUOPted IND TP S9SRARN! IrPEmbBANNGHSCHAddmeht process

performed by real-tiné nonitoring of the activitl
isfsystenaatically parameteriseddn aagnigne R&yisucdthat rohusﬂpav\aer savings
HBR2 pted in DIT systenms. In enbodinents, the

éajlssesslg‘l'rrént ggrocess is systematically paraneterised in

a uni que way such that robust power savings can be

ved. 15 Enbodi nents of the present invention wll
ERonieiite & the 8 SEiHesTIoB s Do RESCbeH fi urRy of example

4 ?Pﬁé*??‘aiééz*%ﬁ%sqéSﬁ%’éﬁ‘?@’“&?g"ﬂﬁl@ﬁfﬁgﬁ"géqgﬁ%ﬁsaﬁl nos
FSghiitiststrates the concept of a TDM-based power savings scheme;

Fig. 2 illustrates a hierarchical frame structure of DMB-T;

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

Fig. 4 illustrates 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, Cy in (1), is necessary for both time-slicing and
frame-slicing schemes to achieve the required power saving efficiency. Also, to
maintain a certain level of quality of service (QoS), the required high Cy, should
be always achievable independent of channel environment variations.
Together, in practice, these requirements imply that the system architecture
design and the choice of related algorithms should make the high-rate

transmission workable under the worst channel conditions such as a fast fading
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Fig. 2 illustrates a hierarchical frame structure of
DVMB-T; 20 Fig. 3 illustrates a sinplified block

di agram of a DTT transceiver; Fig. 4 illustrates an

i npl enentati on of a power reduction schene in the
receiver of the DIT transcei wer of Fig. 3. The above
analysis on tine-slicing and frane-slicing power

'éﬁdﬁ'&ﬁr‘n@ﬁt ?@Eﬁﬁ%?gtef)z’éoﬁgl‘éne(:@e yhétg\tﬂ b'gz[ignlflcant problem for

dat a-rate,

mobelesievmesg. and frame-slicing schenes to achieve the
requi red power saving efficiency. Also, to nmaintain a
certain level of quality of service (QS), the

FRAUBT @dpiBisufa GimplitRid drchichireed achy eYeP! ansceiver. At the

i ndependent of channel environnent vari ations.

ﬂrag@mﬁtqr side, BreaMRES, TShadis fiesjuancededtby anBegdtSaibmon (RS)
oLy SRR € A S Rl B B S i e recoming

bomterpa‘rs Hoouteordeaibteriesvee B8 hespieadd ted PyRelbility of burst errors
ﬁ_ondltl ons such as a fast fading 6 environnment™ (w

QryBe ipReLshanne! dgcedRnS&hift - a significant probl em
for nobile devices). Fig. 3 depicts a sinplified
architecture 30 of a DIT transceiver. At the 5
Aftanthattmerbits"stdeams tvéill bBERcbdeddyi an rinestchanfebetcdaer 88 such

Reed S | d 34 A t
s Beemelliohal coten JHTBG coUeLEr Turka-ike sopeteTheragded bits are
HWNESTtPRY An 'lm%ft iRferfRiveP4er | $RY %smﬁﬁng interied éd tbrf’testreams 42

possibility of burst errors rom-t nner ¢
desc orappegdsto Dba$¢ tsbift khying (A8K)bot qeadedume am;illtthie modulation

RIAR0 T Gortsptidiidnot TORGEm. cadaly. Thass: 1horetelBtien. mapped

§')hﬁb6led eflebi U*séd afce fornh efheS @)ﬂhogg?éﬂn tfﬁeﬁ(]@n‘ﬁcyzr rzkiﬁl%lo@)a\h?ultlplexmg
it streans

éﬁ: @Gere lting interl eaved

ik QW%WF’P QiYMNModwiekgr 44 quadr at ur e

anpl i tude nodul ation (QAM const eI | ati ons (not

shown). Finally, these constellation mapped 1s
'£Iyedbna|nsmltzberealaee:cd)ntpns‘esrandtg‘nlal-w-ahalggnelcofnlveth(DB(C) 46 and a

vision. mul Xin nal. frames by an OFDM
RbdlAnsrore s Br Eanatishe the rais SYYRBIINAHVEr a channel 50 to
Hegktailef 0- anal ogue converter (DAC) 46 and a

At the receiver side, the reverse operations of the transmitter are performed
with some additional processing blocks such as automatic gain control (AGC),
synchronisation and channel estimation for handling the noisy and multipath
fading channel environments. As illustrated in Figure 3, the receiver comprises
an RF tuner 52, an analogue-to-digital converter (ADC) 54, a block 56 for carrier
frequency, symbol timing synchronisation and channel estimation, automatic
gain control 568, an OFDM demodulator 60, channel equalisation 62, an inner
de-interleaver 64, an inner channel decoder 66, an outer de-interleaver 68 and
an RS decoder 70.
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RF transmtter 48 for transmtting the transm ssion
signal over a channel 50 to 20 the receiver. At the
recei ver side, the reverse operations of the
transmtter are performed w th sonme additional
processi ng bl ocks such as automatic gain control
(AGC), synchronisation and channel estimation for

Zﬁgﬁ% '()%Hégs W&gf)é FBst E lB% Badé"tﬁé ofvepeglng?ﬁgﬁr%@@éum ion of a

cegyat £ reqeieF (. endheamwcmnrrmyahaugnmlemedt nglaM based power
bl 6 ier equency

TEANTion IcHeRE ™, ARG P Aad Fearbea s BRMANEPNSUTPRG 816 RF tuner

&t AtPtheas®aRd(RBEEHor Phot %M%@@eﬁ% ator 60,

channel equalisation 62, an I nner de-interleaver 64,
an i nner channel decoder an outer de-interl eaver
siders PALL
TP tRtuircR Bl BoERRREY %foﬁﬁ gl o e
regul ar DTT receiver (i.e., the device may not

i npl emrent a TDM based p [ C ), and
PRF and PBB be thgﬁgowe? ?‘nan’lrr"gzclrglpﬁ'hp %I%r'gsuner 52 (2)
and the baseband processor (not Ssh/oﬁh) respectively.

5 The required power consunption for a handheld device
becomes: PHA (Sb / Cb + ts)(PRF + PBB) (2) * Sb / d

S BT S othrdCheiid R e T BN RaR, e REaRN. ! gap becassumed
Wt PP EridSwaBithe QiGCFB@Q&RFcﬁtlh Qﬁab@tlﬁﬁrtb E\‘{?h@ﬂéné’& actual

act ual channel 50 environnment. |In the baseban
rbarnelr50 eRwrenmeat i bnthesbasekand part f kowever, Pre)sdasa;tlmrgls quite

G btodtiSinge SO DRI A o TR EBE R Siftsumigion. Pes
aenlussally desighhdsperfddit dranbeeorhe Falediedftas rédIkan8AdeNbus, Pas

on the channel variations. OCbviousl b
can be regargeg as allndependent on the char¥nel \)//arlatlons Obviously, by

default, the baseband processor would operate at its highest level of Pgg 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 Pgg occupy almost an equal proportion of the overall power in a regular
OFDM-based DTT system, it becomes necessary to reduce further Pgg such
that the required power consumption, Pa, of a regular device, or, Pya, of a
handheld device is minimised. Following equation (2), when the required Pgg of
a regular DMB-T device goes down from 800mW to 500mW, for example Pua
will be down to 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 algorithm, 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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default, the baseband processor would operate at its
hi ghest | evel of PBB as the design and inplenentation
of baseband denodul at or and decoder need to take
account of the worst channel condition. Taking into
consi deration the fact that 2@ PRF and PBB occupy
aInDst an equal proportion of the overall power in a

u tion Qﬁg‘%@%ﬁgggDETe %ﬁ?aﬁlw 'dLHBSﬁPfﬁE&t nagﬁ)%?%éﬁ as when

uce B suc e require

mgwrpmsmwlymmng(()éga peslgsiram) dmwme,n still, PHA of a
handhel d device is m nimsed. Follow ng equation (2),
when the required PBB of a regular DVB-T device goes

AopBwer aBUEEANSCReRROBMIIUsBhteX THi§. BHATHD ré\&é}%erbSpparatus
down to 30mMANfrom 40mMN G ven a high target of

6PEPHEED A ORFatirraldnadulel configurad tonepevate in arflest mode and in a

|
s ol o5 2 P Ao B o
froantte ficstrelotié dosthe Téerondamogk |ﬁSdep‘@ide‘hﬁe86fgékﬁ 'etshfﬁate of an

for, 30 ex need to be enhanced for fast fading
e RN S BIRANEIGRY of MechhsA Examplescttbroperational motules of

ﬁi@@&%ﬁ/@r %'rélﬁfé NC(33 80“ﬂb@8§”@h%@1{%§s¥m§ator 84 and Outer Channel

mput ati onal [y expensive, are Fedungant
Becoden 86 of fig.4 .aBhevapparathe maayealsbdwafeoaﬂwgr operat@nal modules

i€niEing SEOSRINEY 8 5 AR Blaible ofm drdtdberg i operation for, e.g.
MRPADE! 83 is forGREDC B t%rbﬁ%%fe&\kitl‘i’”ﬁém@d%r%plmg resolut utipn. The

configured to operate in a first In a
aernnd medespfpeperatien fei ARC: 8Afis gﬁorrm ABCsaztto h)perate Wlth lower

f the nodule fromthe first node to the
gé)’@@ﬁ'ié ?%%) tfoﬁ" dependence of an estimte of an
environnent (condition) of the channel. Exanples of

e erational nodules of the receiver are the AGC
iige vep is eapfigledde makesr desision opuwbetherdanenerate one or

é’Q'ﬁr |5)%:?at‘?6ndf 'rﬁodﬁ‘lgs-@f SP0Y 3559336“%’7 H 8 Iﬁgs\f sthe second

er 0 ation ul'es depl'ctéd denerally
mbdeAfmrexarrpaletlmé ass‘eussmentmﬂehafchapaelaso cumnfdttronse Qhe way of
ADC 82 to operate w

&g Pl osBeBiPEIIE shor detesiion Rabdies: Sbie BY BRoedar (88 in
@%?ﬁdgrﬁrpfggy %Jti‘?;%tﬁ@%@%et&é?%ﬁ Blifer'¥ddddbP¥Pmost 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 channel environment is good or not good. [f, 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 channel 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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15 The receiver is configured to nmake a decision on
whet her to operate one or nore of operational nodul es
80, 82, 84, 85, 86, 87 in the first or the second
node froma real-time assessnent of the channel 50
conditions. One way of doing4his is to nonitor the
error detection activities of the RS decoder (88 in 20
a4 ood?oéHHH Hoh, Qﬁé’%@éiv@tss%%e%'@ﬂé' {eezfpe?&t?&%? modules
i n nos systens to estimate the c anne
@ﬁvﬁﬁoﬁﬁeﬁﬁ 86, 8afdvmitbe.firsiemedevdfeaparation todhe tskeond mode of
ﬁ%ﬁb Mer receives N error-free consecutive RS coding
5 © (before error correction by RS, if any) is
used as a decision criterion for assessing whether
the channel environnment is good or not good. If, at a
hgn pﬂ@fﬂrarﬁd monjtaeng @wa/@harmalhmffe@t@du-ve@ an estimatien of the
r r C lock t he
or A AR RRir Ko onBBing 1F80E8 S8 feeef i fantiolRea to toggle

betvezen ﬁﬁst ambsewrrdentodesh@frm&tran@mh depBntd&nes o¢ 3¢ dontinued
val ue of N, which can

as,."not gqod". Hege, be

SR 1mBon "8 aus5f fie, Eunfiopdn comleribl of thes operatonal status of

fred 'réééll/ért yer%o@ff‘ﬁém@' o HlirbEQler %\Sé'q[%?ﬁﬁﬂ ed \fﬁ ume less

I's selected snmall, the assessnenf result anne

elecmahcnovgzrowhen dheonedulel opdrates mathe' sbeomm of operation
Ckﬁl Cor{ di n when N is selected large, the

ﬁga& DR the éﬁ?f*“’fﬁéf%ﬂ%ﬂm is good" is nore

reliable than "the channel is not good". Wen the
recei ver determnes that the channel 9 is in a "good"
é\cﬁﬁiatled)ﬁxpleﬁah%@éﬁgeﬁ iswiavwe givenofentiel vaviables M, N, P and k of

I 80, 82, 84, 85, 86, 87fromthe
ﬂi;?étaérje Eoést%%

oper al'’on to the second node of
operation. 5 V\hen conti nued nonitoring of the channel

is effected - i.e. an estimation of the channel
enVi r Onffedt pr%deéﬁf%'ﬁgéu Wlwmé\ygﬂb%@f cepseqdive error-free RS

conf i s&mﬁg BIcKs ch‘ﬁ d@%\‘i@ﬁ dfttRL & @{Qvue@‘?&dton?ggtc‘ermmatlon

of operatfon In epen ence o e con

est i ntitat time cBaw@else imé “gdsmj"rcmd\dutdnon in conplexity of

t he operational status of  the receiver, enbodi ments

of % h¥fl fSe@ePiRsletermingd fNaYmMWn M¥neehsfisensesudtivep error-free RS

el ect Eé&ﬁgg?&g%’)&rw%ﬁnar%qs BB R PR RE S coRd MEde of operation

second o operation
prior to reverting to operation in the first mode of operation;

e 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

e Kk 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.

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
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than when in the first node of operation. A detailed
explanation of Fig. 4 is now given. Control variables
M N Pand k of Fig. 4 are defined as follows: 15 N
Is a predeterm ned m ni num nunber of consecutive
error-free RS coding blocks which are received at the
receiver prior to a determnation that the channel is

Ls@;n%l r&R0GEd 608ALRAME! 50Mdr %oﬂé%%ﬁfv%répr&eﬁe @Spg blocks

mber of consecutive error ree 0 codln
ahldﬂﬁzlsmle step b20.r ebeitil &d qusebteilmeeamm-flmdé{&fcodmg blocks are

BBfechtd, e Bhulon el 5 Buoonsitiraite B8 ot ggoa”. As such, k
& kepti dtl Rbo M EReP D204 M 6ie of m&e%ﬁﬁrﬁﬁ@tﬁéﬂrrﬁbaﬁgs 80, 82, 84,

m_ni nrum nunber of consecutive RS coding bl ocks
8Pe 860 Bl arecergratad im thaerespestiverfios mlodepeofaioperation.  Upon

r second
Béga%'ilo %fslgir a?\H vr#@%ht{% %% z:%%l % Bﬂfng bR 50% step 90, the
appalnattusmletanﬂneé( that thecohaminedfis 6 rwfgddoea:o%altfb?ﬂlm switches
bl ocks received in a f<:hanne| "good" condition

SPSAOR IR ObiMAlecs! BraiPERaITNOAMES b 2. LAl )57 to the

88¢brimodeast doerasH.r ol the process flow 30
Initially, k I's set to zero, and any or all of

operational nodules 80, 82, 84, 85, 86, 87 3re ;

d the fi tion. RS decoder
PBARF sl bes.%f?éateﬁ%ve.rse%%is\%epomwa@dem%uom of the
epatioHal WoRNeDBY rge §6 89dgaY g7/ %hssmgﬂ g}sbﬁa\tf&'ﬁm modes

step 90. Until N consecutive error-free
wheb ke ghanngkisetouad, tot be: goed dot istgnabtraokanission. 50'ha$ is, in one

Qme%ert‘F% ?lpﬁg%é)rc%moﬁgtﬂgdgpgﬁwggg rggciylgtf kelonormal mode of

ero at ste
unehaltlea 0, th%ZSedB}ﬁ,d Mmods, of&ﬁe o%érzﬁl’cﬁa@ﬁﬁfcﬁll@ﬁ’s bnsutnbﬁfled mode

S |ve f r st des of 0 ation. Upon detection
of OReTling pincs 8c fl (Roebier M PITBRNREE Paves Brbetorbecheme for

ahyRr H oft Berational 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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apparatus determ nes that the channel is in a "good"
condition, and switches operation of one or nore of
operational nodul es 80, 82, 84, 85, 86, 87 to the
second node of operation. 10 Power saving can be
effected by replacing conplicated operation of the
oper ati onal nodul es 80, 82, 84, 85, 86, 87 with

VRS ¢ tlﬁ’é’%"e%h@riﬁbd{%‘ﬁ%?ﬁgé‘nﬁbggItﬁé‘eap%%?%\ﬂglwiillsrﬁ(/%wb%eration of

to be good for signa
$heaepear mhee ppesatiomabimodiuldshte theefirat maua! ohnpbﬂaﬁon&n ®|ther of

of eralon nd th econd node of th
B PRveo ottt A & PBE s &R R AR s eReing fo ke cReisian step 90
detdrivinest thdthe dopeetudre erfer ﬁgérﬁo?jlﬁg?ﬁapé"iﬁft rfcﬁz@'%%%?%celved
scheme for any or all of operational nodul es 80

goungk isghers7eset to ZET0 rajceteped2 and éh@rqniees’rfmore operational

t d| tion is
igeltics & Ao HICABRIERIC R Uha BT sEPEEPFoRF0RN: nor se
anplifier (LNA) in the RF tuner 52 is set 20 to

per a e W th a second npde gain which is less than a

F@E‘ Mo%?epf&){PHt apy, Rpssible misjudgenaert dusuto. jert example, baseband

S0l 150 i, R SEARAT At wner

ttcmhpg possibteotoomakataFCImt Ulsﬁncts@;: betﬂveﬁmﬁgos@mblqdﬂ@ood channel
whi ch irst node sa in

PEASHART. of. "PRdas epTndo + B0tk sheden Thopseain (. a more

ééptﬂ'@ﬂléd‘té@@romg?%téié’ﬁ re@*eh%h@ﬁ? thé éu?r%ﬁt Ehgﬂnélh&ndltlons are

sanpllng reso ution in the first norna
tedgoash is psifermed {;\fteaéetehimlma’tmratcsktapr%] théet tloelichgnnel 50 is

¥ O SRR SR, s cPrcaBo st the number of

ﬂ'@@keﬁerﬂllya'ecéﬁel bIoWktB 8qeaf to d\ﬂCHﬁ'&HeFWr@IlsUtthQnﬁéparatus
gec oder power saving can be achieved

elgr 'Whéthetf éh%tm%"}wffhﬁ'é'mhﬁﬁcﬁf@ﬂsﬁéum RS @Q@jﬂﬂ blocks in
f
) st e B e Gl P B s

equalpter M)i off, thémpaar&tuatdaemugblsraveireb gpeqchat lmrhas‘ not been

the on r re operationa nmoadul es to the 1 r

SH B st tle B8 B drog of o aliRyal madiies, 54.(6%, 84, 85, 86, 87
|

Sorithie 0 ARSI fiine BeBtnd Mol cQuit s, HERIMLABA Y Pat step

$Gve not now been received.

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
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
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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5 Count k is then reset to zero at step 92 and the one
or nore operational nodules are then swi tched back to
the first node of operation. Secondly, to prevent any
possi bl e m sjudgenent due to, for exanple, baseband
processi ng delay, and in orderato nmake the channe
adaptation still robust when (o0 it is not possible to

I r StkhN e r 0
TR, 28150 28" the MboRRUI e’ WAt RE iy geceived
cbdungetnlack omedris. eoursd kmrM+Pstfp’mtstomﬂtleri mcmzﬂé@tedgby 1 at step
%batﬂ{?dg even when the current channel condltl ons, ar

atipg qhdne GnRS. MA eReratipedinAgY| ﬁérpoal@mg@w the first

%dé@ﬁoéé}gt,@n_annel 50 is in a "good" condition, the
apparatus checks at step 94 whether the nunber of 15

the presently-received block is equal to M In other

(e gets PRorl B KhatGus RBHE KIS 15861 B Bt Bl e one or

mste dpereuorsal Mbdles &f M%p@ﬁatwemtn@o;b@@nbﬁe@ the first mode
exceeded (k is equal to t he apparat us

getpeeratieps Hewsyerp inthe pext passdbravweh $ee90, ée apparmtus detects

Y, 2008, 05 BPLE Bl 92 A EBHAER Ao 000 e
neciiptaafd Nc errot-frieei soding ridoeks atl step 90ais isirapdiatdly ddtected and

no error detected in the received RS codi ng bl ocks
ORE5PaPh e QIh e dTIPE OPeSRRaDARSS, Bpswiched back to the

§Qé&?d %d%%faﬁ{eé}gtlor& 90, 94 increnenting k in each

[oop 25 until the apparatus determ nes that count of
the presently-received RS coding bl ock neans that the

THUR" By odBle™EE e VR eR stk &t iohSlancenBeSkenoAtRpYLof sewvice
W@SﬁMtﬁrbﬂwmtrg% cdth b8 éffedted. Faﬁ'the?Gcor&7nJéé! foBgling between

first (nornal of operation. 30 Wen operatron 1s
gt t%ﬁe%ﬁ%@km@eﬁrfé qneﬁaﬁomﬁdéontml@@ebbmm@lmgamﬁ mRximum

ﬁﬁHb@?%ftJb%s%Um (I%Sf c O?I!o gr#élcﬁfen 1 %%efv%%efnvﬁ’l% second

nthis iteration one or

noeieatandnthle nmutimduers n&&lbeEBbe dbhseBativeBRS 8ddihg tilb@ksléhat should
t he appar.at us_determ nes

[Rﬁrefqt?@gpe%ﬁ@ o, ﬁréﬁén%% thaddsngVith seflerersen 4o ceiits M=and P.
WhErefble, MOkan BRUSEer that JUMH § EdHd brB¥essidy aldSthm 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 only 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 small, more power
saving can be achieved, but at the price of lower QoS, and vice versa. In actual
implementation, these parameters can be predefined or be hardware-

reconfigurable.
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100 and operation of the one or nore operationa

nmodul es continues in the first node of operation. 5

Upon detection that k equals MtP, k is reset (i.e

forced to zero) and the one or nore operationa

nodul es of the apparatus continue operation in the

first node of operation. However, in the next pass

t hrough step 90, the apparatus detects that k has

been reset to zero. If the channel condition remains

Thusdit is reossikle rtecmmllceoerﬂdeertherreqmwd Rydi oy abDITKeceiver by

PiktlehBog Ponding By Hiese L earial ey oamenl  Gikar 8an target of
0y, tihsse %Pg?&itﬁrrﬁodﬁn&f é?@euﬁidl@nof%ﬁ’cc}?ﬁplww te%' Hﬂ)st likely

the paraneter k, a bal ance between quality of serv
&@GG%SQ‘W\@PMV U§hwqegen@and@evgfyfm ehlanrrejraohdrtlons The

I e
gﬁée}?dé:’tn:é%n rﬁégﬂ)gloﬁ{égnp'ﬁﬁ \gfoonexaf . %?r{beetcﬁgo rﬁhﬁﬂced for fast
fadmtgarchénrcabnsendftnone RS aomdweblmksnﬁié@t camh@@ enhanced

recejved in the second npde, and the m ni num nunb
6‘9%@%@%&%‘3'9 arRysys ﬁ@msv@&p@atlnarp@mﬁm oaretas:tually redundant

nSHB5VEH,atiBns @%cﬁ'ds%hé‘ﬁ’ﬂ%r uéé}q% n‘uévln \Zﬁéﬁf Suirﬁan) and

counts M and 20 There can

eveyi gfilal processing al gorithm can control t he
apparatus to toggle operation of the one or nore _
operational nodules between first and second nodes in

Tiep adhipnee eatintatione s eGiiveds O f|cé)nt08%rﬁpoﬂ€ﬁt Y ¥|chieving

bet ween good and bad channel con t1ons
Aecgptable syatempﬁrfnmancmm aimohilel enwohm&rndllsy\dmdlscussed as a

JETTRe & athorsReble FelHRUTESS o Bt iaroBhSed power

wmlsdﬂ\em@nAseqwcugg@mt@bov@s thieseodae amRlyebe 8iviched from
termn {Hctorsfor bal anci ng the required
év.sn'{aP@‘nefq neHenaldy ép fafiice@owercansupitignded.

If Nis selected small, Mlarge and P small, nore

power 30 saving can be achi eved, but at the price of

ldeerDI'Q}BST system| the crearve! elstinmibnad; per spgreaiérdnaé based and is

rf"‘ormepda m:ét fime é:oarn]altrjweu r?é iPT\FgegtrJer?c?e 2? {eggﬁ rF?éme Sync 20
[8]. Suppose that the channel |mpulse response (CIR) at the Frame Sync 20 of
the n" 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, F(n,No,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,Ny,)).

It can be seen that the CFR estimation achieved, H(n,Ny,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 true in practice, as indicated in [8]. When the channel 50 is timing-
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reconfigurable. 13 Thus, it is possible to reduce
further the required PBB of a DIT receiver by naking
PBB adaptive to the actual channel environment. G ven
a high target of Cb, those algorithnms which are
usual ly of high conplexity aresnost likely 5 sel ected
for achieving robust recei ving under very bad channel
g = I L
gggfrﬂ[r'lp 'g@ﬁg;(/hengg 5 s@?ﬁncg%ﬁ?%n t %g?ﬁd\&lgg}%rgh(gnced channel
eatimatibn deadl'ribedms[&] may apfly| e environment. These
enhanced algorithnms, which are usually
conmput ational Iy expensive, are actually redundant in

mgun@ ﬂﬁ@&hé’%ﬁaﬁhé%@%n‘tféﬁgbésh& ieaF v'aﬁaﬁ@?{ IoNr %H\é?\eferod of a
g pedestri 1o even still. The channel

é@tn? aMsh8athe %ﬁuselhcaglea8§@lﬁ| (2. &Notk) cahthmhme ihstant of the /"
b bi, |
Ot T L AN g

oftegpotationtasat i ng t he effecti veness of the proposed

power 15 saving schene. As discussed above, this

nodul e may be switched from enhanced to sinplified
functionality t ce ower ,£onsupt In the

DVB- T system tlgg anne1I9 \é}?tljr:rat?ogpl g?’prkgf si gnal (3)
frame based and is perforned in the tine domain using

the PN se nce of each Fr Sync 20 20 [8]. Suppose
W&{e?r@e%g?] fupﬁtﬂﬁﬂ ot @%H@nse (CIR) at the Frane

Sync 20 of the nth signal franme has been estimted as
h(n,No,l). Here, No denotes the relative position of

Frame Sync 46 i(n. &) si o e, No orer 8 (and ,Noden 2 es t he (4)
index of CIR taps. Assunme that the first path is the

mai n path of the channel 50, the channel frequency
apagponse (CFR) estimation at the kth subcarrier,

H(n, NO, k), 25 over the Frane Sync 20 interval of the

nth signal frame 8 can be obt ai ned by performng a

di screte FOlﬁllﬁr g’:ang{? é g '\BH%n Nl)t k;:?n (5)

be seen that t i eved
can be used for equalising the Frarre Body 22 of the

R = RS o 5otk S0 035 S b
fraMsiRted GRS rEBivEP dRE vectors of the nth signal frame body 22,
respectively. Also, let us define the diagonal matrices, A = diag(as, az,...anp);
U(n) = diag (H a(n,1), Ha(n,2), ..., Aa(n,Nb)); and V(n) = diag(Fa(n,1), Hs(n,2),

., H(n,Ny)) with Hg(n,k) = Ap(n,k)/Ha(n,k). The system transmission thus can
be modelled in the frequency domain as:
Y(n) =(I-T(n). Un) . X(n) + Z(n); (6)

where Z(n) is a white Gaussian noise vector, and, T(n) = WAW" V(n) with W
and W" being the DFT and inverse DFT (IDFT) matrices, respectively. Thus,
the equalised n™ signal frame body becomes:

X (W) =Uw". A-Tw)" . Yo, 7)
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always true in practice, as indicated in [8]. Wen the
channel 50 is timng 14 varying over the duration of
a signal franme 8, the follow ng enhanced channel
estimation described in [8] may apply. Assune that the
channel 50 undergoes a |inearjsvariation over the
period of a 5 signal frams 8, the kth subcarrier’s

\&E%o e I Doy kc]er{tﬁy éj})gﬁl e nﬁcg@%\t wﬁéle%t ich #2B requires

ot Th& A gna can
elghlfmahedx;tanslel asirinvolvesea wehat:omph@ed O atrix, |k\)er5|oh=| operation,

il on St RidhL (daradiGkitya oo b TerkreReok) U5hG the  following

2, (4) 15 and: H K H(n, No, k) -
é}%ﬁro%"ﬁl\%hﬁ%%z §5§ Andalnet X(Er)(n:) (Fn. No. 19

[X(n, 1), X(n, 2),...(IX1T, )]~ aadLY@n) (n) . 8)
[Y(n,1),Y(n,2),...,Y(n,Nb)] be ""20 transmtted and
received data vectors of the nth si gnal franme body 22,

AesPRGLItVIRYsimplified ehaalissior @fanns: pototheasal
matrices, A = diag(al, a2, aNb)¢ U(n) = diag (H

A(n, 1), RA(MX)), = U(n)HA(rﬂNbl)))+ Bndl Vapy (7)) . )
di ag(HB(n, 1), HB(n,2), ..., HB(A;Nb)) wth HB(n, k) =
HD( n, k)i RA(n, k). The systemtransm ssion thus can be
Thdsfored thenradedverrie gopfigyreddoueceies a Q@na{(fra)me (©f the transmitted

eiiel e Rihel itk ofomaRtina e yaey aa vehy' fa B i the

fia ugﬁcybed(?}aaﬁhea DFsli ﬂﬁ’ed né&uél%a%ﬂ_ Of Dihe frainel ARsdy. Thus,

respect’ ve Thus, he equalised nth signal frane
btrdbpdbeentlseef tmiOreCe(vgr perlern) the snr(1p||fLedT@q91§1||sat|on\an'9he frame

ﬁ’ﬂ%}’ éx@ﬁ?Pg{ m[ﬂQ A %Ps?oﬂrgaﬁ?q 8ﬁa 'F’;%trlx mverlsjl%n%%elllg{lon.

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 to 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 iterations of the iterative process being determined in
dependence of the estimate of the channel 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

process.



significant expense as it involves a very conplicated
matri x inversion operation, (I-T(n))""'. The high
conpl exity can be reduced by using the foll ow ng
approximation as: Q 5 (I - T (n)) -~>T "'(n) . (8)
=0 As a result, the sinplified equalisation can be
performed as: Q X(n) Un) " . [Y(n) + .~~ T "(n)

[ r t [ u t
FomddimeRts | O e; Fectifer, |8  EBRTNER, 13 SRR IR, simpiited

girgxuanaﬁtydxyepmmmgnhg san;blrfmdeeqmailyatlam of the ﬂanfeob@dy instead
ual i sat.j on of

ph e Ram BG4S0 "BioBincBn? niet redtictines rued sk be realised in

peth Wﬁpletﬁuhtémdﬁg | f| ed equal isation of the frame body
by perform ng an approxi mation of a matrix inversion

operation. 15 Cbviously, the above channel estimtion
g:%hpoggd‘e?é é@@h%@l n hlggngﬁ%d%tﬁlg§%ﬁﬂl%§ggw1eo delnstrates

theet Rﬁedeccsja‘lseerrqnedétebnmcapabndtycmrmﬁeasIthﬁ&ihannel conditions in
choosij ng

npl exi, t an be easily, nade si
Gl T ot D s8resPletam bRterieatod (& clidrosapnariopishere the RS
g Lo PR Y N B SR A RAEE BCharlgfh such s
eycligrredundancy geeck/€IRE) boevéadd;w*dammm @mﬂtg&t)h@d:lG(LDPC) code.

No t'% q%%‘tth% reg[%gég%t%d é;ﬁ%f q%‘gtc %r? Egégglhgn?ﬁq-power reduction
@érceqﬁé@regémédﬁstm@biaamaléﬂe%ﬁ&n?ﬁn@per ations,

S|gn|f|cant power savings are expected by redu0|ng
one "T' process in this case. That is, the recelver 25

Pﬁﬁﬁé’rr ri“i"swﬁllﬂ't?e %ﬁBF&? . tthgpt '(5‘&8&0”&' %§cr|%ed by way of

peration’in a
e)taehakel only aid tvhaatlbres‘ o idesighr a6H SmBgi By nﬁmieewmaaﬂ departing

ependence of the estimate of the channel
#é?t'\T/‘ltF' ﬂta“dﬁf‘é) e‘g,}éh%'?vef?é?”al so transition between
enhanced and sinplified functionality of the channel
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esti mator nodul e by variation of the nunber of
iterations of the iterative 30 process. 16

Enbodi nents of the receiver are configured to operate
with sinplified functionality by perform ng the
sinmplified equalisation of the;frane body instead of
the normal equalisation. Significant power reductions

may still be realised in EF{n&lherrentations. 5 1t
shoul d be enphasi sed that, a R ough this particul ar

¢Xapgital derdeos tbrabdsastirige (BYB)ectrdesmisstorn nystﬂ@hee'bﬂ O%andheld

aiRe b orDVRE ok ih e BO2 oxdnabd 18 oi2Be-11). ° European

TeRtdMAENWEE6Ss Bhehdards FRdititg | s repl aced by anot her
error detection/correction mechani smsuch as a 1o

Blc Digital ednlaal dresdoastiog (DERY) DB epecwfld:afwmmwsdatg broadcasting,

RIS B GGt 4 @B v Byt e TokePmindiniceias Standards

fieute. presented in this exan‘pl e remai ns valid.
Further, it will be appreciated that the invention has

RleRigitd d/fd%erckﬂﬂqﬁéynﬁf(wﬁ Vbl enrfamenation guidelines, ETSI
gﬁr | 2 OBz 1\ 9 Ogeﬁf) aﬂ]g%segﬁ %gﬁ% %UR#EQ%[PST Standards

eparting from spiri‘t cope
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Clains 1. Apparatus for receiving a digital video

signal transmtted over a chgnnel t he appar at us
PO ABpEAY RS 07l T B BALS (A5G frorses

ariemgr detﬁot@urreddule fsmﬂetmtmg@rairs im thed commenurichtions signal and

t he, first th de i n dependence
{S‘P én?Paégth'w%f%o g%d g?ﬁ?ff&%ﬁ% @?rg)rtn?é e@Hﬁﬂ'ﬁ@ﬁm by monitoring

W&td@egﬁ&pﬁ@d@%to claim1, wherein the apparatus
further conprises 10 an error detection nodule for

detecting errors in the comunicati ons si %nal Iand t he
f d { chanpel ..
v Bt SO B d ot BB 2 B R trstimad of the
SperAfipslanbdulkCcis o ﬁlbﬂﬂaﬂrﬂo@é&iffﬁpbrélforpbﬁd fhel sebbed fidle of the

the first de of the
operational mgcti)ule 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

continued estimation of the channel environment.

5. Apparatus according to claim 4, 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.

6. 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.

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

module is an analogue to digital converter module configured to operate with a
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15 operational nodule is a normal node of operation
and the second node of the operational nodule is a
sinplified node of operation. 4. Apparatus according
to claiml1, wherein the apparatus is configured to
toggl e between first and secomgd nodes of operation in
dependence of 20 continued estination of the channe

SBYOAP HEAE -samnp ﬁ?’ Utio Eli -
vvhgdr)eclpn t esappaI %ﬁls crgn I gur ege%sotﬁ%ﬁa I'gStbre]tOd samplmg
fesalgtiemd second nodes of operation in dependence of a

count of coding bl ocks received at the apparatus. 25
6. Apparatus according to any preceding claim wherein

8n op@pphrsng! acdBrdingetd @ npl%de@m@} Icaitiai Whére ré?\' operational
nmodul e _configured to operate with second no R

e jssa desedemmgdyler ¢¢r§|gurmje~rw1 aperzting.in Atnﬁpaemndsmode to

SEEPE I P RS BB VB Sl ncn s e tn o

oumberbenemdnbermmwgmrledgﬂmnmbgéﬂathtlh the fifst mode.
second node sanpling resolution which is less than a

first node sanpling resolution. 8. Appar at us

§Ccorﬂb89rét95 aébr?oogﬂlﬁge@ BBy ChRIC in‘ﬁhrrgfda o \@gl%r]eln an, gperational

oper at i onal I's a decoder
mroshle i r@athagnélne stimatoe cuoaduleodenfiguoed dpemp?etrate/vlvsmlh enhanced

FitERBhaity, el Sietating I 165, J1Sh Go5E, oot BRGEAHS Wil Simplified
fARRtIBhAIRYG wWHer aﬁerfahhﬁﬁn fRSecohd MBger at us according to

any preceding claim wherein an operational 1o nodule
is a channel estimator nmodule configured to operate

110 o1 ARBARAGE apebBlitg 1 Rahp. HREriR ¢ agdratls € Zonfigured to

favedld arsigndlfrahenfane tairisidtted sidifal Stheod] nQIDI‘i'ﬁne]&mpnsmg a
arat S accordlngto claim9, erein the apparatus

ohadhg anshita Berign, BdeR e ey iamaina fesigified equalisation

?f’fﬂ@sf é%d,dg gnal, the signal frame conprising a
rame nd to perform in the frequency domain, a

sinmplifi ed equal i sati on
11.  Apparatus according to claim 10, wherein the apparatus is configured to
perform the simplified equalisation of the frame body by performing an

approximation of a matrix inversion operation.

12.  Apparatus according to any of claims 9 to 11, 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.

13.  Apparatus according to claim 12, 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.
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of the frame body. 11. Apparatus according to claim
10, wherein the apparatus is configured to 20 perform
the sinplified equalisation of the frame body by
perform ng an approximation of a matrix inversion
operation. 12. Apparatus accopgling to any of clains 9
to 11, wherein the apparatus is configured to perform

e a . . A % 2o tion |
197 JBBpEIIE dcBidiia B {0, AR BHeSpBBL sCfbrifurea to
pherate avitit sivmplified fesstidreilitg of thet ehammed cestimatep by g@ifaeming the
of the estimate of_ the channel environnent. 13.
i'ﬂb%l{?'gfjlféq%&%ﬁ'% ﬂfgtthtece;r%waibi?ldi'z, wherei n the apparat us
is configured to transition between enhanced and
sinplified functionality of the channel 30 estimator
Bdul & pethpskfioareesiving, athan apparatusfa digdakvidensigmal traasmitted

' [ I ratus according to

o1 2hiFncP 08 Shbarals b B R 43RG B0 Bh0Ryb omnured t
operaté ¢n i first snods ahd el d secdridRIdel Yanal swikshid @pReation of the
est | }or %ﬁerform ng the sinplified equalisation .
Eﬂodﬁg rpraifie Wedynods o5 theasegansomodsy inydepangenge oftameastimate
PRt mentbthkdhakhdpo signal transnitted over a
channel , trﬂe apparat us conprising an operational

nmodul e configured to operate in a first node and in a

T8 om ArBeitiics 28GR 5 Himo28 omreraherARRasahgeomprises an
@froaaAewin&h@duréf fcﬁlrkiéte&ﬁr'iq)%ﬁ%% é@&%*&%nﬁhaﬁﬁghon&%ignal, the

16. met hod according to claim1 erein
aethakiuithes saparising monitering theletrecdétestion dubdulé tw estimate the

%ﬁ’ﬁ‘%ﬂ;i‘aﬁﬁﬁfﬁégﬁﬁoi n the comuni cati ons signal, the

nprising nonitoring the error
detection nodule to estimate the channel environnent.
11;2 17, A method accordi nP_to claim 15 or claim 16, .
nprAsmﬁ@qgipgpmrpﬁ‘@ tnefaim 15 or claim 16, 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.

18. A method according to any of claims 15 to 17, comprising toggling
operation of the operational module between first and second modes in

dependence of continued estimation of the channel environment.

19. A method according to claim 18 the method comprising toggling between
first and second modes in dependence of a count of coding blocks received at

the apparatus.

20. A method according to any of claims 15 to 19, 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.
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first node of the operational nodule as a nornmal node
and the second node of the operational nodule as a
sinplified node of operation. 20 18. A nethod
according to any of clainms 15 to 17, conprising
toggling operation of the operational nodul e between
first and second nodes in dependence of continued
timatj : eny| { . hod .
R or 2 et ocBreg o ny B ERERR o 2, yhelgl i goerationa
pwmduieiis apsarfalogue dodigitd codvenelemodalelandttennetheld €omprises

nt. of .codi ng bl ocks received at the apparatus. 20. )
RPRERGA I AAhgHs 18 JalabroRyerfsrs Wit poSeeonduiBpes sampiing

B ORI hIRAAS ledSDPBhe first AHbJRWARIA tiopont r ol
modul e and t he net hod cclnn'pri sesé@% g;ree%gltqﬁr?g'the

automatic gain control nodule wwth a second node gain

i chai - i_rst =N, 1. .A .
29, podl ReUBE kOB by o BHRRO38 ", P A gy opgraton
opelutd isoaalecodeduictiuie and thoaatBog dofngtiséist dlhen operating in the
converter, nodul e. and the nethod conprises operatin

PR MOd8y QPERTIOJNE AecodRy Bradsle wWithra RuBWes of itatations and/or

: LUt . . .
SorDlrth W S e e 83 R 4P e e
operating s thiesfits nRide. wher ei n an operational nodule is

a decoder nodul e and the nethod conprises, when
operating in the second node, operating the decoder

pedul & WettbR aBedrafig & ahl &Sfadhitts 18N/ 25 wﬁgﬁegrp 'a\j\ggg&ationm

ah
which is |less than a nunber of iterations a
medytenisvhehannel estirator mepdute ane the muthod demp2ides dperating the

[ f clgins 15 to 2 wherein an !
SR SR hRRUIE A e antrf P el When e nang the firs
tioele rarid\ith eimplificsetinefsiaity Wieh peratir)inehe 23kbh@hsode.
nodul e wi th enhanced functionality when operating in

the first 15 node and with sinplified functionality
yhen ' ' : e 4. . o
2her APRERIGT ScbErdls 625010 72 ermlt e eecng. o e
gpparbts, 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.

25. A method according to claim 24, the method comprising performing the
simplified equalisation of the frame body by performing an approximation of a

matrix inversion operation.

26. A method according to any of claims 23 to 25, 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.



apparatus, a signal frame of the transmtted signal,
the signal frame conprising a frame body, and
performng, in the frequency domain, a sinplified 20
equal i sation of the frame body. 25. A nethod according
to claim 24, the nethod conpripsing performng the
sinplified equalisation of the frane body by

r f opm ' [ f X
0oL 1oFSg SRSAITH 580028 WFBIGL W G gansiions
bstweerpnhancest asd rsgmplifiddofumictignaitig of mcbamm@ltesmmalbr module
he matrix inv oper at | jn an iterative
Y JEB4RY t%e nHGﬁ)ﬁéro?g?r4?'98Fé’f ﬂlﬁ]'éer@f“’? RECGSSSr at i ve
process being determ ned in dependence of the

estimate of the channel environnment. 30 22 27. A
A8t hoé\ @@éfmdjaﬁgorﬁmg:tcaclmmam wHareinnthehaprarptusaisusonfigured to

#3 | on Itmﬁﬁl %ﬁﬂc@ﬂﬁlﬂgﬁggﬁgn@@% 'd f' qur b&performmg the

mmpﬂfneg etdwllsatrmﬁbfmfe frdriedodgns of the iterative
process. 5 28. A nethod according to claim 24, wherein

the apparatus is configured to operate with
sinmplified functionality of the channel estimator by
performng the sinplified equalisation of the frane
body.



