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ADDRESS GENERATION APPARATUS AND
METHOD FOR QUADRATIC PERMUTATION
POLYNOMIAL INTERLEAVER
DE-INTERLEAVER

TECHNICAL FIELD

[0001] Thepresent invention generally relates to an address
generation apparatus and method for a quadratic permutation
polynomial (QPP) interleaver.

BACKGROUND

[0002] In recent years, most of the mobile communication
(3GPP LTE) systems have replaced the turbo code interleaver
of the physical layer in 3G mobile communication system
with the QPP interleaver to improve the decoding speed of the
decoders. QPP interleaver, in addition to the advantage of
memory contention free, shows promising results in both
hardware complexity and decoding capability. QPP inter-
leaver allows the turbo decoding to avoid the memory con-
tention problem after the maximum A posterior probability
(MAP) algorithm computing the MAP, while in the mean
time, using a plurality of sliding windows to achieve the
parallelism to accelerate the computation of decoder.

[0003] The common design for turbo code interleaver is to
store the computed interleaver address in a memory or an
address table in advance, as the serial and parallel structure
shown in FIG. 1A and FIG. 1B. In the serial structure of FIG.
1A, after a sliding window 110 outputs one extrinsic infor-
mation 110a, sliding window 110 needs an interleaver
address; hence, a corresponding interleaver address in an
address table 120 is read to act as the address of memory 130
for storing extrinsic information 110a.

[0004] In the parallel structure of FIG. 1B, after a sliding
window outputs a plurality of intrinsic information, a plural-
ity of corresponding interleaver addresses are read from an
address table 121. In combination with a data multiplexer 125
for selecting, these addresses are used as the corresponding
addresses in the memory for storing the plurality of extrinsic
information.

[0005] Take LTE turbo code as example. The decoding
length may range from 40 to 6144 bits. In other words, the
number of bits in each code segment may range from 40 to
6144 bits. For 188 types of decoding length specifications, the
memory must be able to store 188 interleaver addresses of
length ranging from 40 to 6144 bits. This is a considerable
demand on the memory capacity.

[0006] For example, U.S. Pat. No. 6,845,482 disclosed an
element for generating prime number index information and
a technology of five lookup tables, as shown in FIG. 2, for
generating memory address of turbo code interleaver. The
memory address generation technology generates interleaved
address of turbo code that is compliant to W-CDMA standard.
For all the possible code segment lengths supported in
W-CDMA standard, table 210 stores all the possibly used
prime numbers, 52 prime numbers in total. Table 220 stores
four inter-row permutation sequences 221-224. Table 230
stores 52 intra-row base sequences. Each prime number P in
table 230 corresponds to an intra-row base sequence. The
length of the intra-row base sequence is P-1. Table 240 stores
the starting addresses of these 52 intra-row base sequences.
Table 250 stores 52 prime number sequences, with each
prime number sequence having the length of 20.
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[0007] U.S. Patent Publication No. US2008/0115034 dis-
closed a QPP interleaver, applicable to an encoder for turbo
code. In FIG. 3, QPP interleaver 300 includes an interleaver
memory 310, an address generator 320 and a control unit 330.
Modulo-counter 331 of control unit 330 provides an input
index n to address generator 320. The n-th value I1(n) of the
output sequence of address generator 320 may be described
as:

e =(fin+fr?mod k, n=0, 1, .. ., k-1,

Where I1(n) is the n-th interleaved output position, f; and f,
are QPP coefficients, k is the information block length of the
input sequence, and mod is the modulus computation. The
computed II(n) is stored in interleaver memory 310, and is
serially read out from interleaver memory 310 when needed.

SUMMARY

[0008] The disclosed exemplary embodiments may pro-
vide an address generation apparatus and method for a QPP
interleaver.
[0009] In an exemplary embodiment, the disclosed relates
to an address generation apparatus for a QPP interleaver. The
apparatus comprises a basic recursive unit, and L recursive
units represented as the first to the L-th recursive units, where
L=2. Based on a QPP function II(G)=(f,i+f,i*) mod k, the
apparatus inputs a plurality of configurable parameters, seri-
ally generates a plurality of interleaver addresses by using the
basic recursive unit, and parallel generates L sets of corre-
sponding interleaver addresses by using the first to L-th recur-
sive units, wherein whenever the basic recursive unit or the
j-th recursive unit generates an interleaver address, the inter-
leaver address generated by the basic recursive unit is output-
ted to the first recursive unit, while the interleaver address
generated by the j-th recursive unit is outputted to the (j+1)-th
recursive unit, I1(1) is the i-th interleaved address generated
by the apparatus, f; and £, are QPP coefficients, k is informa-
tion block length of an input sequence, 1=i=k-1, |=j=0L-1,
and mod is modulus computation.
[0010] In another exemplary embodiment, the disclosed
relates to an address generation method for QPP interleaver,
applicable to an encoder/decoder of communication systems.
The method comprises: based on a QPP function IT(1)=(f,i+
£,i*) mod k, inputting a plurality of configurable parameters;
serially generating a plurality of interleaver addresses by
using a basic recursive unit; and parallel generating [ sets of
corresponding interleaver addresses by using L recursive
units represented as the first to L-th recursive units, L=2,
wherein whenever the basic recursive unit or the j-th recursive
unit generates an interleaver address, the interleaver address
generated by the basic recursive unit is outputted to the first
recursive unit, while the interleaver address generated by the
j-th recursive unit is outputted to the (j+1)-th recursive unit,
T1(1) is the i-th interleaved address generated by the apparatus,
1, and f, are QPP coeflicients, k is information block length of
an input sequence, 0=1=k-1, 1=j=L-1, and mod is modu-
lus computation, so that the information of the input sequence
is stored in a plurality of corresponding memory addresses.
[0011] The foregoing and other features, aspects and
advantages of the exemplary embodiments will become bet-
terunderstood from a careful reading of'a detailed description
provided herein below with appropriate reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1A shows an exemplary schematic view of a
serial structure using an address table to output interleaver

address to store external information to corresponding
memory addresses.
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[0013] FIG. 1B shows a schematic view of a parallel struc-
ture using an address table to output interleaver address to
store external information to corresponding memory
addresses.

[0014] FIG. 2 shows an exemplary schematic view of a
table for generating memory address for turbo code inter-
leaver.

[0015] FIG. 3 shows an exemplary schematic view of a
QPP interleaver.

[0016] FIG. 4 shows an exemplary schematic view of an
address generation apparatus fora QPP interleaver, consistent
with certain disclosed embodiments.

[0017] FIG. 5 shows an exemplary schematic view of the
structure of an address generation apparatus for a QPP inter-
leaver, consistent with certain disclosed embodiments.
[0018] FIG. 6A shows an exemplary schematic view of the
hardware structure of the basic recursive unit of a first exem-
plary embodiment, consistent with certain disclosed embodi-
ments.

[0019] FIG. 6B shows an exemplary schematic view of the
timing sequence control of control signals for the basic recur-
sive unit of FIG. 6A, consistent with certain disclosed
embodiments.

[0020] FIG. 7 shows an exemplary schematic view of the
recursive unit 51 of first recursive unit to the L-th recursive
unit of the first embodiment, consistent with certain disclosed
embodiments.

[0021] FIG. 8 shows an exemplary schematic view of the
hardware structure of the basic recursive unit of a second
exemplary embodiment, consistent with certain disclosed
embodiments.

[0022] FIG. 9 shows an exemplary schematic view of the
first recursive unit to the L-th recursive unit of the second
embodiment, consistent with certain disclosed embodiments.
[0023] FIG. 10 shows an exemplary schematic view of an
address generation apparatus for QPP interleaver storing a
plurality of data outputted in parallel from a plurality of
sliding windows to memory, consistent with certain disclosed
embodiments.

[0024] FIG. 11 shows an exemplary schematic view of an
address generation apparatus for a QPP interleaver storing a
plurality of data outputted in parallel from five sliding win-
dows to memory, consistent with certain disclosed embodi-
ments.

[0025] FIG. 12 shows an exemplary schematic view of the
use of the bits of the interleaver addresses computed by each
recursive unit in an address generation apparatus for a QPP
interleaver, consistent with certain disclosed embodiments.
[0026] FIG. 13 shows an exemplary schematic view of
using k=40, M=2°,f,=3,f,=10, as example to describe how to
determine memory address through the interleaver address
computed by an address generation apparatus for a QPP inter-
leaver, consistent with certain disclosed embodiments.
[0027] FIG. 14 shows an exemplary table, illustrating the
data outputted from sliding window of FIG. 13, correspond-
ing interleaver address I1(i), binary representation, LSB 3 bits
and memory, consistent with certain disclosed embodiments.
[0028] FIG. 15 shows an exemplary flowchart of an address
generation method for a QPP interleaver, consistent with
certain disclosed embodiments.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0029] The disclosed exemplary embodiments may pro-
vide an address generation apparatus and method for a QPP
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interleaver. The address generation technology for QPP inter-
leaver utilizes hardware design able to directly compute the
interleaver address and able to output the computation result
of the interleaver address serially or in parallel.
[0030] FIG. 4 shows an exemplary schematic view of an
address generation apparatus for a QPP interleaver, consistent
with certain disclosed embodiments. In FIG. 4, address gen-
eration apparatus 400 for a QPP interleaver, based on a QPP
function TI(i)=(f,i+f,i*) mod k, inputs a plurality of config-
urable parameters 430, such as, {k, (f,+f,) mod k, 2, mod k,
2Mf, mod k, f, M mod k, f,M> modk} or {k, f,+£,, 2f,, 2MT,,
and f,M+;M?}, to output interleaver address TI(i+jM) in
parallel or output interleaver address I1(1) serially, where I1(i)
is the i-th interleaver address generated by address generation
apparatus 400 for the QPP interleaver, f; and f, are QPP
coeflicients, 0=i=k-1, 1=j=L-1,k is the information block
length of an input sequence, M is the width of the sliding
window for outputting the input sequence information, and L
is the number of interleaver addresses I1(i+jM) in a parallel
output.
[0031] Address generation apparatus 400 for a QPP inter-
leaver may be used as both an interleaver and a de-interleaver.
When used as an address generation apparatus for de-inter-
leaver, the outputting of interleaver address is treated as read-
ing a memory address.
[0032] The theory behind the ability of address generation
apparatus 400 for a QPP interleaver to output the interleaver
addresses serially or in parallel is described as follows:
[0033] Because QPP function I1(i)~(f,i+f,i*) mod k, i=0, 1,
oo k-1
[0034] hence, II(i+m)=(f, (i+m)+f,(i+m)?) mod k

[0035] =(I1(1)+f,m+[, m*+2 mf,i) mod k
[0036] When m=1,

TG+ 1)=(T( ) mfy+ 2fimed £, 120, 1, ... ., k-1 5]

[0037] hence, address generation apparatus 400 for a QPP
interleaver may directly compute the interleaver addresses
T1(0), TI(1), T1(2), etc., serially according to the recursive
formula (1).

[0038] Whenm=M, 2M, 3M, ...,
HE+M=G )+ MM +2f0mod & 1=0,1, . . .,
k1 ®)]

[0039] hence, address generation apparatus 400 for a QPP

interleaver may directly compute the interleaver addresses

1), TIG+M), T1(1+2M), etc., in parallel according to the

recursive formula (2). Take M=32 as example, address gen-

eration apparatus 400 for QPP interleaver may output a plu-
rality of sequences in parallel, where

[0040] the first sequence {I1(i+M)} includes I1(32), I1(33),

I1(34), . . .;

[0041] the second sequence {I1(i+2M)} includes T1(64),

IL(65), TI(66), . . . ;

[0042] the third sequence TI(i+3M)}, the fourth sequence

{TI(i+4M)}, and so on. M is the number of the elements in

each sequence, i.e., the width of the sliding window.

[0043] Accordingly, shows an exemplary schematic view

of the structure of an address generation apparatus 400 for a

QPP interleaver, consistent with certain disclosed embodi-

ments. Referring to FIG. 5, address generation apparatus 400

for a QPP interleaver comprises a basic recursive unit 520,

and L recursive units, represented as first recursive unit 511 to

L-th recursive unit 511, where L is an integer greater than 1.

Basic recursive unit 520 may be used for generating serial

output, i.e., computing the interleaver addresses I1(0), II(1),
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112), . . ., II(M-1) serially. The initial value II(0) of the
interleaver address may be set to an integer constant, such as,
0. First recursive unit 511 to L-th recursive unit 511 may be
used to compute interlayer addresses in parallel, i.e.,

[0044] First sequence: II(M), II(M+1), .. ., [I(2M-1);
[0045] Second sequence: I[I(2M), [I2M+1), . . ., I3M-
1); up to

[0046] L-thsequence: ILLM), INLM+1), ..., II(L+1)M-
D

[0047] Basic recursive unit 520 and j-th recursive unit also
output respectively to first recursive unit 511 and (j+1)-th
recursive unit when generating each interleaver address. For
example, whenever basic recursive unit 520 generates an
interleaver address, basic recursive unit 520 outputs the inter-
leaver address to first recursive unit 511. And, whenever first
recursive unit 511 generates an interleaver address, first
recursive unit 511 outputs the interleaver address to second
recursive unit 512. Whenever second recursive unit 512 gen-
erates an interleaver address, second recursive unit 512 out-
puts the interleaver address to third recursive unit 513, and so
on. The value L is the number of the sliding windows.
[0048] If the width M of sliding window is a power of 2,
such as, M=2", the n least significant bits (LSB) of the com-
puted interleaver address may be used as the memory address
for storing the input information.

[0049] Basic recursive unit 520 inputs configurable param-
eters, such as, {I1(0), f, +1,, 2f, } or {f, +f,, 2f, }, and generates
output sequence I1(0), IT(1), I1(2), and so on. Each i-th recur-
sive unit inputs respectively configurable parameters, such as,
{TI(i+m, ), h(i), 2m,f,} or {k, 2Mf,, {, M+E,M?}, 1 =i=L, m,
and m, are pre-defined integers, h(i) is a pre-defined recursive
function, m, m, and h(i) will be described in details later. The
L recursive units may generate L sequences {I1(i+M)}, {I1{i+
2M)}, . .., {TIG+LM)} in parallel. In other words, with basic
recursive unit, it is possible to realize a serial interleaver
address generator, and with first to L-th recursive units, it is
possible to realize a parallel interleaver address generator.
The following two exemplary embodiments show the address
generation apparatus and method for a QPP interleaver.
[0050] In the first exemplary embodiment, the basic recur-
sive unit is designed in accordance with recursive formula (1),
and using a recursive function g(i), =0, 1, . .., k-1, where

TI(G+1)=(TI(i)+g(i))mod £,

g(=(fi+5+2f50)mod k, and g(i+1)=g(i)}+2/6.

Hence, basic recursive unit may input a set of configurable
parameters, such as, {I[(0), f,+f,, 2f,}, to generate inter-
leaver addresses I1(0), II(1), TI(2), and so on, where the
hardware structure of basic recursive unit and timing
sequence control may be described as in FIG. 6A and FIG.
6B, consistent with certain disclosed embodiments.

[0051] In the exemplary embodiment of FIG. 6A, basic
recursive unit may be implemented with three multiplexers
611-613, two registers 621, 622, and two 2-input add-then-
modulus circuits 631, 632, in collaboration with two control
signals init_1, init_2. The exemplary embodiment of FIG. 6B
describes the timing sequence control of two control signals
init_1, init_2, and the interleaver address I1(i) and function
value g(i) temporarily stored on registers 621, 622 according
to the timing sequence control.

[0052] The 2-input add-then-modulus circuit is a general
modulus circuit, such as, addition of two operands A, B. After
addition, the remainder is obtained after a modulus K com-
putation, i.e., (A+B) mod K. The circuit may be realized with

Mar. 17, 2011

two adders and a multiplexer. The following refers to FIG. 6A
and FIG. 6B to describe the operation of the internal elements
of the basic recursive unit.

[0053] In FIG. 6A, basic recursive unit uses multiplexers
611-613, 2-input add-then-modulus circuit 631 and 2-input
add-then-modulus circuit 632 to input a set of configurable
parameters, such as, {I1(0), {;+f,, 2£,}. Then, as shown in
FIG. 6B, control signal init_1 is triggered (i.e., the logic level
of init_1 is high). At this point in FIG. 6 A, multiplexer 613
outputs the inputted parameter TI(0) to register 622. Then,
when the triggering edge of control signal init_1 is low, con-
trol signal init_2 is triggered (i.e., the logic level of init_2 is
high). At this point in FIG. 6A, multiplexer 612 outputs the
inputted parameter f, +1,, i.e., function value g(0), to 2-input
add-then-modulus circuit 632. When I1(0) in register 622 is
outputted, I1(0) is also fed back to 2-input add-then-modulus
circuit 632. In other words, the initial values of I1(0) and g(0)
are set by triggering control signals init_1 and init_2, respec-
tively. At this point, multiplexer 611 also outputs the inputted
parameter f, +f, to 2-input add-then-modulus circuit 631.
[0054] Then, the two operands of 2-input add-then-modu-
lus circuit 632, i.e., I1(0) and g(0), after modulus computa-
tion, generate an interleaver address II(1), while the two
operands of 2-input add-then-modulus circuit 631, i.e., f;+f,
and 2f,, after modulus computation, generate f;+f,+21, 1.e.,
g(1), and outputs to register 621. Interleaver address I1(1),
through multiplexer 613, is outputted to first recursive unit
511 and register 622 respectively. In other words, when I1(1)
is outputted to first recursive unit 511, register 622 stores I1(1)
and register 611 stores g(1).

[0055] Then, when IT(1)inregister 622 is outputted, II(1)1is
fed back to 2-input add-then-modulus circuit 632. When g(1)
in register is fed back 1o multiplexer 611, g(1) is also output-
ted through multiplexer 612 to 2-input add-then-modulus
circuit 632. Multiplexer 611 outputs g(1) to 2-input add-then-
modulus circuit 631. Therefore, the two operands of 2-input
add-then-modulus circuit 632, 1.e., g(1) and I1(1), after modu-
lus computation, generate the next interleaver address I1(2).
The two operands of 2-input add-then-modulus circuit 631,
ie., g(1) and 2f,, after modulus computation, generate g(2)
and output to register 621. Interleaver address TI(2) is then
outputted through multiplexer 613 to first recursive unit 511
and register 622. In other words, when II(2) is outputted to
first recursive unit 511, register 622 stores I1(2) and register
621 stores g(2).

[0056] Similarly, for eachi, =0, 1, 2, ..., M-1, after I1(i)
in register 622 is outputted, the two operands of 2-input
add-then-modulus circuit 632, i.e., g(i) and I1(1), after the
modulus computation, generate the next interleaver address
TI(i+1). The two operands of 2-input add-then-modulus cir-
cuit 631, i.e., g(i) and 2f,, after the modulus computation,
generate the next interleaver address g(i+1), and output to
register 621. Interleaver address I1(i+1), through multiplexer
631, is outputted to first recursive unit 511 and register 622.
[0057] In the first exemplary embodiment, first recursive
511 to L-th recursive unit 51L are designed according to
recursive formula (2) and another recursive function h(i), as
follows:

[0058] Let m=m,+m,, and from recursive formula (2), i.e.
TG+M)=(I1()+, M+LM2+2f5)mod £, it may be
obtained that

TL(im 41,y =(TI(E+ 1, 4 o 20 oo Mo+ 2l
mod &,
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[0059] Let h(i)=(f,m,+2m, m.f,+f,m,*+2m,f,i) mod k, it
may be obtained that

i+ 1)=(h(i)+2mof)mod F.

[0060] Takem,=0,M, 2V, ...;and m,=M=32,as example,
it may be obtained that

TIG+m +m,) =TL(E+0+M), that is, TI(32), TI(33), TI(34),

TI(+m,+mo)=TI(+M+M), that is, TI(64), TI(65),
TI(66). . ..

TIG+m,+mo)=TI(+2M+M), that is, TI(96), TI(97),
TI(98). . ..

[0061] Hence, a set of input parameters of each recursive
unit 515 of first recursive unit 511 to L-th recursive unit 511
may be designed as {TI(i+m, ), h(0), 2m, 1, }, h(0)=f; m,+2m,
m,T,+f, m,?, and the internal structure is shown as FIG. 7,
consistent with certain disclosed embodiments.

[0062] In FIG. 7, each recursive unit 51j may be realized
with two multiplexers 711, 712, two registers 721, 722, two
2-input-adder-modulus circuits 731, 732 in combination with
control signal init_1. Recursive unit 51j uses multiplexers
711, 712, 2-input add-then-modulus circuit 731 and 2-input
add-then-modulus circuit 732 to input a set of configurable
parameters, such as, {II(i+m, ), h(0), 2m,f, }. Then, when i=0,
first, control signal init_1 is triggered (i.e., the logic level of
init_1 is high). At this point, multiplexer 712 outputs the
inputted parameter h(0) to 2-input add-then-modulus circuit
732. Then, multiplexer 711 outputs the inputted parameter
h(0) to 2-input add-then-modulus circuit 731. In other words,
the initial value of h(0) is set by triggering control signal
init_1.

[0063] Then, the two operands of 2-input add-then-modu-
lus circuit 732, i.e., II(i+m, ) and h(0), after modulus compu-
tation, generate an interleaver address I1(i+m). And the inter-
leaver address I1(i+m) is outputted to register 722.

[0064] The two operands of 2-input add-then-modulus cir-
cuit 731, ie, h(0) and 2m,f,, after modulus computation,
generate h(1). And h(1) is outputted to register 721.

[0065] After [1(i+m)inregister 722 is outputted, wheni=1,
h(i) in register 721 is fed back to multiplexer 711, h(i) is also
outputted to multiplexer 712. Multiplexer 712 outputs h(i) to
2-input add-then-modulus circuit 732. Therefore, the two
operands of 2-input add-then-modulus circuit 732, i.e., h(i)
and I1(i+m,), after modulus computation, generate the next
interleaver address [1(i+1+m). Interleaver address IT(i+1+m)
is then outputted to the next recursive unit 51(j+1) and register
722 simultaneously.

[0066] Inotherwords, after recursive unit 51 outputs inter-
leaver address I1(i+m), the two operands of 2-input add-then-
modulus circuit 731, i.e., h(i) and 2m,1,, after modulus com-
putation, generate h(i+1) and output h(i+1) to register 721.
The two operands of 2-input add-then-modulus circuit 732,
1.e., h(i+1) and T1(i+1+m, ), after modulus computation, gen-
erate the next interleaver address II(i+1+m). Interleaver
address I1(i+1+m) is then outputted to the next recursive unit
and register 722 stores interleaver address I1(i+1+m).

[0067] In the exemplary second embodiment, the basic
recursive unit is designed according to recursive formula (1)
to input configurable parameters, such as, {{,+f,, 2f,}. The
structure is shown in FIG. 8 according to the present inven-
tion. In the exemplary embodiment of FIG. 8, the basic recur-
sive unit may be realized with a multiplexer 810, two registers
821, 822, and two 2-input add-then-modulus circuits 831,
832. Configurable parameters, f,+f,, 2f,, after inputted to
basic recursive unit, are directly used by multiplexer 810,

Mar. 17, 2011

registers 821, 822, and 2-input add-then-modulus circuits
831, 832 to compute interleaver addresses, I1(0), I1(1), I1(2),
and so on. The initial values of registers 821, 822 may be set
to 0 and T1(0), respectively. The values of registers 821, 8§22
may be changed at clock edge.

[0068] In the second exemplary embodiment, first to L-th
recursive units are designed according to recursive formula
(2), with hardware structure as shown in FIG. 9, consistent
with certain disclosed embodiments. In the exemplary
embodiment of FIG. 9, j-th recursive unit 91j may input
configurable parameters, such as, 2Mf, and f,M+f,M?, and
uses a register 920, and two 2-input add-then-modulus cir-
cuits 931, 932 to compute a sequence of interleaver addresses,
that is, j-th sequence {II(i+jM)}. The value in register 920 is
2(j-1DM?f,, for example, when j=1, the value in register of
recursive unit 911 is 0, and when j=2, the value in register of
recursive unit 911 is 2M>f,.

[0069] FIG. 10 shows an exemplary schematic view, illus-
trating how address generation apparatus 400 for a QPP inter-
leaver uses a plurality of sliding windows to output a plurality
of data to memory in parallel. Referring to FIG. 10, address
generation apparatus 400 for a QPP interleaver, according to
the inputted configurable parameters 430, such as, k (f;+f,)
mod k, 2f, mod k, 2Mf, mod k, f,M mod k, f,M* mod k} or
1k, f,+f,, 2f,, 2Mf,, and f;M+f,M?}, generates interleaver
address I1(i), [1IG+M), II(+2M), . . ., II(i+LM), and outputs
memory selection information 1020 to a data multiplexer
1010. The memory selection information 1020 is the infor-
mation of part of the bits of I1(1), [IG+M), IT1(1+2M), . . .,
TI(1+LM), for example, the most significant bits (MSB)n bits.
After data multiplexer 1010 receives a plurality of data 1030
outputted in parallel by a plurality of sliding windows 840,
and memory selection information 1020 from address gen-
eration apparatus 400 for QPP interleaver, data multiplexer
1010 outputs each of data 1030 into a corresponding selected
memory address. The corresponding selected memory
address 1050 may be obtained from the interleaver address
computed directly by address generation apparatus 400 for a
QPP interleaver.

[0070] Takek=40, M=8=2’ as example. F1G. 11 shows how
address generation apparatus 400 for a QPP interleaver stores
the data outputted by five sliding windows in parallel into the
memory addresses generated by address generation apparatus
400 for the QPP interleaver. In the exemplary embodiment of
FIG. 11, input sequence information block length k=40, and
the width of each sliding window M=8. When address gen-
eration apparatus 400 for a QPP interleaver computes, in
parallel, interleaver addresses I1(i), I1(1+8), I[1(i+16), . . .,
T1(1+40), it outputs the MSB 3 bits information of TI(1), IT(i+
8), [1(G+16), . . ., [1(1+40) to data multiplexer 1010 simulta-
neously. After data multiplexer 1010 simultaneously receives
the five data output in parallel by five sliding windows and the
MSB 3 bits information of II(1), II([+8), II(i+16), . . .,
11(1+40), the five data are outputted in parallel to the five
memory addresses, determined by the MSB 3 bits informa-
tion of T1(1), IT(148), [1(1+16), . . ., I1(1+40). Memory address
1150 is determined by the LSB 3 bits of n(i). That is, the five
data are outputted in parallel to five different memories, and
each of these five memories uses the same memory address to
store these five data.

[0071] Inother words, when M=2", as shown in the exem-
plary embodiment of F1G. 12, the LSB n bits of the interleaver
address I1(i) computed by basic recursive unit 520 are pro-
vided to all the memory as address, and the MSB n bits are
provided to a data multiplexer, such as, a data multiplexer of
logarithmic-corresponding processor, to select a memory. n
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may be viewed as the number of bits of the address buses.
That is, each memory has 2" memory addresses.

[0072] FIG. 13 uses k=40, M=2>, f,=3, £,=10, as example
10 describe how to determine memory address through the
interleaver address computed by address generation appara-
tus for a QPP interleaver, consistent with certain disclosed
embodiments. Assume that I1(0)=0. Based on recursive for-
mula (1), basic recursive unit computes the sequence I1(1)
=13, II(2)=6, I1(3)=19, II(4)=12, I1(5)=25, I1(6)=18, and
I1I(7)=31. When i=0, IT(0)=0=(000000),, the LSB 3 bits are
(000),, provided to memories 0-4 as address. The MSB 3 bits
are (000),, and the data multiplexer transmits the data output-
ted from sliding window 0 to memory 0 accordingly.

[0073] Wheni=0, based on recursive formula (2), recursive
unit 1 computes [1(8)=24=(011000), and the MSB 3 bits of
I1(8) are (011),=3, then the data multiplexer transmits the
data outputted from sliding window 1 to memory 3 accord-
ingly. Based on recursive formula (2), recursive unit 2 com-
putes I1(16)=8=(001000), and the MSB 3 bits of II(16) are
(001),=1, then the data multiplexer transmits the data output-
ted from sliding window 2 to memory 1 accordingly. Based
on recursive formula (2), recursive unit 3 computes 11(24)
=32=(100000), and the MSB 3 bits of I1(24) are (100),=4,
then the data multiplexer transmits the data outputted from
sliding window 3 to memory 4 accordingly. Based on recur-
sive formula (2), recursive unit 4 computes [1(32)=16=
(010000), and the MSB 3 bits of TI(32) are (010),=2, then the
data multiplexer transmits the data outputted from sliding
window 4 to memory 2 accordingly.

[0074] Similarly, when i=1, TI(1)=13=(001101),, and its
LSB 3 bits are (101), provided to memories 0-4 as address.
And its MSB 3 bits are (001),, hence, the data multiplexer
transmits the data outputted from sliding window 0 to
memory 1 accordingly. Recursive units 1-4 compute, in par-
allel, TI(9)=(100101),, TI(17)=(010101),, I1(25)=(000101),,
11(33)=(011101),, and data multiplexer outputs, in parallel,
the data outputted from sliding windows 1-4 to memory 4, 2,
0, 3. respectively. Hence, when i=7, the last five data are
transmitted in parallel to memory 0-4. Each memory has 8
addresses, and 8 data outputted from sliding window are
written into the memory.

[0075] FIG. 14 shows an example of the aforementioned 40
data outputted from sliding window, i.e., data input index i=0,
1,2,...,39, corresponding interleaver address I1(i), binary
representation, LSB 3 bits and memory. As may be seen from
FIG. 14, for a specific width of sliding window (8 in this
example), the computation does not need complex circuitry,
such as, multiplier, and the output data are stored to the same
address in each of memories 0-4.

[0076] In comparison with the conventional technique
using a structure of large amount of memory, the disclosed
exemplary embodiments may reduce the amount of hardware
area. For example, when applied to 3GPP LTE system, the
disclosed exemplary embodiments may reduce the chip area.
Because the low complexity of hardware, the values of M and
L may also be designed and adjusted to fit the output order of
the sliding windows.

[0077]  Accordingly, FIG. 15 shows an exemplary flowchart
of an address generation method for a QPP interleaver, con-
sistent with certain disclosed embodiments. Referring to F1G.
15, based on a QPP function TI(i)=(f,i+£,i*) mod k, step 1510
1s to input a plurality of configurable parameters. In step 1520,
it is to serially generate, via a basic recursive unit, a plurality
of interleaver addresses, i.e., I1(0), IT(1), I1(2), and so on. In
step 1530, it is to parallel generate L sets of corresponding
interleaver addresses via L recursive units represented as the
first to L-th recursive units. Wherein the basic recursive unit
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and the j-th recursive unit also output respectively to the first
recursive unit and the (j+1)-th recursive unit whenever gen-
erating each interleaver address, I1(i) is the i-th interleaved
address generated by the apparatus, f; and f, are QPP coeffi-
cients, k is the information block length of an input sequence,
so that the information of input sequence is stored in a plu-
rality of corresponding memory addresses, 0=i=k-I,
15j=L-1.
[0078] Instep 1520, based on recursive formula (1), basic
recursive unit may directly compute I1(0), I1(1), I1(2), and so
on, while in step 1530, first recursive unit to L-th recursive
unit, based on recursive formula (2), may compute in parallel
L sets of corresponding sequences. The j-th interleaver
address is also the j-th sequence {II(i+jM)}, as aforemen-
tioned exemplary embodiment of FIG. 5; thus the description
1s omitted here.
[0079] When M=2", as shown in FIG. 12 and FIG. 13, each
interleaver address I1(i) computed by the basic recursive unit
provides the LSB n bits of the interleaver address to all the
memories as the address, and provides the MSB n bits to a
data multiplexer for selecting a memory from a plurality of
memories. [n each iteration of the recursive computation, the
MSB 1 bits of the L interleaver addresses computed by first
recursive unit to L-th recursive unit are provided to a data
multiplexer for selecting L. corresponding memories. With
the memory selected by the MSB n bits and the address
determined by LSB n bits, each data of the input sequence
may be written to a corresponding memory address.
[0080] Insummary, the disclosed address generation appa-
ratus and method for a QPP interleaver of the exemplary
embodiments may compute the interleaver address directly
and output, in series or in parallel, the computed intetleaver
addresses. Based on the computed interleaver addresses, with
a data multiplexer, each data of the input sequence may be
written to a corresponding memory address. This design nei-
ther requires complex hardware, such as, a multiplier, nor
requires the memory capacity for storing interleaver
addresses. The disclosed exemplary embodiments may
reduce the hardware complexity, and may be designed to fit
the output order of the sliding windows. The disclosed exem-
plary embodiment may be applicable to the encoder/decoder
of the mobile communication systems.
[0081] Although the disclosed has been described with ref-
erence to the exemplary embodiments, it will be understood
that the invention is not limited to the details described
thereof. Various substitutions and modifications have been
suggested in the foregoing description, and others will occur
to those of ordinary skill in the art. Therefore, all such sub-
stitutions and modifications are intended to be embraced
within the scope of the invention as defined in the appended
claims.
What is claimed is:
1. An address generation apparatus for a quadratic permu-
tation polynomial (QPP) interleaver, comprising:
a basic recursive unit; and
L recursive units, represented as a first unit to L-th recur-
sive units, L=2;
based on a QPP function II(i)=(f,i+f,i*) mod k, i=0, 1, . . .
, k-1, said apparatus inputs a plurality of configurable
parameters, serially generates a plurality of interleaver
addresses by using said basic recursive unit, and parallel
generates L sets of corresponding interleaver addresses
by using said first to L-th recursive units, wherein when-
ever said basic recursive unit or said j-th recursive unit
generates an interleaver address, the interleaver address
generated by said basic recursive unit is outputted to said
first recursive unit, while the interleaver address gener-
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ated by said j-th recursive unit is outputted to said (j+1)-
th recursive unit, I1(i) is the i-th interleaved address
generated by said apparatus, f; and f, are QPP coeffi-
cients, k is information block length of an input
sequence, 1=1=k-1, 1=j=L-1, and mod is modulus
computation.

2. The apparatus as claimed in claim 1, wherein said j-th
recursive unit of said first to L-th recursive units generates a
corresponding j-th sequence {II(i+jM)}, j=1, . . ., L, and
M=k/L.

3. The apparatus as claimed in claim 2, wherein M=2", n is
a positive integer.

4. The apparatus as claimed in claim 1, wherein said basic
recursive unit further includes k1 multiplexers, k2 registers
and k3 2-input add-then-modulus circuits, and based on k4
configurable basic parameters, serially generates said plural-
ity of interleaver addresses by using said k1 multiplexers, said
k2 registers and said k3 2-input-adder-modulus circuits, kI,
k2, k3, and k4 are all positive integers, and k2=2, k3=2,
kd=2.

5. The apparatus as claimed in claim 2, wherein said j-th
recursive unit further includes nl1 multiplexers, n2 registers
and n3 2-input-adder-modulus circuits, and based on a set of
configurable parameters, serially generates said correspond-
ing j-th sequence {II(i+jM)} by using said n1 multiplexers,
said n2 registers and said n3 2-input-adder-modulus circuits,
and n1=0, n2=1, n3=2.

6. The apparatus as claimed in claim 3, wherein least sig-
nificant bits (LSB) n bits of said interleaver address II(i) are
used as address of all memories for storing said input
sequence of plurality of data, i=0, 1, ..., k-1.

7. The apparatus as claimed in claim 3, wherein most
significant bits (MSB) n bits of L interleaver addresses gen-
erated by said L recursive units in each iteration are provided
to a data matrix multiplexer to selecting L corresponding
memories.

8. The apparatus as claimed in claim 3, wherein based on a
recursive formula, said basic recursive unit serially computes
said interleaver address I1(i), i=0, 1, . . ., k-1, and based on
another recursive formula, said L recursive units generate
said L. sets of corresponding interleaver addresses in parallel.

9. The apparatus as claimed in claim 1, said apparatus uses
said L recursive units to realize a parallel address generation
apparatus for an interleaver.

10. The apparatus as claimed in claim 1, said apparatus
uses said L recursive units to realize a serial address genera-
tion apparatus for an interleaver.

11. The apparatus as claimed in claim 1, said apparatus is
also an address generation apparatus for a de-interleaver,
wherein said plurality of generated interleaver addresses are
addresses for a de-interleaver to read from a memory.

12. The apparatus as claimed in claim 4, wherein k1=3,
k2=3, k3=2, k4=3, and said basic recursive unit further
requires two control signals to operate.

13. The apparatus as claimed in claim 4, said apparatus
further includes L, 2-input add-then-modulus circuits, and
kl1=1, k2=2, k3=2, k4=2.

14. The apparatus as claimed in claim 5, wherein nl1=2,
n2=2, n3=2, said set of configurable parameters includes 3
configurable parameters, and said j-th recursive unit requires
a control signal to operate.
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15. The apparatus as claimed in claim 4, said apparatus
further includes L 2-input add-then-modulus circuits, m1=0,
m2=2, m3=1, and said set of configurable parameters
includes one configurable parameter.

16. An address generation method for a quadratic permu-
tation polynomial (QPP) interleaver, applicable to an
encoder/decoder of communication systems, said method
comprising;

based on a QPP function IT(i)=(f i+£,i*) mod k, inputting a

plurality of configurable parameters, f; and f, being QPP
coefficients, k being information block length of an
input sequence, 0=1=k-1, mod being modulus compu-
tation;

serially generating a plurality of interleaver addresses by

using a basic recursive unit; and

parallel generating L sets of corresponding interleaver

addresses by using L recursive units represented as afirst
to L-th recursive units, L=2;

where wherein whenever said basic recursive unit or said

j-th recursive unit generates an interleaver address, the
interleaver address generated by said basic recursive
unit is outputted to said first recursive unit, while the
interleaver address generated by said j-th recursive unit
is outputted to said (j+1)-th recursive unit, I1(i) is i-th
interleaved address generated by said method., so that the
information of said input sequenceis stored in a plurality
of corresponding memory addresses.

17. The method as c¢laimed in ¢laim 16, wherein based on
a second recursive formula and a second set of configurable
parameters, said j-th recursive unit of said first to said L-th
recursive units generates in parallel a corresponding j-th
sequence {TI(I+M)},j=1,. .., L, M=K/L, I1=i=L.

18. The method as claimed in claim 17, wherein said sec-
ond set of configurable parameters is one of {II(i+m, ), h(0),
2m,f,} and {k, 2Mf,, f, M+f,M>}, m, and m,, are pre-defined
integers, h(0)=1, m,+2m m,L,+f, m,?.

19. The method as claimed in claim 16, wherein based on
a first set of configurable parameters and a first recursive
formula, said basic recursive unit serially generates {I1(i)},
i=0,1,...,M-1.

20. The method as claimed in claim 19, wherein said first
set of configurable parameters is one of {I1(0), {; +1,, 2(,} and
{f,+1,, 26, }.

21. The method as claimed in claim 16, wherein said plu-
rality of configurable parameters is one of {k, (f,+f,) mod k,
2f, mod k, 2Mf, mod k, ;M mod k, £,M* mod k} and {k,
£+, 26, 2ME,, £, M+L,M"}.

22. The method as claimed in claim 17, wherein M=2", n1is
a positive integer.

23. The method as claimed in claim 22, wherein least
significant n bits of said interleaver address I1(i) are used as
address of said plurality of corresponding memories, and
most significant n bits are for selecting a memory from said
plurality of corresponding memories.

24. The method as claimed in claim 22, wherein most
significant n bits of L interleaver addresses generated by said
L recursive units are provided for selecting L. corresponding
memories.

25. The method as claimed in claim 17, wherein informa-
tion of said input sequence is outputted through L sliding
windows in parallel, and M is width of sliding window.
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