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(54) Abstract Title: Receiver capable of rate de-matching data block-by-block
(57) A receiver for a wireless communication device receives data which has been rate-matched (by

puncturing or bit repetition) and segments the data into blocks which correspond to the original coding
blocks output by the transmitter’s encoder, prior to rate matching. The receiver of the present invention is
able to perform this segmentation on-the-fly to provide block-by-block rate de-matching and decoding,
which reduces buffer capacity between rate de-matching the decoding. This segmentation is achieved by
storing the received rate-matched address in a buffer 202 and determining the addresses in that buffer
which contain data from the start of each of the original coding blocks. The addresses are preferably
determined using rate matching parameters required in the transmitter’s iterative rate matching process,

for example by using the equation of claim 7.
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A RECEIVER FOR A WIRELESS COMMUNICATION DEVICE

The present invention relates to a receiver for a wireless communication

device.

Wireless communication systems are widely deployed to provide various
types of communications such as voice and data. One such system is wideband
code division multiple access WCDMA, which has been adopted in various
competing wireless communication standards, for example 3™ generation
partnership project 3GPP and 3GPP2.

The main physical data channel defined in the 3GPP standard is the high
speed downlink shared channel HS-DSCH, which is used to provide high data
rates in the downlink direction. The basic transmission unit that is defined for the
HSDSCH is the time transmission interval TTI that corresponds to a radio sub-
frame of 3 slots.

As defined in the 3GPP TS 25.212 standard the coding for the HS-DSCH
channel is performed on a transport block once every TTI (i.e. coding is performed

on a block of data that corresponds to the data received during a TTI).

The coding involves segmenting a transport block into code blocks for
encoding by a turbo encoder and concatenating the encoded data blocks back into
transport blocks before passing the transport blocks to a hybrid-automatic repeat
request module H-ARQ.

As shown in figure 1, the H-ARQ 100 consists of a first stage rate matching
module 101, a second stage rate matching module 102 and a virtual buffer 103,
with the H-ARQ 100 receiving data from a turbo encoder (not shown).
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During operation data, with CRC bits attached, is input into the turbo
encoder, which would typically have a coding rate of 1/3. As the turbo encoder
encodes data on a code block by code block basis, where a code block i1s smaller
than a transport block, the transport block is segmented into code block prior to
being input into the turbo encoder. The turbo encoder outputs systematic bits, the
same data sequence provided to the encoder, and parity 1 bits and parity 2 bits,
where the parity 1 and parity 2 bits represent redundancy bits. The systematic bits,
the parity 1 bits and the parity 2 bits are provided to the H-ARQ 100 where the first
stage rate matching module 101 performs rate matching on the parity 1 bits and
parity 2 bits.

The purpose of the first stage rate matching module 101 is to reduce the size
of the encoded transport block, by puncturing the code as defined in TS 25.212, to
a size that will allow the punctured code (i.e. rate matched) to fit into a specified

buffer on a wireless communication receiver.

For example, if the size of the data packet input to the turbo encoder, which
corresponds to a transport block, is 100 bits, the output from the turbo encoder will
be 300 bits (i.e. 100 systematic bits, 100 parity 1 bits and 100 parity 2 bits). If the
receiving equipment has only a 240 bit buffer in the receiving chain, the first stage
rate matching module 101 is arranged to reduce the number of bits from 300 to
240 by puncturing 60 bits from the parity 1 bits and parity 2 bits.

To enable the correct puncturing of bits rate-matching parameters (i.e. m, the
number of bits in a block, e the rate matching parameter for the initial error e for
determining the phase of the bit puncturing, emnus the rate matching parameter that
is a decrement of e, and eys is the rate matching parameter that is an increment
of e) are computed based on the number of bits to be punctured for a TTI, as
defined in TS 25.212.
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Once the rate matching parameters are computed the rate matching pattern

(i.e. the puncturing scheme) can be determined in accordance with the defined

algorithm within TS 25.212, which is as follows:

10 e:e|m

do while (X £m))
e=e-en

if (e =0) then

15 set bit m, to &
€ =€+ €pis
end if
X=X+1
end do
20

- set initial value for error e
- set initial value for bit index X
- perform loop m, times for m, input bits
- update error e
- check if bit my should be punctured
- puncture bit my by setting it to &

- update error e after a puncture

- update bit index X for the next bit

By way of further illustration, if 18 bits need to be reduced to 16 bits the rate

matching parameters would be initially computed as: m, = 18, ejn = 1, €pus = 36

and emnus = 4. Consequently, implementing the above algorithm using these rate

matching parameters results in bits 1 and 10 being punctured.

25

The virtual buffer 103 stores the rate matched code prior to being further rate

matched by the second stage rate matching module 102 to rate match the data

stored in the virtual buffer 103 to the actual physical channel size.
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On receipt by the receiving equipment the received rate matched encoded
data is initially rate de-matched to remove the effects of the second stage rate
matching process and stored in the specified buffer, corresponding in size to the
virtual buffer. The receiver then performs rate de-matching on the stored encoded
data to replace the bits removed during the first stage rate matching process with
zero values. The rate de-matched encoded data, which will be the same size as
the encoded transport block (i.e. approximately three times the size of the original

transport block), is then stored in memory.

The rate de-matched encoded data is then segmented before being passed

to a turbo decoder to decode the encoded data.

However, this process requires the use of a large memory to store the rate

de-matched encoded data prior to decoding.

It is desirable to improve this situation.

In accordance with a first aspect of the present invention there is provided a

receiver for a wireless communication device according to claim 1.

This provides the advantage of allowing a receiver for a wireless
communication device to have less memory and to save power consumption by

requiring less memory accesses as well as reducing processor MIPS.

In accordance with a second aspect of the present invention there is provided
a method for decoding encoded data in a wireless communication system
according to claim 10.

SC13040El



10

15

20

25

30

An embodiment of the invention will now be described, by way of example,

with reference to the drawings, of which:

Figure 1 illustrates a prior art hybrid-automatic repeat request module;

Figure 2 illustrates a receiver according to an embodiment of the present

invention;

Figure 3 illustrates a rate de-matching stage according to an embodiment of
the present invention.

Figure 2 illustrates a decoding stage 200 of a wireless receiver, for use in a
3GPP W-CDMA radiotelephone.

The decoding stage 200 includes a second stage rate de-matching module
201, a buffer 202, a segmentation module 203, a first stage rate de-matching
module 204 and a turbo decoder 205.

The decoding stage 200 receives rate matched encoded data transmitted by
a 3GPP compliant transmitter and inputs the data to the second stage rate de-
matching module 201. The second stage rate de-matching module 201 reverses
the effects of the second stage rate matching performed by the H-ARQ 100 within
the transmitter to generate data that represents the first stage rate matched
encoded data generated by the first stage rate matching module 101 within the H-
ARQ 100.

The replicated first stage rate matched encoded data is input into the buffer
202, which 1s typically a ratio of the size of the virtual buffer 103 in the transmitter
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H-ARQ 100. For example, if each bit in the transmitter corresponds to a byte being
received by the receiver the buffer 202 will be eight times the virtual buffer 103.

As the rate matching process involves the puncturing of data the size of a
rate matched encoded data block will be smaller than the corresponding rate de-
matched encoded block (i.e. the original pre rate matched data). Consequently,
the code block boundaries for the rate matched encoded data stored in the buffer
202 will no longer correspond to the original code block boundaries of the encoded
data prior to rate matching performed by the first stage rate matching module 101.
Accordingly, if the rate de-matching module 204 extracted the rate matched
encoded data from the buffer 202 using the original code block base addresses
and provided the corresponding rate de-matched encoded data to the turbo
decoder 205 on a block by block basis incorrect results would be obtained.

To allow the first rate de-matching module 204 to extract the rate matched
encoded data from the buffer 202 such that the first rate de-matching module 204
is able to rate de-match the encoded data and provide the data to the turbo
decoder 205 on a block by block basis (i.e. on the fly) the segmentation module
203 is arranged to determine the locations in the rate matched encoded data
stored in the buffer 202 that correspond to the original base addresses for the pre
rate matched encoded data (i.e. the rate matched block base addresses).

Accordingly, using the rate matched block base addresses the first stage rate
de-matching module 204 extracts the rate matched encoded data and performs
rate de-matching on segments of data that correspond to the original code blocks,
thereby allowing the turbo decoder 205 to decode the encoded code blocks on the
fly from data received from the first stage rate de-match module 204 and thus
avoiding the need to store rate de-matched data prior to decoding by the decoder
205.
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5 The rate de-matching algorithm used by the first rate de-matching module

204 to recover the punctured data (i.e. data replication) is:

10 do while (X =m))
e=€-Emnus
if (e = 0) then
repeat bit m,
e=e+ ey
15 end if
X=X+1

end do

The basis for the derivation of the rate matched base addresses generated

- set initial value for error e

- set initial value for bit index X

- perform loop m, times for m, input bits
- update error e

- check if bit X should be repeated

- repeat bit my

- update error e after a repetition

- update bit index X for the next bit

20 by the segmentation module 203 is as follows:

From the rate de-matching algorithm described above, and as specified in TS
25.212, it can be concluded that the value of e after i iterations of the algorithm can

be defined as
25

€ = et — Ieminus +Npunceplus
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5 where Npune is the number of inserted zero values in the rate de-matching

process after i iterations.

As enrs epus then e must be greater than 0 and e must be smaller or equal to

epus  after a complete iteration of the rate matching algorithm.

10
Accordingly equation 1.1 can be written
0< Enit — iemmus +Npuncep/uss ep/us 1-2)
15 Therefore,
- Id —c¢  +1i
clll/l + l( min uy < NI)”“C < Clllll lemm s + l 1 '3)
Gplns ep[u.s
Since Npunc has to be an integer it follows that
20
ie —C . . [
N e =H—"‘~—-———’—f—+1} J where | x| is the floor of the function x
e’/)lu,s‘
As such, Npuc represents the number of bits that will be inserted after i
iterations of the algorithm.
25

Accordingly to find the equivalent base addresses of the original encoded
code blocks (i.e. pre-rate matched data) within the rate matched encoded data

stored in the buffer 202 i is replaced with the original encoded code block base
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addresses (i.e. 0, B, 2B, 3B etc) and Nyune is subtracted from the original code
block base address.

Consequently, the base address for the first code block will be zero. The
base address for the second code block will be:

B — 13('”““ s _ (?IIII[ + l
()plm
The base address for the third code block will be:

2Be —e
2B || S 0w " C g
(’ﬁlus'

and so on.

The above calculations are performed independently for both parity 1 bits
and parity 2 bits — which are both rate matched by the first rate matching module
101. As the systematic bits are not rate matched by the first rate matching module
101 the original code block base addresses can be used when reading the data
out of the buffer 202,

To compensate for the change in the determination of code block boundary base
addresses, the rate de-matching module 204 is arranged to calculate e for each
received block of rate matched encoded data where em is set equal to the initial
value of e, for the first block and for subsequent code blocks

Bemmm —U””l +1 e
¢ plus

2
¢ s

e =c¢ —

2
mit mit nun s

+
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35

10

where B corresponds to the location that would equate to the start of a code
block for a given rate de-matched block number.

Figure 3 illustrates the rate de-matching module 204. The rate de-matching
module 204 includes a circuit 301 for implementing the de-puncturing algorithm
specified above, a shifter 302, a data shift register 303 (e.g. a FIFO) and a first
multiplexer 304.

The circuit 301 for implementing the de-puncturing algorithm includes a
register 305, an adder 306, a subtractor 307, and a second multiplexer 308. The
register 305 holds the value of e after each rate dematching cycle (i.e. iteration).
The value of e stored in the register 305 is provided to the subtractor 307 where
the value of eminys is subtracted from e. The result of the subtraction determines
whether a current bit should be de-punctured (i.e. if a zero value should be
inserted into the code block). If a zero should be inserted into the code block a
control signal is sent from the subtractor 307 to the first multiplexer 304. In
addition, the result of the subtraction is provided to the adder 306 where the value
of epws is added to the result, which is provided to the second multiplexer 308. If
the value of e-emnys 1 positive the multiplexer 308 stores e-emnys in the register
305, if the values of e-empys is negative the multiplexer 308 stores €-Eminus*+€plus iN
the register 305.

Once the segmentation module 203 has calculated the code block
boundaries, as described above, the data stored in the buffer 202 is loaded into
the shifter 302, which is used to shift the input data to that the data is aligned with
the end of the FIFO 303 (.e. the data shift register) queue. The shifter 302
receives a control signal indicating the current length of the queue (i.e. the number
of valid bits in the queue), thereby allowing the shifter 302 to place new received
data at the end of the queue.
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The data loaded into the shifter 302 is then loaded into the data shift register
303, which feeds the data to the first multiplexer 304. If no control signal is
received from the subtractor 307 the first multiplexer 304 outputs a bit from the
FIFO 303 to the decoder 205 for decoding, if a control signal is received from the
subtractor 307 a zero is added to the data stream and output to the decoder 205.

It will be apparent to those skilled in the art that the disclosed subject matter
may be modified in numerous ways and may assume many embodiments other
than the preferred forms specifically set out as described above, for example the
above embodiments could be arranged such that the rate de-matching module 204
could be arranged to determine the equivalent base addresses of the pre rate
matched encoded code blocks within the rate matched encoded code blocks
stored in the buffer 202, which the rate de-matching module 204 uses to allow the
rate de-matching module 204 and turbo decode 205 to rate de-match and decode
respectively on the fly on a code block by code block basis.
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CLAIMS

. A receiver for a wireless communication device comprising means for

determining a sequence of code block addresses for received rate matched
encoded data to allow rate de-matching and decoding to be performed on a
code block by code block basis for the received rate matched encoded
data.

. A receiver according to claim 1, wherein the means for determining a

sequence of code block addresses is performed by a segmentation module.

. A receiver according to any preceding claim, further comprising a rate de-

matching module for rate de-matching the received rate matched encoded
data on a code block by block basis using the code block addresses derived
by the segmentation module, thereby generating rate de-matched data on a
block by block basis.

. A receiver according to claim 3, further comprising a buffer for storing

received rate matched encoded data, wherein the rate de-matching module
is arranged to rate de-match the rate matched encoded data on the fly from
the buffer.

. A receiver according to claim 3 or 4, further comprising a decoder for

decoding the rate de-matched data generated by the rate de-matching
module on a block by block basis.
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6. A receiver according to any preceding claim, wherein the means for
determining is arranged to derive the sequence of code block addresses for
the received rate matched encoded data using rate matching parameters

used to rate match the received rate matched encoded data.

7. A receiver according to any preceding claim, wherein the means for
determining 1s arranged to derive the sequence of code block addresses

using:

Be 4
B— i s w4 1
C/)lm'

where B corresponds to the location that would equate to the start of a code block

for a given rate de-matched block number:

ent is the rate matching parameter for the initial value of e for determining the
phase of bit puncturing ;

emnus IS the rate matching parameter that is a decrement of e;

€pius IS the rate matching parameter that is an increment of e.

8. A receiver according to claim 7, wherein the rate de-matching module is
arranged to calculate ey for each received block of rate matched encoded
data.

9. A receiver according to claim 8, wherein the rate de-matching module is
arranged to derve the eny value for block of received rate de-matched

encoded data using:

SC13040E!



14

5 €nt = ey for the first block and

C)
e

Bemm w (‘)Illll
e Cum - B(‘)mm s + + l 6plus

s

for the second and subsequent blocks, where B corresponds to the location
that would equate to the start of a code block for a given rate de-matched
block number.

10

10.A method for decoding encoded data in a wireless communication system,
the method comprising receiving rate matched encoded data; determining a
sequence of code block addresses for the received rate matched encoded
data; rate de-matching the received rate matched encoded data on a block
15 by block basis using the sequence of code block addresses to determine
block boundaries within the received rate matched encoded data; and
decoding rate de-matched data on a block by block basis.

11. A receiver substantially as hereinbefore described with reference to the
20 figures.

12.A method for rate de-matching substantially as hereinbefore described with
reference to the figures.

25
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Amendments to the claims have been filed as follows

N
CLAIMS

1. A wireless communication device comprises a receiver comprising means

for determining a sequence of code block addresses for received rate
matched encoded data, wherein the means identifies a code block
boundary of pre-rate matched data and performs rate de-matching and
decoding independently on a code block by code block basis for the
received rate matched encoded data.

. A wireless communication device according to claim 1, wherein the means

for determining a sequence of code block addresses is performed by a
segmentation module.

. A wireless communication device according to claim 2, further comprising a

rate de-matching module for rate de-matching the received rate matched
encoded data on a code block by block basis using the code block
addresses derived by the segmentation module, thereby generating rate de-
matched data on a block by block basis.

. A wireless communication device according to claim 3, further comprising a

buffer for storing received rate matched encoded data, wherein the rate de-
matching module is arranged to rate de-match the rate matched encoded
data on the fly from the buffer.

. A wireless communication device according to claim 3 or 4, further

comprising a decoder for decoding the rate de-matched data generated by
the rate de-matching module on a block by block basis.
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A wireless communication device according to any preceding claim,
wherein the means for determining is arranged to derive the sequence of
code block addresses for the received rate matched encoded data using
rate matching parameters used to rate match the received rate matched
encoded data.

A wireless communication device according to claim 2, wherein the
segmentation module determines an address of first data in each code
block independently.

. A wireless communication device according to claim 7, wherein the

segmentation module determines an address of end data of each code
block independently of determining the address of first data.

A wireless communication device according to any preceding claim,
wherein the means for determining is arranged to derive the sequence of
code block addresses using:

Bermnus € ]J
Zmnw " fow
eplus

where B corresponds to the location that would equate to the start of a code block
for a given rate de-matched block number:

25 em is

the rate matching parameter for the initial value of e for determining the

phase of bit puncturing ;

eminus is the rate matching parameter that is a decrement of e;

€ps is the rate matching parameter that is an increment of e.
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10. A wireless communication device according to claim 9, wherein the rate de-
matching module is arranged to calculate e;: for each received block of rate
matched encoded data.

11.A wireless communication device according to claim 10, wherein the rate
de-matching module is arranged to derive the e,y value for block of
received rate de-matched encoded data using:

@int = 8t for a first block and

Be -e
- mun us it
eum =€ -Beminu.t + "“"'+1 eﬂ“
eplus

for second and subsequent blocks, where B corresponds to a location that
would equate to a start of a code block for a given rate de-matched block

number.

12. A method for decoding encoded data in a wireless communication system,
the method comprising receiving rate matched encoded data; determining a
sequence of code block addresses for a received rate matched encoded
data; identifying a code block boundary of pre-rate matched data; rate de-
matching the received rate matched encoded data on a block by block basis
using the code block block boundary; and decoding rate de-matched data
independently on a block by block basis.

13. A receiver substantially as hereinbefore described with reference to the

figures.

14. A method for rate de-matching substantially as hereinbefore described with
reference to the figures.
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