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(57) Abstract: A method and apparatus are disclosed
for deinterleaving expanded interleaved data blocks,
particularly for use in a wireless telecommunications
systems such as provided by the Third Generation
Partnership Project (3G) standard. The data is processed
on a sequential element basis where each element has a
pre-determined number of bits M which bits are contained
in a block of sequential data world W’. The elements
are extracted from the block of words W’ in sequential
order, each element being extracted form either a single or
two sequential interleaved words within the set of words
W’. The elements are stored in selective location within
a set of words W of a deinterleaver memory such that
upon completion of the extraction and writing of all the
elements, the words W from the deinterleaver memory can
be sequentially read out to correspond to an original data
block of bits from which the block of interleaved elements
was created. Additional conventional processing results
in the contraction of the deinterleaved expanded words to
reproduce the data block of bits in a receiver as originally
designated for transmission in a transmitter.
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[0001] THIRD GENERATION FDD MODEM INTERLEAVER
[0002] The present application relates to interleaving of data in a

telecommunications system. In particular, method and apparatus for de-interleaving data.

[0003] | BACKGROUND

[0004] It is known in the wireless telecommunications art to scramble data through
a process known as interleaving for transmitting the data from one coﬁmunicaﬁon station
to another communication station. The data is then de-scrambled through a de-
interleaving process at the receiving station.

[0005] In Third Generation Partnership Project (3G) wireless systems, a specific
t;rpe of data interleaving for frequency division duplex (FDD) modems physical channel
data is specified. Physical channel data in a 3G system is processed in words having a
pre-defined bit size, which is currently specified as 32 bits per word.

[0006] " Blocks of arbitrary numbers of sequential data bits contained within
sequential data words are designated for communication over FDD physical channels.
In preparing each data block for transmission over the channel, the data 1s mapped row
by row to a matrix having a pre-determined number of columns. Preferably there are

fewer columns than the number of bits in a word. Currently 30 columns are specified in

3G for physical channel interleaving of data bit blocks contained in 32 bit words.
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[0007] For example, a mapping of a 310 data bit block contained as bits Wo.0 " Wy
within ten 32-bit words w0-w?9 to a thirty column matrix is illustrated in Fig. 1. The 310
data bit block is mapped to a 30 column matrix having 11 rows. Since the data block has
atotal of 310 bits, the last twenty of the columns, columns 10-29, include one fewer data
bit then the first ten columns, 0-9.

[0008] Whether or not all of the matrix columns have bits of data mapped to them
is dépendent upon the number of bits in the block of data. For example, a block of 300

data bits would be mapped to a 30 x 10 matrix completely ﬁlh'ng all the columns since

300 is evenly divisible by 30. In general, for mapping a block of T elements, the lastr -

columns of a C column by N row matrix will only have data in N-1 rows where r = (C*N)
-Tandr«C.

[0009] After the data bits have been mapped to the interleaver matrix, the order of
the columns is rearranged in a pre-deﬁned sequence and the data bits are written to a new
set of words w' on a column by column sequential basis to define an interleaved data
block of sequential bits W', in a set of sequential words w'.

[0010] For example, the 310 bit block of data contained in words w0 - w9 of
Figure 1 is selectively stored to words wW'0 - w'9, in accordance with the preferred
interleaver column sequence as shown in Figs. 2a, 2b. For the set of words, w0 - w9, the
corresponding interleaved block of ten words w'0 - w'9 contain all of t};le 310 bits of data
of the original words w0 - w9 in a highly rearranged/scrambled order. As shown in

Figure 25, interleaved word w'0 is formed of a sequence of bits from columns 0, 20 and

-,
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10 of Figure 1. The correspondence of the bits w,, from the original words w0 - w9 to
the bits w'y - W'y 5, of interleaved word w'0 is illustrated in Fig. 2b.

[0011] In 3G, various processes occur concerning the interleaved data before it is
transmitted to a receiving station. In order to increase the signal to noise ratio, the bit size
structure is expanded M number of times. Currently the bit expansion 1s specified as six
fold. Accordingly, each of the interleaved data bits for a block of physical channel data
in a 3G system is expanded to a six bit element.

[0012] By way of example, the ten interleaved data words w'0 - w'9 of the example
of Figures 2a and 2b are expanded into a block of 59 words W'0 - W'58 for transmission
as reflected in Figure 3. Figures 4a-4fillustrate an example of the correspondence of the
interleaved bits W'y, - W'y 5; of word w'0 to expanded interleaved six-bit elements T'0 -
T'31 of words .W'O - W'S.

[0013] Since the element bit size does not evenly divide into the word bit size,
some elements span two sequential words. For example, in Figures 4a and 4b, element
T'5 is partially contained in word W'0 and partly contained in the next word W'l.
[0014] In the receiving station, after reception and processing, the received block
of expanded interleaved elements, for example, the bit W'y 5- W'y, 3 in the 59 words W'0 -
W'58, must be deinterleaved, i.e. descrambled, to reassemble the data in its original
sequential form. It would be highly advantageous to provide a method and apparatus for

deinterleaving of expanded column interleaved data blocks in a fast and efficient manner.
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[0015] SUMMARY
[0016] A method and apparatus are disclosed for deinterleaving expanded
interleaved data blocks, particularly for use in a wireless telecommunications system such
as provided by the Third Generation Partnership P'roject (3G) standard. The data is
processed on a sequential element basis where each element has a pre-determined number
of bits M which bits are contained in a block of sequential data words W'. The elements
are extracted from the block of words W' in sequential order, each element being
extracted from either a single or two sequential interleaved words within the set of words
.W'. The elements are stored in selective location within a set of words W of a
deinterleaver memory such that upon completion of the extraction and writing of all the
elements, the set of words W from the deinterleaver memor); can be sequentially read out
to correspond to an original data block of bits from which the block of interleaved
elements was created. Additional conventional processing results in the contraction of
the deinterleaved expanded words to reproduce the data block of bits in a receiver as
originally designated for transmission in a transmitter.
[0017] Although the method and apparatus were specifically designed for a 2™
de-interleaving function of a 3G FDD receiver modem, the invention is readily adaptable
for either scrambling and descrambling expanded data blocks for other applications.
[0018] Preferably, a multi-stage pipeline configuration is employed to process the
elements in conjunction with calculating a deinterleaver memory address and selective
storage of the data elements therein. Data throughput of up to 60 megabits per second has

been realized using a preferred three stage pipeline. Also, multiple deinterleavers may
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be used parallel to process multiple blocks of data, each, for example, for a group of
different physical channels, so that the deinterleaving process does not adversely impact
on the overall speed of the communications system. However, since the physical channel
processing of each channel is currently specified as 380 kilobits per second, the speed of
asingle deinterleaver in accordance with the preferred construction is more than adequate
to process the data element blocks of all of physical channels of a 3G FDD receiver
modem.

[0019] Other objects and advantages of the present invention will be apparent to

those of ordinary skill in the art from the drawings the following detailed description.

[0020] BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figure 1 illustrates a mapping of a block of 310 data bits contained in ten
32-bit words w upon a thirty column matrix.

[0022] Figure 2a illustrates a mapping of the data bit block of Figure 1 onto a block
of interleaved bits w, , of words w' in accordance with a current 3G interleaver column
sequence specification.

[0023] Figure 2b illustrates a bit mapping for one interleaved word w' from bits of
data words w of Figure 1.

[0024] Figure 3 illustrates an expansion mapping of the interleaved bit block words
w' of Figure 2a onto an expanded set of interleaved six-bit element words W'

[0025] Figures 4a-4f illustrate a bit mapping of one of the interleaved bit block

words w' of Figure 2a onto a set of six expanded element interleaved words W'.
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[0026] Figures 5a and 5b illustrate a mapping of the bits of the block of expanded
interleaved elements of words W' of Figure 3 onto an interleaver matrix of thirty six-bit
element columns.

[0027] Figure 6 illustrates bit and element mapping for one word W of the
deinterleaved element block of data on the matrix of Figures 5a and 5b.

[0028] Figures 7a and 7b illustrate a corresponding deinterleaved expanded
element and bit mapping of the matrix of Figures 5a and 5b.

[0029] Figure 8 illustrates the correspondence of the deinterleaved expanded
element words W of Figure 7 with the original data bit block words w of Figure 1.
[0030] Figure 9 is a block diagram of receiver processing components of a
communication system which utilizes the current invention.

[0031] Figures 10a and 10b are a flow chart of a general method of deinterleaving
in accordance with the present invention.

[0032] Figures 11a - 1lc are a schematic diagram of .a three stage pipeline

interleaver in accordance with the present invention.

[0033] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0034] As part of the current 3G specification, blocks of expanded interleaved data,
for example, data for physical channels of an FDD receiver are received and must be
demterleaved for' further processing. The FDD receiver is divided up into a number of
sub-blocks. One of these blocks is called the Receiver Composite Channel (RCC). The

RCCblock diagram is shown in Figure 9. It consists of physical channel de-mapping, 2°¢

-6-
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de-interleaving, physical channel aggregation, 2™ stripping of DTX and P indication bits
and Transmit Channel (TrCH) demultiplexing. Effectively, the receiver composite
channel operations are opposite to functions performed by a transr;liﬁer modem in a
transmitter composite channel.

[0035] The present invention is particularly useful for the architecture of the 2™
de-interleaver of an FDD receiver. The bit sequence to be transrhittcd for each physical
channel (PyCH) is scrambled through an interleaver process and then expanded into equal
sized packets; each packet consisting of a small number M of bits. Each of these groups
of bits is termed a data element. Current, 3G FDD physical channel data element size is
speciﬁed as six bits, i.e. M = 6 in the preferred embodiment. Figﬁres 1-4 1llustrate an
example of the transmitter modem interleaving and expansion of a 310 data bit block into
a block of 310 interleaved six-bit elements T'.

[0036] The expanded, interleaved data elements are transmitted in their interleaved
sequence. The receiver receives the data elements over the air, and stores them in a set
of sequéntial 32-bit data words W'. In the example of Figures 1-4, the data block of 310
bits initially stored in 32-bit words w0-w9 on the transmitter side is received and stored
as data elements T'0-T'309 in 32-bit words W'0-W'58 on the receiver side.

[0037] The 2™ interleaver is a block interleaver with inter-column permutations
which resequences the interleaved data elements. The interleaving matrix has 30 element
~ columns, numbered 0, 1, 2, ..., 29 from left to right. The number of rows is provided by
the user as an external parameter NV, but can be calculated for a data block having T

elements as the least integer N such that N*30 > T.
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[0038] The inter-column permutation pattern for the 2™ de-interleaver for a 3G

FDD modem i1s as follows:

Number of columns | Inter-Column Permutation Pattern

30 {0,20,10,5,15,25,3,13,23,8,18,28,1,11,21,

6,16,26,4,14,24,19,9.29,12,2,7,22 27,17}

Table 1 - Inter-Column Permutation Pattern for De-Interleaver
[0039] The output of the 2™ de-interleaver is a bit sequence read out row by row
from a mapping to the inter-column permuted N x 30 matrix. Where the entire N x 30
matrix is output, the output is pruned by deleting bits that were not present in the input
bit sequence of data elements.
[0040] Figures 5a and 5b illustrate a bit mapping of the example received data
elements T'0 - T'309 of left and right portions of an 11 row by 30 element column
interleaver matrix. In Figure 5a, for example, column 0 reflects the bit mapping of the
bits of elements T'0 - T'10 which are contained in words W'0, W'l and W'2. The bits of
element T'S are extracted from two words, W'0 and W'1; the bits of element T'10 are
extracted from two words, W'l and W'2. In Figure 5b, the bottom row has -no elements
since only the first ten columns are completely filled by the data elements.
[0041] Figures 6 and 7 reflect how the elements T' are reordered through the
selected storing of the elements in a set of words W based on the interleaver matrix
mapping. Thus, T'0, T'124, T'258, T'186 and the first two bits of T'31 are stored in the
32 bits of word WO which, accordingly, correspond to reordered elements TO through T4

and the first two bits of element T5. As a result of the selective storage of the elements

8-
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T'0 through T'309 based on the interleaver matrix mapping, a SeTies éf 32 bit words W,
WO through W58 is formed containing reordered elements TO through T309 as shown
in Figures 7a-7c. Figure 8 reflects how the original word w0-w9 correspond to words
WO0-W58 illustrating the correspondence of the reordered elements T0-T309 with the 310
original data block bits w4 - Wy ,,, shown i Figure 1.

[0042] ' In order to properly place the elements T'0 - T'309 in the matrix so that the
elements T'0 - T'309 can be read out row by row in sequential words W0-W58, each

element T' is selectively processed as reflected in the flow charts of Figures 10a and 10b.

[0043] In the 3G FDD modem receiver, expanded, interleaved data 1s separated
into different physical channels and stored in a random-access-memory (RAM) named
M_INP for processing by the deinterleaver. The bit stream is segmented into words of
32-bits, and the words are placed into contiguous locations in M_INP. In the example of
Figures 1-4, the bit stream for elements TO - T309 which are contained in the words W'0-
W'58 would be stored at sequential addresses in M_INP. The flowchart in Figures 10a-
10b explains how the de-interleaver reads data from M_INP, de-interleaves it and wﬁtes
e ittoalocal memory M_LOC. The entire process consists of reading the data out, element
by element from M_INP, carrying out an address transformation, and writing the element
to that location in M_LOC. This location corresponds to the original location of the
element in memory before the interleaving was performed at the transmitter. Figures 5-8
illustrate the correspondence of -the interleaver mapping of elements T'0 - T'309 to
resequenced elements TO - T309 in words W0-W59 and, in Figure 8, the correspondence

to the original bit sequence contained in word w0-w9 on the transmitter side.
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[0044] Table 2 provides a list of parameters as used in the flow chart of Figures
10a and 10b.
[0045] At the start, the variables used in the process are initialized at block 10. The

address incrementer ADDR, and row counter ROW_CTR and column index pointer IDX
are set to 0. The pre-defined permutation order is stored in a vector named
PERM_VECT. The order of the permuted columns within PERM_VECT is preferably
as shown in Table 1 for a FDD modem receiver 2™ de-interleaver. In step 12, a valve
PERM is output from PERM_VECT based on the IDX value which indicates the column
position for the current element being processed.

[0046] The next several actions 14, 16, 18 determine the number of rows within
column number PERM, and sets the variable NROW to this value. A constant parameter
MAX_COL is set such that columns 0, 1, 2, .., MAX COL - 1 have "ROW" number of
rows in them, and columns MAX COL, ..., C - 1 have "ROW-1" rows in them. Based

on this fact and the current value of PERM, the variable NROW is set accordingly.

PARAMETER DESCRIPTION

ADDR Word address incrementer in M_INP for
words W' starting at address A,

T Total number of elements in data block

ROW_CTR (orn) Counter for counting rows in column PERM.

PERM_VECT Column permutation vector.

COL (or C) Number of columns in permutation matrix.
ROW (orN) Number of rows in permutation matrix.
PERM (or 1) PERM_VECT element pointed to by IDX.
IDX PERM_VECT element pointer.

-10-



WO 62/23740 PCT/USN1/22807

MAX _COL Constant value equal to T- (C* (N-1)).
NROW Number of rows in column number PERM.
SA Start bit address of element.

EA End bit address of element

SM Start word address of element.

EM End word address of element.

S Start bit location of element within SM.
E End bit location of element within EM.
M Number of bits in each element T'# or T#.
R,R1,R2 Storage registers. ‘

L' Number of bits in each word of set W'.

L Number of bits in each word of set W.

Table 2 - List of Flow Chart Parameters

[0047] In steps 20, 22, using the initial address A, the current ADDR value, and
the element size M, start and end bit-addresses, SA and EA respectively, of the current
data element within M_INP are determined. Dividing SA and EA by the word bit size
L' and discarding any remainder (or equivalently shifting right by 5) generates the
corresporiding word address in the word set W'. These word addresses are SM and EM,
respectively. Then in step 26, the start and end bit-locations of the data element within
the memory word(s) identified by SM and EM is calculated as S and E, respectively. S
and E may be contained within a single memory word of the set of words W', or be spread
across two consecutive memory words. The‘ next set of actions 28, 30, 32, 34, 36

demonstirates how these two scenarios are handled.

11-
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[0048] The next action 28 in the flowchart is to compare the SM and EM word
locations. Ifthe element is within a single word of the set of words W', i.e. EM=SM, then
in step 30, the word in location SM is fetched from M_INP. The element is then, in step
32, extracted from its bit locations, as indicated by S and E, and the value is assigned to
register R. If, on the other hand, the element is contained within two words of the set of
words W', 1.e. EM=SM+1, two words have to be accessed from M_INP. Accordingly,
the word from SM is fetched and assigned to register R1 and the word from EM is fetched
and assigned to register R2 is shown in step 34. Then in step 36 the bits of the element
are extracted from R1 and R2 and assigned to register R. Thus, in either case, all of the
bits of the interleaved element contained in the set of words W' stored in M_INP are
extracted. Finally, the address counter ADDR is incremented for initializing the
extraction of the next element.

[0049] The next set of actions 40-60, shown in Figure 10b, is to determine the
word(s) and bit location within M_LOC where the extracted element will be stored,
access the word(s), place the element within appropriate bit locations within the word(s),
and write the word(s) back into M_LOC. These steps can be performed as a single read-
modify-write operation.

[0050] The start and end mapping bit addresses, SA and EA, of where the
extracted element stored in R, in step 32 or 36, will be stored into M_LOC is determined
in steps 40-42. The start address is calculated in step 40 based on the row and element
column mapping of the element extracted in steps 30, 32 or 34, 36. The matrix position

1s calculated by multiplying the row number, given by ROW_CTR, by the number of

-12-
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matrix columns, COL, plus the current column number PERM derived from the
PERM_VECT vector,i.e. (ROW_CTR * COL) + PERM. Since each element has M bits,
the result is multiplied by M to get SA.

[0051] | Dividing SA and EA by L, the bit size of the words in set W, and discarding
the remainder, generates the corresponding word addresses in step 46. These word
addresses are SM and EM, respectively. Finally, the start and end bit-locations of where
the extracted element in register R is to be placed are computed as S and E, respectively.
Where L is not evenly divisible by M, S and E may be contained within a single memory
word, or be spread across two consecutive memory words of the set of words W. The
next set of actions 48, 60 describe how these two scenarios are handled.

[0052] In step 48, the addresses SM and EM are compared. If the extracted
element is to be stored is within a single word, i.e. SM=EM, then in step 50 the word in
location SM is fetched from M_LOC and placed in register R1. The extracted element
value in R is then, in step 52, written to the bit locations indicated by S and E within R1.
Finally, R1 is written back into memory location SM of M_LOC in step 54.

[0053] If on the other hand, the extracted element is to be stored within two
consecutive words having addresses SM and SM+1, those words are fetched in step 56
from M_LOC and placed in registers R1 and R2, respectively. Then, in step 58, the bits
of the extracted element within R are placed into appropriate locations in registers R1 and
R2, respectively, based upon S and E. Finally, the register contents of R1 and R2 are

written back, in step 60, into memory locations SM and SM+1, respectively.

-13-
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[0054] The next action in step 62 is to increment the row counter ROW_CTR by
1 to indicate that the next extracted element T'# will be stored in the next row of the same

column. A check is made in step 64 to determine if the row counter is less than or equal

to the number of rows of the current column, NROW. If that is the case, the process’

continues at step 20 with the next element within column member PERM.

[0055] IfROW_CTR isnotless than NROW, in step 64, the next extracted element
will be stored at an address corresponding to the first row (row 0) of the next column
| indicated by the vector PERM_VECT. Accordingly, if that is the case, ROW_CTR is
reset to 0 and the PERM_VECT index, IDX, is incremented by 1 in steps 66, 68. If, in
step 70, IDX 1s less than COL, the de-interleaving process is repeatf:d from step 12 with
a new value of PERM being assigned, otherwise the process is stopped since all T
elements of the data block will have been processed.

[0056] While the general processing method is described in accordance with the
flow charts of Figures 10a and 10b, a preferred implementation of the process in hardware
is illustrated in Figures 11a-11c. The preferred design consists of a 3-stage pipeline, with
an associated memory, LOCAL MEMORY, for storing the deinterleaved bits of data.
Parallel processing components of the first stage are illustrated in Figures 11a and 11b;
the second and third stage processing is illustrated in Figure 11c.

[0057] The operation of stage-1 commences with the extraction of a data element
from a 2L' bit vector defined by the contents of two registers REG3 and REG4. The

registers REG3 and REG#4 store two consecutive L' bit words from physical channel

-14-
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(PyCH) memory. For the preferred 32-bit word size, these two registers form a 64-bit
vector of bits.

[0058] A register REGO, an adder 71, a substracter 72, and a selector 73, are
configured to operate in conjunction with a merge device 74 to extract elements having
a size of M bits from registers REG3 and REG4 on a sequential basis and store the
element in a register REG2. To initialize the interleaver, first and second words of the
sequential words W' are initially stored in registers REG3 and REG4, respectively, and
register REGO is initialized to 0. The merge device 74 reéeives the value 0 from register
REGO, extracts the M bits starting at address 0 through address M-1. . Thus, the first M
bit from the initial word in REG3, which corresponds to the first element T'0 are
extracted. The merge device 74 then stores the extracted M bits in the pipeline register
REG2.

[0059] The value of register REGO is incremented by either M via the adder 71 or
M-L' via the adder 71 and the substracter 72 based upon the action of the selector 73. If
incrementing the value of register REGO by M does not exceed L', the selector 73
increments register REG0 by M. Otherwise, the selector 73 increments the register REGO
value by M - L. This effectively operates as a modulo L' function so that the value of
REGO is always less than L' thereby assuring that the start address of the element
extracted by the merge device 74 is always within the bit addresses O - L' - 1 of register
REGS.

[0060] Where the selector 73 selects to increment register REGO by M - L', a signal

EN is sent to trigger the transfer of the contents of REG4 to REG3 and the fetching of the

-15-
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next sequential word of the set of words W' from the external memory for storage in
REG4. During the fetch process, the entire pipeline is stalled. The subtracting of L' in
conjunction with the incrémenting of the value of register REGO0 corresponds with the
transfer of the word W' in register REG4 to register REG3 so that the sequential
extraction of elements is continued with at least the first bit of the element being extracted
from the contents of register REG3.

[0061] With reference to Figure 11b, an interleaver positioning value is calculated
in parallel with the extraction process for the element being extracted. The matrix
mapping information is calculated by retrieving a current row value n from a register N-
REG, and multiplyingitin a multiplier 75 by the number of element columns COL in the
interleaver matrix. Anadder 76, then adds é current column value 1 which is output from
a register file 78 containing the interleaver colurﬁn sequence as a vector PERM_VECT.
The output of the register file 78 is controlled by the content of an index register -'REG
which increments the value of the output of the register file 78 in accordance with the
vector PERM_VECT.

[0062] The matrix mapping circuitry also include elements to selectively increment
the row index register N-REG and the column index régister I-REG. The circuitry
effectively maintains the same column until each sequential row value has been used and
then increments the column to the next column in the interleaver vector starting at the
initial row of that column. This is accomplished through the use of a unit incrementer 80
associated with the row register N-REG to increment the row value by one for each cycle

of first stage processing. The output of register N-REG is also compared in comparator
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81 against a maximum row value determined by a multiplexer 83. The maximum row
value for the particular column is either the maximum row value ROW of the entire
matrix or ROW-1. The multiplexer 83 generates an output in response to a comparator
84 which compares the column value currently being output by the register file 78 with
the largest column value having the maximum row size ROW.

[0063] If the comparator 81 determines that the maximum row number has been
reached by the output value of register N-REG, the comparator 81 issues a signal to reset
N-REG to 0 and to operate a multiplexer (MUX) 86 associated with the index register I-
REG. A unit incrementer 88 is also associated with the index register I-REG and the
MUX 86 permits incrementation of the I-REG value by oné via the incrementer 88 when
a signal is received from comlr;arator 81. Otherwise, the multiplexer 86 simply restores
the same value to register I-REG during a first stage cycle.

[0064] Referring to Figure 1lc, the second stage of the pipeline interleaver

comprises a processing cycle where the element extracted and stored in the first pipeline

register REG2 is transferred and stored into a second data pipeline register REGY. In

paralle] in the second stage of processing, the corresponding matrix mapping data stored
in register REG1 is used to calculate corresponding start bit address data which is stored
in a register REGS5, end bit address data which is stored in a register REGS, start word
address data which is stored in a register REG6, and end word address data which is
stored in a register REG7. During a second stage cycle, the matrix mapping data from
REG] is initially multiplied by the element bit size M in a multiplier 90. The start bit

address data is then calculated by subtracting from that resultant value in a substracter 91
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-a value fo produce a modulo L equivalent, where L is the bit sizé of the data words of a
local memory 100 where the extracted elements are to be selectively stored. The value
subtracted m substracter 91 is calculated by dividing the output of multiplier 90 by L
without remainder in divider 92 and multiplying that value by L in multiplier 93. The
output of the divider 92 also provides the start word address of the corresponding word
within which at least a first portion of an element in register REG9 is to be stored in the
local memory 100.

[0065] The end bit address data is calculated by adding M-1 to the result of the
multiplier 90, in an adder 95 and then subtracting from that value in a subtracter 96 a
value calculated to produce a modulo L value which is then stored in register REG8. The
value subtracted is derived by dividing the output of the adder 95, in a divider 97, by L
without remainder and then multiplying the result by L in a multiplier 98. The output of
divider 97 also provides the end word address data which is stored in register REG7.

[0066] The third stage of the pipeline interleaver performs a read-modify-write to

selectively store the element value in register REG9 in the local memory based upon the _

data in registers REG5, REG6, REG7 and REGS. Initially, the contents of registers
REG6 and REG7 are compared in a comparator 99. If the values are equal, the element
in register REG9 will be stored within a single word of the local memory 100. In that
case, the value from register REG6 passes through multiplexer 101 to multiplexer 102
where it may be combined with a base address which can be used to allocate overall

memory resources within the system.
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[0067] The output of multiplexer 102 indicates the address of the word W into
which the element in register REG9 is to be written.  That word is output to a de-
multiplexer 103 whereupon a merged device creates a new word comprised of the bit
values of the element in register REG9 in the sequential addresses within the word
starting with the value in register REGS and ending with the value in register REGS, with
the remaining bits of the word being copied from the values of the word in de-multiplexer
103. The newly formed word in the merge device 105 is then stored back to the address
from which the original word was output to\ the de-multiplexer 103.

[0068] Where the contents of registers REG6 and REG7 are different, the first and
second stages of the pipeline are stalled for one cycle so that the third stage can perform
aread-modify-write cycle with respect to the word identified by the data in register REG6
and then resume the pipeline cycles of all stages to perform a read-modify-write with
respect to the local memory word corresponding to the end word data stored in register
REG7. In that case, during the read-modify-write cycle with respect to the word
corresponding to the start word address data in register REG6, the third stage stores an
initial portion of the element stored in register REGY in the last bits of the local memory |
word starting with the bit position indicated by the value stored in register REGS5. During
a second third stage cycle, where the first and second stage cycles are resumed, the
remaining portion of the element in register REG9 is stored in the word corresponding
to the end word address data in register REG7 starting with the initial bit of that word

through the bit address indicated by the value in register REGS.
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[0069], After all T elements of a block of data bits have been processed, the
sequential words of the local memory are read out via the de-multiplexer 103 for further
processing in tﬂe system. The output of the local memory after processing for the 310
element data block reflected in the example of Figures 5-8 correspond to the word
sequence reflected in Figure 7c. During further processing within a 3G system, the
expanded six bit elements are contracted to a single bit thereby, for the example,
reproducing the original 310 bit data block in the same sequence as originally occurring
in the transmitter unit.

[0070] Testing of the 3-stage pipeline of the second interleaver was carried out
using two different techniques. First of these testing methods was a manual technique
called regression. Regression testing was carried out by fetching 30, 32-bit words from
the PyCH memory, extracting 6-bit elgments from them, and passing them down the
pipeline. The testing cycle was' based on manual cycle—base's simulation, where the
expected contents of the registers and the internal memory were determined by hand.
These values were compared with the actual values obtained from simulation. The
simulation was carried out for a large number of test cases and for all cases of the pipeline
stall condition. The interleaver pipeline was found to function correctly under all the test
scenarios of the manual setting.

[0071] Next, the interleaver was independently implemented in C-language. A set
of test vectors were applied to the C-block and outputs were monitored and written to a
results file. The same set of input test vectors were applied to the VHDL model. Two

sets of input vectors were used in the tests:
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[0072] A 201-element input vector and a 540;element input vector. Two different
sets of inputs were used to create two different interleaver matrices. The 201-element
matrix had two different row sizes; one row is one less than the other one. The 540-
element matrix had a single row size. Thus, the tests included the two different types of
interleaver matrix structures that are possible. The test results showed that the output
vectors from the VHDL model and the C-language model matched the two input cases.
[0073] The hardware was synthesized using Synopsys Logic Synthesizer, Using

Texas Instruments 0.18um standard cell library. The gate counts are given below.

Number of Standard Cells (TI/GS30/Std-Cell) | 1034
Sequential gates | 1844
Combination gates. 3348
Total gates 5192

Table 3 - Total gate count estimate for the interleaver

[0074] The pipelined architecture ensures a high-rate of throughput, and a small
compact area due low number of gates. While a three stage pipeline is preferred, a two
stage design is easﬂy implemented by eliminating registers REG1 and REG2 from the
preferred system illustrated in Figures 11a-11c.

[0075] Other variations and modifications will be recognized by those of ordinary

skill in the art as within the scope of the present invention.

* * *k
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CLAIMS
What is claimed is:

1. A method of processing data in a communication systems by selectively
resequencing a block of T sequential expanded data elements having a bit size M
contained in a sequential set of data words W' having a bit size L' to produce a set of
sequential data words W having a bit size L containing the T expanded data elements in
a selected sequence based upon an interleaver mapping to a matrix having C element
columns and N rows where L and L' are integers larger then M, C is not equal to L and
the last r columns of the matrix have N-1 rows where r < C and r = (C * N) -T,
comprising:

sequentially extracting the T data elements from the set of sequential data words
W

determining a matrix mapping position for a first extracted element at a first row
of an initial column of a pre-determined interleaver column sequence;

for each subsequent extracted data element, determining a matrix mapping position
of arow n and a column i at a next row of the same column as the immediately preceding
data element or, if that column has no next row, the first row of the next column in the
pre-determined interleaver column sequence;

defining a row by row sequential mapping of M bit sequential addresses of a local

memory of data words W corresponding to the C by N matrix;
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for each data element, determining a sequential bit address within one word or
spanning two sequential words of the set of words W corresponding to the element's
determined matrix mapping position; and

storing each data element at its determined address.

2. The method of claim 1 wherein the steps are performed in a receiver
modem as a second deinterleaving process further comprising:

after storing a last of the T sequential data element, sequentially reading out the
data words W from the local memory whereby the T elements are sequentially ordered
in a deinterleaved sequence corresponding to a block of T data bits from which the block

of T sequential expanded interleaved data elements was created in a transmitter modem.

3. The method of claim 1 wherein a sequential bit address for each element
is defined in either one word or spanning two sequential words of the set of data words
W' and the element extraction includes determining a start bit address and an end bit
address which corresponds to a data element to be extracted and storing the data between

and mclusive of the determined bit addresses in a register.

4. The method of claim 3 wherein the set of words W' are located sequential
addresses of a memory starting at address A, wherein a start bit address for the first
extracted element is A and the start bit address for each subsequent extracted element is

M more than an immediately preceding extracted element.
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5. _ The method of claim 1 wherein:

the sequential set of data words W' is sequentially read into first and second
registers from which each element is extracted and stored in a first pipeline register;

first and second se-quential words of the set of words W' are initially stored in the
first and second registers, respectively;

the first data element is extracted from the first M bits the first word in the first
register;

each subsequent element is extracted starting with bits of a word in the first
register; and

after all bits of a word W' in the first register have been extracted, the word W' in
the second register is transferred to the first registered and a next sequential word W' is

stored 1n the second register.

6. The method of claim 5 wherein:

the first register has addresses A, through A+ (L'-1) and the second register has
addresses A, + L' fhxough A, + (2L'-1);

a start address'Ao + 0 1s defined for the first data element; and

a start address for each subsequent element is defined as address A, + SA of the
first register based on the start address A, + SA' of the immediately préceding element
such that

when SA'+ M «L', SA=SA'+ M, and
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when SA'+ M > L, SA=(SA'+ M) -L and, before extraction, the wordin
the second register is stored to the first register and the next sequential word of the set of

words W' is stored to the second register.

7. The method of claim 5 wherein the matrix mapping position row and
column for each element is determined in parallel with the storage of an element in-the

first pipeline register thereby defining a cycle of a first stage of processing.

8. The method of claim 7 wherein an element in the first pipeline register is
stored to a second pipeline register and local memory address information is determined

for that element in parallel thereby defining a cycle of a second stage of processing.

9. The method of claim 8 wherein the local memory includes bit addresses Ay
through A', + (T*M) -1 where each sequential word of the set of words W is assigned L
sequential bit addresses, and a local memory start address LSA for each data element is

determined by LSA = A', + ((n*C) +1) * M) where LSA = A', for the first data element.

10.  The method of claim 9 wherein:
the first register has addresses A, through A, + (L'-1) and the second register has
addresses A, + L' through A, + (2L'-1);

a start address A, + 0 is defined for the first data element; and
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a start address for each subsequent element is defined as address A, + SA of the
first register based on the start address A, + SA' of the immediately preceding element
such that

when SA'+ M <L, SA=SA'+ M, and
when SA'+M < L, SA =(SA' + M) -L and, before extraction, the word in
the second register is stored to the first register and the next sequentialﬁ word of the set of

words W' is stored to the second register.

11.  Themethod of claim § where at least a portion of an element in the second
pipeline register is stored to a word of the set of words W in the local memory thereby

defining a cycle of a third stage of processing.

12.  The method of claim 11 where a local memory start address LSA and a
local memory end address LEA is determined for each data element during a second stage
processing cycle and when LSA and LEA are in two consecutive words of the set of
words W of the local memory, a first portion of the element in the second pipeline register
1s stored in one c;f the two words during a third stage processing cycle while the first and

second processing stages are stalled for one cycle.

13.  Themethod of claim 12 wherein, except for the first and last elements, each
time a second stage processing cycle occurs, a first stage processing cycle and a third

stage processing cycle also occurs.
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14.  The method of claim 13 wherein first, second and third stage processing is
stalled while the word in the second register is transferred to the first register and a next

sequential word of the set of words W' is stored in the second register.

15.  An interleaver for selective resequencing a block of T sequential data
elements having a bit size M contained in a sequential set of data words W' having a bit
size L' to produce a set of sequential data words W having a bit size L containing the T
data elements in a selected sequence based upon an interleaver mapping to a matrix
having C element columns and N rows where L and L' are integers larger then M, Cisnot
equalto L and the last r columns of the matrix have N-1 rows, wherer<«Candr=(C*
N) -T, comprising:

a memory device from which sequential words W' are accessed;

a first pipeline register for receiving data elements extracted from the memory
device;

a matrix position register device for receiving matrix position data relating to an
element being stored in the first pipeline register;

a second pipeline register for sequentially receiving data elements from the first
pipeline register;

a local memory;

a local address register device for receiving local memory address data relating to
an element being stored in the second pipeline register;

first stage processing circuitry including
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circuitry fbr sequentially extracting data elements from the memory device
and storing each sequentially extracted element in the first pipeline register, and
matrix mapping circuitry for generating and storing corresponding matrix
position data in the matrix position register device;
second stage processing circuitry for generating and storing local memory address
data in the local address register device from matrix position data stored in the matrix
position register device corresponding to an element being transferred from the first
pipeline register and stored in the second pipeline register; and
-third stage processing circuih‘y for retrieving data elements stored in the second
pipeline register and selectively storing each data element in sequential words of the set
of words W of the local memory based on the corresponding address data stored in the

local address register device.

16.  Aninterleaver according to claim 15 wherein L'is not equally divisible by
M, thememory device comprises first and second L' bit registers to which words from the
set of words W' are sequentially transferred, and the first stage extracting circuitry
extracts elements from M sequential bit addresses which start at selectively determined .

bit addresses of the first L' bit register.

17.  An interleaver according to claim 15 wherein the matrix position register
device is a single register and the matrix mapping circuitry includes a column index

register, a row index register, and an interleaver vector memory which are selectively
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coupled such that the row index register is incremented or reset in conjunction with
generating matrix position data for each element, the index register is incremented in '
conjunction with resetting the row register, and the index register is used to increment an

output of the interleaver vector memory in accordance with an interleaver vector stored

therein.

18.  Aninterleaveraccording to claim 17 wherein for each data element, the row
register outputs a value n and the interleaver vector memory outputs a value i and the
value (n*C) +11s stored in the matrix posiﬁon register in connection with the storage of

an element in the first pipeline register.

19.  An interleaver according to claim 18 wherein L' =32, C =30, M = 6, the
memory device comprises first and second L bit registers to which words of the set of
words W' are sequentially transferred, and the first stage extracting circuitry extracts
elements from M sequential bit addresses which start at selectively determined bit

addresses of the first L' bit register.

20.  Aninterleaver according to claim 15 wherein L is not equally divisible by
M, the local address register device includes a start bit address register, an end bit address
register, a start word address register, énd an end word address register, and the second
stage processing circuitry calculates start bit address data, end bit address data, start word

address data, and end word address data for the respective registers of the local address
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register device based upon matrix position data (MPD) stored in the matrix position
register device, the data element bit size M and the data word bit size L in conjunction
with the transfer of an element from the first pipeline register to the second pipeline

register.

21.  Anmnterleaver according to claim 20 wherein the second stage processing
circuitry calculates the start bit address data to be MPD modulo L, the end bit address
data to be (MPD + M) modulo L, the start word address data to be the largest integer
resulting from MPD/L and the end word address data to be the largest integer resulting

from (MPD + M) / L.

22.  Aninterleaver according to claim 21 wherein a first stage cycle is defined
when the first stage processing circuitry extracts a new element from the memory device
and stores it in the first pipeline register, a second stage cycle is defined when an element
is transferred from the first pipeline register to the second pipeline register, and a third
stage cycle is defined when the third stage circuitry selectively stores at least a portion
of an element from the second stage pipeline register in a word of the set of words W of
the local memory, wherein the second stage processing circuitry is associated with the
first stage processing circuitry and the third stage processing circuitry such that, except
for first and last of the T sequential elements, each time a second stage cycle occurs, a

- first stage cycle and a third stage cycle also occur.
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23.  An mterleaver according to claim 22 wherein the third stage processing
circuitry includes a comparator for comparing the contents of the start word address
register and the end word address register which is associated with data storage circuitry
and the first and with second stage processing circuitry such that:

when the start word address data equals the end word address data, the
element in the second pipeline register is stored in a word of the set of words W
corresponding to the start word address data at a bit location within that word

corresponding to the start bit address data stored in the start address register through an

address corresponding to the end bit address data stored in the end bit address register;
and

when the start word address data is not equal to the end word address data,
the first and second stage processing circuitry is stalled for one cycle while a first portion
of'the element stored in the second pipeline register is stored in a word of the set of words
W corresponding to the start word address data at a bit location starting with the bit

address corresponding to the start bit address data stored in the start bit address register

N through an end bit of that word thereby completing one third stage cycle and in a

subsequent third stage cycle, when the first and second stage processing circuitry is not
stalled, a second portion of the element stored in the second pipeline register is stored in
a next sequential word of the set of words W corresponding to the end word address data
starting at a first bit of that word through a bit location corresponding to the end bit

address data stored in the end bit address register.
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24.  An interleaver for selective resequencing a block of T sequential data
elements having a bit size M contained in a sequential set of data words W' having a bit
size L' where to produce a set of sequential data words W having a bit size L containing
the T data elements in a selected sequence based upon an interleaver mapping to a matrix
having C element columns and N rows where L and L' are integers larger then M, C is not
equal to L and the last r columns of the matrix have N-i rows, wherer «Candr =(C*
N) -T, comprising:

amemory device from which sequential words of the set of words W' are accessed,;

a pipeline register device for receiving data elements extracted from the memory
device; |

a local memory;

a local address register device for receiving local memory address data relating to
an element being stored in the pipeline register device;

element extracting circuitry for sequentially extracting data elements from the
memory device and storing each sequentially extracted element in the pipeline register
device;

matrix mapping circuitry for generating matrix position data for each extracted
element;

address processing circuitry for generating and storing local memory address data
in the local address register device from matrix position data corresponding to an element

- being stored in the pipeline register device; and
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storage processing circuitry for sequentially retrieving data elements stored in the
pipeline register device and selectively storing each data element in sequential words of
the set of words W of the local memory based on corresponding address data stored in the

local address register device.
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@ 4a-4f E%T@? w’0 ET(JBEQ/D\'@Z W’o,o-W’o,sl 5#%5 E’J? W?0-W’5
PSRBT 6 HASALTE R B T0-T°31 BIXIRLRH

BN TEMMKERGEERFHMKE, IUFETRRERR
ANELES, thin, EB 44, TE TS BLREET WO,
BAREET—1FWI1IHF.

WS, ESTEENAEZE, FTEENT REATE
B, AT 59 AF W0-W'58 SPHIHAFAL Woo-W'sss, WA
WAL, MR, BERERREVBIRFRER. FTURK—F
FEFLEE RN B ASERBTIRET A HNBRTAERN
BEFIE.

RARE

B B — Ry R BT BT ARG TRESSA, AHE
AFELaERES, NRASSREEKETE GG RENER
G, BERXTFESTERAELE, HPEITEAT LR
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TR LASIEE M, SRS EEEEIETHR W, TEAT
3R W R BIRF UK, BATENT WESTRANRFE N E
SR AT M. ERXABFERA, TERERETE W+
EEMLE, NTLFTETERNABASHRE, S IEILRLS
s BEMBTRNFA W, U TFARTATEROIIANE S
frth, BEEBALHLEFR, BNBRTANT BEETRSE, &
S th A S 7E RIE SR T R IEH— B SRR
REAFERERHBRIATENIG FDD BRI AHIEH
(5 AR ATHAS, 18R %R AT R AR A T E R R SR
10 HEATINEELAELL. o
AT, GA B RB A A M XY B R SR ST R i
o, TR SRINABRERLETE. BWRESEIRAE
RhEE, WTSCBLECERBRIAEY 60 Ji. TH, B MERTLEAN
TRASELBEEZMER, thin, SMEXASTHT—ERRANY
15 BEE, NTTRTLTERS W BABE REEES AEEM.
2, BFAESMSENYEEELE BT NS 380 T, &4
PR MGH), BAERASERE OS54 R84 3G FDD #
WA SRR T Y T RE TR T .
W FASES—ROEARARTS, B E R TR
20 ATLLT ARAR B R EAL BARAL AL

P B Ui BE
B 1 BEREEETE 104 32 A0F w T/ 310 A8 LU B sy
E|—ABF 30 FURISERESP,
25 B 2a B/~ M8 B 80 3G AL R B 5 M T B 1 PR BEE AL
SRS B F A wHIAT R HAFAL we A BT ER
B 2b BB 1 FHEIEF w BB B — AR ERF w’
f.
K 3 BiE 2a PRALFNRFA wi BB EIT BIIKLA
30 M6 HUAFAITEFE W,
B da-4f B E 2a PH—PRRLRFLRT wAIBRETE) 6 15
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15

20

25

30

YRV TREARRFHW L. ,

B 5a 1 5b BB E 3 BF WY BRA TR M IS ms
F|EH 30 4~ 6 lUAS I TR FI R RIS RE+ |

B 6 ETRERSERTRATERN—AF W % IS 6 fI T E
5130/ 52 FE Sb T HOEERE

B 72 71 7b BRE 5a 1 5b PR MM MEX AT RITEM
e AT |

B8 ERTE 7 EXLANT BTEE W 58 | et
RIS w IR

B 9 RRAARHAPERERENBERELE TR,

B 10a 71 10b RARIEA R BEFTHITR RN — BT EOHER.

B 1la—1lc RABEARAH— AN SHMAKEX LR EEE,

BALHAR

EA BB 3G MEM—& 4, FROTSAEKER, thiw, % FDD
RUSFDEEETHEE, BEHERTRFELAE TR R LU~
F4LE. FDD BWBHESREN TR HP2Z —HR2 ABRBES
{518 (Receiver Composite Channel, RCC) . RCC EE BRE 9,
EHYERERPS . EoMIA. EFERE. S DIXMP
TR BUREREE (TrICH) REH. BXEAT, Blkas
REENBRIESREAHFEET RERAHZBEMIITHINEEHEK.

ERARFHER T FDD BB E ZMAT R BNEN. EIME
{1 (PyCH) FfFRZEIAFAFIEIZASREE M, RETE
REKPEIEAS: SN EFHEBRON L. XEEEA
AP E—Ha L hEIETE. B, EENMEHEIF, 3G FDD
YVEEERETEKEREEN 6 4, IM=6. B 1—4 fER—I
B, RTRIELFEFRAZLFR 310 L EELAHT B 310 MK
21 6 LRIt E T HIBIEER.

FROIXABETEUETRIFFHEES . BREN NS hE
WBIETTER, IR TNILELEN 2 MBIBFA W HRERTR. &
B 1—4 F BoREIRBIP, 310 ML EEE B KRR UL 3261 F w0-w9
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IR TEAE, EEWREREIEIETE T°0-T°309 L 32 fi1F W’0-W’58
R R RO |
CXRABRE—NMEEIABRBRBRLRSE, ANTREETE
BTEH. KAEMERST 30 MTES, NEFIEHRSHO0 1. 2, =
5 29. ITFRSHAAREELIBSEN I TF—1MRE TIHTERE
FERATE S NE, BB N*30=>T R/ EHN. |
FF 3G FDD AEfEENE R ERPHFIKNERT R

T
111}t FINERTR '
30 {0, 20, 10, 5, 15, 3, 13, 23, 8, 18, 28, 1, 11, 21,
6, 16, 26, 4, 14, 24, 19,9, 29, 12, 2, 7, 22, 27,
17}

10 Z1-BTRBHIRABESLRTR

BETRRNEE R —MIFS, EABRSEIFIRESRTR N
X 30 $EPEFFATIE S . AR NX30 SRS HE A E, B
TERINBIE T R LT 5] R TR 7E 0 B8 O T K i L B BT BY U
15 & Sa F1 5b &R T RPIEREIE TR T°0-T°309 —Mreks, B
FERT 11 17X30 MRS EEN LM AHES. EE Sa
1 sb e, tuan, 380 FURRITE T°0-T'10 HAS QL RIMIBRST, EAIE
BEF W0, W1 W2 LR T°5 KALRZAFEANF R R,
ENW ORI W’1; T0E T'10 FIAL R MBEAN P HIEHE SR K, BT W 1T I W2,
20 ZEESHF, BETERERTE, BAREN 107 RTLHEETER
Fo
K6 B 7 REETXABERLEBE, TF TEEMNFAW
h R EEREEPRONAKICEN. T0, T°124, T°258, T'186 LK
T°31 BIRTAELOITEREZE WO B9 32 A1, HABNMXTN FieRTE TO
25 F| T4, URTTE TS METEAL. HERRE, JuE T°0 8 T°309 BI&E#H
MR TR RBERRS, BR— 32 60F W BIF%], Bl wo 2
Ws8, HHFEAHFIEFKITE T0 2 T309, BRwE 7a-7c. B 8 R
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VILR S wO-w9 T xt N FF WO— W58, B/RT iBFRITHFE TO—T309
5 310 MIEEER AL w0,0-w9,21 (1B 1 B7R) BTN AR,
AT TSR ERBE TR T°0-T°309, IETFITE T°0-T°309
BB BRAT IR BN IELEE ST WO— W58, XN TE TEBTEREL
5 ¥, A]FMFZE 10a 1 10b KRR
 7E 3GFDD BHIMIRENET, FRNTABERSEIRER
YEE(E1E, FEWFEMETER N M_INP HIBEHLFMESE (RAM) F1, L
ETHRTRSAHE. LRFEDEH 32 4F, HFAXEFEFRE
M_INP #ELEMNE. EE 14 PRERHNREIF, BEEF WO
10 —W’58 BJJTER TO—T309 RIALI A A&7 M_INP HyiELE bbb,
78 10a-10b FHIFREB R THZTAS A M M_INP FiEEEUEE,
HITHRTAFBENBEAR R FESE M_LOC F. BMNIREEHRE,
M M_INP FEANTTEIZTHEE, WTHiEiE, FE TR A
M_LOC FFEAE, XMIBEXNN FRIEFFHITRLALEZ FIHIIT
15 ZHEFHESPHVHRAEE. BS5—8 ERTIIE T°0-T°309 KR
B 5 EHERIAL T WO—WS9 FHITTE T0-T309 FRISTN KR, H
HEHE 8 F, BRTEERERPEIET wo-w9 FHIMRALFF
' F2PIERETAEFBZE 102 50 10b FHRAZMSEIIEF.
20 Freart, EAEEEFARMZEER 10 P40, kg
%8 ADDR #1417+ %38 ROW_CTR FI5I%5]384F IDX #EX 0. #7
S EWFES R FFEMEAE— 1%~ PERM_VECT W REH., &
PERM_VECT FE#IMFINFRIF#ERER 1 F, LUET FDD
WHBABERBRE BT LRE. 5 E 12, T IDX HEMN
25 PERM_VECT ##i+—/* PERM {&, IDX HW{EIRYIEELET
ERFILE. |
TEETHIJLSEE 14,16,18 FHEELSIS PERM FRITS,
¥R E NROW RERZE. BRE—/MEESH MAX_COL, M5!
0,1, 2, -, MAX COL—1 EFHFIITH “T” F 5, ¥} B
30 MAX_COL, -, C—1#&#EHPEF “TH—1” 7. BBEX—LERL
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K M4ATHI PERM H, WHNHZEZTZE NROW.

S Hiid

ADDR £ M_INP PHIFHiatg KIS, F WIEKRTH#
it A,

T | ERERTHTE SR ,

ROW CTR(Zkn) |7E%) PERM F X7 E R385

PERM_VECT FIBRRE -

COL (B C) EEHMEEPRITFS

ROW (EXN) EEBREEFRITHFS

PERM (B 1) i IDX #5 = # PERM_VECT JT &

IDX PERM_VECT JuE &5

MAX_COL HEUE, FT T-(C*(N-1))

NROW =555 PERM FRIITHE

SA JLE R st

EA TCER SR ALk

SM TR At

EM TCERISS KT st

S 7 SM R T ERERVMVE

E £ EM P ERE R E

M EEANTTE T'#E TP R LI E

R, Rl, R2 FET s

L EFH WHEBNMFERLIE

L TEFH W FENFIAE

X 2—-HEESHIIR

W BT/14m

5 EH R 20, 22 1, KHEEGEEE A0, X487 ADDR EMTEK
B M. IR, 7E M_INP F A HRUEIETER SA M EA
Ao REHE. AFRHEMKE "X SA 1 EA, HE&FEAR
¥ (RERUTEBS ) , EFES WHEEHENFaE. X
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SEE RIS B SM FI EM. RISTES 26 3, EERTIEETE
(83 SM 7 EM 43R RIARSARISE SR EUAS AL AT B /T 4) B E i S A
E. S EWELAEEE WESHENERT S, RES IS TH
MELMTETR. LT ARMAE 28,30,32,34,36 XS R AN
aposzL:ap ‘
VBRI T — N4 28 REE SM # EM BB, BT
R TFSHE WrHREASH, B EM=SM, REHNE 30 5, {1
F SM FHF A M_INP FEH . 765 32 35, AR RAE
WEHTTE, BB S MERH, FABERLSTHEER. £ —F
, MRTEREEETH WHENFF, Bl EM=SM+1, WA M_INP
HEHEFEANE. M, B SM REFESRLS EES R, BUE
EM P HIF S EETHFSE R2, ERP R 34. REELE36HF, ¥
TEEMEASAI A R1 A1 R2 hHEHRF S WA FHEE R, B, &
FRHIELT, 84ESF W (T M_INP ) BXATENFEH

PSR &S5, iabitEEE ADDR N, UAISRAT T —ANTT

FAHhEL. |

EREERI TR 40—60 T, anf 10b FioR, FAREESE M_LOC
FRAKALE, UEMNZOHBREFHENTRE, REHEIZE, BT
EHEEFPEHRMLFAME, FAEBFEEZF M_LOC F. X
FRAEABRIRE— B —BHAE.

EH R 40— 42 PR EREM SRR AL SA 71 EA, &iX
AEHFHEXHITER (FED TR 32 B 36 FAMER F) HEFHEE M_LOC
. REXESE 30,32 B 34,36 FREBUTERNITHTRSIBRST, &
S’ 40 PRIBRGEHLEHTHE. FENENTEREGTE (H
ROW_CTR %) SRUFEREHIFIE COL, nLEHaIkIsI%E PERM

(1% 8 PERM_VECT X&) , th#iZ (ROW_CTR*COL) +PERM.
FEAEANTEREE MAL, UKL RREL M AJB 3 SA.

T4 T, AESE WHFHMK L X SA M EA, HER
KE, BrEEENHTHEE, XEFHat4 582 SM A EM. &5,
IR RILAF AL E (E T8 R FHIB T EERE Z4L) 25
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BB AN SHE. ZELNEEE M. STIEEBRNMEREHEEER
ANEREFED, REBUFH W PBNEENFERET. ERENDE
48. 60 FE B XBHEMIEN LW ATHLER.
ZEEEE 48 B, XPHihk SM A0 EM H#ITHE . MREHBRHITE
5 CHBEERESRANESD, B EM=SM, RELEE 50 FHHEAT SM F
FIFMA M_LOC FEREHFRAFFE Rl F. EES2H, ARTF
PP TTEEE B ARSI E, S ESBERI FHSMEE
. B/F, 554, ¥ R1 SEZ M _LOC KR SM.
EH—HEH, MEHEHBTRERERF I SM #1 SM+1 K
10 BMELFEPR, PR 56 P M_LOC FEHFLEFE, HoalF
BEFHFERIAMR2F. RE, £SES58, RESHME, BERTF
HHEUTEM SRR ERTFSE R M R2 PEHNVE. &
B, EEE 60 PEFHFS R M R2 WASSHERZIFM#MAE SM
1 SM+1, _
15 TSR 62 P T —RIERKITIHEEE ROW_CTR ¥ 1, LIIEES
T—MEHEATE THEEFEER—JFINT—1T. £ E 64 F
CBHTRE, UBETTRSREPNTRESTEMIINITE NROW.
B EXEE, MRS E 20 4EF R R PERM HR F—A 7T

E

20 WE ROW_CTR F/NF NROW, LT 64 &, T — M

HTEREFEES TS (BXE PERM_VECT #E) WEIT (0

17) AR —M bk . AR, wnREAm, NESE 66,68 F

# ROW_CTR HEfr%] 0 3 B¥ PERM_VECT &31# 1. g, %

® 70 #, IDX /MF COL, MIBXRIENLR 12 EFHFH, S

25 —/“¥ PERM {#, FUABHEEER, BAREEELRN T TRF
EAEAE. |

ZRIMAER 10a 71 10b, X—REHAILEHEFAT T #ik, RE

B ESHZE R — MR FHLRERER 11a-11c . FIRNHK

HFEE - IM=ZRRHKELE, HFEEHXEKIFMESE LOCAL

30 MEMORY, ATFHFH#EENBIANMN. F—ENFTLERHFER
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- B 11afl11b; FE-ME=RLBEREHE 11c .

F—RBREEEN—N LM RE(HBEN T2 REG3 M1 REG4
FIABFHE) PHEEIETER. F75 REG3 f1 REG4 FAIERFE
& (PyCH) TFH&8 AR INELEM AL F. X FAEINE 32 (I F
K, XFENFFRER— 64 KN RE.

RCE & 72 REGO. — NIk 71, — M EikE: 72 F—4
RS 73 RGBT 74 LURF 977 UM 2 7758 REG3 I REG4
FEHEFKEN M UHTE, TR EMEETFS REG2 F.
AT VIR R, FIF WHRE—REANFEY S HNERE
#7495 REG3 1 REG4 ', T & #78% REGO #IZR4LA 0. &FH T 74
MEFTF8% REGO P 0 {8, MHik 0 FFEAFIHa M—1 #E M t
¥4, M, 7E REG3 FHIZAFHIRT M R8BSR, % M LI $03E
XNTFE—NTE T0. BHITH 74 REEFKEFFRFEEN
FHELHT M A LR

E TR 73 BI8{E, 7728 REGO ME RT3 ik 88 71 #in
M, BE 2T hnikss 71 FyReESe 72 #9in M—L’ . 0 R 4% & 7758 REGO
FHRIEEM M EAEE L, WiEFEE 73 BF 774 REGO 0 M.
BN, %EFEDE 73 KEFFEE REGO WEMIN M—L’. XF{EA—NEF

CBEIE LREL T REGO MERRNT L, UBMREEHTH 74

PRt T R iR e bt B 2 AT 3478 REG3 M{ushht 0—L'—1
Z W,

TEEHES 73 EEBE TS REGO M M— L' MALE, B—/1ME
5 EN Xfitx REG4 PN B4£1%% REG3, URMIIERFEMERFH
FH WHEH F—MNELEFLFMEL REGS . ERFZHIIESF,
BNUKEEIETE. WEFSS REGO FEMEMUERE L'5H
7758 REG4 FHIF WHEIEE| REG3 A%, WX TEMASE
REDETE (ENFFE REG3 PARTPHED B —IFEFL
HATH.

Z2%E 11b, KABMNEMNEN T ESHEHBTENHBUEIER
FATHY. BTN EF 748 N_REG PIRER— N HFTHITE n, HERE

18 - -



01817961.4 . Wow B EI/14]

22 75 PR ERUZLEENTESIE, AHEHEEHBRSER.
TEMNVESS 76 1, REMESRIMEIME I, ZERNFFRL 78 P&
Hig, HPAEELUKE PERM_VECT RTHIXLRRIIFI. FF
2848 78 Wi &S| 57788 | REG %4, H#BEKXE PERM_VECT
5 YSEIESL4 78 B AN
IZAEREBA B P L AE TR, AREFEMENTRSIT
7752 N_REG LU RFIZ 3| F 7758 | REG. A A MR REREN
7, BEISNMRFTHEREER, RERFTIEMATABREFH
T3, BERBRETEFINET. BEFFA—ATIEMSE 80
10 REMX—ESH, ZMWMBS5ITHFFE N_REGHX, HTESF X
LB R FEABERBITES 1. 578 N_REG MAIHCER LS
81 1 5 HISRI%ESS 83 Fiifi e RIBR AT EET AR X FiXfFERIF,
B RATE R A FERE (8 K AT ROW 2% & ROW— 1. WL Lhirse
84, Feikis 83 A — . ZHBREENEEHTEEE 785
15 HPFIESEFEKITE ROW B XFHE#ITHER.
MRS 81 MEBRKATHDLIAZIFFEE N_REG HEXHR
HAE, MBS 81 K H—MESRHA N_REG ZALE| 0, FHERIER
%28 (MUX) 86, %RIESIF 74 I_REG. BEuiEingg 88 th5&KS|
85 I_REG 2%, HHYMHEREE 81 B — M558, MUX86
20 IEIEIEHNAS 88 X I REG HIEME 1. BN, ik 86 TE—RAH+
RE 2 AR R M R TR EE &5 7788 _REG .
S 1le, FKBTABNE_ZHIEE—NMLEAR, HF
BHEFREFES—RKEFFE REG2 PHRTEEEEHREE
B HIBBKEL T ERE REGY F. R RAEFLFITHHR, H
25 NHRFEFFE REG] PHEMBSEESE T HHEMEXNER
PSR GEZEBURTFAEES /255 REGS ) & RAHut#iE (R
FHETF2E REGS ) | BATHIERE (REFEETHFEE REG6 F)
R HEE (REEFHFSE REGT) . S - RAEAHSD,
REG1 P H95E MRS SR BRI TEFRVE S 90 PR TTEMMNKE M.
30 REERERS 91 PESMGEREPRE —MERFEEE L BEH
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B, AHERAAIHat IR, Hh L A4S 100 PEIEFHAL
KB, AR A TSR TR . kRS 91 P
W= PETT X EBE], RS 92 OB IREREE 90 FMIHA L
B, NMRBRE, HAERES 93 PR ZEEU L. BRiESE 92 K

5 WRHETHNSFHEGFA, ARXPEDFEFHFHE REG FILEN
BT BT AR 4ESE 100 . |

GERR A A SRR R L, ZEANIEER 95 EP#@%E:%% 90 945 B4
£ M—1, REERELE 96 PHZERE—THTEBBNME, 4L
— AL, RAEFHEESTEFSE REGS F. ZHBENELERES

10 97 PEHMIESE 95 PAHERLU L, NMREKE, REHEFRES 8 P#
B RFL L TEE. BiES o7 WEBBIRET SRFEHIHE,
HRFESF 7 REGT F.

ERKETRBNE=ZZF, T HEFT T2 REGS5. REG6. REG7
1 REG8 FHIHIE, PIT—ME—E2i—B8H4E, UHFEEEMERM

15 TR MIT A5 REGY FRFLEME . FFIR, H %7488 REG6 Hl REG7
PRI AELL RS 99 FHTEHLE . B HEHE, NEFF2E REGY
TR AR AT 100 HENFH. EXFELT, F
1725 REG6 FI{E N F FH2F 101 51X2|5 B3% 102, BT ES

- E— AN EE, ATRARERZFSERBINFEERR.

20 Fevkee 102 MEHIEH TS W Rhht, RSP EAFFE
REGS FHITHE. ZFAHHE—/MERAE 103, NHP—1EH
TTHEEEN PRI — T (EELHET, ZFUFFH
REGS BI{EFFiHH LI /78 REGS FHIELSR) , % F 2B REGI F
TEMCEARNT T, ZENEKMNER 103 FRFHIMER

25 B|REH. REBESFHTH 105 FHERAFFMERBZHNE, £
BYIGFHHRHBIMBERRE 103,

H #7758 REG6 1 REG7 IR B, £—FE —HRKLIE
R—1AH, UETEZLBSPIT M ERZFHNE—BH—5EA
#, ZFHEFFH REG FHEERR, REEFHTHRIE&EEN

30 WAKLRAERIIT N RTEHFHERFINLI—ER—SHE, ZEH
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THEE R N T A E 75 REGT PRI REEIE. EXFERT,
EHEFEFIE— B — SAH TN T 7% REG6 FHIRHEFH
HEEIR) o, BSREEEFEE S REGY F T ENVIE I T4
BAMEMBFINREL, ZEETEETOHRTFESES

5 REGS hHIEFTEBM LSS . ZESRNE-ANAEF, it
B-ME_RNHAPCLENED, HETHF2E REG PLEMH
SEAMBEE ST, CHETESFE REGT PR R FHEHIE
CNZ S HOVTHE AL FFE4 BU7E 27 7758 REGS & BT B fAr i)

EF—MEBEARPNTE T TERLBREY G, S3BER S

10 103, FMFMBPHELTHIEE, ERETATH—SLE.
310 A TEEHIEROLEY 5, AMFEENHHETRER 5—8 #
RO, ST B8 7c REMEFFE 3G RAT R —HRhES,
TR 6 AL IC E WA R EAA LIS AL, Flin, B BAIRAE 310 M
ES, REMBFETREETHEELTHERNEE.

15 A RABHHARMNEA RIS LM 3 KRAKLE. X
S ERHE—ANRFEIHE, FAEA (regression) o EHFHRT
IXFEREAT, M PyCH fFA&28 P RIEL 30 1 32 i, M’E’ﬂ‘]qﬂﬁzﬂj 6 {ir
KT E, B EIHELBRAL T AR AFETEIVHERGE,
FEBMASEETATSENATETEIRE. XSEEERS A

20 EFREMHLFREELE. X RBHRRER RN FE KRR
BT HE. EFEIRENFENRERT, RAXABEEES
Tig.

TR, B CEBETHIMIMTRE. B—HARKBERE C
BT, ST RN BAR AR 4F . BARNEA

25 MRREBAEHET VHDL A, SHABARENATFRRAS:
—4H 201 NLEMAREN—A 540 M REBARE . B4R
AR UBRBENR RN ARER. 201 M TEEEAERAD
RRBTE, HP—AB—Ab. 540 M TEEMEREF TR
+. AT, MRPEEERHARALRNXARER TSN, W
30 RERER, M VHDL EEH CESHAPHHMHABSHRHAA
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10

15

AR |
FE {4 i Synopsys BB EE B ITES, FHEMUB AT 0.18
umiFHERTTE. REANEW TR

FrHEBR T H (TUGS30/4R#EE ) | 1034
NPl 1844
HETT o 3348
BE:dc37y 5192

£ 3 HTRBETRIIE

GTKEREWESHETEZRRE, BTFAENER S FUE
BUNTIEE. BREEASEIKS, ERNFTEYLRSY (BR
I 11a-11c) &£ %52 REG] A1 REG2 MR A5 TUFH LR .

£ A AT R i — AR R A\ R BT LL7E A R BB B ¥ B P SR A AR
L FME L. |
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Third Generation FDD Modem
Interleaver

ABSTRACT

A method and apparatus are disclosed for deinterleaving
expanded interleaved data blocks, particularly for use in a wireless
telecommunications systems such as provided by the Third
Generation Partnership Project (3G) standard. The data is
processed on a sequential element basis where each element has
a pre-determined number of bits M which bits are contained in a
block of sequential data world W’. The elements are extracted
from the block of words W ’ in sequential order, each element being
extracted form either a single or two sequential interleaved words
within the set of words W’ . The elements are stored in selective
location within a set of words W of a deinterleaver memory such
that upon completion of the extraction and writing of all the
elements, the words W from the deinterleaver memory can be
sequentially read out to correspond to an original data block of bits
from which the block of interleaved elements was created.
Additional conventional processing results in the contraction of the
deinterleaved expanded words to reproduce the data block of bits
in a receiver as originally designated for transmission in a

transmitter.



