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convolutionally encoded and punctured (112) before transmitting the frame over a wireless communication connection. The
recelver decodes and depunctures (211) the sequence of bits within each frame of digital information, that was convolutionally
encoded and punctured, after recelving the frame over a wireless communication connection. The transmitter rearranges (411) the
sequence of bits within each frame of digital information that is to be convolutionally encoded and punctured, before convolutionally
encoding and puncturing (112) it. The rearranged order Is one 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 punctured sequence where the statistical probabillity of transmission errors exhibits a predefined behaviour (701). In
the recelver, the sequence of bits within each frame of digital information that was so rearranged In the transmitter Is inversely

rearranged (611) so that the effect of said rearranging Iin the transmitter on the mutual order of the bits of the sequence Is
cancelled, after decoding and depuncturing the sequence of bits.



WO 02/37741 Al

CA 02427425 2003-04-30

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

10 May 2002 (10.05.2002)

PCT

(51) International Patent Classification’: HO4L 1/00, 27/00

(21) International Application Number:

PCT/FI01/00946

(22) International Filing Date: 30 October 2001 (30.10.2001)

(25) Filing Language:

(26) Publication Language:

(30) Priority Data:

20002399

31 October 2000 (31.10.2000)

English

English

FI

(71) Applicant (for all designated States except US): NOKIA
CORPORATION [FI/HI]; Keilalahdentie 4, FIN-02150
Espoo (FI).

(72) Inventors; and

(75) Inventors/Applicants (for US only):

MIKKOLA,

Hannu, J. [FI/FI]; Ippisenkatu 15, FIN-33300 Tampere

(74)

(81)

(84)

(10) International Publication Number

WO 02/37741 Al

(FI). VAINIO, Janne [FI/FI]; Laurintie 16 C, FIN-33880

Lempaidld (FI). ROTOLA-PUKKILA, Jani

|[F1/F1];

Lehvéankatu 24 E 44, FIN-33820 Tampere (FI).

Agent: BERGGREN OY AB; P.O. Box 16, FIN-00101
Helsinki (FI).

Designated States (national): AE, AG, AL, AM, AT, AU,
A7, BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL., IN, IS, JP, KE, KG, KP, KR, KZ, 1.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL., PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN,
YU, ZA, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ,BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, I, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CFL,

[Continued on next page/

(54) Title: METHOD AND ARRANGEMENT FOR PROVIDING OPTIMAL BIT PROTECTION AGAINST TRANSMISSION

ERRORS
101 a2 103
FROM > SOURCE CHANNEL INTERL., BURST
SOURCE ENCODER ENCODER F., MODUL.
111 - ﬂ'ﬁ_
CRC
CALC.
CRC BITS 112
E CONVOLUTIONAL
LASS 1A BITS—+> ENCODING AND
RE-ORDERING N
CLASS PUNCTURING
SUBJECTIVE 411
IMPORTANCE
CLASS 2 BITS

L

g p—

. £120 _ ~ 121 3 e 428_ - 123
CLASS 1B BITS AFT. \
CLASS 1A BITS | CRC BITS RE-ORDERING CLASS 2 BITS

TO
CHANNEL

(§7) Abstract: A method and arrangements
are provided for transmitting frames of digital
information over a wireless communication
connection between a ftransmitter and a
receiver. In the transmitter, a certain sequence
of bits within each frame of digital information
is convolutionally encoded and punctured
(112) before transmitting the frame over a
wireless communication connection.  The
receiver decodes and depunctures (211) the
sequence of bits within each frame of digital
information, that was convolutionally encoded
and punctured, after receiving the frame over
a wireless communication connection. The
transmitter rearranges (411) the sequence of
bits within each frame of digital information
that is to be convolutionally encoded and
punctured, before convolutionally encoding
and puncturing (112) it. The rearranged order
is one 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 punctured sequence where the
statistical probability of transmission errors
exhibits a predefined behaviour (701). In
the receiver, the sequence of bits within each
frame of digital information that was so

rearranged in the transmitter is inversely rearranged (611) 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.
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Method and arrangement for providing optimal bit protection against trans-
mission errors

The 1invention concerns generally the technology of protecting bits against transmis-

5 sion errors in a digital wireless communications system. Especially the invention
concerns the task of ensuring that the degree of protection that each bit enjoys in a
unit of digital information to be transmitted is commensurate to its relative 1mpor-
tance within said unit of digital information.

10  Dagital wireless transmitters, such as the radio transmitters used in the mobile sta-
tions and base stations of cellular radio systems, handle digital information in dis-
crete units that are usually referred to as frames. In an exemplary case where the
digital information to be transmitted represents a speech signal, a frame contains all
information that a receiving station needs to reproduce a short time interval of

15  speech. A typical length of such an interval is 20 milliseconds.

The bits of a frame have ditferent importances in relation to the subjective speech
quality that can be reproduced. There may be such bits or bit sequences without the
correct form of which it becomes completely impossible to reproduce the short time
20 1nterval of speech in a meaningful way. On the other hand 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 1s 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 1nto the channel encoder 102 that introduces redundancy thereto. The
purpose of channel coding is to protect the digital information against transmission
35 errors, 1.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 fbmﬁng
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and modulating block 103 takes the channel encoded digital information and con-
verts it into radio frequency bursts that can be transmitter over the air.

Within the known channel encoder block 102 of fig. 1 there is first a re-ordering en-
tity 110 the task of which is to re-order the bits that are to constitute the contents of
a frame. The order produced by entity 110 1s such that has been considered as opti-
mal regarding the degree of protection against transmission errors and depending on
relative importance of the bits. In the example of fig. 1 the re-ordering entity 110
distributes the bits of a frame into three classes according to decreasing importance:
class 1a, class 1b and class 2. Of these, the bits belonging to class 1a are so impor-
tant that they must be protected with a Cyclic Redundancy Check (CRC) code. A
CRC calculation block 111 calculates a CRC checksum over the class 1a bits. This
checksum is fed as input information into a convolutional encoding and puncturing
block 112 along with the class 1a bits and the class 1b bits themselves. The convo-
lutional encoder 112 encodes the bits input thereto with a certain convolutional code
and uses puncturing, 1.e. deletes certain convolutionally encoded bits according to a
predetermined bit pattern, in order to produce an encoding result where the number
of bits per unit time is equal to a certain predefined gross bit rate.

The order 1n which the convolutional encoding and puncturing is performed is typi-
cally such that the class 1a bits are encoded first, the CRC checksum bits immedi-
ately thereafter and the class 1b bits only after the CRC checksum bits. The bit
range 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
performance 1s 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
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
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 1nternally 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
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checksum bits 121, then the convolutionally encoded and punctured class 1b bits
and then the class 2 bits. Also within each class the bits of that class are in the order
that 1s determined by their decreasing relative importance to subjective speech qual-

ity.

Fig. 2 1s a partial schematic diagram of a prior art receiver that is used to receive the
transmissions coming from the transmitter of fig. 1. Received transmissions are de-
modulated and decomposed from their interleaved burst format into a frame format
in block 201. A channel decoder 202 removes the channel coding from each frame
and forwards the channel decoded frames to a source decoder 203. The source de-
coder 203 is the counterpart of the source encoder 101 in the transmitter; for exam-
ple regarding the transmission of speech it converts an encoded speech signal into a
stream of digital samples that is ready for D/A conversion and acoustic reproduction
in a loudspeaker. In order to be able to reverse the effects of channel encoding, the
channel decoder 202 comprises a demultiplexer 210 that separates the uncoded class
2 bits and sends the rest of the bits into a depuncturing and Viterbi decoding block
211 for removal of the convolutional code. Other decoding methods than Viterbi
decoding algorithms exist, but the wide applicability of Viterbi algorithms has made
it customary to refer to the decoding of convolutional codes as Viterbi decoding.
The output of the depuncturing and Viterbi decoding block 211 comprises the CRC
checksum bits, the class 1a bits and the class 1b bits. Of these the two former are
taken mto a CRC recalculation block 212 that checks, whether the CRC checksum
calculated 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
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 i1s to cancel the re-ordering that was accomplished in the re-
ordering entity 110 of the transmitter.

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 1n fig. 3 1llustrates the statistical probability of a bit error at each bit
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
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2 bits were included in the frames. Fig. 3 shows that the general trend i1s
correct: the curve 301 shows a generally increasing probability of errors
towards the end of the frame. However, the function represented by curve
301 is not monotonously increasing. There are even large local deviations
from the intended behaviour of the curve, seen as distinctive peaks upwards
and downwards at certain points on the right-hand half of the curve.

It is an object of the present invention to provide a method and an
arrangement for optimising the relation between relative importance ot bits
and the level of protection that the bits enjoy within a frame structure.

The objects of the invention are achieved by re-ordering those bits the
convolution- ally encoded representations of which are to be subjected to
puncturing.

Accordingly, in one aspect there is provided a method comprising in a
transmitter, convolutionally encoding and puncturing a predetermined
sequence of bits within each frame of digital information to be transmitted to
a receiver over a wireless communication connection before transmitting the
frame over the wireless communication connection; in the receiver, decoding
and depuncturing the sequence of bits within each frame of digital
information that was convolutionally encoded and punctured, after receiving
the frame over the wireless communication connection; in the transmitter,
rearranging the sequence of bits within each frame of digital information
that is to be convolutionally encoded and punctured, before convolutionally
encoding and puncturing it, into an order that has been found to produce,
during the course of convolutionally encoding with a predetermined
convolutional code and puncturing with a predetermined puncturing
pattern, a convolutionally encoded and punctured sequence where the
statistical probability of transmission errors exhibits a predefined behaviour;
and in the receiver, inversely rearranging 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.
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According to another aspect there 1s provided a method for processing
frames of digital information in a transmitter before transmitting them over
a wireless communication connection to a receiver, comprising the step of
convolutionally encoding and puncturing a predetermined sequence of bits
within each frame of digital information before transmitting the frame over a
wireless communication connection; and rearranging the sequence of bits
within each frame of digital information that is to be convolutionally encoded
and punctured, before convolutionally encoding and puncturing it, into an
order that has been found to produce, during the course of convolutionally
encoding with a predetermined convolutional code and puncturing with a
predetermined puncturing pattern, a convolutionally encoded and
punctured sequence where the statistical probability of transmission errors
exhibits a predefined behaviour.

According to yet another aspect there is provided a method for generating,
rearranging and inverse rearranging tables for the purpose of optimizing the
probability distribution of transmission errors in transmitting frames of
digital information over a wireless communication connection between a
transmitter and a receiver, the method comprising the steps of simulating
the propagation of a number of frames of digital information through an
arrangement of the transmitter, an error-inducing channel and the receiver,
so that in the transmitter a predetermined sequence of bits within each
frame of digital information is convolutionally encoded and punctured betore
transmitting the frame over the wireless communication connection and in

the receiver the sequence of bits within each frame of digital information
that was convolutionally encoded and punctured 1i1s decoded and

depunctured after receiving the frame over the wireless communication
connection; observing and storing the statistical probability of transmission
errors per bit position in the convolutionally encoded and punctured
sequence that is produced in the transmitter; rearranging the bit positions
within said predeterined sequence of bits within each frame of digital
information so that the importance to a predetermined subjective signal
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 the correspondence between the original bit positions and the
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rearranged bit positions as a rearranging table and the correspondence
between the rearranged bit positions and the original bit positions as an
inverse rearranging table.

According to yet another aspect there is provided a transmitter comprising
convolutional encoding and puncturing means for convolutionally encoding
and puncturing a predetermined sequence of bits within each frame of
digital information to be transmitted over a wireless communication
connection to a receiver before transmitting the frame over the wireless
communication connection; and rearranging means for rearranging the
sequence of bits within each frame of digital information that is to be
convolutionally encoded and punctured, before convolutionally encoding and
puncturing it, into an order that has been found to produce, during the
course of convolutionally encoding with a predetermined convolutional code
and puncturing with a predetermined puncturing pattern, a convolutionally
encoded and punctured sequence where the statistical probability of
transmission errors exhibits a predefined behaviour.

In the research work that led into the present invention it was found that
puncturing has the tendency of causing deviations to an expected behaviour
of the error probability curve that represents the statistical probability of bit
errors at each bit position of a frame. Apparently puncturing causes some
statistical accumulation of errors into and around certain bit positions. The
mechanism is theoretically not easy to understand. However, in the present
invention it was found the at least practical experience can be used to
predict and control the error-inducing effect of puncturing.
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According to the invention, a certain range of bits within a frame is
rearranged so that the least important bits within that range are placed into
those positions for which the probability of bit errors 1s the largest. The
range of bits for which such an operation i1s accomplished is most
advantageously the range that encompasses those bits that are to be
subjected to convolutional coding and puncturing but not to CRC checksum

calculation. In the parlance of the description of prior art this refers to the
class Ib bits.

The rearranging tables according to which the rearranging is done are most
advantageously determined through experimentation and/or simulation. A
receiver must be aware of the rearranging table that a transmitter uses. This
means that either there is only one rearranging table specified for each
channel coding arrangement, so that after the communicating parties have
directly or indirectly agreed upon the choice 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.

The invention itself will be best understood from the following description of

specific embodiments when read in connection with the accompanying
drawings, 1n which:

Fig. 1 illustrates a known wireless transmitter,
Fig. 2 illustrates a known wireless receiver,
Fig. 3 1llustrates certain observed error probabilities 1n a known

transmission arrangement,

Fig. 4 illustrates the principle of a transmitter according to an embodiment
of the invention,
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Fig. 5 illustrates the generation of rearranging and inverse rearranging tables
according to the ivention,
Fig. 6 illustrates the principle of a receiver according to an embodiment of the

invention and
Fig. 7 illustrates certain observed error probabilities in a transmission arrange-
ment according to the invention.

Fig. 4 is a partial schematic diagram of a wireless transmitter according to an em-
bodiment of the invention. The overall structure of the transmitter resembles closely
that of a known transmitter: a source encoder 101 generates a source encoded bit
stream that goes into channel encoder 402 for adding redundancy thereto. An inter-
leaving, burst forming and modulating block 103 takes the channel encoded digital
information and converts it into radio frequency bursts that can be transmitter over
the air. Even within the channel encoder block 402 of fig. 4 there 1s first the familiar
re-ordering entity 110 the task of which is to re-order the bits that are to constitute
the contents of a frame. The entity 110 is equal to the corresponding known part in
the example of fig. 1: it distributes the bits of a frame into three classes according to
decreasing importance: class 1a, class 1b and class 2. Further, the features of using a
CRC calculation block 111 to calculate a CRC checksum over the class 1a bits and
feeding this checksum as input information into a convolutional encoding and punc-
turing block 112 along with the class 1a bits are the same as 1n 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.
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 1s to be specified in detail below. The rear-

ranged class 1b bits are then fed into the convolutional encoding and puncturing
block 112.

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 i1s equal to a certain predefined gross bit rate. Simi-
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
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contains the representation of the class 1b bits represents them as a result of addi-
tional re-ordering.

We may now analyse the order of bits generated by the additional rearranging ele-
ment 411 1n more detail. Previously we noted that the non-monotonous increase in
the probability of bit errors per bit position towards the end of the frame 1s a result
of puncturing, although the connection between a certain puncturing pattern and a
certain observed behaviour of the probability of bit errors is theoretically not com-
pletely understood. According to the invention it does not need to be completely
understood either. It is sufficient to use a relatively large database of typical source
encoded frames and assume that the errors that occur in them on their way through
an error-inducing channel represents well enough the regularities that will appear in
general.

In the flow diagram of fig. 5 step 501 represents taking such a database of frames
and simulating their way through a known transmitter of the kind shown in fig. 1
and through an error-inducing channel. The frames could equally well be transmit-
ted through a real radio channel between a real transmitter and a real receiver, but it
is simpler and more convenient to use a simulator. Step 502 represents observing
and storing the statistical probability of bit errors per each bit position. Thereafter it
is easy to arrange, at step 503, the bit positions in that part of the frame that contains
class 1b bits into an order of ascending observed probability of bit errors. The only
additional procedural step that 1s needed to provide an implementation of the addi-
tional rearranging unit 411 is setting up, at step 504, a rearranging table that in-
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
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
signal to be reproduced 1s mapped into the position where the observed statistical
probability of bit errors was the highest among the 1b class.
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An inverse of the rearranging table must also be generated at step 504, because a re-
ceiver must be able to cancel the effect of rearranging and this 1s not possible unless
the receiver has access to the correct "demapping” or inverse rearranging table.
Next we will describe a receiver according to an advantageous embodiment of the
invention that can be used to receive and decode transmissions coming from a
transmitter according to fig. 4.

In an exemplary case the iventors of the present invention produced a rearranging
table for frames that had 293 class 1b bits. Such frames are encountered for example
in one of the proposed highest-performance modes of the W-AMR (Wideband
Adaptive Multirate) speech codec that has been approved, at the priority date of this
patent application, to be a standard element of digital cellular telephones related to
the 3GPP (3™ Generation Partnership Project). The convolutional encoding and
puncturing scheme is in this case such that a block of 368 bits {u(0)... u(367)},
consisting of class 1a bits, CRC checksum bits and class 1b bits, is encoded with the
1/2 rate convolutional code defined by the following polynomials:

G0/GO=1
G1/G0=1+D+D+D*/1+D*+D*

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)

C(2k+1) =rk)+rk-1)+r(k-3)+r(k-4)
tork=0,1, ..., 367; r(k) = 0 for k<O

and (for termination of the coder):

r(k) =0

C(2k) =1r(k-3) + r(k-4)
C(2k+1) =rk)+rk-1)+r(k-3)+r(k-4)
for k = 368, 369, ..., 371
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The code is punctured in such a way that the following 296 coded bits: C(1), C(5),
C(7), C(9), C(11), C(17), C(19), C(21), C(23), C(25), C(33), C(35), C(37), C(39),
C(41), C(43), C(49), C(51), C(53), C(55), C(57), C(65), C(67), C(69), C(71), C(73),
C(75), C(81), C(83), C(85), C(&87), C(89), C(97), C(99), C(101), C(103), C(105),
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), C(185), C(193), C(195),
C(197), C(199), C(201), C(203), C(209), C(211), C(213), C(215), C(217), C(225),
C(227), C(229), C(231), C(233), C(235), C(241), C(243), C(245), C(247), C(249),
C(251), C(257), C(259), C(261), C(263), C(265), C(267), C(273), C(275), C(277),
C(279), C(281), C(283), C(289), C(291), C(293), C(295), C(297), C(299), C(301),
C(305), C(307), C(309), C(311), C(313), C(@315), C(321), C(323), C(325), C327),
C(329), C(331), C(333), C(337), C(339), C(341), C(343), C(345), C(347), C(349),
C(353), C(355), C(357), C(359), C(361), C(363), C(365), C(369), C(371), C(373),
C(375), C@377), C(379), C(385), C(387), C(389), C(391), C(393), C(395), C(397),
C(401), C(403), C(405), C407), C409), C(411), C413), C417), C(419), C(421),
C(423), C(425), C(427), C(429), C(433), C(435), C(437), C(439), C(441), C443),
C(445), C449), C451), C453), C@45)5), C457), C459), C65), C(467), C(469),
C(471), C(473), C(47S5), C477), C(481), C(483), C(485), C(487), C(489), C(491),
C(493), C(497), C(499), C(501), C(503), C(505), C(507), C(509), C(513), C(515),
C(517), C(519), C(521), C(523), C(525), C(529), C(531), C(533), C(535), C(537),
C(339), C(545), C(547), C(549), C(551), C(553), C(555), C(557), C(561), C(563),
C(565), C(567), C(569), C(571), C(573), C(577), C(579), C(581), C(583), C(585),
C(387), C(589), C(593), C(595), C(597), C(599), C(601), C(603), C(605), C(609),
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),
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
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
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where table(j) is read line by line, left to right 1n the following table:
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d() := s(table(j)+1);
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1

3
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33

42

54

35

47
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138

24

45

50

52

19

58

9

53

63

04

67

235

36

00

66

146

03

106

39

38

76

62

72

73

174

186

82

213

288

49

185

290

2635

59

268

2389

61

154

284

34

110

144

243

255

65

74

226

57

83

99

112

135

167

219

132

139

198

251

34

202

232
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253
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87

96

123

217
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105

118

140

152

178

78

94

237
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104

114

147

163
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194
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267
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143
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164

179

192

205

225
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291

39

137

151

193

209

212

234

239

262

145

230

116

131

170

191

254

275

71

80

107

111

177

240

260

261

280

79

158

160

181

190

216

238

250

77

90
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134

148

204

227

246

252

259

91

101

159

180

183

214

224

247

279

69

85

115

133

207

210

213

221

203

206
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263

273

119
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31

127

138

244

264
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73

98

156

157

171

70

165

173

199

222

266

270

93

109

172

175

136

196

211

108

121

125

133

189

162

166

231

153

161

233

241

242

168

169

176

195

86

126

128

132

215

07

292

141

142

187

197

201

269

155

130

249

120

278

124

256

243

277

1229

149

113

257

283

2381

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
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portion of the curve, which represents the class 1b bits affected by the invention, the
almost perfect monotony of the curve is clearly seen.

In the foregoing we have assumed that the statistical probability of bit errors should
always increase monotonously towards the end of a frame. Such a way of thinking
is a consequence of the simple fact that it has been customary to do so. However, it
is possible to e.g. select a puncturing pattern so that most of the error-correcting ca-
pability of the channel coding arrangement is concentrated to some other part of a
frame (or a class within a frame) than the beginning. The invention is applicable re-
gardless of which part of the frame is selected to involve the best error-correcting
capability of the channel coding arrangement.

In the foregoing we have also presented the rearranging operation accomplished in
the transmitter and the inverse rearranging operation accomplished in the receiver as
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-
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.

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
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-
sent invention. Another case is such where the invention has been reserved into the
proprietary use of a certain manufacturer. When a communication connection 1s 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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menting the present invention. If it appears that both devices are capable of using
the present invention, they may both couple an additional rearranging / inverse rear-
ranging unit into use in addition to the normal re-ordering operation in the transmait-
ter and the re-ordering cancellation operation in the receiver.

Still another case where it may be advantageous to keep the units according to the
invention separate is such where several different puncturing patterns are available
for use in a communication connection between a transmitter and a receiver depend-
ing e.g. on the observed communication conditions. It 1s characteristic to the inven-
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
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-
cetver 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-
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
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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What is claimed is:

1. A method comprising:

in a transmitter, convolutionally encoding and puncturing a
predetermined sequence of bits within each frame of digital information to
be transmitted to a receiver over a wireless communication connection
before transmitting the frame over the wireless communication connection;

in the receiver, decoding and depuncturing the sequence of bits
within each frame of digital information that was convolutionally encoded
and punctured, after receiving the frame over the wireless communication
connection;

in the transmitter, rearranging the sequence of bits within each
frame of digital information that is to be convolutionally encoded and
punctured, before convolutionally encoding and puncturing it, into an
order that has been found to produce, during the course of convolutionally
encoding with a predetermined convolutional code and puncturing with a
predetermined puncturing pattern, a convolutionally encoded and
punctured sequence where the statistical probability of transmission errors
exhibits a predefined behaviour; and

in the receiver, inversely rearranging 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.

2. A method according to claim 1, wherein 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 the predetermined convolutional code and puncturing with
the certain puncturing pattern, a convolutionally encoded and punctured
sequence where the statistical probability of transmission errors increases
essentially monotonously towards the end of said convolutionally encoded
and punctured sequence.

3. A method according to claim 1, further comprising:
in the transmitter, dividing the digital information belonging to each
frame 1nto at least two classes, of which only the bits belonging to one class
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are subjected to said rearranging before convolutionally encoding and
puncturing; and

in the receiver, combining the digital information belonging to each
frame from at least two classes, of which only the bits belonging to one
class are subjected to said inverse rearranging after decoding and
depuncturing.

4. A method according to claim 3, further comprising:

in the transmitter, calculating a checksum over the bits belonging to
one class that is not subjected to said rearranging before convolutionally
encoding and puncturing, and adding said checksum into the frame of
digital information to be transmitted to the receiver; and

in the receiver, recalculating a checksum over the bits belonging to
said one class that is not subjected to said rearranging after decoding and
depuncturing, and comparing the recalculated checksum to a checksum
received within the frame of digital information received f{rom the
transmitter in order to find out, whether transmission errors occurred
among the bits over which the checksum was calculated.

D. A method according to claim 3, further comprising:

in the transmitter, producing in said dividing step a predefined class
of bits and inserting the bits belonging to the 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 the digital information belonging to each
frame also from bits that are not subjected to either decoding,
depuncturing or inverse rearranging.

0. A method for processing frames of digital information 1n a
transmitter before transmitting them over a wireless communication
connection to a receiver, comprising the step of:

convolutionally encoding and puncturing a predetermined sequence
of bits within each frame of digital information before transmitting the
frame over a wireless communication connection; and

rearranging the sequence of bits within each frame of digital
information that is to be convolutionally encoded and punctured, before
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convolutionally encoding and puncturing it, into an order that has been
found to produce, during the course of convolutionally encoding with a
predetermined convolutional code and puncturing with a predetermined
puncturing pattern, a convolutionally encoded and punctured sequence
where the statistical probability of transmission errors exhibits a
predefined behaviour.

7. A method according to claim 6, wherein the rearranging of the
sequence of bits within each frame of digital information i1s made into an
order that has been found to produce, during the course of convolutionally
encoding with the predetermined convolutional code and puncturing with
the predetermined puncturing pattern, a convolutionally encoded and
punctured sequence where the statistical probability of transmission errors
increases essentially monotonously towards the end of said convolutionally
encoded and punctured sequence.

8. A method for generating, rearranging and inverse rearranging tables
for the purpose of optimizing the probability distribution of transmission
errors 1n transmitting frames of digital information over a wireless
communication connection between a transmitter and a receiver, the
method comprising the steps of:

simulating the propagation of a number of frames of digital
information through an arrangement of the transmitter, an error-inducing
channel and the receiver, so that in the transmitter a predetermined
sequence of bits within each frame of digital information is convolutionally
encoded and punctured before transmitting the frame over the wireless
communication connection and in the receiver the sequence of bits within
each frame of digital information that was convolutionally encoded and
punctured 1s decoded and depunctured after receiving the frame over the
wireless communication connection;

observing and storing the statistical probability of transmission
errors per bit position in the convolutionally encoded and punctured
sequence that 1s produced in the transmitter;

rearranging the bit positions within said predeterined sequence of
bits within each frame of digital information so that the importance to a
predetermined subjective signal quality of each bit position comes to
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inversely correspond to the observed and stored statistical probability of
transmission errors per that bit position; and

storing the correspondence between the original bit positions and the
rearranged bit positions as a rearranging table and the correspondence
between the rearranged bit positions and the original bit positions as an
inverse rearranging table.

O. A transmitter comprising;:

convolutional encoding and puncturing means for convolutionally
encoding and puncturing a predetermined sequence of bits within each
frame of digital information to be transmitted over a wireless
communication connection to a receiver before transmitting the frame over
the wireless communication connection; and

rearranging means for rearranging the sequence of bits within each
frame of digital information that is to be convolutionally encoded and
punctured, before convolutionally encoding and puncturing it, into an
order that has been found to produce, during the course of convolutionally
encoding with a predetermined convolutional code and puncturing with a
predetermined puncturing pattern, a convolutionally encoded and
punctured sequence where the statistical probability of transmission errors
exhibits a predefined behaviour.

10. A transmitter according to claim 9, wherein the rearranging means 1s
made to rearrange the sequence of bits within each frame of digital
information that is to be convolutionally encoded and punctured, before

convolutionally encoding and puncturing it, into an order that has been
found to produce, during the course of convolutionally encoding with the

predetermined convolutional code and puncturing with the predetermined
puncturing pattern, a convolutionally encoded and punctured sequence
where the statistical probability of transmission errors increases essentially
monotonously towards the end of said convolutionally encoded and
punctured sequence.
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