CODED QAM SYSTEM.The present invention relates. to phase anplitude
iodul ation particularly, .though not exclusively, using block coding. 5

In digital phase anplitude nodulation,  the nodul ated signal consists of

a sequence of synbols in each of which & tatrier has a sel ected phase and
anplitude. Only certain phase/anplitude conmbinations are é%'ﬁe&‘\ EN
these conbinati ons may be plotted ofopkpdhAg sk th i n-phase and 10
quadrature axes to form a pattern;—+he~set—ef—at+evabl e points in this
patt&n is comonly referred to as a constellation. If for

exanple, "one has a 16 point constellation, it is a sinple matter to
modul ate the sigpal with a 4-bit word to be_transmtted regar di each
point 15 as asstti aPERSRPER 4 1Pt verghg%&s t HeP 168§8§§i bl%mprigitu&e
conbi nati ons ohofichiatbohs.patrthaslacdy, shohougbvenat terxtlusdivelyg asimger
constell ation gf ?k gédgggnts) and a suitable coding of the 4 bits, the '
resul t ant inhereﬁ “rédundancy in the nodul ated 20 synbol sequence can be
expl oi ted Hy a Soft ddgditaiionpbagedermpbi tugeoveodpbatPnabi the y madwlatr ng

in the presenc&'.%afoi:é?sigt@no?Xtae%teq‘MHr?éb fepgnbble dR0LACH i aused
by the | arger nuibers of points and results in a net .coding gain. Codi ng
gain is definedl @AT¥HRTr haF & SRISTHE d)ass ang,dmpddFudfe si [eFEERI T e
ratio that a coggsle aREIELN60S tOmBAGARli®ONM! a e ti cpedniered; I atthewel

codi ng gai n 1 SCBREFEELEE® P EoHBoPLPFORA SRcBIRAGIE 2RorS *h OB FRAS fi™d, ¢
concerned®0 quadratuty axes Hockormdiangpattéwmghthee satmchfomldawabie
Bl ook codi MOTREL  dut oty mare i sener ahagEl CPEfErpll 'fp ¥
basi s. Thus ¢énsrdblpeion. const2l 15T oredamplebe apred Hag mdlifat irgink a
rate of 3 35 bidSLBYIOOL, tHEN 4 Ne GOHINY UREAS T aRER Lt P ALES ol
bits (for selecting points Iin the constellation) for every
with a 4-bit word to be transmitted by regarding each point
15 as associated with a respective one of the 16 possible
combinations of four bits.
It has been shown héwever that by wusing a larger
constellation (e. g; 32 points) and a suitable coding of the
4 bits, the resultant inherent redundancy in the modulated
20 symbol sequence can be exploited by a soft decision decoder
to improve the reliabili':y of decoding ih the presence of
noise to an extent which exceeds the degradation caused by
the larg.er numbers of points and results in a net coding
- o gain. - Coding gain is defined as the difference (in &B)
25 between the signal-to-noise ratio that a coded scheme needs
to operate at a particular error rate and that needed by
the eguivalent uncoded system. B
One method of achieving coding gain is' by the use of
convolutional coding; here however we are concerned
30 primarily with block coding, though the synchronisation
arrangements to be described are not limited to such cases.
It is inherent in block coding that output symbols are
generated on a block by block basis. Thus if a 16-point
constellation is to be used for modulation at a rate of 3
bits/symbol, then the coding process needs to produce 4in
bits (for selecting points in the constellation) for every
3n data bits received (where n is the length of a block of
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symbols).



3n data bits received (where n is the length of a block of -synbol s).

Consi der now t he concept of set partitioning: the signd ~tonstetdation is
progressively partitioned into subsets having increasing mninmm Euclidean
di stance between the points of each gubset; [err] < [err]. < [err]
........... as illustrated in Figuré = for 16 point quadrature anplitude
nodul at i on. The Euclidean distance is sinply the |inear distance on the
phase di agram between adj acent points of a subset; thus, assunmng the {;

si xteen poi BL8 25 O0 4 { d e ¢ S n|f cant in
that it is ag?'ngas%e o% E‘:Irwuee c‘%r'{ac% t|199y géda ard’&da%:ag? eecéo %
discrim nat@sm-‘atret%eﬁsmpmgrﬁsmygumtamqw p#@&@nc%uaienm se.

By | abel | imag,.each pariasifng “Lhﬂmﬁﬂﬂfﬁﬁﬁﬁégéﬂtdﬁ§t§ﬁ@@“HM%J&HH“€%e
partition tree. In Figuré 1 the label for each p0|nt |s constructed from
the bits Hﬂ&ﬂqslng-théaﬁartFPrBEE nedded t8:r&ack:it;-it-is convent®nt to
witesthe -hlltus&aaté‘d)r_r:espmﬂwg t eot:heof pbshtpwaldﬁm&eeved\pﬁﬁtwe

ri ght most bit .of .the poipt [abel .and s then se pOJntS mhose

| abel 5 71 MEAREEh unSRe, S3AZABRR HRTARFY 11 SRPINe TR AR

(wher e t hé@isitgiticein hitte iphase diiagxtan ds twern) ﬂj&acﬂeﬁlcﬁam @Ifsa ance of
at Ieast rrl .ap 30 C S Ay n hi s
manner L&’g%hSSZI ?%’GfssfﬁIerboeqﬂ ?Pﬁt@én Séﬁ%%helg%%dlng vm§#%£
nultllevemﬂpﬁase si gnal s", IEEE Tr ans IT 28 pp 55-67, January 1982.
The egher prinmary con5|derat|on in the coding process is 35 t he Hamm ng
di stance of At hg cede or codesy. egpl oyed.

. A4
A, =2 A...=2
:s A. = 2 A. = 4
A, = 22 A =8
This distance 1s significant in that it is a measure of
<he capabil:.ty of a haréd decision decoder to discriminate
20 Detween points in the subset in the presence of noise. By
iabel_.>ng each partition with a binary digit as shown we
form a part:tion tree. In Figure 1 the label for each
point =s constructed Irom the bits labelling the partitions
needed to reach it; it is convenient to write the bit _

.25 corresponding to the Iirst partition level as the rightmost
bit of the point label and so0 on. We then see that points
whose labels Zirst differ (when read from right to left) in
<the ith posaition (where the rightmost bit is the first
position) are a Euclidean distance of at least A, , apart.

30 The concept of set partitioning in this manner is

Siscussed in G. Ungerdboeck's paper "Channel coding with

multilevel /phase signais", IEEE Trans IT-28, pp 55-67,

canuary 198:2.

The cther praimary consideration in the coding process is
the Hamming éistance ¢f the code or codes employed.



-3- Figure 2.illustrates the coding process, in the formof an array. O a
fotal of [err] input bits, [err] bits are coded by neans of an [err] code
to forma first row of bits [err] bits are coded by neans of an [err] code
to 5 formthe second row aof bits [err] ang so on., The array has N
colums, the bits of each colum formng a pornt |abel [err]. An (n,k,d)
code is one in Wnich kK input bits are coded into u bits, with a m ni num

Hanmj ng di st ang d, 1 ...For the 16 point tell f Fi 1
e ot shodbotbne SEruneanelobpblBoRieh R brsaR s Lk e St S

code -arfanc.l i definaDtstalicef [Ekr]i.ni:ut bi&sl, & bits arelcoded by
8 15 mear(s8 6§ )an ( ,%) code t% form a §1§st z(o%r 78% k{
4 8 o To

nunber of i npwd;dbitdw= F@rb}t& ape’ gpdedqbiur megns| plcan dNskardtg [codd to
i ncreases stWF‘fdﬂ? b sé}%:‘xﬁmro%" &P bhes Hamm ”F@d' AN SR %ndec‘r‘?%s' r#;'—arge

the col um. he m ni num val ue of the prodict IS prefer

for good perféﬁﬁan@e Colmng hathgl thidiighofheadur epl vowy iformimen| ay Rmdﬁ'ded
- i.e. the 8 b_lgbselar]p $Il]_‘ﬁ|y 8 of the |nput bits unaltered, it is
convenient to 25 vi'ew t

n (n ld'g "coq% The codeword arra
concept is descri bt il v&f‘% kndRPHE Btsy arecs
met hod usi ng emwy ww:r@:tlmtleoslemnmEﬁEHImamagl digtanke 2£1d37/7, May

1977, anq . n relati Ml | er codes .hy E. Cus , 30 "Error
control g(?des f or Siﬁsﬁb g ‘Rg* ntEF@E’s‘%L&atast.l,or‘Z(ﬂfa;%‘%‘f%S,l 98fRuA-ghtor h
1984. It is \N@rntdbsrwtcageat dshi sepoiguit t bal owvhe wiattel ki Mgl wdk bstizel Nnofi gure

1is entirely_s to matic. Al though in nost cases this is the nost
canveni ent vva)7 Poceedsi ng, it is

i code Euclidean Distance d,A%
1 (8,1,8) 1 8
15 2 (8,4,4) 2 8
3 (8,7,2) 4 | 8
4 (8,8,1) 8 8

Total number of input bits = } k, = 20 |
The square Euclidean distance Aﬂd increases down the
20 column, with the Hamming distance 4 decreasing down the
column. The minimum value of the product 4, Aﬂ_l is
preferably large for good performance. Note that although
Mt " the fourth row is actually uncoded - i.e. the 8 bits are
" simply 8 of the input bits unaltered, it is convenient to

25 view this as an (n, n, 1) "code". ' | |
The codeword array concept is described in Imai &
Hirakawa’'s paper "A new multilevel coding method using
error-correcting codes", IEEE Trans IT-23, pp 371-377, May
1977, and in relation to Reed-Muller codes by E. Cusack,
30 "Exrror control codes for QAM signalling", Elec. Letts., 20,

pp 62-63, January 19th 1984.

.It is worth noting at this point that the labelling of
bits in Figure 1 is entirély systématic. Although in most
cases this is the most convenient ﬁay of proceeding, it is

35 not essential in all cases. In particular; if'two rows of



35 not essential in all cases. |In particular, if two rows of -4- the.
array are coded with codes having the sane Hamm ng di stance (or are
uncoded) then the | ower of these two rows can be allowed a | arger Eucli dean
di stance w thout reducing 5 the coding gain, and therefore the neaning of
the two bits fromthese rows for any one or nore synbols can be transposed
with no effect, for exanple, if the bottomtwo rows are uncoded, then the
al | Ocalt: oNtRé tdx&a;oraeepwbﬁéw ?mbal dudes tnatrllnnﬁsiml ﬁliﬁlient!l!iaﬁzﬁﬁ'&'
constel l atjon_can arbitr al t hough t.his ocatlon may
be subjectéf%tﬁFﬁsr?eﬁnnga éﬁ) t%P %F%b §%p'§h%ﬁﬁ1 Y&rr]

WO 92/ 0209¢an be allowed a larger Euclldean.distance witEEﬂ!(IEﬂﬁéﬂﬁ§9
phase 4 u Wi b i e q§9§r m
structéur ggtljf)ar ?%%%{ﬁggmﬁnbhgbgsg t@g:%:]‘.lrdlﬁ';e %e% ‘@m.nog,[ ﬁe m I’# rrum{éeg r]
product wifromr dthese aroewsyr it i @ny onepepkor maKee symbolsnycasnt be
provi de e{ﬁsgeaaaceulestw éfﬁbf{ hagopf mﬁpyacoﬂed Dot tdH SEo

random | ab does not necessari rec ude sonme coding galn, but for
good resul¥ews haRe wpcpdedef Fhen: ﬁéeEa Logaxion @f fihey RArXasRending bit

as being tf%éﬂ%i@étt&fawmzjn@ we@él@kaiw%mlmmr&ﬁmé bi t
can produce, it 10 | bjts do qgt all have the

sarre Hic) ehtrel yarpLsbeey | A ERRURB) B A HocRFt BB BRY be wBIeRt
"signi fi caps thér Uses t faiRes); Reichi dbsn @ Purimese cofadiefdviaty adpve, and

| abel s are witten with the significances of the bits 15 increasing from
right to left (analogously to the conventional representation of

bi nary nunbers). This convention can give rise to anbiguity in that tmo
bits of :



a given | abel: canshave the sanme S|gn|f|cance but no confusion arises since
-in thi swegiszezgvan it generally does 20 not matter which by, %ﬁy
nodi fication to this method has been proposed by RGC Wi ans ang

Farrell in "Conbi ned delng and Mdul ation with decreased decodi ng

‘Conpl exity", IEEE ISIT '88, Kobe, Japan, June 1988. They regarded the
nodul.ated signal as 25 being the sum &f- two anplitude nodul ated

signals in phase- quadrature and coded separately in the:. two
di nensi ons. Thus the two-di nensional constellation was regarded as two
one-di nensi onal constellations transmtted in quadrature. It follows

that the set pBRERtiDARRQ BOYHRDSS A swiddedbei 184 squssed cdalow) .gur eal

is carried Olge ebB-theet WO ol MRNSIONS- SEP2EALELY ona AT #HESHS AWML € FiguLe
2A for the x | ensi on. Note that the Tabels actually correspon to the x

coordi nate asTREHSTFER fPOMtfe PMaPLANE B nt; DFOMWIE Ml sPFSSMCE 2

- chosen for th&e@ééuéémndl \sIISI %ﬁtoﬁmwrtbﬁtonna?l S i Yﬁﬁé\bliaé i g
rted relative to

one or i
coor di nat® bl?er€BHWﬁB°Fs°FFFﬁ§tF 4%? §3Wqﬁ°qqﬁaiﬁﬁﬁwaj*%§%%“'
Here the as ansn&iémal abeliingt doek nodemmslsefmﬂq prediwidza cdomie Neddi neg

has its own coggﬁlgre%“rigly a %gd%c d 0L aDRL S [ £F r‘le ﬂ-ﬁi,% dé“ﬁ%ﬂi@%

codes coul d bg I MENSTOR™ S '_array quadr
imunity is netgreficande Gfgmreaueshws as stpmonqlfd!eequllees)t change oI

schere 10 ﬁ&mcﬂaaweaws%anee %%%Ci: %A‘am@r@ﬁéz 0:5% Rahb dcd MM ¢

signal constellation size ot re U|re t wo bItS
per synbdl i FeaeFeEereRseoRnRE FBBr*BPFé/?}ﬁEoFP noforld Hajtk the gAeR at e
AN-Z 32 bits #5018 dean24iEAPEL chhts. (i.e. the rate of the code is 24/32 =
3l4). In the following description, the term "signifiéance“ is
used to mean Euclidean significance as defined above, and
ilabels are written with the significances of the bits
i8 increasing ZIZrom right to left (analogously to the
conventional representation of _binary numbers). This
convention can give rise tTo ambiguity in that two bits of
a given label can have the same sighificance, but no
coniusion arises since in this situation it generally does
20 not matter which bit is which. |
A modification to this method has been proposed by RGC
Wiliiams and PG Farrell in "Combined Coding and Modulation
with decreased'decbding Complexity", IEEE ISIT ’' 88, Kobe,
Japan, June 1988. They regarded the modulated signal as
28 being the sum of two amplitude modulated signals in
phase~gquadrature and coded separately in the two -
dimensions. Thus the two-dimensional constellation was
regarded as two one-dimensional constellations transmitted
in quadrature. It follows that the set partitioning
?rocess édiscussed with reference to Figure 1 is carried out
in the two dimensions senarate;y This is shown in Figure
2A for the x dimension. Note that the labels'actually
correspond <to the X coordinate as measured from the
leftmost point; if different senses are chosen for the 0/1
35 division aﬁ any partitidn this simply results in one or

W
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15 The 24 input bits are divided into two groups of 12 (note that these
sCHemes™ Y4ke no cogni zance of the neaning of the i nput“HiMR7*ayfort i s
i mmat erial whether the 24 bits are eight 3-bit words or three 8-bit words;
thus the division into two groups is arbitrary). O each group of 12 bits,
20 four are coded into the bi ts of the first row of the relevant array
using the (8,4, 4) Reed-Miller code,” ahd the remaining 8 pass unnodified
into the second row. Assunm ng the Figure 2A partioning, each colum f~Qfns
the x or y coordinate of a synbol to be transmtted. 25 Again, the top
row for gy tdiexkeastosi gud i €aBk:Pidei Ay 16 RQ 0 i Jlel QL i own in
Fi gure S%ﬁ{_h."kggelgf dgﬁé\(/eaafﬂ%om%ehle&?:i glﬁg%kdga?ta?g#ﬁg T e%rrhe%{]hod
enpl oye FIHC-RAERIi Pg-t his array i nvol ves decoding separately in the two
di mensi onggogi AdTBOs Ne1 i gt -acdenedulalirdlas fereiNedgeReralN@agiedt points
(relative to Ehé Iomer_leftéﬁgint_of t'he cqnst IIatiozg gf a bl ock and the
x- coor diffeH%st Rt BRed3P8calSyctFHoTHEReRTE Pi. cgdes) agybefore; Nowyg 3
Zﬁ, Egis @actﬁ;&&erki&ﬂ)ha’&ﬁheﬂsi E_sﬂn ebag_wbs:dt e:&egenpﬁ:aﬁactilmg g.}ulbtu.sr ow 3&)
t he coding jmatrjx; these bits indicat er _the cqordina
921 0209F445 "o T chan: - 1 nligr L hESr BELPELRI 0eBE 6F SFE Lo PaRPeMIED a
vect or \be husaEdiein bemaemkendifeasdcnl si naxcayi ngf t guadranincphaset he
receive - i ,nat rom.the, hearest even nunber, viz 5 (0. 98, 0.
94, 0. g‘f&‘%&o@g,‘@i.%‘?éo‘. 5-Ed: 03, 0. 76) Note that 3.23 is given the
val ue 1.0 Rigure t He FRPYBSta eBPRCECGIAi AZRODLE t A€ cwekeld aSFHemMes 2
ApRlo catdsaifiindg WwOTdideCct S| fehdletosl ), Sy apdl t SGu g Keisl-gi:%%&bhw_ digits
1010, i npl ing a transmtted top row 0 codeword of 11001100. _This tyQE
of soft &di oROBEEBAEAT-PE weft “kndwRl POheFer & of L a NioT e 8det aMfted
descri ptdedfuiide two bits per symbol in each dimension (= four
bits/svmbol); for a block we generate 4N = 32 bits Zrom m

= 24 input bits (i.e. the rzaze cf the code is 24/32 = 3/4).

The 24 input bits are divicded into two groups of 12 (note

[y

that these schemes take no cognizance of the meaning of the
input bits and it is immaterial whether the 24 bits are
eight 3-bit words or three 8-bit words; thus the division
into two groups s axbitrarv). Of each group of 12 bits,

<9 four are coded into the : Zits of the first row of the
relevant array using the (8,4,4) Reed-Muller code, and the
remaining 8 pass unmodified into the second row. Assuming
the Figure 2A partioning, each column forms the x or y
coordinate of a syvymbol to ke transmitted.

23 Again, the top row forms the least significant bit.

A l6-point constellation is shown in Figure 5 with labels
derived from the Figure 2A partioning. The method employed
for decoding this array involves decoding separately in the
two dimensions. Imagine that a demodulator has received

20 the eight points (relative to the lower left point of the
constellation) of a block and the x-coordinates of the
received points are

{1.02, 2.¢4, 0.23, 2.83, 2.22, 0.45, 2.03, 1.24)

The Zfirst step is to regenerate the first row of the
coding matrix; these bits i1ndicate whether the coordinate

ta)
n



reiation to decodpng in the separate di rensions see RGC. WIllians, . "Low

Conpl exijy, Bl &k, Coded Modul ation", Ph.D. Thesis, Victoria Universi té of
Manchester, ~U. K., August 15 1988. Knowi ng the | east si gnf HHCARTYBI4Yof

each synbol (i.e. whether the symbol is even (0) or odd (1)) an inspection
of the received coordinates:shows that the transnitted vector is ( 1, 3,
-0, 2, 3, 1, 2, 2) and the remaining erghAt-20 information bits are (0,
1, 0441, 0, 1, 1). dearly if nore than two rows were involved, then the
al gorithm coul d be applied progressively; in a nore sophisticated system
the results of |ater decisions could be fed back to nodify earlier _
deci si ons (agaif BRScRFsEFeBy WUS| R reppived \FRGEOX hed CPPVerred iame
codes are CcROS@Ecthol weagh FHINST Weteddn ay t Aed t her enaieakewe’ <he
di fferent decoders regU|red for the decodlng since each arge has only hal f
S

the nunber of TFORE2BFSRE ehfi TEFBHYSS HrHRRSAOAAFeafFP. tARORRRFCF EAFYIPR
of this schenenLﬁpébatvthe decoders work 30 wth 1-dinensiona

di stances _and a e canpl.ex, as, t C _ din the
ori gi nal stheme &ﬁ!cﬁ m§ éd ®|rﬁ' ? dlﬁensﬁ%n § @g @Uzgso t he
nature of the sijoak caast &l.2&8t iisngiven - BheAgebndlﬂgoteunueeﬁmeclan¢eshe
pr esent |nverné;égncggg&gna§epnqykggddgﬁz§g¥y§gfghf Qf sodulating digita

signals onto a carrier, conprising. nmeans receiving a block of bits to
be transmtted; éﬁﬁihgaﬁheﬂpéftﬁn%ﬂfwﬁﬁ#ﬁr#b@npéﬁFpﬁiéﬁlmiﬁﬂﬁﬂiﬁﬂcﬁ#V$%to

groups of blts.;r\%*lwﬁé@bno 3 fARQUP16RY] NG N6 £P AR Ve rds ®i DOEE E%%U“P&G‘t
code having a Hapmm ng dlstance greater t han one,” the partitiaoni ng, and

cadi ng beﬁﬂg sn%@evﬂﬁF gich? apb BOhasTRAS S¥Re REnSeftohesisd ondgroding
assenbl i ng a plairekily kabwed; giHodevsar dof ronkore detailed description in

reiat:zon to decodéing 1 the separate ‘dimensions see R.G.C.

Williams, "Low Complexity Block Coded Modulation", Ph.D.
Thesas, Vietoria University of Manchester, U.K., August
15 1988. f |

Knowing the least significant bit of each syﬁbol (i.e.
whether the symbol is even (0) or odé (1)) an inspection of
the received coordinates shows that the transmitted vector
s (i, 3, G, 2, 3, 1,' <, 2) ané the remaining eight

20 information bits are (0, !, ¢, 1, I, O, I, l). Clearly if
more than two rows were involved, then the algorithm could
be applied progressively; in a more sophisticated system
the results of later decisions could be fed back to modify
earlier decisions (again discussed by'Williams).

25 Note that if the same codes are chosen for each
dimension’s array then'ehere'are fewer different decoders
required for the decoding since each array has only half
‘the number of rows of thé'equivaient 2 dimensidnal array.
Another feature of this scheme is that the decoders work

30 with i-dimensional distances and are therefore' not as
-omn‘ex as the decoders used :in the or;glnal scheme which
worked with Z-dimensional dzstances due to the nature of

<he signal :onste;latlors



the bits of the said groups; nmeans for quadrature anplitude nodul ation of a
carrier to forma plurality of successive output synbols, the tWo

guadr ature conponents of each synbol being determ ned by a respective pair
of the digital words; in which each word contains a bit from each group,
whereby the or a single redundant code produces bits which control both
guadr ature conponents of each synbol _ Ergferably, i n the coding and
partitioning nmeans, at |east one other group either is uncoded or is ceded
using a code having a smaller Hanm ng di stance than the said redundant

code, and the nodul ation neans is so arranged that each bit supplied
thereto as part of a pair of digital words which bit is derived fromthe

sai d other goeordingltecond WsPetiNdR Tl Priesdnti Al ion StEL&t er
t han t hat Br oduce‘gq%la any bit derive
e

fromgthe said qne. grqup., ln i
parti cul atBj (PFRYV PR PRRATALYS | 20%; "lﬂééh&) g ﬁﬂigl'g AR L1 oyi n
a code whoaltohas cardiexn, ngahpatimioey:gr eat er than t hat obtai nabl e by .
dividing th URe | . :
ndependent A 8Pl Borl SRIr Y WG b HALA %S N0 SRR Creas, i g
resi stance coddagpiand panpitione means: Sfoxr paytitiondingneaeh thleskni ne

bits detef Rl HEchph GEIHI¢8 N SYERNL Bhed gRblPX A g Bke P csded
predet ermp ned synbdl_of the ecedi ng bl ock .o determ ne t he angul ar

di f f er enc®¥peRunetirgle FRApUGARt o e8a¥} 08n 02 Hamming. gistAnce,
rotati ng glieatieasanin tone) r ehanigard thorinlg ®hat BodlhgClbdinhg|ugséhon by

nfor mat | SHAFe Sas. S dhe Yo N PR WAL ' P FET T (ot res
of the i nvemenns Hfaxr sessenblingt me pluxaldity oSodbgbtsddwondss ffomhe 7
i nventi ongyel biReWdEe 135 Fdie Groups;
means for quadrature amplitude modulation of a carrier to
form a plurality of successive output symbols, the two
quadrature components of each symbol being determined by a
respective pair of the digital words;
in which each word containse a bit from each group,
whereby the or a single redundant code produces bits which
control both quadrature components of each symbol.
Preferably, in the coding and partitioning means, at
least one other group either is uncoded or is coded using
a code having a smaller Hamming distance than the said
redundant code, and the modulation means is 80 arranged
that each bit supplied thereto as part of a pair of digital
words which bit is derived from the said other group
produces a minimum Euclidean distance which is greater than
that produced by any bit derived from the said one group. .
In particular it is preferred that at least one coded group
is coded employing a code which has a Hamming distance
greater than that obtainable by dividing the group into two
subgroups and coding each subgroup independently into the
same total number of bits.
If desired, for improving resistance to 90° phase jumps,
the apparatus may include means to examine bits determining
a predetermined symbol of a block and those of a
predetermined symbol of the preceding block to determine



by way of exanple, with reference to the acconpanylng drawi ngs, in which:
Figure 1 is a phase diagram'show ng a known way of partitioning a 16 point
QAM constel lation; Figure 2 illustrates by means of an array one known

met hod of bl ock codlng, Firgure 2Ais a diagramillustrating partitioning in
one dinension; Figure 3 illiustrates in simlar fashion a second known

met hod of bIock codi ng; - 10 - Figure 4 is an array illustrating a

speci fic exanple of the array of Figure S;QFrgure 5 is a phase diagram
shom}ﬁg the | abelling of the points of a :6 point QAM constellation as used
in a first enbodi mrent of the present invention; Figure 6 is an array
iIlustrating the operation of the first enbodi nent of the invention; Ficure

7 is the kno r . dr P

Fgare s i o atild Bofief, BtRetendt NEhAh, CHAT Sartihtl] POSCRI G by
Figure 9 is arth;rsr%ly synbolsat imepne t hfox enobathinat thet hphpsesenf the
I nventi on; ﬁ'hs]ng.'étsec? P*ﬂﬁ&lg' o adﬁ&fbfo@ﬁdfh qmrsactildw by €Re said

accor dance W|t fgure 9; Figure 11 bl o di’agram of

e arra
cor r espondi ng 3REHRY ; 4 #%59?9“&2!1§QQtﬂ?ﬁﬂ?dfﬁﬁr&ﬁﬁ&ﬂ%?#ﬂiﬂ?? chGF&PGf
coder and decqdaty iforkatfonnfegdesentPhgsehei aggalars addfegendear ged 20

R TP E SR S

the subeclaims.

Some embodiments of the invention will now be described,
by way of example, with reference to the accompanying

SNt drawings, in which:

Figure 1 is a phase d:l.agram showing a known way of
partitioning a 16 point QAM constellation;

Figure 2 illustrates by means of an array one known
method of block coding;

Figure 2A is a diagram illustrating partitioning in one
dimension;
Figure 3 illustrates in similar fashion a second known
method of block coding;



Figure 10, nodified to provided synchronisation; Figure 16.is a bl ock
-diagram of a nodified formthe of 25 the decoder of Flgﬁ?ﬁ"'ﬂf”“"th
sysnchroni sation circuitry added; and Figures 17 and 18 are bl ock di agrans
of, respectively a coder and decoder in accordance with a further

enbodi nent of the invention. 30 FhéOproposed nodul ati on schene uses
only one array of 1-dinensional conponents, the output information belng
“shared between the two QAM si gnal coordinates. Figure 6 shows an
arrangenent which is essentially Flgure 4 cut in half, _ A though the nunber
of colums iTF¥He®arraj 3% ar‘?‘shﬂﬂ“ﬁ?“ﬁ?ﬁ?%ﬂ%C%PSFié*FseﬁG%PAespﬁce t wo
col ums arshe aNKLQZéQZﬁQQureqatred for the x and y coordi nates of one
synbol . Thus e punb its.transmited Sy |, and t di ng
G are unTEHRES Thih Roedt SkaEPER FboREpEcEnd) TaRe11 TR, bnRES

appr eci at epdirecd Lmriaaerhﬁabodnf:f QM coisgteidatiidn sascieed Andat fersarlier
one- dunens - t by egciation is not obscured
by any paf@g%% arpggs grg%gﬁén héhgeggggké used to represent the
schenes. RefRirgure 6o-ﬁlQMWﬁxﬂahnﬁ‘SUSFFQG¥897QMQNQPQFQ$#QMEO§|nhbar to

that showne ;i Fi ghbSs fment ok e gégbhvggtlogynbols per block) but wth
a rate of _Jerr],_ thus accomo atlng only 16 i nput bItS er bl ock.

Figure 8 shov%s"‘h‘%onj et uFBE JT0MTe aRTRRvISadEYRRt He F n; f@&nt i on,

al so MAtrldbﬁﬁax&géhz§ufﬁogesﬁgaln we have to generate a total of 32 bits

(16 |% each 15 r g@ conjecture that, of 16 % g a we _code 2

bits vinto tHe FHr%st r‘cﬁNWtﬁ"aa}( 15~ M8 T RBHRY oA F PEOPE BROP "f“ﬁgtsgéond row

usi ng a (hel4:Mencioeks; t hen we have achi eved no advant age. However,

(185 9 ¥l %L 18n'3r2hy 09T AWRDHS s (el MohbSas HRAESDe and
the present invention;

Figqure :0 is a block diagram of a coder operatlng in

(¥)]

accoréance with the array of Figure 9;

Figqure 11 is a block diagram of a corresponding decoder; -
Figure 12 2s a dlock cdiagram of a modified form of coder

igure 12 and !4 are phase diagrams showing enlarced
tellaticns emploveé in a further modification of the
invention;
Figure 15 :is a block diagram of part of the coder of
Figure 10, modified to provided synchronisation; _
Figure 16 is a block &iagram of a modified form the of ~r
25 the decoder of Figure .., with sysnchronisation circuitry
added; and
Figures 17 and 18 are block diagrams of, respectively a
coder and decoder in accordance with a further embodiment
of the invention.
30 The proposed modulation scheme uses only one array of
i-dimensional components, the output information being
shared between the two QAM signal coordinates.
Figure 6 shows an arrangement which is essentially Figure
4 cut in half. Although the number of columns in the array
is still 8, the block size is now 4 since two columns are

(18]
w



20 ‘shown in Figure 8) we enpl oy these t hen al t hough the bl ock size and

" todi ng A A«%®*4nchanged, the schene has an enhanced transAggOMLAMENRL t Y
~of 20 rather than 16 bits. It. may be noted that this exanple has
the sanme performance as the conventional 20-bit schene discussed in 25
the introduction; however it'has the advantage of “reduced conplexity of
coding. It is a known property of redundant €odes that the maxi num
Hanmiing di stance d obtainable, for a code of a given rate, increases with
the | engt.h of the code. The 30 i nvention thus exploits this fact by,
for at |east op [ cCQdi g ONLEO n d
v coordi nat es o?e ‘?{hegééongt'el Tt %or?%gynbr(heb {)éb %él %ééaggfn%%ﬁe co Tcimrk
The advant agechefaunber pg Shrst ta-@@@mldn-erﬂ)r@e”oﬁymbthb' 38nd thle| Ldiqng
(for a g'Vfﬁ?af*gnéée gaer Lﬁ&é&t'gﬂi t @”cl@%k size? is GH d conpar ed

wi th using en [y separafe codi ng he two |nen5|onsﬁgaé e bl ock
size (b) the codhg-§ a%’éP?F'v%n" ned %ﬁnﬁ??%angﬁ%Bl fupdpme ofif§egance

| mprovement (jetdwedr G4 fd Afbney alnlde beaemaa.r:nse& ba&wa%eﬁb%n%la%n@me,
whilst that of (b) can be seen froanlgures 7 and 8. To jllustrat

T ngt U1y T ot S0 Eer b e EBBFRGARLOM | R IRt OBF FUEEa s BYar ATt
is nore diffigdde ﬁmmaerfcravaogl \Gxrawdamh nghe c e ag: amsamddaﬂoemptrbsteha

i g e Cad e T Rk Stk P YL TR, SEaERglns RS
necessarily imvosokemansiimplazementtiatt sbod® iafigngedidst afeeth, eﬁgmtal
- rows ha‘é' ('99 A s JRAUIMM LEET] pRIQAYCE 580 thatpf ol any Sehegp haybng sygh a
r%gzmt accommouat-“c only ‘6 1u~ut bits per block' Figure 8 shows

a conjec'u*a- scheme as envisaged by the present invention,
also with a block size oI 8.

Again we have tO generate a total of 22 bits (16 in each
rsow). If wé éonjecture that, pf 16 input bits, we code 2
bits into the fi:St row with a (16,2,8)‘code and fourteen
in the second row using a (15,14,2) code then we have

.
w

achieved no advantage. - However, a (16, 5, 8) code and a

(16, 23,2) code both exist (Reéd-Muller codes) and if (as

20 shown in Figure 8) we employ these then although the block

size and coding gain are unchanged, the scheme has an
enhanced transmission capacity ¢f 20 rather than'ls bits.

It méy be noted that this ‘example has the same

performance as the conventional Zo-bit scheme discﬁssed in

(8
w

the introduction; however it has the advantage of reduced
complexity of codinag. . '
It is a known property qf redundant codes that the
maximum Hamming distance d obtainable, for a code of a
-given'rate, increases with the length of the code. The
30 invention thus exploits this Zfact ny, for_at least one
~array row, coding the bits controlling the x and v
cooréinates cf the constellation symbols ;ggg;hg‘:using a
single code. _  o | _- o f
The advantaqe of this is :hét _ohe or mote_ of the
following (for a given signal constellation) can be

)
w



1 a.directly equival ent decoupl ed schene does not exist since this would
need a Hanm ng di stance of 1/2. A nore practical scheng,~USTHAY “a~t-ar ger

bl ock size, will 20 now be described, together wth particulars of
its inplenentation. The schenme is set out in Figure 9, in the sane manner
as before. This codes 4 bits/synbol onié a 64 point constellation, using a
bl ock size of 16; the coding rate is 2/3. The 25 first array row uses bYhe
(32,6,16) Reed-Miller code, the (32,26,4) extended Hanmmi ng code and an_.
uncoded (32,32, 1) _row A syitable constel Igtiog s shown as the centre
portion of*HRAftALR 13O™RAEPE Maitrmt Y54 sePRAFBLY aSEPATATE PHNT heT30
y coordi nathes)two eSimemsiadrsl i n octal notation. The outer (underlined) 64

points will b |, SC later. A block diagramof a coder for inplenmenting
& %%%%figﬁsgh’reée 10. An input 1 is assuned to receive serial -

this scheme i's
data at 9. 66X bihe scodind ratel ocked noi ool Bithi ysghbollderial in

par al Isel-out(cs)higﬁe r &AL r%ﬁj_nder control of a - 13 - 9. 6kHz clock
signal [err] froma naste % ock generator 3 synchronised (by neans not
shown) to tRERIANAMENE &) ddmexerpli Fed|hy thecomparison chepveens

| oaded by piRans; nd §SCORI) €4 0EKati gRAl(H)AaROYY Goen 10Lbhizps fiies @
register 4. & the 64 bits in this register, 6 bits are fed to a coder 5
whi ch i npl'ed@® S+t he (32,6, 16) Reed-Mill er code and produces 32 bits a

whil st 26 bittess :Anasxdyyte askanm ryfuider &n Wnplioveme SEeit Scoditng 3galh, 4)

ext ended Hamy ng code. and produces_32 bits a_. ..The r ining 32 bits are
uncod&d and TO°°® tdr Tﬁ%tS‘io’B#?gli?n $RoMeTen RS qdhedis s"ﬁ{é"gﬁm ?F ofed
previ ous| gitvien ziddiceg | orheme whn cacbordagoet winhi cihecddeventsian bthisry. The
96 bits [enilo:¥es MY RHANISS dr° X Vil @ Hocoupled-coding scheme

havinag the same rate ané block size. An improvement in
coCing gain necessarily :iInvolves an improvement in the

T
LY.

Hamm:ng distance &, for ail rows having a minimum d.A}°

Froduct, so that for any scheme having such a row with 4, =

1 a éirectly equivaient decoupled scheme does not exist
since this would need a Hamming distance of 1/2.

A more practical scheme, using a larger block size, will
2C now De described, <together with Dparticulars of its
implementation. The scheme is set out in Figure 9, in the
same manner as before.

This codes 4 bits/symbol onto a 64 point constellation,

using a block size of :6; the coding rate is 2/3. The L

[ 3]
tn

first array row uses the (32,6,16) Reed-Muller code, the
(32,25,4) extended Hamming code and an uncoded (32, 32,1)
row. i

A suitable constellation is shown as the centre portion
of Figure 13, where point labels (which are the same as the
0 X, v coordinates) are indicated in octal notation. The
outer (underlined) 54 points will be discussed later.

A 2lock diagram of a coder for implementing this scheme
is shown in Figure 0. An input 1 is assumed to receive
serial data at 9.6 Xk bit/s which is clocked into a 64-bit
serral in parallel-out shift register 2 under control of a

(V]
(1]



shift registers 7-12. The registers 7, 8 and 9 are to 15 contain the x
coor di nates.. af..the output synbols and t he registers 11, 12 a0 Jdsrik Gy
coordi nates. Sixteen of the heavily coded bits [err] fromthe coder 5 are
| oaded in parallel into the shift register 7 and the other 16 into the
register 10. Simlarly the 1ess heavily caded bit:s: [err] 20 fromthe
coder 6 are loaded into the reaisters 8 and” 11, sixteen into each, and the
uncoded bits [err] are equally divided between the registers 9 and 12. The
| oadi ng occurs under control of a 150 Hz clock signal [err] delayed with
respect to th al rr] oy l.I o fet;_ el ay h ﬁg)éiﬁl‘ . 2The
six regi ster? %‘)&%2 }[1§ ?ﬁ.‘}l n &9’ oﬁl 2 §ageego?r di nat ese%%fras%(’?een
symbol s to beswmmrusa!: mmenqamdétpq waqwrtbrﬁ%rﬁfse drPRE ek s BER2UNder
control of a gy ér‘_Jg—izs 3!% [e.r.lrd n(al_.c.aa at @Jﬁﬁ;@l .rsahq,gﬁe@@p)meaﬁ'gugf a
erio

every 30 Synmbo “three-bit wor res ntln
coor di nate of Slelﬁ@r@yrﬂ:lcﬂck (:Sltﬁan%-r althi $6@Q/ 64 avaPBabF ﬁg%ea oﬁ?%’cﬁtﬁf"

thg regi SEerS%J h%ﬁ %H@esg belelgslaar tr?gsSLm:lﬁﬁef hes nnstssmb}‘ﬂemntoﬁat
and register t he | east im|ar t he rdin abl e_at

out put of 35 Cofge& r—eﬁPéFé‘r%m?ibe“e_xttﬁnﬁhfxtzfpgg %ilea %ﬁfpﬁ?g %’e‘s
used to contrg&-omasablzom&fs a.cawhikst zalb:.ps omesssmspliédstoaaecloﬂart he

di b f d I I h
i agram by a pait o alrr%lltu e m)_q’% t3(}r§ z]fture q%,&@szp&m%]éag Nn#i t

carrier [err] aﬁ’& LER ||’1pasé quadr
out puts are aﬂd-edulcresamaudes as. toT}hreowedlelallmdélzabeusoﬂrsu\ﬂnmﬂaﬂ an€put

16. Al t hoygh gﬁt sh 3N, 0f The usyal,d echniguss £ogvent hgn%éﬂtf&ﬁé&yed

for avoi dl ng L sI ope™dr Scohti nul t les I n the nodul ated signal nmay be
enployed. Not prtelvatouallmml'gm allasnwiomt el YBichhBiEsame &prdueh FRR&Fi ve

to the bottom ket 3qinl0f the
: The 96 bits a.., &., &, are now supplied to six l6-stage
shift registers 7-12. The registers 7, 8 and 9 are to

)

thn

contain the x coordinates of the output symbols and the
registers 11, 12 and 13 the y coordinates. Sixteen of the
heavily coded bits a, <Irom the coder 5 are loaded in
parallel into the shift register 7 and the other 16 into
the register 10. Similarly the less heavily coded bits a,,
from the coder 6 are loaded inte the're’gisters 8 and i1,
sixteen into each, and the uncoded bits a;; are equally
divided between the registers 9 and 12. The loading occurs
_ under com:rol. of a 150 Hz clock signal ¢, delayed with
~ | respect to the signal ¢, to allow for delays in the coders
25 5, 6. _ _

The six registers 7-12 now " contain the x and vy

coordinates of sixteen symbo]_-.s to be transmitted; once

[ 3\
(8]

loaded their contents are clocked out under control of a
2.4 kHz clock ¢, (i.e. at a baud rate of 2400). Thus, every
30 symbol period, a three-bit word representing the x
coordinate of the symbol to be transmitted is available at
the output of the réaisters 7, 8, 9 where register. ¢
sunpl es the most significant kit and register 7 the least.
Sim:.’ar‘y the vy coordinate is available at the ‘output of

325 the registers 10, .1 and 12.



constellation, a symmetrical representation is nore usual. -This sinply
represents a translation of (-3.5, -3.5) which is assuned~to~vretur-in the
nodul ators 13, 14. Another schene simlar to that shown in Figure 9 uses
the 15 foll ow ng codes. (32,16,8) Reed-Muller for [err] (32,31,2) Parity
Check for [err] (32,32,1) Uncoded - t4fer [err] This has an inferior

noi se immunity to that of Figure 8 20 but has a higher coding rate of.)
79/96, i.e. it carries an extra 15/16 bit/synbol. If a fourth, uncoded_:row
i s added and a 256 point signal constellation (e.g. as shown in the inner
portion of FTReAe IOYTPUTHseAret HR&RA t SN C@aﬁr@lllﬂﬂ‘tl@/tblmkof e [err]

bits/synbalaredérpr QH §' %dc%s%ad% 2D1 1 useSa @8 CEnbagd rdi®' b 935”" ng
one extra bit per blo a bit rate of 19.2 kbit/s at 2743 baud can be

achi eved. Bt% ?f’laP"‘PﬁéfEBEeﬁQ%%ﬂ’ﬁed%pp’a‘* HHPRLiRuFPEReER1INGLY | ength
for the casdewwreéassiay, CSOahBaEaTtheQObmﬁm Qihatshe drddratere €6 dieyi ded

equal Iy between th di.nat e *axes I f an qQdd | ength q
i s desiredi9Re @ﬁ%&ao@&ﬁmﬁgégﬂ The 8kt ﬁ88°5f ¥€p|% By s@woul d -
be to car rmodnkatedecovtputii ant #nodbuepuer héi e Al thésghonobeshewh, bhagk, so

that al tergat e 4 anyglbl €0 ikaek b Udhighrdddy (i) Aood ) ToRS

respective t hese si out in-a
manner amﬁYﬁkﬂ%ﬂgoPhhaﬁ m@nﬁhqnﬁiﬁhsFﬁBtlnﬂlbdeetMM1thﬁ moduiated

separat e dacphongy WP $HPLOYERNSNORS ik a1 cRBARH! | abodkalghease being

of course that the x and y_ coqrdi nates obtal ned ator are
assert® ed he%D ‘aF%lerﬁ’@s\ﬁ&df Felati s the ?@GG@H’céefﬁaPGF&FI pfashat the

transnitt efodnsél pioressed $ pardteical HPrés 6hedt o6n o s amgee odetai or the
code of quﬁyéaszmp-y represents a translation of (-3.5, =~-3.5) which
is assumed to occur in the modulators 13, 14.
Another scheme similar to that shown in Figure 9 uses the
15 following codes.
(32,16, 8) Reed-Muller for a,
(32,31,2) Parity Check for a,;
(32,32,1) Uncoded for a,,
This has an inferior noise immunity to that of Figure 8
20 but has a higher coéing rate of 79/96, i.e. it carries an
extra 1i5/16 bit/svymbol. If a fourth, uncoded, row is added
and a 256 point signal constellation (e.g. as shown in the
inner portion of Figure 14) is used, then it can carry 111 - —_
bits/block, i.e. ¢ ,,5 bits/symbol. 1If provision is made S~
25 (as described below) for carrying one extra bit per block,
a bit rate of 19.2 kbit/s at 2743 baud can be achieved.
Note that the scheme described apparently requires an
even length for the codeword array, so that the columns of
the matrix can be divided equally between the two
30 coordinate axes. However, if an odd length q is desired
this can be accommodated. One method of coping with this
wouléd be to carry over one coordinate of alternate blocks
to the next bdlock, so that alternate transmitted blocks
contain (g-i)/2 and (g+l)/2 symbols respectively.



10 "is shown in:Figure 11. A denpdul ator 20 receives the inconing signal
and includes- carrier synchronisation recovery and synbol synchronisation;
it denmpdul ates the signal to obtain x and y coordinates in digital form
Assum ng, as is conventional, that these _coloard_i nates are 15 relative to
the point of symetry of the. constellation, ‘adder’s.21, 22 add 3.5 to each
coordinate to produce the x, y coordinates relative to the lower |eft hand
cornery of the constell atd : tputs Lhe adder r

8- bi T accur acy (3 b:ﬁtes?%tlglei?%r eﬁh@%%@na?%gg%?%t ?Es?ﬁ%’l{eﬁe 2 'en?ra% ﬁﬁ%‘nger
coordi nate i s @palogousdefdodultdadr dlessyihafucdd syihinol inteedushans for

[err]. The outQuk;caetdi RaLes e ed.i te LAagsth k
size) shift reglms:%grggsfzjféggl?ﬁﬁger&%gﬁ#fg (r)}#ﬁ)t #?iyﬁ%'gl (%IﬁgEEgFgFH eaﬁ}é?c
each bl ockSperfe8entdadetifforencparhging AfdefORe R r Ahak Khgl oekand v

synchroni sat i 0gogir@RaktEe IdbtdiRed Fzrom Sthét desidmilator Ake |Asémbled
significant seven bits, of each V\og_dé{)ass via a unit 27 which derives t he
Pt h

f
di stance of eatRtEoBr¥iRgte YEERP Acthe Fane SPHBE?. i Retheat Liges ato
6 and suppl i esthfegeahomd ttell) G ProtciGed demprther8 for the (32, 6,

16) Reed- Ml | er Code. The .out put of. this decqd | 3,6 data bi and _th
valid 32-bit word V\ﬁi Bﬁ°FtF]fedaé‘8%&é‘r oﬁag ﬁ?&:&g& %ré’ét rﬁ"ahnesnqueeroé ?%%%é uged
in the firet rbsv athdwre anr Bigude fldr ner Aardemodpl atdrt 2Ginregepwes the
register 30, the_ 35. _|attes o ity 3 ich adj .t "#ﬁ% e
| east si gnific’éﬁ?ggle‘f}gn %ﬁgsna&f)aﬁrhﬁ; nléxg 1\§@é%00?§|&%§tﬁgs %5’0%‘?'% e g?/éfw
92/ 02092 recovery and symbol synchronisatpgmGRdt oqgggdu;gtesegﬂg@er
26 (i. e. consirghns them,beabe the Jneareste HithGlayen UNBEE: fEEOT £, 1O
t hg sout put of %%@%eco‘%ﬁr %gf pri ora to gascsa e to a soft de.c%i on decoder
- 32 for the (32As9eming) @ft difde@ORERRTRGNEbde ThatTHiResR c600rdinghiesSes2%e
' 15 relative to the point of symmetry of the constellation,
adders 21, 22 add 3.5 to each coordinate to produce the x,
y coordinates relative to the lower left hand corner of the
constellation. As shown, the outputs of the adders are to
8-bit accuracy (3 bits before the binary point, since the
20 maximum coordinate is 7). The demodulator also produces

U

symbol clock signals ¢ _ _
Thé output coordinates are clocked into 16 state (16
being the block size) shift registers 24, 25 under control
of the symbol clock ¢s.and, each block period, loaded in
25 parallel under control of a block synchronisation signal ¢,
() into a 32 x 8 bit buffer 26. The least significant seven
bLfs of each word pass via a unit 27 which derives the
distance of each coordinate from the nearest even number in
the range 0 to 6 and supplies these to a soft decision
30 decoder 28 for the (32, 6, 16) Reed-Muller Code. The
output of this decoder is 6 data bits and the valid 32-bit
word which the decoder has judged the transmitter to have

used in the first row of the array. '
The former are supplied to an output register 30, the
35 latter to a unit 31 which adjusts the values of (the least
significant seven bits of) the next 32 coordinates from the



further 26 data bits to the output register 30. The decoder 32 al so has
an OSWWIaYA¥ the 32 bits which it has judged the transk¥i7GBI1/01289ve sent;
these are supplied, along with the corresponding bits fromthe decoder 28,
to a unit 33 which nakes any necessary adjustment to the 10 remai ni ng 32
(most significant) bits fromthe regi ster 26. As these bits are uncoded
they then pass directly to the outpuf régister 30. The total of 64 bit.s ,
fromthe register 30 are forwarded to the receiver's output 34. The 32 bit
outputs fromthe decoders 28, 32 are al so conducted to an 15 auxiliary

out put 35 aLQF?a&&tBst?e adJuahe@:umﬁgd%ﬁen‘L% Eﬁo%hkh%dﬂydhéxéddN§¥1LB'“Q

si gnal constelT&ations tRat contain rotational tries there I's a danger
that they ®E§RsFUMBER R CRREEERT e§Opitdse %\-\F?Pt Pff he | ﬂgCPﬂaﬁsrﬁas)su on,

there is 2fri 08088t Ba£ga Qe wea @w@edmtoxﬁ Qieai&:sef 2 s iedld glaon
poi nts through one of it35_an (etry th en t he receiver!s carrier

t racki ng cFPcuit’s XFRRERA; rrga.ng T‘Fé ?ecel verS wdecodfm kSRR ies A ]
recei ving pgetret! YZQOG(itBOIBi'Ss argd Wehe powepwe Mdﬂﬁrtbbs datme/vn Il Bbe

based on bels of the wo oi.nt s exa
si gnal congf‘éPéﬁfl 02 isf’o af 8™t Fﬂ"gﬁﬁg f8rr]‘h8ur B*ng%ilﬁn ?s en t he
recei ver wjhéagpéodhee watres noistsete oo t hevbalselm:,oftmmtarensmwlq.mﬁr ant

ad) acent {01 10§ LHELbNE AR5 1A'k NAEoLAE" Bfooghl, 48, 255 N

car ef ul {'a f S cléaltly
necessary &oumke activhied pﬂ&ﬂsnta@}at ascessaAny eadmuspmp&gatd)ortheThe

pr obl egn hagehkadi bt 083! {Hobeess aueEs Hﬁtbnbghe 20BKOLMG 9Bglbxegnarded case

by using tTle roce s of erentla enco the data
92/ 02092 As ....ese bits are uncoded "1ey then pass dixerthyito1xhe | nh Me

case of blggkp ﬁ@deéms:é:ha@ beefe RiciRASSE By BidwnlsirpnRie\\relghisdds to
apply a dlg erggt I.gl;:'wa" gg %0 the receiver’'s output 34. The 32-bit
outputs from the decoders 28, 32 are also conducted to an
5 auxiliary output 25 along with the adjusted uncoded bits
from the unit 33.

When using signal constellations that contain rotational
symmetries there :is a danger that they may suffer an
undetected phase sihift. If, during transmission, there is

20 someting on the channel that rotates the constellation

points through one of its angles of symmetry then <the

' receiver’s carrier tracking circuits will be fooled. The

receiver will think that it is receiving perfectly good

points and will produce data but this data will be based on

25 the labels of the wrong points. FTor example, if a QAM

signal <constellation is <rotated through 900 during

transmission then the receiver will produce data based on

the labels of points in the quadrant adjacent to those that

the transmitted data had selected. If we are not careful

30 the data that we output will be wrong. It is clearly

necessary to take action to prevent catastrophic error

propagation. The rroblem has traditionally been overcome

in the convolutionally encoded case by using the process of
differentially encoding the data first.



bet ween bl ocks. . A quadrant rotation is determined by conparing t he

quadr amtygp92/82692 €. the nost significant x 5 bit and the Pg?gml%ant
y bit) of the first symbol of the block and the quadrant bits o

synbol of the previous block. The first synbol is chosen for conveni ence
but any ot her consistent choi:ce would be sat*nsfactory Thi s quadr ant
rotat+on is then applied to all synbols of t bl ock being
transdpitted. This means that the quadrant bits of the first synbol becones
zero; these are not transmtted: instead we substitute the d

fference. After LQe q,?god, sfe?;th lo%q{elggée;he mfggge%geg #,?:3#%5155 o tys

the first synbol® are enfrally ecoded.” nce
are al so used Bzowpphe t BBAr eVbiseamst atbonaPplyl |2 tde“fgnentialof coféng

bl ock and the ditf{geant bpbcfgcoder’ sy utpnt r%@&%tﬁ% bh@%r&;‘iﬁé@r%@t
bits. A systemati c quadrant phase érror in the transm ssion path i1s 20

thus cancel | edcSPRE&EIAG th fEA&TARTAPEFShdth G hetBhaBOSEf SiEny @R dRdX

di fferences andbiheaaha%anEnoblf&esﬁ gaeryednty @it ) NH &hd hefrst f'%?mbo.:. of
procedure .requjre

nost, si gnificant, hits of the firsy s
al so indicate thé g% c: qﬁ&@r&g CERPZERE BEES FBTQPW LrHRY SRR %f°é|ggfe
1, but care nepgevioubeblalkskn |Thé&.wgmlc;doldnaéémcmrmvemience

~ constel [ ati ons, Q%hgﬁvtgggegﬁﬁf 518" é@@ . f%%ruéh é?é%iﬁ@& ALTs

used. A coder an €to 7% proce code™ of
- Figure 9 are s@omrantFlmas:.m: -stehsnz applbi ed EOgmé. 19ymbelsh®éh tBean

~encoder 50, Th§+ t paigg thga PpébLg and [err] of the first encoded

© synbol of the are Separate supplled to a differential phase unit
whi-eh takes the ahisemm bekakeRlpt SURRTART ohétd| &k BRe IfpmsE dEmhol

~(via a delay 583c@mésit 8ekBPUt c=ebet eatBat nbli Stransmitted: instead we
' substitute the difference.

After the decoder at the receiver the difference bits in
the first symbol are differentially decoded. The
difference bits are also used to apply the reverse rotation
to all the symbols of the block and the differential
decoder’'s output repiaces the block's gquadrant bits. A

§-s
th

systematic gquadrant phase error in the transmission path 1s

20 thus cancelled since this affects egually both the phase oI

the received difZerence and the phase of the received
symbols. | )

Note that this procedure requires that the most

the first symbol also indicate the

th

significant bits ¢

28 guadrant: this is >ue for the partioning of Figure 1, »ut

care needs to be zaken if less systematic bit allocations

- or constellations other than those having 2n points 1n a
sguare array - are used

A coder and decoder implementing this procedure for the

30 code of F.gure 9 are shown in Figure 12. Items 2 to 6 of

Figure 10 are shown as an encoder 50. The most significant

bits a,. and 'a,,, of the first encoded symbol of the block

‘are separated ané s jlled to a differential phase unit

which takes the &ifference between its output one block

previously (via a de;av £2) and its input. Note that this

[0
Y ]



- 18 - unit does not take the differences between the bits, but provrdes
an out put indicating the phase difference (for exanpl e‘bV‘HBéHé“ﬁ?’ a

| ook-up table). Al'l the bits are supplied to a rotator 53 which applies a
phase shift of 00, 5 [err] as indicated by the output of the
differential unit 51. This invol ves -cqrmgpl-enenting the bits and/or
transposi ng x and y val ues, thus: Phase (clockw se) [err] X out = x .idn

y out =y in 10 [err] X out =y in y out = X inmferr]
X out = x in y out =y in [err] X out = vin

y out = xuhtTkoedi fies ehekal rcyeerdddafecreqzm detwees uhetrm_ﬁa ' shusynbol
are SUbSthHWﬂ EOTad NBugyadr a@cz@éﬁ\,ﬁ % gm.% d2fse gfé tator.

These are™t ed to a nbdul at or tains 1tens to 1 Fi gure
10. AftereXaBREf Y oMPINEr OF PlH@QﬁT“Rheﬂbhﬁbts ald dehedbisscare a

demodul at eﬁpgﬁleenealalastuebgs@a,apce@ﬁ;ﬂm idse gl 150 965 O a

decoder hi s contain units ure 11; however’ t he

out puf tha? s YRR K % 105 t AR cPe‘?,‘?)‘dce?'%e%O ¥32 P§ nBHEPNE d8fa Thes but -
the bi th s decﬂladehnhtneudeegderftmﬂmumwhﬂmd @w%@hwti lﬁﬁ@nﬁ\&dé ; er -
I.e. the auxilia output 35 of Eiqure.11. T | fferentially encode
quadr ant BFéé FrgﬁFPﬁg %PP@t Zgnd g n%&ﬁ?sar ?gﬁbplred to a differenti al
decoder conprising a one-bl ock deIay 58 and phase difference unit 59 (e.g

a |l ook-up t ?Lgesk ngw&g Hhat used for the unit 51) to produce recelved
bits ( [err SO controls a rotator 60 which receives the remaining
bits fromthe030 #eobl¥er B7iand applies (asyuuty mq phRse shift on the
l'i nky$5) theggeposi keophaseyr @hation to that Rueed iFTEhe transmtter

rotator 53. In the event of_a_nlockmnse phase Shlft of—l=xX [err] on the
link, the ahB@ft of Xr BW&t FoX E8nti y out = y in

2700 X out = v in y out = x in

The differentially encoded quadrant bits of the first

symbol are substituted for the quadrant bits of the output-
15 from the rotator. These are then fed to a modulator 54
which contains items 7 to 16 of Figure 10.

After transmission over a .ink 55, the inputs are
demodulated in a demodulator 56 containing units 20 to 26
of Figure 11, and then pass to a decoder 57. This contains

<0 units 27 to 32 of Figure 1l; however the output that is

required from the decoders 30, 22 is not the data bits but

the bits deemed by the decoder to have been received by the
transmitter - i.e. the auxiliary output 35 of Figure 11.

The differentially encoded quadrant bits from the first

25 symbols are supplied to a differential decoder comprising

a one-block delay 58 and phase Adifference unit 59 (e.g. a

look-up table similar to that used for the unit S51) to

produce received bits (a',, a’',); it also controls a

rotator 60 which receives the remaining bits from the

30 decoder 57 and applies (assuming no phase_shift on the link

55) the opposite phase rotation to that applied in the

cransmitter rotator 53. In the event of a clockwise phase

shift of n x 90° on the link, the amount of rotation (anti



- 19°- clockw se). in the rotator 60 is, increased:by n, thereby

conmpensaty ng.foL the n x [err] CfOCkMAse rotation of the regel, gﬁ%
(other than the quadrant bits of the first synmbol which are con‘ggﬁggt

the differential coding). The bits output fromthe units 59 and rotator 60
are now correct, and a relatively sinple daf@ ext-ractor unit 61 derives the
data bits fronlthe Reed- Mul' | er and Extended Hanming - coded bits and passes
t hes®,. along with the uncoeded bits, to an output 62. 10 Thi s met hod of
achF€V|ng 900 phase junp inmmunity has a nunber of inplications for the
godes useg. Si a%gc};{msmﬁsgnr?haé roeatort réddured aherbesbﬁammtetheaabgt
e renoved until after the soft | Sl on d h | | tb

t he changes mhr?ﬂnﬁﬁ§§§rwﬁa$?5n§' k' foqﬁﬁg %Iﬁ%igF §o?§§f€%a%%ht
array are suchrébahveachymmmaﬁ nomhet thenath&yaneaaans hital pd cbaeng:a»-

for examle {heySRRR0RRATAIS 10 ddibdidavdn YISt ok $P00ALRaD. ERHSYY)C

whi ch the Reed e cannot  produce. ase rotation
applied to%all bfChe bxcepwummm:ﬂfromIﬁ?ﬁnﬂﬂﬁtﬂn5ﬂnﬂﬁﬂc#°ﬁ¢ﬁ9$|@@ta§9nﬁlw

Therefore it 'éoges‘éésaf and hat M%él%}é)ﬂ@%@@ t@a@er eeferhyed f haans
uncoded row. céd rows, In the case o he codes descrlbed |n§éeﬁ
0]

W1 1ianms thesi 8erévesr cthe odathe hittensheant the okeedzifulber apd Exte

constraint OonNgamhiifg COURHAed NSELst Nhd t pase@dr dtheses allon@dedth the
separately, mhllst the fact that x orggiig%be conpl enent ed neans that the

code used nust UBEOSEEnSEESy %O &R OWH codeword A it al so nust
contain it conpragentmedhd® of athiéhengavdcofphidmwe pj ampnti mminddiyemds &wo

ang_the conpl CRERPPRSO3 LBRLE Gt Ram FoRrhaY; pPapb BPSRTT oot Rl tpé B
constrai nt Jusrouantbnledntrdaureﬂaanmtheansanaant@grvamnnn;s#ﬂw#ﬁmnveﬁ
Figure 9 that ﬁﬁ% X af+er the soft decision decoder 57, it is essential
that the changes which these rotations make to the bits of
the transmitted array are such that each coded row of the
array remains a valid codewordé - for'éxample'the changes
'made to the bits a,; must not generate a codeword which the
Reed-Muller code cannot produce.
_ The same phase rotation is applied to all bits except Ifor
20 the guadrant bits of the first éymbol. Therefore it is
necessary that (as here) these bits are derived from an

=y
(V1]

uncoded row.
In the coded rows, in the case of the codes described in
St . the ¥ _iams thesis referred to, the tranéposition of x and
28 Yy pla.es no constraint on ~he codes since the two
coordinates are coded separately, whilst the fact that x or
y may be complemented means that the code used must be such
that if it contains a codeword A it also must contain its
complement a. ' _ .
30 In the case of the present embodiment, two things may
occur, viz, complementing x and y; or tranéposition of x
and y and the complementing of one of them. The first
situation is met by the constraint just mentioned. The
second means that (given, as shown in Figure 9 that the x
coordinates are taken from the first half of the codeword

L
(¥}



35 coordi nates are taken fromthe first half of the codeword = WO
9ZIYZ007™**20 - and the y fromthe second), if BC is*a\P&W&kword,
where B and C are its two halves, then [err] and [err] are also valid
codewords. Both the Reed-Miller and extended Hanm ng codes possess this
property. The foregoing description-og0tRhe coder and decoder has assuned
that a coordinate (relative to the lower left point) and a point |abeltare
synonynous, though - as has already been pointed out in the discussion.nof
Figure 2A - this |s not essential; but the only change that can occur 10

to the comRd BPEs ¥ sIFREt Gifc WCORAL | 45eiBhi 18 & vabhd| eedeweadsel ative
to the coggéi@agealist & akrie :Re Q%emaqfve‘a,gmnléﬁ ahdi 8psaBl ¥1E8qUi res
that conversion of labels to co nat.es, needs tqQ occur t he nodul at ors
504 CONelfaFoderafer: ° Aok S narnomulist and AxEended bomaBE )
t he sane ﬁ@déstuogsegslshused'cﬁetbe x and y directions, so that relative
conpl enent i occur gAs o gLv w of o t rd array,

t hen t he afggﬁngﬁffgﬁé&gcéhftrljﬁ (514%2t% dggdfﬁét ﬁ°$§ W?‘B‘&th val rd
codewor dsass bhe@nsahat t hatcopediniten direllagcide tRee’cha/UIJJos\rer akdftExt ended
Hammi ng - [RCALPT 3ngWal Iposi u"ﬂéleciﬁéi synhﬁgﬂgh 3:"}{ dﬁﬁt i t&?”hﬂﬁ I's used

this wll” I'npose other constral nt g@ﬁ are valid
codewor ds3i readynbagnt Rééét€6n§t-“r:a|1ﬁt§ @musqm ¢f FigurejdPl e 25

matter to-idwerd fgeodgdeRichaioubRet tfhreoradi'ngHkﬁhﬂ%e ‘éﬁaiﬁ\" bhancenaarent
that it is crucial to_all. net hods of bl ock codin hat

syncift oni St iSH® beRBEN (R ted> S | mRATal OP8y R B §atfbﬁ°lcaﬁ?’tsr e8Py be
achi eved cdypLomRDé6 0el asi o¢ tediehy eovddiemte Wi 4¥.0VI9% ehencodert 0 be 30
made to recogli G LNdol eolhly 90310 SYASIEL Sl M cod¥bision of
labels tc coordinates needs to occur in the modulators 13,
i4. In the decoder, the situation is slightly more
:s complex. IZf the same partitioning is used in the x and y
directions, so that relative complementing will occur on
all bits of a given row of the codeword array, then the

aforementioned constraint on the codes that A and A are
both valid codewords will ensure <that operation of <he

(&)

Reed~Mulier and =xtended Hamming Decoders will Dbe

'y)

unaffected. If different partitioning is used this will
impose other constra:nt (e.c. that BC and BC are both valid
codewords ).

Assuming these constraints are met, then it is a simple ~

2% matter to invert decoded bits output from Figure 11.

It will be apparent that it is crucial to all methods of
block coding that bloci synchronisation be maintained.
Initial synchronisation can readily be achieved by
conventional start-up-procedures, but provision needs to be

30 made to recognise ané rectify loss of synchronisation. Any
cf the conventional block synchronisation methods may be
emploved by the apparatus just described.

The method now to be described (which may also be used in
other systems requiring block synchronisation) involves the
use, once per block, of an expanded signal constellation,

tad
ttn



of the convent|0hal block synchronlsatlon nethods may be enpl oyed by the

appar atye, ﬁoﬁescrl bed. The nethod now to be descri bed (\g?s_-gs W@%@O be

used in other Systens requiring bl ock synchronisation) inv

use, once per block, of an expanded signal constellation, WO 92/ 02092
PCT/ GB91/ 01259 - 21 - having twice as many points (the additional
p0|nts surrounding the ‘normal’ constetiation). The bit
assignments of the expanded :consteéllation remin the sane as for the nornal
constel lation for those points which are conmon to both, whilst the added
points in the larger constellation wll have a ' 1' appended to their
bit assignmenthavirdd gurea d8 saswsmaay welohngs a (khe c @ddpbiqaal points
constell ati on a ht_ t he -, re 9, ;
addi ti onal poi” iﬁ%%?én Iabg‘?s G‘,d%oﬁ{# as (:%%e%&c%ror r?lgt es in oct almt

notation - rebssmgrmantsmﬁcothereapapneabﬁgnﬁﬁﬁﬁ#ﬁQﬂQQH¥%WF1naFBe same
| ndi cated; ol e ) ARG RUAYS 0t 0dd 00 | Ror SABs € OPYERLEOBNEEH Bure

Figure 1. F|gure shows a S|nf1ar 256+256 constellatlon (Iabelled usin
hexadeci mdl neoamag) tPorberl wi-hhlske P58 -248R%t PRAJTE eHnFi‘?j'\‘.ﬁ lgrgatene

referred to alagy,gteﬁea.q_x&@ndﬁd comahal | ati onlcoub@emaeﬂrl R pk:@,ehe- usad

nore than once per block but_jits use needs to_be g gg %X %f

the transnitt 88SHFRARATESf (FHEWRRNL DARIVYF e %1@%%? ?sPRBE St n

i ncreased excews\t@mﬁm PEQRAS ek Netilytt obeblusdd symhrmesaanmne of

i nvol ves the yse of the _enlarged constel . SS h one
B35k Facl SRtheT OOPoROR BPocBOINT HADSLA: o, JAPE AR (74

specified (e.gr %W IFast fecei ver
is detected; Wf) mm@nuannmes xnuocsalhaohanbem.cfnﬁﬁﬂﬂ#&ﬂtﬂ@m@bﬁ CP&@ﬁr

- Sygbol - det echions,d b £an. vephLye £PLEEGH DI Atk DHRAVAUSA ISP PHeCROHEN
that this counf is an |ﬁTe fal multrple of _ )
points <these follow ::e same convention as in Figure 1.
Figure 14 shows a similar 256+256 constellation (labelled

using hexadecimai notation) for use with the 256 - point

modified Figure ¢ scheme referred to above.
 The expanded constellation could in principle be used
more than once per block but its use needs to be limited to
a mihority of the transmitted symbols if the mean power of
the signal is not o be increased excessively. '
el ‘The proposed method cf block synchronisation involves the
use of the enlarged constellation for transmission of the
one specified (e.c. the last) symbol of each block.

In the receiver, this fact is detected; if the receiver
counts <the number of symbols between '‘last symbol’
detections it can verify correct block synchronisation by

[ %]
o

checking that this couat is an integral multiple of the -
block 1length. If block synchronisation is lost the'
receiver can wait until the next detection of two last
symbol detections an integral multiple of block length

0 apart and realigan its ‘blec:k synchronisation to these
received symbols. '

The expanded ccanstellation can also serve to permit
transmission of an extra bit per block - either for the
pfovision of a secondary channel or to increase the main

i3 chanhel capacity {e.g. to increase the capacity of the 256



bl ock | ength. I f block synchronisation is lost the receiver can

wai vt 14¥?¢#he next detection of two | ast synbol detectieSsni/QLEdREgr al

mul tiple of block length apart and realion its block synchronisation
to these received synbols. The expanded constellation can also serve to

permt transm ssion of an extra bit pet2btock - either for the provision
of a secondary channel or to increase the main channel capacity (e.g. +0)
i ncrease the capacity of the 256 -22- point nodified Figure 9 schepe
fromill to 112 bits_per bI ock). One synbol_ per bl ock can be used in this

way for b&asTextTefeapeti £y IR5e bl o%RnS?ﬂchFé’ﬂ‘i st} of® k2 PHEHaPeY is

felt in blm@e:ﬂynwﬁ@nsfﬁbbpnpeeceswcm téd® De usidnc,ex tHiechayeyr not
all blocks will then carr#a Dbl ock synchroni sati The constraints

on |abel RR} X% SABACASYal 2R5 nf’s°ﬁéeds§’8°8 Réﬁla%&r‘?éh P?% 3The .
constr ai nbemal dzheiEucieldead nsi ghotk canyme mmed garildn  decoveoyt atone. | f

ncodie P ERe e F e e CodPE AR e S Bel e FRHSH BEYB 0

addi ti onals yy@inxtonirseart dro fagkexy t he sane pattern as the original points;
thus in Flcu-r S & ) the | € eigglf bi

coordi nate fo oméa?ﬁeglbé??e:bn 0, Qﬁ% dgczhgeag?gs]'}?it egfgb"ﬁl agram
and the | 8g8$€ SiyMe imeRRi MRS one hasapatternOOl OOlletc | t

has al r eaqy jbeerry@iondRe@ildial onNeneWeubl iaedarsygﬁiﬂeahuacaéed 860Ups
can (as far as Euclidean distance considerations are concerne

0
assi ghed BepMaERtRAPeSy t he [wRS nHUFIF GRAISREMI®HI T 'bo%‘?’??%ﬁ%zﬁp?ﬂe

| abel . (2ks uER&E nEI4WGwesEsdde8d-b0s anli ewongncddd PFRse-théd tHEUNI ty
assurmes that theasrzosst.csnlz.gfrlljal C.a'?et. .blt fOf-..eeaClabels of the additional
points need <o Zfollow the same pattern as the original

points; thus in Figures .3 and 14 the least significant bit

cf each coorédinate ZIollows the pattern 0,1,0,1,0,1,0 etc
across the whole diagram ané the least significant but one
has a pattern 0,0,1!,:,0,0,1,1 ecc. It has already been
mentioned that the two bits derived from uncoded groups can
(as far as Euclidean distance considerations are concerned)

O

be assigned arbitrarily to the two most significant bit

[ 3]

positiocns of the label.

(2) The methoé descridbed for achieving 90° phase-jump
immunity assumes that the most significant bit of each ~
coorsinate indicates the guadrant occupied by the relevant
28 point. If this is also true of the iabelling of the outer
points, then no difficulty arises; if - as in Figures 13
and 14 - this is not the case then two consequences ensue;
firstly, the expanded symbol must not be used in the first
(or cther) position carrying the rotation information, and
20 secondly the rotators 5 and 60 would require a look-up
«able to effect the required rotation.
The proposed block synchronisation method may be
implemented for a basic 64-point constellation with 64
additional points using the circuit of Figure 15 which



coordi nate indicates the quadrant occupred by the rel evant 25 point. - If
this i e of the Iabellrng ‘'of the outer points, Ity
ari ses;swrf igswr n Figures 13 and 14 - this is not the casZﬁ"r-:ﬂﬁt;ﬁbl/Mﬁ;9
consequences ensue; firstly, the expanded synmbol nust not be used in the
first (or other) position carrying the rotajion i nformati on, and 30
secondly the rotators 53 and 60 woul d requiTe a | ook-up table to effect the
required rotation. The propased bl ock synchroni satifon nethod may be
|in€ﬁented for a basic 64-point constellation with 64 additional points
usi ng the ci r%@é?t esH Gl £ 16 Wahchg oW\ 8&&@2%2 -he x and v labels
PCT/ GB91/ 0125 e aces 1trems 13 Lo 16 of Frggre 10 X gnd ¥ gb
fromthe reg|§F@ﬂB~he gedd syeFs1(,  Fi, 2127 &% odted!? afﬁe 2HEPEs |ﬁ§ﬁts
of a read-onl ygEREREY ihb\G@Nt N e sty mgméapl B7 ¢dwtabhangua plibokk
this feeds the |np ts to the_nodul ator N se.ng

each have fouMPi MR t'Ehe QFE%VEHtBugda%e§§lF|ﬁgnghsﬁg%lr%éﬁ%gtﬁo ?%O
Hz bl ock synchbamiletioren %gnalm[er@hﬁamrmfh@omlns@k Bow E€hich dvane sfpur e.
goes to "1") .one_s ol peri t Qu
occurs during*PREY é’g'tt% Ssynisbl® ve%ﬁ{r] (?Ead’{)%@ ﬂ?e Slégn"’a"lln'\/éﬂé& a?ﬂhtﬁsggove
di scussi on (Hhob@bc«bemmgﬂqpnuﬁaiyvﬂu§#94ﬁ%jQz sEenrthe 529°8e§rre3 hpFock
position). The, ggggent %Qgsnegom "376ﬁ@ ngBBLtBéEadd“EhfiEer than
synchronrsatron srgna [err I'S ‘inactive the data 15 i

i dentical to the sawmalside’ aé@ﬂes—é‘“ﬁnﬁ&t"é‘rsbﬁ“‘iﬂr?&r e LAghaFymbe ﬂrgﬁ

then the.gut pub ocsk the Labednpisdded ane ehet havbdeaddis cassl opoi Otsoﬁ’gnt he
constel |l ation mhrch has the sane Tabel as_the inner ornt ??WIE% 5 o
cagrdi nat es appVrEORsEy the §88r & TR ‘90°°°“ﬁm§ eB8de L uPEOSE i s
~redrawn in modbkked Jror.m i n Frgure 16. In this version the (conventional)
x and y mhe contents of the memory 17 are. such that, when the

synchronisat;on_signal $¢." is inactive (= "0") the data

ourput is identical to the lower six addéress inputs, but
when the signal ¢;“is kigh then the output is the label of
that one of the 64 additional points of the conszellation
which has the same label as the irner point having the
ccoféinates applied to the address input. .

A The decoder of Figure 1! is redrawn in modified +e:m in
Figure 16. In this version the (conventional) x and y
coordinates output from the demodulator 20 are monitored by

. comparators 100, 101! wnose outputs are combined in an or-
L gate 102, such that the latter produces an output whenever

she modulus of either coordinate exceeds 4, indicating the

[ %]
wn

presence of & synchronising symbol. A counter 103 driven
by the symbol clock 65 counts the number of stbpl'periods
between consecutive synchronising symbols and a comparator
104 checks that this count is an integer multiple of the
30 block length (16 in this example). If not, it produces an
output to re-synchronise (if necessary) .a Dblock clock
generator 105 which produces block synchronisation pulses

b

Since, when'the outef 64 points of the constellation are
3z -n use, the (shifted) coordinates output from the address



coordi nates out put fromthe denodul ator 20 are nonitored by conparators
.100, 101 whose outputs are conbined in an or- gate 102,* suct¥>stwaeat he
| atter produces an out put whenever 25 t he nodul us of either coordinate
exceeds 4, indicating the presence of a synchronising synbol. A counter
103 driven by the synbol clock [err]'c6ﬁnfs t he nunber of synbol periods
bet ween consecutive synchronising synbols and a conparator 104 checks -that
~this count is an integer nmultiple of the 30 bIock length (16 in thiges
exanpl e) f not ..it.produces, outRut. to,rezsyngc n f necessary) a
bl ock cl oc‘ki getrer &¢ orhgﬁg i c‘haa}{pl"r odJC«Leéé" bl 8ck® yn'c% r#i &? pul-¥8s
Si nce, wheaddigrs onakr léaegoianes -‘E#qtumed:onstaelﬂmm obi&r @b ani axtse, the
(shifted) glng §ai YLRHE )fram.t he adfnesg - fbodaiment O 2aohave a
rance from - *and hence two additi onal |nes are required - a sign .
bi t andam?QB@*%F%?ﬁstreEﬁiﬁﬁHFQxﬁﬂﬁ ifit used, pB® thar &sheodimeat tmo S

conpl &entg ; gR0F CEHNE aELONbits o¥Sele c%xat;hﬁttest %rf&eﬁén@ea'%haant two
bits of t e coord gtes caorrespond to the ifieation is *

needed to Mo goddFi e)‘?FPQ‘% e E§§sd°FP 2r; R&/ ofPyi nal
nmost sigrnﬂﬂéxﬁﬁoluﬂ:raﬁhmm&tbys%romhkbethegosiginﬂﬁ hesthezgﬂiﬁséeﬁtSB and
6.bits 10 mt he

the 32-bit outp ts from de 3 e 9
adj ust er %1 égg ggse?gaggfo %6 3: a?’aﬁ I eqj‘ﬁﬁg’ér?al -8 t shift
registers‘ﬂ&ﬁ BH&itlamﬁpqﬁﬁl*:mm G@eonscndscs 2§.tBénandethSQanaﬂdress to

accesg a raaf; oohy 'E%g‘?; ¥% ekl 65 1hi gh S%Yx%zt:%aﬁaf?{%t E%a&”tfémﬁ’ob@t
coordinat€s 1nto the es ondln Fabe I's are 1§ convert ed
by an eRa%Rtlal-G1/seRl YHuS it TeRiEs@¥RctO6- 103 of Explyupeig? |n:t_9

data to b%ﬂuéeuér&ﬂnaﬂeQUU%Ut-lgé‘n LeetihGagVan! ddideddictdy diedy ShNg

synbol is to serve also for sepongarx channel data this is achieved in the
read-only memory 112 serves tc convert the outer

point coordinates into the corresponding labels which are

(¥/]

then converted by an extractor 61' analogous to the

extractor 101 of Figure 12 into data to be output on an
output 34.

In the event that the synchronising symbol is to serve
also Ior secondary channel data this is achieved in the

(3]
O

coder by gating the tlock synchronising pulses ¢5‘ in an
ané- gate 200 (shown dotted in Figure 15). At the decoder
the cata are extracted by picking up the sign bit and (new)
MSB for both coordinates of the last bit of the block from
the output of the adjuster 33 and combining these in an or ~
28 gate 201 (shown dotted >n Figure 16). The synchronisation
arrangements are unchanged since the counter 103 and
comparator 104 are already arranged to cope with the
absence of expected synchronising symbols.
As mentioned above, this technique for synchronisation is
30 not limited to block coding but may also be used in other
situations where block synchronisation is regquired. For
exampie in convolutionail coding where the coding process
does not have a block structure but block synchronisation
may e required for other reasons- e.g. data framing -
35 modulation may be switched to use the outer points of an



20 ‘coder by. gatjng the block synchron|5|ng pulses [err] in an and- gate

200 (shown -dotted in Figure 15). ‘At 'the decoder the data are-extracted by 1 ¢ o
pi cking up the sign bit and (new) MSB for both coordinates of the last bit

- of the block fromthe output of the adjuste2533 and conbining these in an

- or 25 gate-201 (shown dotted.in Figure 16). The synchronization
~arrangements are unchanged since the counter 103 and conparator 104 are
~already arrangealiagaashes P et hathoseAte reguUd e ditiP YAkt r 6AFERAROnding

- synmbol's. As nmeply @nds3aeE piidde 1 pyque for synchronisation is 30 not
I|mted to block codin but may al so be ‘used in other situations where

bl ock synchroni sati &t GU& édhﬁﬂﬁfs an-GmRoiRANE | $PRINYHNG FOREPL BEEPRGL

where the godi Bﬁdﬂh@CeSSTﬂﬁe%daqtnd1&ys9e@ blsocak modLEL 41 BHt oF agke ccn"r

synchroni sati o be r red or ot her sons- .e. data framn
nodul ati on maty{}bg‘3 vﬁ?%’h 'o us ?"hetﬁut]%? 5|aﬁF§"'§f are_zrgcei atlﬁed

constel | ati ﬁn gt:ot;@glrJTJIDanI foureryits Qprreeppndfnghﬁ.ehfitdﬁswﬂdk bbpckobeageh.
Figure 17 shows an e | e l con tional 5., codin The
codi ng used |ssgg é%t %P%ﬁ {H% gg? €9a§2°8?éﬁ&maf a éb?ﬁ?f%ngéal
transmtted areodenQ|mmdu|3prn¢m produce B8iffefence ®4tsofYyhi¥2y; t tbhebet s
Ql, @ arg sub t dif t11,. 3l i i . aafhf odi.ng
uni t 300, o pégg (,prr%(fr%gr engg’é %I Icgif{r%h@é.o?{}ﬁ. %dl%‘ 3g?eft%: gg%éscg"kec Qh
convol uti onal cééetlguﬁltbiﬁrgéucethSa&Gtthna¥2b|Q3VUnd Qﬁt@ramsunnlle@
QG and Ot are gypg! hoduiBea-9ey! 2l Ple Hfauldeo UG Lhs COM GRS LoBE UP

tabl e or map relating bit I nat1 ons (Iab I's)
phase/anpl|tud@rconm%ﬁn|(ﬁﬁ#%ﬁﬁn@enePaﬁeszfqyﬂﬂ dems 15 (1§@ﬁ&ﬂ) A a

fikst node, thﬁﬁ&sé/&ﬂp@ﬂ:&dér Ccdipetind €1 68 €G@inad §é’ﬂ@9£té§0ra aQh®r rdutput

32-point constell atlon the |%fr;(0 mYlde thrsle;veft%ese (ict bet ween ei ght
pOSSIb|e Lbset ¥mb _ t mode, ese f£fi bits are used

select a symbol from a 2% = 32-point constellation; the bits

Y0, Y1, Y2 serve to select between eight possible subsets

~and the bits Q3, Q4 serve to identify on point of the

chosen subset. The description thus far is conventional.

20 However the modulator 302 has a sixth input S5 supplied

with a pulse from a block synchronising generator 303,

every p blocks, where p is some desired block Ienqth. The

presence of a pulse at this input serves to switch the

modulator into a second mode in which the output symbol is

25 . instead selected from a further 32 additional outer

constellation..points. The labelling is such that the

subset selected by YO, Y1, Y2 extends into this outer

region in accordance with the partitioning approach

discussed earlier. The pulses S5 can be gated (by an and

30 gate 304) with an additional data input Q5 so that

secondary channel data can be carried by the synchronising

symbol. ' .

A decoder is shown in Figure 18. Those parts whose

. function is substantially the same as for decoding of a

35 signal from a conventional V.32 modulator will first be

desdfibed. A demodulator 310 produces, for each received



and the bits @B, 4 serve to identify on point of the chosen subset. The
desTM It YOT«t hus far is conventional. 20 However the medunionizSP?2 has a
sixth input S5 supplied with a pulse froma bl ock synchronising generator
303, every p blocks, where p is sone dsgired bl ock I ength. The presence of
a pulse at this input serves to swtCh“Phé nodulator into a second node in
whi ch the output synbol is 25 instead selected from a further 32,

addi tional outer constellation points. The labelling is such that ~{he
subset selected. by YQ_ Y1, Y2 _ext into this.outer reqion_in accqQrdance
with the p%’r'?’i’?Tbnf‘ngd%cpp? oé@ﬁ‘gﬁg’%&?géd ear %%?. = grﬁf‘ﬁ%fesasgyﬂ‘%ﬁqbe

gated (by adoendd30 A gais 3304recepvies gachapdiri ofiafooddiaatiespand 6 so
that seco chaonel dat a,CRR DR GAYY | S OPhSENgasY ROl - A

decoder is's %5\21 ?ﬁ Iefl agge_ 58:% ?T%écség_{ pmﬁ%sm%téggse@unctighﬁFSQAE W .
subst ant i F198eMDYARE RPGF Uéci nG FFOAUTSS OF gRaPULPYH 4 1omnent i onal
V. 32 godul gé R Nhtes f bEStnBe ed@ne! iftaGhes Ao ehPte BilePbadYeas for

each received _ - 26 gsﬁe/nbol_, X anégl coordinates; it also generates a
synbol cl odk ©§%h fubset ), yhi ol Ao &lN8, £ 0848F% Qi Fh8f CERER4PALESESs O4nd
quanti zes $Heseeteiviee a@iygiiolpossihl alsubsptcduded oan aie sheper BY 3t he

der - . e ii. d . 312 di f the eigh
points of T HAUITST Mt MPd rbphat; AR n R kR R, o BoBs! 1
the coordiTetesved fymbokchiomediwstmeicht poiatso pTbdsecmetwias aweput 313
ei ght; ol STHCEIRA | & ROIVik ¢ Eueldgiegn 1giéta¢r5:ea%ft§%§yx{eecwsﬂ synbol

fromthose el ght point's. These netrics are 1 processe a er bi
decoder 3BMhseHdisdfenedyricc hayghyeen segeéwed, t andaoutputa decededd, and

outputs dagoded gits ¥0', ', YZhirs BitS ¥, a¥8' fahe theda to

di fferential_ decoder 315 which reverses the differential _
differential decoder 21% which reverses the differential

coding of unit 300 and produces output bits Q1l', Q2'. The
i three bits Yo', Y1/, Y2/ identify the subset in which the
received symdc. is deemed to lie and control a selector 316
TO select the corresponding one of the eight pairs of.
coordinates Irom the line 312 (delayed in a unit 317 to
allow £for the Viterbi decoder delays); the selected
<0 cooréinates are then applied to a look-up table 318 which
derives decoded bits Q3', Q4' in accordance with the
mappang of the latter performed by the modulator 301. The
operation of the units 214, 315 is identical to that of a N
standard V. 22 decoder, whilst that of units 310, 311, 317, ~
316, 318 is similar excep:t that they must accommodate the "
larger constellation; in particular the table 318 has an
additional output for the synchronising bit (85').
Synchronisation of a block clock generator 105 is achieved
by comparators 100, 101, OR gate 102, a counter 103 and a
20 comparator 104 whose function is identical to that of the

(8]
[§)]

same components in Figure 16. As the synchronising bit S5’
also carries secondary data this is routed to a data output
319 via an AND gate 220 fed from the clock 105; thus the
block clock serves to prevent output of errconeous data on
symbols other than the synchronising symbol.

tJ
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codi ng of unit 300 and produces output bItS Q' , CQ The 15 three hits
YC ., Yivuwz¥2uwd dentify the ‘subset”in which the recei ved Sﬁ’gti%g&f{ (}ﬁ?med
to lie and control a selector 316 to sel ect the correspondi o
ei ght pairs of coordinates fromthe line 312 (delayed in a unit 317 to
allow for the Viterbi decoder delays); the_sel ected 23 coordi nates are
then.applied to a | ook-up table 318 which dérives decoded bits @', &
in aﬁcordance with the mapping of the latter perfiornmed by the nodul ator
301. ~The operation of the units 314, 315 |s identical to that of a
standard V. 2 degoder, \@hé I&% .t@gt -gf ﬁ%glzéél’-cglzp ql 1§1§1.3L8 S
simlar except tha tﬁey nus acconnn arger cons el I'ati o
particul ar theiabt et‘sa;.szm-emamtmmzrmtq@fchef ennetrheonsmﬁmcm ng
~bit (S5') Sngﬁg@@usgﬁloqeogvﬁcqggggschcg ya®ggrator 105 is achieved by
conparators 100, 101, OR gate 102, a counter 103 and a 30 conpar at or 104
whose functlonlﬂfqd%ﬁ¥|c£ TR of Bt heVREFR RSNt SYRFREOGASATERS As
the synchroni siygyidiomd’ adksSe@CaidiRS Secepdaichaddizg hiaﬁ;a Sraflt Qhih
data output 3I9 via an AND gate 320 fed fr qtthe cJock 105; thus the bl ock
cl ock serves toF3ReEVeHt®Ht put GP“BFPOH@B&E dataion & LI%bol BOBLRer iShan
t he synchr on: Sdmatjr?nt’oﬂina To- 27sernachmﬁJenowmet- 1 Sl ppopopeli Qd:.&.(hetﬁ”le
unit 311 to lijgt the itisation oin nn copst
except on the g%néhrdﬁ%%qﬂb ﬁbd?aﬁgagtheﬁéegé ué.‘t?41 8% Qﬂ gkk %%c
synchronlsatlmmqntnnmtonkaareaﬁ a@ﬁ@erasefmmqmmmgnQQCQ@nge@ueumanlm@
~ transm ssi~on. v ongl L.z nelof f (9 demy glsS dfan g.to a
second modem an(faqﬂ:'n gg&%opgseda(le tlhe“%aasé{iaéreggg mand%ﬁa ?ﬁ%é&égnt foon
or-an aut onat REIRFTCLITANS RIR{= @¢mﬁda§%§?a&és§ﬁéaFH°B§ changed, then an 10

escape code '51;hr@ﬂétb§€séﬂé IR dgLeSs Y HELeBAERL: b8 is provided in
the manner descrxibed above, and a secondary channel is
rovided - -erther wusing <The synchronising symbol as

uggested earlier, or Zy multiplexing the secondary channel
with the data o be <=ransmitted. Whether block or
convoliutiona. coéing :s used the synchronisation signals

serve tO permit separaticn ¢f the secondary channel bits at
the receiwving enc.

e This secondarvy channel is emploveé Zcr the transmission
¢f rate informat:aon. For example, suppose a first and a
seconé modem are in Sdupiex communication and a decision is

made at the second modem that (for example due to changing

rece on ‘condit:ons) that the first modem should increase

[ ]
tn

pT
its transmitting éata rate, the second modem transmits to
the £
this facrt. _ _

In the event that the first modem is to change its

irst, via the secondary channel, a signal indicating

transmitting data rate ~ in response to such a request, or
30 up>n manual :intervention, or for some other reason - it
cransmits, on the secondary channel, a signal indicating
the rate to which it will change and a signal indicating
-he time at which it will 30 so. The second. modem, having

decodeé <this iInformation, 1is then abie to switch its



permt transmssion of rate instructions. In the present proposal ‘
synchronisation is provided in the manner descri bed abo¥®3/ i/ w&d¥condary

channel is provided - either wusing the synchronising synbol as 15
suggested earlier, or by nultiplexing the secondary channel with the data
to be transmtted. Whet her bl ockZ8or convol utional coding is used
t he synchroni sation signals serve to permt separation of the secondary )
channel bits at the receiving end. 20 This secondary channel s ~.7%
enpl oyed for the transm ssion of rare infornation. For exanpl e, suppose a

first and TeSBCHTRE notheri%re® | ATduplFBx IRPTRRF LT o MRPAL d8Q sEBAti s nade
at the secotkimaens t hateptDonexaspke. due to changing reception conditions)

that the firgst. npdem Il d increase 25 _ ifs_transmtting data rate, the
second noderfitT ahg% tczﬁl(:%% T 59 20 hE- L SSRERP n®fe ‘Jeﬁgnal _
i ndi cati ngmchins: f dot. :‘h.:z:rtjt‘m AT auigrs,hereférencanoam ibe tmaddange its
”ansm“'"".ﬂaéja%:?e?%%eof b?:BeSEQ%%cEQn%“i@t&d%s“-eq‘ES&: Méw 1iaH§OE rmanual

i nterventi on, sone ot her reason - trafsm'ts, —on the secondary *
channel , M Signailoare cHere thelland PeblhhskingtCai | 19ZBange and a signal
indicating the tinme at which it wll do so. The second nodem having
decoded this information, is then able to switch its receiving circuits
at the appropriate instant so that continuous reception occurs. Al the
codes referred to in this description are well known; for further
particulars, reference may be made to "The Theory of Error Ccrrecting
Codes", F.J. MWIlliams & N. . A Sloane, North Holland Publishing Co. 1978.

A



-29-° 1. An apparatus for nodulating digital signals onto a carrier,:
conprising: neans for receiving a block of bits to be transnmitted; coding
and partition neans for partitioning each block into groups of blts, at

| east one group having been coded by a single redundant code having a
Hamm ng di stance greater than one, the partitioning and codi ng being such
t hat .each group has the sane nunber of bits; nmeans for assenbling a
plurallty of digital words fromthe bits™ 0?9t e said groups; neans for
quad?éture anpl i tude nodul ation of a carrier to forma plurality of
successi ve output synmbols, the two quadrature conponents of each synbol
being determ ned by a respective pair of the digital words; characterised
in that each word contains a bit fron1eqéﬁag%$up; whereby the or a single
redundant code produces bits which contr h quadrat ure conponents of
each synbol . 2. An apparatus according to claim1l, in which, in the

coding and parfiti Owgaggagatuat ﬂo@%ﬁ@aﬁﬁﬁragg@ualelstﬁﬁfaﬂss aﬂeedad

or is coded using a code aV|ng a smaller Hanmng di stance t'han the said
redundant codeS@BRtPFhcCHBRELBERSh neans is so arranged that each bit
suppl i ed theret Qn@&n@aféroi-eeemﬁgoa Bigckabfvbits vbi bs kiranemidtiddsed

or eater than t nerout G ABa FREEIFAGh hEbR TEOHT paetab i Eadl] Bloby
An appar at us doTioe dgPguUPS ofab&t&.oatZIBn&qunetgﬂpup havingsbeenccodedd

group is code 0 c h i s o 0
t hat obt ai nabfbefg? dlg\l:}lﬁ ﬂ'%g tgﬁaumgﬁg |ﬁ§%ét MU%@r%upgagﬁgn%r &iﬁi:ah@é

codi ng each sUERA%®* i hRgPedent |1 ﬁrﬁ%F?*ﬁﬁ%%hﬁgtBPQI°°ding belng such
Nt ' that each group has the same number of bits;

means for assembling a plurality of digital words from
the bits of the said groups;

means for quadrature amplitude modulation of a carrier to
form a plurality of sueccessive output symbols, the two
quadrature components of each symbol being detérmined by a
respective pair of the digital woxrds;

characterised in that each word contains a bit from each
group, whereby the or a single redundant code produces bits
which control both quadrature components of each symbol.

2. ° An apparatus according to claim 1, in which, in the

" coding and partitioning means, at least one other group
either is uncoded or is coded using a code having a smaller
Hamming distance than the said redundant code, and the
modulation means ié'so arranged that each bit supplied
thereto as part of a pair of digital words which bit is
derived from the said other group produces a minimum
Euclidean distance which is greater than that produced by
any bit derived@ from the said one group.

3. An apparatus according to claim 1 or 2 in which the
or at least one coded group is coded employing a code which
has a Hamming distance greater than that obtainable by
dividing the group into two subgroups and

ML



nunber of bits. 4. An apparatus according to claim1, 2 or 3 including -
means to exanm ne bits determ ning a predeterm ned synbol of a bl ock and
those of a predeterm ned synbol of the preceding block to determ ne the
angul ar difference between the quadrants occupi ed by those synbols; neans
for rotating the phase of the transmtted synbols of the block in question
by the said angul ar difference, and ggans for nodulating the carrier wth

i nformati on representing the angul ar difference. 5. An apparat us “ew
according to claim4 in which that one of the said pairs of digital words
whi ch determ nes the said predeterm ned synbol contains two bits which are
derived froma group which is not coded and which al one define the phase
quadr antcodindi cadiesabgiroupl i tnsdepenidéehtl yednmto f the Nwamé attiotml t he
carrier ' . Laf tion representing the angular difference is operabl e
to trans%*@ﬁgﬁobgi?éggépresenting the angular difference in lieu of the two
quadrant -defining bits of the predeterm ned synbol. 6. An appar at us

according. Lo RK 8gfachthi® aecereling «d Atk 1, vl 68 BNEnUUMnST bi LS

I N eac rou | S , | udgi S | , U SSI g

1 SoCh I BRRaE S et byt et erp g 1n RRodet AT netl s TRRoY GF

suppl yi ng, Bloekg sudcatosy Gf t e predetddmixed§ symdbol , dihe tdieored word

cont af n BERCRREE FEROR 47 @RS W R AK RiE R TRV O

appar at uthecguadirants cceypisd by those saminiley alesns for kotietdng ock

timng NgRes gIA@bbe tendr Ak gk WPNoF LRE PLOG A 19 A
pr edet er m ned. synhol -31-, period_of the block, the quadrature anplitude
modul at i SReRELeR Ry nEhPes‘p?éré i 3BIRLArc A4 LReXANCe, HRSANS o tfiosm ~

modulating the carrier with information representing the
angular difference.

S. An apparatus according to claim 4 in which that one
of the said pairs of digital words which determines the
said predetermined symbol contains two bits which are
derived from a group which is not coded and which alone
define the phase quadrant in which the symbol lies, and the
means for modulating the carrier with information
representing the angular difference is operable to transmit
two bits representing the angular difference in lieu of the
twvo quadrant-defining bits of the predetermined symbol.

6. An apparatus according to any one of the preceding
claims, in which the number of bits in each group is odd,
and including means for storing, upon processing a first
block of a pair of blocks, one of the digital words, and
for supplying, during processing of the second block of a
pair, the stored word to the quadrature amplitude
modulation means, whereby such second blocks contain a
number of symbols one greater than such first blocks.

7. An apparatus according to any one of the preceding

claims including block timing means operable to produce a
block synchronisation signal during a predetermined symbol

o



sigral to produce a nodul ated carrier of greater anplitude than it can
produce in the absence of such receipt. 8. ° An apparatus according to
claim?7 including gating neans for coritrolling receipt or otherw se of the
bl ock synchroni sation signal, whereby additional information may be
transmtted per block. 9. An. apparatus for denodulating digital
signals nodul ated on a carrier. using the apparatus of any one of the
precedi ng-cl ai ns, conprisipg: a denodul at o¥t for. recei ving a bl ock of
synof’s and produci ng coordihate val ues representing the two quadrature
conponents thereof; means for assenbling, for each block, groups of bits,
each group containing one bit fromeach of the said coordi nate val ues; and

o Teaa! o BOSARE GF heciR Eod ARagel e, LARAE i SR

the said simglans coeim@nrespdasihzei tp aretaiphgodi dhenaygebronisahion

one. 10. An a ' A8 e 4o i1 O b B b VasbPtude
mul ti pl ex maﬁgﬁ%‘n%m{ 'drkg 'tnhéeh%'dgdc i tﬁaﬁgwm%sé#%g%oﬁ?ﬁ?ﬁgdgat a
input to the Abew ditusamdroties vl tharabsercenof ;Suebigeeeipt: sai d bl ock

of bits to be transmtted. 11. An apparatus according to claim8 or 10,
operable at at least tw different data .rates, conprisgi ontrol neans
operabl e in r&sponsdh RBPAFYRRE REFPEELRG P acfggﬁegt %#%ngéggf‘g
rate: - 32- neans’ | £61| ontToldiat tedalpt r orsotidwiss ofi chiraldblbokal

and the time %
be transmitted per block.

I Or et o0 Sy RS IGN dof b (12 LRIy 'Sadfi£dbl 1328BRUE1BR fBGNO°
9. An apparatus for demodulating digital signals
modulated on a carrier using the apparatus of any one of
the preceding claims, comprising:

a demodulator for receiving a block of symbols and
producing coordinate values represehting-the two gquadrature
components thereof;

means for assembling, for each block, groups of bits,
each group containing one bit from each of the said
coordinate values;

and decoding means arranged to decode the groups, the
decoding means including at least one decoder arranged for
decoding a group in accordance with the said single
redundant code having a Hamming distance greater than one.

10. An apparatus according to claim 7 including time
division multiplex means, synchronised to.the block timing
means, for combining data input to the apparatus and
additional information to produce the said block of bits to
be transmitted. |

11. An apparatus according to claim 8 or 10, operable at
at least two different data rates, comprising control means
operable in respohse to a signal répresenting a request for
a change of rate:

L



(b) at the identified tine, to change to transmission at. the identified -
rate. 12. Apparatus for nodulating digital signals on a carrier
substantially as herein described with reference to Figures 5 to 18 of the

acconpanyi ng draw ngs.

(a) firstly, to generate for transmigssion as said
additional information, signals identifying a data
rate to which it is about to change and the time at
which it is to occur; and

(b) at the identified time, to change to transmission at
the identified rate.

12. Apparatus for modulating digital signals on a carrier
substantially as herein described with reference to Figures

5 to 18 of the accompanying drawings.

A



