
;e3essDF"6HTmxR PCT/US01/47760 1 METHOD AND APPARATUS FOR CODE ASSIGNMENT
IN A SPREAD SPECTRUM WIRELESS COMMUNICATION SYSTEM FIELD5The present
invention relates to wireless data communication. Moreparticularly, the
present invention relates to a novel and improved method and apparatusfor
code assignment in a spread-spectrum wireless communication
system.10BACKGROUNDIn a spread spectrum wireless communication system, a
base stationcommunicates with multiple mobile users. In one system, a Code
Division MultipleAccess (CDMA) system, such as specified in the
"TIA/EIA/IS-95 Mobile Station-Base15Station Compatibility Standard for
Dual-Mode Wideband Spread Spectrum CellularSystem," hereinafter referred to
as "the IS-95 standard," or the "TIA/EIA/IS-2000Standards for cdma2000
Spread Spectrum Systems," hereinafter referred to as "thecdma2000
standard," codes are applied to the data and control information. The
codesidentify the target recipient as well as the sender. Operation of a
CDMA system is20described in U.S. Patent No. 4,901,307, entitled "SPREAD
SPECTRUM MULTIPLEACCESS COMMUNICATION SYSTEM USING SATELLITE OR
TERRESTRIALREPEATERS," and also in U.S. Patent No. 5,103,459, entitled
"SYSTEM ANDMETHOD FOR GENERATING WAVEFORMS IN A CDMA CELLULARTELEPHONE
SYSTEM," both assigned to the assignee of the present application
for25patent and hereby expressly incorporated by reference. The forward
link from basestation to mobile users assigns a unique Walsh code to each
mobile with which ittransmits, wherein the Walsh code identifies the
mobile. Similarly, the reverse linkfrom the mobile user to the base station
uses a Pseudorandom Noise (PN) code forchannelization.30Alternate spread
spectrum systems incorporate a variety of codes for the two-`way
identification. A problem exists as codes may be reused in neighboring
cellsand/or sectors, creating interference for adjacent neighbors.
Therefore, a method isneeded to provide the two-way identification of
wireless communications whileminimizing and/or reducing the interference
experienced by neighboring cells and/or35sectors. Similarly, there is a
need for a code assignment method that achieves thatreduces neighbor
interference.    W O 02/-19231 7 SUMMARY  PCT/US01/~77G0 5 The disclosed
embodiments provide a novel and improved method for code assignment in a
spread spectrum wireless communication system. In one aspect, in a wireless
communication system adapted for Large Area Synchronized-Code Division
Multiple Access (LAS-CDMA) transmissions having a plurality of LS codes, a
method includes determining a size of an Interference Free Window (IFW),
calculating a 10 plurality of subsets from the plurality of LS codes, each
subset comprising LS codes as a function of the IFW, assigning a first of
the plurality of subsets to a first portion of the system, and assigning a
second of the plurality of subsets to a second portion of the system. In
another aspect, a wireless communication system incorporating an LAS15 CDMA
protocol includes a first cell, the first cell being assigned a first
subset of LS codes; and a second cell, the second cell being assigned a
second subset of LS codes, wherein the first and second subsets have a null
cross-correlation within a predetermined interference free window. Note
that the LS codes within the first and second subsets also have a null
cross-correlation with a predetermined IFW that is 20 typically wider than
that between cells. In another aspect, in a Large Area Synchronized-Code
Division Multiple Access wireless communication system, a method includes
transmitting a first communication within a first cell, the first
communication identifying at least one mobile station within the first cell
by a first LS code within a first subset of LS codes; and transmitting a 25
second communication within a second cell, the second communication
identifying at least one mobile station within the second cell by a second
LS code within a second subset of LS codes, wherein a cross-correlation of
the first and second subsets is null within an interference free window. In
another aspect, a controller in a Large Area Synchronized-Code Division 30
Multiple Access wireless communication system includes a first set of
instructions for determining an interference free window size for
communications between neighboring cells; and a second set of instructions
for determining at least two sets of LS codes based on the interference
free window size, a first set for identifying mobile stations in a first
cell and a second set for identifying mobile stations in a neighboring
cell, wherein 35 the two sets of LS codes have a null cross-correlation
within an interference free   WO 02/9231 



3 PCT/USO 1/7760 window. This is also true of the LS codes within each of
the subsets with respect to each other. According to still another aspect,
in a Large Area Synchronized-Code Division Multiple Access wireless
communication system, the system having a first cell and a 5 first cell
neighborhood, a computer data signal is embodied on a carrier wave, the
signal including a first portion comprising information for transmission to
a first mobile user in a first cell; and a second portion comprising a
first LS code corresponding to the first mobile user, wherein the first LS
code is part of a first set of LS codes exclusively assigned to the first
cell within the first cell neighborhood. 10 BRIEF DESCRIPTION OF THE
DRAWINGS The features, objects, and advantages of the presently disclosed
method and 15 apparatus will become more apparent from the detailed
description set forth below when taken in conjunction with the drawings in
which like reference characters identify correspondingly throughout and
wherein: FIG. 1 illustrates in block diagram form a wireless communication
system according to one embodiment; 20 FIG. 2 illustrates in block diagram
form a protocol for transmitting data in a wireless system according to one
embodiment; FIG. 3 illustrates in tabular form and timing diagram form
pulse code position assignments for LA codes in a Large Area Synchronized
(LAS) code system according to one embodiment; 25 FIG. 4 illustrates
various Interference Free Windows (IFWs) in a LAS code system according to
one embodiment; FIG. 5 illustrates a permutation table of LA codes in a LAS
code system according to one embodiment; FIG. 6 illustrates an arborescence
structure for determining a calculation of LS 30 code length as a function
of Interference Free Window (IFW) size; FIG. 7 illustrates transmission
protocols for mobile units in a LAS code system according to one
embodiment; FIGS. 8A and 8B illustrate in block diagram form various code
assignment schedules for a LAS code system according to alternate
embodiments; and   



W O 02/d9231 4 PCT/USO1/~7760 FIG. 9 illustrates in flow diagram form a
method for code assignment in a LAS code system according to one
embodiment. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 5 In many
spread-spectrum communication systems codes are applied to transmission
signals for channelization. Often a first type of code is applied to the
data signals to identify the designated mobile user, and a second type of
code is applied that is specific to the base station. A CDMA system, for
example, has a large number of 10 codes available for spreading the data
and control information transmitted in a wireless system, allowing one base
station to communicate with multiple mobile users. The CDMA codes include a
Walsh code assigned to each mobile user and a Pseudorandom Noise (PN) code
specific to the base station. Both codes are applied to data signals
transmitted by the base station. A set of Walsh codes is a set of
orthogonal binary 15 sequences, wherein the cross-correlation over time is
zero. , The Walsh codes are generated using a Hadamard matrix, wherein
recursion allows expansion of a base code, or seed, into lengthier codes,
thus increasing the size of the Walsh code set. However, in contrast to
Walsh codes, PN codes do not require synchronization such as used to
implement Walsh 'codes. Rather, PN codes may be generated by linear 20
feedback shift registers, wherein binary bits are shifted through the
different stages of the register. Output bits from the last stage form the
PN codes. PN codes have an auto-correlation characteristic that allows
codes to align at the receiver. The combination of Walsh and PN codes
allows identification of the base station and mobile station for wireless
transmissions. Other systems may incorporate other codes and/or 25
combinations of Walsh, PN, and other codes to identify the mobile user and
the base station. Large Area Synchronized-Code Division Multiple Access
(LAS-CDMA) S stems ' 30 In another type of spread spectrum wireless
communication system, referred to as a Large Area Synchronized-Code
Division Multiple Access (LAS-CDMA) system, specially designed codes,
referred to as "LS" and "LA" codes, are used to spread the signals for
transmission. LAS-CDMA is a technique for spread-spectrum and timedivision
multiple access that creates channels through the use of time division and
35 orthogonal codes. One LAS-CDMA system is described in the "Physical
Layer   W O 02/:49231 5 PCT/USO1/-47760 Specification for LAS2000," a
candidate proposal to the China Wireless Telecommunication Standard (CWTS).
In a LAS-CDMA system, communications are transmitted in frames, wherein a
fixed number of sub-frames are included in each frame. Each sub-frame is
then 5 segmented into a predetermined number of time slots. The LS and LA
codes are used for channelization, as in other CDMA systems, wherein the LS
and LA codes are 



designed to have a small or zero cross-correlation over time. A first type
of code, the LS code, is applied to the data or symbols in each time slot.
The LS code identifies the mobile user that is the target of the
transmission. 10 Within a given cell and/or sector, different LS codes are
applied to each mobile user. In preparing each transmission, the
appropriate LS code is modulated by a symbol, as described hereinbelow, to
form a symbol modulated LS code. A second type of code, the LA code,
identifies the cell and/or sector, i.e., the base station operating within
the area. Unlike the LS code that is applied to each time 15 slot, the LA
code is applied to the entire sub-frame, and defines the time allotted to
each segment of the sub-frame. Application of a given LA code to the entire
sub-frame results in various sized time gaps between modulated symbols. The
combination and order of the gap sizes serves as an identification of the
cell and/or sector. An exemplary embodiment of a LAS-CDMA system is
illustrated in FIG. 1. 20 The system 10 is a LAS-CDMA system including a
plurality of cells 20, 30, 40, 50, 60, 70, each having a base station 22,
32, 42, 52, 62, 72, respectively, for communication with mobile stations
24, 34, 44, 54, 64, 74, within the system 10. A forward channel is used for
transmission of data from base stations 22, 32, 42, 52, 62, 72, to mobile
stations 24, 34, 44, 54, 64, 74, within system 10. Each mobile station 24,
34, 44, 54, 64, 74, 25 uses a reverse channel for transmission of data to
at least one of base stations 22, 32, 42, 52, 62, 72. In other LAS-CDMA
systems, the cells may be as configured in FIG. 1, or may be positioned in
an alternate manner, wherein each base station is associated with at least
one cell and/or sector. As illustrated in FIG. 1, a first portion of the
system 10 is referred to as cell 20. 30 Other portions of the system 10
that are located in close proximity to cell 20 make up a neighborhood of
cell 20. In system 10, the illustrated portion of the neighborhood of cell
20 includes cells 30, 50, and 60. Other portions within the neighborhood of
cell 20 are not shown, but may be located anywhere in close proximity to
cell 20. In one embodiment, a cell neighborhood includes those cells that
border the cell 35 geographically. In alternate embodiments, the
neighboring criteria that determines   W O 02/9231 6 PCT/US01/~7760 which
portions are included in a neighborhood may be made according to the
interference experienced between cells, or some other criteria that relates
to the interaction of wireless transmissions within cells. Within system
10, signals are prepared for transmission by formatting the 5 signals into
frames of a predetermined protocol. FIG. 2 illustrates one embodiment of a
forward channel protocol 100 used in system 10 for transmitting data and
control information in 20ms frames, wherein each frame 102 includes a
header field I04 and multiple sub-frames I06. The header field 104
designates pilot bursts and control information for the sync word and the
sync sub-channel. The header field 104 is 10 followed by a sequence of nine
sub-frames 106, numbered 0, 1, 2, ... 8. The sub-frames 



106 are evenly spaced within the frame 102. Note that the header field 104
is made up of a first number of chips and each of the sub-frames 106 is
made up of a second number of chips, wherein the second number is not
necessarily equal to the first number. As used herein, a chip is defined as
the sample in time. 15 As illustrated in FIG. 2, each sub-frame 106
includes a predetermined number of time slots 108, wherein each time slot
108 corresponds to an LS code modulated by a symbol. In the present
embodiment, each sub-frame 106 includes 17 time slots, labeled 0, l, 2, ...
16. Each time slot 108 includes a modulated LS code and a subsequent gap
110 of variable size defined by the LA code. Note that the LS code is
assigned to the 20 mobile user, while the LA code is assigned to the base
station. The modulated LS code is composed of a pair of complementary
components, identified as "C" and "S" components as discussed in detail
hereinbelow. Each C component is 64 chips and is preceded by a 4 chip gap.
Each S component is 64 chips and is preceded by a 4 chip gap. Therefore,
each modulated LS code consumes 136 chips: (4 + 64 + 4 + 64). The 25
minimum size of any time slot 108 is, therefore, 136 chips. In the present
embodiment, the time slots 108 are not assigned a common chip length, but
rather each time slot 108 within a sub-frame 106 is assigned a unique chip
length. The chip length of each time slot 108 is determined by the gap 110
appended to the modulated LS code, wherein the sizes of the gaps 110 are
not uniform over the 30 entire sub-frame 106. The sizes of gaps I10 are
determined by the assigned LA code. The LA code defines the size of each
gap 110 within the time slot 108. The LA code is ' effectively a pattern
that is applied to the entire sub-frame 106. LA codes are described in
detail hereinbelow. In one embodiment, the frame 102 is composed of 23,031
chips. The header 35 field 104 is assigned 1545 chips, and each sub-frame
106 is assigned 2559 chips. As   W O 02/9231 7 PCT/USO1/~7760 each
sub-frame 106 contains 17 time slots 108, and each time slot 108 includes
an LS code of 136 bits and a variable size gap 110, each time slot 108 is,
therefore, at least 136 chips long, sufficient for the LS code. Note that
if a time slot 108 is equal to 136 chips, there is no gap 110. 5 LA Codes
The gaps 110 are determined by the LA code of the cell and/or sector.
Specifically, a LA code is a code used to determine the boundaries of time
slots within a 10 sub-frame and to identify a cell and/or sector. LA codes
may be designated by the following parameters, (N, Ko, K): (i) "N" is the
number of pulses; (ii) "Ko" is the minimum pulse interval; and (iii) "K" is
the total LA code length in chips. 15 A pulse is a function with unit
energy and infinitesimal duration. Each pulse identifies a time boundary
for a time slot 108. The minimum pulse interval is determined by the size
of the LS code. In the present embodiment, the LS code consumes 136 chips,
and therefore the minimum pulse interval is 136 chips. Alternate
embodiments may implement LS codes with different lengths and hence
different minimum pulse 20 intervals. As the LA code defines the timing
boundaries over the entire sub-frame 106, the total LA code length refers
to the length of the sub-frame 106, including all time slots 108. In the
present embodiment, the total LA code length is 2559 chips. Note that the
LA code is a parsing scheme that covers the entire sub-frame 106; and
therefore, the 25 total LA code length is defined as the length of the
sub-frame 106, and not the length of the LA code that lists the time
intervals assigned to each time slot 108 within the subframe 106. With
respect to FIG. 2, while one L5 code is applied to each time slot 108, one
LA code is applied to the entire time slot 108. 



As illustrated in FIG. 2, each sub-frame 106 is 2559 chips, wherein a chip
is 30 defined as the sample after spreading. The total LA code length, K,
is given as the length of one sub-frame 106. Each sub-frame 106 is
segmented into a predetermined number of segments, each segment allocated
sufficient chips to accommodate one LS code. The number of pulses, N,
corresponds to the number of segments after segmentation. For example, as
illustrated in FIG. 2, each sub-frame 106 is segmented 35 into 17 segments,
i.e., N=17. The minimum pulse interval, Ko, is measured in chips and   W O
02/a9231 8 PCT/US01Lt77G0 is constrained to a length of at least equal to
one LS code, i.e., 136 chips. While Ko defines the minimum segment length
of a time slot 108, not all time slots 108 are equal to the minimum segment
length, and perhaps no time slot 108 is equal to the minimum ' segment
length. Each time slot 108 is assigned a segment length. When the segment 5
length of the time slot 108 is greater than 136 chips, the difference is
made up by gap 110 subsequent to the S component of the modulated LS code.
In the present embodiment, LA codes are given having parameters
(17,136,25S9), i.e., N=17; KO=136; and K=2559. An exemplary LA code is
illustrated in FIG. 3. Seventeen pulse intervals are assigned index values
from 0 through 16, each 10 corresponding to one of the 17 time slots 108 of
FIG. 2. Each pulse interval has an associated chip length and pulse
position in time with respect to the other pulses. The pulse positions in
time for each index value are illustrated below the LA code. The
corresponding pulse positions for the LA code illustrate the chip beginning
of each time slot 108. Within the LA code, from the left, the first pulse
interval corresponds to a first 15 time slot 108 of FIG. 2 (labeled "0").
The first pulse interval is equal to 136 chips, or the minimum pulse
interval. Therefore, the first time slot 108 has a gap 110 equal to zero.
Continuing with the LA code, the next pulse interval is associated with the
second time slot 108, labeled "1." This interval is 138 chips, and
therefore the corresponding pulse occurs at ( 136+138)=274. The second time
slot 108 has a gap 110 equal to two 20 chips. Successive pulse intervals
within the LA code define the timing boundaries of the time slots 108
within sub-frame 106, wherein the final pulse occurs at the time
corresponding to the 2559`" chip. Within the LA code of the illustrated
embodiment, successive pulse intervals are two chips greater than previous
pulse intervals, until the end of the LA code. Alternate embodiments may
implement an alternate assignment of 25 pulse intervals. The combination
and order of pulse intervals creates a pattern. The pattern is then
permuted to create multiple patterns, providing distinct LA codes
applicable to multiple cells and/or sectors. FIG. 4 illustrates an
exemplary permutation table for 16 permutations of the primary LA codes of
FIG. 3. Each permutation defines a combination of interval index ' 30
assignments of the primary code, wherein each permutation alters the
arrangement and/or order of intervals. The LA code permutations identify
cell and/or sector of the base station. LA codes are used in LAS-CDMA to
create separate multiple access transmission channels on a same RF carrier.
The channels may be used by different cells and/or sectors. 35   WO 02/9231
9 LS Codes PCT/US011.177G0 While LA codes are used to identify cell and/or
sector, LS codes are used in LASCDMA to spread the transmitted signal and
create multiple code divided transmission 5 channels. As illustrated in
FIG. 2, an LS code is a complementary orthogonal code pair used to spread
symbols. Each occurrence of an LS code consists of a pair of codes of equal
length: a C component and a S component. The C and S components are
separated by gaps. For each LS code, constituent C and S components are
designed such that the cross-correlation function of the LS codes is zero
within a certain duration. 10 In one embodiment, the C and S components are
generated from initial seeds. Example seed pairs may be given as follows: 



(C1; S 1) _ (++; +-) (C2; S2) _ (-+; --), wherein a "= ` indicates a low
logic level bit and a "+" indicates a high logic level bit. In 15 one
embodiment, a seed set contains two such seed pairs. The following rule is
used to generate double length codes from a seed pair: (C 1 C2; S 1 S2) (C1
-C2; S1 -S2) (C2 C1; S2 S1) 2p (C2 -C1; S2 -Si), wherein a negative
indicates the binary complement of the original. The rule may be used to
generate continuously longer codes. The present embodiment generates
subsets of LS codes within each set of LS codes having a given LS code
length. The subsets are designed such that the cross25 correlation function
between any two LS codes in the subset is zero. The range of offsets within
which the zero valued cross-correlation is maintained is referred to as the
Interference Free Window (IFW). The range or interval of the IFW is
represented as [d, + d], wherein "d" represents the offset distance from
the origin, and wherein the origin is the position where the two LS codes
are exactly aligned. The range is 30 described over the offset origin,
wherein the offset origin refers to no offset between the codes. The
cross-correlation properties of the LS codes allow for Multiple Access
Interference (MAI) rejection and/or reduction. Another characteristic of
the LS codes is that the auto-correlation is null within an interval
centered around the offset origin, but not at the origin. The
auto-correlation 35 functions are generally defined for a sequence x, as:
WO 02/9231 10 Rx(i) _ ~xixi_r , ~=o PCT/USO1/.17760 wherein J is the number
of elements in each occurrence of the sequence or code, x is a code
element, and j is the code element index. For each successive shift i, the
auto correlation function calculates the summation of the product of xj and
its shifted 5 version xj-i. The auto-correlation property of the LS codes
allows rejection and/or reduction of the multipath-induced Inter-Symbol
Interference (ISI). The number of LS codes of a given LS code length that
satisfy the cross correlation and auto-correlation properties corresponds
to a given IFW size. In other words, the number of LS codes per subset may
be determined by the IFW size and the 10 LS code length. For a fixed LS
code length, the width of the IFW increases, the number of LS codes
satisfying these properties decreases. FIG. 5 illustrates several IFWs with
respect to offset intervals. The IFW defines the offset between the two
codes, wherein the cross-correlation between the two codes is null. The
distance from the origin corresponds to the shift from the origin, wherein
15 the codes are shifted in time with respect to each other. As
illustrated, for IFW=[0,0], the window covers the origin. As the window
increases, the number of LS codes available decreases. In one embodiment,
LS codes are defined according to an arborescent structure, 



such as illustrated in FIG. 6. The structure begins with a code length of
two bits, 20 wherein each of the C and S components are one bit.
Progressing down the structure, four LS codes are provided with two bit
components, followed by eight LS codes of four bit components, and finally
through to 128 LS codes of 64 bit components. Fox a 138 bit LS code, the
desired IFW determines the number of codes available to form a LS code
subsets. For example, an IFW=[-7,+7] the subset includes 16 codes. As the
25 size of the window decreases, the number of codes available for the
subset increases. For 1FW=[-3,+3] the subset includes 32 codes; for
IFW=[-1,+1] the subset includes 64 codes; and for IFW=[0,0] the subset
includes a11 128 codes. Note that IFW=[0,0] indicates that there is
effectively no IFW. The following table provides an example for LS code
length of 128 bits. 30   WO 02/9231 11 Table 1. IFW versus LS Code Subset
Size IFW I Number of LS Codes [0,0] 128 [-1,+1] b4 [-3,+3] 32 [-4,+4] 16 5
Signal Transmission PCT/US01/~7760 FIG. 7 illustrates transmissions within
each of two cells within system 10 of FIG. 1. The transmission signals
include symbols 108, as illustrated in FIG. 2, separated by gaps in time of
varying duration. In the example illustrated, signals are transmitted to 10
mobile user 24 within a first cell that is assigned a first .LA code. The
first LA code defines a time boundary sequence. The first LA code defines
the chip sizes of gap 1, gap 2, etc. For mobile user 34 within a second
cell of the first cell's neighborhood, signals are transmitted having a
second LA code defining chip sizes of gap 3, gap 4, etc. The LA sequence
for each mobile user 24, 34 continues with other gap durations 15 between
modulated LS codes. The particular LA sequence identifies the base station
from which the transmissions are sent. The gap between symbols is a time
duration during which no information is sent. The sequence of gaps, or the
LA sequence, is effectively a code assigned to a base station or other
transmitting source. The total frame length for each of mobile user 24 and
mobile user 34 is consistent; only the time 20 duration and order of the
gaps between modulated LS codes is different among users. Each frame
complies with a predetermined format and/or protocol that defines the time
allowed for an entire frame. The LA code effectively sets the symbol
boundaries within a frame. Note that for transmissions from a given base
station, the sub-frame pattern, i.e., LA code, repeats in successive
frames. Alternate embodiments may alter the frame 25 length per user. Note
that within a cell and/or sector, a base station uses a single LA sequence.
Neighboring cells will be assigned different LA sequences. Within a cell
and/or sector each mobile user is assigned a unique LS code. However,
neighboring cells/sectors may reuse the LS codes, and most likely will have
at least one LS code in common. The common use and reuse of LS codes by   



WO 02/.19231 12 PCT/USO1/~7760 neighboring cells and/or sectors creates
interference that may impede correct reception of transmitted signals by
one or multiple mobile users in neighboring cells/sectors. The exemplary
embodiment utilizes the IFW characteristics of a LAS-CDMA system by forming
subsets of codes based on a desired IFW. 5 Assignment of LS Codes FIG. 8A
illustrates assignment of LS code subsets to neighboring cells within a
system 700 having cells 702, 704, 706, 708, 710, 712. As illustrated, a
unique LS code 10 subset is assigned to each neighboring cell. For example,
a subset A is assigned to cell 702. The neighbors to cell 702 are each
assigned a different and unique subset of LS codes, wherein subset B is
assigned to cell 704) subset C is assigned to cell 706, subset D is
assigned to cell 708, subset E is assigned to cell 710, and subset F is
assigned to cell 712. In this way, no mobile user in cell 702 will be
assigned a code used in a 15 neighboring cell. There is no reuse within the
neighboring cells of cell 702. Note that not all neighbor cells of cell 702
may be assigned different subsets. One assignment schedule is illustrated
in FIG. 8B, wherein no two neighbor cells have a common LS code set
assignment. The illustrated schedule assigns three LS code subsets to the
cells within system 700. The subset A is assigned to cell 702. The subset
20 . B is assigned to cells 704 and 708, as these two cells are not
neighbors. Subset C is assigned to cells 706 and 710. Note that subset A is
then assigned to cell 712, as this cell is not a neighbor of cell 702. As
in the schedule illustrated in FIG. 8A, no neighboring cells are assigned a
common code set. In accordance with one embodiment, a process of assigning
LS code subsets is 25 detailed in FIG. 9. At step 802 the size of the IFW
is determined. This is the acceptable level of interference allowed in the
system. For example, an IFW = [0,0] indicates that no offsets maintain the
desired cross-correlation property. In other words, there is no window of
offsets that is interference free. Similarly, an IFW = [-1,+1] indicates
that a group of LS codes can be found that maintains these properties for
offsets of +1 to (-1). 30 At step 804 the size of the LS subset is
calculated as a function of the 1FW selected. Specific code subsets are
formed at step 806, wherein the number of codes available for a subset is
determined from the selected IFW and the length of the LS code. The LS
codes may be assigned to subsets sequentially or in some other fashion)
wherein in one embodiment, at least three subsets are formed providing
complete isolation of cells with 35 a honeycomb layout, as illustrated in
FIGs. 8A and 8B. Alternate embodiments may   WO 02/9231 13 PCTlUS01/:17760
incorporate alternate numbers of subsets and allow different isolation.
Still other embodiments may incorporate additional subsets to provide
additional isolation of cells. Each system may be implemented to
accommodate the vagaries of the transmission environment. For example, one
system may require less isolation due to a sparse 



5 concentration of expected mobile users or due to a specific type of
terrain, while other systems may require additional isolation beyond
neighboring cells due to a dense concentration of users. As an example,
consider the case illustrated in FIG. 6, for a total of 128 LS codes,
wherein a desired IFW = [-1,+1] corresponds to 64 LS codes per subset. The
available codes may then be assigned to subsets. 10 In one embodiment the
system 10 selects the IFW based on the multi-path propagation delay profile
of a mobile user. Note that the MAI and ISI within the IFW may be reduced.
It is more difficult to remove or reject the MAI and ISI outside of the
window. As the size of the IFW increases, the number of LS codes that
maintain the IFW decreases. However, the number of LS code subsets
increases. For example, as 15 discussed hereinabove, with an LS code length
of 128 bits, an IFW=[-1,+1] results in subset size of 64 LS codes. As there
are a total of 128 codes, this allows two subsets of 64 LS codes. For an
IFW=[-3,+3], the resultant LS code subset size is 32, and there are,
therefore, four subsets that may be formed from the 128 LS codes.
Continuing with FIG. 9, a LS code subset is then assigned to one cell at
step . 20 808. A check is made to see if the same code subset is used in a
neighboring cell at decision diamond 810. This is to ensure that
neighboring cells are using distinct subsets. If no neighboring cell is
using the same subset, processing continues to decision diamond 812 to
determine if all cells have been assigned. If a neighboring cell uses the
same LS code subset, processing continues to step 814 to select a different
LS 25 code subset and return to step 808. The different LS code subset may
be the next sequential subset of codes or may be a disjoint set of codes.
The processing continues until a11 cells in the system have been assigned
code subsets; if a11 cells have not been assigned code subsets at decision
diamond 812, processing continues to step 814. The process described by
FIG. 9 will typically be performed by a base station 30 controller (not
shown) that provides control for multiple base stations within a wireless
telecommunication system. The processing may alternately be performed by
each base ' station, wherein each base station within a system, such as
stations 22, 32, 42, 52, 62, 72, communicates with each other base station
in the selection of LS code subsets. In such an embodiment, once a base
station has selected a LS code subset, this selection is 35 communicated to
other base stations within the system. Negotiation between base   WO
02/-t9231 14 PCT/USO1/.t7760 stations may be used to allow each base
station to isolate communications within the corresponding cell from
neighboring cells, i.e., the neighborhood, while allowing each neighbor to
perform the same with respect its neighborhood. The assignment of LS code
subsets is a dynamic process and may be modified or changed due to changing
5 circumstances within a given system. When for example, the desired IFW
changes, it may be necessary to change the LS code assignments. In this
case, fewer codes may be available to form subsets. In another instance,
the concentration of mobile users may change, requiring a smaller IFW and
making more codes available. According to one embodiment, a wireless
LAS-CDMA communication system 10 implements multiple LS code subsets,
wherein each LS code subset is assigned to a cell and/or sector within the
system and different subsets are assigned to neighboring cells. The subsets
are formed to achieve a desired IFW, wherein the IFW determines the number
of codes in each subset. Application of such subsets to neighboring cells
reduces the interference between neighboring cells. In one embodiment, the
size of the 15 subsets is determined by the length of the codes and the IFW
according to an arborescence structure. In this way, the interference
experienced by neighboring cells in a wireless communication system is
reduced. Thus, a novel and improved method and apparatus identifying mobile
users in a wireless transmission in a wireless communication system has
been described. Those of 20 skill in the art would understand that the
data, instructions, commands, information, signals, bits, symbols, and
chips that may be referenced throughout the above description are
advantageously represented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or any
combination thereof. 25 Those of skill would further appreciate that the
various illustrative logical blocks, modules, circuits, and algorithm steps
described in connection with the embodiments disclosed herein may be
implemented as electronic hardware, computer software, or combinations of
both. The various illustrative components, blocks, modules, circuits, and
steps have been described generally in terms of their 30 functionality.
Whether the functionality is implemented as hardware or software depends
upon the particular application and design constraints imposed on the
overall system. Skilled artisans recognize the interchangeability of
hardware and software under these circumstances, and how best to implement
the described functionality for each particular application.   WO 02/.19231
15 PCT/US011~77G0 As examples, the various illustrative logical blocks,
modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented or performed with a digital
signal processor (DSP); an application specific integrated circuit (ASIC);
a field programmable gate array (FPGA) or other 



5 programmable logic device; discrete gate or transistor logic; discrete
hardware components such as, e.g., registers and FIF0; a processor
executing a set of firmware instructions; any conventional programmable
software module and a processor; or any combination thereof designed to
perform the functions described herein. The processor may advantageously be
a microprocessor, but in the alternative, the processor may be 10 any
conventional processor, controller, microcontroller, or state machine. The
software modules could reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the art. The processor
may reside in an ASIC (not shown). The ASIC may reside in a telephone (not
shown). In the alternative, the 15 processor may reside in a telephone. The
processor may be implemented as a combination of a DSP and a
microprocessor, or as two microprocessors in conjunction with a DSP core)
etc. The previous description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention.
The various modifications 20 to these embodiments will be readily apparent
to those skilled in the art, and the generic principles defined herein may
be applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein. 25   WO 0219231 16
CLAIMS I (WE) CLAIM: PCT/USO1/-47760 1. In a wireless communication system
adapted for Large Area Synchronized-Code 2 Division Multiple Access
(LAS-CDMA) transmissions, the transmissions using LS codes for
spread-spectrum modulation, a method comprising: 4 determining a size of an
interference free window (IFW}; calculating a plurality of subsets of LS
codes, each subset comprising a number 6 of LS codes as a function of the
IFW; assigning a first of the plurality of subsets to a first portion of
the system; and 8 assigning a second of the plurality of subsets to a
second portion of the system. 2. The method of claim 1, wherein the
calculating further comprises: 2 determining a number of subsets for
application within the system; determining the first subset of LS codes
having null cross-correlation with 4 respect to each other; and determining
the second subset of LS codes having null cross-correlation with 6 respect
to each other. 3. The method of claim 1, further comprising: 2 identifying
mobile stations within the first portion of the system with LS codes from
the first of the plurality of subsets; and 4 identifying mobile stations
within the second portion of the system with LS codes from the second of
the plurality of subsets. 



4. The method of claim 1, wherein a cross-correlation of the LS codes
within the 2 first and second of the plurality of subsets is null within
the IFW. 5. The method of claim 1, wherein the size of the IFW corresponds
to an LS code 2 length, and wherein calculating the plurality of subsets
further comprises: generating seed pairs given as: 4 (C1; S1); and (C2;
S2);   WO 02/9231 17 PCT/USO1/-47760 6 generating a plurality of LS codes
of the LS code length by application of a formula given as: 8 (C1 C2; S1
S2) ' (C1 -C2; S1 -S2) 10 (C2 C1; S2 S1) (C2 --C1; S2 -SI), 12 wherein a
negative indicates a binary complement of an original element. 6. The claim
as in claim 5, further wherein the number of subsets is at least three. 7.
A wireless communication system incorporating a LAS-CDMA protocol, 2
comprising: a first cell, the first cell being assigned a first subset of
LS codes; and 4 a second cell, the second cell being assigned a second
subset of LS codes, wherein the first and second subsets have a null
cross-correlation within 6 a predetermined interference free window. 8. The
system as in claim 7, wherein the first and second cells are neighboring 2
cells. 9. The system of claim 8, further comprising: 2 a first neighborhood
of cells each neighboring the first cell, wherein the second cell is in the
first neighborhood. 10. The system of claim 9, further comprising: 2 a
third cell within the first neighborhood, the third cell being assigned a
third subset of LS codes, wherein the LS codes within the first and third 4
subsets have a null cross-correlation within the predetermined interference
free window. 11. In a Large Area Synchronized-Code Division Multiple Access
wireless ' 2 communication system, a method comprising: transmitting a
first communication within a first cell, the first communication 4
identifying at least one mobile station within the first cell by a first LS
code within a first subset of LS codes; and   WO 02/9231 18 



PCT/USO1/-47760 6 transmitting a second communication within a second cell,
the second communication identifying at least one mobile station within the
second 8 cell by a second LS code within a second subset of LS codes;
wherein a cross-correlation between any two LS codes within the first is
null 10 within an interference free window, and the cross-correlation
between any two LS codes within the second subset is null within the
interference 12 free window. 12. The method of claim 11, wherein the first
and second subsets of LS codes are 2 part of a set of LS codes defined by
the interference free window. 13. The method of claim 12, wherein for the
set of LS codes comprises 128 codes, 2 the interference free window equal
to [-1,+1] corresponds to 64 available codes for forming subsets. 14. The
method of claim 12, wherein a correspondence between the interference free
2 window and a number of available codes for forming subsets is based on an
arborescence structure. 15. A controller in a Large Area Synchronized-Code
Division Multiple Access 2 wireless communication system, comprising: a
first set of instructions for determining an interference free window size
for 4 communications between neighboring cells; and a second set of
instructions for determining at least two sets of LS codes based 6 on the
interference free window size, a first set for identifying mobile stations
in a first cell and a second set for identifying mobile stations in a 8
neighboring cell; wherein the LS codes within the two sets of LS codes have
a null cross 10 correlation within an interference free window. 16. The
controller of claim 15, further comprising: 2 a third set of instructions
for assigning the first set of LS codes to communications in the first
cell; and 4 a fourth set of instructions for assigning the second set of LS
codes to communications in the second cell.   WO 02/-49231 19
PCT/US01/-t7760 17. In a Large Area Synchronized-Code Division Multiple
Access wireless 2 communication system, the system having a first cell and
a first cell neighborhood, a computer data signal embodied on a carrier
wave, the signal comprising: 4 a first portion comprising header
information for transmission to a first mobile user in a first cell; and 6
a second portion comprising a first LS code corresponding to the first
mobile user, the first LS code being part of a first set of LS codes, and 



8 wherein within the first cell neighborhood, the first LS code is assigned
only to the first cell. 18. The signal of claim 17, further comprising: 2 a
third portion comprising the first LS code. 19. The signal of claim 18,
wherein: 2 the second portion has an associated first data symbol and the
third portion has an associated second data symbol, 4 the second portion
further comprises the first LS code modulated by the first data symbol; and
6 the third portion further comprises the first LS code modulated by the
second data symbol. 20. The signal of claim 16, wherein a second set of LS
codes is assigned to a second 2 cell within the first cell neighborhood.
21. In a wireless communication system incorporating a LAS-CDMA protocol, a
2 first cell, comprising: a first set of computer readable instructions
adapted to receive a first LS code 4 set, the first LS code set having a
plurality of LS codes of a predetermined first length, wherein each of the
plurality of LS codes in 6 the first LS code set has a null
cross-correlation with respect to each other LS code in the first LS code
set; and 8 a second set of computer readable instructions adapted to
generate a data signal on a carrier wave, the data signal comprising: 10 a
first portion comprising header information for transmission to a first
mobile within the first cell; and   WO 02/t9231 PCT/OSO 1/-17760 20 12 a
second portion comprising a first LS code corresponding to the first mobile
user, the first LS code being part of the first LS code set. 22. A wireless
apparatus adapted for operation with the first cell of claim 21.
.AY.AY9e.A@U9.AFh9.AA&.AYh&.AYh9.AY9?.A h&.AlU9E
.A&.A,{R.A.A3.A,h9.A3h.AYL?.AYU&?.A3&.Ay9,5notgqtw})MT*x~ytoid_ZU]ca]ca]ca]
caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]caU]ca]
caU]ca]ca]ca]caU]ca!x(3rup>Q 'x
*sS%|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!%.
r""i$$%g%P'^'`'p''$(r(()R)))V***+0+4++,|--+...=/zupkfa\W]]ca]ca]ca]ca]ca]ca
]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c^a]ca]ca]ca]ca
]ca]ca]ca!=//0_0j112^2j2l2{2M334566778l9;
J<<<=`=l=n=}=>>>F|vqlgb\W]]ca]c^a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca!FFFFFFFMN@OPP]QQQQQQQ
QTTUVZZZZZZ2[D[F[|wqlgb]Wlgb\W]V]ca]ca]ca]ca]caV]ca]caU]ca]ca]ca]ca]ca]caU]
ca]c^a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caV]ca
F[{[~[[[1\u\\g]]]F^^^P___`V`aaSblcrc}cccccccddddzupkf`ZU]caU]ca]c^a]ca]ca]c
a]ca]c^a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]caV]ca]ca!ddpelghiiyjjkkkkkllmammnpoopippqqrGrrrIsUttuzupkfa\W]]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]caU]ca]ca]ca]ca]ca
V]ca]ca]ca]ca]ca!uavlvovv`yz|#q}}
'5E}xrmhc^Ykfa\W]]]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]caV
]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca
EZzPmTV[xCJHn|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!,}e#&03CGux{vqlgb]W]U]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]caU]ca]ca!x#se#&03CGux{vqlgb]W]U]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca]canouvx
^F)Y '10%``&'()-1'!Y '10%``&'()-1Y
'10%``&'()-1!G9!10%``&'()-!9!10%33&'()-@10%&'()-`xyz{sV4Y '10!Y
'10%``&'()-1Y 



'10%``&'()-1'0!Y '10%``&'()-10Y '10%``&'()-1'Y '10%``&'()-1cdgrstR:Y
'10!'!Y '10%``&'()-1Y '10%``&'()-1'!Y '10%``&'()-1Y '10%``&'()-1'stuvwnV9Y
'10!Y '10%``&'()-1'!Y '10%``&'()-1Y '10%``&'()-1'Y '10%``&'()-1Y
'10%``&'()-1 abeoR0Y!Y '10%``&'()-1Y '10%``&'()-1'!Y '10%``&'()-1Y
'10%``&'()-1'!Y '10%``&'()-1 [\tR:Y!Y'!Y '10%``&'()-1Y '10%``&'()-1'!Y
'10%``&'()-1Y '10%``&'()-1'\]iQ4Y!Y '10%``&'()-1'!Y '10%``&'()-1'Y
'10%``&'()-1'!Y '10%``&'()-1'Y '10%``&'()-1VWXoR0Y!Y 



'10%``&'()-1Y '10%``&'()-1'!Y '10%``&'()-1Y '10%``&'()-1'!Y
'10%``&'()-1detR:Y!Y'!Y '10%``&'()-1Y '10%``&'()-1'!Y '10%``&'()-1Y
'10%``&'()-1'eh iQ4Y!Y '10%``&'()-1'!Y '10%``&'()-1'Y '10%``&'()-1'!Y
'10%``&'()-1'Y '10%``&'()-1defoR0Y!Y '10%``&'()-1Y '10%``&'()-1'!Y
'10%``&'()-1Y '10%``&'()-1'!Y '10%``&'()-1   o p tR:Y!Y'!Y '10%``&'()-1Y
'10%``&'()-1'!Y '10%``&'()-1Y '10%``&'()-1'p q  



iQ4Y!Y '10%``&'()-1'!Y '10%``&'()-1'Y '10%``&'()-1'!Y '10%``&'()-1'Y
'10%``&'()-1lmpoR0Y!Y '10%``&'()-1Y '10%``&'()-1'!Y '10%``&'()-1Y
'10%``&'()-1'!Y '10%``&'()-1cBY!Y '10% Y&s10%+&'()- Y`10%+&'()-10+Y10+10+
Y*10%+&'()--Y '10%``&'()-1' |[:cBY!Y Y10%+&'()-& #10%I+I&'()-& %#10%;+;
&'()- Y "910%+&'()- YYy`10%+&'()-M Y 10%+&'()-\|[:cBY!Y `y9$#10%k+k&'()-&
Yy9$#10%&'()-& Y!t!10%+&'()- Yt!10%+&'()- #10%N+N&'()-  Y#10%+&'()-
})MT|[:cBY!Y S8#10%k+k&'()-& l2'10%+&'()-& (l2'10%)+)&'()- Y0 10%+&'()-
Ys-s!10%+&'()-y YX`*#10%+&'()-yT*vU4Y! Y`!10%'&'()-f Y "910%'&'()-
Ys10%'&'()- YL10%'&'()-10+10+10+ Yy;#10%+&'()-*x(3ru|[:vU4Y! Y YS10%'&'()-Y
Y10%'&'()-Y YYs!10%'&'()-zY Ys!10%'&'()- Yf#10%'&'()- Y
10%'&'()-up|[:vU4Y! Y Y@$#10%'&'()-Y Y#z10%'&'()-Y Y !10%'&'()-Y
S#10%q'q&'()-  Y &10%'&'()-  Y&10%'&'()-p>Q|[:vU4Y! Y Y-S10%'&'()-Y
Y@S,#10%'&'()-Y Y*10%'&'()-Y Y@)s!10%'&'()- Y '10%'&'()- Y,&10%'&'()- 'x
*|[:vU4Y! Y YF7z10%'&'()-Y Y 510%'&'()-Y Y@ 410%'&'()-Y Y 210%'&'()-
Y1g10%'&'()- Y f/10%'&'()-*svU4Y! Y"910%+&'()- Y10%+&'()-
YL10%+&'()-10'10'10' YF: 10%'&'()- Y 810%'&'()-S%|[:vU4Y! Y S#10%W+W&'()- Y
YFs!10%+&'()-Y Yl 



10%+&'()- YF `10%+&'()- Y10%+&'()- Y`!10%+&'()-.  x!r""p#|[:vU4Y! Y
YSS"#10%+&'()- Y Yl `!10%+&'()-Y f#10%N+N&'()-F f#10%N+N&'()-F
Ys!10%+&'()-y YS#10%+&'()- p#i$$%g%'M'N'|[:-4103+3Y yF4'10%3+3&'()-Y
F4'10%+&'()-Y Y0 10%+&'()-  S@,#10%o+o&'()-f Y*`!10%+&'()- S"#10%f+f&'()-
N'O'P'^'`'p''$(bA4103+3Y y Y 10%+&'()- YM!10%+&'()- Y "&10%+&'()-
Y9s10%+&'()- Y910%+&'()-103+3103+3$(r(()R)))|[:A4103+3Y YY9!10%+&'()- Y
10%+&'()- YF10%+&'()- YM!10%+&'()- Y -#10%+&'()-
f'10%/+/&'()-)V**4++,|-|[:A4103+3Y Y(y"#10%+&'()-  #10%"+"&'()-
Y`!10%+&'()- Y 10%+&'()- YlM!10%+&'()- Y#10%+&'()-|--+...=//|[:A4103+3Y
Y-`!10%+&'()- Yy@,#10%+&'()- Y*`!10%+&'()- Y)M!10%+&'()- Y'`!10%+&'()-
y"#10%5+5&'()- /0_0j112[2\2|[:-410+Y Yf;#10%+&'()- Y3:M!10%+&'()-
Y8`!10%+&'()- f3#10%I+I&'()-  Y f2s10%+&'()-
Y0-10%+&'()-\2]2^2j2l2{2M33bA410+Y Y YY y10%+&'()-  Ylt!10%+&'()-
Y!&10%+&'()- Y10%+&'()- YsL10%+&'()-10+10+34755667|[:A410+Y Y,#10%+&'()-
Y&910%+&'()- Yl!10%+&'()-  Y,#10%+&'()-3 ,#10%N+N&'()-3 B  g#10%+&'()-
77s88l9:P:|[:A410+Y Y,)#10% &'()- ,)#10%k+k&'()- Y&!10%+&'()-
Y,`!#10%+&'()-  ,`!#10%t+t&'()-  Y9!10%+&'()-P:;;J<<<=|[:A410+Y Y
3:10%+&'()- Y8@10%+&'()- YY 7'10%+&'()- Y5s!10%+&'()- Y,)#10%+&'()-
,)#10%k+k&'()-=]=^=_=`=l=n=}=>vU410 Y`!10%+&'()- Y3"910%+&'()- Y10%+&'()-
Y910%+&'()-10+10+10+ Y@;#10%+&'()- >>>K???@@|[:vU410 Y Y Y'10% &'()-*Y ]
Y'10%&'()-*Y Y'10%V+V&'()-*Y Y'10%V+V&'()-* Y10%+&'()- Y3
s10%+&'()-@@AFCDuFFFFF|[NA41010+10+10+Y aY'10%+&'()-*Y aY'10%+&'()-*Y
Y'10%Q+Q&'()-* Y'10%L+L&'()-* jY'10%+&'()-*FFFFGHI|[:NA41010
F(10%L4+L&'()-Y F(10%9+&'()-Y F(10%V9+V&'()-Y Y3"910%+&'()- Y9s10%+&'()-
Y910%+&'()-IK;MMN@OO|[:NA41010 Y-`!10%+&'()-Y Yf@,#10%+&'()-Y
Y&s!10%+&'()-Y MF(10%/+&'()- F(10%>/+>&'()- F(10%H/+H&'()-OPP]QQQQQ|[:-410+
Yf;10%+&'()-Y Y3:m10%+&'()-Y Y8`!10%+&'()-Y Y5'10%`+`&'()- YdYf2'10%+&'()-
$-`!10%+&'()-QQQQQQQRbA410+ Y  '10%r,r&'()-3 Y!&10%9,9&'()- Y310%9,9&'()-
Y10%9,9&'()- Y&`10%9,9&'()-10+10+R;TTTUUV|[:A410+ j '10%JpJ&'()-3
'10%(&'()-3 jE '10%J,J&'()-3  '10%&'()-3  '10%,&'()-3
'10%w,w&'()-3VVWXYZZZZ|[NA41010,10,10, # '10%,&'()-3  '10%,&'()-3
'10%,&'()-3 }` '10%],]&'()-3  '10%,&'()-3ZZZZZ2[[|[:NA41010 Ys!10%+&'()- Y3
!10%+&'()- Y "910%+&'()- Y10%+&'()-g Y10%+&'()-
YL10%+&'()-[[1\u\\g]]|[:NA41010 Yf#10%+&'()- Yy!10%+&'()- Y 10%+&'()-
Yfm10%+&'()- Ysf#10%+&'()-  l '10%5+5&'()-]]F^^^P__|[:NA41010 Y!s!10%+&'()-
Yfl#10%+&'()- Ys!10%+&'()- YFs!10%+&'()- Y 10%+&'()-
Y310%+&'()-__`V`aaSb|[:NA41010 YS.#10%+&'()- Y`-s!10%+&'()- @&'#10%a+a&'()-
Y%`!10%+&'()- Y $10%+&'()- Y"Z10%+&'()-Sb$clcocpcqcrc}ccvU410 Yy10%@(@&'()-
Y9L10%@(@&'()-10+10+10+ ?l610%+&'()- Ys0s!10%|%&'()-
Ys0s!10%+&'()-cccccdd|[:vU410 Y Y!&10%@(@&'()-Y Yf10%@(@&'()-
Y0f10%@(@&'()- Y  10%@(@&'()- Ys`10%@(@&'()-
Y3f10%@(@&'()-dddepeflgh|[:vU410 Y YY)!10%@(@&'()-Y S #10%(&'()- S
#10%(&'()- Y#10%@(@&'()-  #10%(&'()-  Y10%@(@&'()-hhjyjjkkk|[:-410@(@Y
Y:s!10%@(@&'()-zY YY 910%@(@&'()- 



Y7f10%@(@&'()-  Y,#10%@(@&'()-m  ,#10%(&'()-m  YS,#10%@(@&'()-m
kkkkkkllbA410@(@Y Y Ys10%-'-&'()- Ys!10%-'-&'()- Y"10%-'-&'()- Y10%-'-&'()-
Y&10%-'-&'()-10@(@10@(@lmammnpoo|[:A410@(@Y YSl 10%-'-&'()- Y3`!10%-'-&'()-
YS#10%-'-&'()- Y `!10%-'-&'()- YY 10%-'-&'()-
Yf10%-'-&'()-opippqqr|[:A410@(@Y YL'`!10%-'-&'()- @9$#10%'&'()-z
Y"`!10%-'-&'()- Y&!`!10%-'-&'()- Y`!10%-'-&'()- YY
10%-'-&'()-rGrrrIsUtt|[:A410@(@Y Y@3#10%-'-&'()- Y/s!10%-'-&'()-
Y-`!10%-'-&'()- Y@+#10%-'-&'()- YY s*10%-'-&'()-
Y(10%-'-&'()-tu^v_v`vavlvovvvU410 Y!10%+&'()- Y10%+&'()-
Y9s10%+&'()-10-'-10-'-10-'- Ya,9#10%-'-&'()-z Y@5s!10%-'-&'()-
vw`yz|I|L~|[:vU410 Y `!'10%+&'()-sY `!'10%"&'()-sY S&$10%,+,&'()-
S&$10%+&'()- B%#10%+&'()-  4#10%+&'()- L~|obU410 YLL10%&+&&'()-10+10+10+Y
}`!'10%+&'()-s `!'10%/+/&'()-s e`!'10%+&'()-s `!'10%+&'()-s#qq|[:bU410 Y
,:$10%oO#o&'()- YY !10%&+&&'()-Y 3'10%d+d&'()- 3'10%Z+Z&'()- Y!10%&+&&'()-
Y10%&+&&'()-}_|[:bU410 Y Yt@S2#10%&+&&'()- @,#10%+&'()-Y ,:$10%+&'()-
Y6,:$10%&+&&'()- ,:$10%+&'()- Y(,:$10%&+&&'()-_z{|}vU410 =f#10%'&'()-m  Y
"910%-'-&'()- Y10%-'-&'()- YL10%-'-&'()-10+10+10+ @S2#10%+&'()-|[:vU410 =
@`!#10%'&'()-F Y @`!#10%'&'()-F Y @#10%'&'()-Y @#10%'&'()- @#10%'&'()- =
f#10%'&'()-m  '5vU410 zFM10%G+G&'()- Y3f10%&+&&'()- Y10%&+&&'()-
YL`10%&+&&'()-10-'-10-'-10-'- Y,@,10%-'-&'()-5EZ|[:vU410 z YF F10%&+&&'()-
Y YFT10%&+&&'()-Y 9FT10%*&'()-Y 3y'10%+&'()-G Y`!10%&+&&'()-
Y!10%&+&&'()-zPm|[:vU410 z YY `!10%&+&&'()- Y Y@10%&+&&'()-Y P 10%()&'()-Y
Y&10%&+&&'()- Yl"10%&_+&&'()- Y10%&+&&'()-T|[:vU410 z YF @,s10%&+&&'()-Y
Y*@#10%&+&&'()- Y YF ,)10%&+&&'()-Y Y&@#10%&+&&'()- =&@#10%  &'()-
Y#s10%&+&&'()- V[uvwx|[NA41010 " 10 " 10 " Y P510% " &'()-Y K510%+&'()-Y
Y3`!10%&+&&'()- Y0@10%&+&&'()- 



Y@/s!10%&+&&'()-x0C|[:NA41010 lt'10%Y&'()-Z Y YFlt'10%&'()-Z Y $
qlt'10%+&'()-Z Y Y"L10%+&'()- Y10%+&'()- YL10%+&'()-C8J|[:NA41010
Y9!`!10%+&'()-Y YY@#10%+&'()-Y Y@#10%W'&'()-Y YY@#10%+&'()- Y310%+&'()-
1lt'10%(&'()-Z Hwn|[:NA41010 Yf5H!10%+&'()-Y Y,S#10%+&'()-Y Q,S#10%7&'()-Y
%@#10%+&'()- !%@#10%<&'()- Y"10%+&'()-vU410 YF"910%+&'()- Y10%+&'()-
Y&10%+&'()-10P+P10P+P10P+P Y6'10%P+P&'()- YY6'10%&'()-b,}|[:vU410 Y
Y@#10%+&'()-Y Y&!10%+&'()-Y YY@#10%+&'()-z D'10%+&'()-3  '10%Y'Y&'()-3  -
|'10%+&'()-3 e|[:vU410 Y Y)10%+&'()-Y s$S#10%+&'()- Y Ys$S#10%+&'()-
Y`!10%+&'()- Y9S#10%+&'()- Y&:10%+&'()-C|[:vU410 Y Y5'10%[[&'()-Y
Yff210%+&'()-Y S/S#10%+&'()-S YS/S#10%d&'()-S {@,S#10%+&'()-y Yl
*10%+&'()-C !"#03vU410 Y10%&+&&'()- YL910%&+&&'()-10+10+10+ 3:@#10%+&'()-S
YF 8 10%+&'()- Y5'10%v+v&'()-3C++|[:vU410 Y ryS#10%+&'()-Y Y yS#10%+&'()-Y
yS#10%+&'()-Y  *yS#10%%&'()-Y  YyS#10%&+&&'()-Y  Y!&10%&+&&'()-G|[:vU410 Y
`!@#10%+&'()- Y `!@#10%&'()-  Y&@#10%&+&&'()- &@#10%+&'()- 9&@#10%&'()-
Y:10%&+&&'()-yG-|[:vU410 Y A 37'10%+&'()-Y < 3-'10%+&'()- 3-'10%+&'()-
3-'10%&'()- Yh,,i!10%&+&&'()- Y'@#10%&+&&'()-rstuvU410 Yyz#10%'&'()-
Y10%'&'()- YF"910%'&'()- Y910%'&'()-10+10+10+ 37'10%+&'()-#svU410
Yyz#10%'&'()- Y10%'&'()- YF"910%'&'()- Y910%'&'()-10 Y:10%'&'()-
Yy10%'&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading
93]c"A "Default Paragraph
FontO$]/_:CNWq`h`s|w"tsx%=/FF[dduExsmnopqrstuvwxs\ep
T*up*p#N'$()|-/\237P:=>@@FIOQRVZ[]_SbcdhklortvL~_5xCC3Gsxyz{|}~6Times New
RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


