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APPARATUS AND METHODS FOR BLOCK ENCODING DATA

This invention relates to the block encoding ‘of data and in particular, though not
exclusively, to block encoding of a transport format combination indicator (TFCI) for a

universal mobile telecommunications system (UMTS) cellular network.

UMTS is the European proposal for third generation (3G) cellular networks. The UMTS
network is inter-operable with the existing GSM network and provides the potential for
high speed packet-switched data transmission. The UMTS fransmission protocols are
defined in a series of 3GPP standards. The standards define a plurality of layers for
transmissions (broadly in alignment with the I1SO 7 layer definition) having a physical
layer (commonly termed layer 1; L1), a data link layer (commonly termed layer 2; L2)
and a network layer (layer 3; L3). At the physical layer, data is transmitted in frames of
10 millisecond duration each of which contains 15 slots. Each slot is logically assigned
to a channel. The details of the frame structure and channel mappings are not the
subject of this invention and thus the reader is referred to the appropriate ETSI
standard (TS25.211, "Physical channels and mapping of transport channels on to
physical channels (FDD)") for further background information.

At the physical layer, many logical channels (and therefore slots in a frame) carry
control information such as pilot bits and power control bits. Optionally, also, the
control information may include a transport format combination indicator (TFCI) which
provides the receiver with information about the combination of transport formats which
are contained within the slot which carried the TFCI. If data of differing rates is carried
in the slots (which is permitted by UMTS) then the TFCI is used to allow the correct
decoding to be applied in order to extract data from the slot and provide it to the
medium access control layer (MAC) at layer 2 of the protocol. The TFCI is not

transmitted in the case of blind transport format detection.

The TFC! is encoded before transmission using a (32,10) sub-code of a second order
Reed-Muller code. If the indicator is of less than 10bits then it is padded by setting the
most significant bits to 0. Following block encoding, theTFCI code word is 32bits long.

It will be appreciated that a 32,10 code requires 320bits of storage for the encoding

matrix (32 x 10) and as explained in more detail below, requires relatively complex
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processing in order to encode the TFCI. In the context of user equipment (UE) such as
a compact mobile telephone with silicon area restrictions, it will be appreciated that it is
desirable to simplify the encoding of the TFCI as much as possible.

In accordance with a first aspect of the invention there is provide a method of block
encoding an unencoded word to produce a code word comprising providing a counter
operable to count through a binary sequence having a bit-width of less than the total bit
width of the unencoded word, providing a buffer having a bit-width at least equal to the
bit-width of the code word, operating the counter through the range of the total number
of bits in the code word, performing a logical AND operation between the counter value
and a predetermined subset of the bits of the unencoded word for each value of the
counter in the said range, performing a modulo 2 operation on the result of the logical
AND operation, storing the result of the modulo 2 operation in a predetermined bit
position in the buffer, the predetermined position having a predetermined relationship
to the value of the counter, determining that the counter has counted through a
sequence having a number of values at least equal to the bit width of the code word
and outputting the content of the buffer as the code word.

In a second aspect, there is provided apparatus for block encoding an unencoded word
to produce a code word comprising a counter, a buffer, and a logic processor operable
to perform AND and modulo 2 operations, the counter being arranged to count through
a binary sequence having a bit-width less than the total bit-width of the unencoded
word, the logic processor being arranged to AND the counter value with a
predetermined subset of bits from the unencoded word and to perform a modulo 2
operation on the result, the buffer being arranged to accept the result of the modulo 2
operation and to store the result in a bit position which bears a predetermined mapped
relationship with the counter value, and the apparatus being arranged to provide the
output code word from the buffer when the counter has counted through a sequence
having a number of values at least equal to the bit width of the code word.

Embodiments of the invention will now be described by way of example with reference
to the drawings in which:-

Figure 1 is a block diagram of a possible hardware implementation of the invention;
and
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Figure 2 is a flow diagram showing the steps to be carried out when operating the

method of the present invention.

As described above, the TFCl is typically encoded using a (32,10) second order Reed-
Muller code. . The techniques described above may also be applied to the other Reed-

Muller scenarios and also to other block encoding schemes.

It will also be appreciated that although the encoding is generally carried out at a
transmitter prior to transmitting a slot to a receiver, it is possible that a decoder will use
the same technique in a receiver in order to provide a reference against which the

receiver decoding algorithms operate.

The code words of the (32,10) sub-code of the second order Reed-Muller code which
are used for the TFCI encoding are a linear combination of 10 basis sequences. The

basis sequences are shown in Table 1 below.

M(i,0) | M(i,1) | M(,2) [ M(i,3) | M(i,4) | M(i,5) | M(i,6) | M(i,7) | M(i,8) | M(i.9)

i
0 1 0 0 0 0 1 0 0 0 0
1 0 1 0 0 0 1 1 0 0 0
2 1 1 0 0 0 1 0 0 0 1
3 0 0 1 0 0 1 1 0 1 1
4 1 0 1 0 0 1 0 0 0 1
5 0 1 1 0 0 1 0 0 1 0
6 1 1 1 0 0 1 0 1 0 0
7 0 0 0 1 0 1 0 1 1 0
8 1 0 0 1 0 1 1 1 1 0
9 0 1 0 1 0 1 1 0 1 1
10 1 1 0 1 0 1 0 0 1 1
11 0 0 1 1 0 1 0 1 1 0
12 1 0 1 1 0 1 0 1 0 1
13 0 1 1 1 0 1 1 0 0 1
14 1 1 1 1 0 1 1 1 1 1
15 1 0 0 0 1 1 1 1 0 0
16 0 1 0 0 1 1 1 1 0 1
17 1 1 0 0 1 1 1 0 1 0
18 0 0 1 0 1 1 0 1 1 1
19 1 0 1 0 1 1 0 1 0 1
20 0 1 1 0 1 1 0 0 1 1
21 1 1 1 0 1 1 0 1 1 1
22 0 0 0 1 1 1 0 1 0 0
23 1 0 0 1 1 1 1 1 0 1
0 1 0 1 1 1 1 0 1 0
1 1 0 1 1 1 1 0 0 1
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The TFCI information bits, ag, a;. .. ag (which form an unsigned TFC index and are
able to indicate any one of 1024 possible transport format combinations) is processed

according to the following equation

9
b(i) =Y a(n).M(i,n)%2
n=0
where x % 2 is the value of x counting modulo-2.

to arrive at a 32 bit TFCI having bits by, k =0, 1,2,. . ., 31.

In hardware terms, the 10bit TFC index is ANDed with each of the 32 rows of the table,
the result of each AND operation is reduced to a 1bit value by applying a modulo 2
operation (typically by XORing the 10bits together) and each of the modulo 2 bits then
represents a single bit of the 32bit block encoded TFCI.

Thus to encode the TFC index, it is necessary to store a 320 bit table and to perform
32 10bit AND and XOR operations.

The technique described below may be used to considerably simplify this processing
for any indicator limited to the input range {0,..., 63}.

For certain applications of the above encoding (with the above range restrictions) the
four MSBs of the TFC index (bits 6-9) will always be 0. Thus the right-most four
columns of the coefficient table given above have no impact on the final codeword.
Therefore in the present invention, the rightmost four columns of the table are ignored.
Furthermore, it will be noted that the Reed-Muller coding scheme has bit 5 (in the
column M(1,5)) always set to 1. Thus it is not necessary to store the value of this bit.

Thus within the above restrictions, it is only necessary to deal with the four leftmost

columns in the table. This realisation alone assists in reducing the complexity of the
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encoding process. However, as explained below, the process may further be

simplified.

With reference to Figure 1 and for the reasons explained above, the topmost 4 bits of
the TFC index (bits 6-9) may be discarded. The least significant five bits (0-4) may
then be fed to the input of an AND logic circuit 2. A 5bit counter 4 may then be
provided which in the example given below is arranged simply to count sequentially
from O to 31. From the description below it will be appreciated that alternatively, the
counter may count in a different sequence (which may, for example, be implemented
using a state machine) in which case the address interleaving described below need

not be applied.

It will be noted that one of the characteristics of the Reed-Muller basis sequences
shown in the table is that each combination of bits in columns 0, 1, 2, 3 and 4 of the
table is unique. Thus in decimal, each of the values 0-31 is uniquely represented by a
separate row in the table. This means that if the counter 4 counts from 0-31 then each
of the bit combinations represented in the rows of column 0-4 of the table will be
produced.

However, from inspection of the table it will be noted that the values in the table do not
count sequentially from 0-31. Instead, the correspondence is as shown in Table 2

below.

Row in Table 1 Decimal value of corresponding bits in base
(bit No. of TFCI) sequences 0-4
0 1
1 2
2 3
3 4
4 5
5 6
6 7
7 8
8 9
9 10
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6

10 11
11 12
12 13
13 14
14 15
15 17
16 18
17 19
18 20
19 21
20 22
21 23
22 24
23 25
24 26
25 27
26 28
27 29
28 30
29 31
30 0
31 16

Thus if the output of the AND circuit 2 is modulo 2 processed (for example, by XORing
all the bits together using an XOR process 6) then the output of the XOR gate will
represent one of the 32bits of the encoded TFCI. It will be noted that bit 5 of the TFC
index is fed directly into the XOR process 6. This is because as noted above, bit 5 of
the code table is always set and therefore bit 5 of the TFC index will always pass
through the AND circuit 2 unchanged.

Referring to Table 2 above, if the counter 4 counts in the sequence 0-31 in order then
the right hand number in the column provides the bit number into which the output bit
from the XOR gate for that particular count must be put. Advantageously, a 32bit
buffer 8 may be provided and the addressing of the buffer (in order to choose which bit
position the output of the XOR gate 6 is placed) may be "interleaved" so that the
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mapping shown in Table 2 is applied between the output of the counter 4 and the bit
position in the buffer 8 into which the output of the XOR gate is stored.

Alternatively, and as briefly mentioned above, if the counter counts in the sequence
shown in the right hand column of Table 2 (for example, using a custom state machine)
then the output of the XOR gate may simply be placed sequentially into successive bit
positions in the 32 bit buffer.

Whichever of the two implementations described above is taken, it will be noted that
the stored encoding matrix shown in Table 1 of the prior art, is replaced with a counter
and demultiplexing combination which considerably simplifies the encoding process.

A VHSIC hardware description language (VHDL) definition of Figure 1 is provided -

below

—-- Description: Example of reduced TFCI encoder
-- Copyright (c) - Ubinetics 2001

library IEEE;
use IEEE.std logic_1l164.all;
use IEEE.std logic_signed.all;

entity tfci_encoder is

port (TFC :in  std_logic_vector (5 downto 0});
TFCI :out std logic_vector (31 downto 0);
END FLAG rout std logic;
CLK :in  std_logic;
RST H :in  std_logic;
EN_H :in  std_logic);

end tfci_encoder;

architecture RTL of fir tdl_std is

signal res: std_logic_vector (31l downto 0);
signal sum: std_logic;
signal count: integer range 31 downto 0;

begin

-— Increment count on clock edge.
—- Write output at end of cycle.
inc_count: process(CLK, RST_H) begin

if (CLK'event and CLK = '1') then
if (RST_H = '1') then
count <= (others => '0'");
elsif count = 31 then
TFCI <= res;
END_FLAG <= ‘l';
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-- end of encoding!

else
count <=
END_FLAG
end if;
end if;

end process;

count + 1;

<=

\OI H

-~ encode logic for TFCI encoder

encode_logic: process (tfc, count) begin

sum <= ( TFC{

1)

and count (1)

xor ( TFC(2)
xor ( TFC(3)
xor ( TFC(4)
xor ( TFC(5)
xor TFC(6);

end process;

—— Use a line decoder to write enable the

and count (2
and count (3
and count (4
and count (5

)

correct bit

PCT/GB02/04100

—— in the "res" register according to the interleaving pattern
store_res: process(CLK, RST_H) begin

if (CLK'event and CLK =
then

if (RST_H =
res <=
else

|l')
(others => '0');

case count is

when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when

end case;

end if;
end if;

WO~ WP

10
11
12
13
14
15
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
0

16

r

=> res(14)

res (10)
res(11)
res(12)
res(13)

res (15)
res (16)
res (17)
res (18)
res(19)
res (20)
res (21)
res (22)
res( 3)
res (24)
res(25)
res (26)
res(27)
res (28)
res (29)
res (30)
res(31)

<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;
<= sum;

'l') then
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end process;

end RTL;

With reference to Figure 2, the processes involved are as follows. In step 20, the
counter 2 is incremented. In step 22, the counter is checked to whether the encoding
process has finished because the counter has counted through all possible
combinations of the Reed-Muller codes (32 in the example given above).

The counter value is then ANDed with the least significant 5bits of the TFC index in
step 24. In step 26, the result of the AND operation is XORed to produce a single bit
value. The result of the XOR operation is then stored in the appropriate position in the
32bit buffer (step 28) and the operation repeated. When the process is complete, the
TFCl is output from the buffer (step 30).
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1. A method of block encoding an unencoded word to produce a code word

comprising:-

(@)

(b)

(d)

(e)

providing a counter operable to count through a binary sequence having
a bit-width of less than the total bit width of the unencoded word,
providing a buffer having a bit-width at least equal to the bit-width of the
code word,

operating the counter through the range of the total number of bits in the
code word,

performing a logical AND operation between the counter value and a
predetermined subset of the bits of the unencoded word for each value
of the counter in the said range,

performing a modulo 2 operation on the result of the logical AND
operation,

storing the result of the modulo 2 operation in a predetermined bit
position in the buffer, the predetermined position having a
predetermined relationship to the value of the counter,

determining that the counter has counted through a sequence having a
number of values at least equal to the bit width of the code word and
outputting the content of the buffer as the code word.

2. A method according to claim 1, wherein the first word is a Transport Format

Combination Indicator (TFCI), the block encoding implements a Reed-Muller

code and the code word is a TFCI code word for use in a UMTS frame.

3. A method according to claim 1 or claim 2, wherein the modulo 2 operation is

carried out on a combination of the result of the logical AND operation and bits

from the unencoded word which are not in the said subset of bits.

4, A method according to any preceding claim, wherein the bit-width of the

unencoded word is 10 and wherein the bit-width of the code word is 32.
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A method according to claim 4, wherein the code word is a TFCI code word for
use with a 384kbps capability class UMTS transmission, and wherein the
counter is operable to count through a predetermined 5bit binary sequence.

Apparatus for block encoding an unencoded word to produce a code word
comprising:-

(a) a counter,

(b) a buffer, and

(c) a logic processor operable to perform AND and modulo 2 operations,
the counter being arranged to count through a binary sequence having a bit-
width less than the total bit-width of the unencoded word, the logic processor
being arranged to AND the counter value with a predetermined subset of bits
from the unencoded word and to perform a modulo 2 operation on the result,
the buffer being arranged to accept the result of the modulo 2 operation and to
store the result in a bit position which bears a predetermined mapped
relationship with the counter value, and the apparatus being arranged to
provide the output code word from the buffer when the counter has counted
through a sequence having a number of values at least equal to the bit width of
the code word.

Apparatus according to claim 6, wherein the counter is a 5 bit counter and the
buffer is a 32 bit buffer, the predetermined mapping between the bit positions in
the buffer and the counter value being arranged to provide a Reed-Muller
encoding for a TFCI for use in a UMTS network.

Apparatus according to claim 7, wherein the TFCl is for use in 384kbps

capability class transmissions.
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