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arrangement for providing optinal trm,""wmmﬂlﬂmlwn agai nst trans- m ssift$
errors The invention concerns gener hnol ogy of protecting bits
agai nst t rngpWi2w37HR1ISIion errors in a di*gss@al Wi rel ess CEIMIERIGAI09PNS
system Especially the invention concerns the task of ensuring that the
degree of protection that each bit enjoys in a wunit of digital information

to be transnmitted is comrensurate to itslrelative inpor- tance within said
unit of digital information. 10 Digital wireless transmtters, such as the

radio transgléthsasaﬂifﬁﬂrd H{&t%@ﬂn@vﬁﬁ ot B ChroAsion aEAIRSE tréins-

cel | ul ar g{stem; digital information in dis- crete units that
are usually“?iﬁl FEP™®0 as frames. In an exenplary case where the digital
information to be transmtted represents a speech signal, a frane contains
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a speech encoder that I npl ements sone algorithmlike linear predic- tive
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stationp$ o [RBNAAYE §pdelR iR biHbAIRNgl Way2DHGRe Bthef Band the frame may also con-
tain such bits or bit sequences which are certainly needed to completely reproduce
the short time interval of speech with high fidelity, however so that an error in these
bits or bit sequences only causes a small distortion to the subjective speech quality
that a human listener experiences.

25
From prior art it is known to recognize the different importances of different bits
and to provide different degrees of protection against transmission errors depending
on the relative importance of the bits. Fig. 1 is a partial schematic diagram of a prior
art digital transmitter where a source encoder 101 generates a source encoded bit

30 stream. If the transmitter of fig. 1 is used to digitize and transmit speech, the source
encoder 101 is a speech encoder that implements some algorithm like linear predic-
tive coding to convert a speech signal into a source encoded bit stream, This bit
stream goes into the channel encoder 102 that introduces redundancy thereto. The
purpose of channel coding is to protect the digital information against transmission

35 errors, i.e. to enable the receiving station to reproduce the original bit values as re-
liably as possible and to at least detect and possibly also to correct any transmission
errors that occurred within the transmission channel. An interleaving, burst forming

AARA

* ACTION*



|iably as possible and to at | east detect and possibly also to correct any
transm ssion errors that occurred within the transm ssion channel. An
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PCT/ F1200%/0Q02467742 and nodul ati ng bl ock 103 t akes thercimEmeeboossscoded
digital information and con- verts it into radio frequency bursts that can
be transmtter over the air. Wthin the known channel encoder block 102 of
fig. 1 there is first a re-ordering en- 2 tity 110 the task of which is to
re-order the bits that are to constitute the contents of a frame. The order
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better protection being acconplished at the expense of morsenlng the 30
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or convol uatebndereafter dinkigthat cladsl 1b Gitsbiny ragter fibe ORI mheckste dbitandherbit
convol uti Onﬁtnlgx, that includes the class 1a bits and CRC checksum bits is usually encoded in
the convolutional encoding and puncturing block 112 so that equal error protection
25 performance is achieved for all bit positions within that range. This is because
CRC-based error detection has been found to be more effective when the error pro-
tection performance is equal for all bit positions than when some bit positions
within the CRC-related bit range enjoy better protection performance than some
others, such better protection being accomplished at the expense of worsening the
30 protection performance for some other bits in that range.

The encoding result goes into the interleaving, burst forming and modulating block
103 along with the class 2 bits that were not subjected to any CRC calculation or
convolutional encoding at all. Combining the CRC protected and/or convolutionally
35 encoded bits to the non-coded class 2 bits is schematically represented in fig. 1 as
the multiplexer 113. The order in which the bits of the various parts of the frame are
handled internally in block 102 is shown at the lowest part of fig. 1: the convolu-
tionally encoded class 1a bits 120 come first, then the convolutionally encoded CRC



35 encoded bits to the non-coded class 2 bits is schematically represented
infig. 1 as the nultiplexer 113. The order in which the bits of the
various parts of the frame are handled internally in block 102 is shown at
t he | owestw@aom/0ef4f i g. 1: the convolu- tionally encodeRCTFT2M$/0009460i ts 120
cone first, then the convolutionally encoded CRC WD 2002/ 037741
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franme. Howeabmlated from the received class 1a bits matches that received along them within
the frame. A mismatch causes the CRC recalculation block 212 to inform the source
25  decoder about a detected error with a so-called CRC flag. The class 1a, class 1b and
class 2 bits, of which the two former have been decoded, all go into a block 213 the
purpose of which is to cancel the re-ordering that was accomplished in the re-
ordering entity 110 of the transmitter.

30 The re-ordering and channel encoding arrangements of prior art aim at making the
statistical probability of a bit error at a certain bit position a monotonically increas-
ing function of the ordinal number of the bit position within the frame. However,
fig. 3 shows that the prior art arrangement shown in fig. 1 fails to meet this goal.
The curve 301 in fig. 3 illustrates the statistical probability of a bit error at each bit

35 position for a speech frame of 140 bit positions that was observed when 6812 ran-
domly selected speech frames were taken through a simulated, error-inducing radio
channel. These exemplary frames comprised class 1a bits in positions 1 to 52, CRC
checksum bits in positions 53 to 62 and class 1b bits in positions 63 to 140. No class



fig. 3 shows that the prior art arrangement shown in fig. 1 fails to neet
this goal. The curve 301 in fig. 3 illustrates the statistical probability
of a bit error at each bit 35 position for a speech frame of 140 bit
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140. No class WD 2002/ 037741 PCT/ Fl 2001/ 000946 4 2 bits were included in
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in a transmitter before transmitting them over a wireless communication connection
to a receiver. The method according to this second aspect of the invention is charac-
terized in what is recited in the characterising portion of the independent claim di-
25 rected to such a method.

Additionally the invention applies to a method for generating rearranging and in-
verse rearranging tables for the purpose of optimizing the probability distribution of
transmission errors in transmitting frames of digital information over a wireless
30 communication connection between a transmitter and a receiver. The method ac-
cording to this third aspect of the invention is characterized in what is recited in the
characterising portion of the independent claim directed to such a method.

The invention applies also to a transmitter that is characterized in what is recited in
35  the characterising portion of the independent claim directed to a transmitter.

In the research work that led into the present invention it was found that puncturing
has the tendency of causing deviations to an expexted behaviour of the error prob-



35 the characterising portion of the independent claimdirected to a
transmtter. In the research work that led into the present invention it
was found that puncturing has the tendency of causing deviations to an
expext ed bwbavemari4of the error prob WO 2002/ 037741 5 PedV/Fik@30d00900946
ability curve that represents the statistical probability of bit errors at
each bit posi- tion of a franme. Apparently puncturing causes sone
statistical accurmulation of er- rors int® and around certain bit posi tions.
The nechanismis theoretically not easy to understand. However, in the
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novel features which are considered as characteristic of the inventjion are
set forth Thepeartangingtables aceerdingthwhirhcthgiragrranging isnders agrmpstadvan-
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of channel coding they are automatically aware of also the applicable rearranging
table, or there exist some means for the transmitter and receiver to separately agree
upon a rearranging table that they will use. Naturally the receiver must also include
a processing entity that is arranged to cancel the effect of such rearranging.

25
The novel features which are considered as characteristic of the invention are set
forth in particular in the appended claims. The invention itself, however, both as to
its construction and its method of operation, together with additional objects and
advantages thereof, will be best understood from the following description of spe-
30 cific embodiments when read in connection with the accompanying drawings.

Fig. 1 illustrates a known wireless transmitter,
Fig. 2 illustrates a known wireless receiver,
Fig. 3 illustrates certain observed error probabilities in a known transmission
35 arrangement,
Fig. 4 illustrates the principle of a transmitter according to an embodiment of
the invention,



Fig. 3 illustrates certain observed error probabilities in a known
transm ssion 35 arrangenent, Fig. 4 illustrates the principle of a
transmtter according to an enbodi nent of the invention, WO 2002/037741
PCT/ FI 2001w0Q0@248781 Fig. 5 illustrates the generati on ofCYER2MAMI#GOg and

I nverse rearrangi ng tables according to the invention, Fig. 6 illustrates
the principle of a receiver according to_an enbodi nent of the invention
and 5 Fig. 7 illustrates certain observe8 error probabilities in a
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turing block 112 along with the class 1a bits are the same as in fig. 1.

However, according to the invention the class 1b bits are not fed directly from the
re-ordering entity 110 into the convolutional encoding and puncturing block 112.

25 Instead there is, at least conceptually, an additional rearranging block 411 that takes
the class 1b bits in their known order produced by the re-ordering entity 110 and re-
arranges them again into an order that is to be specified in detail below. The rear-
ranged class 1b bits are then fed into the convolutional encoding and puncturing
block 112.

30
Again in accordance with technology that is known as such, the convolutional en-
coding and puncturing block 112 encodes the bits input thereto with a certain con-
volutional code and uses puncturing in order to produce an encoding result where
the number of bits per unit time is equal to a certain predefined gross bit rate. Simi-

35 larly in accordance with technology that is known as such, the class 2 bits that are
not channel encoded at all go directly from the re-ordering entity 110 into a multi-
plexer 113 that outputs a frame of bits in the form illustrates at the lowest portion of
fig. 4. Here the difference to the known frame seen in fig. 1 is that the field 422 that



the nunber of bits per unit tine is equal to a certain predefined gross bit
rate. Sim 35 larly in accordance with technol ogy that is known as such,
the class 2 bits that are not channel encoded at all go directly fromthe
re-orderi ngoaosy4il0 into a nulti- plexer 113 that oupgEuFRo@/0dMasTE Of
bits in the formillustrates at the | owest portion of fig. 4. Here the
difference to the known frame seen in fig. 1 is that the field 422 that WO
2002/ 037741 7 PCT/ Fl 2001/ 000946 contai ns/the representation of the class |Ib
bits represents themas a result of addi- tional re-ordering. W may now
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of the frane is a result of puncturing, although the connection between a

certain P””W‘e%'g? %o&ﬁﬁﬁﬁg& ﬁi@qﬁ'&er ShitLhéhePREE by aHle RAARIONAN feaffanking ele-
probabil ity of t.errors 1s egreticarl t com et el y understood.
Accor di Ay tBeRt@l§ i awre datail, PrrydQus Werfé‘éﬁdla@tg%e Eﬁlﬁ'ﬂ@coé ROUBANEETAYY ¥t 00d
either. It the probdbiBiycof bit erromeper biepesitioretowdrds e el abtedrahe iy pireslt
source enc r .

hel r vay. t o Dot ase ¥R BRuiceby boRugl £ CorehitThurbRiiie palicrm B
regul ariti eeeriabmobsarved hphavipur of the prebhability10f blﬁeirﬁ@ g theprat fyaﬂ&cﬁom'l g. 5
st ept ﬁ01 r ﬁ;ﬂé@?f 'ﬁh&exisﬁiﬁdﬂg&?bfdinglftdah@hm tioh if deeeaot acstl & bulcmn':piqetyhﬁi r
wa r a, kno ansm . [ . n an
e or -1 Mhacrsnan supe 1 ticiel e & 8 RIPR il yauasp of cGbilal chltsd
through a remodeddiamesrendnassume ithatdhe arroesathat pegvs in them oartheis wayathrough

receiver, byt edrbriddtict AR ArIBNLS Wl MRMNRE The Fe@ultiRicd thatalidppear B ep
502 represeﬁgﬁ%{fsﬂgrﬁ\ﬁig Zagh%ndﬂrstori ng the gt atisétgl cal probabil i% of bit

errors per Bd¥Fpit position. Thereafter it is easy to arrange, at step
503, the bit positions in that part of the franme that contains class |Ib

bi ts 1 nfeo 3y, b Uiafafif PrBIS ApesebppésehakingYoueh dditaBise Wi Frarkbe
only additronal procedural step at_ i s needed,to cPfrtix\” de ag i fio. 1
i mpl enent at anshsignulatieg gheir wayjthronghraknown drangmifter ofthe kind shewn g figy 1 o
E tep 504, aaﬁc?ﬂfdrbﬁglghﬁlgn*o@hh@cﬁﬂgathdm&ﬂml fuatass eouldreguhily walisbe transthidt i on
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bit that hagyfilgnfiSrbeidfeRlp HEP N hodHes tb Drovife A hiptdrhéRation of the addi-
tional rearranging unit 411 is setting up, at step 504, a rearranging table that in-

25  cludes an unambiguous correlation between each individual bit position in the set of
class 1b bits coming out of the known re-ordering entity 110 and another bit posi-
tion in the set of rearranged class 1b bits. According to this rearranging table the
first class 1b bit (or more generally: the bit that has the highest importance to the
subjective quality of the signal to be reproduced) is mapped into the position where

30 the observed statistical probability of bit errors was the lowest among the 1b class,
the next class 1b bit (the bit that has the next highest importance to the subjective
quality of the signal to be reproduced) is mapped into the position where the ob-
served statistical probability of bit errors was the next lowest among the 1b class
and so on until the bit that has the lowest importance to the subjective quality of the

35 signal to be reproduced is mapped into the position where the observed statistical

probability of bit errors was the highest among the 1b class.




quality of the signal to be reproduced) is mapped into the position where
the ob- served statistical probability of bit errors was the next | owest
anong the Ib class and so on until the bit that has the | owest inportance
to the subyeabeusrqual ity of the 35 signal to be reprodecEe2e0/008p0ed i nto
the position where the observed statistical probability of bit errors was
t he hi ghest anong the Ib class. WD 2002/ 037741 PCT/ FI 2001/ 000946 8 An
inverse of the rearranging table nust al 80 be generated at step 504,
because a re- ceiver nust be able to cancel the effect of rearrangi ng and

this is notspQserkd &t ﬂ&@'r@ﬁ?wéxﬂatdbﬁcﬁhyﬁﬂs&ﬁé asciaed at @tep 1594¢ bédaesd a re-

"demappi ng" or | nverse earran Next. G ei ver
accordi ng tETHR Tapsk st D@g %Fgﬁtt&otfba??fégl%gv?ﬂ%% ﬁ& d?sglﬁ%:eglrlﬁl e used
to receive thadedﬂvadhaﬁ raacesm mslmermrmotn“dqnapmng or tinwerserirearsanging ¢dleng to

fig. 4. In YR t t Ebtﬁﬂfehpﬁf th
produced a Iﬁé%f‘?gwla&é“ﬁﬁﬁlﬁe&?&w ragiéds?ﬁ tféj:;ﬁgealgg aes'fis1 1b bi §uch
n

frames are i@Newign %P%dc?fno © dIegfp geeeve g e fans ming from 2

hi ghest - pergaisianecacoadiag ob fighé. W AMR (W deband Adaptl ve I\/UI tirate)
speech codec that has been approved, at the priority date of this patent
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1/2 rate convolutional code defined by the following polynomials:

G0/G0=1
G1/G0=1+D+D%D*/1+D*+D*
20
resulting in 736 coded bits, {C(0)... C(735)} defined by:

r(k) = u(k) + r(k-3) + r(k-4)
C(2k) = u(k)
25 C(2k+1) =r&)+rk-1)+r(k-3)+r(k-4)

fork=0,1, ..., 367; r(k) = 0 for k<0
and (for termination of the coder):

30 (k) =0
C(2k) =r(k-3) + r(k-4)
C(2k+1) =rK)+r(k-1)+rk-3)+r(k-4)
for k = 368, 369, ..., 371
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the followi ng 296 coded bits: C(1), C5), <C7), C9, C(11), C(17), C(19),
(21), C(23), (25), C(33), (35, C(37), (39), C(41), C(43), ((49),
C(51), C(58p20@2(8541 C(57), C(65), C(67), C(69), C(71),PCA/F2)01/000846/5) ,
c(81), C(83), C(85), C(87), C(89), C(97), C(99), C(101), C(103), C(105), 5
C(107), C(113), C(115), C(117), C(119), C( 121), C(129), (C(131), C(133),
C(135), (C(137), C(139), C(145), C(147), C( 149), C(151), (C(153), C(161),
C(163), C( 165) c(167), C(169), C(171), C(177), C(179), C(181), C(183),
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i St B 3@@5@@47%@@@;,

C(585), C(66333), C(3FH) C(ﬁB9@I3590‘( 63@1) G(mZ)C(mSBS@I%%( CE7L) m(%,

:liié?iéii&f@é?@ ot 0 Bl O é@ﬁ
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before t a
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Simiiarly we(sa) deﬂsoné:(mmé:%ar Cﬁﬁjédcéﬂﬁésc(iﬁSBJ C§5597§ E45610r @@i@a i st
{d(0). d(l )C(565) (6N L 569 €457 59 (519 0I5 OCESD) CLSBIBIB(S83)PEESBS),
C(587), C(589), C(593), C(595), C(597), C(599), C(601), C(603), C(605), C(609),
25 C(611), C(613), C(615), C(617), C(619), C(625), C(627), C(629), C(631), C(633),
C(635), C(637), C(641), C(643), C(645), C(647), C(649), C(651), C(653), C(657),
C(659), C(661), C(663), C(665), C(667), C(669), C(673), C(675), C(677), C(679),
C(681), C(683), C(685), C(689), C(691), C(693), C(695), C(697), C(699), C(701),
C(705), C(707), C(709), C(711), C(713), C(715), C(717), C(721), C(723), C(725),
30 C(727), C(729), C(731), C(733), C(735), C(737), C(739), C(741), C(743) are not
transmitted.

In this exemplary case we may designate the class 1b bits before the rearranging ac-
cording to the invention as an ordered list {s(1), s(2), ... s(Ks)}, where Ks is in this
35 example equal to 293. Similarly we may designate the rearranged class 1b bits as an
ordered list {d(0), d(1), ... d(Kd-1)}, where Kd is now also equal to 293. A pseu-
docode representation for the rearranging operation according to the invention is



docode representation for the rearrangi ng operation according to the
invention is WD 2002/ 037741 PCT/ F12001/ 000946 10 for j = 0 to Kd-1 d(j)
s(table(j)+1); where table(j) is read Iine by line, left to right in the
fol | ow ng walbe37791 Tabl e 1 488141110322122336071326294BCT/F12001/000946
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According to the invention there is an additional inverse rearranging unit 611 that
takes the decoded class 1b bits that come from the depuncturing and Viterbi decod-
ing block 211 and implements a rearranging operation that is the inverse of that

10  made in the rearranging unit 411 of the transmitter. Thereafter the class 1a, class 1b
and class 2 bits, of which the two former have been decoded and the class 1b bits
also inversely rearranged, all go into a block 213 the purpose of which is to cancel
the re-ordering that was accomplished in the re-ordering entity 110 of the transmit-
ter.

15
The effect of the invention on the behaviour of error probability per bit position in a
frame is clearly seen in fig. 7, where curve 701 shows the observed error probability
per bit position in a frame when a database of 6812 speech frames was taken
through a simulated system consisting of a transmitter according to fig. 4, a simu-

20 lated, error-inducing channel and a receiver according to fig. 6. In the right-hand



per bit position in a frane when a database of 6812 speech franes was taken
t hrough a sinmul ated systemconsisting of a transmtter according to fig. 4,
a simu 20 |l ated, error-inducing channel and a receiver according to fig. 6.
I n the ri ghd2b@epd7MO 2002/ 037741 PCT/ FI 2001/ 000946 11 powtiem/o04d he
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—

25
However, there are certain cases in which it is advantageous to keep the rearranging
and inverse rearranging units different from the re-ordering operation of block 110
in the transmitter and the re-ordering cancellation operation of block 213 in the re-
ceiver. The first of these cases is that where the invention is used to enhance the

30 performance of an existing system where the specifications of the re-ordering opera-
tion of block 110 in the transmitter and the re-ordering cancellation operation of
block 213 in the receiver have already been fixed. In that case it is not possible to
change the already fixed operations any more, but it is possible to add another sig-
nal processing operation into both the transmitter and the receiver to adopt the pre-

35 sent invention. Another case is such where the invention has been reserved into the
proprietary use of a certain manufacturer. When a communication connection is set
up between a transmitter and a receiver, these devices may exchange information
about their communicational capabilities, among others the capability of imple-



35 sent invention. Another case is such where the invention has been
reserved into the proprietary use of a certain manufacturer. Wen a
comuni cation connection is set up between a transmtter and a receiver,
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30 does not exclude the existence of also unrecited features. The features recited in de-
pending claims are mutually freely combinable unless otherwise explicitly stated.




13 Cains 1. A nethod for transmtting franes of digital information over a
W rel ess com nunication connection between a transmtter and a receiver,
conprising the steps 5 of: - in the transmtter, convolutionally encoding
and punct uwOng2(03t3) a certain se- quence of bits w thiPCEERILVANE Of
digital information before transmtting the frane over a wireless

communi cati on connection and - in the receiver, decoding and depuncturing
(211) the sequence of bits within each 180 frame of di gital information
that was convolutionally encoded and punctured, after receiving the frane
over a W regggmsCoMuni cation connection; characterised in that it
conprises the steps of: - in the transmtter, rearranging (411) the
sequence of bits within each franme of digi- tal information that is to be
convol uti onkl | yA enethoé domtransmitting frevies bgmgltal defioymation oxer ¢ ayitgless eAEodi ng
and punct uryfiichidse )cohﬁectio'ﬁt BetRBel ad@inshii@ér ARE a R86IvEIQ BEpkiRing’ edies,
during the course of convolutionally encoding with a certain convol uti onal
code an® puMeturing with a certain puncturing pattern, a convol utionally
encoded andinptirectramsadittes;ceomvontitnelly enbeding ands pimetiring db&B) Aiceytaist se-
transim ssi O SEE OfShR il 2 BRI RfEL BERAMAUN vefBD randhiAfhy e e
receiver, ersel'y rearrangin sequence of bits wt ac

frame of ditgmegver aamrqlwwmmmasatmsc%e?m%ged in the transmi tter o)
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of the of t uepce i.s ncel | e n i ng
t he seqmencgmﬁlr‘ aﬂ P aRoHéﬁﬂ Yo %D(JVPH‘&LO@% lg%ﬁgﬂm%‘égﬁ%r ac é%ﬁtg{ad in
that the remccun;gﬂngfrﬁrn& beer awirelesceommupicaoniconneetionch franme of digit al

| nf of MRt | Ol ralRARelTh ha i Aiitiscs B stehingr: Deen found to produce, during
the course o onvol utlonal enczgmg[h Pﬂ ai cony I [ cfode
and punct ur1 WgNGRRSTHIL, FEATANGNE BSWPE‘? S ¥ 53 ﬂikg
encoded andtapinfoimatish thatiseode coheolationalysercoded and pummt@b beﬂotrcy corvade-
transm gsio y t I he
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one cl ags o D henuRRBE St Brotiflit) of Aol BHORLED, |°
encodi ng anhubmlaqnedefngd(blehayloanwmn@om 037741 PCT/ F12001/ 000946 14
20 -in the receiver, inversely rearranging (611) the sequence of bits within each frame
of digital information that was so rearranged in the transmitter so that the effect of
said rearranging in the transmitter on the mutual order of the bits of the sequence is

cancelled, after decoding and depuncturing the sequence of bits.

25 2. A method according to claim 1, characterised in that the rearranging of the
sequence of bits within each frame of digital information is made into an order that
has been found to produce, during the course of convolutionally encoding with a
certain convolutional code and puncturing with a certain puncturing pattern, a con-
volutionally encoded and punctured sequence where the statistical probability of

30 transmission errors increases essentially monotonously (701) towards the end of
said convolutionally encoded and punctured sequence.

3. A method according to claim 1, characterised in that it comprises the steps
of:

35 -in the transmitter, dividing (110) the digital information belonging to each frame
into at least two classes, of which only the bits belonging to one class are subjected
to said rearranging (411) before convolutionally encoding and puncturing (112) and



- in the receiver, conbining (213) the digital information belonging to
each frane fromat |east two classes, of which only the bits belonging to
one class are subjected to said inverse rearranging (611) after decoding
and depunowonron@sf@il). 5 4. A nethod according to clai reBrr2e0i@0med eri sed
in that it conprises the steps of: - in the transmtter, calculating (111)
a checksum over the bits belonging to one <class that is not subjected to
sai d rearrangi ng before convolutionally Ehcoding and puncturing (112), and
addi ng said checksum (121) into the frame of digital infornma- 10 tion to be
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recal cul at e saitbimverserearrangimge () afterdesoding and depuncteingr(@hd). of di gi t al
information received fromthe transmtter in order to find out, whether 15

transm ssion errors_occurred anong.the bits over, which .the checksum was
cal cu- late#. 5 methea [RGEOTSERE F '?-i) "2\“5?‘#9?"4: Iﬁ%rﬂ%?gtIEFP’g@Hs?%ﬁ’telﬂ?pﬁt
conprises tof® steps of: 20 - in the transmtter, producing in said
dividing ste .cert al i ) andLihhse bt he
bi ts (193 b Bl | ACUBLALRI 1) chickStim, Syer b iR BelbAEiRk th khe |
digital infdasmthabis pes so@mcﬂ:qﬁmmd searranging:befere comvolyfienably encedingand g
themto eithefcri@dy (1829 Mam%ﬁiwbhmhmqngppEWWfrme@r diginag ifotma- i n
t he recgj ver, 0 nin 3), the digital information bel onging to each
frane aﬁl%%qggﬁ?’bﬁf&ééﬁ% eegey agﬁbj ected to either dgcogi ng,
depunct ur i ngimtheirecesdvergracelcutatingn@il 2ya checksumenves the bits pelovgingitagarkd eittes of
digi tal infonuBapR Adt SbjecttSd daidfeab@h a\;ie&%é@aﬁxg!aﬁa degﬁﬁetaﬁg%,ealsd -
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each frame ltedigital information that is to be convol utionally encoded
and punctured, before convolutionally encod- ing and puncturing (112) it,

convol ut  onst 1 yAJREBARASCHREPE I ClRai HAAcSried o dpdtaf soR RSO icstems vo
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20 - in the transmitter, producing in said dividing step (110) a certain predefined class
of bits and inserting the bits (123) belonging to this predefined class of bits into the
frame of digital information to be transmitted to the receiver without subjecting
them to either rearranging, convolutional encoding or puncturing and
- in the receiver, combining (213) the digital information belonging to each frame
25 also from bits that are not subjected to either decoding, depuncturing or inverse re-
arranging.

6. A method for processing frames of digital information in a transmitter before
transmitting them over a wireless communication connection to a receiver, compris-

30 ing the step of:

- convolutionally encoding and puncturing (112) a certain sequence of bits within
each frame of digital information before transmitting the frame over a wireless
communication connection;

characterised in that it comprises the step of:

35 - rearranging (411) the sequence of bits within each frame of digital information
that is to be convolutionally encoded and punctured, before convolutionally encod-
ing and puncturing (112) it, into an order that has been found to produce, during the
course of convolutionally encoding with a certain convolutional code and punctur-



ing wwth a certain puncturing pattern, a convolutionally encoded and
punctured se- quence where the statistical probability of transm ssion
errors exhibits a predefined behaviour (701). 5 7. A nethod according to
claim6, okhenemterused in that the rearrangi ng (411) ofpcwieosmeeence of
bits wwthin each frame of digital information is nmade into an order that
has been found to produce, during the course of convolutionally encoding
with a certaln convol utional code and plihcturing with a certain puncturing
pattern, convol utionally encoded and punctured sequence where the
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punct ur ed i saideonvsidtiemdlydapeded and gundtined seqoericei ng the franme over a
wirel ess communication connection, 25 - observing and storing (502) the

statistical probabili ty of transm ssion errors per bit position int
convol uti on8i | yAemethadafas ngensrating reatrangiggcandeinveese fearrangiagtables for ¢
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2002/ 037741 wifaid ohe® G2dR® @F4digital information that was convolutionally encoded and
punctured is decoded and depunctured after receiving the frame over a wireless
communication connection,

25 - observing and storing (502) the statistical probability of transmission errors per bit
position in the convolutionally encoded and punctured sequence that is produced in
the transmitter,

- rearranging (503) the bit positions within said certain sequence of bits within each
frame of digital information so that the importance to a certain subjective signal

30 quality of each bit position comes to inversely correspond to the observed and
stored statistical probability of transmission errors per that bit position and
- storing (504) the correspondence between the original bit positions and the rear-
ranged bit positions as a rearranging table and the correspondence between the rear-
ranged bit positions and the original bit positions as an inverse rearranging table.

35
9. A transmitter for processing frames of digital information before transmitting
them over a wireless communication connection to a receiver, comprising:
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16 - convolutional encoding and puncturing nmeans (112) for convolutionally
encodi ng and puncturing a certain sequence of bits within each frane of
digital information before transmtting the frame over a wrel ess

comuni catwonoe@arect i on; characterised in that it conpraeIER001000946
rearrangi ng neans (411) for rearranging the sequence of bits within each
frame of digital infornmation that is to be convolutionally encoded and
punctured, before con- volutionally encoff ng and puncturing (112) it, into
an order that has been found to produce, during the course of

convol ut i onagdnyoRstfedl Bﬂcdﬂtﬁ%"aﬁd PRhétatiNg TRANS |(PIZ)%?|conG<Slﬁﬁoﬁ‘£l awwh&g
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claim9, ch %Qgﬁsgﬁan&tgp@mém@ rearrangl ng neans (411) is nmade to

rearrange the sequence o each frane of dlgltal 15 |nforrrat|on
that is o bicaggngidgIReansdtiy) @ﬁ@mgarpﬁjﬂwﬁavww st witkineagh drame of

tionally endhgﬁahﬂlf@mhtmrthhuifslt6%elobnvd>lﬁt1@nﬂly @fcdded hhatpuhamrémee,efcfreucﬂ- to

Ponvor ut i ontiulERAIBEerRRARE R pRRGTaY (203 ita ™ BitoE Pl sf B0 B
convol ut i onprodyice eyvingthe nourse of convaletionadly eacedingiwitle atcnﬁalsntmmvglutmal
pr obabi i t yegte Al pendtafin® with the?tahP tt@x% %%Hﬂv%ldtibn'&ﬂ %@6&@' y

(701) t rds, t he gn of Said conv Flonall P unctured
sequen Clgyva gﬁqggqnctal:\;@ﬁge 2‘89 statistical p¥oba% f transm1 s1on errors ex-
hibits a predefined behaviour (107).

10. A trapsmitter according to claim 9, characterised in that the rearranging
means (411) is made to rearrange the sequence of bits within each frame of digital

15 information that is to be convolutionally encoded and punctured, before convolu-
tionally encoding and puncturing it, into an order that has been found to produce,
during the course of convolutionally encoding with a certain convolutional code and
puncturing with a certain puncturing pattern, a convolutionally encoded and punc-
tured sequence where the statistical probability of transmission errors increases es-

20 sentially monotonously (701) towards the end of said convolutionally encoded and
punctured sequence.
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