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30 number of bits output by the encoder is less than required, some of the bits may be

repeated. The raie matching circuit may be implemented using a circular buffer, or a
real-time multiplexing circuit.

While rate matching circuits used in the past provide good performance, there

remains a need for new rate matching circuits for convolutional codes with lower

35 complexity that provide good performance.



- 2- SUWVARY The present invention relates to a
nmet hod and apparatus for rate matching for use with a
convol utional encoder. An information sequence is
input to a nonsystematic convol uti onal encoder. The
convol utional encoder encodes the information 5
sequence and outputs two or nore parity bit streans.
An interleaving circuit interleawes the parity bits in
each parity bit streamw thout mxing the parity bits
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30 DETAILED DESCRIPTION
Fig. 1 illustrates the main components of a communication terminal 10 for a
mobile communication system. The communication terminal 10 comprises a system
controller 12 to control the overall operation of the communication terminal 10, a
memory 14 to store programs and data needed for operation, a transmitter 20 to
35 transmit signals to a remote device, and a receiver 30 to receive signals from a remote



-3- device. The transmtter 20 and receiver 30 are
coupled to one or nore antennas 18 by a dupl exer or
switch 16 that permts full duplex operation
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[165] . The resulting 1/2 rate convol utional code is
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-6- rate matching circuit 44 will output repeated
parity bits corresponding to parity bit stream Pl
first, followed by repeated parity bits fromparity
bit stream P2, then followed by parity bits from
parity bit stream P3 until the required nunber of
parity bits is reached. 5Figs. 3 and 4 illustrate two
exenpl ary inplenmentations of thegrate matching circuit
44. The rate matching circuit 44 shown in Fig. 3
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8 24 4 20When a code rate higher than 1/3 is requrred to match the data communication
channel, the rate matching circuit 44 outputs less than all of the parity bits by
puncturing selected ones of the parity bits. When puncturing parity bits, the rate
matching circuit 44 punctures parity bits corresponding to parity bit stream P; first,

20 followed by parity bits corresponding to parity bit stream P,. That is, no parity bits from
parify bit stream P, are punctured until all of the parity bits from parity bit stream P; are
punctured. The remaining parity bits which have not been punctured are output in
group order as previously described. Thus, for a rate 1/2 convolutional code, the rate
matching circuit 44 punctures all of the bits corresponding to parity bit stream P;. To

25 obtain a code rate between 1/2 and 1/3, the rate matching circuit 44 punctures some,
but not all, of the parity bits corresponding to parity bit stream Ps. To obtain code rates
greater than 1/2, the rate matching circuit 44 punctures all of the parity bits
corresponding to parity bit stream P3 and some of the parity bit streams corresponding
to parity bit stream P-.

30 When code rates less than 1/3 are required to match the data communication
channel, the rate matching circuit 44 outputs the parity bits in each parity bit stream in
P, P,, P; group muitiplexed order as previously described and then repeats the same
output sequence in order until the desired number of bits have been output. That is,

after all of the parity bits in all three parity bit streams Py, P,, P3 have been output, the
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rate matching circuit 44 will output repeated parity bits corresponding to parity bit
stream P first, followed by repeated parity bits from parity bit stream P,, then followed
by parity bits from parity bit stream P; until the required number of parity bits is
reached.

Figs. 3 and 4 illustrate two exemplary implementations of the rate matching
circuit 44. The rate matching circuit 44 shown in Fig. 3 includes a circular buffer 50.

The interleaved parity bit streams B,P,, B, are read into corresponding sections of

the circular buffer 50. Thus, the parity bits within the circular buffer 50 are ordered by
group. The output bits of the rate matching circuit 44 are then read sequentially from
the circular buffer 50. If the required number of bits is greater than the size of the
circular buffer 50, the reading wraps from the end of the circular buffer 50 to the
beginning. '

In the embodiment shown in Fig. 4, a group multiplexing circuit 52 is used in
place of the circular buffer 50. The group multiplexing circuit 52 generates interleaving
addresses “on the fly” to read the parity bits from the three parity bit streams. Thié on-
the-fly addressing generates the same output sequence C as the circular buffer 50
but without the need for buffering the output bits.

As previously noted, the group multiplexing implemented by the rate matching
circuit 44 enables the same interleaver to be used for each of the parity bit streams P4,
P,, and P;. Bit reverse order (BRO) interleavers have been found to provide good
performance for rate matching in turbo encoders. A length 32 BRO interleaver is given
by:

BRO32=[016 8 24 4 20 12 28 2 18 10 26 6 22 14 30 Eq. 1
1179 255 21 13 29 3 19 11 27 7 23 15 31]

To accommodate arbitrary parity bit stream length, the BRO interleaver is commonly
used as the column permutation pattern for a rectahgular interleaver that is large
enough to contain the parity bit stream. That is, for a parity bit stream of length Np, the
interleavers 42a, 42b, 42c¢ are defined as rectangular interleavers of 32 columns and
ceil(Np/32) rows. If the size of the rectangular interleaver (given by N;=32*ceil(Np/32))
is larger than the parity bit stream length, Np=N;~Np dummy bits are padded to the
front of the parity bit stream. The input stream (including parity bits and potentially
dummy bits) are written into the interleaver row by row starting from the first row and
first column. The 32 columns are then permuted based on the chasen column
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In a second embodlment the interleavers 42a, 42b, 42c¢ for the interleaving

circuit 42 may comprise cyclically-shifted BRO interleavers for column permutation.
One example of a cyclically-shifted BRO interleaver is given by:
20 CS-BRO32=[117 9255211329 3 19 11 27 7 23 15 31 Eq.3
0 16 8 24 4 20 12 28 2 18 10 26 622 14 30]
The cyclically-shifted BRO interleaver is implemented by shifting the output bits of a
conventional BRO interleaver by sixteen places.
In a third embodiment, the interleavers 42a, 42b, 42c¢ for the interleaving circuit
25 42 may comprise a modulo-offset BRO interleaver for column permutation. An
exemplary modulo-offset interleaver is given by:
MO-BRO32=[ 3 19 11 27 7 23 15 31 5 21 13 29 9 25 17 1 Eq. 4
420 12 28 8 24 16 0 6 22 14 30 10 26 18 2]
The moduio-offset interleaver represented by Eq. 4 may be implemented by adding a
30 predetermined offset to the output index of the conventional BRO interleaver modulo
the length of the interleaver 42. The offset added to the interleaver addresses should
be an odd number.
Because of the interleaving performed on the parity bit streams output from the
encoder 40, the output sequence from the rate matching circuit 44 has a fairly
35 randomized order. However, due to the group multiplexing of the rate matching circuit



30 14 22 6 26 10 18 2 28 12 20 4 24 8 16 0] The
reverse BRO interleaver is inplenented by nodifying a
conventional BRO 15interl eaver so that the bits are
output in a reverse order conpared to a conventiona
BRO i nterl eaver. In a second enbodi nent, the
interl eavers 42a, 42b, 42c for the interleaving
circuit 42 may conprise cyclicalgy-shifted BRO
interleavers for columm pernutation. One exanple of a
cyclically-shifted BRO interl eaver is given
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cir Cgfnﬁﬁta@c ePpe inkerlEBY, n@%xr&ﬁsdzr AfeHBave’ ddehIpad b'fk stream to generate

chan i nterl eaver | owm ng the rate matching
Ci r cintdrledvded oantsrmlbﬁtfeamﬂe Iﬁidb,t Py ofbladke1@anihbg interleaved parity bit

A g T B, g o
5 syatpols,a béledted pomberndfehe panity dits yo diatahdibe tdaéa chanpelt(block 106).
SB LS bf]é gé?ity E‘gso 5% %tﬁ#???ﬂ}%r&%l %'(‘:Hrévicgu% 8) &%Qqﬂe\ﬁo Th§t is, all the parity
The bilfocarspendingte rasly BiharpapePHare qwiaut bplosary Bafty bits are output
sent frBrﬂ tﬁ@% dﬁ?%h@&ﬁndm#’% Bgrlt@’rt%trm H, 28 dDsb ﬁb‘ﬁtharﬂf fess than all of

exa Irst no at e i s determ
co a ;@qp?blts FRdequedig matc t%errj%?a channel, parity brls are Xunctured first
from the group corresponding to parity bit stream Py, before any parity bits are

25  punctured from the group corresponding to parity bit stream P,_;, and so forth. If the

number of parity bits needed to match the data channel exceeds the number of parity
bits output by the channel encoder 24, all of the parity bits are output ordered by group
as previously described, and then the output sequence is repeated until the required
number of parity bits has been reached. In some embodiments of the invention, the
30 output sequence C from the rate matching circuit 44 may be interleaved by the
channel interleaver 42 to improve the depth of interleaving (block 108). This final

interleaving step is, however, optional.



nodul ati on synbol is determ ned by chi and corn+, and
so on. 10Fig. 6 illustrates an exenplary nethod 100

i mpl enented by the channel encoder 24 according to one
enbodi nent of the invention. Processing begins when an
informati on sequence | is input to the channel encoder
24. The channel encoder 24 encodes the information
sequence | to generate two or nmoge parity bit streans
(bl ock 102). As previously noted, the encoding is
performed by a non-systematic 15convol utional encoder.
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par|%¥mR%{5rh?mﬁ&%gm the data channel (block 106). 20

The parit R e output in group order as

previ ous| Yhelereesnt swentionppay. plccouese| be easrigskaut inotherispecific ways than

COT I @0 RdicOsek RriA Mithbit debhrtiad fr&@ ﬁhéaécoﬁé an@Uéddmtial characteristics of

before an ari its are out put o)
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o | med&th as illastratioé ahdh aotrastrittive baridsallashangesoronimglwition the meaning
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stream Pry, before any parity bits are 25punctured
fromthe group corresponding to parity bit stream PN I
, and so forth. If the nunber of parity bits needed to
mat ch the data channel exceeds the nunber of parity
bits output by the channel encoder 24, all of the
parity bits are output ordered by group as previously
descri bed, and then the output sequence is repeated
until the required nunber of parity bits has been
reached. In sone enbodi nents of the invention, the 30
out put sequence C fromthe rate matching circuit 44
may be interleaved by the channel interleaver 42 to

i nprove the depth of interleaving (block 108). This
final interleaving step is, however, optional. -9-
Wil e the present invention has been described in the
context of a specific inplenentation, those skilled in
the art will appreciate that the rate matching

t echni ques descri bed can be applied to encoders with
different rates, and interleavers of different

| engths. Further, while the preferred enbodi nent uses
an identical 5 interleaver for all three parity bit
streans, it is possible to apply different
interleavers to different parity bit streans.

The present invention may, of course, be carried out
in other specific ways than those herein set forth

W t hout departing fromthe scope and essenti al
characteristics of the invention. The present

enbodi nents are, therefore, to be considered in al
10respects as illustrative and not restrictive, and
all changes comng within the nmeani ng and equi val ency
range of the appended clains are intended to be
enbraced therein



-10- What is clainmed is: 1. An error coding circuit

conpri si ng: a non-systematic convol uti onal

encoder for coding an input bit streamto produce two

or nore groups of parity bits; an interl eaver
circuit for interleaving parjty bits within each group

of parity bits; and a4t e- mat chi ng circuit for
outputting a sel ected nunber of said interleaved

parity bits ordered by group to obtain a desired code
rate, wherein said rate matching circuit conprises a
group nmultiplexing circuit. 2. An error coding circuit
Vidhatps claimed is: a non-systematic convol uti onal

encoder for coding an input bit streamto produce two

or nore groups of parity bits; an interleaver circuit

for interleaving parity bits within each group of

paritly bi As enoeceding<iicditicotgrisiegver circuit is

;?QLIB T e%g&grp%tp (gp%/%doll;tﬁfpra encoc?érefroI ea\éfnﬁ%@i%m@%ﬂ stream to
pEddugkitivolc® mateigpelpd Hpity Bltect ed nunber of said
interleaved parity bits or der ed by group to obtain a

desi ﬁ@@téﬁ@l@qual"éu” $or interieaving Rﬁitﬂy gés #ithéupach group of parity
bSO 4 Si na: a non-systemati c convol uti onal

erncoder for coding an input bit streamto produce two

or rrarretegnatcpmgorfqumarforc gutputting a selectedannberefisa@bieterleaved

gty pifdied B P o' 8ob, s Yegtadk el Mt iclell Ref rate
nAEHING Eirdlat @orﬁsﬂ@fst@g roUprRaripRixirgediftuitnt er | eaved
parity bits ordered group to obtain a desired code

rate, wherein said rate mat ching circuit outputs odd

b t t
Dt s A Mor Colng iRy B OB RBNG i ng Ci roult of

cl ai mr&nvwsteerhaticsaom/olmﬂml eavedercfor codingi an dnt ibifustegbm to

bi h dd b
pisP B 460 of Bars Grolts oAy UL 1 i n each grotp of

aPantetigaert Sircuit for mteﬁea\T R§ pRITitY bit€ Quthing edich Q_;?Jbtlp off panty bits
claim4 wherein said interleaver circuit | enent

whegip ss@'daulrtteﬂ%a»@rsférwttd'ércqnilgererdeéﬂl@ppwoﬂlff@mmﬁterleavmg for
eB& G dfWarity bits; and

a rate-matching circuit for outputting a selected number of said interleaved

parity bits ordered by group to obtain a desired code rate.

3. An error coding circuit comprising:

a non-systematic convolutional encoder for coding an input bit stream to
produce two or more groups of parity bits;

an interleaver circuit for interleaving parity bits within each group of parity
bits; and

a rate-matching circuit for outputting a selected number of said interleaved
parity bits ordered by group to obtain a desired code rate, wherein said rate

matching circuit outputs odd parity bits within each group prior to even parity bits.



6. The error coding circuit of claim4 wherein said
interleaver circuit inplenents a cyclically-shifted
bit reverse order interleaver for colum pernutation.
7. The error coding circuit of claim4 wherein said
interleaver circuit inplenents a nodul o-offset bit
reverse order interleaver for'tolum pernutation. 8A
nmet hod for error coding an input bit stream said

et hgf‘.j CO?.Réie?‘ﬂ.o'?%bdin circuft%q!c%gm%a{./vﬂeié?rp%'d%{er g(/&agi}cuit is
in a hon-systenmatiC Sonvel ft icshal® Enesderto pr oduce
configured nfor erdgr apty bits pach tthabties pdd niaeity disiprgceds ithe even

bits wthi.n each group of parity bits;

p@UEyptﬂgtW'H'@inga%lg R W%BFS'of said interl eaved

parity bits ordered by group to obtain a desired code
rate; and group nultiplexing said parity bits in_
a grSup miheigsrasgasinacireuit of gleimet ydieeinisaid Hpterieavesgeircuit
irﬂpfeﬂlrgnts g’%\g@%g?ﬂ ré\%rsg or@Lr iGRAER%38r £80kh 'f%rl:nut%lion.
Stream sard nethod conpri sing: codi rig sal

input bit streamin a non-systematic convol uti onal

encoder t roduce two or . e gro of. parit its; . .
" oP eav i it oy eEbyf'Bh Bt dh ePeinias ijafipqfer cireui
iraplefanter gi rydlidalipistfed NBier lgameNdorder apiériei/et O feracdblumn
group of parity bits; and - 12 - outputting a
pgEME@ied nunber of said interleaved parity bits

ordered by group to obtain a desired code rate.

10. A nmethod for error coding an input bit stream o
sai d7net hbbe eoroprdosiinggcircuit of claodiswheedio saiintedeaver circuit

irﬁé%ﬁ%@ sI ? \ﬁoc{;&&hﬁgétttg{r%&/isgsegcﬁ)rg\ég%ﬁrig%&%t go(?rc]:% u%erﬁ pterutation.
interleaving parity bits within each group of parity
oIt Sé andA method for error coding an input bit stream, said method
comprising:
coding said input bit stream in a non-systematic convolutional encoder to
produce two or more groups of parity bits;
interleaving parity bits within each group of parity bits;
outputting a selected number of said interleaved parity bits ordered by
group to obtain a desired code rate; and
group multiplexing said parity bits in a group multiplexing circuit while said
bits are being output.

9 A method for error coding an input bit stream, said method
comprising:

coding said input bit stream in a non-systematic convolutional encoder to
produce two or more groups of parity bits;

interleaving parity bits within each group of parity bits wherein different

interleaving is applied to each group of parity bits; and



outputting a selected nunber of said interl eaved
parity bits ordered by group to obtain a desired code
rate, wherein outputting a selected nunber of said
interleaved parity bits ordered by group to obtain a
desired code rate further copprises outputting odd
parity bits within each groufr before outputting even
parity bits. 11. The method of claim 10 wherein

sal d o\, h Ageavwgc 8 Hriod 20t LicD) n‘iérbe%%!} By dilCoretbd by

parity rece e even aH

ouo D mﬁtamaar desyrdm d¢cgle rate. 12 The net hod of cI a| m
11 wherein said interleaving conprises a reversed bit
reverse order interleaving for columm permnutation.

13. Fpe nat hedhed fof aémorl o Mh?f%lnnnﬁmwbllt nétRIdnea\eary method
conprises a cyclically-shift bit reverse order

CORPEISINGav i ng for col um pernutati on. 14. The
mat hgg?l% ugﬁ tWRRER] Th SHA- éﬁieﬁ‘{méﬁf%ﬁ%hﬁ@i‘iﬁf eAESder to

reverse order | eavi ng
pmﬂuwaearrmd)mtgronps of parity bits;

interleaving parity bits within each group of parity bits; and

outputting a selected number of said interleaved parity bits ordered by
group to obtain a desired code rate, wherein outputting a selected number of said
interleaved parity bits ordered by group to obtain a desired code rate further
comprises outputting odd parity bits within each group before outputting even

‘parity bits.

11.  The method of claim 10 wherein said interleaving orders parity bits
such that the odd parity bits precede the even parity bits within each group of

parity bits.

12. The method of claim 11 wherein said interleaving comprises a

reversed bit reverse order interleaving for column permutation.

13. The method of claim 11 wherein said interleaving comprises a

cyclically-shifted bit reverse order interleaving for column permutation.

14. The method of claim 11 wherein said interleaving comprises a

modulo-offset bit reverse order interleaving for column permutation.



