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Description
Field of the Invention

[0001] The presentinvention relates generally to com-
munication systems and in particular, to a method and
apparatus for assigning redundancy versions to a circular
buffer within a communication system.

Background of the Invention

[0002] In a communication system, error control tech-
niques are used to protect a signal against impairment
during transmission over a channel. As part of such error
control techniques, a codeword is produced for every in-
formation block. In order to match an over-the-air trans-
mission rate, the codeword is resized via a rate matching
algorithm before being sent over the physical channel.
The rate matching algorithm provides a desired number
of bits to be sent over the channel via puncturing or rep-
etition of the codeword. The rate matching algorithm is
important in that it can significantly impact the system
performance and implementation efficiency.

[0003] If the system uses forward error correction
(FEC) only, then only one transmission is needed for a
given information block, and the rate matching algorithm
only provides one version of the codeword. If the system
uses Hybrid Automatic Repeat reQuest (HARQ) opera-
tion, then multiple transmissions may be needed for a
given information block, and the rate matching algorithm
may be required to provide different versions of the code-
word (e.g., for incremental redundancy HARQ). HARQ
degenerates to FEC if only one transmission is used for
an information block.

[0004] One way to perform the rate matching function
is to define puncturing / repetition patterns for every in-
formation block size and code rate the system may en-
counter. However, this method is inflexible. Moreover, it
becomes impractical if the system involves thousands of
information block size and code rate combinations, such
as in a 3GPP communication system.

[0005] Another way to perform rate matching is to de-
fine a rule that steps through the codeword bits one by
one and determines if a codeword bit should be punc-
tured (removed) or repeated. Such a method has the
benefit of flexibility and is defined in 3GPP Rel-99. How-
ever such a method suffers from implementation ineffi-
ciency. Further, there is no way to guarantee that the
transmissions associated with a given information block
do not overlap (i.e., orthogonal) for IR HARQ. Thus the
system performance may suffer.

[0006] Alternatively, acircularbufferbasedrate match-
ing algorithm may be designed to provide good perform-
ance with low implementation complexity. In this method,
the codeword bits are rearranged to form a circular buffer.
If Ngesireq COded bits are needed for transmission, a
length-N y4ireq Dlock of consecutive bits are taken from
the circular buffer (wrapped around to the beginning if
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last bit of the circular buffer is reached). Therefore, punc-
turing and repetition can be achieved using a single meth-
od. The circular-buffering technique has advantages in
flexibility, performance, and ease of implementation.
[0007] To realize the different codeword versions in a
HARQ operation, a parameter such as redundancy ver-
sion (RV) can be used as an input to the circular buffer
based rate matching algorithm. The redundancy versions
may define starting positions within the circular buffer for
selecting the slice of the codeword for transmission.
[0008] In the prior art, the allowable starting positions
of the RVs are evenly distributed over the circular buffer
containing the sequence of codeword bits after rear-
rangement, which makes it difficult to implement each
transmission of HARQ. Therefore, a need exists for a
method and apparatus for assigning redundancy ver-
sions to a circular buffer within a communication system
that improves the efficiency of the circular buffer based
rate matching algorithm.

[0009] The 3GPP documents "Circular buffer rate
matching for LTE" (R1-072245) and "Redundancy ver-
sion definition for circular buffer rate matching"
(R1-072138) disclose prior-art techniques related to
HARQ rate matching by means of circular buffers.
[0010] The 3GPP document "Rate matching and inter-
leaser for HARQ" (R1-071578), 2007-04-03, discloses
shortening of circular buffers by rate matching proce-
dures removing some of the parity bits at a first stage.

Brief Description of the Drawings
[0011]

FIG. 1 is a block diagram of a prior-art transmitter.
FIG. 2 illustrates sub-block interleaving and interlac-
ing.

FIG. 3 is a block diagram of a transmitter.

FIG. 4 and FIG. 5 illustrate sub-block interleaving
and interlacing.

FIG. 6 illustrates a dummy-removed circular buffer
may presented in matrix format.

FIG. 7 illustrates redundancy versions circular buffer
that has dummy bits.

FIG. 8 illustrates the use of a virtual circular buffer.
FIG. 9 illustrates a first-stage rate matching with cir-
cular buffering.

FIG. 10 illustrates systematic bit puncturing.

FIG. 11 illustrates the skipping of a small portion of
systematic bits within a circular buffer.

FIG. 12is aflow chart showing operation of the trans-
mitter of FIG. 3

FIG. 13 is aflow chart showing operation of the trans-
mitter of FIG. 3.

Detailed Description of the Drawings

[0012] In order to address the above-mentioned need,
a method and apparatus for assigning redundancy ver-
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sions to a circular buffer within a communication system
is provided herein. During operation a circular buffer is
created where only redundancy versions are defined to
start at the tops (i.e., on the first row) of the constituent
sub-block interleavers. For example, with a total of eight
redundancy versions, the redundancy versions would be
placed at positions Ky eam/321(12Xi+5), 1 =0, 1, ..., 7
where ¢ indicates the sub-block interleaver column index
of the position of the first RV (RVy).

[0013] Defining RV positions as described above re-
sults in an easier implementation of HARQ. More partic-
ularly this technique allows a memoryless RV definition
that is very useful in supporting a large number of input
block sizes with circular buffer rate matching (RM). In
particular, the above RV placement allows the implemen-
tation of a virtual circular buffer (i.e., a physical circular
bufferis notimplemented) which allows a desired number
of bits to be directly selected from an encoder output
stream starting from any RV in the circular buffer.
[0014] The present invention encompasses a method
for assigning redundancy versions to a circular buffer.
The method comprises the steps of receiving systematic
bits, a first block of parity bits, and a second block of
parity bits. The systematic bits, the first block of parity
bits, and the second block of parity bits all comprise dum-
my bits. The systematic bits, first block of parity bits, and
second block of parity bits are individually block inter-
leaved and the first block of parity bits are interlaced with
the second block of parity bits to create interlaced parity
bits. The interleaved systematic bits are prepended to
the interlaced parity bits to create a circular buffer and
redundancy versions are defined to start in a particular
row of the circular buffer. When a redundancy version
(RV) and a number of desired bits are received, the
number of desired bits are output starting at the RV bit
position.

[0015] The presentinvention comprises an apparatus
comprising an encoder outputting systematic bits, a first
block of parity bits, and a second block of parity bits. Rate
matching circuitry is provided receiving the systematic
bits, first block of parity bits, and second block of parity
bits and creating a circular buffer having dummy bits. A
particular row of the circular buffer is used as redundancy
versions (RVs), and the rate matching circuitry outputs
non-dummy bits from the circular buffer to a transmitter
starting at a particular RV. Finally, transmission circuitry
is provided receiving the non-dummy bits and transmit-
ting the non-dummy bits.

[0016] Finally, the presentinvention comprises an ap-
paratus comprising an encoder outputting systematic
bits, a first block of parity bits, and a second block of
parity bits, each of length Kgeam- The apparatus addi-
tionally comprises rate matching circuitry for receiving
the systematic bits, first block of parity bits, and second
block of parity bits and interleaving the systematic bits,
first block of parity bits, and second block of parity bits.
Logic circuitry is provided for defining redundancy ver-
sions (RVs) corresponding to positions within a stream
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of data at which to start outputting data. When eight RVs
are used, the RVs are at positions Kgeam/327(12Xi+0),
i=0,1, ...,7,where o indicates the sub-block interleaver
column index of the starting position of the first RV (RV).
The stream comprises the interleaved systematic bits,
and an interleaved and interlaced first and second block
of parity bits. Finally, transmission circuitry is provided
for receiving non-dummy bits starting at a particular RV
and transmitting the non-dummy bits.

[0017] Turning now to the drawings, wherein like nu-
merals designate like components, FIG. 1 and FIG. 2
illustrate the functionality of a circular buffer based rate
matching method. More particularly, FIG. 1 is a block
diagram of a transmitter and FIG. 2 illustrates sub-block
interleaving and interlacing. During operation of trans-
mitter 100, encoder 101 outputs a systematic bit stream
and at least two parity streams. For this particular exam-
ple, encoder 101 comprises arate-1/3 turbo coder adopt-
ed in the 3GPP standardization. It is noted that the fol-
lowing concepts can be adapted to other types of error
correction codes, such as turbo codes with other code
rates, low-density parity check (LDPC) codes, convolu-
tional codes, etc.

[0018] Encoder 101 outputs three streams corre-
sponding to the systematic bit stream and the two parity
streams. In certain cases the systematic stream may con-
tain several (e.g., 4) bits that are not systematic, e.g.,
due to tail bits as for the 3GPP turbo code. (Tail bits are
absent when tail-biting encoding is used.) The streams
may also contain filler bits inserted prior to turbo encod-
ing. For simplicity, all the bits in the systematic stream
are referred to as systematic bits, and all the bits in the
respective parity streams are referred to as parity 0 bits
and parity 1 bits, respectively.

[0019] Rate matching circuitry 102 receives the
streams output from encoder 101 and performs sub-
block interleaving on each stream individually. This is
illustrated in FIG. 2 where S’, Py’ and P’ are systematic
bit stream, parity 0 bit stream and parity 1 bit stream,
respectively. Each stream is rearranged (interleaved)
with its own sub-block interleaver (not shown in FIG. 1
or 2) to produce S, Py and P,. Py and P, are then inter-
laced with each other to produce interlaced Py and P
portion 201. A single output buffer 105 (also called cir-
cular buffer) is formed by storing the rearranged system-
atic bits S in the beginning followed by interlaced Py and
P, portion 201.

[0020] Foradesiredcoderate of operation, the number
of coded bits Nygeq 10 be selected for transmission is
calculated and passed to logic circuitry 104 as an input.
Logic circuitry 104 simply reads out a length-Ngggjreq
block of consecutive bits from the sequence the circular
buffer (wrapped around to the beginning if last bit of the
circular buffer is exceeded) from a certain starting point.
Therefore, puncturing and repetition can be achieved us-
ing a single method. The circular-buffering technique has
an advantage in flexibility (in code rates achieved) and
granularity (in streams sizes). Circular buffer rate match-
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ing selects parity bits approximately evenly distributed
over the code trellis irrespective of desired code rate of
operation if the sub-block interleavers are designed prop-
erly.

[0021] FIG. 3 is a block diagram of transmitter 300.
Transmitter 300 comprises encoder 301 and rate match-
ing circuitry 303. Rate matching circuitry 303 additionally
comprises logic circuitry 305 and memory 307. Logic cir-
cuitry 305 is preferably a microprocessor, microcontrol-
ler, digital signal processors (DSPs), or such other de-
vices known to those having ordinary skill in the art. The
particular operations/functions of logic circuitry 305 thus
of transmitter 300 is determined by an execution of soft-
ware instructions and routines. Memory 307 comprises
a random access memory (RAM), dynamic random ac-
cess memory (DRAM), and/or read only memory (ROM)
or equivalents thereof, that is used as a circular buffer.
Encoder 301 is preferably a rate-1/3 3GPP turbo coder,
however, the techniques described herein for operating
transmitter 300 may be applied to other encoders, includ-
ing, but not limited to turbo coders performing turbo cod-
ing with other code rates, with tail bits or no tail bits, tail-
biting, binary or duo-binary turbo coders, with or without
filler bits insertion,..., etc.

[0022] During operation encoder 301 outputs three
streams corresponding to the systematic bit stream and
the two parity streams. Logic circuitry 305 receives the
streams output from encoder 301 and performs sub-
block interleaving on each stream individually. Logic cir-
cuitry 305 then interlaces Py’ and P4’. A single output
buffer 307 (circular buffer) is formed by storing the rear-
ranged systematic bits S in the beginning followed by
interlaced Py and P;.

[0023] Although the sub-block interleaver may be any
permuter, usually a rectangle interleaver (also called
block interleaver) of N, rows and N, columns is used for
simplicity. The operations are straightforward if the
stream size Kgyoam Of €ach stream is equal to the rec-
tangle interleaver size N, XN, (i.e., the block s full). How-
ever, often the stream size is less than N, XN_, thus (N,
XN, - Kgtream) dummy bits are needed to fill up the block.
[0024] This process of forming the circular buffer is il-
lustrated in FIG. 4 and FIG. 5 with 4 dummy bits inserted
in each stream. With reference to FIG. 4, systematic bits
401, having dummy bits 407 added, are block interleaved
to produce permuted systematic bits S 402. In a similar
manner parity bits Py’ and P’ 403 (having dummy bits
added) are interleaved to produce parity bits Py and P4
404. The dummy bits are appended to the streams so
that the block interleaver is full for each stream. Py and
P, are interlaced to produce interlaced portion interlaced
P, and P4 portion 405. The two matrices S and P_4 are
combined as shown in FIG. 5 and stored in buffer 307.
Buffer 307 is read out column-wise, starting at the top of
the matrix. Although in the description above the dummy
bits are inserted after a stream, in certain embodiments,
they can also be inserted before the stream.

[0025] During operation of transmitter 300, a number
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of coded bits N4ioq t0 be selected for transmission is
calculated and passed to logic circuitry 305. Logic
circuitry 305 simply reads out a length-N 464 block of
consecutive bits from the output buffer 307 (wrapped
around to the beginning if last bit of the output buffer is
exceeded) from a certain starting point. For Hybrid
Automatic Repeat reQuest (HARQ) operation, a
parameter (redundancy version (RV)) is provided to logic
circuitry 305 to define the starting point within buffer 307
so that different sections of the buffer may be selected
for transmission. Since FEC is equivalent to HARQ with
one transmission only, FEC can also be defined with an
RV value. Thus, logic circuitry 305 receives an RV value
and the number of coded bits N 44;eq t0 be selected for
transmission. Nyggieq bits are read out of buffer 307
starting at the position defined by RV. These bits are
typically output to transmitter 311 for subsequent
modulation and transmission.

[0026] It should be noted that the particular format for
S, and the interlaced Py and P are given above for illus-
tration purposes, and may be formatted in several ways.
For example, though the circular buffer is represented
using a single dimension array, it is often useful to use a
two dimensional matrix format for mathematical purpos-
es.

[0027] If the dummy bits are kept in the circular buffer,
it is called a dummy-padded circular buffer. The size of
the dummy-padded circular buffer is equal to the sum-
mation of the input stream sizes and the total number of
dummy bits inserted. As shall be clear from the context,
the dummy-padded circular buffer may be in matrix for-
mat as illustrated in FIG. 5, or in sequence format (i.e.,
a single dimensional array or data stream) as illustrated
in FIG. 2. If the dummy bits are removed, it is called a
dummy-removed circular buffer. The size of the dummy-
removed circular buffer is equal to the summation of the
input stream sizes. Similarly, the dummy-removed circu-
lar buffer may be presented in matrix format as in FIG. 6
where discontinuities exist wherever dummy bits were
removed, or in sequence format. Prior art RVs are ap-
proximately evenly distributed over the dummy-removed
circular buffer, which makes it difficult to implement each
transmission of HARQ as the precise RV starting position
inthe encoder output stream needs to be calculated using
non-trivial operations for each case. In order to address
this issue, a dummy-padded circular buffer 307 may be
used to define a starting position for a redundancy ver-
sion.

[0028] The following text may be useful in subsequent
descriptions of rate matching techniques.

= Kinfo refers to the information block size (or length
of the message packet)

= Kggc refers to an input block size supported by
the FEC encoder (Kggc is equal to the interleaver
size for binary turbo code, and is equal to twice the
interleaver size for duo-binary turbo code.)

= Kjer refers to the number of filler bits added to
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the information block to obtain an input size that is
supported for the FEC encoder. Ko,= Krec ~Kinfo.
= Kgream = K is referred to as stream length, which
is equal to slightly greater than the Kggc depending
upon the trellis termination method used in the turbo
code. For the 3GPP turbo code, there are three
streams, each oflength Ky cam = Krec + 4, consisting
of the systematic bits, Parity bits out of the first and
second encoders, respectively, and 12 tail bits are
distributed uniformly into the three streams.

= N, refers to the number of rows in the sub-block
interleaver used in the circular buffer

= N, refers to the number of columns in the sub-
block interleaver used in the circular buffer

= Koot = N X N is the dimension of the sub-block
interleaver used in the circular buffer. In general Ko
is chosen to be greater than or equal to K yeqm
though it can also be chosen to be greater than or
equal to Keg( if the filler bits are discarded as part
of the rate-matching algorithm.

RV definition

[0029] For illustration, let us consider the case when
the sub-block interleaver has 30 columns, and 8 RVs
need to be defined. In this case, the buffer in FIG. 7 may
have 90 columns which cannot be evenly divided into the
eight RVs. It is difficult to find out the starting point of
each RV in the encoder output stream (except RV, if RV,
always starts from the beginning of the circular buffer).
Assuming 8 evenly distributed RVs are needed, then the
starting points of RV, is Kgjyeam X 3/8Xi (When necessary,
brought to an integer value via operations such as round,
floor, or ceil), if not including the dummy bits (i.e., dummy-
removed circular buffer), i=0,1,...7. Alternatively, if the
dummy bits are counted (i.e., dummy-padded circular
buffer), then the starting point of RV;is N, X N, X3/8Xi=
N, x90/8Xi(whennecessary, broughtto aninteger value
via operations such as round, floor, or ceil). In either case,
7 RV starting points are almost always located in the
middle of the N, X90 rectangle if evenly distributed RV
starting positions are desired. (A solution is to let all 7
RVs starting points to be in the top row of the N, X30
rectangle thereby leading to slightly uneven distribution
of the RVs in the buffer.) Note the following if the 30-
column sub-block interleavers are applied to the 3GPP
Long Term Evolution (LTE) standard.

e If the RV starting points are stored, then a total of
188X 7 starting points need to be stored, costing
memory. Note that there are 188 QPP interleaver
sizes, and 7 RVs that need to be stored for each size.

e If the RV starting points are calculated on the fly,
then two difficult operations need to be programmed
in the hardware to find out the row and column indi-
ces of a point within the rectangle of the systematic
bits or the rectangle of the parity-0 / parity-1 rectan-
gle. For example, if an RV starts at the L-th index
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within the systematic stream, then the two operations
are:

o Division to find out the column index= floor(L
/_N,) assuming the column index starts at 0.
Since N, changes with K..am if N, fixed to 30,
and N,.is most likely nota power of 2, the division
is not trivial in hardware.

o Modulo to find out the row index = mod(L, N,)
= mod(L,30). Since 30 is not power of 2, the
modulo operation is also not trivial in hardware.

[0030] Using N, =30 contributed to the difficulties of
locating RVs to a large extent. Instead, it is preferable to
have the total number of columns in buffer 307 to be a
multiple of the total number of RVs supported to have
evenly distributed RVs (though the RVs can still be de-
fined unevenly). For example the subblock interleaver
may use 32 columns when 8 RVs are to be defined. Often
2¢ RVs need to be defined, where c is an integer. Thus,
itis convenientto use N, =29, where dis an integer great-
er than or equal to c. To further reduce complexity and
minimize the amount of dummy bits, it is preferable to
use the same value d for all information block sizes of
the system. For example, constant d=5 (thus N =32 col-
umns) may be used for all information block sizes of
3GPP LTE.

[0031] Additionally, the evenly distributed RVs can be
defined to always start at the tops (i.e., first row) of the
columns of the constituent sub-block interleavers if the
dummy bits are not discarded prior to defining the starting
position of the RVs, thus avoiding complex operations
such as division and modulo discussed above.

[0032] If N, = 32 sub-block interleaver with an inter-
column permutation pattern = {0, 16, 8, 24, 4, 20, 12, 28,
2,18, 10, 26, 6, 22, 14,30, 1, 17, 9, 25, 5, 21, 13, 29, 3,
19, 11, 27, 7, 23, 15, 31} is used, then the same number
of columns are used for all Kg,qam, With the number of
rows changing with Kgyream, Ny = MKstream! No =T Kstream!
321. Since, the RVs are usually required to divide buffer
307 in approximately even sections additional computa-
tional overhead is required to model the unevenness in
the RV definition for each stream size if a dummy-re-
moved circular buffer is used.

[0033] For further clarity, consider the case when the
number of RVs =8, the number of columns in a sub-block
interleaver is N,=32, and the input stream size is Kggam
and a length-32 column permutation is used in the sub-
block interleaving of S, Py and P;.

[0034] FIG. 6 shows a dummy-removed circular buffer
(i.e., after discarding dummy bits) with 8 RVs defined.
Note that there are discontinuities wherever dummy bits
were discarded; dummy-removed circular buffer in se-
quence format (may be used in buffer 307) is obtained
by reading the matrix elements column-wise from the left
top corner onwards. The lack of regularity in RV distribu-
tion in the rectangles causes difficulty in HARQ operation
where any RV value may be input to the RM block. The
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row and column indices for the starting point of the RV
have to be computed based upon the stream size (and
the number of dummy bits), thus leading to complicated
hardware.

[0035] An alternate way to ease HARQ operation with
acircular bufferis described next. In this case, the dummy
bits are discarded after the RVs are defined as shown in
FIG. 7. Infact, the dummy bits are leftin the circular buffer
(dummy-padded circular buffer), and since the dummy-
padded circular buffer size is a multiple of 8, it is possible
to define eight RVs that are equally spaced for any stream
size Kgeam- IN particular, the eight RVs can be defined
to start at the top of a sub-block interleaver column. It is
convenient, in general, to assign the RVs to any positions
in the first row (i.e., at the top of a column) of the sub-
block interleaver. For example, the eight RVs can start
at the top of the following eight columns 2, 14, 26, 38,
50, 62, 74, 86 in FIG. 7 (with N =32). When descried in
terms of position in the dummy-padded circular buffer of
sequence format, the redundancy versions start at posi-
tions MKggream/32(12Xi+c), i = 0, 1, ..., 7 where & indi-
cates the column index of the starting position of the first
RV (RV).

[0036] Note that this RV definition is memoryless for a
dummy-padded circular buffer, in the sense that itis easy
to start outputting the desired code bits from any RV with-
out knowing the starting position of previous RVs. The
dummy bits are discarded when the bits are being read
out of the dummy-padded circular buffer. Even if the total
number of columns is NOT a multiple of total number of
RVs supported, e.g., N.=30 with 8 RVs, the RVs can still
be defined to start at the top of any 8 of the 90 columns.
[0037] Although the column top is used in the discus-
sion above as a simple way to define starting positions
of the RVs, other convenient positions may be used as
well. For example, the starting positions of the RVs are
all located in a particular row r of the dummy-padded
circular buffer, where 0<r<N..

[0038] The justification for defining RVs over the dum-
my-padded circular buffer is given below.

e The permutation of each stream (or sub-block inter-
leaver) is described as Kz = N, X N, rectangular
array with dummy bits.

o When Kgtream=N,X N, the bits of each stream
are written into the rectangle row-wise and read
out column-wise (after column permutation).

o When Kgyeam< N, X N, the bits of each stream
are written into the rectangle row-wise and read
out column-wise, and (N, X N, - Kgjroam) dummy
bits are padded to completely fill up the rectan-
gle. The dummy bits are deleted or "pruned" be-
fore transmission over the channel.

e It should be noted that when the rectangle is full
(dummy bits used or not), the permutation of each
stream has a closed-form expression , which means
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it is easy to determine the inverse permutation. If it
is easy to determine the inverse permutation, it is
therefore also easy to determine the position in the
encoder output stream corresponding to a particular
RV. If the rectangle is partially filled (no dummy bits
and Kgeam< N X N,), the permutation of each
stream does not have a closed-form expression. In
this case, it is difficult to determine the inverse per-
mutation, and therefore also difficult to determine the
position in the encoder output stream corresponding
to a particular RV.

[0039] For ease of explanation, in the discussions
above, itis assumed that the circular buffer 307 (dummy-
removed or dummy padded) is physically formed, for ex-
ample, by storing the bits of the circular buffer in a mem-
ory. For hardware implementation, it is better to utilize
the virtual circular buffer concept that directly generates
the desired output bits without forming the physical cir-
cular buffer 307. In other words, the rate matching func-
tionality is fulfilled without the intermediate storage. This
concept is shown in FIG. 8.

[0040] The intermediate step of forming the physical
circular buffer can be avoided by finding an algebraic rule
to easily generate a desired portion of the physical cir-
cular buffer without having to go through the entire phys-
ical circular buffer formation process.

[0041] In the virtual circular buffer, the rate matching
algorithm initializes its address generator to an appropri-
ate starting value based on the input parameters (RV
number and input size). Then it directly starts outputting
the bits by following the address generation rule as de-
scribed by the sub-block permutations of the input
streams. The address generation rule defines the se-
quence of positions in the encoder output stream from
which the bits are outputted.

[0042] The virtual circular buffer can be operated as
both a dummy-padded circular buffer and a dummy-re-
moved circular buffer. However, if a dummy-removed cir-
cular buffer is used, then the RVs may start anywhere in
the circular buffer (in the matrix format) as illustrated in
FIG. 6. Hence, in such a scenario, the RV starting points
may need to be explicitly stored, costing memory. Alter-
natively, the RV starting points may be derived for each
case but the address initialization in the virtual circular
buffer operation becomes complicated to implement in
hardware.

[0043] In contrast, to operate the virtual circular buffer
when a dummy-padded circular buffer is utilized, the RVs
start at the top of the sub-block interleaver columns and
hence the address initialization in the virtual circular buff-
er operation becomes more efficient. Whenever the ad-
dress generator points to a dummy bit, the address gen-
erator is automatically advanced without outputting a bit.

RV Definition with 1st Stage Rate Matching

[0044] A 1st stage rate matching technique may be
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needed when the receiver has a limited amount of soft
buffer size. Inthe 1 st stage rate matching, the transmitter
may have knowledge of the soft buffer capability of the
receiver, and hence it is permitted to only transmit no
more code bits than can be stored in the receiver’s soft
buffer.

[0045] The maximum soft buffer size may impose a
certain constraint on the rate matching with the circular
buffer. In particular, the circular buffer for each code block
may be further limited as shown in FIG. 9. In this case,
the wrap around in the circular buffer may happen at an
earlier point than the end of the circular buffer.

[0046] In general, if the input (Transport block or con-
catenated Transport block) to the turbo coder is larger
than the maximum size supported by the turbo interleav-
er, then the TB is segmented into multiple code block
segments, each of which is individually turbo-encoded
and rate-matched, thus allowing a pipelined operation.
Therefore, each segment of the TB may have its own
circular buffer (or virtual circular buffer) (Note that it is
not necessary to create physical circular buffers for each
segment.). Let us assume that Ny is the total soft buffer
size per HARQ process (or max buffer size correspond-
ing to a TB).

[0047] If the rate matching is performed on a code-
word-by-codeword (i.e., segment by segment) base, itis
preferable that 15t stage rate matching, if included, will
be performed on a codeword-by-codeword (segment-by-
segment) basis as well. The circular buffer size for each
code word (or segment) is limited to N, where
New<3XKgtream» and 3XKgiream = 3XKinot12 is the full
circular buffer size (per-segment) before 1st stage rate
matching. Note thatwhen N, 2 3X K eam, the first stage
RM (per segment) is transparent. The summation of size
N for all codewords (from all transport blocks) cannot
exceed N|g, whichis the soft buffer size of all TBs. Instead
of taking N|g as input to the 15t stage RM algorithm, the
1st stage RM of the per code word RM in LTE can take
New as input.

[0048] Options for 1st stage rate matching may in-
clude:

1. Limiting the buffer size to a set maximum value
for the UE class (over all TBs, all codewords of a
given TTI. A User Equipment (UE) class defines a
set of transmitter/receiver capabilities in 3GPP and
3GPP LTE.). Determine the per TB and per code-
word limit from N|g via scaling. For example, N,
=floor(N,r/C), where C is the number of turbo code-
words for the concatenated TBs, determined by the
code block segmentation rule. Itis possible to deter-
mine per-codeword limit in a manner similar to the
code-block segmentation rule.

2. Limiting the buffer to a set maximum value N’ |5
for the UE class (set the limit per TB). Determine the
per codeword limit from this maximum via scaling.
3. Limiting the buffer to a set maximum value per
codeword for the UE class.
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[0049] With any of these three options, the per code-
word limitmay be defined by deleting entire columns from
the virtual circular buffer (in individual segments).
[0050] For RV definitions, the choices include:

Scheme 1. Only allow a subset of possible RVs. If Y
RVs are defined without 15t stage rate matching (i.e.,
1st rate matching is transparent), then Y’ RVs out of
the Y available RVs may be kept when 15t stage rate
matching is not transparent, Y’<=Y. For example,
RV-i, i=0, 1, ..., Y’-1, are used, where starting point
of RV-Y’is less than N,.

Scheme 2. Redefine the RVs such that a full set of
Y RVs is available inside the allowed maximum cir-
cular buffer size. The RVs are redefined such that
they start at top of columns of the circular buffer with
dummy bits inserted. The amount of systematic bit
puncturing is unchanged, such that RV 0 starts in
the same position for all UE classes. For example,
if N columns of the dummy-padded circular buffer
(containing 3XN, columns before 1St stage rate
matching) remain after 15t stage rate matching, then
the Y RVs can start at column tops of column index
floor((N.-2)/Y)Xi+2, i=0,1,...,Y-1.

col

[0051] The RV starting points can also be defined on
a per-codeword basis although it is preferable to signal
a single RV per TB for efficient HARQ oepration.

Systematic Bit Puncturing

[0052] The RV definition discussed above can be re-
fined to accommodate a performance-enhancing tech-
nique called systematic puncturing.

[0053] It is well-known in literature that partially sys-
tematic turbo codes can outperform systematic turbo
codes, one simple explanation being that the latter is a
subset of the former. However, systematic bit puncturing
is not used in rate matching algorithms in existing wire-
less standards such as WCDMA or CDMA2000 turbo
coding. A primary reason for this being that the transmis-
sion (at RV,) are preferred to be self-decodable when
the effective coding rate is high.

[0054] Systematic bit puncturing is used to avoid ex-
cessive puncturing of parity bits, which would otherwise
lead to poor minimum distances at higher coding rates
and therefore inferior performance.

[0055] In communication systems such as 3GPP, cod-
ing rates may perhaps be as high as 5/6 (or even higher)
and hence such systems should be able to handle a small
fraction of puncturing of systematic bits. Note such par-
tially systematic codes are still self-decodable. For a tur-
bo code with block size K, 1., let AK(R) denote the fraction
of systematic bits that are punctured at code rate R.
[0056] One challenge in designing rate-matching is
then to find optimal values of AK(R) for all valid combi-
nations of K, and R. After AK(R) is determined, the
circular buffer can be re-configured to include systematic
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bit puncturing. There are many options for reconfigura-
tion as shown in FIG. 10. In discussion of systematic
puncturing, the circular buffer in sequence format is used
to illustrate the techniques, and the circular buffer can be
dummy-padded or dummy-removed. In the following ex-
amples, it is assumed that the mother code rate is 1/3,
and the bits are always taken sequentially starting from
the first bit in the circular buffer. As mentioned, K, de-
notes information block size, Kgoam denotes the length
of a stream.

1. Option 1 in FIG. 10 describes the normal circular
buffer in sequence format where all systematic bits
are transmitted first, followed by some or all parity
bits.

2. Option 2 in FIG. 10 contains the same bits as the
normal circular buffer, but the circular buffer is mod-
ified; some of the systematic bits (S,) are taken from
the systematic portion of the circular buffer and
placed at the end of the buffer. Therefore, in the first
transmission, the systematic bits in S, are punctured
at many of the code rates. Option 2 may also be
achieved by simply placing RV, at the start at a po-
sition with an offset relative to the beginning of the
circular buffer. This offset may be determined based
on the amount of systematic bit puncturing required.
For code rate R>=K,/(3XL-S,), systematic bits in
S, are always punctured.

3. Option 3 is same as Option 2 in that the circular
buffer is modified; However, the systematic bits (S,)
taken from the systematic portion of the circular buff-
er are placed in the buffer after X bits from the parity
streams. Therefore, in the first transmission, some
of the systematic bits are punctured at many of the
code rates. For code rate R>=K;,(Sg+X), system-
atic bits in S, are always punctured.

a. From code rate K/(Sg+X) > R > Kj,1/(Sg+X+
S,), part of systematic bits in S, are punctured.
b. For code rates Ki,,/(Sg+X+S,)>=R, all sys-
tematic bits are transmitted.

4. Option 4 is same as Option 3 in that the circular
buffer is modified. However, the systematic bits (Sp)
taken from the systematic portion of the circular buff-
er are distributed in the buffer in a certain range.
Therefore, in the first transmission, some of the sys-
tematic bits are punctured at many of the code rates.
Option 4 allows more flexibility in the design of a
circular buffer, optimizing the systematic puncturing
ratio AK(R). For example, systematic bits in S, may
be evenly distributed within a range; or they are dis-
tributedinincreasing density of systematic bits within
arange; or they are distributed in decreasing density
of systematic bits within a range.

[0057] Other variations to the options listed above ex-
ist. For example, systematic bits in S, may notbe located
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in the front of the subblock interleaved systematic stream
S’, rather in the middle or at the end of S’. It may also be
taken from discontinuous locations of S’, such as one bit
for every x bits of S’, x>1.

[0058] Though the new modification is shown as an
additional step performed after forming the circular buff-
er, this step could be combined directly into the definition
of the circular buffer.

[0059] The different options have different complexi-
ty/performance tradeoffs. Option 2 may not be preferable
as the systematic bit puncturing is fixed for all the rates
almost close to 1/3. Simulations suggest that for LTE,
systematic bit puncturing of around 5% may be preferred
for high rates such as 3% or 5/6, while 0% is preferred for
lower coding rates such as 2/3 or V2. Therefore, it may
be preferable to place the systematic bits in portions of
the buffer as dictated by such reasons. Alternatively, it
has been suggested to use RV; at low coding rates to
switch off systematic bit puncturing.

[0060] Although the discussion focuses on rate match-
ing design for the first transmission (thus FEC), the same
reconfigured circular buffer can be used in the context of
HARQ with multiple transmissions per information block.
Different redundancy versions for HARQ transmission
may be obtained by taking different sections of the recon-
figured circular buffer, where the section size is equal to
the length required for the current physical channel trans-
mission. In particular, if Y redundancy versions (RV) are
needed, a simple way to define Y different starting points
(Ag, Aq, ..., Ay_q) within the reconfigured circular buffer,
one for a redundancy version. For RV, the bits are taken
from A; to mod(A; + Ny, Ncg), where i=0, 1, ..., Y-1, and
N is the number of bits required for transmission, Nqg
is the length of the circular buffer. In other words, Ny, bits
are read starting with position A;, wrap around to the be-
ginning of the circular buffer if the end the buffer is
reached. For a given information block, Ny, may be dif-
ferent for each transmission.

RV Definition with Systematic Puncturing

[0061] Combining (a), the RV definition based on a
dummy-padded circular buffer and (b), systematic punc-
turing, the improved rate matching design has the follow-
ing advantages, using N, = 32 and mother code rate 1/3
(i.e., three streams out of turbo encoder 101) for illustra-
tion:

e Dummy bits included in the circular buffer to ease
RV definition (i.e., dummy-padded circular buffer).

¢ Easy to start each RV for HARQ retransmissions.
For example, the RVs are defined to start at the top
(i.e., first row) of the sub-block interleaver columns
in the circular buffer of matrix format. More specifi-
cally,

- If8RVs need to be defined, RV, would start with
position N, X (N, X3/8Xi+c)= N, X(12Xj+c) =
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MKstream!321(12Xi+c),i1=0, 1, ..., 7, in dummy-
padded circular buffer of sequence format. In
matrix format, RV, starts at the top of (12X i+c)-th
column.

- Ifonly 4 RVs are defined, each RV starts at the
top of the (24 Xi+c)-th column (with o =2). Equiv-
alently, in sequence format, RV; starts with bit
position N, X (N, X % X i+ c)= N, X (24 Xi+c)
= MKgtream/32(24 Xi+c),1=0, 1, ..., 3.

[0062] Wheno=0(modulo3XN,),RV(i.e.,i=0)would
start at the beginning of the circular buffer, thus no sys-
tematic bit puncturing. The systematic bit puncturing can
be switched on by setting ¢ to be a value greater than 0
(modulo 3XN,) for 3 streams (i.e., mother code rate 1/3),
thus skipping a small fraction of systematic bits when
reading out bits for RV, In other words, RV, (the first
redundancy version) is defined to start at the top of o-th
column, where o is the number of offset columns. This
is shown in FIG. 11. For example, RV, may be defined
to start from column #2 instead of column #0 by setting
o=2. Other values of ¢ can also be considered.

[0063] The improved design discussed above may
have several variations. Some of which follow:

e Although 32 columns are used in the proposed de-
sign, other values, especially powers of 2 such as 8,
16, 64 or 128, can be used as N.

e Although a particular column permutation is used in
the design example, other permutation can be used
to permute the columns as well.

* Iftwo or more N, are used in the rate matching de-
sign, then each N, can be used for numerous inter-
leaver sizes.

e The subblock interleaver may not be the same for
all the streams. For example, the subblock interleav-
er can be the same for both systematic and parity 1
streams, but the subblock interleaver of parity 2
stream can be different.

e Although for ease of description, the RVs are defined
to start at the tops of the sub-block interleaver col-
umns, they can also be defined to start at other con-
venient locations in the dummy-padded circular buff-
er. For example, all the RVs may start in the same
row r of the constituent sub-block interleavers, where
0<r<N,

RV Definition with 1st Stage Rate Matching and Sys-
tematic Puncturing

[0064] When both systematic puncturing and 15t stage
rate matching are used, the RV definition may need to
be modified to meet the following requirements:

e Ease of RV definition by including dummy bits in the
circular buffer (i.e., dummy-padded circular buffer).
* Ease of starting the address generation for each RV
for HARQ retransmissions. For example, the RVs
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could be defined to start at the tops of the sub-block
interleaver columns (i.e., the first row in a sub-block
interleaver column) in the circular buffer of matrix
format.

e Keeping the starting positions of the RVs within
range of the circular buffer limits after 1st stage rate
matching.

[0065] When both systematic puncturing and 1ststage
rate matching are used, the implementation may be il-
lustrated as follows. First, the 1st stage RM is achieved
by deleting one or more columns (preferably from the last
column of the virtual circular buffer) from the circular buff-
er to form a shortened circular buffer. Thus systematic
bits can be punctured by defining the first redundancy
version to start at a position with an offset relative to the
beginning of the shortened circular buffer. In other words,
the systematic bit puncturing may be achieved by defin-
ing RV at a certain non-zero column number in the sub-
block interleaver of the systematic sub-block interleaver.
Note that above steps can be combined directly also.
Again, the first stage rate-matching may be considered
to applied on a per-codeword (or per segment) basis. For
convenience, the shortened circular buffer is also re-
ferred to as circular buffer after 1t stage rate matching
is applied. This distinction should be clear from the con-
text.

[0066] For example if 8 RVs is used as the baseline
(when 1ststage RM is absent), then the following options
are available for defining RVs with 1st stage RM.

¢ With RV definition Scheme 1, the 8 RV starting po-
sitions may be kept but not necessarily used always.
Only the original RV starting positions that lie within
the range (0 <j < N, -1) in the circular buffer may
be allowed. This can also be stated using the follow-
ing condition: only RV-i with N X o<= N(12Xi+c)<=
N.w -1 are used, resulting in possibly fewer than 8
RVs in some cases. The last RV index i allowed is
thus floor(((Ng, -1)/ N,-6)/12).

¢ With RV definition Scheme 2, 8 RVs are still needed
(in all cases), then RV starting positions can be
N/ (CXi+c),i=0, 1, ..., 7, where C is the maximum
integer such that N(CXi+c)<= N, -1. In other
words, C = floor(((Ngy, -1)/ N-0)/7).

[0067] Inthediscussionabove, Cindicates the number
of columns between two adjacent RVs, Y is the number
of RVs defined.

[0068] Similar RV modification can be applied if other
number (e.g., 4) of RVs are defined before 1st stage rate
matching. For example if 4 RVs is used as the baseline
(when 1ststage RM is absent), then the following options
are available for defining RVs with 1st stage RM.

[0069] Without 15t stage rate matching, RV-i starts with
position N, X (N, X3/4Xi+c)= N, X(24Xi+c),i=0, 1, 2,
3, in dummy-padded circular buffer of sequence format.
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After 1st stage rate matching is used, the circular buffer
contains bits of position j, where 0 <j <N, -1.

¢ With RV definition Scheme 1, the 4 RV starting po-
sitions are kept, then only RV-i with N, X2<=
N, X(24Xi+c)<= N, -1 are used, resulting in possi-
bly fewer than 4 RVs.
¢ With RV definition Scheme 2, 4 RVs are still needed,
then RV starting positions can be N, X (CXi+2), i =
0,1, 2, 3, where C is the maximum integer such that
N, X (CXi+o)<= N, -1.
[0070] FIG. 12is aflow chart showing operation of the
transmitter of FIG. 3. In particular, the logic flow of FIG.
12 shows the steps for assigning redundancy versions
to circular buffer 307, and the subsequent transmission
of bits from circular buffer 307. The logic flow begins as
step 1201 where logic circuitry 305 receives systematic
bits, a first block of parity bits, and a second block of
parity bits. These bits are output from encoder 301. As
discussed above, the systematic bits, the first block of
parity bits, and the second block of parity bits all comprise
dummy bits. Logic circuitry 305 individually block inter-
leaves the systematic bits, first block of parity bits, and
second block of parity bits using interleaver 309 (step
1203). At step 1205, logic circuitry 305 interlaces the first
block of parity bits with the second block of parity bits
and prepends the interleaved systematic bits to the in-
terlaced parity bits to create circular buffer 307. At step
1207, logic circuitry 305 then defines redundancy ver-
sions within’ a particular row of the circular buffer. In one
embodiment of the present invention, the particular row
comprises the top row of the circular buffer, for example,
8 or 4 sub-block interleaver column tops. Logic circuitry
305 receives a redundancy version and a number of de-
sired bits (step 1209) and outputs to a transmitter the
number of desired bits starting at the RV bit position (step
1211)
[0071] FIG. 13 is aflow chart showing operation of the
transmitter of FIG. 3. In particular, the logic flow of FIG.
13 shows the steps for assigning redundancy versions
to a virtual circular buffer, and the subsequent
transmission of bits from the virtual circular buffer. The
logic flow begins as step 1301 where logic circuitry 305
receives systematic bits, a first block of parity bits, and
a second block of parity bits. As discussed above, the
systematic bits, the first block of parity bits, and the
second block of parity bits all comprise dummy bits. Logic
circuitry 305 individually block interleaving the systematic
bits, first block of parity bits, and second block of parity
bits using interleaver 309 (step 1303). At step 1305, logic
circuitry 305 interlaces the first block of parity bits with
the second block of parity bits and prepends the
interleaved systematic bits to the interlaced parity bits.
At step 1307, logic circuitry 305 then defines redundancy
versions corresponding to bit positions within a stream
of data, and where all possible RVs are at positions
MKstream/321(13Xi+c),i1=0, 1, ..., 7 and where c indicates
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the column index of the starting position of the first RV
(RVp). The stream of data comprises the interleaved
systematic bits, and an interlaced first block of
interleaved parity bits and second block of interleaved
parity bits. Logic circuitry 305 receives a redundancy
version and a number of desired bits (step 1309) and
outputs to a transmitter the number of desired bits starting
at the RV bit position (step 1311).

[0072] While the invention has been particularly shown
and described with reference to a particular embodiment,
it will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the scope of the invention.

[0073] In one example, although the procedure is ex-
plained the dummy bits may not be added to the streams
and later removed from the circular buffer, rather the
same effect is realized by other ways such as generating
the addresses properly.

[0074] In another example, starting RVs from a partic-
ular row (e.g., column tops) of the circular buffer can be
equivalent to start RVs from a particular row in the sub-
block interleavers for each stream while dummy bits are
present. Mapping the starting points to their location with-
in the subblock interleaver may be more convenient for
certain implementation, while defining the RV starting
points in the circular buffer may be more convenient for
other implementations.

[0075] It is intended that such changes come within
the scope of the following claims.

Claims

1. A method for assigning redundancy versions to a
circular buffer, the method comprising the steps of:

receiving systematic bits, a first block of parity
bits, and a second block of parity bits, wherein
the systematic bits, the first block of parity bits,
and the second block of parity bits all comprise
dummy bits;

individually block interleaving the systematic
bits, first block of parity bits, and second block
of parity bits;

interlacing the first block of parity bits with the
second block of parity bits to create interlaced
parity bits;

pre-pending the interleaved systematic bits to
the interlaced parity bits to create a circular buff-
er, characterised by:

deleting one or more of columns from the
circular buffer to form a shortened circular
buffer, each column comprising interlaced
first and second parity bits;

defining redundancy versions to start in a
particular row of the shortened circular buff-
er;
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receiving a redundancy version, RV, and a
number of desired bits; and

outputting the number of desired bits start-
ing at the RV bit position.

The method of claim 1 further comprising the step
of defining redundancy versions to start at column
tops of the shortened circular buffer.

The method of claim 2 wherein the step of defining
redundancy versions to start at column tops of the
shortened circular buffer comprises the step of de-
fining redundancy versions to start at 8 column tops
of the shortened circular buffer.

The method of claim 2 wherein the step of defining
redundancy versions to start at column tops of the
shortened circular buffer comprises the step of de-
fining redundancy versions to start at 4 column tops
of the shortened circular buffer.

The method of claim 2 further comprising the step
of defining a first redundancy version to start at the
top of a o-th column, where ¢ is the number of offset
columns.

The method of claim 2 further comprising the step
of puncturing systematic bits by defining the first re-
dundancy version to start at a position with an offset
relative to the beginning of the shortened circular
buffer.

An apparatus comprising:

an encoder (101) outputting systematic bits, a
first block of parity bits, and a second block of
parity bits;

rate matching circuitry (102) receiving the sys-
tematic bits, first block of parity bits, and second
block of parity bits, individually block interleaving
the systematic bits, first block of parity bits, and
second block of parity bits, interlacing the first
block of parity bits with the second block of parity
bits to create interlaced parity bits, pre-pending
the interleaved systematic bits to the interlaced
parity bits to create a circular buffer, and creating
acircular buffer having dummy bits, and wherein
a particular, row of the circular buffer contains
starting points of the redundancy versions, RVs,
characterised in that the rate matching circuit-
ry deletes one or more of columns from the cir-
cular buffer to form a shortened circular buffer,
wherein each column comprises interlaced first
and second parity bits and wherein the rate
matching circuitry outputs non-dummy bits from
the shortened circular buffer to a transmitter
starting at a particular RV;

transmission circuitry (103) receiving the non-

10

15

20

25

30

35

40

45

50

55

12

10.

1.

12.

13.

14.

15.

16.

17.

18.

20

dummy bits and transmitting the non-dummy
bits.

The apparatus of claim 7 wherein 8 column tops of
the shortened circular buffer are defined as a starting
position for a redundancy version (RV).

The apparatus of claim 7 wherein 4 column tops of
the shortened circular buffer are defined as a starting
position for a redundancy version (RV).

The apparatus of claim 7 wherein the shortened cir-
cular buffer comprises interleaved systematic bits,
interleaved and interlaced first and second block of
parity bits.

The apparatus of claim 7 wherein the rate matching
circuitry starts a first redundancy version at a top of
the o-th column, where ¢ is a number of offset col-
umns.

The apparatus of claim 7 wherein the rate matching
circuitry defines redundancy versions to start at col-
umn tops of the shortened circular buffer.

The apparatus of claim 12 wherein the rate matching
circuitry punctures systematic bits by defining the
first redundancy version to start at a position with an
offset relative to the beginning of the shortened cir-
cular buffer.

The method of claim 1, wherein the step of outputting
the bits starting at the RV position includes a wrap
around to the beginning of the circular buffer at an
earlier point than the end of the circular buffer.

The method of claim 1, wherein the step of deleting
the one or more columns comprises deleting col-
umns from the last column of the circular buffer.

The method of claim 1, wherein the step of deleting
the one or more columns comprises a step of deter-
mining a buffer size per segment based on
floor(N|r/C), where C is the number of segments for
the Transport block, determined by the code block
segmentation rule and wherein Ny is the total soft
buffer size per Hybrid Automatic Repeat reQuest
process.

The apparatus of claim 7, wherein the rate matching
circuitry outputs the bits starting at the RV position
including a wrap around to the beginning of the cir-
cular buffer at an earlier point than the end of the
circular buffer.

The apparatus of claim 7, wherein the rate matching
circuitry deleting the one or more columns comprises
deleting columns from the last column of the circular
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buffer.

The apparatus of claim 7, wherein the rate matching
circuitry determines a buffer size per segment based
on floor(N|g/C), where C is the number of segments
forthe Transportblock, determined by the code block
segmentation rule and wherein N is the total soft
buffer size per Hybrid Automatic Repeat reQuest
process.

Patentanspriiche

1.

Verfahren fir die Zuweisung von Redundanzversi-
onen zu einem Ringspeicher, das Verfahren umfas-
send die folgenden Schritte:

Empfang systematischer Bits, eines ersten
Blocks von Paritatsbits und eines zweiten
Blocks von Paritatsbits, worin die systemati-
schen Bits, der erste Block von Paritatsbits und
der zweite Block von Paritatsbits alle Dummy-
Bits umfassen;

individueller Block, der die systematischen Bits,
den ersten Block von Paritatsbits und den zwei-
ten Block von Paritatsbits verschrankt;
Verschachtelung des ersten Blocks von Pari-
tatsbits mit dem zweiten Block von Paritatsbits,
um verschachtelte Paritatsbits zu erstellen;
Voranstellen der verschrankten systematischen
Bits vor die verschachtelten Paritatsbits, um ei-
nen Ringspeicher zu erstellen, gekennzeich-
net durch:

Léschen von einer oder mehreren Spalten
aus dem Ringspeicher, um einen verkiirz-
ten Ringspeicher zu bilden, bei dem jede
Spalte verschachtelte erste und zweite Pa-
ritatsbits enthalt;

Definieren von Redundanzversionen, die in
einer bestimmten Zeile des verkiirzten
Ringspeichers beginnen;

Empfangen einer Redundanzversion, RV,
und einer Reihe gewlnschter Bits; und
Ausgeben der Reihe gewiinschter Bits, be-
ginnend bei der RV-Bit-Position.

Verfahren nach Anspruch 1, des Weiteren umfas-
send den Schritt des Definierens von Redundanz-
versionen, die oben an den Spalten des verkirzten
Ringspeichers beginnen sollen.

Verfahren nach Anspruch 2, worin der Schritt des
Definierens von Redundanzversionen, die oben an
den Spalten des verkirzten Ringspeichers beginnen
sollen, den Schritt des Definierens von Redundanz-
versionen, die oben an den 8 Spalten des verkirzten
Ringspeichers beginnen sollen, umfasst.
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4.

8.

Verfahren nach Anspruch 2, worin der Schritt des
Definierens von Redundanzversionen, die oben an
den Spalten des verkiirzten Ringspeichers beginnen
sollen, den Schritt des Definierens von Redundanz-
versionen, die oben an den 4 Spalten des verkiirzten
Ringspeicher beginnen sollen, umfasst.

Verfahren nach Anspruch 2, des Weiteren umfas-
send den Schritt des Definierens einer ersten Red-
undanzversion, die oben in der dten Spalte beginnen
soll, wobei 6 die Zahl der Versatzspalten ist.

Verfahren nach Anspruch 2, des Weiteren umfas-
send den Schritt des Punktierens systematischer
Bits durch Definieren der ersten Redundanzposition,
die an einer Position mit einem Versatz in Bezug auf
den Beginn des verkiirzten Ringspeichers beginnen
soll.

Vorrichtung, umfassend:

einen Encoder (101), der systematische Bits, ei-
nen ersten Block von Paritatsbits und einen
zweiten Block von Paritatsbits ausgibt;
Ratenanpassungsschaltung (102), die die sys-
tematischen Bits, den erste Block von Paritats-
bits und den zweiten Block von Paritétsbits emp-
fangt, individueller Block, der die systemati-
schen Bits verschrankt, erster Block von Pari-
tatsbits und zweiter Block von Paritatsbits, die
den ersten Block von Paritatsbits mit dem zwei-
ten Block von Paritatsbits verschachteln, um
verschachtelte Paritatsbits zu erstellen, Voran-
stellen der verschrankten systematischen Bits
vor die verschachtelten Paritatsbits, um einen
Ringspeicher zu erstellen, und Erstellen eines
Ringspeichers mit Dummy-Bits, und worin eine
bestimmte Reihe des Ringspeichers Startpunk-
te der Redundanzversionen, RV, enthalt, die da-
durch gekennzeichnet sind, dass die Ra-
tenanpassungsschaltung eine oder mehrere
Spalten aus dem Ringspeicher entfernt, um ei-
nen verkirzten Ringspeicher zu bilden, worin je-
de Spalte verschachtelte erste und zweite Pari-
tatsbits umfasst und worin die Ratenanpas-
sungsschaltung Nicht-Dummy-Bits vom ver-
kirzten Ringspeicher an einen Sender ausgibt,
der bei einer bestimmten RV beginnt;
Sendeschaltung (103), die die Nicht-Dummy-
Bits empfangt und die Nicht-Dummy-Bits sen-
det.

Vorrichtung nach Anspruch 7 worin die Startposition
fireine Redundanzversion (RV) oben an den 8 Spal-
ten des verkirzten Ringspeichers definiert ist.

Vorrichtung nach Anspruch 7 worin die Startposition
fireine Redundanzversion (RV) oben an den 4 Spal-
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ten des verkirzten Ringspeichers definiert ist.

Vorrichtung nach Anspruch 7, worin der verkurzte
Ringspeicher verschrankte systematische Bits und
einenverschrankten und verschachtelten erstenund
zweiten Block von Paritatsbits umfasst.

Vorrichtung nach Anspruch 7, worin die Ratenan-
passungsschaltung bei einer ersten Redundanzver-
sion oben in der dten Spalte startet, wobei 5 die Zahl
der Versatzspalten ist.

Vorrichtung nach Anspruch 7, worin die Ratenan-
passungsschaltung Redundanzversionen definiert,
die oben an den Spalten des verkirzten Ringspei-
chers beginnen sollen.

Vorrichtung nach Anspruch 12, worin die Ratenan-
passungsschaltung systematische Bits durch Defi-
nieren der ersten Redundanzversion punktiert, die
an einer Position mit einem Versatz in Bezug aufden
Beginn des verkurzten Ringspeichers beginnen soll.

Verfahren nach Anspruch 1, worin der Schritt der
Ausgabe der Bits, die an der RV-Position beginnen,
eine Umhiillung bis zum Beginn des Ringspeichers
an einem friheren Punkt als dem Ende des Rings-
peichers umfasst.

Verfahren nach Anspruch 1, worin der Schritt der
Léschung der einen oder mehreren Spalten das L6-
schen von Spalten aus der letzten Spalte des Ring-
speichers umfasst.

Verfahren nach Anspruch 1, worin der Schritt der
Léschung der einen oder mehreren Spalten einen
Schritt der Bestimmung der PuffergrofRe pro Seg-
ment auf Basis des Bodens (N g/C) umfasst, wo C
die Anzahl der Segmente fiir den Transportblock ist,
bestimmt durch die Codeblock-Segmentierungsre-
gel, und worin N, die gesamte Softpuffergréfie pro
Hybrid Automatic Repeat Request-Prozess ist.

Vorrichtung nach Anspruch 7, worin die Ratenan-
passungsschaltung die Bits ausgibt, die an der RV-
Position beginnen, die eine Umhdllung bis zum Be-
ginn des Ringspeichers an einem friiheren Punkt als
dem Ende des Ringspeichers umfasst.

Vorrichtung nach Anspruch 7, worin die Ratenan-
passungsschaltung, die die eine oder mehreren
Spalten I6scht, das Léschen von Spalten aus der
letzten Spalte des Ringspeichers umfasst.

Vorrichtung nach Anspruch 7, worin die Ratenan-
passungsschaltung eine PuffergréRe pro Segment
auf Basis des Bodens (N g/C) bestimmt, wo C die
Anzahl der Segmente fiir den Transportblock ist, be-
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stimmt durch die Codeblock-Segmentierungsregel,
und worin N|g die gesamte Softpuffergrofie pro Hy-
brid Automatic Repeat Request-Prozess ist.

Revendications

Procédé pour I'attribution de versions de redondan-
ce a un tampon circulaire, le procédé comprenant
les étapes consistant a :

la réception de bits systématiques, un premier
bloc de bits de parité, et un second bloc de bits
de parité, ou les bits systématiques, le premier
bloc de bits de parité, et le second bloc de bits
de parité comprennent tous des bits fictifs ;
I'imbrication individuelle de blocs des bits sys-
tématiques, du premier bloc de bits de parité, et
du second bloc de bits de parité ;
I'entrelacement du premier bloc de bits de parité
avec le second bloc de bits de parité pour créer
des bits de parité entrelacés ;

le pré-fixage de bits systématiques imbriqués
aux bits de parité entrelacés pour créer un tam-
pon circulaire, caractérisé par :

la suppression d’une ou plusieurs colonnes
du tampon circulaire pour former un tampon
circulaire raccourci, chaque colonne com-
prenant un premier et un second bits de pa-
rité entrelacés ;

la définition de versions de redondance
pour commencer dans une rangée particu-
liere du tampon circulaire raccourci ;

la réception d’'une version de redondance,
RV, et d’'un nombre de bits souhaités ; et
la production du nombre de bits souhaités
en partant de la position binaire RV.

Procédé selon la revendication 1, comprenant en
outre I'étape consistant a définir des versions de re-
dondance pour commencer a des en-tétes de colon-
ne du tampon circulaire raccourci.

Procédé selon larevendication 2, dans lequel I'étape
consistant a définir des versions de redondance pour
commencer a des en-tétes de colonne du tampon
circulaire raccourci comprend I'étape consistant a
définir des versions de redondance pour commencer
au niveau de 8 en-tétes de colonne de tampon cir-
culaire raccourci.

Procédé selon larevendication 2, dans lequel I'étape
consistant a définir des versions de redondance pour
commencer aux en-tétes de colonne du tampon cir-
culaire raccourci comprend I'étape consistant a dé-
finir des versions de redondance pour commencer
au niveau de 4 en-tétes de colonne du tampon cir-



10.

25
culaire raccourci.

Procédé selon la revendication 2, comprenant en
outre I'étape consistant a définir une premiére ver-
sion de redondance pour commencer a l'en-téte
d’une c-iéme colonne, ou ¢ est le nombre de colon-
nes décalées.

Procédé selon la revendication 2, comprenant en
outre I'étape consistant a poingonner des bits sys-
tématiques par la définition de la premiére version
de redondance pour commencer a une position avec
un décalage par rapport au début du tampon circu-
laire raccourci.

Appareil comprenant :

un codeur (101) générant des bits systémati-
ques, un premier bloc de bits de parité, et un
second bloc de bits de parité ;

un circuit d’adaptation de débit (102) recevant
les bits systématiques, le premier bloc de bits
de parité, et le second bloc de bits de parité,
limbrication individuelle de blocs des bits sys-
tématiques, du premier bloc de bits de parité, et
du second bloc de bits de parité, 'entrelacement
du premier bloc de bits de parité avec le second
bloc de bits de parité pour créer des bits de parité
entrelacés, le pré-fixage de bits systématiques
imbriqués aux bits de parité entrelacés pour
créer un tampon circulaire, et la création d’'un
tampon circulaire ayant des bits fictifs, et o une
rangée particuliére du tampon circulaire contient
des points de départ des versions de
redondance ,RV, caractérisé en ce que le cir-
cuit d’adaptation de débit supprime une ou plu-
sieurs colonnes du tampon circulaire pour for-
mer un tampon circulaire raccourci, ou chaque
colonne comprend un premier et un second bits
de parité entrelacés et ou le circuit d’adaptation
de débit produit des bits non fictifs du tampon
circulaire raccourci vers un émetteur en com-
mengant a une version de RV particuliére ;

un circuit de transmission (103) recevant les bits
non fictifs et transmettant les bits non fictifs.

Appareil selon la revendication 7, dans lequel 8 en-
tétes de colonnes du tampon circulaire raccourci
sont définis en tant que position de départ d’'une ver-
sion de redondance (RV).

Appareil selon la revendication 7, dans lequel 4 en-
tétes de colonne du tampon circulaire raccourci sont
définis en tant que position de départ pour une ver-
sion de redondance (RV).

Appareil selon larevendication 7, dans lequel le tam-
pon circulaire raccourci comprend des bits systéma-
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tiques imbriqués, des premier et second blocs en-
trelacés et imbriqués de bits de parité.

Appareil selon la revendication 7, dans lequel le cir-
cuit d’adaptation de débit commence une premiére
version de redondance dans un en-téte de la c-iéme
colonne, ou ¢ est un nombre de colonnes décalées.

Appareil selon la revendication 7, dans lequel le cir-
cuit d’adaptation de débit définit des versions de re-
dondance pour commencer aux en-tétes de colonne
du tampon circulaire raccourci.

Appareil selon la revendication 12, dans lequel le
circuit d’adaptation de débit poingonne des bits sys-
tématiques par la définition de la premiére version
de redondance pour commencer a une position avec
un décalage par rapport au début du tampon circu-
laire raccourci.

Procédé selon larevendication 1, dans lequel I'étape
consistant a produire les bits a partir de la position
de la version de redondance comprend une enve-
loppe autour du début du tampon circulaire en un
point précédant la fin du tampon circulaire.

Procédé selon larevendication 1, dans lequel I'étape
consistant a supprimer I'une ou plusieurs colonnes
comprend la suppression de colonnes dans la der-
niére colonne du tampon circulaire.

Procédé selon larevendication 1, dans lequel I'étape
consistant a supprimer I'une ou plusieurs colonnes
comprend une étape consistant a déterminer une
taille de tampon par segment sur la base de I'étage
(N|r/C), ou C désigne le nombre de segments pour
le bloc de transport, déterminé par la régle de seg-
mentation du bloc de code et ou N|g désigne la taille
totale de tampon logiciel par un processus de requé-
te de répétition automatique hybride.

Appareil selon la revendication 7, dans lequel le cir-
cuit d’adaptation de débit produit les bits a partir de
la position de RV comprenant une enveloppe autour
du début du tampon circulaire en un point précédant
la fin du tampon circulaire.

Appareil selon la revendication 7, dans lequel le cir-
cuit d’adaptation de débit supprimant la ou les co-
lonnes comprend la suppression de colonnes a partir
de la derniere colonne du tampon circulaire.

Appareil selon la revendication 7, dans lequel le cir-
cuit d’adaptation de débit détermine une taille de
tampon par segment basée sur I'étage (N|g/C), ou
C désigne le nombre de segments pour le bloc de
transport, déterminé par la régle de segmentation
de bloc de code et ou N\ désigne la taille totale du
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tampon logiciel par un processus de requéte de ré-
pétition automatique hybride.
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