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(57) Abstract: Various embodiments are described to provide for the transmission of data in an improved manner. Data transmis-
sion is improved by including in a transmitter a null generator (310) to embed frequency domain nulls into a data symbol sequence
to produce a null-embedded data symbol sequence. A symbol inserter (320) inserts a control symbol sequence into the frequency
domain nulls of the null-embedded data symbol sequence to produce a combined symbol sequence. A modulator (330) then en-
codes the combined symbol sequence using IFDMA / DFT-S-OFDM. This approach allows the assignment of a single IFDMA /
DFT-S-OFDM code to each user for data and control (pilot, e.g.) signaling, simplifying code management. Frequency hopping
techniques may also be employed to lower the pilot overhead.
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Reference(s) to Related Application(s)

The present application claims priority from provisional application,
Serial No. 60/721924, entited *“METHOD AND APPARATUS FOR
IFDMA/DFT-S-OFDM TRANSMISSION,” filed September 29, 2005, which is

commonly owned and incorporated herein by reference in its entirety.

This application is related to a co-pending application, Serial No.
11/054,290, entitled “METHOD AND APPARATUS FOR TRANSMISSION
AND RECEPTION OF DATA,” filed February 9, 2005, which is assigned to
the assignee of the present application and is hereby incorporated by

reference.

Field of the Invention

The present invention relates generally to data communications, and in
particular, to a method and apparatus for IFDMA (interleaved frequency
division multiple access) and DFT-S-OFDM (discrete fourier transform spread

orthogonal frequency division multiplexing) transmission.

Background of the Invention

Interleaved frequency division multiple access (IFDMA) and discrete
fourier transform spread orthogonal frequency division multiplexing (DFT-S-
OFDM) are single carrier moduilation and multi-access scheme with some

desirable characteristics of both orthogonal frequency division multiple access
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(OFDMA) and single carrier modulation. One advantage of IFDMA/DFT-S-
OFDM is its low peak-to-average power ratio (PAPR), which is desirable for
uplink E-UTRA (Evolved UMTS Terrestrial Radio Access) transmission.
IFDMA/DFT-S-OFDM can also support a wide range of data rates and
provide frequency diversity for low data rate users.

FIG. 1 is a block diagram depiction of IFDMA transmitter components.
As depicted in block diagram 100, a number of information data symbols are
grouped into a block and the block is repeated L times (110) prior to
modulation (120), the addition of a cyclic prefix (130), and filtering (140)
(typically with a root-raised cosine filter). IFDMA modulation can be operated
in a distributed FDMA (frequency division multiple access) mode if the
repetition factor L is greater than 1 or in a localized mode with L equal to 1
and using pulse shaping digital filters tuned according to user bandwidth.
IFDMA is also equivalent to distributed DFT-S-OFDM, where interlaced
subcarriers are allocated to users. Optional DS spreading (150) can be used
with IFDMA to further provide frequency diversity. In addition, a receiver
based on Frequency Domain Equalization (FDE) would be used with this
system.

Two types of pilot configurations, time-division multiplexing (TDM) and
frequency-division multiplexing (FDM), are commonly used for IFDMA pilot
allocation. However, since a TDM pilot is not always present, channel
estimation performance suffers some degradation when a user’s speed is
high. In contrast, an FDM pilot is present all the time, with the data and pilot
using different IFDMA codes (or sub-channels) to keep them orthogonal. An
FDM pilot configuration can track the channel change at high vehicle speed.
However, IFDMA code assignment is needed to manage the different data
and pilot sub-channels.

For example, FIG. 2 depicts an IFDMA code structure. As code tree
200 illustrates, IFDMA manages codes (or sub-channels) using a tree-like
structure. A node in the tree represents a set of frequencies orthogonal with
the sets corresponding to nodes on the same or higher tree levels. In the

example FIG. 2 depicts, a user's data channel uses code (128, 2, 1), meaning
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that there are 128 symbols per block, a repetition factor of 2 and a frequency
shift of 1; while the user’s pilot channel uses code (32, 8, 0) to reach a 25%
pilot/data ratio. However, this type of pilot allocation makes the other unused
codes (32, 8, 4), (32, 8, 2), and (32, 8, 6) costly to be allocated for data
symbols. For example, allocating the unused codes (to provide high-rate data,
e.g.) can increase the peak-to-average power ratio.

Thus, it would be desirable to have an apparatus and method that
enabled an IFDMA pilot configuration, which did not exhibit some of these

drawbacks.

Brief Description of the Drawings

FIG. 1 is a block diagram depiction of IFDMA transmitter components

in accordance with the prior art.

FIG. 2 is a code tree depiction of an IFDMA code structure in

accordance with the prior art.

FIG. 3 is a block diagram depiction of transmitter components in

accordance with multiple embodiments of the present invention.

FIG. 4 is a block diagram depiction of transmitter components in

accordance with certain embodiments of the present invention.

FIG. 5 is a code tree depiction of an IFDMA code structure in

accordance with certain embodiments of the present invention.

FIG. 6 is a frequency domain illustration of an example of multi-user

pilot insertion.



10

15

20

25

30

WO 2007/040985 PCT/US2006/036477
BT L R R
4 CE14573R Tan et al.

FIG. 7 is a block diagram depiction of null generator components in

accordance with certain embodiments of the present invention.

FIG. 8 is a block diagram illustration of an example of frequency
hopping from one block to the next.

FIG. 9 is a table conveying some numerical characteristics of various

embodiments of the present invention.

FIG. 10 is a logic flow diagram illustrating functionality performed in
transmitting data in accordance with multiple embodiments of the present

invention.

Specific embodiments of the present invention are disclosed below
with reference to FIGs. 3-10. Both the description and the illustrations have
been drafted with the intent to enhance understanding. For example, the
dimensions of some of the figure elements may be exaggerated relative to
other elements, and well-known elements that are beneficial or even
necessary to a commercially successful implementation may not be depicted
so that a less obstructed and a more clear presentation of embodiments may
be achieved. Simplicity and clarity in both illustration and description are
sought to effectively enable a person of skill in the art to make, use, and best
practice the present invention in view of what is already known in the art. One
of skill in the art will appreciate that various modifications and changes may
be made to the specific embodiments described below without departing from
the spirit and scope of the present invention. Thus, the specification and
drawings are to be regarded as illustrative and exemplary rather than
restrictive or all-encompassing, and all such modifications to the specific
embodiments described below are intended to be included within the scope of

the present invention.
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Detailed Description of Embodiments

Various embodiments are described to provide for the transmission of
data in an improved manner. Data transmission is improved by including in a
transmitter a null generator to embed frequency domain nuils into a data
symbol sequence to produce a null-embedded data symbol sequence. A
symbol inserter inserts a control symbol sequence into the frequency domain
nulls of the null-embedded data symbol sequence to produce a combined
symbol sequence. A modulator then encodes the combined symbol sequence
using IFDMA / DFT-S-OFDM. This approach allows the assignment of a
single IFDMA / DFT-S-OFDM code to each user for data and control (pilot,
e.g.) signaling, simplifying IFDMA code management. Frequency hopping

“techniques may also be employed to lower the pilot overhead.

Operation of embodiments in accordance with the present invention
occurs substantially as follows with reference to FIGs. 3-10. FIG. 3 is a block
diagram depiction of transmitter components in accordance with multiple
embodiments of the present invention. FIG. 3 depicts null generator 310,
symbol inserter 320, and IFDMA modulator 330. Null generator 310 embeds
frequency domain nulls into data symbol sequence 301 to produce null-
embedded data symbol sequence 311. Thus, sequence 311 exhibits nulls in
the frequency domain at particular frequencies that sequence 301 does not.

Symbol inserter 320 then inserts control symbol sequence 302 into the
frequency domain nulls of null-embedded data symbol sequence 311 to
produce combined symbol sequence 321. In many embodiments, the control
symbol sequence comprises pilot symbols, although it need not comprise
pilots. Also, depending on the embodiment, the control symbol sequence may
be block repeated in order for the resulting symbol sequence to exhibit control
signals in the frequency domain that correspond to the nulls of the null-
embedded data symbol sequence. In such embodiments, the control signals
will replace (or be inserted into) the nulls when the sequences are added.

IFDMA modulator 330, then, uses (i.e., operates in accordance with)
an IFDMA code to encode (i.e., modulate) combined symbol sequence 321 to
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produce encoded symbol sequence 331. In many embodiments, but not all,
the components of FIG. 1 may reside in user equipment (UE). Examples of
various forms of user equipment include, but are not limited to, mobile
stations (MSs), access terminals (ATs), terminal equipment, mobile nodes
(MNs), cell phones, gaming devices, personal computers, and personal digital
assistants (PDAs). Also, in some of these embodiments, each UE will be
assigned a unique IFDMA code for signaling. In such embodiments, then, the
IFDMA modulator encodes the combined symbol sequence using the UE’s
assigned IFDMA code.

FIG. 4 is a block diagram depiction of transmitter components in
accordance with certain embodiments of the present invention. FIG. 4
illustrates an example of three UEs with variable data rates. For this
example, user 3 has a data rate twice that of users 1 and 2. Each UE is
assigned an IFDMA code by scheduler 401, as depicted in these
embodiments. By embedding its pilot symbols into its data stream, each UE
may use a single IFDMA code for its data and pilot signaling. This enables
the three UEs to be allocated all of the possible sub-channels.

FIG. 5 is a code tree depiction of the IFDMA code structure used in the
example of FIG. 4. As shown, the three UEs occupy three IFDMA sub-
channels (64, 4, 0), (64, 4, 2), and (128, 2, 1). Clearly, the coding structure of
code tree 500 is more desirable than that of prior art code tree 200. With
code tree 500, each UE has one IFDMA code for its data and control channel,
and the IFDMA code management is easier than in the case of code tree 200.
Moreover, all IFDMA codes are assigned in code tree 500 to achieve
maximum system throughput.

In the example of FIG. 4, frequency nulling is employed to embed pilot
symbols into a single IFDMA sub-channel. FIG. 6 is a frequency domain
illustration of such multi-user pilot insertion for the case of two users. In
illustration 600, user 1 and user 2 use different IFDMA sub-channels to
ensure their orthogonality. Within the sub-channel of user 1, a frequency
nulling technique is used to create nulls in the frequency domain. In other

words, the signal of user 1 has zero values embedded at certain sub-carriers.
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Pilot symbols are then inserted at these frequency nulls, thereby providing
orthogonality between the user 1 data and pilot signals. The same pilot
insertion approach can be employed by the additional users (user 2, e.g.),
using their respective sub-carriers.

The embodiments depicted by FIG. 4, employ some illustrative sub-
components of the components depicted in FIG. 3. For example, depending
on the user referred to, null generator 310 may be viewed as comprising
frequency nulling component 410, 411 or 412. Symbol inserter 320 may be
viewed as comprising block repeater 420, 421 or 422 and adder 430, 431 or
432. And IFDMA modulator 330 may be viewed as comprising block repeater
440, 441 or 442, frequency shifter 460, 461 or 462, and frequency shifter 451
or 452 (only for the case of user 2 or 3, respectively).

In the example depicted by FIG. 4, user 1 has a code of (64, 4, 0). This
means that user 1 has 64 symbols per block, a repetition factor of 4 and no
in-band modulation frequency shift. Frequency nulling component 410
embeds frequency domain nulls into the user 1 data symbol sequence to
produce a null-embedded data symbol sequence. Block repeater 420 repeats
(i.e., duplicates 8 times) the control (in this case pilot) symbol sequence to
produce a repeated pilot symbol sequence. Adder 430 adds, symbol-by-
symbol, the null-embedded data symbol sequence and the repeated control
symbol sequence to produce a combined symbol sequence. Block repeater
440 repeats (i.e., duplicates 4 times, according to the IFDMA code) the
combined symbol sequence to produce a repeated combined symbol
sequence.

In a similar fashion, user 3 has a code of (128, 2, 1). This means that
user 3 has 128 symbols per block, a repetition factor of 2 and an in-band
modulation frequency shift of 1. Frequency nulling component 412 embeds
frequency domain nulls into the user 3 data symbol sequence to produce a
null-embedded data symbol sequence. Block repeater 422 repeats (i.e.,
duplicates 8 times) the pilot symbol sequence to produce a repeated pilot
symbol sequence. Adder 432 adds, symbol-by-symbol, the null-embedded
data symbol sequence and the repeated control symbol sequence to produce
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a combined symbol sequence. Block repeater 442 repeats (i.e., duplicates 2
times, according to the IFDMA code) the combined symbol sequence to
produce a repeated combined symbol sequence. Frequency shifter 452
performs an in-band modulation frequency shift equal to 1 (according to the
IFDMA code) to the repeated combined symbol sequence.

Lastly, in some embodiments, the transmitters may employ frequency
hopping, in which control symbols are hopped on different sub-carriers in
different blocks. This technique enables better channel estimation and/or less
pilot overhead with a properly designed channel estimation algorithm. In the
embodiments depicted in FIG. 4, frequency shifters 460-462 perform a
frequency shift of some frequency hopping amount Z. Z should vary with time
in some fashion; for example, Z may vary from block-to-block and/or
according to some predefined hopping pattern. FIG. 8 is a block diagram
illustration of an example of frequency hopping from one block to the next. In
this example, the user pilots and user data are shifted in block 850 relative to
their frequency domain positions in block 800.

The embodiments depicted by FIG. 7 employ some sub-components
of null generator 310 for embedding frequency domain nulls into a data
symbol sequence. The depiction of these sub-components is intended to
serve as an example of a manner in which one might design a null generator
such as null generator 310. Beginning with data symbol sequence 301, adder
710 linearly adds together symbols having the same position in their
respective subgroups of data symbol sequence 301. This generates a first
group of symbols, which is scaled by normalizer 720 by a normalization factor
a, as shown. The addition and scaling produce a group of padding symbols
701.

For the sake of providing an example, a number of numerical values
are assumed in FIG. 7. The IFDMA symbol block size is 256, 128 symbols
are transmitted with a repetition factor of 2, and there are 16 pilots inserted
into a (128, 2, 0) sub-channel. Thus, there are 16 frequency nulls (P=16) and
eight sub-blocks (B=8).
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Adder 730 linearly adds to each symbol from data symbol sequence
301 a symbol having the same position in the group of padding symbols 701
as that symbol has in its subgroup to produce summed symbol sequence
702. Adder 740 linearly adds together symbols having the same position in
their respective subgroups of summed symbol sequence 702. This generates
a second group of symbols 703. The output of null generator 310, the null-
embedded data symbol sequence, is the result of appending the second
group of symbols 703 to the summed symbol sequence 702. For a more
detailed analysis and explanation of the underlying concepts behind
embedding frequency domain nulls, the reader is directed to a co-pending
application, having Serial No. 11/054,290, filed February 9, 2005 and entitled
‘METHOD AND APPARATUS FOR TRANSMISSION AND RECEPTION OF
DATA.”

FIG. 9 is a table 900 conveying some numerical characteristics of
various embodiments of the present invention. They apply to designs in which
there are 6 IFDMA blocks / 0.5 ms slot and 256 chips per IFDMA block. Since
TDM pilot configurations are thought to exhibit 10%--20% pilot overhead (i.e.,
a pilot to symbol ratio), a benefit can be seen for embodiments of the present
invention over TDM pilot configurations when the symbol number per block is
large greater than or equal to 32, for example.

FIG. 10 is a logic flow diagram illustrating functionality performed in
transmitting data in accordance with multiple embodiments of the present
invention. Logic flow 1000 begins (1001) with the embedding (1003) of
frequency domain nulls into a data symbol sequence to produce a null-
embedded data symbol sequence. A control symbol sequence is then
inserted (1005) into the frequency domain nulls of the null-embedded data
symbol sequence to produce a combined symbol sequence. This combined
symbol sequence is then encoded (1007) using an IFDMA code before logic
flow 1000 ends (1009). Depending on the particular embodiment of the
present invention, functionality not depicted in FIG. 10 may be additionally

performed in order to effect the transmission of data.
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Benefits, other advantages, and solutions to problems have been
described above with regard to specific embodiments of the present
invention. However, the benefits, advantages, solutions to problems, and any
element(s) that may cause or result in such benefits, advantages, or
solutions, or cause such benefits, advantages, or solutions to become more
pronounced are not to be construed as a critical, required, or essential feature
or element of any or all the claims. As used herein and in the appended
claims, the term “comprises,” “comprising,” or any other variation thereof is
intended to refer to a non-exclusive inclusion, such that a process, method,
article of manufacture, or apparatus that comprises a list of elements does
not include only those elements in the list, but may include other elements not
expressly listed or inherent to such process, method, article of manufacture,
or apparatus. The terms a or an, as used herein, are defined as one or more
than one. The term plurality, as used herein, is defined as two or more than
two. The term another, as used herein, is defined as at least a second or
more. The terms including and/or having, as used herein, are defined as

comprising (i.e., open language).

What is claimed is:
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Claims

1. An apparatus comprising:

a null generator for embedding frequency domain nulls into a data
symbol sequence to produce a null-embedded data symbol sequence;

a symbol inserter for inserting a control symbol sequence into the
frequency domain nulls of the null-embedded data symbol sequence to
produce a combined symbol sequence; and

a modulator for encoding the combined symbol sequence using IFDMA
(interleaved frequency division multiple access) / DFT-S-OFDM (discrete

fourier transform spread orthogonal frequency division multiplexing).

2. The apparatus of claim 1, wherein the apparatus resides in user
equipment (UE).
3. The apparatus of claim 1, wherein the null generator comprises:

a first adder for linearly adding together symbols having the same
position in their respective groups to generate a group of symbols, wherein
the groups are subgroups of the data symbol sequence;

a normalizer for scaling each symbol of the group of symbols by a
normalization factor to produce a group of padding symbols used to generate
the null-embedded data symbol sequence:

a second adder for linearly adding to each symbol from the data
symbol sequence a symbol having the same position in the group of padding
symbols as that symbol has in its subgroup to produce a summed symbol
sequence; and

a third adder for linearly adding together symbols having the same
position in their respective subgroups of the summed symbol sequence to
generate a second group of symbols, wherein the null-embedded data symbol
sequence is the second group of symbols appended to the summed symbol
sequence.
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4. The apparatus of claim 1, wherein the symbol inserter comprises:
a block repeater for performing block repetition of the control symbol
sequence to produce a repeated control symbol sequence; and
an adder for adding, symbol-by-symbol, the null-embedded data
S5 symbol sequence and the repeated control symbol sequence to produce the
combined symbol sequence.

5. The apparatus of claim 1, wherein the modulator comprises:
a block repeater for performing, according to an IFDMA / DFT-S-OFDM
10  code, a number of block repetitions of the combined symbol sequence to
produce a repeated combined symbol sequence; and
a frequency shifter for performing, by a frequency shift amount, an in-
band modulation frequency shift of the repeated combined symbol sequence,
wherein the frequency shift amount is indicated by the IFDMA / DFT-S-OFDM
15 code.

0. The apparatus of claim 1, wherein the modulator comprises:
a frequency shifter for performing a frequency shift of a frequency
hopping amount.
20
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7. A method comprising:

embedding frequency domain nulls into a data symbol sequence to
produce a null-embedded data symbol sequence;

inserting a control symbol sequence into the frequency domain nulls of
the null-embedded data symbol sequence to produce a combined symbol
sequence; and

encoding the combined symbol sequence using IFDMA (interleaved
frequency division multiple access) / DFT-S-OFDM (discrete fourier transform

spread orthogonal frequency division multiplexing).

8. The method of claim 7, wherein inserting the control symbol sequence

comprises inserting a pilot symbol sequence.

9. The method of claim 7, wherein embedding frequency domain nulls
into a data symbol sequence comprises:

linearly adding together symbols having the same position in their
respective groups to generate a group of symbols, wherein the groups are
subgroups of the data symbol sequence;

scaling each symbol of the group of symbols by a normalization factor
to produce a group of padding symbols used to generate the null-embedded
data symbol sequence;

linearly adding to each symbol from the data symbol sequence a
symbol having the same position in the group of padding symbols as that
symbol has in its subgroup to produce a summed symbol sequence; and

linearly adding together symbols having the same position in their
respective subgroups of the summed symbol sequence to generate a second
group of symbols, wherein the null-embedded data symbol sequence is the

second group of symbols appended to the summed symbol sequence.

10.  The method of claim 7, wherein inserting the control symbol sequence
into the frequency domain nulls of the null-embedded data symbol sequence

comprises:
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performing block repetition of the control symbol sequence to produce
a repeated control symbol sequence; and

adding, symbol-by-symbol, the null-embedded data symbol sequence
and the repeated control symbol sequence to produce the combined symbol

seguence.

11. The method of claim 7, wherein encoding the combined symbol
sequence using IFDMA / DFT-S-OFDM comprises:

performing, according to an IFDMA / DFT-S-OFDM code, a number of
block repetitions of the combined symbol sequence to produce a repeated
combined symbol sequence; and

performing, by a frequency shift amount, an in-band modulation
frequency shift of the repeated combined symbol sequence, wherein the
frequency shift amount is indicated by the IFDMA / DFT-S-OFDM code.

12. The method of claim 7, wherein embedding, inserting and encoding is
performed for a plurality of users, each of whom has an associated data
symbol sequence, an associated a control symbol sequence and an
associated IFDMA / DFT-S-OFDM code.

13. The method of claim 7,
wherein encoding the combined symbol sequence comprises

performing a frequency shift of a frequency hopping amount.

14.  The method of claim 13', wherein the frequency hopping amount varies

with time.

15. The method of claim 14, wherein the frequency hopping amount varies
from block-to-block.

16.  The method of claim 13, wherein the frequency hopping amount varies

according to a predefined hopping pattern.



PCT/US2006/036477

WO 2007/040985

O1/1

[ DI

LAV d0Idd

apoo
uoljenpow
oytoads-tasn
ey 1eppe Xyeld Jojeadas (ieuondo) 1addepy fal LS TEI
1 edeys-ssing ¥ 29kD Aooiq [e—1 dopeesds e—uote|sisuog 0 1Bllekd  |gm—————
: oyoeds-iasn -sa o118 1] 0) jeuag weang
Sig 119 Bupwoouy
[ [ o [
)4 ocl oLl 0s1

o
o
-~



PCT/US2006/036477

WO 2007/040985

¢ DI

01/C

LIV d0Idd

youelg ejeq Jesn

abeuew ~

0} Aj3s02 Jo paisepp

youe.iq 10|id 1esn

(1 ‘z‘gzL)

(01 ‘962)

|

(z ‘g ‘zg)
(0z'8szlL)
(v ‘8 ‘ze)
(0 ‘¥ ‘¥9)

(0°g‘ze)

(@]
(]
N



PCT/US2006/036477

WO 2007/040985

HO1VINAON

¢ DId

A

_ YINQAHI

0ce

01/¢

H31H3SNI
TOANAS

c0g

A

0ce

dOLVH3INTD
TINN

0Le



PCT/US2006/036477

WO 2007/040985

v DIA

8=oY ”
uonnadey [ 3490jq/quiAs jojid

) (x - z=4y h

7 =UYs L=ys baudy %00[q/quihs gz |
BuiddoH bely  uopenpow pueg-uj .\ ‘Bjeq € Josn
A%

8=}
uoppedey  [Yooia/quiAs 1od g

p=- .
% % uopedey L7 S 10lld Zdesn
LSV
L9y . VA4

Z = Hys Z=Yiys baig BuninN "baly € smomquis o
BuiddoH bei4  uogenpow pueg-u s ‘®leq Z J9sn
Ly

8=-4Y
uonedey  Hoiq/quiks jopd g

=44 .
%’ uonnedey 0z \ 10fid | 198N
09 oty v %% ——

oy SpoiaauwiAs v9
OuiddoH beu .\ ‘ejeq | Jasn
oLy
(1 2 ‘gz1) 18poQ ¢ Jes) ¢—
(Z ‘v '$9) @poD 7 Josn €«—— l_m_JMM_com <
(0 ‘¢ ‘p9) BpoOD | Josn ] 100
oy -

01/v



PCT/US2006/036477

WO 2007/040985

01/¢

¢ DId

(12'8zL)
¢ 1esn

‘PesSN aJe s8poo || I
(01 '952)

(Z[v ‘p9)
Z 1esn

(0'z'szL)

L19SN 575 50)

[}
Lo



PCT/US2006/036477

WO 2007/040985

U0 10jid Z Jesn

01/9

9 'DIA

ouo| ejed g Jesn |

auo| 10lid } mej& auo] B1eq | Em:k

s|oquwis eyep z Jesn

sjoquiAs 1o)id Z Jesn

I ainin it int
IREEREEEEEE

s|oqWAs ejep | Jesn

R

H

H

H

sjogwAs joqid | Jesn

009



PCT/US2006/036477

WO 2007/040985

L DId

OfL
/
Qs
221X T ZLIX LLIX | 96X LEX " 91X gix " ox
PrAR LELX - bexo gix LX | OX 120/
1 A
€04 !
o < < ™ o6
LLLs ‘——— lgs gis v LS | 0s 1108
LLLs " 968 gis ' o8
610 -9
. —_—— e —
€2600—) [ _ZN_
~oz2
uonIppe [0quiAs-Ag-loquIAS @
8=d/r=g :sdno.ibgns Jo JequinN g6 16106 | 102

9l=d :Sjinu Jo JaquinN
82l=r '9G¢Z=N

01/L

|

Q
—
™



PCT/US2006/036477

WO 2007/040985

01/8

g DId

Blep Jasn sio|id Jesn

sjoquiAs jo yoo|g

sjoquifs jo yooig




PCT/US2006/036477

WO 2007/040985

6 DId

9.5 %S¢ 2e'8 45 1% o]
ve'l %G'Cl 2e8 A% % A%
088°C %SZ°9 ce'8 4% 1% 9
09.°G %GZ'9 8y'Zl 374 8 8zl
02511 %SZ'9 96’2 96 9l 962
(sdqyy) oney (sn) swgg 4od yoojg 49d yoojg
WvoO9L ‘quiispolid  y)Busy Aejap  “winN jojid  S1OJid 4o ‘winN  Jad ‘quIAS
10J 9jey eleq ‘ueyo 'soelio?n aAloBlg JO ‘winy

o
o
D

01/6




PCT/US2006/036477

WO 2007/040985

01 "DIA

an3
6001

3d02 VYINGHI NV ONISN IONINOIS TOGNAS A3INIgINOD IHL 3AOONS

!

L00L

JONINOIS T0LNAS AINIGNOD V 30NA0YHd OL FONINDIS TOIWAS VIVA
d3adzagN=-T1NN FHL 40 STINN NIVIWOA AONINOIHL IHL OLNI IONINDIS TO9NAS TOHLNOD V LHISNI

A

S00L

JON3INDIS TOFNAS VLVA A3AA3gnN=a-TINN V IDNA0Yd OL
dON3NOIS TOFNAS V1VA YV OLNI STINN NIVINOQ AONINODIYL aIgns

NR=LARS
L00L

01/0T

€004

o
o
—



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings

