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20 The order in which the convol utional encoding and puncturing is
performed is typically such that the class |a bits are encoded first, the
CRC checkwormbitis i medi ately thereafter and the class | bportsoimobis af t er
the CRC checksum bits. The bit range that includes the class la bits and
CRC checksum bits is usually encoded in the convol utional encoding and
puncturing block 112 so that equal error protection 25 perfornmance is
achieved for all bit positions within that range. This is because CRC based
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10 tion that the bits enjoy within a frane structure. The objects of the

I nvention are achieved by re-ordering those bits the convolutionally
encoded rwpregentati ons of which are to be subjected to pwocireioogis 15 A
first aspect of the invention is a nmethod for transmtting frames of
digital information over a wreless corm:gl cation connection between a
transmtter and a re ceiver. The nethod cording to this aspect of the
invention is characterized in what is recited in the characterising portion
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Fig. 4 illustrates the principle of a transmtter according to an

enbodi nent of the invention, WO 02/377-t1 6 PCT/FIO1 /00916 Fig. 5

il lustrate® d2h3ergenerati on of rearrangi ng and i nverse reampcangen®icabl es
according to the invention, Fig. 6 illustrates the principle of a receiver
according to an enbodi ment of the inventlfn and 5 Fig. 7 illustrates
certain observed error probabilities in transm ssi on arrangenent
according to the invention. Fig. 4 is a partial schematic diagramof a
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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 info the present invention it was found that puncturing
has the tendency of causing deviations to an expexted behaviour of the error prob-



general. 15 In the flow diagramof fig. 5 step 501 represents taking such a
dat abase of franmes and sinulating their way through a known transmtter of
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could equally well be transmitted through a real radi o channel between a
real transmtter and a real receiver, but.it is sinpler and nore conveni ent
to use a sinulator. Step 502 represents o%servi ng 20 and storing the
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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,



WO 02/377d1 9 PCT/ FI 01100946 The code is punctured in such a way that the
follow ng 296 coded bits: C(1), C5), C7), C9), C11), C(17), C(19),
C(21), C(w8)zi3CH25), C(33), C(35), C(37), C(39), C(41 ), eCc48X01/00049), C(51
), &(53), C(55), C(57), C(65), C(67), C(69), (71 ), (73), ((75), C(81),
C(83), C(85), C(87), C(89), C(97), C(99),. Cc(lol), C(103), C(105), 5 C(107),
C(113), C(115), C(117), C(119), C(121), é( 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),
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fig. 4. Here the difference to the known frame seen in fig. 1 is that the field 422 that



11 PCT/ FI1 01/ 00946 portion of the curve, which represents the class |Ib bits
affected by the invention, the al nost perfect nonotony of the curve is
clearly swemz;3tnithe foregoing we have assuned that the stratrirdlioosae
probability of bit errors should 5 always increase nonotonously towards the
end of a frame. Such a way of thinking |3La consequence of the sinple fact
that it has been customary to do so. it is possible to e.g. select
a puncturing pattern so that nost of the error- correcting capability of the
channel codionging e tationcofnthendlasst Bl bite repreeents thempar 4 rexulteoff adidie

(or a cIasa thn rame) than the beginning. The invention is applicable
re 10 regarlﬂn@]é -Bfhi& n part of the frame is selected to involve the best
error-correcting capability of the channel coding arrangenment. In the
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t he transnf%ter erse rearrangl n ecelr ver
t oget her wiservedhstatistinah arobabilityoat b@rmorAfw&sr theonextkloavest poong
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that case qﬁebmhtyof bﬁeﬁotmasdis)mcghéstmmgemetIIMasm the transmtter and
the re-ordering cancellation operation in the receiver constant and to only
change the rearranging table in the transmtter and the inverse rearrangi ng
table in the re 20 ceiver according to need. The exenplary enbodi nents of
the invention presented in this patent application are not to be
interpreted to pose limtations to the applicability of the appended
clainms. Especially we have solely referred to the rearrangi ng and i nverse
rearrang 25 ing of certain class Ib bits; the applicability of the



pending clains are nutually freely conbi nable unl ess otherwi se explicitly
st at ed. WO 02/ 377-41 13 O ains PCT/FI01/00946 1. A nethod for

transm t twpa2istages of digital information over a wrel espce@igiwivsat i on
connection between a transmtter and a receiver, conprising the steps 5 of:
- in the transmtter, convolutionally encoding and puncturing ( 112) a
certain sequence of bits within each frafe of di gital information before
transmtting the frame over a wrel ess conmunicati on connection and - in

e 36Cty Stn inflRRoM e 1BAARRHAMBIE miht aRbbe) gdritParbd aLEBE 500] bltauge Wb 1
ot i o CBreg musk Beiable, g Gancal s alrac) of rempneicad HES TS Rt RoE B Silesy
connect i onthe redeivdrehas @adcésy tohtlle corresinfuensappingieos ivyesorearrariging heble.
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bef ore §onvmvent®nt thatatany bensedi togregaiyepamt tdecody) tansmdssions, coming fromrader
that has b sﬁ?&g}dacEBrdaﬁgrt](SﬁI%etl during the course of convolutionally

encodi ng w a certain c olPUti onal code and puncturing with a certain
puncturing pattern, a convolutionally encoded and punctured sequence where

benavi our (100 § CEIRY baskhe iniitOR BIAL ProsBhl NARAVH phodiced SIGORNRIE. | e
sequence o%a]gf’ lfé‘ &P’P‘?F ﬁhaééeﬁ is’ga‘i']r%ssoﬁ’ Bitg |S(“§B frames tqnﬁﬂu@tﬁ%td f\%&é"%‘&Pie
rearrapgedin rmiehﬁf tthersro| bsa{j hsghekhpérfbﬂg_ﬁaxﬁfef fﬁwdﬁgfofSﬂiedWeﬂaMw_ quidgbzinﬁdt he
transmtter, on..t tual order t its of the sequence. i ancel L ed,
2t ter " decod FpyARaitishfR B schioces 0 vEet apbiiied SB8 Frioky JARCH HY
accor di ng tpatent applidatiarh do et @ standardi elemint of tigitad aelulay telgplusnes relasshteence
of bits w i RRehsfr . di gl i:nf ' ' ' hat
has been ftg{agn to B?odﬁgg?ﬁggﬁi_%%ﬁﬁ%m@o%@%%%%eglg gﬁt_fg %%af leﬁg%cﬁcgglin%
with a cer PHRAUEBSShemeotain dusicasmqueiuihata blagkupt A6S bitsr {le(Dgr-puE&c’ﬂ)h ng
Crat i ot calCaUihg bt SIS 1 bRGCORES CIRR ANl M IR IFDIRS [ SRR VA fhe
monot onous Ilé) 129 EO?VQIHéBP@]sCWé{e&’P&T&Y tL‘ﬁ E@?%WWQ]W%‘H&% 'y encoded and
punctured sequence. 3. A nethod according to claim1l, characterised in that
it conprises the s#eozéo_f' 35 - in the transmitter, dividing ( 110) the
digital informatio Ioo"n]gi ng to_each frange into at |east two cl asses, of
whi ch only the bi tGlMGD@an—ri@+tIa3-bEé/dl-aB§-laDé subj ected to said

rearraggi ng (411) before convolutionally encoding and puncturing (112) and

WO 02/ 37p1 14 PCT/ FL01/ 00946 ,
resulting in 736 coded bits, {C(0)... C(735)} defined by:

L)

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

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

30 1(k) =0
C(2k) = 1(k-3) + r(k-4)
CQk+1) = r(+r(k-1)+r(k-3)+r(k-4)
for k = 368, 369, ..., 371



- in the receiver, conbining (213) the digital information belonging to
each frane fromat |east two classes, of which only the bits belonging to

one cl assw@lgsMpj ected to said inverse rearranging {611) pefrirdenodi ng
and depuncturing (611). 5 4. A nethod according to claim 3, characterised

in that it conprises the steps of: - in the transmtter, calculating { 111
) a checksum over the bits belonging to éhe class that is not subjected to
sai d rearranging before convolutionally encoding and puncturing ( 112), and
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channel andragsi@t&l.ver, so t hat in the transmitter a certain sequence of
“ bits within each frame of digital in
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



20 formation is convolutionally encoded and punctured before transmtting
the frame over a wireless conmunication connection and in the receiver the
sequence Wh gpistmiWi thin each frame of digital informationpchatolvesess

convol utionally encoded and punctured is decoded and depunctured after
receiving the frame over a wireless comruni cati on connection, 25 -
observing and storing (502) the statistidfl probability of transnission
errors per bit position in the convolutlonally encoded and punct ured
sequence that i C i n tg§ tL - rearranging (503) the bit
positions mnthﬁﬁrga?gﬁgggfgln S &ue% Kﬁﬁ s within each frame of digital
I nformation so that the inportance to a certain subjective signal 30

" quality of \aagh (iib(jPRSchd Mt Bite, U6t toYighs Rl theFBIbRHMORHI4:0 t he observed
and stored StatIStlgp Srobaglllty of tragsm ssion errors per that bit

_position and - storing (504) the correspondence between the original bit
positi ogs anblé he rearranged bit positions as a rearranging table and the
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In the foregoing we have also presented the rearranging operation accomplished in
the transmitter and the inverse rearranging operation accomplished in the receiver as

15 something that is made separately from the re-ordering operation of block 110 in the
transmitter or the re-ordering cancellation operation of block 213 in the receiver.
Although this is the easiest way of presenting the invention so that the differences
between it and the prior art arrangements are most clearly seen, this does not need
to be the case in real life transmitters and receivers. Since also the re-ordering op-

20 eration of block 110 in the transmitter and the re-ordering cancellation operation of
block 213 in the receiver are inherently usable to affect the order of bits within a
frame, it is possible to reprogram the processing units that perform these operations
so that they additionally perform the operations shown as separate rearranging and
inverse rearranging units in figs. 4 and 6.

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-6rdering 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-
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10 tion that a certain pair of rearranging and inverse rearranging tables only works best
in association with a certain well-defined puncturing pattern. Both the transmitter
and the receiver must be aware of which rearranging table (in the transmitter) and
inverse rearranging table (in the receiver) goes together with which puncturing pat-
tern. After some known means have been used to agree upon the puncturing pattern
15 to be adopted, both devices immediately know which rearranging table (in the
transmitter) and inverse rearranging table (in the receiver) must be used. Conceptu-
ally it is in that case easiest to keep the re-ordering operation in the transmitter and
the re-ordering cancellation operation in the receiver constant and to only change
the rearranging table in the transmitter and the inverse rearranging table in the re-

20  ceiver according to need.

The exemplary embodiments of the invention presented in this patent application
are not to be interpreted to pose limitations to the applicability of the appended
claims. Especially we have solely referred to the rearranging and inverse rearrang-
25 ing of certain class 1b bits; the applicability of the invention is wider in the sense
that it can be used to optimize the probability distribution of transmission errors in
any number of any bits that are subjected to convolutional encoding and puncturing
before transmission and corresponding decoding and depuncturing after reception.
The verb "to comprise" is used in this patent application as an open limitation that
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.
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1. A method for transmitting frames of digital information over a wireless com-
munication connection between a transmitter and a receiver, comprising the steps
5 of:
- in the transmitter, convolutionally encoding and puncturing (112) a certain se-
quence of bits within each frame of digital information before transmitting the
frame over a wireless communication connection and
- in the receiver, decoding and depuncturing (211) the sequence of bits within each
10 frame of digital information that was convolutionally encoded and punctured, after
receiving the frame over a wireless communication connection;
characterised in that it comprises the steps of:
- in the transmitter, rearranging (411) the sequence of bits within each frame of digi-
tal information that is to be convolutionally encoded and punctured, before convolu-
15 tionally encoding and puncturing (112) it, into an order that has been found to pro-
duce, during the course of convolutionally encoding with a certain convolutional
code and puncturing with a certain puncturing pattern, a convolutionally encoded
and punctured sequence where the statistical probability of transmission errors ex-
hibits a predefined behaviour (701) and
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
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- 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-
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0Sl . 3109B& {}riM each frame of digital 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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volutionally encoding and puncturmg (112) it, mto 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
10 and punctured sequence where the statistical probability of transmission errors ex-
hibits a predefined behaviour (107).

10. A transmitter 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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