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CROSS-REFERENCES TO RELATED APPLICATIONS - 2 APR 2003 5 This Application
for Patent is related by subject matter to commonly-assigned U.S.
Applications for Patent Serial Nos. 08/733,501, 08/847,655, and 09/148,224,
filed October 18, 1996, April 30, 1997, and September 4, 1998,
respectively, and Provisional Application Serial No. 60/063,024, filed
October 23, 1997. The above-cited Applications are useful for illustrating
certain important premises and the state of the art 1 o for the present
Application, and are hereby incorporated by reference herein in their
entirety. BACKGROUND OF THE INVENTION Technical Field of the Invention 15
The present invention relates in general to the mobile telecommunications
field and, in particular, to a method for processing multiple random access
mobile-originated calls. Description of Related Art The next (so-called
"third") generation of mobile communications systems will 2o be required to
provide a broad selection of telecommunications services including digital
voice, video and data in packet and channel circuit-switched modes. As a
result, the number of calls being made is expected to increase
significantly, which will result in much higher traffic density on random
access channels (RACHs). Unfortunately, this higher traffic density will
also result in increased collisions and access failures. 25 Consequently,
the ability to support faster and more efficient random access is a key
requirement in the development of the new generation of mobile
communications systems. In other words, the new generation systems will
have to use much faster and more flexible random access procedures, in
order to increase their access success rates and reduce their access
request processing times. 3o A European joint development mobile
communications system is referred to as the "Code Division Testbed"
(CODIT). In a CODIT-based Code Division Multiple Access (CDMA) system, a
mobile station can gain access to a base station by first determining that
the RACH is available for use. Then, the mobile station transmits a series
of access request preambles (e.g., single 1023 chip symbols) with 3s
increasing power levels, until the base station detects the access request.
As such, the mobile station uses a "power ramping" process that increases
the power level of each successive transmitted preamble symbol. As soon as
an access request     - Z A P ~ 2003 -2preamble is detected, the base
station activates a closed loop power control circuit, which functions to
control the mobile station's transmitted power level in order to keep the
received signal power from the mobile station at a desired level. The
mobile station then transmits its specific access request data. The base
station's 5 receiver despreads and diversity-combines the received signals
using, for example, a RAKE receiver or similar type of processing. 



- In many mobile communication systems, a slotted-A T OHA (S-ALOHA) random
access scheme is used. For example, systems operating in accordance with t
o the IS-95 standard (ANSI J-STD-008) use an S-ALOHA random access scheme.
The main difference between the CODIT and IS-95 processes is that the CODIT
process does not use an S-ALOHA random access scheme. Also, another
difference is that the IS-95 mobile station transmits a complete random
access packet instead of just the preamble. If the base station does not
acknowledge the 15 access request, the IS-95 mobile station re-transmits
the entire access request packet at a higher power level. This process
continues until the base station acknowledges the access request. In the
above-cited Applications and the IS-95 CDMA technical 2o specifications,
different random access methods based on S-ALOHA random access schemes have
been described. Essentially (as illustrated in FIGURE 1), using a basic
S-ALOHA scheme, there are well-defined instants in time (time slots) at
which random access transmissions are allowed to begin. Typically, a mobile
station (user) randomly selects a time slot in which the transmission of a
random access burst (e.g., 25 Ul, U2) is to begin. However, the time slots
are not pre-allocated to specific users. Consequently, collisions between
the different users' random access bursts can occur (e.g., between U3, U4).
In a specific mobile communications system using such an S-ALOHA 3o random
access scheme, such as the method disclosed in the above-cited U.S.
Application Serial No. 08/733,501 (hereinafter, "the `S01 Application', a
mobile station generates and transmits a random access packet. A diagram
that illustrates a frame structure for such a random access packet is shown
in FIGURE 2. The transmitted random access packet ("access request data
frame") or "burst" 35 comprises a preamble (10) and a message past (12).
Typically, the preamble does not include user information and is used in
the base station receiver primarily to facilitate detection of the presence
of the random access burst and derive certain timing information (e.g.,
different transmission path delays). Note that, as   - 2 ~: ~' I~~ 203
-3illustrated in FIGURE 2, there can be an idle period (14) between the
preamble and message part during which time there is no transmission.
However, using another technique, as described in the above-cited U.S.
Provisional Application Serial No. 60/063,024 (hereinafter, "the `024
Application") and illustrated in FIGURE 3, the random access burst does not
include a preamble. Consequently, in this case, the base station's random
access detection and timing estimation has to be based on the message part
only. In order to reduce the risk of collisions between the random access
bursts of 1 o two mobile stations that have selected the same time slot,
the concept of burst "signatures" has been introduced. For example, as
described in the `501 Application (see FIGURE 4), the preamble of a random
access burst is modulated with a unique signature pattern. Also, the
message part is spread with a code associated with the signature pattern
used. The signature pattern is randomly 15 selected from a set of patterns
that can be, but are not necessarily, orthogonal to each other. Since a
collision can occur only between mobile stations' bursts that are using the
same signature, the risk of a random access collision is reduced in
comparison with other existing schemes. As such, the use of this unique
signature pattern feature, as described and claimed in the `501
Application, provides a 2o significantly higher throughput efficiency than
prior random access schemes. In the `024 Application, a mobile station
transmits a signature on the Q branch within the message part of the burst.
In preparing for the transmission, the mobile station randomly selects the
signature from a set of predetermined 25 signatures. Again, since a
collision can occur only between mobile stations' bursts that are using the
same signature (the primary advantage of the novel use of signatures in
general), the risk of a random access collision is reduced in comparison
with other existing schemes. 30 Notably, although the random access systems
and methods described in the above-cited Applications have numerous
advantages over prior random access schemes, a number of problems still
exist that remain to be solved. For example, regardless of the random
access method used, a mobile station has to decide just how much random
access transmission power to use. Ideally, a mobile station 35 should
select a transmission power level such that the random access burst is
received at the base station with precisely the power needed for correct
decoding of the random access message. However, for numerous reasons, it is
virtually impossible to ensure that this will be the case. 



" 2 At R ZOOS -4For example, the power of the received burst as required at
the base station is not constant but can vary (e.g., due to variations in
the radio channel characteristics and the speed of the mobile station). As
such, these variations are to 5 some extent unpredictable and thus unknown
to the mobile station. Also, there can be significant errors in estimating
the uplink path-loss. Furthermore, even if a mobile station can determine
the "correct" transmission power level to use, because - of existing
hardware limitations, it is impossible to set the actual transmission power
level to precisely the correct value needed. to Consequently, for the
above-described reasons, there is a significant risk that a random access
burst will be received at the base station with too much power. This
condition causes excessive interference for other users and thus reduces
the capacity of the CDMA system. For the same reasons, there is also arisk
that a 15 random access burst will be transmitted with too little power.
This condition makes it impossible for the base station to detect and
decode the random access burst. In order to reduce the risk of transmitting
with too much power, in the afore mentioned IS-95 CDMA system, the initial
random access request is transmitted 2o with an additional negative power
offset (i.e., with a lower power level than the required transmit power
level expected), as shown in FIGURE 5. Referring to FIGURE 5, the mobile
station then re-transmits the random access burst with a reduced negative
power offset, until the base station acknowledges (ACK) that it has
correctly decoded the random access message ("NACK" denotes no 25
acknowledgment message transmitted). Typically, the base station's
acknowledgment is based on the calculation of a cyclic redundancy check
(CRC) over the random access message. However, note that a new estimate of
the required transmission power may or may not be calculated for each
re-transmission. Consequently) it is only the negative offset that is
reduced for each re-transmission. 3o A significant problem that exists with
the above-described power ramping approaches is that there is an obvious
trade-off between the time delay incurred due to the mobile station
re-transmitting the random access bursts until the base station's
acknowledgment message is received, and the amount of interference caused
by the random access transmission. As such, with a larger negative initial
35 power offset, on the average, more re-transmissions will be needed
before the random access burst is received at the base station with
sufficient power. On the other hand, with a smaller initial negative power
offset, there is an increased risk that the random access burst will be
received at the base station with too much   - 2 a~~ ~0~3 -5power. On the
average, this occurrence will cause more interference for other users. For
reasonably large negative power offsets, the delay until the acknowledgment
of a correctly decoded random access message is transmitted can be
significant, because the base station has to receive an entire random
access burst before it can transmit the acknowledgment message. As
described in detail below, the present invention successfully resolves the
above-described problems. U.S. Pat. No. 5,673,259 to Quick, Jr. generally
describes a method and system for switching between dedicated channels and
random access channels based on the bandwidth demand. 



1o European Patent Application No. 0,633,671 to Malkamaki generally
describes a mobile communication system that reduces the time required to
setup a random access request using an array of matched filters each tuned
to a signature pattern. WO 98/18280 to Esmailzadeh generally describes a
method in a TDMA ~ 5 mobile communication system wherein the mobile station
communicates with the base station using bits that are in the same time
slot and mutually orthogonal. This avoids any collision between the
communication of information comprising several bits. 2o SUMMARY OF THE
INVENTION In accordance with a preferred embodiment of the present
invention, a method for processing multiple random access requests is
provided whereby a base   " 2 A f R 2003 -6station transmits an acquisition
indicator signal, which indicates that the base station has detected the
presence of a random access transmission. For this exemplary embodiment,
the acquisition indicator is generated based on the amount of energy
received on the random access channel (e.g., as opposed to the s
correct/incorrect decoding of a random access message). Consequently, the
delay between the beginning of the random access transmission and the
beginning of the acquisition indicator transmission is significantly
shorter than the delay to the beginning of an acknowledgment transmission
based on the reception of a correctly decoded random access message. If a
mobile station does not receive a positive to acquisition indicator, the
mobile station should interrupt the present transmission and start to
re-transmit the random access burst in the next time slot, while modifying
the transmission power level accordingly between the successive
retransmissions. An important technical advantage of the present invention
is that is significantly faster power ramping can be achieved in an S-ALOHA
random access system. Another important technical advantage of the present
invention is that with an unchanged initial power offset in an S-ALOHA
random access scheme, the random access delay can be significantly reduced,
which improves the system 20 performance. Yet another important technical
advantage of the present invention is that for the same delay constraints
involved, a larger initial power offset can be used for one user in an
S-ALOHA random access system, which reduces the risk of excessive
interference for other users. 2s BRIEF DESCRIPTION OF THE DRAWINGS A more
complete understanding of the method and apparatus of the present invention
may be had by reference to the following detailed description when taken in
conjunction with the accompanying drawings wherein: 3o FIGURE 1 is a
diagram that illustrates how collisions between different users' random
access bursts can occur in an S-ALOHA random access scheme; FIGURE 2 is a
diagram that illustrates a frame structure for a random 



access packet in an S-ALOHA random access scheme; FIGURE 3 is a diagram
that illustrates a random access burst that does not 3s include a preamble;
FIGURE 4 is a diagram that illustrates a preamble of a random access burst
modulated with a unique signature pattern, and a message part spread with a
code associated with the signature pattern used;   " 2 ~'a' ~' 2003 FIGURE
5 is a diagram that illustrates a random access transmission with an
initial negative power offset; FIGURE 6 is a block diagram of an exemplary
detection section (for one antenna) that can be used in a base station's
receiver to detect the presence of a 5 random access transmission from a
mobile station, in accordance with a preferred embodiment of the present
invention; FIGURE 7 is a diagram that illustrates a mobile station
receiving an acquisition indicator signal during an idle period in a random
access burst, in accordance with the preferred embodiment of the present
invention; and l0 FIGURE 8 is a diagram that illustrates a mobile station
receiving an acquisition indicator signal in a system where a random access
burst has been transmitted without a preamble, in accordance with the
preferred embodiment of the present invention. 15 DETAILED DESCRIPTION OF
THE DRAWINGS The preferred embodiment of the present invention and its
advantages are best understood by referring to FIGURES 1-8 of the drawings,
like numerals being used for like and corresponding parts of the various
drawings. Essentially, in accordance with a preferred embodiment of the
present 2o invention, a method for processing multiple random access
requests is provided whereby a base station transmits an acquisition
indicator signal, which indicates that the base station has detected the
presence of a random access transmission. For this exemplary embodiment,
the acquisition indicator is generated based on the amount of energy
received (or, possibly, also the interference energy) on the random access
25 channel (e.g., as opposed to the correct/incorrect decoding of a random
access message). Consequently, the delay between the beginning of the
random access transmission and the beginning of the acquisition indicator
transmission is significantly shorter than the delay to the beginning of an
acknowledgment signal transmission based on the reception of a correctly
decoded random access message. 3o If a mobile station does not receive a
positive acquisition indicator, the mobile station should interrupt the
present transmission and start to re-transmit the random access burst in
the next time slot, while modifying the transmission power level
accordingly between the successive re-transmissions. 



FIGURE 6 is a block diagram of an exemplary detection section (for one 35
antenna) that can be used in a base station's (204) receiver to detect the
presence of a random access transmission from a mobile station (202), in
accordance with a preferred embodiment of the present invention. The
exemplary detection section 200 includes a matched filter 206 (e.g., used
during the preamble period) which is tuned   " 2 ~n~~ cCtJ3 _g_ (matched)
to a preamble's spreading code. For this example, the matched filter is
used to detect the presence of the random access burst, despread the
preamble part, and feed the despread signal to an appropriate section of an
accumulator 208. Since each received preamble can include a unique
signature pattern, the accumulator 208 5 includes one unit tuned to one of
the possible signature patterns (1-1) that can be received. The output of
each accumulator unit 208(1-1) is coupled to a respective threshold
detection unit 210(1-1). The accumulator unit 208 accumulates the energy
received over the duration of the preamble. During the preamble period, if
a threshold detection unit 210(1-1) detects an 1o input signal that exceeds
a predetermined detection threshold, that threshold detection unit outputs
a signal. This output signal (indicating detection of sufficient energy
from a received random access burst) is coupled to a respective acquisition
indicator generator circuit 212(1-1), which outputs an acquisition
indicator signal (A) for transmission by the base station. t5 For the case
where a burst is transmitted without a preamble, the matched filter 206 in
FIGURE 6 is matched to the spreading code used on the control part of the
burst (i.e., where a signature is located). However, in this case, the
accumulation performed by the accumulator 208(1-1) occurs for a specified
period of time (e.g., just enough time to provide a good estimate, whether
or not the base 2o station has received a random access burst). Notably,
the present invention provides a solution that is applicable for those
cases where the random access burst both does or does not include a
preamble. Specifically, a s illustrated by the uplink and downlink
transmission diagram shown in the embodiment of FIGURE 7, in those cases
where a preamble is used, if the idle 25 period in the burst between the
preamble (P) and message part is sufficiently large, a mobile station can
receive an acquisition indicator (A) transmitted by the base station during
that idle period. However, in accordance with an underlying principle of
this exemplary embodiment, the mobile station will not transmit the message
part (Ml) of the random access burst until an acquisition indicator (A,) is
received (no acquisition 3o indicator transmission is denoted by "NA").
Instead of transmitting the message part of the burst if no acquisition
indicator is received (e.g., NA" NAB, the mobile station will continue to
transmit a new preamble (e.g., P2, P3). As illustrated by the uplink and
downlink transmission diagram shown in FIGURE 8, in those cases where a
preamble is not used in a random access burst (or, 35 for example, the idle
period between the preamble and message part is too short in duration), a
mobile station will receive the base station's transmitted acquisition
indicator (A,) during the mobile station's transmission of a message part
{M,) of the burst. However, in accordance with the principles of this
exemplary embodiment, if   " ~ '~nR ~Q~3 _g_ no acquisition indicator is
received (e.g., NA" NAZ) at a predetermined instant of time, the mobile
station will interrupt its transmission of the message part (M" M2) of the
random access burst, and re-transmit the random access burst in the next
time slot until an acquisition indicator (A,) is received. s In a different
aspect of the present invention, for those cases where signatures are used
in the random access scheme, each acquisition indicator transmitted by a
base station can indicate reception of a corresponding signature
(transmitted from a mobile station). Alternatively, a plurality of
signatures can share one acquisition indicator. In this case, the base
station's transmission of the acquisition indicator 10 indicates that at
least one of the corresponding signatures (transmitted from a mobile
station) has been received. In another aspect of the present invention, a
mobile station can also select (randomly or non-randomly) a new signature
and/or a new RACH for each burst re-transmission (until an acquisition
indicator is received). A base station can transmit an acquisition
indicator signal on a downlink 15 physical channel. Such a physical channel
can be dedicated and used only for transmissions of acquisition indicator
signals or, for example, the acquisition indicator signals can be
time-multiplexed with other signals on one physical channel or on a
plurality of different physical channels. As such, a physical channel used
for transmission of an acquisition indicator signal can be either
orthogonal or non 20 orthogonal to other downlink physical channels used by
the mobile communication system. 



In another aspect of the present invention, a base station can transmit an
acquisition indicator as a type of "on-off' signal. In other words, the
base station transmits the signal only if the base station has detected a
random access burst, and 25 does not transmit the signal if a random access
burst has not been detected. For example, the base station can transmit
acquisition indicator signals as different orthogonal code words for
different signatures. In that case, the base station's transmission of a
specific code word would indicate the base station's acquisition of a
random access signal with the corresponding signature. Alternatively, a
plurality 30 of signatures can share one acquisition indicator. In this
case, the base station's transmission of the acquisition indicator
indicates that at least one of the corresponding signatures has been
received. Although a preferred embodiment of the method and apparatus of
the present invention has been illustrated in the accompanying Drawings and
described in the 35 foregoing Detailed Description, it will be understood
that the invention is not limited to the embodiment disclosed, but is
capable of numerous rearrangements, modifications and substitutions without
departing from the spirit of the invention as set forth and defined by the
following claims.   - ?_ ~f'~' 200 -ioWHAT IS CLAIMED IS: 1. A method for
improving the performance of a random access mobile communications system
having a mobile station (202) and a base station (204), 5 characterized by
the steps of: the mobile station (202) transmitting a random access
request; and the base station (204) detecting a presence of said random
access request, generating an indicator signal indicating said presence of
said random access request, and transmitting said indicator signal (NA1,
NA2, A) before completion of 1o processing (206-212) of said random access
request. 2. The method of Claim 1, wherein said transmitting step comprises
transmitting said indicator signal at a predetermined instant of time. 15
3. The method of Claim 1, wherein said indicator signal comprises an ON
portion of an ON-OFF signal. 4. The method of Claim 1, further comprising
the steps of if said mobile station receives said indicator signal, said
mobile station 2o continuing said transmitting of said random access
request; and if said mobile station does not receive said indicator signal
by a predetermined instant of time, said mobile station discontinuing said
transmitting of said random access request. 25 5. The method of Claim 1,
wherein said step of detecting a presence of said random access request
comprises detecting a power level equal to or exceeding a predetermined
threshold level. 6. The method of Claim 1, wherein said random access
mobile 30 communications system comprises a spread spectrum mobile
communications system. 7. The method of Claim 1, wherein said random access
mobile communications system comprises a wideband CDMA system. '' S 



~ ~' ~ z~~3 8. The method of Claim l, wherein said indicator signal
comprises an acquisition indicator signal. 9. The method of Claim 1,
wherein said indicator signal is transmitted 5 on a physical channel. 10.
The method of Claim 4, wherein said step of discontinuing said transmitting
of said random access request further comprises the step of retransmitting
said random access request in a subsequent time slot. 10 . 11. The method
of Claim 10, wherein the step of re-transmitting said random access request
includes re-transmitting a preamble. 12. The method of Claim 11, wherein
the step of re-transmitting 15 comprises re-transmitting said preamble with
a different spreading code. 13. The method of Claim 11, wherein the step of
re-transmitting comprises re-transmitting said preamble with a different
signature. 20 14. The method of Claim 12, further comprising the step of
said mobile station reducing a negative power offset for said random access
request prior to said re-transmitting step. 15. The method of Claim 9,
wherein said physical channel is a downlink 25 channel that is orthogonal
to other downlink physical channels. 16. The method of Claim 9, wherein
said physical channel is a downlink physical channel that is non-orthogonal
to other downlink physical channels. 30 17. The method of Claim 1, wherein
said indicator signal is associated with a unique signature. 18. The method
of Claim 1, wherein said indicator signal is associated with a set of
unique signatures. 35 19. The method of Claim 17, wherein said indicator
signal comprises an orthogonal code word associated with said unique
signature.   - 2 l's, P R 2003 



-1220. The method of Claim 17 or 18, wherein said indicator signal
comprises an ON part of an ON-OFF signal. 21. A random access
communications system having a mobile station 5 (202) and a base station
(204), characterized by: the mobile station (202) including means for
transmitting a random access request; and the base station (204) coupled to
said mobile station via an air interface, said base station including means
for detecting a presence of said random access request, 1o generating an
indicator signal indicating said presence of said random access request,
and transmitting said indicator signal (Nal, NA2, A) before completion of
processing (206-212) of said random access request. 22. The system of Claim
21, wherein said means for transmitting 15 comprises means for transmitting
said indicator signal at a predetermined instant of time. 23. The system of
Claim 21, further comprising: said mobile station including means for
receiving said indicator signal, and 2o determining if said mobile station
has received said indicator signal, and if so, said mobile station
continuing said transmitting of said random access request; and if said
mobile station does not receive said indicator signal by a predetermined
instant of time, said mobile station discontinuing said transmitting of
said random access request. 25 24. The system of Claim 21, wherein said
means for detecting a presence of said random access request comprises
means for detecting a power level equal to or exceeding a predetermined
threshold level.   - ~ la~'R i0L?3 -1325. The system of Claim 21, wherein
said random access communications system comprises a spread spectrum mobile
communications system. 26. The system of Claim 21, wherein said random
access communication 5 system comprises a wideband CDMA system. 27. The
system of Claim 21, wherein said indicator signal comprises an acquisition
indicator signal. 1o 28. The system of Claim 21, wherein said indicator
signal is transmitted on a physical channel. 29. The system of Claim 23,
further comprising means for re-transmitting said random access request in
a subsequent time slot. 



15 30. The system of Claim 29, wherein said means for re-transmitting said
random access request includes means for re-transmitting a preamble. 31.
The system of Claim 30, wherein said means for re-transmitting 2o comprises
means for re-transmitting said preamble with a different spreading code.
32. The system of Claim 30, wherein said means for re-transmitting
comprises means for re-transmitting said preamble with a different
signature. 25 33. The system of Claim 29, further comprising means for
reducing a negative power offset for said random access request prior to
said re-transmitting. 34. The system of Claim 28, wherein said physical
channel is a downlink channel that is orthogonal to other downlink physical
channels. 30 35. The system of Claim 28, wherein said physical channel is a
downlink physical channel that is non-orthogonal to other downlink physical
channels. 36. The system of Claim 21, wherein said indicator signal is
associated 35 with a unique signature. 37. The system of Claim 21, wherein
said indicator signal is associated with a set of unique signatures.   - 2
fa.~'!~ ~'~JLsI -1438. The system of Claim 36 or 37, wherein said indicator
signal comprises an ON part of an ON-OFF signal.
.AY.A,9.A!.A9.Af.A.AFh9.A[.AyF9.A.FE .A,hl.Ae.Af3.Af79booyh qR1E#
^~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c<aU]ca]ca]c^a]c
a]c^a]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]cRa!^x!|!!!!!!!####F$$%2&c,p,I.../-0*1
F1111156zupkf`[V]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c&a]ca]ca]ca]ca]ca
]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca!6\66Q77b8e888Z9995:g:::;
;;;<=>"?k?@A:B"DsDHFWFGPH}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!PHIqJJ(LXLM/R=
R]]^_!```abbNccdTd\dhddde+eeffgg}xsnid_Z]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]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!gHhhfi
iij1j4j{jjjk:k|kkklm&noppOppp-qnqCrr%s(ssNt}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca!Nttzuvvvvjwvw~wwwkklm&noppOppp-qnqCrr%s(ssNt}xsnid_Z]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca
]ca]ca]ca9boiK-@#10%/&'()-$10%/&'()- 10%/&'()-9 10%/&'()-m 10%/&'()-&
m10%/&'()-9 10%/&'()-soyhcA-@#10%!d`$10%K/K/&'()-#
45$10%&'()-#)10%/&'()-`SM$10%&'()-- 9SM$10% / /&'()--!10%/&'()-h
yW5-!a$10%HH&'()-#![`$10%BB&'()-#!Q`$10%8p8p&'()-#!V`$10%==&'()-#!+`$10%//&
'()-# +`$10%&'()-# qrP110%B&'()-!s"10%BB&'()-f!sy10%&'()-&',10%B&'()-  10//



10// 10//!f,>s10%//&'()-@R1E}[<rP1` S#10%B&'()-S!4
S#10%..&'()-SfF10%&'()-S!Q "10%NN&'()-SfF10%z&'()-!L,"10%BB&'()-f#x}[9+1
10UU![`."10%UU&'()- ![`."10%UBUB&'()- !0."10%}}&'()-
SF+10%B&'()-![l(S#10%UBUB&'()-TS" 10%B&'()- ^a?1
10UU![!V`f#10%&'()-!df#10%&'()-L10%`&'()-!Lm10%``&'()-4 '10%`&'()-  10UU
10UUT u!v!w!zXJ<1 10UU! 10
10!d`/"10%&'()-!`/"10%&'()-!L`$S#10%&'()-:!Q$S#10%&'()-:`f#10%`&'()-w!x!!!x
"###lJ+1S9s10%G&'()-!s"10%GG&'()-f!"`y3"10%33&'()-@!y3"10%BeBe&'()-@!@ll10%
GG&'()-&10%G&'()- 10##F$$;
%%2&^?+1S9s10%#10%G&'()-!>`-#10%##&'()--!>-#10%&'()--Slf10%G&'()-,10%G&'()-
10%G&'()-2&&()+`,a,b,wUG91S9s 10 10!V`I @#10%&'()-C!Q`I @#10%EE&'()-C!Q`I
@#10%&'()-C!Q`I @#10%&'()-C![I
@#10%G[G[&'()-Cb,c,p,I.../-0oM.1y'10%&'()-!0yFZ"10%&'()-!Qfl3%10%&'()-@S10%
&'()-!QyF10%&'()-'9'10%&'()-  10-0*1F1111111uj_@y'10%'10%B&'()-  10 10
10$Z10%&'()-f"z10%&'()-S9!10%&'()-!!y@"10%&'()-1)3456\66zX9j_@y,y
10%B&'()-!C"10%=B=B&'()-@,Y10%B&'()-!0`,"10%**&'()-!4'`,"10%.B.B&'()-!H[,"1
0%BBBB&'()-6Q77b8e888aBj_@y,l+410%B&'()-S*10%B&'()-(10%B&'()-Ss$Y10%B&'()-,
#10%B&'()- !Q
10%BB&'()-8Z9995:g::dEj_@y,,510%B&'()-S3y10%B&'()-,f210%B&'()-S010%B&'()-/!
10%B&'()-S,Y10%B&'()-f::;;;;;;;bCy 10%&'()-@&10%&'()-  10B 



10B 10BSL910%B&'()-z,7G10%B&'()-6 10%B&'()-;<<<"==>];bCy!0!10%&'()-,!`
10%&'()-@ 10%&'()-@`@!10%&'()-,!`@!10%&'()-,
@!10%&'()-,>"?k??@A:B}^<bCy!!L'T#10%&'()-fL$
10%&'()-T!`ST#10%&'()-!HST#10%&'()-,10%&'()-10%&'()-:BwC"DsDDEFFFGFHF{YK=/
10 10 10!+`y3g#10%&'()- [y3g#10%2&'()-),2
10%&'()-!`F)$10%HH&'()-!F)$10%HH&'()-HFWFGPHHIqJ}[9K=/
10!4@@#10%.B.B&'()--!`fs 10%BB&'()-fs 10%B&'()-!"10%BB&'()-g!xf
10%BB&'()-M`'10%B&'()- qJJ(LXLMQO:P}[9K=/ 10!Q`(z#10%KBKB&'()-
!V(z#10%PBPB&'()- !L`g#10%FBFB&'()- `g#10%&'()- !Qg#10%KBKB&'()- fFm
10%B&'()-:P/Q,R-R.R/R=RtSrP/ 10!Q`(z#10%KBK!+y#10%  &'()-5,&F10%&'()-
10PBPB 10PBPB 10PBPB!V`(z#10%PBPB&'()- !+`(z#10%BB&'()- tSUeVRXXYD[wU3P/
1![`y#10%&'()-5!``y#10%&'()-5!i`y#10%&'()-5!9`y#10%&'()-5!i`y#10%&'()-5!s`y
#10%&'()-5D[\]]]]]]}oP/ 1![`y#10%&'&F10%/&'()- 10 10
10!``y#10%&'()-5!!`y#10%&'()-5![`y#10%&'()-5]^^^_!``wX6P/ 



1!!10%//&'()-S`SS#10%&'()-  !C`SS#10%*/*/&'()-  !!`SS#10%&'()-
!C`SS#10%//&'()-  !`4SS#10%G% G% &'()-  ``aMaabb}[<P/ 1!!f$@
10%/&'()-S!&`,T#10% /
/&'()-!+`,T#10%//&'()-!+,T#10%&'()-310%/&'()-S@#10%/&'()-bNccdTdYdZd[d\d}^S
H= 1!! 10/ 10/
10/@610%/&'()-fS510%/&'()-@3@10%/&'()-!!,F.T#10%//&'()-!`(z#10%G/G/&'()-\dh
ddde+eea?SH= 1!! ! 10%&'()-@10%&'()-S-10%&'()-yZ
10%&'()-,10%&'()-!S&10%&'()-GeffggHhhzX6SH=
1!!>@9'f#10%&'()-g!V@!f#10%**&'()-! 10%&'()-g!!fY@#10%&'()-g!&
10%&'()-ff10%&'()-hfiiij1j4jaBSH=
1!!>@9,610%&'()-y@510%&'()-y3-10%&'()-110%&'()-@/f#10%&'()-!yl+-
10%&'()-g4j{jjjjjjk:k_@ 1!!>l10%/&'()-!f10%&'()-`'10%/&'()- 10 10
10s910%&'()-y7-10%&'()-:k|kkkllm^<_@
1!!!>`@S#10%%/%/&'()-!H@S#10%////&'()-&10%/&'()-!`L"10%//&'()-gL"10%M&'()-g
f 



10%/&'()-m&nVnOooppwX9_@ 1!!Y(10%/&'()-f&Z
10%/&'()-!>`,z#10%%/%/&'()-!`,z#10%//&'()-!!,z#10%&'()-!@S#10%//&'()-pOpppp
pp-qnq_@ 1!!y10%&'()-!!&10%  &'()-&310%&'()- 10/ 10/ 10/f*
10%/&'()-g@)@10%/&'()-nqqCrr%s(sswX6_@ 1!!
10%&'()-S10%&'()-!10%&'()-g!Q@#10%&'()-S!S"10%&'()-!S"10%&'()-sNttzuvvvwX6_
@ 1!!0 10%&'()-gf/10%&'()-!, 10%&'()-f![f(f#10%&'()-f!s$ 10%&'()-S!9f@
f#10%&'()-fvvgwhwiwjw~wwwrP1 10%M&'()-!10%MeMe&'()-S%f10%M&'()- 10 10 10!`9
10%&'()-S!0f5f#10%&'()-g 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
Fontwb).8GC.OZ[agmittxz|~^6PHgNtwJKLMNOhw!#2&b,-0168:;
>:BHFqJ:PtSD[]`b\deh4j:kmpnqsvwPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstu6Times
New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwx 


