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COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF

ORTHOGONAL TRANSFORMATION IN SPACE-TIME CODING

Field of the Invention

The invention relates to systems and methods for

performing layered space-time coding for wireless channels.

Background of the Invention

With the explosion in the demand for wireless
Internet services, a number of competing solutions have © .
been developed. UMTS (Universal Mobile Terrestrial
Service) standardization has lead to the 3Gpp standard
which offers a 2 Mbps data rate per sector. Work is
underway on HSPDA (high speed data access), a higher speed
packet data access variation. IS-2000, an evolution of IS-

95 provides HDR (High Speed Data Rate) and 1XEV (1X

Evolution) which allow wireless Internet browsing at a rate

of 7.2 Mbps per sector. Notwithstanding these solutions,

there is still the demand to push rates higher.

Recently, it has been proposed to use BLAST kBell
Labs Layered Space Time) which is a-layered space-time
coding approach, as a wireless data solution. Referring to
Figure 1, the basic concept behind this layered space-time
coding approach involves, at the transmit side, a
dempltiplexer 10 which demultiplexes a primary data stream
11 into M data substreams of equal rate. Each of the M
data streams is then encoded and modulated separately iq
respective coding/modulating blocks 12 (i2a, 12B,.., 12M) to
produce respective encoded and modulated streams 13
(13Aa,13B,...,13M). There are M transmit antennas 14 (144,
14B,..,14M) . A switch 16 periodically cycles the
aséociation between the modulated streams 13A,13B,..,13M and

the antennas 14A,14B,..,14M. At the receive side, there are
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M antennas 18 (18A,18B,..,18M) which feed into a

beamforming/spatial separation/substruction block(ZO.which
performs a spatial beamforming/nulling (zero forcing)
process to separate thé.individual coded stréams and feeds
these to respective individual decoders 22 (22A,22B,..,22M).
The outputs of the decoders 22A,22B,..,22M are fed to a
multiplexer 24 which multiplexes the signals to produce an

output 25 which is an estimate of the primary data stream
i1.

There are a number of variations on this
architecture. One is to modify the receiver antenna pre-
processing to carry out MMSE (minimum mean square error)
beamforming rather than nulling in order to improve the
wanted signal SNR (signal-to-noise ratio) at the expense of
slightly increased ISI (inter-symbol interference). Both
the MMSE and nulling approaches normally have the
disadvantage that some sort of diversity of the receiver
antenna array is necessarily sacrificed in the beamforming
process. In order to overcome this problem, layering of
the receiver processing can be employed such that after the
strongest signal has been decoded (typically using the
Viterbi MLSE (maximum likelihood sequence estimation)
algorithm) it is subtracted from the received antenna
signals in order to remove the strongest signal. This
process is iterated down until detection of the weakest
siégal requires no nulling at all, and its diversity
performance is therefore maximized. A disadvantage with
this layered approach is the same as that with all
subtractive multi-user detection schemes, that the wrong

subtraction can cause error propagation.

There are several types of layered space-time

coding structures, including horizontal BLAST (H-BLAST),
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diagonal BLAST (D-BLAST) and vertical BLAST. They have

identical performance for both optimal linear and non-
linear receivers, assuming error control coding is not used
in such systems. For 6btimal linear reception (linear
maximum likelihood), these structures have the same SNR
performances as those with only a single transmit antenna
and a single receive antenna, but do offer the advantage of

improved spectral efficiency.

In order to achieve this improved spectral
efficiency, in such systems it would be advantageous to
have a large number of transmit and receive antennas, for
example four of each. However, while this may be practical
for larger wireless devices such as laptop computers, it is
impractical for smaller hand-held devices because it is not
possible to get the antennas far enough apart to ensure
their independence. Because of this, fbr hand-held
devices, a practical limit might be two transmit and two
receive antennas. Also, another factor limiting the
practical number of antennas is cost. Typically about two
thirds of the cost of a base station transceiver is in the
poWer amplifier plus antennas, and this will increase if
more antennas are added. These factors make only a two by

two system commercially practical.

By.way of example, consider a system with M
transmit and N receive antennas in a frequency non-
selective, slowiy fading channel. The sampled baseband-

equivalent channel model is given by
Y= HS + 1

where H € cNXM js the complex channel matrix with the

/ .
(i,3)-th element being random fading between the i-th

receive and j-th transmit antenna. mn € CN is the additive
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noise source .and is modelled as a zero mean circularly

symmetric complex Gaussian random vector with statiétically

independent elements, that is n ~ CN(Q2G%_[N). The i-th

element of S € C¥ is the symbol transmitted at the i-th

transmit antenna and that of Y € CN is the symbol received

at the i-th received antenna. The model is shown in Figure
2.

That such a system has no improvement in SNR
performance can be explained by noting that the data symbol

Sp is transmitted only by one antenna, and in case of full

cancellation of other transmit antennas, the model of such
a system is shown in Figure 3. In this case there is one
transmit antenna and N receive antennas. Therefore, for

symbol sp there is no coding gain.

It would be advantageous to have a layered space-
time coding structure which provides the improved spectral

efficiency, but which also provides improved SNR

performance.
Summary of the Invention

Embodiments of the invention provide coding gain
systems and methods which feature combined séace—time
coding and spatial multiplexing, and transmitters adapted
to include such functionality. The space-time coding
introduces a coding gain, and makes symbols more immune to
fading since each information component is represented
somehow in each spatial output. In some embodiments, the
space-time coding comprises a layered space-time
architecture. Advantageously, these solutions are amenable

to implementation with two transmit antennas and two
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receive antennas, a configuration suitable for

hand-held devices.

According to one broad aspect, the invention
provides a coding gain system adapted to transmit a
plurality M of symbol substreams. The coding gain system
has a space-time coding function adapted to produce M
space-time éoded streams, with each symbol of the M symbol
substreams being represented in all M space-time coded
streams and at different times. In some embodiments, the
coding gain system provided by the invention can be
considered to include M transmit antennas each adapted to
transmit a respective one of the M space-time coded
streams, and/or demultiplexing and encoding functionality

adapted to produce the M symbol substreams from a primary

input stream.

In some embodiments, the space~time coding
function has an orthogonal transform adapted to produce M
orthogonal outputs each of which is a function of the M
substreams, and has delay elements adapted to insert delays
in the M orthogonal outputs to produced M delayed
orthogonal outputs such that each of the M delayed
ortﬁogonal outputs is a function of a given element of each
of the M substreams at a different time. For example, the
delay elemenﬁs can be adapted to introduce a delay of m-1

symbol periods in the mth orthogonal output, where m=1,..,M.

In another embodiment, the space-time coding

function has delay elements adapted to insert a delay of M-

.1 symbol periods in each of the M substreams, and an

orthogonal transform adapted to produce M orthogonal
outputs, with the mth orthogonal output being a function of
the M substreams delayed in the delay elements by m-1
symbol periods.
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In some embodiments the M substreams are non-—

binary symbols. In ‘other embodiments the M substreams are
bit streams. In these embodiments, the orthogonal
transform comprises ort\hogonal symbol mappings, for example
M 2M OAM or MPSK mapping functions, each adapted to produce
a respective sequence of M-ary symbols with the M-ary

symbol of the mth 2M 0AM mapping function being a function

of the M substreams delayed in said delay elements by m-1
bit periods.
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Brief Description of the Drawings

Preferred embodiments of the invention will now

be described with reference to the attached drawings in

which:

Figure 1 is a block diagram of a known space-time

coding system;

Figure 2 is a channel model for the system of

Figure 1;

Figure 3 is a channel model for a single antenna

output of the system of Figure 1;

Figure 4 1s a block diagram of a transmitter

featuring a coding gain system provided by an embodiment of

the invention;

Figure 5 is a block diagram of a transmitter
featuring a coding gain system provided by another

embodiment of the invention;’

Figure 6 is a block diagram of a transmitter
featuring a coding gain system provided by another

embodiment of the invention;

Figure 7 is a block diagram of a transmitter
featuring a coding gain system provided by another

embodiment of the invention; and

Figure 8 is a constellation diagram for the 16

QAM Gray mappings of Figure 7.
Detailed Description of the Preferred Embodiments

Embodiments of the invention provide a layered

space-time architecture with additional gain provided with
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space-time coding. To achieve this each information

symbol sp is arranged to as to be represented ‘on all'M

Transmit Antennas. An algorithm of space-time coding is .
developed for one transmitter, and aggregated with
algorithms for M transmitters, so that the spectral

efficiency expected for conventional BLAST architecture is

retained.

A range of coding gain methods/systems and
transmitters are provided which combine space time coding
and spatial multiplexing. Referring firstly'toﬁgigure 4,
shown is a space-time coder/multiplexer coding gain system
consisting of a 1:M demultiplexer 29 having a single
primary input 27 and having M outputs which are each coded
and modulated in respective encoder/modulator blocks
31A,..,31M to produce encoded substreams sji,S2,..,SM. There
is an orthogonal transformation block 30 and a number of
delay blocks 32 (only two shown, 32m-1, 32M-1) the outputs
of which are connected to respective transmit antennas
34A,..,34M. The orthogonal transformation block 30 has as
its inputs the M encoded and modulated substreams
$1,82,-,8M. The orthogonal transformation block 30
performs the following matrix transform on the input

substreams at each symbol interval:

X = FS,

s

where S= (si,s2,.sym) at a given instant, X = (X1,%2,.r XM)
e cM is the output of the orthogonal transformation block

30; and F € ¢MXM js a complex matrix defining the

orthogonal transformation. In one embodiment, the (i,m)-th
element of F is defined by:

fim = (Had(i, m) - ej(n(m 1))/(2M))/(VGZ)

r
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where Had(i,m) e (1; -1) is the (i,m)-th element of the

" Hadamard matrix. For M=2 this matrix is

VF ‘= _1‘ [l ejir/4 :l
2 1 _ejn'/4
However, this transformation matrix is not

unique, this being only an example of a suitable orthogonal
transformation. The optimization and/or search for the
best of transformation matrix depends on the modulation for
initial symbols sp and on the number of antennas M. It is
impqrtant that each output of the orthogonal transformation
be a function of all thé instantaneous inputs. In other
words, x1 = £1(51,82,w/SM)ses X=Em (81,52, r SM) 1 oer

XM=fM(Sl, Sy er SM) .

Now, to achieve the.separation in time, the mth
orthogonal transformation output xm is delayed by a time
period equal to (m-1)T, where T is the symbol duration,
such that the first output xj éxperiences no delay, and the
Mth output xpm experiences a delay of (M-1)T. The output of
the delay blocks 32 consists of the symbols zj,..,zM to be
transmitted on the antennas 34. The effect of the
orthogonal transformation 30 plus the delay blocks 32 is
that the mth.input symbol sp is represented in all m output

stfeams, but at different times.

Referring now to Figure 5, another embodiment of
the invention is provided in which the encoded and
modulated symbols sp are fed through respective delay
banks 40 (40A,..,40M) each containing M-1 delay elements.
Each symbol with equal delay is fed to a common scaling

block 42. Thus, all undelayed symbols sji,..,sym are fed to a
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first scaling block 42a, the symbols si,..,sy delayed by

(m-1)T are fed to an mth scaling block 42m and so on. Each
scaling block 42m multiplies each of its inputs by a
respective complex multiplier, and the results are summed
in a respective summer 44m the output of which is the mth

transmitted symbol zy. This is really mathematically

equivalent to the embodiment of Figure 4 in that each

output symbol zn is again a function of all of the input

symbols at a given instant, but at different times.
Effectively, the delay block and the orthogonal

transformation functions have been done in reverse order.

Both the examples of Figure 4 and 5 perform
symbol level space-time encoding in the sense that the
input to the space-time encoding process consists of
symbols output by the encoder/modulator blocks. Referring
now to Figure 6, another embodiment of the invention is
provided in which bit-level space-time encoding is

performed. In this.embodiment, a 1:M demultiplexer 59

~produces from an input bit stream 58 M bit substreams

uj,..,uy which are all fed into delay elements 60A,..,60M-1

each adding a further bit period T delay. The undelayed
bits uj,.,uy, and the bits output by each of the delay

elements 6OA(N,60M-1 are fed to respective symbol mapping
functions 62a,..62M which in the illustrated embodiment are
QAM‘functions. Each QAM mapping function 62A,..,62M maps
its M input bits to é corresponding output symbol zm which
is output by corresponding antennas 64A,..,64M. In one
embodiment, the QAM mappings are designed such that they

are orthogonal to each other.

Referring now to Figure 7 a specific example of
the embodiment of Figure 6 is shown which is a very

practical embodiment, and in which the same numbering
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scheme as Figure 6 is used. In this case, it is assumed

that the demultiplexer 59°is a 1:4 demultiplexer which

produces four bit substreams uj,up,u3,uy which are all fed

undelayed to a first 16 QAM mapping 62A, and are all fed to
a delay element 60 which introduces a delay T into the
substreams and outputs the delayed substreams into a second
16 QAM mapping 62B. The two QAM mappings 62A, 62B have

outputs 23,z fed to respective transmit antennas 64A, 64B.
Details of an example receiver are shown in which there is

a 2M state MLSE decoder 80 connected to two receive
antennas 82A,82B. It is to be understood that many
different receiver structures can be used, and this is not
important to the invention. This implementation lends
itself to efficient implementation in hand-held devices
because there are only two transmit and two receive

antennas.

A recommended mapping for the 16 QAM mapping
functions 62A,62B is shown in Figure 8. A first mapping is
shown for the first antenna 64A, generally indicated by 90.
A second mapping is shown for the second antenna 64B,
generally indicated by 92. Each mapping shows how the 16
16Q0AM constellation points, defined by their position on
the horizontal (real) and vertical (imaginary) axes, map to
corresponding decimal versions (0 to 15) of input bit

combinations uj,up,u3z,us (0000 to 1111).

In one example above, the receiver is a 2M state
MLSE decoder. As indicated previously, the particular
receiver design is not important. It may be a Viterbi
decoder, an iterativé decoder, or some other type of

decoder.
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In the above embodiments, for symbol

level space-time coding, it is assumed that the input to
the space-time functionality consists of encoded and
modulated symbol stream;. In another embodiment, the

5 encoding and modulation is integrated with the space-time

coding.

Numerous modifications and variations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that within
10 the scope of the appended claims, the invention may be

practised otherwise than as specifically described herein.
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WE CLAIM:
1. A coding gain system comprising combined space-

10

15

20

25

time coding and spatial'multiplexing.

2. A system according to claim 1 wherein the space-

time coding comprises a layered space-time architecture.

3. " A transmitter cbmprising the coding gain system

according to claim 1.

4, A system according to claim 1 wherein the space

time coding comprises symbol level space-~-time encoding

means.

5. A system according to claim 1 wherein the space

time coding comprises bit-level space-time coding means.

6. A coding gain system adapted to transmit a
plurality M of symbol substreams, the coding gain system

comprising:

a space-time coding function adapted to produce M
space-time coded streams, with each symbol of the M symbol
substreams being represented in all M space-time coded

streams and at different times.

7. A coding gain system according to claim 6 further

comprising:

v

a plurality M of transmit antennas each adapted
to transmit a respective one of the M space-time coded

streams.

8. A coding gain system according to claim 6 further
comprising demultiplexing and encoding functionality
adapted to produce the M symbol substreams from a primary

input stream.
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9. A coding gain system according to claim 8

wherein the multiplexing and encoding functionality *
comprises a demultiplexer having M outputs, and M
encoder/modulators eacﬂ producing a respective one of the M
symbol substreams, with each of the M éncoder/modulators

connected to receive a respective one of the multiplexer

outputs.

10. A coding gain system according to claim 7 wherein
the multiplexing and encoding functionality comprises an
encoder/modulator which produces -an encoded and modulated
output, and a demultiplexer connected to receive the
encoded and modulated output and having M outputs as said M

symbol substreams.

11. A coding gain system according to claim 6 wherein

the space-time coding function comprises:

an orthogonal transform adapted to produce M

orthogonal outputs each of which is a function of the M

substreams;

delay elements adapted to insert delays in the M
orthogonal outputs to produced M delayed orthogonal outputs
such that each of the M delayed orthogonal outputs is a

function of a given element of each of the M substreams at

a different time.

12. A coding gain system according to claim 11
wherein the delay elements are adapted to introduce a delay

of m-1 symbol periods in the mth orthogonal output, where
m=1,.., M. '

13. A coding gain system according to claim 6 wherein

the space-time coding function comprises:
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delay elements adapted to insert a delay of

M symbol periods in each of the M substreams;

an orthogonal  transform adapted to produce M
orthogonal outputs, with the mth orthogonal output being a
function of the M substreams delayed in said delay elements

by m-1 symbol periods.

14. ' A coding gain system according to- claim 13
wherein the M substreams are bit streams, and wherein the
orthogonal transform comprises M 2M M-ary mapping
functions, each adapted to produce a respective sequence of
M-ary symbols with the M-ary symbol of the mth 2M M-ary
mapping function being a function of the M substreams

delayed in said delay elements by m-1 bit periods.

15. A coding gain system according to claim 6 wherein

the M symbol substreams are bit streams.

16. A coding gain system according to claim 6 further

comprising encoder/modulator functionality integrated with

the space-time coding function.
17. A coding method comprising

demultiplexing an input symbol stream into M
symbol substreams;

performing a space~time coding function adapted
to produce M space-time coded streams from the M symbol
substreams, with each symbol Jf the M symbol substreams

being represented in all M space-time coded streams and at

different times;

transmitting the M space-time coded streams on

‘respective antennas.
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18. A method according to claim 17 further

comprising performing coding and modulation on each of said
M symbol substreams

19. A method according to claim 17 further comprising
performing coding and modulation on a primary data stream

to produce said input symbol stream prior to performing the

demultiplexing stream.

20. - A method according to claim 17 wherein performing

the space-time coding function comprises:

executing an orthogonal transform to produce M
orthogonal outputs each of which is a function of the M

substreams;

delaying the M orthogonal outputs to produced M
delayed orthogonal outputs such that each of the M delayed
orthogonal outputs is a function of a given element of each

of the M substreams at a different time.

21. A method according to claim 20 wherein the mth

orthogonal outpuf is delayed by m-1 symbol periods, where
m=1,.., M.

22. A method according to claim 17 wherein performing

the space~time coding function comprises:

7

delaying by M symbol periods each of the M

substreans;

executing an orthogonal transform adapted to
produce M orthogonal outputs, with the mth orthogonal
output being a function'of the M substreams delayed m-1
symbol perieds.
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17
23. " A method according to claim 20 wherein the M

substreams are bit streams, and wherein the orthogonal
transform comprises M 2¥ M-ary mapping functions, each
adapted to produce a respective sequence of M-ary symbols
with the M-ary symbol of the mth 2M M-ary mapping function
being a function of the M substreams delayed in said delay

elements by m-1 bit periods.
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- Express.Mail Label No. ‘— ‘ Page 1 of 4

oy Docket No.
‘ 71493-1178 /pw

D claration For Patent Application

English Language Declaration

As a below named inventor, | hereby declare that:
My residence, post office address and citizenship are as stated below next to my name,

I believe | am the original, first and sole inventor (if only one name is listed below) or an original,
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for
which a patent is sought on the invention entitied

COMBINING OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF
ORTHOGONAL TRANSFORMATION IN SPACE-TIME CODING

the specification of which

(check one)

( is attached hereto.

was filed on October 27,2000 as United States Application No. or PCT International
Application Number PCT/RU00/00426
and was amended on

(if applicable)

| hereby state that | have reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendment referred to above.

| acknowledge the duty to disclose to the United States Patent and Trademark Office all information
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations,
Section 1.56.

| hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)~(d) or
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of
any PCT International application which designated at least one country other than the United States,
listed below and have also identified below, by checking the box, any foreign application for patent or
inventor's certificate or PCT International application having a filing date before that of the application
on which priority is claimed.

Prior Foreign Application(s) Priority Not Claimed
d
(Number) (Country) (Day/Month/Year Filed)
a
(Number) (Country) (Day/Month/Year Filed)
a
(Number) (Country) (Day/Month/Year Filed)
Form PTO-SB-01 (9-95) (Modified) PO2A/REV02 Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE
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l héreby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional
application(s) listed below:

(Application Serial No.) (Filing Date)
(Application Serial No.) (Filing Date)
(Application Serial No.) (Filing Date)

| hereby claim the benefit under 35 U. S. C. Section 120 of any United States application(s), or
Section 365(c) of any PCT International application designating the United States, listed below and,
insofar as the subject matter of each of the claims of this application is not disclosed in the prior
United States or PCT International application in the manner provided by the first paragraph of 35
U.S.C. Section 112, | acknowledge the duty to disclose to the United States Patent and Trademark
Office all information known to me to be material to patentability as defined in Title 37, CFR
Section 1.56 which became available between the filing date of the prior application and the national
or PCT International filing date of this application:

(Application Serial No.) (Filing Date) (Status)
(patented, pending, abandoned)

(Application Serial No.) (Filing Date) (Status)
(patented, pending, abandoned)

(Application Serial No.) (Filing Date) (Status)
(patented, pending, abandoned)

| hereby declare that ali statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these statements
were made with the knowledge that willful false statements and the like so made are punishable by
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such
willful false statements may jeopardize the validity of the application or any patent issued thereon.

Form PTO-SB-01 (8-95) {(Modified) Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE
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Full name of sole or first inventor
WEN TONG

Sole or first inventor's signature Date

Residence

Ottawa, Ontario, Canada
Citizenship

CANADIAN

Post Office Address
312 Whitestone Drive, Ottawa, Ontario, Canada K2C 4A7

Full name of second inventor, if any
MICHAIL G. BAKULIN

Second inventor's signature Date

Residence
Kirova, Russia
Citizenship
RUSSIAN

Post Office Address
142110 Moskovskaja Oblast, gor. Podolsk, ul. Kirova, dom 35, kv. 31, Russia

Full name of third inventor, if any
VITALY B. KREYNDELIN

Third inventor's signature Date

Residence

Moskva, Russia

Citizenship

RUSSIAN

Post Office Address

109518, gor. Moskva, ul. Grayvoronovskaja, dom 8, kv. 87, Russia

Fuil name of fourth inventor, if any
ALEXANDER M. SHLOMA

Fourth inventor's signature Date

Residence

Zhukovsky, Gagarina, Russia
Citizenship

RUSSIAN

Post Office Address
140180 M skovskaja Oblast, g r. Zhukovsky, ul gagarina, d m 63, kv. 27, Russia

Form PTO-FB-110 (8-83) (Modified) Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE
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Full name of fifth inventor, if any
YURIY S. SHINAKOV

Fifth inventor's signature Date

Residence
Moscow, Russia
Citizenship
RUSSIAN

Post Office Address
117574 Moscow, Vilnusskaja ul. dom 7, kor. 2, kv. 125, Russia

Full name of sixth inventor, if any

Sixth inventor's signature Date

Residence

Citizenship

Post Office Address

Full name of seventh inventor, if any

Seventh inventor's signature Date

Residence

Citizenship

Post Office Address

Full name of eighth inventor, if

Eighth inventor's signature Date
Residence
Citizenship
Post Office Address
Form PTO-FB-110 (8-83) {Modified) Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE

Nintendo Exhibit 1013
Page 033



R&,d PCT’PTO 2 3 APR ma PATENT/DOCKET NO. 71493-1178 /pw

, CUSTOMER NO. 000293

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of: Attorney Docket No. 71493-1178 /pw

Serial No.: n/a

Filed: Herewith Group Art Unit: n/a

Title: COMBINATION OF SPACE-
TIME CODING AND SPATIAL
MULTIPLEXING, AND THE
USE OF ORTHOGONAL
TRANSFORMATION IN SPACE-§
TIME CODING §

Examiner: n/a

LT LD L DR LD DD DD LI L LD

Commissioner for Patents
Washington, D.C. 20231

POWER OF ATTORNEY FOR
PATENT APPLICATION

Nortel Networks Limited, a Canadian corporation having principal offices at:

Nortel Networks Limited
2351 Boulevard Alfred-Nobel
St. Laurent, Quebec H4S 2A9, Canada

the owner by assignment of the entire right, title and interest to the invention for
COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING,
AND THE USE OF ORTHOGONAL TRANSFORMATION IN SPACE-TIME
CODING, by Wen TONG, Michail G. BAKULIN, Vitaly B. KREYNDELIN, Alexander
M. SHLOMA and Yuriy S. SHINAKOYV and in and to the application for patent and any
Letters Patent, whether domestic or foreign, that may issue thereon, by virtue of the
assignment:

Xl Recorded Concurrently Herewith
[] Recorded on

[1 Recorded at Reel Frame
7] Copy Attached

hereby appoints the following attorneys and/or agents to prosecute this application and
transact all business in the Patent and Trademark Office connected therewith:
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A. DAVID MORROW (Reg. No. 28,816) JAMES McGRAW (Reg. No. 28,168)
ROBERT D. GOULD (Reg. No. 27,523) JOHN BOCHNOVIC (Reg. No.29,229)
THOMAS R. KELLY (Reg. No. 29,244) JOY D. MORROW (Reg. No. 30,911).
TOKUO HIRAMA (Reg. No. 32,551) R. ALLAN BRETT (Reg. No. 40,476)
KOHJI SUZUKI (Reg. No. 44,467) PHILIP D. LAPIN (Reg. No. 44,443)

R. JOHN HALEY (Reg. No. 29,502) CHRISTINE N. GENGE (Reg. No. 45,405)
THUY HUONG NGUYEN (Reg. No. 47,336) KEVIN K. GRAHAM (Reg. No. 47,365)
DAVID E. SCHWARTZ (Reg. No. 48,211) ELLIOTT S. SIMCOE (Reg. No. 50,010)
STEVEN B. GARLAND (Reg. No. 50,003) SOHRAB SABET (Reg. No. 30,723)
MATTHEW M. ROY (Reg. No. 48,074) COLIN B. INGRAM (Reg. No. 52,437)

ELIZABETH A. HAYES-QUEBEC (Reg. No. 48,305) RALPH A. DOWELL (Reg.. No. 26,868)
PLEASE SEND CORRESPONDENCE TO: CUSTOMER No. 000293

DOWELL & DOWELL, P.C.
1215 Jefferson Davis Highway
Suite 309

Arlington, Virginia 22202-3124
US.A.

Tel: (703) 415-2555

Fax: (703) 415-2559

its attorneys with full power of substitution and revocation, to prosecute all domestic and
foreign patent applications, including PCT and EPO filings, relating to said invention and to
transact all business connected therewith, including signing of all papers on its behalf and
making alterations and amendments.

The undersigned is the representative for the Assignee of the entire right, title, and interest in
the patent application identified above, and is authorized to act on behalf of the Assignee.

NORTEL NETWORKS LIMITED

Date Name:

Title
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y PAT&T COOPERATION TREATY

PCT

NOTIFICATION OF ELECTION

{PCT Rule 61.2)

From the INTERNATIONAL BUREAU

To:

Commissioner

US Department of Commerce
United States Patent and Trademark
Office, PCT

2011 South Clark Place Room
CP2/5C24

Arlington, VA 22202

Date of mailing (day/month/year)

05 August 2002 (05.08.02)

ETATS-UNIS D'AMERIQUE

in its capacity as elected Office

International application No.
PCT/RU00/00426

Applicant's or agent's file reference

71493-948

International filing date (day/month/year)
27 October 2000 (27.10.00)

Priority date (day/month/year)

Applicant

TONG, Wen et al

1. The designated Office is hereby notified of its election made:

in the demand filed with the International Preliminary Examining Authority on:
24 May 2002 (24.05.02)

D in a notice effecting later election filed with the International Bureau on:

2. The election was
D was not

Rule 32.2(b).

made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No.: (41-22) 740.14.35

Authorized officer

Zakaria EL KHODARY

Telephone No.: (41-22) 338.83.38

Form PCT/IB/331 (July 1992)

RU0000426
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PCT/RUQ0/00426
PA“IT COOPERATION TREATY

From the INTERNATIONAL BUREAU

PCT To:
Commissioner
NOTIFICATION OF ELECTION US Department of Commerce
United States Patent and Trademark
(PCT Rule 61.2) Office, PCT
2011 South Clark Place Room
CP2/5C24

Arlington, VA 22202

Date of mailing (day/month/year) ETATS-UNIS D'AMERIQUE
29 July 2002 (29_07_02) in its capacity as elected Office
International application No. Applicant’s or agent's file reference
PCT/RU00/00426 71493-948
International filing date (day/month/year) Priority date (day/month/year)
27 October 2000 (27.10.00)
Applicant
TONG, Wen et al

1. The designated Office is hereby notified of its election made:

in the demand filed with the International Preliminary Examining Authority on:
24 May 2002 (24.05.02)

D in a notice effecting later election filed with the International Bureau on:

2. The election was
D was not

made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under
Rule 32.2(b).

hori ffi
The International Bureau of WIPO Authorized officer
34, chemin des Colombettes Zakaria EL KHODARY
1211 G neva 20, Switzerland
Facsimile No.: (41-22) 740.14.35 Telephone No.: (41-22) 338.83.38
Form PCT/IB/331 (July 1992) RUQ000426
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Atrticle 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Natification of Transmittal of International Search Report
(Farm PCT/ISA/220) as well as, where applicable, item 5 below.

71493-948 ACTION

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)

PCT/RU 00/ 60426 27/10/2000

Applicant

NORTEL NETWORKS LIMITED et al.

This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This International Search Report consists of a total of 6 sheets.
It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of the international application in the
language in which it was filed, unless otherwise indicated under this item.
D the international search was carried out on the basis of a translation of the international application furnished to this
Authority (Rule 23.1(b)).

b. With regard to any nucteotide and/or amino acid sequence disclosed in the international application, the international search
was carried out on the basis of the sequence listing :

contained in the international application in written form.

filed together with the internationa! application in computer readable form.
furnished subsequently to this Authority in written form.

furnished subsequently to this Authority in computer readble form.

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the
international application as filed has been furnished.

the statement that the information recorded in computer readable form is identical to the written sequence listing has been
furnished

Certain claims were found unsearchable (See Box I).

O 0O DOOod

Unity of invention is lacking (see Box ll).

4. With regard to the title,
[:] the text is approved as submitted by the applicant.
Kj the text has been established by this Authority to read as follows:

COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF
ORTHOGONAL TRANSFORMATION IN SPACE-TIME CODING

5. With regard to the abstract,

{:] the text is approved as submitted by the applicant.

m the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box ill. The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.

6. The figure of the drawings to be published with the abstract is Figure No. 4
IXI as suggested by the applicant. D None of the figures.
D because the applicant failed to suggest a figure.
m because this figure better characterizes the invention.

Form PCT/ISA/210 (first sheet) (July 1998)
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Interg@gionai application No.

INTERNATIOP‘EARCH REPORT T/RU 00/00426

Box! Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This international Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Cilaims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful international Search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box It Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As ali required additional search fees were timely paid by the applicant, this international Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. As only some of the required additional search fees were timely paid by the applicant, this international Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

IXJ No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998)
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International Application No. PCTRU 00 00426

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1-5

Combined space-time coding and spatial multiplexing

2. Claims: 6-23

Space~time coding with mixing of substreams
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International application No.

INTERNATIONAL S RCH REPORT PCTDOO/ 00426

Box ili TEXT OF THE ABSTRACT (CBntinuation fitem 5 of the first sheet)

It is proposed to combine space-time coding and spatial multiplexing.
Also, the use of orthogonal transformation matrices is proposed, which
ensures that each bitstream contributes to the signal on each antenna.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 1998)
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INTERNATIONAL SEARCH REPORT

International Application No

PCT’)O/OMZG

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 HO4L1/06

According to International Patent Classification (IPC) or to both national classification and \PC

B. FIELDS SEARCHED
Minimum documentation searched (classification system followed by classification symbols)

IPC 7  HO4L

Documentation searched other than minimum documentation to the extent that such documents are inciuded in the fields searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

PAJ, WPI Data, EPO-Internal, INSPEC, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category ° | Citation of document, with indication, where appropriate, of the relevan! passages Relevant to claim No.

X HOCHWALD, MARZETTA: "Space-time 1-5
modutlation for unknown fading"
PROCEEDINGS OF THE SPIE,
vol. 57, no. 8, April 1999 (1999-04),
pages 10-19, XP000914262
Bellingham, US
abstract
X YUMIN ZHANG & R. BLUM: "Multistage 1-5
multiuser detection for CDMA with
space-time coding"
IEEE WORKSHOP ON STATISTICAL SIGNAL AND
ARRAY PROCESSING,

14 ~ 16 August 2000, pages 1-5,
XP002174378
Piscataway, US
ISBN: 0-7803-5988-7
page 1, left-hand column, paragraph 1

- o

m Further documents are fisted in the continuation of box C. E Patent family members are listed in annex.

° Special categories of cited documents : ) . ) y

“T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*A* document defining the general slate of the arnt which is not
considered to be of particular relevance

E* eaﬂier document but published on or after the international “X* document of particular refevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
*L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken afone
which is cited to establish the publication date of another *y* document of : . : i "
P . ey particular relevance; the claimed invention
Gitation or other special reason (as specified) cannot be considered to involve an inventive step when the
*‘O* document referring 1o an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious 1o a person skilled
*P* document published prior to the international filing date but inthe an.
later than the priority date claimed *&" document member of the same patent family
Date of the actual compietion of the internationai search Date of maifing of the internationaf search report
2 January 2002 23 01 200
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni, N
Fax: (+31-70) 340-3016 Scriven, P

Fom PCTNSA/210 (second sheet) (July 1892)

page 1 of 2
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INTERNATIONAL SEARCH REPORT

International Application No

PCT 0/00426

C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication.where appropriate, of the relevant passages

Relevant to claim No.

X BEN LU &: "Iterative receivers for
multiuser space-time coding systems"
IEEE INTERNATIONAL CONFERENCE ON
COMMUNICATIONS,

18 - 22 June 2000, pages 302-306,
XP002174379
Piscataway, US
page 302, left-hand column, paragraph 1
X EP 0 905 920 A (LUCENT)
31 March 1999 (1999-03-31) :
page 6, line 34 - line 36; figure 3

X EP 0 993 130 A (TEXAS INSTRUMENTS)

12 April 2000 (2000-04-12)
figure 2

1-5

6-23

6-23

Form PCTASA/210 (continuation of second sheet) (July 1992)

page 2 of 2
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INTERNATIONAL SEARCH REPORT

Internatlona! Application No

Inf on patent family members PCT 0 /004 26
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0905920 A 31-03-1999 US 6058105 A 02-05-2000
CA 2247618 Al 26-03-1999
EP 0905920 A2 31-03-1999
JP 11168453 A 22-06-1999

EP 0993130 A 12-04-2000 EP 0993130 A2 12-04-2000
JP 2000138623 A 16-05-2000

Form PCTAISA/210 (patent family annex) (July 1992)
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AI\ Pcusssm..mo» OF UBJECT m.nrnzn‘

el 2 Dr{;’z /1‘5 itd

ST
ea mm SEER
%% w0 Cead
According o International Paten’ Glasslﬁca\ion (IPC) orto bo\h na!mnal classification and IPC

B. FIELDS SEARCHED

IPC 7 HOAL

hed (classification system followed by classification symbols)

Documeniation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

PAJ, WPI Data, EPO-Internal,

Electronic data base consuited during the intemational search (name of data base and, where praclical, search terms used)

INSPEC, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory ° | Citalion of d 1, with ind

space-time coding”
ARRAY PROCESSING,

XP002174378

Piscataway, US

ISBN: 0-7803-5988-7

page 1, left-hand column,

multiuser detection for CDMA with
TEEE WORKSHOP ON STATISTICAL SIGNAL AND
14 - 16 August 2000, pages 1-5,

paragraph 1

where approp of the passages Relevant to claim No.

X HOCHWALD, MARZETTA: "Space-time 1-5

modulation for unknown fading"

PROCEEDINGS OF THE SPIE,

vol. 57, no. 8, April 1999 (1999-04),

pages 10-19, XP000914262

Bellingham, US

abstract
X YUMIN ZHANG & R. BLUM: "Multistage 1-5

Sy

Further documents are listed in the continuation of box C.

Palent family members are listed in annex.

° Special of cited d

*A® document defining the general slale of the art which is not
considered to be of particular relevance
g earner document bul published on or afterthe international
ing dal
i dowmem which may throw doubls on priority claim(s) or
which is cited 10 eslablish the publication date of another
citation or other special reason (as specifie:

*0O* decument referring to an oral disclosure, use, exhibition or

*T" later document published after the international fifing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention
*X* document of particular ; the claimed i
cannot be considered novel or cannot be considered to
Involve an lnvenlrve step when the document is laken alone
‘Y d of p ; the claimed i
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—

other means ments, such combination being obvious to a person skilled
*P* document published prior o the internationat fifing date but inthe art.
later than the priority date claimed *&" document member of the same patent family
Date of the aclual of the i search Date of mailing of the intemational search report
2 January 2002 13 01 1

Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2

1!\ILL. p 2280 HV Riswijk

el (+31-70) 340~-2040, Tx. 31 651 eponl, s
Fax: (+31-70) 340-3016 Scriven, P

Fam PCTASA210 (second sheef) (July 1992)
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C.(Continuation) DOCUMENTS CONSIDERED TO B!LEVANT

PCT/RU 0

426

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to ctaim No.

X

BEN LU &: "Iterative receivers for
multiuser space-time coding systems"
IEEE INTERNATIONAL CONFERENCE ON
COMMUNICATIONS,

18 - 22 June 2000, pages 302-306,
XP002174379
Piscataway, US
page 302, left-hand column, paragraph 1
EP 0 905 920 A (LUCENT)
31 March 1999 (1999-03-31)
page 6, line 34 - Tine 36; figure 3
EP 0 993 130 A (TEXAS INSTRUMENTS)
12 April. 2000 (2000-04-12)
figure 2

1-5

6-23

6-23
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e dIPTO 23 APR 108

From the INTERNATIONAL SEARCHING AUTHORITY PCT
To:

NOTIFICATION OF TRANSMITTAL OF
ﬁgﬁhINﬁ?l ﬁ':IERNC::.iSEﬁt] iccA THE INTERNATIONAL SEARCH REPORT
Prechistensky, Pereulok 14 ' OR THE DECLARATION
Building 1, 4th Floor
MOSCOW, 119034 ’ (PCT Rule 44.1)

RUSSIAN FEDERATION

Date of mailing
(day/month/year) 23 /0 li'2002
Applicant's or agent's file reference
71493-948 ; FOR FURTHER ACTION See paragraphs 1 and 4 below
International application No. International filing date
PCT/RU 00/ 00426 (daymonthiysar) — 27/10/2000

Applicant

NORTEL NETWORKS LIMITED et al.

1. m The applicant is hereby notified that the intemational Search Report has been established and is transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitied, if he so wishes, to amend the claims of the International Application (see Rule 46):

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the
International Search Report; however, for more details, see the notes on the accompanying sheet.

Where? Directly tothe  International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerand
Fascimile No.: (41-22) 740.14.35

For more detailed instructions, see the notes on the accompanying sheet.

2. D The applicant is hereby notified that no intemational Search Report will be established and that the declaration under
Article 17(2)(a) to that effect is transmitted herewith.

3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Further action(s): The applicant is reminded of the foflowing:

Shortly after 18 months from the priority date, the intemational application will be published by the International Bureau.
if the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the
priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively, before the
completion of the technical preparations for international publication.

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the applicant
wishes to postpone the entry into the national phase untit 30 months from the priority date (in some Offices even later).

Within 20 months fram the priority date, the applicant must perform the prescribed acts for entry into the national phase
before all designated Offices which have not been elected in the demand or in a fater election within 19 months from the
priority date or could not be elected because they are not bound by Chapter Il

Name and mailing address of the International Searching Authority | Authorized officer

—‘ European Patent Office, P.B. 5818 Patentlaan 2

NL-2280 HV Rijswijk Carole Emery
O))} Tei. (+31-70) 340-2040, Tx. 31 651 epo nl,

__=m= _ Fax:{+31-70) 340-3016

Form PCT/ISA/220 (July 1998)
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NOTES OHM PUINSA/Z220

These Nates are intended 1o give the basic instructions concerning the filing of amendments under article 19. The
Notes are based on the requiremenits of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed information, see also the PCT Applicant's Guide, a publication of WIPO.

In these Notes, "Article”, "Rule”, and "Section” refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report, one oppartunity to amend the claims of the
international application. It should however be emphasized that, since all parts of the international application (claims,
description and drawings) may be amended during the international preliminary examination procedure, there is usually
no need to file amendments of the claims under Article 19 except where, e.g. the applicant wants the latter to be published
for the purposes of provisional protection or has another reason for amending the claims before intermational publication.
Furthermore, it should be emphasized that provisional protection is available in some States only.

What parts of the international application may be amended?
Under Article 19, only the claims may be amended.

During the international phase, the claims may also be amend:
the International Preliminary Examining Authority. The d tion and drawings may only be amended under
Article 34 before the Intemational Examining Authgrity”

Upon entry into the national phase, all

'of the international appiication may be amended under Articie 28
or, where applicable, Article 41.

When? Within 2 mon! m the date of transmittal of the international search report or 16 months from the priority
date, whichever time limit expires later. it should be noted, however, that the amendments will be considered
as having been received on time if they are received by the International Bureau after the expiration of the
applicable time limit but before the completion of the technical preparations for intemational publication
(Rule 46.1).

Where not to file the amendments?

The amendments may only be filed with the International Bureau and not with the receiving Office or the
International Searching Authority (Rule 46.2).

Where a dermand for international preliminary examination has been/is filed, see below.

How? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of
one or more of the claims as filed.

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or
amendments, differs from the sheet originally filed.

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is
cancelled, no renumbering of the other claims is required. In all cases where claims are renumbered, they must
be renumbered consecutively (Administrative Instructions, Section 205(b)).

The amendments must be made in the language in which the international application is to be published.

What dc y accompany the amendments?
Letter (Section 205(b)):
The amendments must be submitted with a letter.

The letter will not be published with the international application and the amended claims. It should not be
confused with the "Statement under Article 19(1)" (see below, under “Statement under Article 19(1)").

The letter must be in English or French, at the choice of the applicant. However, if the language of the
international application is English, the letter must be in English; if the language of the international application
is French, the letter must be in French.

Notes to Form PCT/ISA/220 (first sheet) (July 1998)
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The letter must indicate the differences between the claims as filed and the claims as amended. It must, in
particular, indicate, in connection with each claim appearing in the international application (it being understood
that identical indications concerning several claims may be grouped),whether

(i) the claimis unchanged;

(i} the claim is cancelled;

(i) the claim is new;

(iv) the claim replaces one ar more claims as filed;

(v) the claim is the result of the division of a claim as filed.

The following examples illustrate the manner in which amendments must be explained in the
accompanying letter:

1. {Where originally there were 48 claims and after amendment of some claims there are 51]:
*Claims 1 to 29, 31, 32, 34, 35, 37 to0 48 replaced by amended claims bearing the same numbers;
claims 30, 33 and 36 unchanged; new claims 49 to 51 added.”

2. [Where originally there were 15 claims and after amendment of all claims there are 11):
*Claims 1 to 15 replaced by amended claims 1to 11.*

3. [Where originally there were 14 claims and the amendments consist in cancelling some claims and in adding
new claims}:
*Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or
*Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged.”

4. [Where various kinds of amendments are made]:
*Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; new claims 20 and 21 added.”

"Statement under article 19(1)" (Rule 46.4)

The amendments may be accompanied by a statement explaining the amendments and indicating any impact
that such amendments might have on the description and the drawings (which cannot be amended under
Article 19(1)).

The statement will be published with the international application and the amended claims.
It must be in the language in which the international application is to be published.
1t must be brief, not exceeding 500 words if in English or if translated into English.

It should not be confused with and does not replace the letter indicating the differences between the claims
as filed and as amended. It must be filed on a separate sheet and must be identified as such by a heading,
preferably by using the words "Statement under Article 19(1).”

1t may not contain any disparaging comments on the international search report or the relevance of citations
contained in that report. Reference to citations, relevant to a given claim, contained in the international search
report may be made only in connection with an amendment of that claim.

Consequence if a demand for international preliminary examination has already been filed

If, at the time of filing any amendments and any accompanying statement, under Article 19, a demand for
international preliminary examination has already been submitted, the applicant must preferably, at the time of
filing the amendments (and any statement ) with the International Bureau, also file with the International
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a
translation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first
sentence). For further information, see the Notes to the demand form (PCT/IPEA/401).

Consequence with regard to translation of the international application for entry into the national phase

The applicant's attention is drawn to the fact that, upon entry inte the national phase, a translation of the
claims as amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or
in addition to, the transiation of the claims as filed.

For further details on the requirements of each designated/elected Office, see Volume !l of the PCT Applicant's
Guide.

Notes to Form PCT/1ISA/220 (second sheet) (July 1998)
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PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Notification of Transmittal of Intemational Search Report
(Form PCT/ISA/220) as well as, where applicable, item 5 below.

71493-948 ACTION

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)

PCT/RU 00/ 00426 27/10/2000

Applicant

NORTEL NETWORKS LIMITED et al.

This International Search Report has been prepared by this Intemational Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the Intemational Bureau.

This International Search Reportconsistsof atotalof ___ 6 sheets.
It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the intemational search was carried out on the basis of the intemational application in the
language in which it was filed, unless otherwise indicated under this item.
[[] theintemational search was carried out on the basis of a transtation of the intemational application fumished to this
Authority (Rule 23.1(b)).

b. With regard to any nucleotide and/or amino acid sequence distlosed in the intemational application, the international search
was carried out on the basis of the sequence listing : .

contained in the international application in written form.

filed together with the intemational application in computer readable form.
fumished subsequently to this Authority in written form.

fumished subsequently to this Authority in computer readble form.

the statement that the subsequently furnished written sequence fisting does not go beyond the disclosure in the
international application as filed has been fumished.

0

the statement that the information recorded in computer readable form is identical to the written sequence listing has been
furnished

Certain claims were found unsearchable (See Box 1).

HO O 000

Unity of invention is lacking (see Box Il).

4. With regard to the title,
[[] thetextis approved as submitted by the applicant.
D_Q the text has been established by this Authority to read as follows:

COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF
ORTHOGONAL TRANSFORMATION IN SPACE-TIME CODING

5. With regard to the abstract,

D the text is approved as submitted by the applicant.

m the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box Ill. The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.

6. The figure of the drawings to be published with the abstract is Figure No. 4

m as suggested by the applicant. D None of the figures.
G because the applicant failed to suggest a figure.

[X] because this figure better characterizes the invention.

Form PCT/ISA/210 (first sheet) (July 1998)
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u Hidl appPHCauVIl NV,
INTERNATIOI. SEARCH REPORT ‘T/ RU 00/00426

Box! Obs rvations where certain claims were found unsearchable (Comindaﬁon of item 1 of first sheet)

This Intemnational Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following r asons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the Intemational Appiication that do not comply with the prescribed requirements to such
an extent that no meaningtul Intemational Search can be carried out, specifically:

3. Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This Intemational Searching Authority found multiple inventions in this intemational application, as follows: : o

see additional sheet B

oy

. E:I As all required additional search fees were timely paid by the applicant, this international Search Report covers ali
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this intemational Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this international Search Reportis
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

m No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation ot first sheet (1)) (Juty 1998)
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International Application No.

PCTRU 00 00426

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

ultiple (groups of)

onal Searching Authority found m
as follows:

This Internati
this international application,

inventions in
1. Claims: 1-5

ned space-time coding and spatial multiplexing

Combi

2. Claims: 6-23

Space-time coding with mixing of substreams
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INTERNA 1 JUNAL 'un HEFUR | l PCT /.)0 / 00426

Box lil TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet)

It is proposed to combine space-time coding and spatial multiplexing.
Also, the use of orthogonal transformation matrices is proposed, which
ensures that each bitstream contributes to the signal on each antenna.

Form PCT/SA/210 (continuation of first sheet (2)) (July 1998)
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\ PCT!O_O/OMZG

A CLASSIFICATION OF SUBJECT MAT‘TE!
IpC 7 HO

411/06

According 1o international patent Classification (IPC) orto both national classification and PC

B. FIELDS SEARCHED

Minimum documentation searched (classitication system followed by Qassification symbols)

IPC 7 HO4L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of dala base and, where practical. search terms used)

PAJ, WPI Data, gpo-Internal, INSPEC, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° \ Citation of document. with indication, where appropriate, of the relevant passages Relevant to claim No.
X HOCHWALD, MARZETTA: "Space-time 1-5
modulation for unknown fading”
PROCEEDINGS OF THE SPIE,
vol. 57, no. 8, April 1999 (1999-04),
pages 10-19, XP000914262
Bellingham, US
abstract
X YUMIN ZHANG & R. BLUM: "Multistage 1-5

multiuser detection for CDMA with
space-time coding”
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COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF

ORTHOGONAL TRANSFORMATION IN SPACE-TIME CODING

Field of the Invention

The invention relates to systems and methods for

performing layered space-time coding for wireless channels.

Background of the Invention

With the explosion in the demand for wireless
Internet services, a number of competing solutions have S
been developed. UMTS (Universal Mobile Terrestrial
Service) standardization has lead to the 3Gpp standard
which offers a 2 Mbps data rate per sector. Work is
underway on HSPDA (high speed data access), a higher speed
packet data access variation. IS-2000, an evolution of IS-

95 provides HDR (High Speed Data Rate) and 1XEV (1X

Evolution) which allow wireless Internet browsing at a rate

of 7.2 Mbps per sector. Notwithstanding these solutions,

there is still the demand to push rates higher.

Recently, it has been proposed to use BLAST kBell
Labs Layered Space Time) which is a layered space-time
coding approach, as a wireless data solution. Referring to
Figure 1, the basic concept behind this layered space-time
coding approach involves, at the transmit side, a
dempltiplexer 10 which demultiplexes a primary data stream
11 into M data substreams of equal rate. Each of the M
data streams is then encoded and modulated separately in
respective coding/modulating blocks 12 (123, 12B,.., 12Mi to
produce respective encoded and modulated streams 13
(13A,13B,..,13M). There are M transmit antennas 14 (14A,
14B,..,14M). A switch 16 periodically cycles the
association between the mocdulated streams 13A,13B,..,13M and

the antennas 14A,14B,..,14M. At the receive side, there are
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M antennas 18 (18A,18B,..,18M) which feed into a

beamforming/spatial separation/substruction block 20 which
performs a spatial beamforming/nulling (zero forcing)
process to separate thé‘individual coded stréams and feeds
these to respective individual decoders 22 (22A,22B,..,22M).
The outputs of the decoders 22A,22B,..,22M are fed to a
multiplexer 24 which multiplexes the signals to produce an
output 25 which is an estimate of the primary data stream
11.

There are a number of variations on this
architecture. One is to modify the receiver antenna pre-
processing to carry out MMSE (minimum mean square error)
beamforming rather than nulling in order to improve the
wanted signal SNR (signal-to-noise ratio) at the expense of
slightly increased ISI (inter-symbol interference). Both
the MMSE and nulling approaches normally have the
disadvantage that some sort of diversity of the receiver
antenna array is necessarily sacrificed in the beamforming
process. In order to overcome this problem, layering of
the receiver processing can be employed such that after the
strongest signal has been decoded (typically using the
Viterbi MLSE (maximum likelihood sequence estimation)
algorithm) it is subtracted from the received antenna
signals in order to remove the strongest signal. This
process is iterated down until detection of the weakest
sié%al requires no nulling at all, and its diversity
performance is therefore maximized. A disadvantage with
this layered approach is the same as that with all
subtractive multi-user detection schemes, that the wrong

subtraction can cause error propagation.

There are several types of layered space-time

coding structures, including horizontal BLAST (H-BLAST),
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diagonal BLAST (D-BLAST) and vertical BLAST. They have

identical performance for both optimal linear and non-
linear receivers, assuming error control coding is not used
in such systems. For 6btimal linear reception (linear

5 maximum jikelihood), these structures have the same SNR
performances as those with only a single transmit antenna
and a single receive antenna, but do offer the advantage of

improved spectral efficiency.

In orxder to achieve this improved spectral

10 efficiency, in such systems it would be advantageousS to
have a large number of transmit and receive antennas, for
example four of each. However, while this may be practical
for larger wireless devices such as laptop computers, it is
impractical for smaller hand-held devices because it is not

15 possible to get the antennas far enough apart to ensure
their independence. Because of this, f§r hand-held
devices, a practical limiﬁ might be two transmit and two
receive antennas. Also, another factor limiting the
practical number of antennas is cost. Typically about two

20 thirds of the cost of a base station transceiver is in the
power amplifier plus antennas, and this will increase if
more antennas are added. These factors make only a two by

two system commercially practical.

Byiway of example, consider a system with M
25 transmit and N receive antennas in a fregquency non-
selective, slowiy fading channel. The sampled baseband-

equivalent‘channel model is given by
Y=HS + 1N

where H € cNgM is the complex channel matrix with the

/
30 (i,3j)-th element being random fading between the i-th

receive and j-th transmit antenna. M € cN is the additive
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noise source .and is modelled as a zero mean circularly

symmetric complex Gaussian random vector with statistically

independent elements, that is n ~ CN(O,ZG%_[N). The i-th

element of S € CM is the symbol transmitted at the i-th

transmit antenna and that of Y € CN is the symbol received

at the i-th received antenna. The model is shown in Figure
2.

That such a system has no improvement in SNR
performance can be explained by noting that the data symbol

sp is transmitted only by one antenna, and in case of full

cancellation of other transmit antennas, the model of such
a system is shown in Figure 3. In this case there is one
transmit antenna and N receive antennas. Therefore, for

symbol sp there is no coding gain.

It would be advantageous to have a layered space-
time coding structure which provides the improved spectral
efficiency, but which also provides improved SNR

performance.
Summary of the Invention

Embodiments of the invention provide coding gain
systems and methods which feature combined sbace—time
coding and spatial multiplexing, and transmitters adapted
to include such functionality. The space-time coding
introduces a coding gain, and makes symbols more immune to
fading since each information component is represented
somehow in each spatial output. In some embodiments, the
space—-time coding comprises a layered space-time
architecture. Advantageously, these solutions are amenable

to implementation with two transmit antennas and two
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5
receive antennas, a configuration suitable for

hand-held devices.

According to one broad aspect, the invention
provides a coding gain system adapted to transmit a
plurality M of symbol substreams. The coding gain system
has a space-time coding function adapted to produce M
space-time éoded streams, with each symbol of the M symbol
substreams being represented in all M space-time coded
streams and at different times. In some embodiments, the
coding gain system provided by the invention can be
considered to include M transmit antennas each adapted to
transmit a respective one of the M space-time coded
streams, and/or demultiplexing and encoding functionality
adapted to produce the M symbol substreams from a primary

input stream.

In some embodiments, the space—time coding
function has an orthogonal transform adapted to produce M
orthogonal outputs each of which is a function of the M
substreams, and has delay elements adapted to insert delays
in the M orthogonal outputs to produced M delayed
ortbogonal outputs such that each of the M delayed
orthogonal outputs is a function of a given element of each
of the M substreams at a different time. For example, the
delay elemenﬁs can be adapted to introduce a delay of m-1

symbol periods in the mth orthogonal output, where m=1,..,M.

In another embodiment, the space-time coding

function has delay elements adapted to insert a delay of M-

1 symbol periods in each of the M substreams, and an

orthogonal transform adapted to produce M orthogonal
outputs, with the mth orthogonal output being a function of
the M substreams delayed in the delay elements by m-1
symbol periéds.
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In some embodiments the M substreams are non-

binary symbols. In ‘other embodiments the M substreams are
bit streams. In these embodiments, the orthogonal

transform comprises orthogonal symbol mappings, for example
5 M 2M oAM or MPSK mapping functions, each adapted to produce
a respective sequence of M-ary symbols with the M-ary

symbol of the mth 2M QAM mapping function being a function
of the M substreams delayed in said delay elements by m-1

bit periods.
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Brief Description of the Drawings

preferred embodiments of the invention will now
pe described with reference to the attached drawings in

which:

Figure 1 is a block diagram of a known space-time

coding system;

Figure 2 is a channel model for the system of

Figure 1;

Figure 3 is a channel model for a single antenna

output of the system of Figure 1;

Figure 4 is a block diagram of a transmitter
featuring a coding gain system provided by an embodiment of

the invention;

Figure 5 is a block diagram of a transmitter
featuring a coding gain system provided by anotherxr

embodiment of the invention;’

Figure 6 is a block diagram of a transmitter
featuring a coding gain system.provided by another

embodiment of the invention;

Figure 7 is a block diagram of a transmitter
fea;uring a coding gain system provided by another

embodiment of the invention; and

Figure 8 is a constellation diagram for the 16

QBM Gray mappings of Figure 7.
Detailed Description of the Preferred Embodiments
Embodiments of the invention provide a layered

space-time architecture with additional gain provided with
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8
space~-time coding. To achieve this each information

symbol sy is arranged to as to be represented on all M

Transmit Antennas. An glgorithm of space-time coding is .
developed for-one transmitter, and aggregated with
algorithms for M transmitters, so that the spectral
efficiency expected for conventional BLAST architecture is

retained.

A range of coding gain methods/systems and
transmitters are provided which combine space time coding
and spatial multiplexing. Referring firstly.toigigure 4,
shown is a space-time coder/multiplexer coding gain system
consisting of a 1:M demultiplexer 29 having a single
primary input 27 and having M outputs which are each coded
and modulated in respective encoder/modulator blocks
31A,..,31M to produce encoded substreams sj,s2,..,SM. There
is an orthogonal transformation block 30 and a number of
delay blocks 32 (only two shown, 32m-1, 32M-1) the outputs
of which are connected to respective transmit antennas
34A,..,34M. The orthogonal transformation block 30 has as
its inputs the M encoded and modulated substreams
$1,52,..,8M- The orthogonal transformation block 30
performs the following matrix transform on the input

substreams at each symbol interval:

X = FS,

/
where S= (sqi,s2,..syM) at a given instant, X = (x1,%x2,.., %M}

€ CM is the output of the orthogonal transformation block

30; and F € ¢MXM js a complex matrix defining the
orthogonal transformation. In one embodiment, the (i,m)-th

element of F is defined by:

fim = (Had(i, m) - eJ(m(m 1))Y/02My (M) ,
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where Had(i,m) € (1; ~1) is the (i,m)-th element of the

' Hadamard matrix. For M=2 this matrix is

) jrl4
F = 1ol _
V2 _eJml4

However, this transformation matrix is not
unique, this being only an example of a suitable orthogonal
transformation. The optimization and/or search for the
best of transformation matrix depends on the modulation for
initial symbols sp and on the number of antennas M. It is
important that each output of the orthogonal transformation
be a function of all thé instantaneous inputs. In other
words, %1 = £1(s51,82/rSM) rer Ep=Im(s1,82/0r8M) ¢ or

xq=fM(S1,52, s SM) -

Now, to achieve the.separation in time, the mth
orthogonal transformation output xm is delayed by a time
period equal to (m~1)T, where T is the symbol duration,

such that the first output xj; experiences no delay, and the
Mth output xy experiences a delay of (M-1)T. The output of
the delay blocks 32 consists of the symbols zj,..,zZM to be

transmitted on the antennas 34. The effect of the
orthogonal transformation 30 plus the delay blocks 32 is
that the mth input symbol sy is represented in all m output

stfeams, but at different times.

Referring now to Figure 5, another embodiment of
the invention is provided in which the encoded and

modulated symbols sp are fed through respective delay

banks 40 (40A,..,40M) each containing M-1 delay elements.
Each symbol with equal delay is fed to a common scaling

block 42. Thus, all undelayed symbols si,..,sy are fed to a
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first scaling block 42a, the symbols Si,--rSM delayed by

(m-1)T are fed to an mth scaling block 42m and so on. Each
scaling block 42m multiplies each of its inputs by a
respective complex multiplier, and the results are summed
in a respective summer 44m the output of which is the mth

transmitted symbol Zm- This is really mathematically

equivalent to the embodiment of Figure 4 in that each

output symbol Zpm is again a function of all of the input

symbols at a given instant, put at different times.
Effectively, the delay block and the orthogonal

transformation functions have peen done in reverse order.

Both the examples of Figure 4 and 5 perform
symbol level space—time encoding in the sense that the
input to the space-time encoding process consists of
symbols output by the encoder/modulator blocks. Referring
now to Figure 6, another embodiment of the invention is
provided in which bit-level space-time encoding is
performed. In this .embodiment, a 1:M demultiplexer 59
produces from an input bit stream 58 M bit substreams

uy .. UM which are all fed into delay elements 60A, .., 60M-1

each adding a further bit period T delay. The undelayed
bits U, s UMr and the bits output by each of the delay

elements GOA(N,GOM—l are fed to respective symbol mapping
functions 62a,..62M which in the jl1lustrated embodiment are
QAM'functions. Each QAM mapping function 62A,..,62M maps
its M input bits to é corresponding output symbol zm which
is output by corresponding antennas 64A,..,64M. In one
embodiment, the QOAM mappings are designed such that they

are orthogonal to each other.

Referring now to Figure 7 a specific example of
the embodiment of Figure 6 is shown which is a very

practical embodiment, and in which the same numbering
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scheme as Figure 6 is used. In this case, it is assumed

that the demultiplexer 59°'is a 1:4 demultiplexer which

produces four bit substreams uj,uz,u3z,us which are all fed

undelayed to a first 16 QAM mapping 62A, and are all fed to
a delay element 60 which introduces a delay T into the
substreams and outputs the delayed substreams into a second
16 QAM mapping 62B. The two QAM mappings 62A,62B have

outputs zj,z2 fed to respective transmit antennas 64A, 64B.
Details of an example receiver are shown in which there is

a 2M state MLSE decoder 80 connected to two receive
antennas 82A,82B. It is to be understood that many
different receiver structures can be used, and this is not
important to the invention. This implementation lends
itself to efficient implementation in hand-held devices
because there are only two transmit and two receive

antennas.

A recommended mapping for the 16 QAM mapping
functions 62A,62B is shown in Figure 8. A first mapping is
shown for the first antenna 64A, generally indicated by 90.
A second mapping is shown for the second antenna 64B,
generally indicated by 92. Each mapping shows how the 16
16Q0AM constellation points, defined by their position on
the horizontal (real) and vertical (imaginary) axes, map to
correspondinq decimal versions (0 to 15} of input bit

combinations uj,up,u3,us4 (0000 to 1111).

In one example above, the receiver is a 2M state
MLSE decoder. As indicated previously, the particular
receiver design is not important. It may be a Viterbi
decoder, an iterative decoder, or some other type of

decoder.
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In the above embodiments, for symbol

level space-time coding, it is assumed that the input to
the space-time functionality consists of encoded and
modulated symbol stream;. In another embodiment, the
encoding and modulation is integrated with the space-time

coding.

Numerous modifications and variations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that within

the scope of the appended claims, the invention may be

practised otherwise than as specifically described herein.
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WE CLAIM:

1. A coding gain system comprising combined space-

time coding and spatial multiplexing.

. 2. A system according to claim 1 wherein the space-

time coding comprises a layered space-time architecture.

3. A transmitter cbmprising the coding gain system

according to claim 1.

4. A system according to claim 1 wherein the space
time coding comprises symbol level space-time encoding

means.

5. A system according to claim 1 wherein the space

time coding comprises bit-level space-time coding means.

6. A coding gain system adapted to transmit a
plurality M of symbol substreams, the coding gain system

comprising:

a space-time coding function adapted to produce M
space-time coded streams, with each symbol of the M symbol
substreams being represented in all M space-time coded

streams and at different times.

7. A coding gain system according to claim 6 further

comprising:

a plurality M of transmit antennas each adapted
to transmit a respective one of the M space-time coded

streams.

8. A coding gain system according to claim 6 further
comprising demultiplexing and encoding functionality
adapted to produce the M symbol substreams from a primary

input stream.
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9. A coding gain system according to claim 8

wherein the multiplexing and encoding functionality °
comprises a demultiplexer having M outputs, and M
encoder/modulators eacﬂ.producing a respective one of the M
symbol substreams, with each of the M ehcoder/modulators
connected to receive a respective one of the multiplexer

outputs.

10. A coding gain system according to claim 7 wherein
the multiplexing and encoding functionality comprises an
encoder/modulator which produces -an encoded and modulated
output, and a demultiplexer connected to receive the
encoded and modulated ocutput and having M outputs as said M
symbol substreams.

11. A coding gain system according to claim 6 wherein

the space-time coding function comprises:

an orthogonal transform adapted to produce M
orthogonal outputs each of which is a function of the M

substreams;

delay elements adapted to insert delays in the M
orthogonal outputs to produced M delayed orthogonal outputs
such that each of the M delayed orthogonal outputs is a
function of a given element of each of the M substreams at

a different time.
7

12. A coding gain system according to claim 11
wherein the delay elements are adapted to introduce a delay
of m-1 symbol periods in the mth orthogonal output, where
m=1,.., M. '

13. A coding gain system according to claim 6 wherein

the space-time coding function comprises:
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18. A method according to claim 17 further

comprising performing coding and modulation on each of said

M symbol substreams

~

19. A method according to claim 17 further comprising
performing coding and modulation on & primary data stream
to produce said input symbol stream prior to performing the

demultiplexing stream.

20. - A method according to claim 17 wherein performing

the space-time coding function comprises:

executing an orthogonal transform to produce M
orthogonal outputs each of which is a function of the M

substreams;

delaying the M orthogonal outputs to produced M
delayed orthogonal outputs such that each of the M delayed
orthogonal outputs is a function of a given element of each

of the M substreams at a different time.

21. A method according to claim 20 wherein the mth
orthogonal outpuf is delayed by m-1 symbol periods, where
m=1,..,M.

22. A method according to claim 17 wherein performing

the space—time coding function comprises:

4

delaying by M symbol periods each of the M

substreams;

executing an orthogonal transform adapted to
produce M orthogonal outputs, with the mth orthogonal
output being a function.of the M substreams delayed m-1
symbol perieds.
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25

15
delay elements adapted to insert a delay of

M symbol periods in each of the M substreams;

an orthogonal transform adapted to produce M
orthogonal outputs, with the mth orthogonal output being a
function of the M substreams delayed in said delay elements
by m-1 symbol periods.

14. " A coding gain system according to claim 13
wherein the M substreams are bit streams, and wherein the
orthogonal transform comprises M 2M M-ary mapping
functions, each adapted to produce a respective sequence of
M-ary symbols with the M-ary symbol of the mth 2M M-ary
mapping function being a function of the M substreams

delayed in said delay elements by m-1 bit periods.

15. A coding gain system according to claim 6 wherein
the M symbol substreams are bit streams.

16. A coding gain system according to claim 6 further

comprising encoder/modulator functionality integrated with

the space-time coding function.
17. A coding method comprising

demultiplexing an input symbol stream into M

symbol substreams;

performing a space-~time coding function adapted
to produce M space-time coded streams from the M symbol
substreams, with each symbol df the M symbol substreams
being represented in all M space~time coded streams and at

different times;

transmitting the M space-time coded streams on

respective antennas.
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17
23. A method according to claim 20 wherein the M

substreams are bit streams, and wherein the orthogonal
transform comprises M 2¥ M-ary mapping functions, each
adapted to produce a respective sequence of M-ary symbols
5 with the M-ary symbol of the mth 2M M-ary mapping function
pbeing a function of the M substreams delayed in said delay

elements by m-1 bit periods.
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(57) A communications system achieves high bit
rates over an actual communications channel between
M transmitter antennas (16a-16¢) of a first unit (12) and
N receiver antennas (18a-18¢c) of a second unit (14),
where M or N>1, by creating virtual sub-channels from
the actual communications channel. The muitiple anten-
na system creates the virtual sub-channels from the ac-
tual communications channel by using propagation in-

Multiple antenna communication system and method thereof

formation characterizing the actual communications
channel at the first and second units. For transmissions
from the first unit (12) to the second unit (14), the first
unit sends a virtual transmitted signal over at leasta sub-
set of the virtual sub-channels using at least a portion
of the propagation information. The second unit re-
trieves a corresponding virtual received signal from the
same set of virtual sub-channels using at least another
portion of said propagation information.
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BACKGROUND OF THE INVENTION

5 1. Field of Th Invention

[0001] This invention relates to wireless communication systems and, more particularly, to a multiple antenna com-
munication system.

10 2. Description of Related Art

[0002] The ultimate bit rate at which a digital wireless communication system may communicate data may be derived
using Shannon's approach to information theory (commoniy referred to as the Shannon limit). The ultimate bit rate is
based on anumber of different parameters, including: the total radiated power at the transmitter; the number of antennas

15 at the transmitter and receiver; bandwidth; noise power at the receiver; and the characteristics of the propagation
environment. For wireless transmission using multiple antennas at the transmitter and/or receiver in a so-called
Rayleigh fading environment, the ultimate bit rate could be enormous, for example, hundreds of bits per second per
Hz for a system employing 30 antennas at both the transmitter and receiver and experiencing an average signai-to-
noise ratio of 16dB.

20 [0003] A need exists for a wireless communications sysiem which achieves high bil rates in a cost effective and
relatively simple manner.

SUMMARY OF THE INVENTION

25 [0004] The present invention involves a communications system that achieves high bit rates over an actual commu-
nications channel between M transmitter antennas of a first unit and N receiver antennas of a second unit, where M
or N >1, by creating virtual sub-channels from the actual communications channel. The multiple antenna systemcreates
the virtual sub-channels from the actual communications channel by using at the first and second units propagation
information characterizing the actual communications channel. For transmissions from the first unit to the second unit,

30  thefirst unit sends a virlual transmitted signal over at least a subset of the virtual sub-channels using at least a portion
of the propagation information. The second unit retrieves a corresponding virtual received signal from the same set of
virtual sub-channels using at least another portion of said propagation information.

[0005] in general, a propagation matrix of propagation coefficients characterizes the propagation of communication
signals between the transmitting antenna(s) of the first unit and the receiving antenna(s) of the second unit. By knowing

35  the propagation characteristics of the actual communications channel (multiple-antenna channel), the multiple antenna
system can decompose the actual communications channel into multiple virtual sub-channels. For transmissions from
the first unit to the second unit, both the first unit and the second unit obtain propagation information which characterizes
the transmissions from the first unit to the second unit. In certain embodiments, the first unit obtains at least a portion
of the propagation information, and the second unit obtains at least another portion of the propagation information.

40 Using the respective portions of the propagation information, the first and second units cooperatively render the actual
communications channel into virtual sub-channels, thereby achieving high bit rate or throughput in a relatively simple
manner.

[0006] in certain embodiments, the first and second units obtain the propagation matrix as the propagation informa-
tion for transmissions from the tirst unit to the second unit. Initially, the tirst unit and second units obtain the propagation

45 matrix by an exchange of signals. For example, the first unit transmits training signals to the second unit. From the
training signals as transmitted and the training signals as received over the actual communications channel, the prop-
agation matrix can be determined. Once the propagation matrix is determined, each unit can perform a singular value
decomposition of the propagalion matrix. The singular value decomposilion of the propagalion malrix yields the prop-
agation matrix as the product of three factors D, ® and w1, where D is a diagonal matrix and & and y* are two unitary

50 matrices with the superscript "t"denoting a conjugate transpose. The singular value decomposition serves to diago-
nalize the propagation matrix. The number of nonzero diagonal elements in the diagonal matrix D corresponds to the
number of parailel independent virtual sub-channels for the actual communications channel. In some embodiments,
for transmissions from thc first unit to the sccond unit, the first unit obtains at lcast a portion of the propagation infor-
mation which includes the diagonal matrix D and the unitary matrix &. The first unit provides the diagonal matrix D to

55 a channel coder/modulator to encode and modulate an incoming bit or information stream onto the independent virtual
sub-channels according 1o the values of the diagonal matrix D to produce a virtual transmitted signal. As such the
diagonal matrix D can provide relative scaling of the bit rate. The first unit then performs a unitary transformation on
the virtual transmitted signa! by multiplying the virtual transmitted signal with the conjugate transpose of the unitary

BNSDOCID: <EP___0905520A2_}_>
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matrix & to produce the actual transmitted signal.
[0007] The second unit obtains at least another portion of the propagation information which includes the unitary
matrix yt and the diagonal matrix D in certain embodiments. The second unit performs a unitary transformation on the
actual received signal by muttiplying the actual received signal with the unitary matrix y to produce a virtual received
5 signal. The multiplications at the first and second units by the unitary matrices establish a virtual channe! from the
actual communications channel between the virtual transmitted signal and the virtual received signal which can be
treated as parallel independent virtual sub-channels. The second unit provides the diagonal matrix D to a channel
decoder/demodulator to decode and demodulate the virtual received signal according to the matrix D to produce an
information stream. Thus, the multiple antenna system provides high capacity by effectively providing parallel inde-
10 pendent sub-channels within the same frequency band. The multiple antenna system also provides enhanced per-
formance because the multiple antenna system transmits bits on the virtual sub-channels relative to the values of the
diagonal matrix D, thereby the stronger virtual sub-channels are used to transmit more information.

BRIEF DESCRIPTION OF THE DRAWINGS

15

[0008] Other aspects and advantages of the present invention may become apparent upon reading the following
detailed description and upon reference to the drawings in which:

FIG. 1 shows a baseband representation of a multiple antenna channel or the actual communications channel
20 used according lo the principles of the presenl invention;
FIG. 2 shows a baseband representation of the virtual sub-channels derived from the actual communications
channel according to certain principles of the present invention;
FIG. 3 shows a block diagram of an embodiment of the multiple antenna system according to the principles of the
present invention;
25 FIG. 4 shows a block diagram of an embodiment of a multiple antenna transmitter according to certain principles
of the present invention; and
FIG. 5 shows a block diagram of a particular embodiment of the transmit circuitry for the transmitter of FIG. 4;
FIG. 6 shows a block diagram of an embodiment of a muitiple antenna receiver according to certain principles of
the present invention; and
30 FIG. 7 shows a block diagram of an embodiment of the receive circuitry of the receiver of FIG. 6.

DETAILED DESCRIPTION OF THE DRAWINGS

[0009] An illustrative embodiment of the multiple antenna communication system according to the principles of the
35 present invention is described below as the multiple antenna communication system might be implemented to provide
high bit rate and enhanced performance. The multiple antenna system accomplishes this by using multiple antenna
arrays at the transmitter and/or receiver and taking advantage of the propagation characteristics obtained for the mul-
tiple-antenna channel between the antenna(s) of a first unit and the antenna(s) of a second unit. By knowing certain
propagation characteristics of the actual communications channel (multiple-antenna channel) at the first unit and the
40 second unit, the multiple antenna system can achieve high bit rates by having the first unit and second unit cooperatively
decompose the actual communications channel into multiple virtual sub-channels. For transmissions from the first unit
to the second unit, the first and second units obtain at least respective portions of the propagation information char-
acterizing the transmissions from the first unitto the second unit. The first and second units use at least their respective
portions of the propagation information to decompose the actual communications channel into multiple virtual sub-
45 channels over which communication signals are transmitted. As such, the multiple antenna communication system
achieves high bit rates in a relatively simple manner without increasing total power or bandwidth by using the virtual
sub-channels within the same frequency band. Additionally, the multiple antenna system provides enhanced perform-
ance by transmilling more bils over the stronger sub-channels as delermined by the propagation information.
[0010] FIG. 1 shows a baseband representation for an actual communications channel 10 over which a first unit 12
50 transmits the RF signals corresponding to the components sy, S and sy3 of an actual transmitted signal on carriers
of the same frequency over respective multiple antennas 16a-c to a second unit 14. In this particular embodiment, the
first unit 12 has three antennas 16a-c, and the second unit 14 has three antennas 18a-c. The second unit 14 receives
the RF signals at the respective receive antennas 18a-c corresponding to the components Xy, X @nd xg of the actual
received signal. Each receive antenna 18a-c responds to each transmit antenna 16a-c through a complex-valued,
55 scalar propagation coefficient hy,,. where m designates the respective transmit antenna 16a-c and n designates the
respective receive antenna 18a-c. As such, the actual received signal x,;. X and x5 can be characterized by the
following:

BNSDOCID: <EP___0905920A2_1_>

Nintendo Exhibit 1013
Page 093



EP 0 905 920 A2

Xip=hyy X8y +hyy Xsp + Mgy Xs+ Wy,

Xip = hyo X 8 +hyy X 55 +hgy X S5+ Wy

Xig =hqg X 8y +hog X S + Ny X 55+ Wy,

10 where {wy;, Wy, W3} are receiver noise added at the second unit 14. In vector notation, x, = 5, X H + w, where x, = [Xy,
Xi12: Xi3), 81 =[Sy, Si2. Sial. Wy = [Wyy, Wyp W3] and the propagation matrix can be represented as:

h11 | h12 | h13
H=| h21 | h22 | he3
5 h31 | h32 | has.

[0011] In this particular embodiment, the second unit 14 can transmit signals in the reverse direction to the first unit
12. The second unit 14 can use its receive antennas 18a-c to transmit the signals, and the first unit 12 can use its
transmit antennas 16a-c to receive the signals. If the same frequency is used in both directions (using a time division
duplex (TDD) scheme in certain bi-directional communications embodiments), the propagation coefficients for trans-
missions from the second unit 14 to the first unit 12 can be considered equal to the propagation coefficients for trans-
missions from the first unit 12 to the second unit 14 (according to the reciprocity principle), 50 Hpoq = HTy,0, Where
the superscript "T" denotes the transpose. If different frequencies are used in both directions (using a frequency division
duplex scheme), the propagation coefficients for the signals propagating in both directions are determined. Using an
appropriate training and set-up scheme, the first unit 12 and the second unit 14 can both leam the first unit 12 to second
unit 14 propagation coefficients and the second unit 14 to first unit 12 propagation coefficients. For example, the units
12 and 14 could transmit known training signals over one antenna at a time and/or transmit training signals using
orthogonal signals transmitted simultaneously over all respective antennas.

[0012] For ease of discussion, the multiple antenna scheme according to the principles of the present invention is
discussed with particular reference to transmissions from the first unit 12 1o the second unit 14. It should be understood
that the multiple antenna scheme can be applied to both uni-directional or bi-directional communications. In this par-
ticular embodiment, both units 12 and 14 perform a singular value decomposition (SVD) of the 3 X 3 propagation
malrix H oblained by bolh unils 12 and 14. In this parlicular embodiment, the SVD of H yields H=d X D x yt, where
D is a 3 X 3 real-valued, nonnegative, diagonal matrix,

20

25

30

35

d11 0 o
D= | O d22 | O
0 0 d3ag,

40
and @ and yT are 3 X 3 complex unitary matrices with the superscript "+ denoting the "conjugate transpose." The
columns of a unitary matrix have unit length and are mutually orthogonal. Multiplying a vector by a unitary matrix does
not change the length of the vector but merely changes the direction of the vector. The inverse of a unitary matrix is
equal to the conjugate transpose of the matrix, for example, ®1 X ® =lorfor 1= 1to 3, Z & X ®j;is equal to 1 if i

45 and is equal 1o 0, if i#j, where the superscript *** denotes the "compiex-conjugate.”

[0013] The second unit 14 uses the matrix y to multiply the received signal x, by the 3 X 3 unitary matrix y to obtain
Ii=[m. M2, figl = X, X y. The first unit 12 uses the matrix & to transform the virtual transmitted signal y, into the actual
lransmilted signal s, by lelling the aclual transmitled signal s, be equal 1o the conjugale transpose of the 3 X 3 unitary
matrix @ times the virtual transmitted signal y,, s, = ¥; X &t where y, = [y, V2. Y45l The multiplications by the unitary

S0 matrices are invertible operations, so there is no loss of information. In effect, a link is established between the virtual

transmitted signal y, and the virtual received signal r,, where

55
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s
=y x Ot x Hx y+w, xy.
Substituting H = & X D X yt in the above expression gives:
10
I, = X;x®+"(¢"D"W+)W+EgX\P
= Yy xD+y,wherev,=w x y.
15

Thus, the original link 10 between s, and x, is equivalent to a much simpler virtual link 20 between y, and r, as shown
in FIG. 2. In the actual communications channel, every cne of the N receiver antennas responds to every one of the
M transmitter antennas. The advantage of the virtual link or channel 10 is that it comprises virtual sub-channels, wherein

20 each of a pluralily of virlual receiver antennas responds o exactly one respective virtual transmitter antenna. In effect,
the cross-coupled actual communications channel 10 of FIG. 1 can be treated as the three parallel, independent virtual
sub-channels dy;, dpp and d33 shown in FIG. 2 according to the principles of the present invention.

[0014] The firstand second units 12 and 14 can determine the respective propagation information needed to establish
the virtual sub-channels between the first unit 12 and the second unit 14 in altemative ways. For example, since the

25 matrix HHT = dXDXxD1xdt, the first unit 12 and/or the second unit 14 can determine the unitary matrix ot from the
eigenvectors of the matrix HH? and the diagonal matrix D from the eigenvalues of HHY . Additionally, since HtH =
wXxDtxDxyt. the first unit 12 and/or the second unit 14 can determine the unitary matrix y from the eigenvectors of
HtH and the diagonal matrix D from the eigenvalues of HtH. The diagonal matrix can be determined by using the
squareroots of the eigenvalues of HHt or HT H.

30 [0015] FIG. 3shows an embodiment of the multiple antenna communication system 10 according to certain principles
of the present invention for transmissions between the first unit 12 and the second unit 14. In this particular embodiment,
the first unit 12 is shown as transmitting, and the second unit 14 is shown as receiving. For transmissions in the reverse
direction, the first unit 12 would typically include receiver components (not shown) as will be described below for the
second unit 14, and the second unit 14 would typically include transmitter components (not shown) as described below

35  forthe first unit 12. In accordance with certain embodiments of the present invention, the first unit 12 uses the multiple
antenna array 16 for transmitting and receiving communication signals, and the second unit 14 use the multiple antenna
array 18 for transmitting and receiving communication signals.

[0016] In this particular embodiment for transmissions from the first unit 12 to the second unit 14, the propagation
of the signals over the actual communications channel 10 has a baseband characterization that comprises a matrix of

40  complex-valued (having real and imaginary parts) propagation coefficients between the transmitting antennas 16a-c
and the receiving antennas 18a-c. In this particular embodiment, the first unit 12 and the second unit 14 learn the
values of the propagation matrix and determine the appropriate propagation information to establish the virtual sub-
channels between the first unit 12 and the second unit 14. Altematively, the first unit 12 and/or the second unit 14 do
not learn the propagation matrix. Instead, the units 12 and 14 obtain and/or determine some portion of the propagation

45 information, such as the diagonal matrix D, and the first unit 12 obtains and/or determines other propagation information,
such as the unitary matrix ®t while the second unit 14 obtains and/or determines the unitary matrix .

[0017] To learn the propagation matrix (or derive the appropriate propagation information for certain embodiments)
for communications from Lhe firsl unit 12 lo the second unil 14, the firsl unit 12 can send training signals (o the unil 14
from which the unit 14 determines or estimates the propagation matrix (or propagation information). The unit 14 can

50 then send the propagation matrix (or propagation information) to the unit 12 by using a conventional communication
scheme employing one or multiple antennas at the first and second units 12 and 14. Alternatively, the unit 14 can send
the propagation matrix (or propagation information) to the unit 12 using other communication links, such as a phone
linc. Additionally, the unit 14 can simply send back to the unit 12 the training signals received from the unit 12, and the
unit 12 determines the propagation matrix (or propagation information). The unit 12 then sends the propagation matrix

55 (or propagation information) to the unit 14.

[0018] Likewise, to learn the propagation matrix (or propagation information) for signals propagating from the unit
14 to the unit 12, the unit 14 sends training signals to the unit 12 from which the unit 12 determines or estimates the
propagation matrix (or propagation information). Once again, as discussed for determining the propagation matrix (or

BNSDOCID: <EP___0905920A2_|_>

Nintendo Exhibit 1013
Page 095



EP 0 905 920 A2

propagation information) for transmissions from the unit 12 to the unit 14, the unit 12 can provide and/or derive different
forms or amounts of propagation information to the unit 14 depending on the particular embodiment and using different
communication schemes.
[0019] Two-way transmissions between the unit 12 and the unit 14 can be accomplished using a variety of schemes,
5 such as time division duplex (TDD) or frequency division duplex (FDD). TDD has the advantage that the channel
characteristics for signals propagating from the first unit 12 to the second unit 14 are generally the same as the channel
characteristics for signals propagating from the second unit 14 to the second station 12. In the case of TDD, both units
12 and 14 occupy the same frequency band. As such, the propagation matrix for transmissions from the first unit 12
to the second unit 14 are considered transposes of each other due to the principle of reciprocity as described in D.S.
10 Jones, "Acoustic and Electromagnetic Waves,* Oxford University Press, 1989, pp. 63-64 and no further exchange of
training signals is required (although updates to the propagation matrix or to propagation information can be performed).
In FDD for cerain embodiments, the second unit 14 transmits to the first unit 12 the propagation matrix (or propagation
information) for transmissions from the first unit 12 to the second unit 14. Additionally, after the appropriate set-up or
training scheme is performed for transmissions from the second unit 14 to the first unit 12, the first unit 12 can transmit
15 to the second unit 14 the propagation matrix (or propagation information) for transmissions from the second unit 14 to
the tirst unit 12.
[0020] With particular reference to FIG. 3, since the first and second units 12 and 14 know the propagation matrix
(or propagation information which can be derived from the propagation matrix or propagation information which can
be used to derive the propagation matrix or other propagation information), the units 12 and 14 can effectively decom-
20 pose the complicaled mulliple-antenna channel 10 into mulliple independent virtual sub-channels using the propagalion
matrix (or respective propagation information). In this particular embodiment, the units 12 and 14 derive the multiple
virtual sub-channels from the muiltiple-antenna channel 10 by using propagation information derived from a singular
value decomposition of the propagation matrix. After learning the propagation matrix for transmissions from the first
unit 12 1o the second unit 14, the first unit 12 provides the propagation matrix H to a singular value decomposition
25 block 22. The singular valuc decomposition 22 performs a singular valuec decomposition of the propagation matrix H
which produces some propagation information, including the diagonal matrix D and two unitary matrices & and yt
where the superscript T denotes a conjugate transpose. The number of nonzero diagonal elements in the matrix D
represents the number of parallel independent virtual sub-channels. ’
[0021] For transmissions from the first unit 12 to the second unit 14 in this particular embodiment, the first unit 12
30 provides the diagonal matrix D to a channel coder/modulator 24 to encode and modulate an incoming information
stream from an information source 28. The channel coder/modulator 24 encodes and modulates the information stream
to form a plurality of sub-information streams depending on the nonzero values of the diagonal matrix D to produce
the virtual transmitted signal. The virtual transmitted signal can be represented as a vector, the respective components
of which are transmitted onto respective virtual sub-channels. in this particular embodiment, a unitary transformation
35 block 30 performs a unitary transformation on the virtual transmitted signal by multiplying the virtual transmitted signal
with the conjugate transpose of the unitary matrix d. Finally, the first unit 12 uses the results of the unitary transformation
30 to produce the baseband version of the actual transmitted signal.
[0022] In this particular embodiment, the second unit 14 also provides the propagation matrix H to a singular value
decomposition 32 and uses the results from the singular value decomposition 32 to perform a unitary transformation
40 34 on the actual received signal. In this particular embodiment, the unitary transformation block 34 multiplies the actual
received signal with the unitary matrix y to produce a virtual received signal. In this particular embodiment, the multi-
plications by the unitary matrices at the unitary transformations 30 and 34 tend not to amplify noise and are invertible
operations, so information should not be lost. The multiplications by the unitary matrices establishes a link, which can
be treated as parallel independent virtual sub-channels, between the virtual transmitted signal at the tirst unit 12 and
45 the virtual received signal at the second unit 14. The second unit 14 provides the diagonal matrix D to a channel
demodulator/decoder 36 which uses the diagonal matrix D to decode and demodulate the virtual received signal vector
to form a single information stream which corresponds to the information stream provided to the channel coder/mod-
ulator 24 al the first unit 12. Additionally, the lirst unit 12 can use the diagonal matrix D lo provide enhanced performance
by sending more bits on the stronger virtual sub-channels according to the nonzero values of the diagonal matrix. If
s0 the amplitude of a nonzero value of the matrix D is below a certain level, the multiple antenna system can advanta-
geously not use the corresponding virtual sub-channel, thereby a subset of the stronger virtual sub-channels can be
used. As such, the multiple antenna system achieves higher data rates in a narrow bandwidth by effectively providing
parallel independent virtual sub-channcels within the same frequency band and enhanced performance.
[0023] FIG. 4 shows a block diagram of a transmitter 40 having the multiple antenna array 16 with three antennas
55 16a-c for use in any unit 12 or 14 according to the principles of the present invention. For ease of discussion, the
transmitter 40 will be described as being included in the unit 12 (FIG. 3) because the multiple-element antenna com-
munication system according to the principles of the present invention has been described in the context of transmis-
sions from the first unit 12 (FIG. 3) to the second unit 14 (FIG. 3). The units 12 and 14 (FIG. 3) in this particular
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embodiment, however, can both transmit and receive signals according to the principles of the present invention. In
doing so, the units 12 and 14 exchange training signals to estimate th propagation matrices (or propagation information
which can be the actual training signals in certain embodiments) for communications between them. After leaming the
propagation matrix H for signals propagating from the first unit 12 (FIG. 3) to the second unit 14 (FIG. 3), the transmitter
5 40 provides the propagation matrix H to the singular value decomposition block 22.
[0024] The singular value decomposition block 22 performs a singular value decomposition of the propagation matrix
H (which can be done for any H) to yield H= @ X D X yt, where D is a real-valued, non-negative, diagonal matrix and
@ and yt are unitary matrices. The number of nonzero diagonal elements is less than or equal to the smaller of the
number of antennas 16 at the transmitter 40 and at the second unit 14 (FIG. 3) and represents the number of parallel
10 independent virtual sub-channels that are available within the same frequency band. Additionally, the sizes of the
nonzero diagonal elements indicate the relative signal-to-noise ratios of the virtual sub-channels. In accordance with
an aspect of the present invention, the transmitter 40 allocates power to the virtual sub-channels depending on the
relative signal-to-noise ratios of the sub-channels as determined by the values of the nonzero diagonal elements of
the diagonal matrix D. Thus, the better sub-channels can get more transmitter power and carry more data. In accordance
15 with particular embodiments of this aspect of the present invention, the transmitter 40 has a total power restriction and
generally allocates power to the different sub-channels to provide a higher, reliable bit rate. In doing so, the transmitter
40 can allocate power to the different subchannels using a version of a Water Pouring algorithm as disclosed by Robert
G. Gallager, “Information Theory and Reliable Communication," John Wiley & Sons, 1968, pp. 343-345.
[0025] The transmitter 40 receives information signals from the information source 28, and the information stream
20 is input into a buller 43. According to cerlain aspects of the present invention, if all of the non-zero diagonal elemenls
of the diagonal matrix D are equal or relatively similar in this particular embodiment, the channel coder/modulator 24
can direct the first bit of a bit stream 42 from the buffer 43 to encoder/modulator 44a, the second bit of the bit stream
42 to encoder/modulator 44b, and the third bit of the bit stream 42 to encoder/modulator 44c. If the amplitude of the
nonzero diagonal value of the matrix D corresponding to a first virtual sub-channel is twice as large as the nonzero
25 diagonal valucs of the matrix D corresponding to the second and third virtual sub-channels in this particular cxample,
the channel coder/modulator 24 could send the first two bits of the bit stream 42 to the encoder/modulator 44a and the
next two bits of the bit stream 42 being split between the encoder/modulator 44b and the encoder/modulator 44c. To
combat the effects of noise, the channel coder/modulator 24 can use ordinary error-correcting codes of the types
typically used for conventional additive Gaussian noise channels as would be understood by one of ordinary skill in
30 the art in combination with conventional modulation schemes, such as Quadrature Phase Shift Keying (QPSK) mod-
ulation.
[0026] In this particular embodiment, the channel coder/modulator 24 produces three signal vector components y,,.
V2 @and y,; of the virtual transmitted signal. The components of the virtual transmitted signal are digital compiex values
which can be fixed point or floating point depending on the implementation. The three components yyy, Y and y,3 of
35 the virtual transmitted signal from the encoder/modulators 44a-c are provided to the unitary transformation block 30.
The unitary transformation block performs a 3X 3 matrix multiplication on the components y,,, y,» and y,5 using a unitary
matrix ®t. The result of the unitary transformation 30 is an actual transmitted signal having components s,;, s, and
53 Which are sent to respective transmit circuits 48a-c and converted as necessary to the radio frequency (RF) domain.
In this particular embodiment, the transmit circuitry 48a-c modulates the components s;;, s and sz of the actual
40 transmitted signal onto the same carrier and transmits each component sy, Sio and s,3 of the actual transmitted signal
over a respective antenna 16a-c.
[0027] FIG. 5 shows a general diagram for an embodiment of the transmit circuitry 48. In this particular embodiment,
each components s, Sy and s,5 of the virtual transmitted signal vector is split into real and imaginary parts by block
50. The real and imaginary parts of each component s, s;, and sy3 are input to digital-to-analog converters 51. Mul-
45 tipliers 52 multiply the analog real part of each component s,;, $;, and 8,3 by cosw! with o, being the carrier frequency
(radians/second) and multiply the analog imaginary part of each component sy, sy and s,z by sinw.t. Afterward, re-
spective real and imaginary parts of each component s, s, and s,; are added together by summers 53 to produce
an RF signal for each component s, sy and s,3 on lhe same carrier frequency .. Each RF signal is then amplified
by respective RF power amplifiers 54 and transmitied over respective antennas 16a-c in this particular embodiment.
50 Alternative embodiments for the transmit circuitry 48 are possible.
[0028] FIG. 6 shows a block diagram of a receiver 60 having the multiple antenna array 18 with three antennas 18a-
¢ for use in any unit 12 or 14 (FIG. 3) according to the principles of the present invention. For ease of discussion, the
recciver 80 will be described as being included in the second unit 14 (FIG. 3) becausce the multiple-clement antenna
communication system according to the principles of the present invention has been described in the context of trans-
55 missions from the first unit 12 (FIG. 3) to the second unit 14 (FIG. 3). As mentioned above. the units 12 and 14 (FIG.
3) in this particular embodiment can both transmit and receive signals according to the principles of the present inven-
tion.
[0029] As described above for this particular embodiment, the receiver 60 receives training signals from the trans-
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mitter 40 (FIG. 4) and estimates the propagation matrix H for communications from the transmitter 40 (FIG. 4) to the
receiver 60. After learning the propagation matrix H for signals propagating from the transmitter 40 (FIG. 4) to the
receiver 60, the receiver 60 provides the propagation matrix H to the singular value decomposition block 32. As in the
transmitter 40 (FIG. 4), the singular value decomposition block 32 performs a singular value decomposition of the
5 propagation matrix H to yield H = @ X D X y1, where D is a real-valued, non-negative, diagonal matrix and < and yt
are 3 X 3 complex unitary matrices with the superscript "t" denoting the "conjugate transpose.”
[0030] The receiver 60 receives the signals propagating from the transmitter 40 (FIG. 4) through the multiple antenna
array 18, and receiver circuits 62a-c process the signals received from the respective antennas 18a-c down to base-
band. In this particular embodiment, the actual received signal vector x, is digitized before being provided to the unitary
10 transformation block 34. The unitary transformation block 34 uses its propagation information derived from the prop-
agation matrix H to multiply the actual received signal x, by the 3 X 3 unitary matrix y to obtain a virtual received signal
I = [Tn. Mo, [l = %, X . The channel demodulator/decoder 36 receives the virtual received signal 1, from the unitary
transformation block 34 with respective parallel components ryy, I and r3. The components ryy, I and rg are provided
to respective parallel demodulators/decoders 68a-c. The parallel demodulators/decoders 68a-c demodulate and de-
15 code the virtual received signal 1, according to the modulation and coding scheme used by the transmitter 40 (FIG. 4).
[0031] Using the nonzero diagonal values of the diagonal matrix D from the SVD block 32 and reflecting the use of
the matrix D in the transmitter 40 (FIG. 4), the channel demodulator/decoder 356 constructs a single stream 70 of
information bits from the parallel components ry;, f, and r; of the virtual received signal. As such, the diagonal matrix
D used to construct the information stream 70 from the parailel streams 64a-c in the receiver 60 is the same matrix D
20 used lo separale lhe single slream 42 (FIG. 4) into parallel streams 46a-c (FIG. 4) in the transmiller 40 (FIG. 4). The
information stream 70 is then output to its destination 38 before which the information stream 70 can pass through
additional processing or circuitry 72 which can include a data buffer.
[0032] FIG. 7 shows a general diagram for an embodiment of the receive circuitry 62. In this particular embodiment,
the transmitted RF signals from the transmit circuitry 48 (FIG. 5) are received at the antennas 18ac. The RF signals
25 roceived at cach antenna 18a-c arc amplified by respective pre-amplifiers 80. Multipliers 82 multiply the respective RF
signals by cosw.t and sinmct with o, being the carrier frequency to produce analog versions of the real and imaginary
parts of the components of the actual received signal which were modulated onto carriers of the same frequency ..
The analog versions of the real and imaginary parts for each component of the actual received signal are low pass
filtered by filters 83 and provided to analog-to-digital converters 84 1o produce digital versions of the real and imaginary
30 parts of each component. Combiner 86 combine the real and imaginary parts of each component to produce the com-
ponents x,. X, @and Xy of the actual received signal as complex digital values. In this particular embodiment as described
above, the components X, X;» and x,; of the actual received signal are provided to the unitary transformation block
34 (FIG. 6). The receive circuitry 62 is shown as a homodyne receiver, but alternative embodiments for the receive
circuitry 62 are possible.
35 [0033] In accordance with certain embodiments of the present invention, the multiple antenna system updates the
propagation matrix or information periodically or continuously as operating conditions change. As such, if an antenna
16 (FIG. 4) or 18 becomes unavailable, the multiple antenna system can update the propagation matrix(ices) or infor-
mation at the two units 12 and 14, thereby maintaining the communications between the units 12 and 14 and still
providing a high bit rate. Additionally, depending on the conditions of the virtual sub-channels (which can be measured
40 by the nonzero diagonal values of the diagonal matrix D), the bit rate between the two units 12 and 14 using the multiple
antenna system is scaleable. Accordingly, if the signal-to-noise ratio, virtual sub-channe! gain or other measurement
value for a virtual sub-channel drops below a certain threshold level and/or a relative level compared to the other sub-
channels, the multiple antenna system can either reduce the number of bits transmitted over the virtual sub-channel
or drop the virtual sub-channel, thereby reducing the bit rate, until updates of the propagation matrix or information
45 show that the virtual sub-channel has risen above the threshold level and/or the relative level. Furthermore, in similar
fashion, the muttiple antenna system according to certain principles of the present invention can allocate power to the
different virtual sub-channels based on the conditions of the different virtual sub-channels as determined by the nonzero
values of the diagonal matrix D or other measuremenl values corresponding 1o lhe virlual sub-channels.
[0034] The multiple antenna system enables an increase in bit rate without an increase in power or bandwidth as
50 compared to single antenna systems. In certain embodiments, the propagation of the signals is modeled as flat fading
(no frequency dependence to fading). Additionally, in the event of receiver noise and external interference, the multiple
antenna system can use a covariance matrix or the like which characterizes the receiver noise and/or the external
interference to cffectively alter the propagation information or to include the covariance matrix or the like as part of the
propagation information. If the elements of the propagation matrix H are statistically independent, identically distributed,
55 with Rayleigh-distributed magnitude and uniformly distributed phase, the capacity of the channel grows linearly with
the smaller of the number of transmitter and receiver antennas. Theoretically, there is no limit to the number of antennas
that can be utilized in the multiple antenna system, thereby providing the potential for enormous capacities in a narrow
bandwidth. For example, if 170 antennas are used at the transmitter and the receiver in a 30 kHz bandwidth with signal-
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to-noise ratios of 20dB, 20Mb/s of High Definition TV (HDTV) may be sent over the multiple antenna channel after
being decomposed to 170 virtual sub-channels according to the principles of the present invention.
[0035] The multiple-element antenna system according to the principles of the present invention can achieve such
high bit rates in the narrow bandwidth and in a simple manner by using multiple antennas at both the transmitter and
5 receiver to decompose the muitiple antenna channel into multiple independent virtual sub-channels. A pair of units
using the multiple antenna system use a distinct band of frequencies for communicating with each other over the
multiple-antenna channel. Thus, different pairs of units can be frequency division multiplexed. A pair of units can take
a variety of forms, such as units which can handle voice and/or data in a wireless local area network. Additionally, th
multiple antenna system can provide security in communications between a pair of units because the propagation
10 information characterizing the actual communications channel between the pair of units is un ique to that pair. As such,
even if a third party obtained the propagation information for the pair, it would be difficult for the third party to intercept
the communications between the pair because the propagation information for an actual communications channels
between the third parly and each of the pair of units would be different.
[0036] In addition to the embodiments described above, altemative configurations of the multiple antenna system
15 according to the principles of the present invention are possible which omit and/or add components and/or use varia-
tions or portions of the described multiple antenna system. For example, the multiple antenna system has been de-
scribed with three antennas at both the first unit and the second unit to provide three virtual sub-channels, but different
numbers of antennas can be employed at the first unit and the second unit. Additionally, the multiple antenna system
has been described as being employed in terms of communications over a multiple antenna channel from the first unit
20 to the second unil. The mulliple antenna syslem, however, includes unils which lransmil and/or receive according to
the principles of the present invention. In certain embodiments, the units use the same multiple antennas for both
transmission and reception. Alternative embodiments of units employing the multiple antenna system are possible,
however, which use a subset of the multiple antennas for transmission and/or reception depending on the number of
antennas at the unit on the other end of the multiple antenna channel or upon the values of the diagonal matrix in the
25 reversce direction.
[0037] The above-described multiple antenna system has been described as comprising several components or
blocks, but it should be understood that the multiple antenna system and portions thereof can be implemented in
application specific integraled circuits, software-driven processing circuitry, or other arrangements of discrete compo-
nents as would be understood by one of ordinary skill in the art with the benefit of this disclosure. What has been
30 described is merely illustrative of the application of the principles of the present invention. Those skilled in the art will
readily recognize that these and various other modifications. arrangements and methods can be made to the present
invention without strictly following the exemplary applications illustrated and described herein and without departing
from the spirit and scope of the present invention.
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35
Claims

1. A method for transmitting communication signals, said method CHARACTERIZED BY the step of:

40 creating virtual sub-channels from an actual communications channel between M transmitter antennas of a
first unit and N receiver antennas of a second unit, where M or N >1, by using at said first unit and said second
unit propagation information characterizing said actual communications channel: and
sending by said first unit a virtual transmitted signal over at least a subset of said virtual sub-channels using

at least a portion of said propagation information.
45

2. The method of claim 1 CHARACTERIZED IN THAT said step of sending including the sieps of:

lranslorming said virlual transmilled signal inlo an aclual lransmitled signal using said al least a portion of
said propagation information; and

s0 transmitting said actual transmitted signal over said M transmitter antennas onto said actual communications
channel.

3. The method of claim 2 CHARACTERIZED IN THAT said step of transmitting including thc step of:
transmitting each component of said actual transmitted signal using a respective one of said M transmitter
55 antennas.

4. The method of claim 2 CHARACTERIZED BY including the step of:
producing a unitary matrix from said at least a portion of said propagation information.
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5. The method of claim 4 CHARACTERIZED BY the steps of:

using said unitary matrix to perform a unitary transformation of said virtual transmitted signal into said actual
transmitted signal; and
5 transmitting each component of said actual transmitted signal onto carriers having the same frequency.

6. The method of claim 1 CHARACTERIZED BY the step of:

receiving by the first unit an information stream from an information source; and
10 separating said information stream into a plurality of signal streams using at least a portion of said propagation
information to form said virtual transmitted signal.

7. The method of claim 8 CHARACTERIZED BY the step of:
producing a diagonal matrix D from at least said portion of said propagation information with the nonzero
15 diagonal values corresponding to said virtual sub-channels of said actual communications channel.

8. The method of claim 6 CHARACTERIZED IN THAT said step of separating including the step of.
using values of a diagonal matrix D from at least said portion of said propagation information to separate
said information stream into a plurality of signal streams according to said values of said diagonal matrix D.
20
9. The method of claim 8 CHARACTERIZED BY the step of:
using said values of said diagonal matrix D to allocate power for transmitting each component of said virtual
transmitted signal.

25 10. A mothod of receiving communication signals, said method CHARACTERIZED BY the steps of:

creating virtual sub-channels from an actual communications channel between M transmitter antennas of a
first unit and N receiver antennas of a second unit, where M or N >1, by using at said first unit and said second
unit propagation information characterizing said actual communications channef; and

30 retrieving by said second unit a virtual received signal from at least a subset of said virtual sub-channels using
at least a portion of said propagation information.

11. The method of claim 10 CHARACTERIZED IN THAT said step of retrieving including the step of:

35 receiving an actual received signal from said actual communications channel on said N receiver antennas; and
transforming said actual received signal into said virtual received signal using said at least a portion of said
propagation information.

12. The method of claim 11 CHARACTERIZED IN THAT said step of retrieving including the step of:
40 receiving each component of said actual received signal using a respective one of said N receiver antennas.

13. A transmitter for transmitting information signals CHARACTERIZED BY:

a plurality of antennas;
45 processing circuitry configured to obtain propagation information for an actual communications channel be-
tween said plurality of antennas and a plurality of receiver antennas;
a channel coder configured to receive an information signal stream and at least a portion of said propagation
information, said channel coder CHARACTERIZED BY configured 1o separale said information signal slream
using said at least a portion of said propagation information to form a virtual transmitted signal of components
50 corresponding to sub-channels of said communications channet;
said processing circuitry CHARACTERIZED BY configured to perform a unitary transformation on said virtual
transmitted signal using at least another portion of said propagation information to form an actual transmitted
signal, and
transmit circuitry coupled to said plurality of antennas and configured to transmit each component of said
55 actual transmitted signal through a respective one of said plurality of antennas on carriers of the same fre-
quency. :

14. A receiver for receiving information signals CHARACTERIZED BY: a plurality of antennas;

10
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receive circuitry coupled to said plurality of antennas and configured to receive each component of an actual
received signal through A respective one of said plurality of antennas;
processing circuitry configured to obtain propagation information for a communications channel between said
plurality of antennas and a plurality of transmitter antennas, said processing circuitry CHARACTERIZED BY
5 configured to perform a unitary transformation on said actual received signal using at least a portion of said
propagation information to form a virtual received signal; and
a channel decoder configured to receive said virtual received signal and at least another portion of said prop-
agation information, said channel decoder configured to combine said virtual received signal into an information
stream using said at least another portion of said propagation information.
10
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(57) A mobile communication system is designed
with an input circuit coupled to receive a first plurality of
signals (r(i+1)). i=0-N-1) during a first time (T0-T1)
from an external source and coupled to receive a sec-
ond plurality of signals (7(i+7,), i=N-2N-1) during a sec-
ond time (T1-T2) from the external source. The input
circuit receives each of the first and second plurality of
signals along respective first and second paths g[i)‘ The
input circuit produces a first input signal (610) (R ; ) and
a second input signal (614) (R? ) from the respective

[!09

Space time block coded transmit antenna diversity for WCDMA

first and second plurality of signals. A correction circuit
is coupled to receive a first estimate signal (302) (a} )
a second estimate signal (306) («? ) and the first and
second input signals. The correction circuit produces a
first symbol estimate (S,) in response to the first and
second estimate signals and the first and second input
signals. The correction circuit produces a second sym-
bol estimate (S5) in response to the first and second
estimate signals and the first and second input signals.
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Description

FIELD OF THE INVENTION

Transmitter Diversity Technique for Wireless Communi-
cations by Alamouti. Tarokh et al. and Alamouti, how-
ever, fail to teach such a transmit diversity scheme for a
WCDMA communication system.

{o001] This invention relates to wideband code divi- 5 [0005) Other studies have investigated open loop

sion multiple access (WCDMA) for a communication transmit diversity schemes such as orthogonal transmit

system and more particularly to space time block coded diversity (OTD) and time switched time diversity (TSTD)

transmit antenna diversity for WCDMA. for WCDMA systems. Both OTD and TSTD systems
. have similar performance. Both use multiple transmit

BACKGROUND OF THE INVENTION 10 antennas to provide some diversity against fading, par-

ticularly at low Doppler rates and when there are insuf-

[0002] Present code division multiple access ficient paths for the rake receiver. Both OTD and TSTD

(CDMA) systems are characterized by simultaneous systems, however, fail to exploit the extra path diversity

transmission of different data signals over a common that is possible for open loop systems. For example, the

channel by assigning each signal a unique code. This 15 OTD encoder circuit of FIG. 5 receives symbols S, and

unique code is matched with a code of a selected S on lead 500 and produces output signals on leads

receiver to determine the proper recipient of a data sig- 504 and 506 for transmission by first and second anten-

nal. These different data signals arrive at the receiver nas, respectively. These transmitted signals are

via multiple paths due to ground clutter and unpredicta- received by a despreader input circuit (FIG. 6). The

ble signal reflection. Additive effects of these multiple 20 input circuit receives the " of N chip signals per symbol

data signals at the receiver may result in significant fad- together with noise along the /" of L multiple signal

ing or variation in received signal strength. In general, paths at a time 7; after transmission. Both here and in

this fading due to multiple data paths may be diminished the following text, noise terms are omitted for simplicity.

by spreading the transmitted energy over a wide band- This received signal r{i+1) atlead 600 is multiplied by a

width. This wide bandwidth results in greatly reduced 25 channel orthogonal code signal C,,,(i+r/~) that is unique

fading compared to narrow band transmission modes to the receiver at lead 604. Each chip signal is summed

such as frequency division multiple access (FDMA) or over a respective symbol time by circuit 608 and pro-

time division multiple access (TDMA). duced as first and second output signals R} and R?

[0003] New standards are continually emerging for on leads 612 and 614 as in equations [1-2], respectively.

next generation wideband code division multiple access 30 Delay circuit 610 provides a one-symbol delay T so that

(WCDMA) communication systems as described in the output signals are produced simultaneously.

European Patent Application No. EP 99201224.5 filed

April 21, 1999, and incorporated herein by reference. N-1

These WCDMA systems are coherent communications R} = Z ri(ise j)=al1- S1+a12- S, [1]

systems with pilot symbol assisted channel estimation 35 i=0

schemes. These pilot symbols are transmitted as quad-

rature phase shift keyed (QPSK) known data in prede- 2N-1

termined time frames to any receivers within range. The Ri= Y ri+c))=a] Sy-a2 S, 2]

frames may propagate in a discontinuous transmission i=N

(DTX) mode. For voice traffic, transmission of user data 40

occurs when the user speaks, but no data symbol trans-

mission occurs when the user is silent. Similarly for [0006] The OTD phase correction circuit of FIG. 7

packet data, the user data may be transmitted only receives the signals Fi} and F?? as input signals cor-

when packets are ready to be sent. The frames include responding to the /7 of L multiple signal paths. The

pilot symbols as well as other control symbols such as 45 phase correction circuit produces soft outputs or signal

transmit power control (TPC) symbols and rate informa- estimates S, and S5 for symbols Sy and S, at leads

tion (RI) symbols. These control symbols include multi- 716 and 718 as shown in equations [3-4], respectively.

ple bits otherwise known as chips to distinguish them

from data bits. The chip transmission time (7¢c), there- L L

fore, is equal to the symbol time rate (7) divided by the 50 s, =Z(Rj‘. +R12.)a} '=22|a; 1%s, [3]

number of chips in the symbol (N). j=1 j=1

[0004] Previous studies have shown that multiple

transmit antennas may improve reception by increasing L L

transmit diversity for narrow band communication sys- é.‘,:Z(H} -Rlz.)alz.'=22|af| 232 [4]

tems. In their paper New Detection Schemes for Trans- 55 j=1 j=1

mit Diversity with no Channel Estimation, Tarokh et al.

describe such a transmit diversity scheme for a TDMA

system. The same concept is described in A Simple Equations [3-4] show that the QTD method provides a

2
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single channel estimate a for each path j. A similar anal-
ysis for the TSTD system yields the same result. The
OTD and TSTD methods, therefore, are limited to a path
diversity of L. This path diversity limitation fails to exploit

circuit of the prior art.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

the extra path diversity that is possible for open loop s
systems as will be explained in detail. [0010] Referring to FIG. 1, there is a simplified block
diagram of a typical transmitter using Space Time Tran-
SUMMARY OF THE INVENTION sit Diversity (STTD) of the present invention. The trans-
mitter circuit receives pilot symbols, TPC symbols, RI
[0007] These problems are resolved by a mobile 70 symbols and data symbols on leads 100, 102, 104 and
communication system comprising an input circuit cou- 1086, respectively. Each of the symbols is encoded by a
pled to receive a first plurality of signals during a first respective STTD encoder as will be explained in detail.
time from an external source and coupled to receive a Each STTD encoder produces two output signals that
second plurality of signals during a second time from are applied to multiplex circuit 120. The multiplex circuit
the external source. The input circuit receives each of 15 120 produces each encoded symbo! in a respectiv
the first and second plurality of signals along respective symbol time of a frame. Thus, a serial sequence of sym-
first and second paths. The input circuit produces a first bols in each frame is simultaneously applied to each
input signal and a second input signal from the respec- respective multiplier circuit 124 and 126. A channel
tive first and second plurality of signals. A correction cir- orthogonal code C,,, is multiplied by each symbol to pro-
cuit is coupled to receive a first estimate signal, a 20 vide a unique signal for a designated receiver. The
second estimate signal and the first and second input STTD encoded frames are then applied to antennas
signals. The correction circuit produces a first symbol 128 and 130 for transmission.
estimate in response to the first and second estimate [0011] Turning now to FIG. 2, there is a block dia-
signals and the first and second input signals. The cor- gram showing signal flow in an STTD encoder of the
rection circuit produces a second symbol estimate in 25 present invention that may be used with the transmitter
response to the first and second estimate signals and of FIG. 1. The STTD encoder receives symbol S at
the first and second input signals. symbol time T and symbol S, at symbol time 2T onlead
[0008] The present invention improves reception by 200. The STTD encoder produces symbol Sy on lead
providing at least 2L diversity over time and space. No 204 and symbo! -S2 on lead 206 at symbol time 7,
additional transmit power or bandwidth is required. 30 where the asterisk indicates a complex conjugate oper-
Power is balanced across multiple antennas. ation. Furthermore, the symbol time indicates a relative
position within a transmit frame and not an absolute
BRIEF DESCRIPTION OF THE DRAWINGS time. The STTD encoder then produces symbol S on
lead 204 and symbol S1 on lead 206 at symbol time
[0009] A more complete understanding of the 35 2T. The bitor chip signals of these symbols are trans-
invention may be gained by reading the subsequent mitted serially along respective paths 208 and 210.
detailed description with reference to the drawings Rayleigh fading parameters are determined from chan-
wherein: nel estimates of pilot symbols transmitted from respec-
tive antennas at leads 204 and 208. For simplicity of
FIG. 1 is a simplified block diagram of a typical 40 analysis, a Rayleigh fading parameter a} is assumed
transmitter using Space Time Transit Diversity for a signal transmitted from the first antenna 204 alon
(STTD) of the present invention; the /' path. Likewise, a Rayleigh fading parameter a j
FIG. 2 is a block diagram showing signal flow in an is assumed for a signal transmitted from the second
STTD encoder of the present invention that may be antenna 206 along the /" path. Each " chip or bit signal
used with the transmitter of FIG. 1; 45 g(i+r,)of a respective symbol is subsequently received
FIG. 3 is a schematic diagram of a phase comrection at a remote mobile antenna 212 after a transmit time t;
circuit of the present invention that may be used corresponding to the f" path. The signals propagate to
with a receiver; a despreader input circuit (FIG. 6) where they are
FIG. 4A is a simulation showing STTD performance summed over each respective symbol time to produce
compared to Time Switched Time Diversity (TSTD) 50 output signals R} and R'f corresponding to the fhof
for a vehicular rate of 3 kmph; L multiple signal paths as previously described.
FIG. 4B is a simulation showing STTD performance [0012] Referring now to FIG. 3, there is a schematic
compared to TSTD for a vehicular rate of 120 kmph; diagram of a phase correction circuit of the present
FIG. 5 is a block diagram showing signal flow in an invention that may be used with a remote mobile
OTD encoder of the prior art; 55 receiver. This phase correction circuit receives signals
FIG. 6 is a block diagram of a despreader input cir- R} and R"} as input signals on leads 610 and 614 as
cuit of the prior art; and shown in equations [5-6], respectively.
FIG. 7 is a schematic diagram of a phase correction
3
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N-1 . advantage over the simulated curve of FIG. 5 without
A} =3 rii+t))=a;S-05 S, (5] diversity at a BER of 2.6E-3. This substantial advantage
i=0 further demonstrates the effectiveness of the present
invention.
2N-1 . s [0013] Although the invention has been described
R,? =3 rilist ,-)=a} 31+d? S, (6] in detail with reference to its preferred embodiment, it is
=N to be understood that this description is by way of exam-
ple only and is not to be construed in a limiting sense.
The phase correction circuit receives a complex conju- For example, several variations in the order of symbol
gate of a channel estimate of a Rayleigh fading param- ,, transmission would provide the same 2L diversity.
eter a ‘,7 corresponding to the first antenna on lead 302 Moreover, the exemplary diversity of the present inven-
and a channel estimate of another Rayleigh fading tion may be increased with a greater number of transmit
parameter a? corresponding to the second antenna on or receive antennas. Furthermore, novel concepts of
lead 306. Complex conjugates of the input signals are the present invention are not limited to exemplary cir-
produced by circuits 308 and 330 at leads 310 and 322, 5 Cuitry, but may also be realized by digital signal process-
respectively. These input signals and their complex con- ing as will be appreciated by those of ordinary skill in the
jugates are multiplied by Rayleigh fading parameter art with access to the instant specification.
estimate signals and summed as indicated to produce [0014] It is to be further understood that numerous
path-specific first and second symbol estimates at changes in the details of the embodiments of the inven-
respective output leads 318 and 322 as in equations [7- 2o tion will be apparent to persons of ordinary skill in the
8]. art having reference to this description. It is contem-
. . plated that such changes and additional embodiments
Ria) +A ol =(la] 1?4} 1?)S, 7 are within the spirit and true scope of the invention.
-R} ai 4R =(la1%+a51%)S, [8] .5 Claims
These path-specific symbol estimates are then applied 1. Circuitry, comprising:
to a rake combiner circuit to sum individual path-specific
symbol estimates, thereby providing net soft symbols as a correction circuit for receiving first and sec-
in equations [9-10]. 30 ond input signals from an external source along
a signal path of a plurality of signal paths, the
L X correction circuit arranged for producing a first
S1=Z H}u} "'RJ?.“/Z‘ [S] symbol estimate in response to first and sec-
j=1 ond estimate signals and the first and second
35 input signals, and for producing a second sym-
L bol estimate in response to the first and second
5,=3-R +Ra) {10] estimate signals and the first and second input
j=1 signals; and
a combining circuit coupled for receiving a plu-
40 rality of first symbol estimates including the first
These soft symbols or estimates provide a path diver- symbol estimate and for receiving a plurality of
sity L and a transmit diversity 2. Thus, the total diversity second symbol estimates including the second
of the STTD system is 2L. This increased diversity is symbol estimate, the combining circuit
highly advantageous in providing a reduced bit error arranged for producing a first symbol signal in
rate. The simulation result of FIG. 4 compares a bit error 45 response to the plurality of first symbol esti-
rate (BER) of STTD with TSTD for various ratios of mates and for producing a second symbol sig-
energy per bit (Eb) to noise (No) at a relative speed of 3 nal in response to the plurality of second
Kmph. The OTD and TSTD systems were found to be symbol estimates.
the same in other simulations. The simulation shows
that a 7.5 dB ratio Eb/No corresponds to a BER of 2.0E- s0 2. Acircuitry asin claim 1 further comprising:
3 for TSTD. The same BER, however, is achieved with a
7.2 dB ratio Eb/No. Thus, STTD produces approxi- an input circuit arranged for receiving a first
mately 0.3 dB improvement over TSTD. The simulation plurality of signals during a first period from the
of FIG. 5 compares the BER of STTD with TSTD for var- external source and for receiving a second plu-
ious values of Eb/No at a relative speed of 120 Kmph. 55 rality of signals during a second period from the
This simulation shows a typical 0.25 dB improvement external source, the input circuit arranged for
for STTD over TSTD even for high Doppler rates. By receiving each of the first and second plurality
way of comparison, STTD demonstrates a 1.0 dB of signals along respective first and second
4
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paths, the input circuit arranged for producing
the first input signal and the second input signal
from the respective first and second plurality of

said plurality of first signals, said plurality of
second signals and said first and second
Rayleigh fading parameters; and

signals. producing a second symbol signal in response
5 to said plurality of first signals, said plurality of
3. Acircuitry as in claim 1 further comprising: second signals and said first and second
Rayleigh fading parameters.
an input circuit arranged for receiving a plurality
of signals from an external source along a plu- 11. A method of processing signals as in claim 10, fur-
rality of signal paths, for producing a plurality of 70 ther comprising the steps of:
input signals including the first input signal and
the second input signal corresponding to a determining a conjugate of said each first sig-
respective signal path of the plurality of signai nal;
paths. determining a conjugate of each second signal
15 of said plurality of second signals;
4. A circuitry as in any preceding claim, wherein the determining a conjugate of each said first
correction circuit and the combining circuit are Rayleigh fading parameter; and
formed on a single integrated circuit. determining a conjugate of each said second
Rayleigh fading parameter.
5. Acircuitry as in any preceding claim, wherein each 20
of the first and second symbol signals includes at 12. A method of processing signals as in claim 11, fur-
least one of a pilot symbol, a transmit power controi ther comprising the steps of:
symbol, a rate information symbo! and a data sym-
bol. determining an approximate said first symbol
25 by adding a product of said each first signal
6. A circuit as in any preceding claim, wherein the first and each respective said conjugate of each
period coresponds to a transmission time of one of said first Rayleigh fading parameter to a prod-
the first and second symbol signais and the second uct of said conjugate of said each second sig-
period corresponds to a transmission time of the nal and each respective said second Rayleigh
other of the first and second symbol signals. 30 fading parameter; and
determining an approximate said second sym-
7. A circuit as in any preceding claim, wherein a total bo! by adding a product of a complement of
path diversity of each of the first and second symbol said conjugate of said each first signal and
signals is at least twice a number of transmitting each respective second Rayleigh fading
antennas. 35 parameter to a product of said each second
signal and each respective said conjugate of
8. Adcircuit as in any preceding claim, wherein the first each said second Rayleigh fading parameter.
input signal is transmitted by a first antenna and a
second antenna and wherein the second input sig- 13. A mobile communication system, comprising:
nal is transmitted by the first antenna and the sec- 40
ond antenna. a mobile antenna arranged for receiving a plu-
rality of signals from an external source along a
9. Acircuit as in claim 8, wherein the first and the sec- plurality of signal paths;
ond input signal are wideband code division multi- an input circuit arranged for receiving the plu-
ple access signals. 45 rality of signals from the antenna, and for pro-
ducing a plurality of input signals including a
10. A method of processing signals in a communication first input signal and a second input signal cor-
circuit, comprising: responding to respective signal paths of the
plurality of signal paths; and
receiving a plurality of first signals during afirst 50 a correction circuit arranged for receiving a first
period, each first signal corresponding to a estimate signal, a second estimate signal and
respective signal path; the first and second input signals, for producing
receiving a plurality of second signals during a a first symbol estimate in response to the first
second period; and second estimate signals and the first and
estimating a first Rayleigh fading parameter; 55 second input signals, the correction circuit
estimating a second Rayleigh fading parame- arranged for producing a second symbol esti-
ter; mate in response to the first and second esti-
producing a first symbol signal in response to mate signals and the first and second input
5
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signals.

A mobile communication system as in claim 13, fur-
ther comprising a combining circuit arranged for
receiving a plurality of first symbol estimates includ-
ing the first symbol estimate, and for receiving a
plurality of second symbol estimates including the
second symbol estimate, the combining circuit
arranged for producing a first symbo! signal in
response to the plurality of first symbol estimates
and producing a second symbol signal in response
to the plurality of second symbol estimates.

A mobile communication system as in claim 14,

wherein the input circuit, the correction circuit and:

the combining circuit are formed on a single inte-
grated circuit.

A mobile communication system as in claim 14,
wherein each of the first and second symbol signals
include at least one of a pilot symbol, a transmit
power control symbol, a rate information symbol
and a data symbol.

A mobile communication system as in any of claims
13 to 16, wherein each of the first and second esti-
mate signals is a Rayleigh fading parameter esti-
mate.

A mobile communication system as in any of claims
13 to 17, wherein a total path diversity of each of
the first and second symbol signals is at least twice
a number of transmitting antennas.

A mobile communication system as in any of claims
13 to 18, wherein each of the first and second input
signals is transmitted by a first antenna and a sec-
ond antenna.

A mobile communication system as in claim 19,
wherein each of the first and second input signals is
a wideband code division multiple access signal.
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i Y/ 'El UNTPED STATES DEPARTMENT OF COMMERCE
NGRS / United States Putent and Trademark Office

%\ & Address: COMMISSIONER OF PATENTS AND-TRADEMARKS

Lt PO. Box 1450 .
exundris, Vinginiu 22313-1450
Wi RUSPID oY
| U.S. APPLICATION NUMBER NO. | FIRST NAMED APPLICANT | ATTY. DOCKET NO. |
10/399,859 Wen Tong et al 14316NP
| INTERNATIONAL APPLICATION NO. |
PCT/RU00/00426

Dowell & Dowell PC ' 1arwmGDATE | PRIORITYDATE |
1215 Jefferson Davis Highway 10/27/2000

Suite 309

Arlington, VA 22202-3124 CONFIRMATION NO. 9275

371 FORMALITIES LETTER

GG 2 AR AR

*QC000000010382705*

Date Mailed: 07/01/2003

NOTIFICATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. 371 IN THE UNITED
STATES DESIGNATED/ELECTED OFFICE (DO/EQ/US)

The following items have been submitted by the applicant or the IB to the United States Patent and Trademark
Office as a Designated / Elected Office (37 CFR 1.495).

Copy of the International Application filed on 04/23/2003
Copy of the International Search Report filed on 04/23/2003
Oath or Declaration filed on 04/23/2003

Copy of references cited in ISR filed on 04/23/2003

U.S. Basic National Fees filed on 04/23/2003

The following items MUST be furnished within the period set forth below in order to complete the requirements for
acceptance under 35 U.S.C. 371;

¢ Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b), identifying the application
by the International application number and international filing date. The current oath or declaration does
not comply with 37 CFR 1.497(a) and (b) in that it:

» is not executed in accordance with either 37 CFR 1.66 or 37 CFR 1.68.

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE
DATE OF THIS NOTICE OR BY 32 MONTHS FROM THE PRIORITY DATE FOR THE APPLICATION,
WHICHEVER IS LATER. FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT.

The time period set above may be extended by filing a petition and fee for extension of time under the provisions
of 37 CFR 1.136(a).

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

A copy of this notice MUST be returned with the response.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : TONG et al. ;:g

Appl. No. : 10/399, 859

Based on : PCT/RU00/00426

Filed : April 23, 2003 .

Title : COMBINATION OF SPACE-TIME CODING AND SPATIAL

MULTIPLEXING, AND THE USE OF ORTHOGONAL
TRANSFORMATION IN SPACE-TIME CODING

Grp./A.U.

Examiner

Attn. : PCT Branch
Docket No. : 14316NP

Honorable Assistant Commissioner of Patents
Alexandria, VA 22313-1450

Sir:
RESPONSE TO NOTIFICATION OF MISSING REQUIREMENTS

UNDER 35 U.S.C. 371 IN THE UNITED STATES DESIGNATED/
ELECTED OFFICE (DO/EQ/US)

In response to the Notification of Missing Requirements
under 35 U.S.C. 371 mailed July 1, 2003, applicant submits
herewith a copy of the notice form together with a signed
Declaration and Power of Attorney.

All fees with respect to the late submission of the
Declaration and Power of Attorney have previously been submitted.
Any deficiencies may be charged to Deposit Account 04-1577.

It is believed that all requirements to enter the National
Phase have now been submitted. Should the Examiner have any
questions concerning this matter, it is requested that the

1
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Examiner contact the undersigned attorney at the telephone number

shown below.

Respectfully submitted,

W *&W&/W

RalphiA. Dowell
Registration No. 26,868
Date: August 29, 2003

DOWELL & DOWELL, P.C.

Suite 309

1215 Jefferson Davis Highway
Arlington, Virginia 22202
Telephone (703) 415-2555
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Addroes: ggbg:ll?ﬁ:gNER OF PATENTS AND TRAREMARKS
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| U.S. APPLICATION NUMBER NO. | FIRST NAMED APPLICANT | ATTY. DOCKET NO. ]
10/399,859 Wen Tong et al 14316NP
|  INTERNATIONAL APPLICATION NO. ]
PCT/RU00/00426
Dowell & Dowell PC | LIA.FILINGDATE ' [ PRIORITY DATE |
1215 Jefferson Davis Highway 10/27/2000

Suite 309

Arington, VA 22202-3124 CONFIRMATION NO, 9275

371 FORMALITIES LETTER

O O A TR A WA

*CCOC0005010362705”

Date Mailed: 07/01/2003

NOTIFICATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. 371 IN THE UNITED
STATES DESIGNATED/ELECTED OFFICE (DO/EO/US)

The following items have been submitted by the applicant or the 1B to the United States Patent and Trademark
Office as a Designated / Elected Office (37 CFR 1.495),

Copy of the International Application filed on 04/23/2003
Copy of the International Search Repont filed on 04/23/2003
Oath or Declaration filed on 04/23/2003

Copy of references cited in ISR filed on 04/23/2003

U.S. Basic National Fees filed on 04/23/2003

® & & o o

The following items MUST be furnished within the period set forth below In order to complete the requirements for
acceplance under 35 U.S8.C. 371;

o Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b), identifying the application
by the International application number and international filing date. The current oath or declaration does
not comply with 37 CFR 1.497(a) and (b) in that it:

» is not executed in accordance with either 37 CFR 1.66 or 37 CFR 1.68.

ALL OF THE \TEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE
DATE OF THIS NOTICE OR BY 32 MONTHS FROM THE PRIORITY DATE FOR THE APPLICATION,
WHICHEVER IS LATER, FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT.

The time period s&t above may be extended by filing a petition and fee for extension of time under the provisions
of 37 CFR 1.136(a).

Applicant is reminded that any communications to the United States Patent and Trademark Office must be malled
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

A copy of this notice MUST be returned with the response.
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Declaration For Patent Applica.ion
English Language Declaration

* Expraue Mai Label No.

As o bolow named inventor, | hereby deciare thak
My redidence, pcat cffice addross and citizenship are &s stated beiow next to my name,

| belleve | am !he original, first end sele Inventor (if only one name is listed belew) ar an original,
first and joint inventor (if plural names ere listed belaw) of the subject matter which is claimed and for

which a patent le esught on the invention sntitled

COMBINATION QF EPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF
ORTHOGONAL TRANSFORMATION IN SPACE-TIME CODING

tha specification of which

(Gﬂad( Oﬂe) njg

Q s akachad hareto.
B wes filcd on  Ortobar 37, 2000 / 04/23/20 Ot United Btates Application No. or PCT International

Applicaion Number PCT/RU000C4ZE . US 1Q/39§,§59,Mf e
. and was amended on T

(i applicable)

! hereby stata that | hove reviewsd and understand tha conterts of the above ldantifiad spedﬁaﬁon.
Including tha elaims, as amanded by any amendment referred to above,

| acknowledga tha duty t disciase ta the United Statas Patant and Trademark Offica 8 information
known to me 1o be matenal pa:emaumw as definad in Titte 37. Code of Frderal Reguiations,

Section 1.56.

| hereby claim forelgn prjorty benefita under Title 35. United States Code, Secton 113{a)-(d) or
Section 385(b) of any foreign application(s) for patent or Inventars certficats, or Sectlon 365(a) of
any PCT intarnational application which designated at least one country other than the United States,
listed balow and have aiso identified below, by checking the box, any foreign application for patent or
inventors cerifieats or PCT International application having a filing.date bafate that of the application
on which priofty is claimed,

Prior Foraign Appfication(s) Priority Not Clajmad

: Q
(NuUmten) (Cauntry) (Day/ManthYaer Filad)

] " o
(Nurnber) {Cauntry) {DayMonthvYear Fied)

Q
(Numsen (Countn/) MayMonthvVYear Filed)

™ PTO-0B-07 (B3] (weadian) " AR Patsnl and TRSEMLIE OICe-L. AEPARTULNT OF COMMERE.
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!
| hereby claim the beneft under 36 U.S.C. Bestion 118(e) of any United Statss prwsuaml
application(s) listed below:

{Appiication Senal No.) (Fiing Date)
{Application Serial No.) * (Flling Date)
(Application Seria) No.) (Fling Dote)

! hereby claim the beneft undor 35 U. §. €. Section 120 of any Unied Btates application(s), or
Section 365(c) of any PCT Intemational applicatian designating the United Statss, It belsw and,
insofar as the subject matter of each of the claims of this applization j& not disclosed in the prior
United Stetes or PCT Intemational appilcation in the manner provided by the firet paragraph of S5
U.5.C. Section 112, | scknowledge the duty to disciose to the United States Peiant and Trademark
Office afl Information known to mo to be material to patentability as defined in Tle 37, CFR
Saciion 1.56 which hecame avallable betwsan the filing dsta of the prier application and e national

or RCT International filing date of this applieation:

(Anplicanon Sens| No.) (Flling Cute) {Btalye)
(pmiented, pending, ahandoned)
(Application Seral Ne.) (Fling Datp) (Statug) :
{p=atentad, pending, shandanead)
(Applicanon Sang) No.) . (Fiing Dats) (Status;
e (patentsy, Mndine.’abandannﬂ)

I hereby declare that all statementls made hersin of my own knowletge are true and that all
siatemants made an infarmatian and belisf are balieved ta de rue; and furdher that hese swtem s
wera made with the knowledge that wiiiful false statements and the ke so misde are punishable by
fine or imprisonment, or both, under Seclion 10071 of Tite 18 of Te Lintted Statss Code and that such
wiliful faise statements may Jenpardize the valldity of the application or any patent issued thereon.
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United Stutes Patent and Trademsrk Office
Address: COMMISSIONER OF PATENTS AND TRADEMARK S

PQ. Box 1450

Alexandvis, Vingiis 22313-1450

www.usplo, gov

| U.S. APPLICATION NUMBER NO. | FIRST NAMED APPLICANT | ATTY. DOCKET NO. |
10/399,859 Wen Tong 14316NP
| INTERNATIONAL APPLICATION NO. 1
PCT/RU00/00426
Dowell & Dowell { LA. FILING DATE | erioriTY DATE |
1215 Jefferson Davis Highway 10/27/2000
Suite 309

Arlington, VA 22202-3124 CONFIRMATION NO. 9275

371 ACCEPTANCE LETTER

RN G DGO EN R MR

*0C000000010864094*

Date Mailed: 09/26/2003

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a
Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

08/29/2003 08/29/2003
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), (c)(2) and DATE OF RECEIPT OF ALL 35 U.S.C. 371
(c)(4) REQUIREMENTS REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C.
371 REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN ABOVE. The filing date
of the above identified application is the international filing date of the intemational application (Article 11(3) and
35 U.S.C. 363). Once the Filing Receipt has been received, send all correspondence to the Group Art Unit
designated thereon.

The following items have been received:

e Copy of the International Application filed on 04/23/2003

e Copy of the International Search Report filed on 04/23/2003
e Oath or Declaration filed on 08/29/2003

e Copy of references cited in ISR filed on 04/23/2003

e U.S. Basic National Fees filed on 04/23/2003

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)
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PART 3 - OFFICE COPY

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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AMENDMENT TRANSMITTAL LETTER (Large Entity) ' Docket No.

Applicant(s): WEN TONG, ET AL 14316NP
Serial No. Filing Date Examiner Group Art Unit
10/399,859 April 23,2003

Invention: COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF

OWF\TRANSFORMATION IN SPACE-TIME CODING
%
)
) DCCCN/T™
g | - [T ’
MOV 18200 .

- o TO THE ASSISTANT COMMISSIONER FOR PATENTS: 3

2, &/ NOV 2 0 200

Tra it’tﬁ!om@ ith is an amendment in the above-identified application.

The fee has been calculated and is transmitted as shown below.

Technology Cenier 2600

CLAIMS AS AMENDED
CLAIMS REMAINING HIGHEST # NUMBER EXTRA ADDITIONAL
AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT RATE FEE
TOTAL CLAIMS 19 - 23 = O[x  $18.00 $0.00
INDEP. CLAIMS 3 - 3 = O|x  $84.00 $0.00
Multiple Dependent Claims (check if applicable) a $0.00
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT $0.00

Xl No additional fee is required for amendment.

U Please charge Deposit Account No. in the amount of
A duplicate copy of this sheet is enclosed.

O A check in the amount of to cover the filing fee is enclosed.

x

The Commissioner is hereby authorized to charge payment of the following fees associated with this
communication or credit any overpayment to Deposit Account No.  04-1577

A duplicate copy of this sheet is enclosed.

Any additional filing fees required under 37 C.F.R. 1.16.

Any patent application processing fees under 37 CFR 1.17.

%// Dated: September 17, 2003
{ ) Signa%
R. Allan Brett (Reg. No. 40,476)

| certify that this document and fee is being deposited
on with the U.S. Postal Service as
first class mail under 37 C.F.R. 1.8 and is addressed to the
Assistant Commissioner for Patents, Washington, D.C.
20231.

Signature of Person Mailing Correspondence

cC:
Typed or Printed Name of Person Mailing Correspondence

P11LARGE/REV06
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

. : 10/399,859
“Applicant : WEN TONG, ET AL
Filed . April 23,2003
TC/A.U. :
Examiner : RECEQ\{TT
Docket No. : 14316NP NOV 2 0 2003
Customer No. ;000293

Technology Cerner 2600

Commissioner for Patents
Alexandria, VA 22313-1450
U.S.A.

Dear Sir:

By way of voluntary amendment, please amend the above-identified application as
follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this
paper.

Remarks begin on page 6 of this paper.
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

Claim 1 (original): A coding gain system comprising combined space-time coding and spatial

multiplexing.

Claim 2 (original): A system according to claim 1 wherein the space-time coding comprises a

layered space-time architecture.
Claim 3 (original): A transmitter comprising the coding gain system according to claim 1.

Claim 4 (original): A system according to claim 1 wherein the space time coding comprises

symbol level space-time encoding means.

Claim 5 (original): A system according to claim 1 wherein the space time coding comprises

bit-level space-time coding means.

Claim 6 (currently amended): A coding gain system adapted to transmit a plurality M of symbol

substreams, the coding gain system comprising:

a space-time coding function adapted to produce M space-time coded symbols per

input set of M symbols, each input set of M symbols comprising one symbol per symbol

substream, each of the M space-time coded symbols being included in a respective one of M

space-time coded streams, but at a different time from the inclusion of each other of the M space-

time coded symbols in their respective space-time coded stream;

a plurality M of transmit antennas each adapted to transmit a respective one of the
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M space-time coded streams[[;]]

Claim 7 (currently amended): A coding gain system according to claim 19[[6]] wherein the

demultiplexing and encoding functionality is adapted to produce the M symbol substreams from

a primary input stream.

Claim 8 (currently amended): A coding gain system according to claim 7[[6]] wherein the space-

time coding function comprises:

an orthogonal transform adapted to produce M orthogonal outputs each of which

is a function of the M substreams,

O ha M delavaed oarthocson AN i ato W
S &©o 00 D Ssms

M. dalavaed orthosen

a-given-element-of each-of the Msubstreams-at-a-different timedelay elements adapted to insert a

respective different delay in M-1 of the M orthogonal outputs to produce the M space-time coded

streams.

Claim 9(original): A coding gain system according to claim 8 wherein the délay elements are
adapted to introduce a delay of m-1 symbol periods in the mth orthogonal output, where
m=1,...,M.

Claim 10 (original): A coding gain system according to claim 6 wherein the space-time coding

function comprises:

delay elements adapted to insert a delay of M symbol periods in each of the M

substreams;

an orthogonal transform adapted to produce M orthogonal outputs, with the mth
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orthogonal output being a function of the M substreams delayed in said delay elements by m-1

symbol periods.

Claim 11 (original): A coding gain system according to claim 10 wherein the M substreams are

bit streams, and wherein the orthogonal transform comprises M 2M M-ary mapping functions,
each adapted to produce a respective sequence of M-ary symbols with the M-ary symbol of the

mth 2M M-ary mapping function being a function of the M substreams delayed in said delay

elements by m-1 bit periods.

Claim 12 (original): A coding gain system according to claim 6 wherein the M symbol

substreams are bit streams.

Claim 13 (original): A coding gain system according to claim 6 further comprising

encoder/modulator functionality integrated with the space-time coding function.
Claim 14 (currently amended): A coding method comprising:
demultiplexing an input symbol stream into M symbol substreams;

performing coding and modulation on each of said M symbol substreams;

performing a space-time coding function adapted to produce M space-time coded

symbols per input set of M symbols, each input set of M symbols comprising one symbol per

symbol substream, each of the M space-time coded symbols being included in a respective one of

M space-time coded streams, but at a different time from the inclusion of each other of the M

space-time coded symbols in their respective space-time coded stream;

transmitting the M space-time coded streams on respective antennas.

Claim 15 (currently amended): A method according to claim 14 wherein performing the space-
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time coding function comprises:

executing an orthogonal transform to produce M orthogonal outputs each of

which is a function of the M substreams;

delaying the M orthogonal outputs to produce[produced] M delayed orthogonal
outputs such that each of the M delayed orthogonal outputs is a function of a given element of

each of the M substreams at a different time.

Claim 16 (original): A method according to claim 15 wherein the mth orthogonal output is

delayed by m-1 symbol periods, where m=1,...,M.

Claim 17 (original): A method according to claim 14 wherein performing the space-time coding

function comprises:
delaying by M symbol periods each of the M substreams;

executing an orthogonal transform adapted to produce M orthogonal outputs, with

the mth orthogonal output being a function of the M substreams delayed m-1 symbol periods.

Claim 18 (original): A method according to claim 15 wherein the M substreams are bit streams,
and wherein the orthogonal transform comprises M ZM M-ary mapping functions, each adapted
to produce a respective sequence of M-ary symbols with the M-ary. symbol of the mth 2M M-ary
mapping function being a function of the M substreams delayed in said delay elements by m-1 bit

pen'ods.

Claim 19 (new): A coding gain system according to claim 6 further comprising the
* demultiplexing and encoding functionality comprising a demultiplexer having M outputs, and M
encoder/modulators each producing a respective one of the M symbol substreams, with each of

the M encoder/modulators connected to receive a respective one of the demultiplexer outputs.
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REMARKS/ARGUMENTS

Claims 6 to 8, 14, and 15 are being amended and new claim 19 is being added. Except
for claim numbering, this amendment is consistent with an amendment of April 7, 2003 which
was submitted at the international level but not entered. This effectively “undoes” the
amendment filed March 10, 2003 at the international level which includes unnecessary narrowing

amendments to the claims.

Regarding claim 6, some of the subject matter of this claim has been moved to new
dependent claim 19 and other amendments regarding the space-time coding function have been

made.
Claim 7 has been amended to depend on new claim 19.

Claim 8 has been amended to depend on claim 7 and amendments have been made

regarding the delay elements.

Regarding claim 14, amendments have been made in respect of the step of performing a

space-time coding function.
Claim 15 has been amended to correct for a grammatical error.

In view of the forgoing, early favorable consideration of this application is earnestly

solicited.
Respectfully submitted,

SMART & BIGGAR

o Mot

Alla/Brett
Reg. No. 40,476

Date: September 17, 2003

RAB:MPP:acb
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WAWW.USPLO.gov

[ areuicationno. | FILING DATE | FIRST NAMED INVENTOR | ATrornEY DOCKETNO. | ConFiRMATIONNO. |
10/399,859 08/29/2003 Wen Tong 14316NP 9275
7590 04/28/2004 | EXAMINER |
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1215 Jefferson Davis Highway
Suite 309 [ ART UNIT PAPERNUMBER |
Arlington, VA 22202-3124 2665
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UNDER SECRETRY OF COMMERCE FOR INTELLECTUAL PROPERTY ANC
 DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE
WASHINGTON, DC 2023*

— wwwuspto.gov

Paper No.

Notice of Non-Compliant Amendment (37'CFR 1.121) E i ”

The amendment document filed on - ~(0.4 is considered non-compliant because it has failed to meet the requirements of 3.7

CFR 1.121, as amended on June 30, 2003 (see 68 Fed Reg. 38611, Jun. 30,2003). In order for the amendment document to be Lt i
compliant, correction of the following omission(s) or provision is required. Only the section (1.121(h)) of the amendment : i
document containing the omission or non-compliant provision must be resubmitted (in its entirety), e.g., the entire ;
«Amendments to the claims” section of applicant’s amendment document must be re-submitted. r

THE FOLLOWING CHECKED (X) ELEMENTS(S) CAUSE THE AMENDMENT DOCUMENT TO BE NON-COMPLIANT:
| 1. Amendments to the specification:

8] A. Amended paragraph(s) do not include markings.

ad B. New paragraph(s) should not be underlined.

O C. Other, ) : |

O 2. Abstract:
O A. Not presented on a separate sheet. 37 CFR 1.72.

O B.Other - -

3. Amendments to the drawings:

O

\@ 4, Amendments to the claims:
“E/\ A. A complete listing of all of the claims is not present.
B. The listing of claims does not include the text of all claims (incl. withdrawn claims)
O C. Each claim has not been provided with the proper status identifier, and as such, the individual status of each claim
cannot be identified.
0l D. The claims of this amegdment paper have not been pres
E. Other: 4,2/ ? asl.

ented in ascending numerical order.

=

For further explanation of the amendment format required by 37 CFR 1.121, see MPEP Sec. 714 and the USPTO website at
http://www.uspto.gov/web/ofﬁces/pac/dapp/opla/prcognoticc/ofﬁceﬂyer‘gdf .

If the non-compliant amendment is a PRELIMINARY AMENDMENT, applicant is given ONE MONTH from the mail date of
this letter to supply the corrected section which complies with 37 CFR 1.121. Failure to comply with 37 CFR 1.121 will result in
non-entry of the preliminary amendment and examination on the merits will commence without consideration of the proposed
changes in the preliminary amendment(s). This notice is not an action under 35 U.S.C. 132, and this ONE MONTH time limit is -

not extendable.
-FINAL OFFICE ACTION, and since the amendment appears to be a bona

t is given a TIME PERIOD of ONE MONTH from the mailing of this notice
1.121 in order to avoid abandonment. EXTENSIONS

If the non-compliant amendment is a reply to a NON
fide attempt to be a reply (37 CFR 1.135(c)), applican
within which to re-submit the corrected section which complies with 37 CFR
OF THIS TIME PERIOD ARE AVAILABLE UNDER 37 CFR 1.136(a).

If the amendment is a reply to a FINAL REJ ECTION, this form may be an attachment to an Advisory Action. The period for

response to a final rejection continues to run from the date set in the final rejection, and is not affected by the non-compliant

status of the amendment.

Legal Instruments Eaminer (LIE)

Swmany- . BEST AVAILABLE COPY

i
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Applicant(s):

AMENDMENT TRANSMITTAL LETTER (Large Entity)
WEN TONG, ET AL

Docket No.
14316NP

Application No.
10,399,859

Filing Date
04/23/03

Examiner
HUY DUY VU

Customer No.
000293

Group Art Unit

Confirmation No.

2665 9275

Invention:

COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF

HOGONAL TRANSFORMATION IN SPACE-TIME CODING
AT E By

' Y el ey mal A WAl ia)
* o TRl TVE L)
ot ™ o COMMISSIONER FOR PATENTS:
W 8 JUN 0 82004
“"\5 Transm@gd herewith is an amendment in the above-identified application. .
ey (AL
‘The ‘?ee has been calculated and is transmitted as shown below. Technology Uenter 2600
CLAIMS AS AMENDED
CLAIMS REMAINING HIGHEST # NUMBER EXTRA ADDITIONAL
RATE
AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT FEE ]
TOTAL CLAIMS 19 23 = 0|x $18.00 $0.00
INDEP. CLAIMS 3 3 = 0)x $86.00 $0.00
Multiple Dependent Claims (check if applicable) | $0.00
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT $0.00
No additional fee is required for amendment.
U  Please charge Deposit Account No. in the amount of
L} A check in the amount of to cover the filing fee is enclosed.
The Director is hereby authorized to charge payment of the following fees associated with this

communication or credit any overpayment to Deposit Account No.
X Any additional filing fees required under 37 C.F.R. 1.16.
Xl Any patent application processing fees under 37 CFR 1.17.

Dated:

~

Kohji Suzuki
Reg. No. 44,467

Signature

8EST AVAILABLE COPY

19-2550

June 1, 2004

| certify that this document and fee is being deposited on

class mail under 37 C.F.R.
Commissioner for Patents, P.O. Box 1450, Alexandria, VA
22313-1450.

with the U.S. Postal Service as first
1.8 and is addressed to the

Signature of Person Mailing Correspondence

Typed or Printed Name of Person Mailing Correspondence

P11LARGE/REVO7
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e, IN {PﬁE UNITED STATES PATENT AND TRADEMARK OFFICE
ur g TRY

Appl. No. : 10/399,859 Confirmation No. 9275

Applicant : WEN TONG, ET AL.

Filed : 04/23/2003

TC/AU. : 2665

Examiner : VU,HUY DUY

Docket No. : 14316NP RECEIVED

Customer No.  : 000293 JUN 0 8 2004
Technology Center 2600

Commissioner for Patents
Alexandria, VA 22313-1450
U.S.A.

Dear Sir:

By way of Voluntary Amendment, please amend the above-identified application as
follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this
paper.

Remarks/Arguments begin on page 6 of this paper.

1 gesT AVAILABLE COPY
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Appl. No. 10/399,859

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

1. (Original) A coding gain system comprising combined space-time coding and spatial

multiplexing.

2. (Original) A system according to claim 1 wherein the space-time coding comprises a layered

space-time architecture.
3. (Original) A transmitter comprising the coding gain system according to claim 1.

4. (Original) A system according to claim 1 wherein the space-time coding comprises symbol

level space-time encoding means.

5. (Original) A system according to claim 1 wherein the space-time coding comprises bit-level

space-time coding means.

6. (Currently Amended) A coding gain system adapted to transmit a plurality M of symbol

substreams, the coding gain system comprising:

a space-time coding function adapted to produce M space-time coded symbols per input

set of M symbols, each input set of M symbols comprising one symbol per symbol substream,

each of the M space-time coded symbols being included in a respective one of M space-time

coded streams, but at a different time from the inclusion of each other of the M space-time coded

symbols in their respective space-time coded stream;

a plurality M of transmit antennas each adapted to transmit a respective one of the M

aEST AVAILABLE COPY
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Appl. No. 10/399,859

7. (Currently Amended) A coding gain system according to claim 6 further comprising:

multiplexing and encoding functionality comprising a demultiplexer having M outputs,

and M encoder/modulators each producing a respective one of the M symbol substreams, with

each of the M encoder/modulators connected to receive a respective one of the multiplexer

outputs.a

8. (Currently Amended) A coding gain system according to claim é-furthereomprising 7
wherein the demultiplexing and encoding functionality is adapted to produce the M symbol

substreams from a primary input stream.
9. (Cancelled)
10. (Cancelled)

11. (Currently Amended) A coding gain system according to claim 6-8 wherein the space-time

coding function comprises:

an orthogonal transform adapted to produce M orthogonal outputs each of which is a

function of the M substreams;

delay elements adapted to insert_a respective different delays in M-1 of the M orthogonal

outputs to produced the M _space-time coded streams-delayed-erthegonal-eutputssuch-thateach

\V; e

12. (Original) A coding gain system according to claim 11 wherein the delay elements are
adapted to introduce a delay of m-1 symbol periods in the mth orthogonal output, where

m=1,...,M.

13. (Original) A coding gain system according to claim 6 wherein the space-time coding

function comprises:

delay elements adapted to insert a delay of M symbol periods in each of the M

3 BEST AVAILABLE COPY
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substreams;

an ortogonal transform adapted to produce M orthogonal outputs, with the mth

orthogonal -output being a function of the M substreams delayed in said delay elements by m-1

symbol periods.

14. (Original) A coding gain system according to claim 13 wherein the M substreams are bit
streams, and wherein the orthogonal transform comprises M 2M M-ary mapping functions, each
adapted to produce a respective sequence of M-ary symbols with the M-ary symbol of the mth
2M M-ary mapping function being a function of the M substreams delayed in said delay elements

by m-1 bit periods.

15. (Original) A coding gain system according to claim 6 wherein the M symbol substreams are

bit streams.

16. (Original) A coding gain system according to claim 6 further comprising encoder/modulator

functionality integrated with the space-time coding function.
17. (Currently Amended) A coding method comprising
demultiplexing an input symbol stream into M symbol substreams;

performing coding and modulation on each of said M symbol substreams;

perfoming a space-time coding function adapted to produce M space-time coded symbols

per input set of M symbols, each input set of M symbols comprising one symbol per symbol

substream, each of the M space-time coded symbols being included in a respective one of M

space-time coded streams, but at a different time from the inclusion of each other of the M

space-time coded symbols in their respective space-time coded stream;-a-spaee-time-eoding

transmitting the M space-time coded streams on respective antennas.

BEST AVAILABLE COPY
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18. (Cancelled)

19. (Cancelled)

20. (Currently Amended) A method according to claim 17 wherein performing the space-time

coding function comprises:

executing an orthogonal transform to produce M orthogonal outputs each of which is a

function of the M substreams;

delaying the M orthogonal outputs to produced M delayed orthogonal outputs such that
each of the M delayed orthogonal outputs is a function of a given element of each of the M

substreams at a different time.

21. (Original) A method according to claim 20 wherein the mth orthogonal output is delayed by

m-1 symbol periods, where m=1,...,M.

22. (Original) A method according to claim 17 wherein performing the space-time coding

function comprises:
delaying by M symbol periods each of the M substreams;

executing an orthogonal transform adapted to produce M orthogonal outputs, with the

mth orthogonal output being a function of the M substreams delayed m-1 symbol periods.

23. (Original) A method according to claim 20 wherein the M substreams are bit streams, and
wherein the orthogonal transform comprises M 2™ M-ary mapping functions, each adapted to
produce a respective sequence of M-ary symbols with the M-ary symbol of the mth 2M M-ary
mapping function being a function of the M substreams delayed in said delay elements by m-1

bit periods.
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REMARKS/ARGUMENTS

Claims 6-8, 11, 17, and 20 are amended. This amendment is consistent with amendments

submitted during the International Phase of this National Phase application.

Regarding claims 6 and 17, amendments have been made to the recitation of the space-

time coding function.
Claim 6 has been further amended to recite a feature of former claim 7.

Claim 7 has been amended to recite a feature from former claim 9, and claims 9 and 10

have been cancelled.
Claim 8 has been amended to depend from claim 7.

Claim 11 has been amended to depend from claim 8, and amendments have been made

regarding the delay elements.

Claim 17 has been further amended to recite a feature of claim 18, and claims 18 and 19

have been cancelled.

Claim 20 has been amended to correct an apparent typographical error by replacing

“produced” with “produce” in the expression “to produced M delayed orthogonal outputs”.

In view of the forgoing, early favorable consideration of this application is earnestly

solicited.

Respectfully submitted,

WEN TONG, ET AL.

Date: June 1, 2004
KS:DMW:map
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MAY-83-2005 16:03 FROM:

6132328440

TO:17834152559

P.3-8

<2

AMENDMENT TRANSMITTAL LETTER (Large Entity) Docket No.
Applicant(s). WEN TONG ET AL 14316NP/wfs
Application No. Filing Date Examiner Customer No.| Group Art Unit | Confirmation No.
10/399,859 04/23/03 HUY DUY VU 000293 2665 9275
Inventi COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF
, 0’ THOGONAL TRANSFORMATION IN SPACE-TIME CODING
—pr-o-4-266%
S COMMISSIONER FOR PATENTS:
TrarkiHud erewith is an amendment in the above-identified application.
The fee has been calculated and is transmitted as shown below.
CLAIMS AS AMENDED
CLAIMS REMAINING HIGHEST # NUMBER EXTRA ADDITIONAL
RATE
AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT FEE
TOTAL CLAIMS 13 - 23 = 0 X $50.00 $0.00
INDEP. CLAIMS 2 - 3 = 0 x  $200.00 $0.00
Multiple Dependent Claims (check if applicable) Q $0.00
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT $0.00

No additional fee is required for amendment.

O  Piease charge Deposit Account No.

O ‘A check in the amount of
®

in the amount of
to cover the filing fee is enclosed.
The Director is hereby authorized to charge payment of the following fees associated with this
communication or credit any overpayment to Deposit Account  19-2550
% Any additional filing fees required under 37 C.F.R. 1.16.
Any patent application processing fees under 37 CFR 1.17.
Payment by credit card. Form PTQ-2038.

WARNING: Information on this form may become public. Credit card information should not be
included on this form. Provide credit card information and authorization on PTO-2038,

7 /" Signature -
Allan Brett (Rgg. No. 40,476)

Q

Dated: May 3, 2005

I hereby centify that this correspondence is being deposited whh
the United States Postal Servico with sufficient postage as first
class mail in an envelope addressed to "Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450" [37 CFR 1.8(a)] on

(ate)

Signature of Person Mailing Correspondence
CcC:

Typed or Printed Name of Person Malling Correspondence

P11LARGE/REV03

Nintendo Exhibit 1013
Page 151



S

MAY-83<2085 16:89 FROM: 6132328440 T0: 17834152559 P.4-8

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

-

“ ¢ 1ax0Rppl. No. © 10/399,859 Confirmation No. 9275
Applicant : Wen Tong et al,
Filed : April 23,2003
TC/A.U. 1 2665
Examiner : Huy Duy Vu
Docket No. : 14316NP
Customer No.  : 000293

Commiissioner for Patents
Alexandria, VA 22313-1450
US.A,
Dear Sir:
By way of voluntary amendment, pleasc amend this application as follows:
Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this

paper.

Remarks/Arguments begin on page 5 of this papcr.
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Appl. No. 10/399,859
Voluntary amendment dated April 19, 2005

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

Claims 1-23 (Cancelled)
24, (New) A transmitter adapted to process a plurality M of symbol substreams, the

transmittcr comprising:

a space-time coding function adapted to produce M space-time coded symbols per
input set of M symbols, each input set of M symbols comprising one symbol per symbol
substream, each of the M space-time coded symbols being included in a respective one of M
space-time coded streams, wherein each symbol of the M symbol substreams is represented in all
M space-time coded streams, and for each symbol a time of representation of the symbol in the

M space-time coded streams is different for each of the M space-time coded streams;

a plurality M of transmit antennas each adapted to transmit a respective one of the

M space-time coded streams.

25. (New) A transmitter according to claim 24 further comprising the demultiplexing and
encoding functionality comprising a demultiplexer having M outputs, and M encoder/modulators
each producing a respective onc of the M symbol substreams, with each of the M

encoder/modulators connected to receive a respective one of the demultiplexer outputs.

26. (New) A transmitter according to claim 25 wherein the demultiplexing and encoding

functionality is adapted to produce the M symbol substrcams from an input stream.

27. (New) A transmitter according to claim 26 wherein the space-time coding function

comprises:

an orthogonal transform adapted to produce M orthogonal outputs each of which

is a function of thc M substreams;
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Appl. No. 10/399,859 .
Voluntary amendment dated April 19, 2005

delay elements adapted to insert a respective different delay in M-1 of the M

orthogonal outputs to produce thc M space-time coded strcams,

28. (New) A transmitter according to claim 27 wherein the delay elements are adapted to

introducc a delay of m-1 symbol pcriods in the mth orthogonal output, where m=1, ..., M.

29. (New) A transmitter according to claim 24 wherein the space-time coding function

comprises:

delay elements adapted to insert a dclay of M symbol periods in each of the M

substreams;

an orthogonal transform adapted to produce M orthogonal outputs, with the mth
orthogonal output being a function of the M substreams delaycd in said delay elements by m-1

symbol periods.

30. (New) A transmitter according to claim 29 wherein the M substrcams are bit streams,
% and wherein thc orthbgbnal transform comprises M M-ary mapping functions, cach adapted to
produce a respective scquence of M-ary symbols with the M-ary symbol of the mth M-ary
mapping function being a function of the M substreams delayed in said delay elements by m-1

bit periods.

31. (New) A transmitter according to claim 24 further comprising encoder/modulator

functionalily integrated with the space-time coding function.

32. (New) A method of combined spatial multiplexing and space-time coding, comprising:
demultiplexing an input symbol stream into M symbol substreams;
performing coding and modulation on each of said M symbol substreams;

performing a space-timc coding function adapted to produce M space-time coded
symbols per input set of M symbols, each input set of M symbols comprising one symbol per
symbol substream, each of the M space-time coded symbols being included in a respective one

of M space-timc coded streams, wherein each symbol of the M symbol substrcams is represented
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Appl. No. 10/399,859
Voluntary amendment dated Apri! 19, 2005

in all M space-time coded streams, and for each symbol a time of representation of the symbol, in

the M space-time coded streams is differcnt for each of the M space-time coded streams;
transmitting the M space-time coded streams on respective antennas.

33. (New) A method according to claim 32 whercin performing the spacc-time coding

function comprises:

executing an orthogonal transform to produce M orthogonal outputs each of

which is a function of the M substrcams;

delaying the M orthogonal outputs to produce M delayed orthogonal outputs such
that each of the M delayed orthogonal outputs is a function of a given element of each of the M

substreams at a different time.

34. (New) A mcthod according to claim 33 wherein the mth orthogonal output is delayed by

m-1 symbol periods, where m=1, ..., M.
35. (New) A method according to claim 32 wherein performing the space-time coding

function comprises:
dclaying by M symbol periods each of the M substreams;

executing an orthogonal transform adapted to producc M orthogonal outputs, with

the mth orthogonal output being a function of the M substreams delayed m-1 symbol periods.

36. (New) A method according to claim 33 wherein the M substreams are bit streams, and
whercin the orthogonal transform comprises M M-ary mapping functions, each adapted to
produce a respective sequcnce of M-ary symbols with the M-ary symbol of the mth M-ary
mapping function being a function of the M substreams delayed in said delay elements by m-1
bit periods.
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Appl. No. 10/399,859
Voluntary amendment datcd April 19, 2005

REMARKS/ARGUMENTS

In view of the forcgoing, early favorable consideration of this application is earnestly
solicited.

Respecttully submitted,

WEN TONG, ET AL.

By /7 )

Allan Brett
Reg. No. 40,476
Tcl.: (703) 415-2555

Date: May 3, 2005

RAB:rld
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NUMBER PATENT NUMBER GROUP ART UNIT FILE WRAPPER LOCATION

10/399,859 2665 0500

Correspondence Address / Fee Address Change

The following fields have been set to Customer Number 293 on 08/31/2005

*Correspondence Address

The address of record for Customer Number 293 is:
Ralph A. Dowell of DOWELL & DOWELL P.C.

2111 Eisenhower Ave.

Suite 406

Alexandria,VA 22314
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
ATTY. DOCKET NO. 14316NP

) //:Z,//

Yhatent Application of Wen Tong, et al.
Serial No. 10/399,859 Group Art Unit: 2665
Filed: April 23, 2003 Examiner: Huy Duy Vu

For: COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE
USE OF ORTHOGONAL TRANSFORMATION IN SPACE-TIME CODING

INFORMATION DISCLOSURE STATEMENT

This Information Disclosure Statement is being filed in the manner prescribed by 37 CFR
1.97(b) - (d) to satisfy the duty under 37 CFR 1.56 to disclose to the Office information, known
to individuals associated with the filing and prosecution of the subject application, which is

material to the examination of the application.

In accordance with 37 CFR 1.97(g) and (h), this statement is not to be construed as a
representation that a search has been made or an admission that the information cited herein is,

or is considered to be, material to patentability as defined in 37 CFR 1.56(b).

This Information Disclosure Statement is being filed within three months of the filing date of a
national application; within three months of the date of entry of the national stage as set forth in
37 CFR 1.491 in an international application; or before the mailing date of a first official action

on the merits and therefore applicant respectfully requests consideration under 37 CFR 1.97(b).
In compliance with 37 CFR 1.98(a)(2), also enclosed is a legible copy of:

i) each foreign patent;
ii) each publication or that portion which caused it to be listed; and
iii) all other information or that portion which caused it to be listed, excluding any

copies of a United States patent application.

In compliance with 37 CFR 1.98(a)(1), a list of all patents, publications, applications or other
information submitted for consideration by the Office is hereby provided by way of the attached
Form PTO/SB/08.
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It is respectfully requested that the information be expressly considered by the Examiner and that
the references be made of record and appear among the "References Cited" on any patent to

issue therefrom.

The Patent Office is hereby authorized to charge any deficiency, or credit any overpayment in

fees to Deposit Account Number 19-2550.

Respectfully submitted,

WEN }ONG,

Dated: February 29,2006 / / -

R:fﬁah A. Dowell 7
Reg. No. 26,868
Telephone: (703) 415-2555
Fax: (703) 415-2559

Encls.: Form PTO/SB/08
All references listed on Form PTO/SB/08
EP Search Report
Acknowledgement Card
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

der the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.
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Application Number 10/399,859
Filing Date April 23, 2003
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(Use as many sheets as necessary) Examiner Name Huy Duy Vu
\_ Sheet I 1 ] of I 2 Attorney Docket Number 14316NP Wy,
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Page, Columns, Lines, Where
Initials * No.' ! 2 (it known) MM-DD-YYY Applicant of Cited Document Relevant _Passages or Relevant
Number-Kind code Figures Appear
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[ Examiner Date ]
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. ' Applicant's unique citation designation number (optional). 2 See Kinds codes of
USPTO patent Documents at www.upsto.gov or MPEP 901.04 * Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). * For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a checkmark here if English language
Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND

TO: C issi for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.
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(54) Multiple antenna communication system and method thereof
(57) A communications system achieves high bit
rates over an actual communications channel between
M transmitter antennas (16a-16c) of a first unit (12) and
N receiver antennas (18a-18c) of a second unit (14),
where M or N>1, by creating virtual sub-channels from
the actual communications channel. The multiple anten-
na system creates the virtual sub-channels from the ac-
tual communications channe! by using propagation in-

formation characterizing the actual communications
channel at the first and second units. For transmissions
from the first unit (12) to the second unit (14), the first
unit sends a virtual transmitted signal over at least a sub-
set of the virtual sub-channels using at least a portion
of the propagation information. The second unit re-
trieves a corresponding virtual received signal from the
same set of virtual sub-channels using at least another
portion of said propagation information.
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Description

BACKGROUND OF THE INVENTION

5 1. Field of The Invention

[0001] This invention relates to wireless communication systems and, more particularly, to a multiple antenna com-
munication system.

10 2. Description of Related Art

[0002] The ultimate bit rate at which a digital wireless communication system may communicate data may be derived
using Shannon's approach to information theory (commonly referred to as the Shannon limit). The ultimate bit rate is
based on anumber of different parameters, including: the total radiated power at thetransmitter; the number of antennas

15 at the transmitter and receiver; bandwidth: noise power at the receiver; and the characteristics of the propagation
environment. For wireless transmission using multiple antennas at the transmitter and/or receiver in a so-called
Rayleigh fading environment, the ultimate bit rate could be enormous, for example, hundreds of bits per second per
Hz for a system employing 30 antennas at both the transmitter and receiver and experiencing an average signal-to-
noise ratio of 16dB.

20 [0003] A need exisls for a wireless communications system which achieves high bil rates in a cosl efleclive and
relatively simple manner.

SUMMARY OF THE INVENTION

25 [0004] The present invention involves a communications system that achicves high bit rates over an actual commu-
nications channel between M transmitter antennas of a first unit and N receiver antennas of a second unit, where M
orN>1, by creating virtual sub-channels from the actual communications channel. The multiple antenna system creates
the virtual sub-channels from the actual communications channel by using at the first and second units propagation
information characterizing the actual communications channel. For transmissions from the first unit to the second unit,

30 the first unit sends a virtual transmitled signal over at least a subset of the virtual sub-channels using at least a portion
of the propagation information. The second unit retrieves a corresponding virtual received signal from the same set of
virtual sub-channels using at least another portion of said propagation information.

[0005] In general, a propagation matrix of propagation coefficients characterizes the propagation of communication
signals between the transmitting antenna(s) of the first unit and the receiving antennags) of the second unit. By knowing

35 the propagation characteristics of the actual communications channel (multiple-antenna channel), the multiple antenna
system can decompose the actual communications channel into multiple virtual sub-channels. For transmissions from
the first unit to the second unit, both the first unit and the second unit obtain propagation information which characterizes
the transmissions from the first unit to the second unit. In certain embodiments, the first unit obtains at least a portion
of the propagation information, and the second unit obtains at least another portion of the propagation information.

40 Using the respective portions of the propagation information, the first and second units cooperatively render the actual
communications channel into virtual sub-channels, thereby achieving high bit rate or throughput in a relatively simple
manner.

[0006] In certain embodiments. the first and second units obtain the propagation matrix as the propagation informa-
tion for transmissions from the tirst unit to the second unit. Initially, the first unit and second units obtain the propagation

45 matrix by an exchange of signals. For example, the first unit transmits traming signals to the second unit. From the
training signals as transmitted and the lraining signals as received over the actual communications channel, the prop-
agation matrix can be determined. Once the propagation matrix is determined, each unit can perform a singular value
decomposition of the propagalion matrix. The singular value decomposition of the propagation matrix yields the prop-
agation matrix as the product of three factors D, & and w1, where D is a diagonal matrix and & and yT are two unitary

50 matrices with the superscript "t"denoting a conjugate transpose. The singular value decomposition serves to diago-
nalize the propagation matrix. The number of nonzero diagonal elements in the diagonal matrix D corresponds to the
number of parallel independent virtual sub-channels for the actual communications channel. In some embodiments,
for transmissions from the first unit to the sccond unit, the first unit obtains at lcast a portion of the propagation infor-
mation which includes the diagonal matrix D and the unitary matrix <b. The first unit provides the diagonal matrix D to

55 a channel coder/modulator to encode and modulate an incoming bit or information stream onto the independent virtual
sub-channels according to the values of the diagonal matrix D to produce a virtual transmitted signal. As such the
diagonal matrix D can provide relative scaling of the bit rate. The first unit then performs a unitary transformation on
the virtual transmitted signal by multiplying the virtual transmitted signal with the conjugate transpose of the unitary
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matrix & to produce the actual transmitted signal.
[0007] The second unit obtains at least another portion of the propagation information which includes the unitary
matrix yt and the diagonal matrix D in certain embodiments. The second unit performs a unitary transformation on the
actual received signal by multiplying the actual received signal with the unitary matrix y to produce a virtual received
5 signal. The multiplications at the first and second units by the unitary matrices establish a virtual channel from the
actual communications channel between the virtual transmitted signal and the virtual received signal which can be
treated as parallel independent virtual sub-channels. The second unit provides the diagonal matrix D to a channel
decoder/demodulator to decode and demodulate the virtual received signal according to the matrix D to produce an
information stream. Thus, the multiple antenna system provides high capacity by efiectively providing parallel inde-
10 pendent sub-channels within the same frequency band. The multiple antenna system also provides enhanced per-
formance because the multiple antenna system transmits bits on the virtual sub-channels relative to the values of the
diagonal matrix D, thereby the stronger virtual sub-channels are used to transmit more information.

BRIEF DESCRIPTION OF THE DRAWINGS

15 .
[0008] Other aspects and advantages ol the present invention may become apparent upon reading the following
detailed description and upon reference to the drawings in which:

FIG. 1 shows a baseband representation of a multiple antenna channel or the actual communications channel
20 used according lo the principles of lhe presenl inverntion;
FIG. 2 shows a baseband iepresentation of the virtual sub-channels derived from the actual communications
channel according to certain principles of the present invention;
FIG. 3 shows a block diagram of an embodiment of the multiple antenna system according to the principles of the
present invention;
25 FIG. 4 shows a block diagram of an embodiment of a multiple antenna transmitter according to certain principles
of the present invention; and
FIG. 5 shows a block diagram of a particular embodiment of the transmit circuitry for the transmitter of FIG. 4;
FIG. 6 shows a block diagram of an embodiment of a multiple antenna receiver according to certain principles of
the present invention; and
30 FIG. 7 shows a block diagram of an embodiment of the receive circuitry of the receiver of FIG. 6.

DETAILED DESCRIPTION OF THE DRAWINGS

[0009] An illustrative embodiment of the multiple antenna communication systemn according to the principles of the
35 present invention is described below as the multiple antenna communication system might be implemented to provide
high bit rate and enhanced performance. The multiple antenna system accomplishes this by using multiple antenna
arrays at the transmitter and/or receiver and taking advantage of the propagation characteristics obtained for the mul-
tiple-antenna channel between the antenna(s) of a first unit and the antenna(s) of a second unit. By knowing certain
propagation characteristics of the actual communications channel (multiple-antenna channel) at the first unit and the
40 second unit, the multiple antenna system can achieve high bit rates by having the first unit and second unit cooperatively
decompose the actual communications channel into multiple virtual sub-channels. For transmissions from the first unit
to the second unit, the first and second units obtain at least respective portions of the propagation information char-
acterizing the transmissions from the first unit to the second unit. The first and second units use at least their respective
portions of the propagation information to decompose the actual communications channel into multipie virtual sub-
45 channels over which communication signals are transmitted. As such, the multiple antenna communication system
achieves high bit rates in a relatively simple manner without increasing total power or bandwidth by using the virtual
sub-channels within the same frequency band. Additionally, the multiple antenna sysiem provides enhanced perform-
ance by lransmilling more bils over lhe slronger sub-channels as delermined by the propagalion information.
[0010] FIG. 1 shows a baseband representation for an actual communications channel 10 over which a first unit 12
50 transmits the RF signals corresponding to the components sy, s, and s3 of an actual transmitted signal on carriers
of the same frequency over respective multiple antennas 16a-c to a second unit 14. in this particular embodiment, the
first unit 12 has three antennas 16a-c, and the second unit 14 has three antennas 18a-c. The second unit 14 receives
the RF signals at the respective receive antennas 18a-c corresponding to the components Xy, Xy and xg3 of the actual
received signal. Each receive antenna 18a-c responds to each transmit antenna 16a- through a complex-valued,
55 scalar propagation coefficient h,,,, where m designates the respective transmit antenna 16a-c and n designates the
respective receive antenna 18a-c. As such, the actual received signal x;;. X, and x;3 can be characterized by the
following:
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n =Ny X8y +hyy Xsp 4+ hgy X 55+ W,
s x,2=h12><sn+h22><s‘2+h32><s'3+wt2
Xig =hyg X 8y +hog X 85 + hgg X 55 +wyg,

10 where {wy, Wi, Wy3} are receiver noise added at the second unit 14. In vector notation, X, = s, X H + w, where x, = [x;,
Xi2, Xi3), 81 = [Sny. Sy2. Sl Wy = [Wyy, Wyp W3] and the propagation matrix can be represented as:

h11 h12 h13
H= | h2t | h22 | h23
15 h31 | h32 | h33.

[0011] In this particular embodiment, the second unit 14 can transmit signals in the reverse direction to the first unit
12. The second unit 14 can use its receive antennas 18a-c to transmit the signals, and the first unit 12 can use its
transmit antennas 16a-c to receive the signals. If the same frequency is used in both directions (using a time division

20 duplex (TDD) scheme in certain bi-directional communications embodiments), the propagation coefficients for trans-
missions from the second unit 14 to the first unit 12 can be considered equal to the propagation coefficients for trans-
missions from the first unit 12 to the second unit 14 (according to the reciprocity principle), 50 Hpyo; = HT} 102, Where
the superscript "T" denotes the transpose. If different frequencies are used in both directions (using a frequency division

P duplex scheme), the propagation coefficients for the signals propagating in both directions are determined. Using an

appropriate training and set-up scheme, the first unit 12 and the second unit 14 can both learn the first unit 12 to second

unit 14 propagation coefficients and the second unit 14 to first unit 12 propagation coefficients. For example, the units
L12 and 14 could transmit known training signals over one antenna at a time and/or transmit training signals using

orthogonal signals transmitted simultaneously over all respective antennas.

[0012] For ease of discussion, the multiple antenna scheme according to the principles of the present invention is

% discussed with particular reference 1o transmissions from the first unit 12 1o the second unit 14. It should be understood
that the multipie antenna scheme can be applied to both uni-directional or bi-directional communications. In this par-
ticular embodiment, both units 12 and 14 perform a singular value decomposition (SVD) of the 3 x 3 propagation
malrix H oblained by both unils 12 and 14. In lhis parlicular embodiment, the SVD of H yields H=d X D X yt, where

35 D is a 3 X 3 real-valued, nonnegative, diagonal matrix,

di1 o] 0
D=]0 d22 | O
0 0 d3s,
40

and ® and yt are 3 X 3 complex unitary matrices with the superscript "t" denoting the “conjugate transpose.” The
columns of a unitary matrix have unit length and are mutually orthogonal. Muitiplying a vector by a unitary matrix does
not change the length of the vector but merely changes the direction of the vector. The inverse of a unitary matrix is
equal to the conjugate transpose of the matrix, for example, bt X d=torfor1=1t03, £ Oy X by is equal to 1 if i=j
45 and is equal to 0, if i»}, where the superscript "** denotes the “complex-conjugate.*
[0013] The second unit 14 uses the matrix y to multiply the received signal x, by the 3 X 3 unitary matrix y to obtain
5= [, fo, gl = X4 X . The first unit 12 uses the matrix @ to transform the virtual transmitied signal y, into the actual
lransmilled signal s, by lelting the actual transmilled signal s, be equal Lo the conjugale transpose of lhe 3 X 3 unilary
matrix @ times the virtual transmitted signal y,, 5t= Yy X T where y, = [y, Vin, Y43l The multiplications by the unitary
50 matrices are invertible operations, so there is no loss of information. In effect, a link is established between the virtual
transmitted signal y, and the virtual received signal r,, where

55
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L=xxy  =(gxHiwxy
=(z,x¢)+xH+w‘)xw
s had
=Z(x®+XHXW+ElXW‘
Substituting H = & X D X y in the above expression gives:
10
I = yxO'x(@xDxyhy+wxy
= Y, x D+v, where v, = w, x y.
15

Thus, the original link 10 between s, and X, is equivalent 10 a much simpler vinual link 20 between y, and 1, as shown
in FIG. 2. In the actual communications channel, every one of the N receiver antennas responds to every one of the
M transmitter antennas. The advantage of the virtual link or channel 10 is that it comprises virtual sub-channels, wherein

20 each of a pluralily of virlual receiver anlennas responds lo exdclly one respeclive virlual transmiller antenna. in eflect,
the cross-coupled actual communications channel 10 of FIG. 1 can be treated as the three parallel, independent virtual
sub-channels d;,, dop and d33 shown in FIG. 2 according to the principles of the present invention.

[0014] The firstand second units 12 and 14 can determine the respective propagation information needed to establish
the virtual sub-channels between the first unit 12 and the second unit 14 in alternative ways. For example, since the

25 matrix HHT = dXDxDtxdt, the first unit 12 and/or the sccond unit 14 can determine the unitary matrix &t from the
eigenvectors of the matrix HHT and the diagonal matrix D from the eigenvalues of HHt . Additionally, since HtH =
yxDIxDxyt, the first unit 12 and/or the second unit 14 can determine the unitary matrix y from the eigenvectors of
HtH and the diagonal matrix D from the eigenvalues of HTH. The diagonal matrix can be determined by using the
squareroots of the eigenvalues of HHt or HT H.

30 [0015] FIG. 3shows an embodiment of the multiple antenna communication system 10 according to certain principles
of the present invention for transmissions between the first unit 12 and the second unit 14. In this particular embodiment,
the first unit 12 is shown as transmitling, and the second unit 14 is shown as receiving. For transmissions in the reverse
direction, the first unit 12 would typically include receiver components (not shown) as will be described below for the
second unit 14, and the second unit 14 would typically include transmitter components (not shown) as described below

35 for the first unit 12. In accordance with certain embodiments of the present invention, the first unit 12 uses the multiple
antenna array 16 for transmitting and receiving communication signals, and the second unit 14 use the multiple antenna
array 18 for transmitting and receiving communication signals.

[0016] In this particular embodiment for transmissions from the first unit 12 to the second unit 14, the propagation
of the signals over the actual communications channel 10 has a baseband characterization that comprises a matrix of

40 complex-valued (having real and imaginary parts) propagation coefficients between the transmitting antennas 16a-c
and the receiving antennas 18a-c. In this particular embediment, the first unit 12 and the second unit 14 learn the
values of the propagation matrix and determine the appropriate propagation information to establish the virtual sub-
channels between the first unit 12 and the second unit 14. Alternatively, the first unit 12 and/or the second unit 14 do
not leam the propagation matrix. Instead, the units 12 and 14 obtain and/or determine some portion of the propagation

45 information, such as the diagonal matrix D, and the first unit 12 obtains and/or determines other propagation information,
such as the unitary matrix &1 while the second unit 14 obtains and/or determines the unitary matrix y.

[0017] To learn the propagation matrix (or derive the appropriate propagation information for certain embodiments)
for communications {rom the [irst unit 12 o lhe second unil 14, the first unil 12 can send Lraining signals to the unil 14
from which the unit 14 determines or estimates the propagation matrix (or propagation information). The unit 14 can

50 then send the propagation matrix (or propagation information) to the unit 12 by using a conventional communication
scheme employing one or multiple antennas at the first and second units 12 and 14. Alternatively, the unit 14 can send
the propagation matrix (or propagation information) to the unit 12 using other communication links, such as a phone
linc. Additionally, the unit 14 can simply scnd back to the unit 12 the training signals reccived from the unit 12, and the
unit 12 determines the propagation matrix (or propagation information). The unit 12 then sends the propagation matrix

55 (or propagation information) to the unit 14.

[0018] Likewise, 1o learn the propagation matrix (or propagation information) for signals propagating from the unit
14 10 the unit 12, the unit 14 sends training signals to the unit 12 from which the unit 12 determines or estimates the
propagation matrix (or propagation information). Once again, as discussed for determining the propagation matrix (or

BNSDOCID: <EP___0805920A2 1 _>

Nintendo Exhibit 1013
Page 167



EP 0 905 920 A2

propagation information) for transmissions from the unit 12 to the unit 14, the unit 12 can provide and/or derive different
forms or amounts of propagation information to the unit 14 depending on the particular embodiment and using different
communication schemes.
[0019] Two-way transmissions between the unit 12 and the unit 14 can be accomplished using a variety of schemes,
5 such as time division duplex (TDD) or frequency division duplex (FDD). TDD has the advantage that the channel
characteristics for signals propagating from the first unit 12 to the second unit 14 are generally the same as the channel
characteristics for signals propagating from the second unit 14 to the second station 12. In the case of TDD, both units
12 and 14 occupy the same frequency band. As such, the propagation matrix for transmissions from the first unit 12
to the second unit 14 are considered transposes of each other due to the principle of reciprocity as described in D.S.
10 Jones, "Acoustic and Electromagnetic Waves," Oxford University Press, 1989, pp. 63-64 and no further exchange of
training signals is required (although updates to the propagation matrix or to propagation information can be periormed).
In FDD for certain embodiments, the second unit 14 transmits tothe first unit 12 the propagation matrix (or propagation
information) for transmissions from the first unit 12 to the second unit 14. Additionally, after the appropriate set-up or
training scheme is performed for transmissions from the second unit 14 to the first unit 12, the first unit 12 can transmit
15 to the second unit 14 the propagation matrix (or propagation information) for transmissions from the second unit 14 to
the tirst unit 12.
[0020] With particular reference to FIG. 3, since the first and second units 12 and 14 know the propagation matrix
(or propagation information which can be derived from the propagation matrix or propagation information which can
be used to derive the propagation matrix or other propagation information), the units 12 and 14 can eflectively decom-
20 pose the complicated mulliple-anlenna channel 10 into multiple independent viriual sub-channels using the propagation
matrix (or respective propagation information). In this particular embodiment, the units 12 and 14 derive the muttiple
virtual sub-channels from the multiple-antenna channel 10 by using propagation information derived from a singular
value decomposition of the propagation matrix. After learning the propagation matrix for transmissions from the first
unit 12 to the second unit 14, the first unit 12 provides the propagation matrix H to a singular value decomposition
25 block 22. The singular value decomposition 22 performs a singular value docomposition of the propagation matrix H
which produces some propagation information, including the diagonal matrix D and two unitary matrices & and yt
where the superscript T denotes a conjugate transpose. The number of nonzero diagonal elements in the matrix D
represents the number of parallel independent virtual sub-channels.
[0021] For transmissions from the first unit 12 to the second unit 14 in this particular embodiment, the first unit 12
30 provides the diagonal matrix D to a channel coder/modulator 24 to encode and modulate an incoming information
stream from an information source 28. The channel coder/modulator 24 encodes and modulates the information stream
to form a plurality of sub-information streams depending on the nonzero values of the diagonal matrix D to produce
the virtual transmitted signal. The virtual transmitted signal can be represented as a vector, the respective components
of which are transmitted onto respective virtual sub-channels. In this particular embodiment, a unitary transformation
35 block 30 performs a unitary transformation on the virtual transmitted signal by multiplying the virtual transmitted signal
with the conjugate transpose of the unitary matrix . Finally, the first unit 12 uses the results of the unitary transformation
30 to produce the baseband version of the actual transmitted signal.
[0022] In this particular embodiment, the second unit 14 also provides the propagation matrix H to a singular value
decomposition 32 and uses the results from the singular value decomposition 32 to perform a unitary transformation
40 34 on the actual received signal. In this particutar embodiment, the unitary transformation block 34 multiplies the actual
received signal with the unitary matrix y to produce a virtual received signal. In this particular embodiment, the multi-
plications by the unitary matrices at the unitary transformations 30 and 34 tend not to amplify noise and are invertible
operations, so information should not be lost. The multiplications by the unitary matrices establishes a link. which can
be treated as parallel independent virtual sub-channels, between the virtual transmitted signal at the tirst unit 12 and
45 the virtual received signal at the second unit 14. The second unit 14 provides the diagonal matrix D to a channel
demodulator/decoder 36 which uses the diagonal matrix D to decode and demodulate the virtual received signal vector
to form a single information stream which corresponds to the information stream provided 1o the channel coder/mod-
ulator 24 al the first unit 12. Addilionally, the first unil 12 can use the diagonal malrix D o provide enhanced performance
by sending more bits on the stronger virtual sub-channels according to the nonzero values of the diagonal matrix. If
50 the amplitude of a nonzero value of the matrix D is below a certain level, the multiple antenna system can advanta-
geously not use the corresponding virtual sub-channel, thereby a subset of the stronger virtual sub-channels can be
used. As such, the multiple antenna system achieves higher data rates in a narrow bandwidth by effectively providing
parallel independent virtual sub-channcls within the same frequency band and cnhanced performance.
[0023] FIG. 4 shows a block diagram of a transmitter 40 having the multiple antenna array 16 with three antennas
55 16a-c for use in any unit 12 or 14 according to the principles of the present invention. For ease of discussion, the
transmitter 40 will be described as being included in the unit 12 (FIG. 3) because the multiple-element antenna com-
munication system according to the principles of the present invention has been described in the context of transmis-
sions from the first unit 12 (FIG. 3) to the second unit 14 (FIG. 3). The units 12 and 14 (FIG. 3) in this particular
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embodiment, however, can both transmit and receive signals according to the principles of the present invention. In
doing so, the units 12 and 14 exchange training signals to estimate the propagation matrices (or propagation information
which can be the actual training signals in certain embodiments) for communications between them. After learning the
propagation matrix H for signais propagating irom the first unit 12 (FIG. 3) to the second unit 14 (FIG. 3), the transmitter
5 40 provides the propagation matrix H to the singular value decomposition block 22.
[0024] The singular value decomposition block 22 performs a singular value decomposition of the propagation matrix
H (which can be done for any H) to yield H= & X D X y1, where D is a real-valued, non-negative, diagonal matrix and
® and yt are unitary matrices. The number of nonzero diagonal elements is less than or equal to the smaller of the
number of antennas 16 at the transmitter 40 and at the second unit 14 (FIG. 3) and represents the number of parallel
10 independent virtual sub-channels that are available within the same frequency band. Additionally, the sizes of the
nonzero diagonal elements indicate the relative signal-to-noise ratios of the virtual sub-channels. In accordance with
an aspect of the present invention, the transmitter 40 allocates power to the virtual subchannels depending on the
relative signal-to-noise ratios of the sub-channels as determined by the values of the nonzero diagonal elements of
the diagonal matrix D. Thus, the better sub-channels can get more transmitter power and carry more data. In accordance
15 with particular embodiments of this aspect of the present invention, the transmitter 40 has a total power restriction and
generally allocates power to the different sub-channels to provide a higher, reliable bit rate. in doing so, the transmitter
40 can allocate power to the different subchannels using a version of a Water Pouring algorithm as disclosed by Robert
G. Gallager, "Information Theory and Reliable Communication,” John Wiley & Sons, 1968, pp. 343-345.
[0025] The transmitter 40 receives information signals from the information source 28, and the information stream
20 is inpul into a buller 43. According lo cerlain aspecls of the presenl invention, if all of the non-zero diagonal elements
of the diagonal matrix D are equal or relatively similar in this particular embodiment, the channel coder/modulator 24
can direct the first bit of a bit stream 42 from the buffer 43 to encoder/modulator 44a, the second bit of the bit stream
42 to encoder/modulator 44b, and the third bit of the bit stream 42 to encoder/modulator 44c. If the amplitude of the
nonzero diagonal value of the matrix D corresponding to a first virtual sub-channel is twice as large as the nonzero
25 diagonal values of the matrix D corresponding to the sccond and third virtual sub-channcls in this particular oxample,
the channel coder/modulator 24 could send the first two bits of the bit stream 42 to the encoder/modulator 44a and the
next two bits of the bit stream 42 being split between the encoderimodulator 44b and the encoder/modulator 44c. To
combat the effects of noise, the channel coder/modulator 24 can use ordinary error-correcting codes of the types
typically used for conventional additive Gaussian noise channels as would be understood by one of ordinary skill in
30 the art in combination with conventional modutation schemes, such as Quadrature Phase Shift Keying (QPSK) mod-
ulation.
[0026] In this particular embodiment, the channel coder/modulator 24 produces three signal vector components yy,,
vy and y,; of the virtual transmitted signal. The components of the virtual transmitted signal are digital complex values
which can be fixed point or floating point depending on the implementation. The three components y,,, Yy and y3 of
35  the virtual transmitted signa! from the encoder/modulators 44a-c are provided to the unitary transformation block 30.
The unitary transformation block performs a 3% 3 matrix multiplication on the components y,;. yy» and y,3 usinga unitary
matrix ®1. The result of the unitary transformation 30 is an actual transmitted signal having components sy;, S and
s, Which are sent to respective transmit circuits 48a-c and converted as necessary to the radio frequency (RF) domain.
in this particular embodiment, the transmit circuitry 48a-c modulates the components sy, Sp and s of the actual
40 transmitted signal onto the same carrier and transmits each component s,,, S;p and s3 of the actual transmitted signal
over a respective antenna 16a-c.
[0027] FIG. 5 shows a general diagram for an embodiment of the transmit circuitry 48. In this particular embodiment,
each components sy, Sy and sy of the virtual transmitted signal vector is split into real and imaginary parts by block
50. The real and imaginary parts of each component s, s and s,3 are input to digital-to-analog converters 51. Mul-
45 tipliers 52 multiply the analog real part of each component s,, i and s;3 by coswt with w, being the carrier frequency
(radians/second) and multiply the analog imaginary part of each component sy, 5; and sy by sinwct. Afterward, re-
speclive real and imaginary parts of each component s;, Sy and s, are added together by summers 53 to produce
an RF signal for each componenl s, S @nd 53 on lhe same carrier frequency . Each RF signal is then amplified
by respective RF power amplifiers 54 and transmitted over respective antennas 16a-c in this particular embodiment.
50 Alternative embodiments for the transmit circuitry 48 are possible.
[0028] FIG. 8 shows a block diagram of a receiver 60 having the multiple antenna array 18 with three antennas 18a-
c for use in any unit 12 or 14 (FIG. 3) according to the principles of the present invention. For ease of discussion, the
rocciver 80 will be described as being included in the sccond unit 14 (FIG. 3) becausce the multiple-ciement antenna
communication system according to the principles of the present invention has been described in the context of trans-
55 missions from the first unit 12 (FIG. 3) to the second unit 14 (FIG. 3). As mentioned above. the units 12 and 14 (FIG.
3) in this particular embodiment can both transmit and receive signals according to the principles of the present inven-
tion.
[0029] As described above for this particular embodiment, the receiver 60 receives training signals from the trans-
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mitter 40 (FIG. 4) and estimates the propagation matrix H for communications from the transmitter 40 (FIG. 4) to the
receiver 60. After learning the propagation matrix H for signals propagating from the transmitter 40 (FIG. 4) to the
receiver 60, the receiver 60 provides the propagation matrix H to the singular value decomposition block 32. As in the
transmitter 40 (FIG. 4). the singular value decomposition block 32 performs a singular value decomposition of the
5 propagation matrix H to yield H = @ X D X w1, where D is a real-valued, non-negative, diagonal matrix and @ and yt
are 3 X 3 complex unitary matrices with the superscript "t* denoting the "conjugate transpose.”
[0030] The receiver 60 receives the signals propagating from the transmitter 40 (FIG. 4) through the multiple antenna
array 18, and receiver circuits 62a-c process the signals received from the respective antennas 18a-c down to base-
band. In this particular embodiment, the actual received signal vectorx, is digitized before being provided to the unitary
10 transformation block 34. The unitary transformation block 34 uses its propagation information derived from the prop-
agation matrix H to mulliply the actual received signal x, by the 8 X 3 unitary matrix y to obtain a virtual received signal
Iy = [m. . figl = X, X y. The channel demodulator/decoder 36 receives the virtual received signal r, from the unitary
transformation block 34 with respective parallel components r,y, r, and fa- The components ry,. rp and rg are provided
to respective paraltel demodulators/decoders 68a-c. The parallel demodulators/decoders 68a-c demodulate and de-
15 code the virtual received signal r, according to the modulation and coding scheme used by the transmitter 40 (FIG. 4).
[0031] Using the nonzero diagonal vaiues of the diagonal matrix D from the SVD block 32 and reflecting the use of
the matrix D in the transmitter 40 (FIG. 4), the channel demodulator/decoder 36 constructs a single stream 70 of
information bits from the parallel components . r,; and r,g of the virtual received signal. As such. the diagonal matrix
D used to construct the information stream 70 from the parallel streams 64a-c in the receiver 60 is the same matrix D
20 used lo separale lhe single stream 42 (FIG. 4) inlo paraliel slreams 46a-c (FIG. 4) in Lhe transmiller 40 (FIG. 4). The
information stream 70 is then output to its destination 38 before which the information stream 70 can pass through
additional processing or circuitry 72 which can include a data buffer.
[0032] FIG. 7 shows a general diagram for an embodiment of the receive circuitry 62. In this particular embodiment,
the transmitted RF signals from the transmit circuitry 48 (FIG. 5) are received at the antennas 18a<c. The BF signals
25 received at cach antenna 18a-c arc amplificd by respective prc-amplifiers 80. Multiplicrs 82 multiply the respective RF
signals by coswt and sinm.t with o, being the carrier frequency to produce analog versions of the real and imaginary
parts of the components of the actual received signal which were modulated onto carriers of the same frequency o..
The analog versions of the real and imaginary parts for each component of the actual received signal are low pass
filtered by filters 83 and provided to analog-to-digital converters 84 to produce digital versions of the real and imaginary
30 parts of each component Combiner 86 combine the real and imaginary parts of each component to produce the com-
ponents xy;, Xz and X,3 of the actual received signal as complex digital values. In this particular embodiment as described
above, the components x,;. X;» and x5 of the actual received signal are provided to the unitary transformation block
34 (FIG. 6). The receive circuitry 62 is shown as a homodyne receiver, but alternative embodiments for the receive
circuitry 62 are possible.
35 [0033] In accordance with certain embodiments of the present invention, the multiple antenna system updates the
propagation matrix or information periodically or continuously as operating conditions change. As such. if an antenna
16 (FIG. 4) or 18 becomes unavailable, the multiple antenna system can update the propagation matrix(ices) or infor-
mation at the two unils 12 and 14, thereby maintaining the communications between the units 12 and 14 and still
providing a high bit rate. Additionally, depending on the conditions of the virtual sub-channels (which can be measured
40 by the nonzero diagonal values of the diagonal matrix D), the bit rate between the two units 12 and 14 using the multiple
antenna system is scaleable. Accordingly. if the signal-lo-noise ratio, virtual sub-channel gain or other measurement
value for a virtual sub-channel drops below a certain threshold level and/or a relative level compared to the other sub-
channels, the multiple antenna system can either reduce the number of bits transmitted over the virtual sub-channel
or drop the virtual sub-channel, thereby reducing the bit rate, until updates of the propagation matrix or information
45 show that the virtual sub-channel has risen above the threshold level and/or the relative level. Furthermore, in similar
fashion, the multiple antenna system according 1o cerain principles of the present invention can allocate power to the
different virtual sub-channels based on the conditions of the different virtual sub-channels as determined by the nonzero
values of the diagonal malrix D or olher measuremenl values corresponding to the virtual sub-channels.
[0034] The multiple antenna system enables an increase in bit rate without an increase in power or bandwidth as
50 compared to single antenna systems. In certain embodiments, the propagation of the signals is modeled as flat fading
(no frequency dependence to fading). Additionally, in the event of receiver noise and external interference, the multiple
antenna system can use a covariance matrix or the like which characterizes the receiver noise and/or the external
interference to effcctively alter the propagation information or to include the covariance matrix or the like as part of the
propagation information. If the elements of the propagation matrix H are statistically independent, identically distributed,
55 with Rayleigh-distributed magnitude and uniformly distributed phase, the capacity of the channel grows linearly with
the smaller of the number of transmitter and receiver antennas. Theoretically, there is no limit to the number of antennas
that can be utilized in the multiple antenna system, thereby providing the potential for enormous capacities in a narrow
bandwidth. For example, if 170 antennas are used at the transmitter and the receiver in a 30 kH7 bandwidth with signal-
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to-noise ratios of 20dB, 20Mb/s of High Definition TV (HDTV) may be sent over the multiple antenna channel after
being decomposed to 170 virlual sub-channels according to the principles of the present invention.
[0035] The multiple-element antenna system according to the principles of the present invention can achieve such
high bit rates in the narrow bandwidth and in a simple manner by using multiple antennas at both the transmitter and
5 receiver to decompose the multiple antenna channel into multiple independent virtual subchannels. A pair of units
using the muitiple antenna system use a distinct band of frequencies for communicating with each other over the
multiple-antenna channel. Thus, different pairs of units can be frequency division multiplexed. A pair of units can take
a variety of forms, such as units which can handle voice and/or data in a wireless local area network. Additionally, the
multiple antenna system can provide security in communications between a pair of units because the propagation
10 information characterizing the actual communications channel between the pair of units is unique to that pair. As such,
even if a third party obtained the propagation information for the pair, it would be difficult for the third party to intercept
the communications between the pair because the propagation information for an actual communications channels
between the third party and each of the pair of units would be different.
[0036] In addition to the embodiments described above, alternative configurations of the multiple antenna system
15 according to the principles of the present invention are possible which omit and/or add components and/or use varia-
tions or portions of the described multiple antenna system. For example, the muitiple antenna system has been de-
scribed with three antennas at both the first unit and the second unit to provide three virtual sub-channels, but different
numbers of antennas can be employed at the first unit and the second unit. Additionally, the multiple antenna system
has been described as being employed in terms of communications over a multiple antenna channel from the first unit
20 lo the second unil. The multiple anlenna syslem, however, includes unils which transmil and/or receive according (o
the principles of the present invention. In certain embodiments, the units use the same muliple antennas for both
transmission and reception. Alternative embodiments of units employing the multiple antenna system are possible,
however, which use a subset of the multiple antennas for transmission and/or reception depending on the number of
antennas at the unit on the other end of the multiple antenna channel or upon the values of the diagonal matrix in the
25 reverse direction.
[0037] The above-described multiple antenna system has been described as comprising several components or
blocks, but it should be understood that the multiple antenna system and portions thereof can be implemented in
application specific integrated circuits, software-driven processing circuitry, or other arrangements of discrete compo-
nents as would be understood by one of ordinary skill in the art with the benefit of this disclosure. What has been
30 described is merely illustrative of the application of the principles of the present invention. Those skilled in the art will
readily recognize that these and various other modifications, arrangements and methods can be made to the present
invention without strictly foliowing the exemplary applications illustrated and described herein and without departing
from the spirit and scope of the present invention.

35
Claims

1. A method for transmitting communication signals, said method CHARACTERIZED BY the step of:

40 creating virtual sub-channels from an actual communications channel between M transmitter antennas of a
first unit and N receiver antennas of a second unit, where M or N >1, by using at said first unit and said second
unit propagation information characterizing said actual communications channel; and
sending by said first unit a virtual transmitted signal over at least a subset of said virtual sub-channels using
at least a portion of said propagation information.

45

2. The method of claim 1 CHARACTERIZED IN THAT said step of sending including the steps of:

translorming said virlual lransmilled signal inlo an aclual lransmilled signal using said at leasl a portion of
said propagation information; and

50 transmitting said actual transmitted signal over said M transmitter antennas onto said actual communications
channel.

3. The mothod of claim 2 CHARACTERIZED IN THAT said step of transmitting including the step of:
transmitting each component of said actual transmitted signal using a respective one of said M transmitter

55 antennas.

4. The method of claim 2 CHARACTERIZED BY including the step of:
producing a unitary matrix from said at least a portion of said propagation information.
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5. The method of claim 4 CHARACTERIZED BY the steps of:

using said unitary matrix to perform a unitary transformation of said virtual transmitted signal into said actual
transmitted signal; and
5 transmitting each component of said actual transmitted signal onto carriers having the same frequency.

6. The method of claim 1 CHARACTERIZED BY the step of:

receiving by the first unit an information stream from an information source; and
10 separating said information stream into a plurality of signal streams using at least a portion of said propagation
information to form said virtual transmitted signal.

7. The method of claim 6 CHARACTERIZED BY the step of:
producing a diagonal matrix D from at least said portion of said propagation information with the nonzero
15 diagonal values corresponding to said virtual sub-channels of said actual communications channel.

8. The method of claim 6 CHARACTERIZED IN THAT said step of separating including the step of:
using values of a diagonal matrix D from at least said portion of said propagation information to separate
said information stream into a plurality of signal streams according 1o said values of said diagonal matrix D.
20
9. The method of claim 8 CHARACTERIZED BY the step of:
using said values of said diagonal matrix D to allocate power for transmitting each component of said virtual
transmitted signal.

25 10. A mcthod of receiving communication signals, said mothod CHARACTERIZED BY the steps of:

creating virtual sub-channels from an actual communications channel between M transmitter antennas of a
first unit and N receiver antennas of a second unit, where M or N >1, by using at said first unit and said second
unit propagation information characterizing said actual communications channel; and

30 retrieving by said second unit a virtual received signal from at least a subset of said virtual subchannels using
at teast a portion of said propagation information.

11. The method of claim 10 CHARACTERIZED IN THAT said step of retrieving including the step of:

35 receiving an actual received signal from said actual communications channel on said N receiver antennas: and
transforming said actual received signal into said virtual received signal using said at least a portion of said
propagation information.

12. The method of claim 11 CHARACTERIZED IN THAT said step of retrieving including the step of:
40 receiving each component of said actual received signal using a respective one of said N receiver antennas.

13. A transmitter for transmitling information signals CHARACTERIZED BY:

a plurality of antennas;
45 processing circuitry configured to obtain propagation information for an actual communications channel be-
tween said plurality of antennas and a plurality of receiver antennas:
a channel coder configured to receive an information signal stream and at least a portion of said propagation
informalion, said channel coder CHARACTERIZED BY conligured to separale said information signal siream
using said at least a portion of said propagation information to form a virtual transmitted signal of components
50 corresponding to sub-channels of said communications channel;
said processing circuitry CHARACTERIZED BY configured to perform a unitary transformation on said virtual
transmitted signal using at least another portion of said propagation information to form an actual transmitted
signal; and
transmit circuitry coupled to said plurality of antennas and configured to transmit each component of said
55 actual transmitted signal through a respective one of said plurality of antennas on carriers of the same fre-
quency.

14. A receiver for receiving information signals CHARACTERIZED BY: a plurality of antennas:

10
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receive circuitry coupled to said plurality of antennas and configured to receive each component of an actual

received signal through a respective one of said plurality of antennas;

processing circuitry configured to obtain propagation information for a communications channel between said

plurality of antennas and a plurality of transmitter antennas, said processing circuitry CHARACTERIZED BY
5 configured to perform a unitary transformation on said actual received signal using at least a portion of said

propagation information 1o form a virtual received signal: and

a channel decoder configured to receive said virtual received signal and at least another portion of said prop-

agation information, said channel decoder configured tocombine said virtual received signal into an information

stream using said at least another portion of said propagation information.
10
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(54) Space time block coded transmit antenna diversity for WCDMA

(57) A mobile communication system is designed
with an input circuit coupled to receive a first plurality of
signats (r{i+1)), i=0-N-1) during a first time (TO-T1)
from an external source and coupled to receive a sec-
ond plurality of signals (7(i+1), i=N-2N-1 ) during a sec-
ond time (T1-T2) from the external source. The input
circuit receives each of the first and second piurality of
signals along respective first and second paths gli). The
input circuit produces a first input signal (610) (R, )and
a second input signal (614) (R? ) from the respective

first and second plurality of signals. A correction circuit
is coupled to receive a first estimate signal (302) (u} )
a second estimate signal (306) (u."} ) and the first and
second input signals. The correction circuit produces a
first symbol estimate (S ) in response to the first and
second estimate signals and the first and second input
signals. The correction circuit produces a second sym-
bol estimate (S5) in response to the first and second
estimate signals and the first and second input signals.
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Description

FIELD OF THE INVENTION

Transmitter Diversity Technique for Wireless Communi-
cations by Alamouti. Tarokh et al. and Alamouti, how-
ever, fail to teach such a transmit diversity scheme for a
WCDMA communication system.

[0001] This invention relates to wideband code divi- 5 {0005] Other studies have investigated open loop

sion multiple access (WCDMA) for a communication transmit diversity schemes such as orthogonal transmit

system and more particularly to space time block coded diversity (OTD) and time switched time diversity (TSTD)

transmit antenna diversity for WCDMA. for WCDMA systems. Both OTD and TSTD systems
have similar performance. Both use multiple transmit

BACKGROUND OF THE INVENTION 10 antennas to provide some diversity against fading, par-
ticularly at low Doppler rates and when there are insuf-

[0002] Present code division muitiple access ficient paths for the rake receiver. Both OTD and TSTD

(CDMA) systems are characterized by simuitaneous systems, however, fail to exploit the extra path diversity

transmission of different data signals over a common that is possible for open loop systems. For example, the

channel by assigning each signal a unique code. This 15 OTD encoder circuit of FIG. 5 receives symbols Sy and

unique code is matched with a code of a selected Sz on lead 500 and produces output signals on leads

receiver to determine the proper recipient of a data sig- 504 and 506 for transmission by first and second anten-

nal. These different data signals arrive at the receiver nas, respectively. These transmitted signals are

via multiple paths due to ground clutter and unpredicta- received by a despreader input circuit (FIG. 6). The

ble signal reflection. Additive effects of these multiple 20 input circuit receives the " of N chip signals per symbol

data signals at the receiver may result in significant fad- together with noise along the foof L multiple signal

ing or variation in received signal strength. In general, paths at a time 7; after transmission. Both here and in

this fading due to multiple data paths may be diminished the following text, noise terms are omitted for simpilicity.

by spreading the transmitted energy over a wide band- This received signal ( i+r/~) atlead 600 is multiplied by a

width. This wide bandwidth results in greatly reduced 25 channel orthogonal code signal C,,,(i+r/-) that is unique

fading compared to narrow band transmission modes to the receiver at lead 604. Each chip signal is summed

such as frequency division multiple access (FDMA) or over a respective symbol time by circuit 608 and pro-

time division multiple access (TDMA). duced as first and second output signals R} and R?

[0003] New standards are continually emerging for on leads 612 and 614 as in equations [1-2], respectively.

next generation wideband code division multiple access 30 Delay circuit 610 provides a one-symbol delay T so that

(WCDMA) communication systems as described in the output signals are produced simultaneously.

European Patent Application No. EP 99201224.5 filed

April 21, 1999, and incorporated herein by reference. N-1

These WCDMA systems are coherent communications R} = Z ri(i+t j)=a; S1+a12~ S, [1]

systems with pilot symbol assisted channel estimation 35 i=0

schemes. These pilot symbols are transmitted as quad-

rature phase shift keyed (QPSK) known data in prede- 2N-1

termined time frames to any receivers within range. The R]z = Z ri{i+e j)=a} S, -af S, [2]

frames may propagate in a discontinuous transmission i=N

(DTX) mode. For voice traffic, transmission of user data 40

occurs when the user speaks, but no data symbol trans-

mission occurs when the user is silent. Similarly for [0006] The OTD phase correction circuit of FIG. 7

packet data, the user data may be transmitted only receives the signals F?} and R? as input signals cor-

when packets are ready to be sent. The frames include responding to the /" of L multiple signal paths. The

pilot symbols as well as other control symbols such as 45 phase correction circuit produces soft outputs or signal

transmit power control (TPC) symbols and rate informa- estimates S; and S, for symbols S, and S, at leads

tion (RI) symbols. These control symbols include multi- 716 and 718 as shown in equations [3-4], respectively.

ple bits otherwise known as chips io distinguish them

from data bits. The chip transmission time (Tc), there- L L

fore, is equal to the symbol time rate (7) divided by the 50 S ] =Z(H/1' + R;z)a} .=ZZIG; ' 281 3]

number of chips in the symbol (N). j=1 j=1

[0004] Previous studies have shown that muitiple

transmit antennas may improve reception by increasing L L

transmit diversity for narrow band communication sys- §2=Z(R}. -Rlz.)af'=22|a/?| 282 [4]

tems. In their paper New Detection Schemes for Trans- 55 j=1 j=1

mit Diversity with no Channel Estimation, Tarokh et al.

describe such a transmit diversity scheme for a TDMA

system. The same concept is described in A Simple Equations [3-4] show that the QTD method provides a

2

BNSDOCID: <EP___0993130A2 | >

Nintendo Exhibit 1013
Page 180



3 EP 0 993 130 A2 4

single channel estimate o for each path j. A similar anal-
ysis for the TSTD system yields the same result. The
OTD and TSTD methods, therefore, are limited to a path
diversity of L. This path diversity limitation fails to exploit

circuit of the prior art.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

the extra path diversity that is possible for open loop s
systems as will be explained in detail. [0010]  Referring to FIG. 1, there is a simplified block
diagram of a typical transmitter using Space Time Tran-
SUMMARY OF THE INVENTION sit Diversity (STTD) of the present invention. The trans-
. mitter circuit receives pilot symbols, TPC symbols, Rl
[0007] These problems are resolved by a mobile 10 symbols and data symbols on leads 100, 102, 104 and
communication system comprising an input circuit cou- 106, respectively. Each of the symbols is encoded by a
pled to receive a first plurality of signals during a first respective STTD encoder as will be explained in detail.
time from an external source and coupled to receive a Each STTD encoder produces two output signals that
second plurality of signals during a second time from are applied to multiplex circuit 120. The multiplex circuit
the external source. The input circuit receives each of 15 120 produces each encoded symbol in a respective
the first and second plurality of signals along respective symbol time of a frame. Thus, a serial sequence of sym-
first and second paths. The input circuit produces a first bols in each frame is simultaneously applied to each
input signal and a second input signal from the respec- respective multiplier circuit 124 and 126. A channel
tive first and second plurality of signals. A correction cir- orthogonal code Cp,, is multiplied by each symbol to pro-
cuit is coupled to receive a first estimate signal, a 20 vide a unique signal for a designated receiver. The
second estimate signal and the first and second input STTD encoded frames are then applied to antennas
signals. The correction circuit produces a first symbol 128 and 130 for transmission.
estimate in response to the first and second estimate [0011] Turning now to FIG. 2, there is a block dia-
signals and the first and second input signals. The cor- gram showing signal flow in an STTD encoder of the
rection circuit produces a second symbol estimate in 25 present invention that may be used with the transmitter
response to the first and second estimate signals and of FIG. 1. The STTD encoder receives symbol S; at
the first and second input signals. symbol time T and symbol S, at symbol time 27 on lead
[0008] The present invention improves reception by 200. The STTD encoder produces symbol S on lead
providing at least 2L diversity over time and space. No 204 and symbol -S2 on lead 206 at symbol time T,
additional transmit power or bandwidth is required. 30 where the asterisk indicates a complex conjugate oper-
Power is balanced across multiple antennas. ation. Furthermore, the symbo!l time indicates a relative
position within a transmit frame and not an absolute
BRIEF DESCRIPTION OF THE DRAWINGS time. The STTD encoder then produces symbol S;on
lead 204 and symbol S1 on lead 206 at symbol time
[0009] A more complete understanding of the 35 2T. The bit or chip signals of these symbols are trans-
invention may be gained by reading the subsequent mitted serially along respective paths 208 and 210.
detailed description with reference to the drawings Rayleigh fading parameters are determined from chan-
wherein: nel estimates of pilot symbols transmitted from respec-
tive antennas at leads 204 and 208. For simplicity of
FIG. 1 is a simplified block diagram of a typical <0 analysis, a Rayleigh fading parameter a} is assumed
transmitter using Space Time Transit Diversity for a signal transmitted from the first antenna 204 alon
(STTD) of the present invention; the f” path. Likewise, a Rayleigh fading parameter a j
FIG. 2 is a block diagram showing signal flow in an is assumed for a signal transmitted from the second
STTD encoder of the present invention that may be antenna 206 along the /" path. Each # chip or bit signal
used with the transmitter of FIG. 1; 45 r{i+tj)of a respective symbol is subsequently received
FIG. 3 is a schematic diagram of a phase correction at a remote mobile antenna 212 after a transmit time ¢;
circuit of the present invention that may be used corresponding to the f” path. The signals propagate to
with a receiver; a despreader input circuit (FIG. 6) where they are
FIG. 4A is a simulation showing STTD performance summed over each respective symbol time to produce
compared to Time Switched Time Diversity (TSTD) 50 output signals R} and R? corresponding to the 7 of
for a vehicular rate of 3 kmph; L multtiple signal paths as previously described.
FIG. 4B is a simulation showing STTD performance [0012] Referring now to FIG. 3, there is a schematic
compared to TSTD for a vehicular rate of 120 kmph; diagram of a phase correction circuit of the present
FIG. 5 is a block diagram showing signal flow in an invention that may be used with a remote mobile
OTD encoder of the prior art; 55 receiver. This phase correction circuit receives signals
FIG. 6 is a block diagram of a despreader input cir- R} and FI? as input signals on leads 610 and 614 as
cuit of the prior art; and shown in equations [5-6], respectively.
FIG. 7 is a schematic diagram of a phase correction
3
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N-1 X advantage over the simulated curve of FIG. 5 without
R} =>r i+t /)=(1]1- S, -af S, [s) diversity at a BER of 2.6E-3. This substantial advantage
i=0 further demonstrates the effectiveness of the present
invention.
2N-1 ; 2 - s [0013] Although the invention has been described
R/? = Z r/-(i+1 j)=a j Si+a T S, 6] in detail with reference to its preferred embodiment, it is
i=N to be understood that this description is by way of exam-
ple only and is not to be construed in a limiting sense.
The phase correction circuit receives a complex conju- For example, several variations in the order of symbol
gate of a channel estimate of a Rayleigh fading param- ,, transmission would provide the same 2L diversity.
eter « 1,7 corresponding to the first antenna on lead 302 Moreover, the exemplary diversity of the present inven-
and a channel estimate of another Rayleigh fading tion may be increased with a greater number of transmit
parameter a? corresponding to the second antenna on or receive antennas. Furthermore, novel concepts of
lead 306. Complex conjugates of the input signals are the present invention are not limited to exemplary cir-
produced by circuits 308 and 330 at leads 310 and 322, ,5 cuitry, but may also be realized by digital signal process-
respectively. These input signals and their complex con- ing as will be appreciated by those of ordinary skill in the
jugates are multiplied by Rayleigh fading parameter art with access to the instant specification.
estimate signals and summed as indicated to produce [0014] It is to be further understood that numerous
path-specific first and second symbol estimates at changes in the details of the embodiments of the inven-
respective output leads 318 and 322 as in equations [7- 5, tion will be apparent to persons of ordinary skill in the
8]. art having reference to this description. It is contem-
. . plated that such changes and additional embodiments
H} u.}- +R/2- a?=(|a; |2+|af |2)S1 7] are within the spirit and true scope of the invention.
-R] of+Ala =(a/1%41e?|?)S, [8] s Claims
These path-specific symbol estimates are then applied 1. Circuitry, comprising:
to a rake combiner circuit to sum individual path-specific
symbol estimates, thereby providing net soft symbols as a correction circuit for receiving first and sec-
in equations [9-10]. 30 ond input signals from an external source along
a signal path of a plurality of signal paths, the
L i . correction circuit arranged for producing a first
S,:Z H,‘- a}- +R12 a12~ [9] symbol estimate in response to first and sec-
j=1 ond estimate signals and the first and second
35 input signals, and for producing a second sym-
L bol estimate in response to the first and second
§2=Z- Ff/1 af+Ff§a} ) [10] estimate signals and the first and second input
/=1 signals; and
a combining circuit coupled for receiving a plu-
40 rality of first symbol estimates including the first
These soft symbols or estimates provide a path diver- symbol estimate and for receiving a plurality of
sity L and a transmit diversity 2. Thus, the total diversity second symbol estimates including the second
of the STTD system is 2L. This increased diversity is symbol estimate, the combining circuit
highly advantageous in providing a reduced bit error arranged for producing a first symbol signal in
rate. The simulation result of FIG. 4 compares a bit error 5 response to the plurality of first symbol esti-
rate (BER) of STTD with TSTD for various ratios of mates and for producing a second symbol sig-
energy per bit (Eb) to noise (No) at a relative speed of 3 nal in response to the plurality of second
Kmph. The OTD and TSTD systems were found to be symbol estimates.
the same in other simulations. The simulation shows
that a 7.5 dB ratio Eb/No corresponds toa BERof 2.0E- 5, 2. A circuitry as in claim 1 further comprising:
3 for TSTD. The same BER, however, is achieved with a
7.2 dB ratio Eb/No. Thus, STTD produces approxi- an input circuit arranged for receiving a first
mately 0.3 dB improvement over TSTD. The simulation plurality of signals during a first period from the
of FIG. 5 compares the BER of STTD with TSTD for var- external source and for receiving a second plu-
ious values of Eb/No at a relative speed of 120 Kmph. 5 rality of signals during a second period from the
This simulation shows a typical 0.25 dB improvement external source, the input circuit arranged for
for STTD over TSTD even for high Doppler rates. By receiving each of the first and second plurality
way of comparison, STTD demonstrates a 1.0 dB of signals along respective first and second
4
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paths, the input circuit arranged for producing
the first input signal and the second input signal
from the respective first and second plurality of

said plurality of first signals, said plurality of
second signals and said first and second
Rayleigh fading parameters; and

signals. producing a second symbol signal in response
5 to said plurality of first signals, said plurality of
3. Acircuitry as in claim 1 further comprising: second signals and said first and second
Rayleigh fading parameters.
an input circuit arranged for receiving a plurality
of signals from an external source along a plu- 11. A method of processing signals as in claim 10, fur-
rality of signal paths, for producing a plurality of 70 ther comprising the steps of:
input signats including the first input signal and
the second input signal corresponding to a determining a conjugate of said each first sig-
respective signal path of the plurality of signal nal;
paths. determining a conjugate of each second signal
15 of said plurality of second signals;
4. A circuitry as in any preceding claim, wherein the determining a conjugate of each said first
correction circuit and the combining circuit are Rayleigh fading parameter; and
formed on a single integrated circuit. determining a conjugate of each said second
Rayleigh fading parameter.
5. A circuitry as in any preceding claim, wherein each 20
of the first and second symbol signals includes at 12. A method of processing signals as in claim 11, fur-
least one of a pilot symbol, a transmit power control ther comprising the steps of:
symbol, a rate information symbol and a data sym-
bol. determining an approximate said first symbol
25 by adding a product of said each first signal
6. A circuit as in any preceding claim, wherein the first and each respective said conjugate of each
period corresponds to a transmission time of one of said first Rayleigh fading parameter to a prod-
the first and second symbol signals and the second uct of said conjugate of said each second sig-
period corresponds to a transmission time of the nal and each respective said second Rayleigh
other of the first and second symbol signals. 30 fading parameter; and
determining an approximate said second sym-
7. A circuit as in any preceding claim, wherein a total bol by adding a product of a complement of
path diversity of each of the first and second symbol said conjugate of said each first signal and
signals is at least twice a number of transmitting each respective second Rayleigh fading
antennas. 35 parameter to a product of said each second
signal and each respective said conjugate of
8. Acircuit as in any preceding claim, wherein the first each said second Rayleigh fading parameter.
input signal is transmitted by a first antenna and a
second antenna and wherein the second input sig- 13. A mobile communication system, comprising:
nal is transmitted by the first antenna and the sec- <40
ond antenna. a maobile antenna arranged for receiving a plu-
rality of signals from an external source along a
9. Acircuit as in claim 8, wherein the first and the sec- plurality of signal paths;
ond input signal are wideband code division multi- an input circuit arranged for receiving the plu-
ple access signals. 45 rality of signals from the antenna, and for pro-
ducing a plurality of input signals including a
10. A method of processing signals in a communication first input signal and a second input signal cor-
circuit, comprising: responding to respective signal paths of the
plurality of signal paths; and
receiving a plurality of first signals during a first 50 a correction circuit arranged for receiving a first
period, each first signal corresponding to a estimate signal, a second estimate signal and
respective signal path; the first and second input signals, for producing
receiving a plurality of second signals during a a first symbol estimate in response to the first
second period; and second estimate signals and the first and
estimating a first Rayleigh fading parameter; 55 second input signals, the correction circuit
estimating a second Rayleigh fading parame- arranged for producing a second symbol esti-
ter; mate in response to the first and second esti-
producing a first symbol signal in response to mate signals and the first and second input
5
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signals.

14. A mobile communication system as in claim 13, fur-
ther comprising a combining circuit arranged for
receiving a plurality of first symbol estimates includ- 5
ing the first symbol estimate, and for receiving a
plurality of second symbol estimates including the
second symbol estimate, the combining circuit
arranged for producing a first symbol signal in
response to the plurality of first symbol estimates 710
and producing a second symboi signal in response
to the plurality of second symbo! estimates.

15. A mobile communication system as in claim 14,
wherein the input circuit, the correction circuit and 15
the combining circuit are formed on a single inte-
grated circuit.

16. A mobile communication system as in claim 14,
wherein each of the first and second symbol signals 20
include at least one of a pilot symbol, a transmit
power control symbol, a rate information symbol
and a data symbol.

17

A mobile communication system as in any of claims 25
13 to 16, wherein each of the first and second esti-
mate signals is a Rayleigh fading parameter esti-
mate.

18

A mobile communication system as in any of claims 30
13 to 17, wherein a total path diversity of each of

the first and second symbol signals is at least twice

a number of transmitting antennas.

19. A mobile communication system as in any of claims 35
13 to 18, wherein each of the first and second input
signals is transmitted by a first antenna and a sec-
ond antenna.

20. A mobile communication system as in claim 19, 40

wherein each of the first and second input signals is
a wideband code division multiple access signal.

45

50

55
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DETAILED ACTION

Claim Rejections - 35 USC § 102
1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

2. Claims 24, 25, 26, 31, 32 are rejected under 35 U.S.C. 102(e) as being
anticipated by Foschini et al. (US 7,050,510 B2).

(1) Regarding claim 24.

~Foschini et al. discloses a transmitter comprising:

a space-time coding function (multiplexer 105 in figure 1) adapted to produce M
space-time coded symbols per input set of M symbols, each input set of M symbols
comprising one symbol per symbol substream, each of the M space-time coded
symbols being included in a respective one of M space-time coded streams, wherein
each symbol of the M symbol substream is represented in all M space-time coded
streams, and for each symbol a time of representation of the symbol in the M space-
time coded streams is different for each of the M space-time coded streams (multiplexer
105 process the symbols of each of the encoded data substreams supplies by encoders

103-1 to 103-L so as to form four transmit time sequences, each time sequence
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comprise a representation of the input symbol (b1 to b4) and spanning at least L symbol
period, each of the symbol is processed to develop its complex conjugate (a
representation of the of the symbol), in one embodiment of the im)ention where L=4, the
four symbols, their complex conjugates, the negative of the symbol and the negative of
the conjugates are arrangéd by space time multiplexer 105 to form a matrix B (as
shown in column 4, lines 30-39) corresponds to one of antennas 109, in the matrix B,
where b1, b2, bé, b4 are the symbols from the encoded data substream supplied as
outputs from enéoders 103-1 to 103-4 while the columns represent different symbol
periods (Ti, i=1-4), column 4, lines 13-45);

a plurality M of transmit antennas each adapted to transmit a respective one of
the M space-time coded streams (antenna 109-1 to 109-4 in figure 1, each row of the
matrix B represent the samples of a temporal sequence that is emitted by the
corresponding one of antenna 109 (109-1 to 109-4), column 4, lines 23-25).

(2) Regarding claim 25:

Foschini et al. discloses a transmitter according to claim 24 further comprising
the demultiplexing (demux 101 in figure 1, column 3, lines 65-66) and encoding
.functionality (encoder 103-1 to 103-L in figure 1) comprising a defnultiplexer (demux
101 in figure 1, column 3, lines 65-66) having M outputs (L output), and M
encoder/modulators (encoder 103-1 to 103-L in figure 1) each producing a respeétive
one of the M symbol substreams, with each of the M encoder/modulators connected to
receive a respective one of the demultiplexer outputs (column 3, line 66-column 4, lines

5).
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(3) Regarding claim 26:

Foschini et al. discloses a transmitter according to claim 25 wherein the
demultiplexing and encoding functionality is adapted to produce the M symbol
substream from an input stream (demultiplexer 101 divides the source bit stream it
receives as an input into L data substream, column 3, lines 65-66, encoders 103-1 to
103-L in figure 1 take the L output from the demux 101 and produce enco’déd data
substream and may perform digital modulation, column 4, lines 3-5).

(4) Regarding claim 31:

Foschini et al. discloses a transmitter according to claim 24 further comprising
encoder/modulator functionality integrated with the space-time coding function
(éncoders 103-1 to 103-L in figure 1 take the L output from the demux 101 and produce
encoded data substream and may perform digital modulation, column 4, lines 3-5).

(5) Regarding claim 32:

Foschini et al. discloses a method of combined spatial multiplexing and space-
time coding, comprising:

demultiplexing (demux 101 in figure 1) an input symbol stream into M symbol
substreams (demultiplexer 101 divides the source bit stream it receives as an input into
L data substream, column 3, lines 65-66);

performing coding and modulation on eaéh of said M symbol substreams
(encoders 103-1 to 103-L in figure 1 produce encoded data substream énd may perform |

digital modulation, column 4, lines 3-5),
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performing a space-time coding function adapted to produce M space-time coded
symbols per input sef of M symbols, each input set of m symbols comprising one
symbol per symbol substream, each of the M space-time coded symbols being included
in a respective one of M space-time coded streams, wherein each symbol of the M
symbol substreams is represented in all M space-time coded streams, and for each
symbol a time of representation of the symbol, in the M spacé-time coded streams is
different for each of the M space-time coded streams (multiplexer 105 process the
symbols of each of the encoded data substreams supplies by encoders 103-1 to 103-L
so as to form four transmit time sequences, each time sequence comprise a
representation of the input symbol (b1 to b4) and spanning at least L symbol period,
each of the symbol is processed to develop its complex conjugate (a representation of
the of the symbol), in one embodiment of the invention whére L=4, the four symbols,
their complex conjugates, the negative of the symbol and the negative of the conjugateé
are arranged by space time multiplexer 105 to form a matrix B (as shown in column 4,
lines 30-39) corresponds to one of antennas 109, in the matrix B, where b1, b2, b3, b4
are the symbols from the encoded data substream supplied as outputs from encoders
103-1 to 103-4 while the columns represent different symbol periods (Ti, 1=1-4), column
4, lines 13-45); |

transmitting the M space-time coded streams on respective antennas (each row
of the matrix B represent the samples of a temporal sequence that is emitted by the

corresponding one of antenna 109 (109-1 to 109-4), column 4, lines 23-25).
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Claim Rejections - 35 USC § 103
-3 The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all |

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

4. Claims 27, 28, 29, 30, 33, 34, 35, 36 are rejected under 35 U.S.C. 103(a) as
being unpatentable over Foschini et al. (US 7,050,510 B2) in view of Ylitalo et al. (US
7,139,324 B1).

(1) Regarding claim 27:

Foschini et al. discloses all the subject matter as discuss in claim 26 except
wherein the space-time coding function comprises an orthogonal transform adapted to
produce M orthogonal outputs each of which is a function of the M substreams and a
delay elements adapted to insert a respective different delay in M-I of file M orthogonal
outputs to produce the M space-time coded streams.

waever, Ylitalo et al. discloses the space-time coding function comprises an
orthogonal transform adapted to produce M orthogonal outputs (multiplier 12 encodes
signal CH; with a signature code (OC) that is mutually orthogonal to the signature code
that is encoded in the signal CH; by multiplier 14 in figure 26, column 28, lines 19-21)
each of which is a function of the M substreams and a delay elements adapted to insert
a respective different delay in M-1 of the M orthogonal outputs to produce the M space-
time coded streams (the programmable delay element in figure 26 insert a delay to the

signal 15, column 28, lines 44-50).

Nintendo Exhibit 1013
Page 199



Application/Control Number: 10/399,859 Page 7
Art Unit: 2611

It is desirable to have the space-time coding function comprises an orthogonal
transform adapted to produce M orthogonal outputs each of which is a function of the M
substreams and a delay elements adapted to insert a respective different delay in M-I of
file M orthogonal outputs to produce the M space-time coded streams because it
achieve greater spectral efficiency at the base station while minimizing co-channel
interference (column 3, lines 1-3). Therefore, it would have been obvious to one of
ordinary skill in the art at the time of invention to employ the teaching of Ylitalo et al. in
the system of Foschini et al. to improve the efficiency of the transmitter.

(2) Regarding claim 28:

Ylitalo et al. discloses a programmable delay element to introduce a delay to the
orthogonal output.

Ylitalo et al. fails to explicitly discloses the delay element introduce a delay of m-1
symbol period in the m™ orthogonal output, where m=1 to M. It would have been
obvious to one of ordinary skill in the art at the time of invention for the programmable
delay line to adapted the delay element to insert a delay of M symbol period in each of
the M substream and with the m™" oﬁhogonal output being delayed in said delay
elements by m-1 symbol periods, since it has been held that discovering an optimum
value of a result effective variable involves only routine skill in the art. lii re Boesch, Eli
f.2d 272, 205 USPQ 215.

(3) Regarding claim 29:

Foschini et al. discloses all the subject matter as discuss in claim 24 except:
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delay elements adapted to insert a delay of M symbol periods in each of the M.
substreams;

an orthogonal transform adaptea to produce M orthogonal outputs, with the m®
orthogonal output being a function of the M substreams delayed in said delay elements
by m-1 symboil periods,

However, Ylitalo et al. discloses a transmitter wherein the space-time coding
function comprises:

an orthogonal transform adapted to produce M orthogonal outputs (multiplier 12
encodes signal CH¢ with a signature code (OC) that is mutually orthogonal to the
signature code that is encoded in the signal CH, by multiplier 14 in figure 26, column
28, lines 19-21) with the m™ orthogonal output being a function of the M substreams
delayed in said delay elements.

Ylitalo et al. discloses the claimed invention except for explicitly discloses a delay
elements adapted to insert a delay of M symbol periods in each of the M substreams
and with the m'™ orthogonal output being delayed in said delay elements by m-1 symbol
periods. It would have been obvious to one of ordinary skill in the art at the time of
invention for the programmable delay line to adapted the delay element to insert a del_ay
of M symbol period in each of the M substream and with the m™ orthogonal output being
delayed in said delay elements by m-1 symbol periods, since it has been held that
discovering an optimum value of a result effective variable involves only routine skill in
the art. lii re Boesch, Eli f.2d 272, 205 USPQ 215.

(4) Regarding claim 33:
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Foschini et al. discloses all the subject matter as discuss in claim 24 except:

executing an orthogonal transform to produce M orthogonal outputs each of
which is a function of the M substreams (multiplier 12 encodes signal CHy with a
signature code (OC) that is mutually orthogonal to the signature code that is encoded in
the signal CH; by muitiplier 14 in figure 26, column 28, lines 19-21) and,;

- delaying the M orthogonal outputs to produce M delayed orthogonal outputs such
that each of the M delayed orthogonal outputs is a function of a given element of each
of the M substreams at a different time (the programmable delay element in figure 26
insert a delay to the signal 15, column 28., lines 44-50).

It is desirable to have the space-time coding function comprises an orthogonal
transform adapted to produce M orthogonal outputs each of which is a function of the M
substreams and delaying the M orthogonal outputs to produce M delayed orthogonal
outputs such that each of the M delayed orthogonal outputs is a function of a given
element of each of the M substream at a different time because it achieve greater
spectral efficiency at the base station while mihimizing co-channel interference (column
3, lines 1-3). Therefore, it would have been obvious to one of ordinary skill in the art ét
the time of invention to employ the teaching of Ylitalo et al. in the system of Foschiniet .
al. to improve the efficiency of the transmitter.

(5) Regarding claim 34: |

Foschini et al. in view of Ylitalo et al. discloses all the subject matter as discuss in
claim 34 except wherein the m™ orthogonal output is delayed by m-1 symbol periods,

where m=1to M. It would have been obvious to one of ordinary skill in the art at the
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time of invention for the programmable delay line to delay m™ orthogonal output by m-1
symbol period, since it has been held that discovering an optimum value of a resuit
effective variable involves only routine skill in the art. lii re Boesch, Eli f.2d 272, 205
USPQ 215.

(6) Regarding claim 35:

Foschini et al. discloses all the subject matter as discussed in claim 32 except
wherein performing the space-time coding function comprises:

delaying by M symbol periods each of the M substreams;

executing an orthogonal transform adapted to produce M orthogonal outputs,
with tile m™ orthogonal output being a function of the M substreams delayed m-1 symbol
periods.

However, Ylitalo et al. discloses a transmitter wherein the space-time coding
function-comprises:

an orthogonal transform adapted to producev M orthogonal outputs (multiplier 12 '
encodes signal CH¢ with a signature code (OC) that is mutually orthogonal to the
signature code that is enéoded in the signal CH; by multiplier 14 in figure 26, column
28, Iines 19-21) with the m'™ orthogonal output being a function of the M substreams
delayed in said delay elements.

Ylitalo et al. discloses the claimed invention except for explicitly disclo’seé a delay
elements adapted to insert a delay of M symbol periods in each of the M substreams
and with the m™ orthogonal output being delayed in said delay elements by m-1 symbol

periods. It would have been obvious to one of ordinary skill in the art at the time of
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invention for the programmable delay line to adapted the delay element to insert a delay
of M symbol period in each of the M substream and with the m™ orthogonal output being
delayed in said delay elements by m-1 symbol periods, since it has been held that
discovering an optimum value of a result effective variable involves only routine skill in

the art. lii re Boesch, Eli f.2d 272, 205 USPQ 215.

5. Claims 30 and 36 are rejected under 35 u.s.C. 103(a) as being unpatentable
over Foschini et al. (US 7,050,510 B2) in view of Ylitalo et al. (US 7,139,324 B1) as
applied to claims 29 and 33 above, and further in view of Yamao et al. (US 6,351,498
B1).

Foschini et al. and Ylitalo et al. disclose all the subject matter as discuss in
claims 29 and 33 except wherein the orthogonal transform comprises M M-ary mapping
functions, each adapted to produce a respective sequence of M-ary symbols with the M-
ary symbol of the m™ M-ary mapping function being a function of the M substreams
delayed in said delay elements by m-1 bit periods.

However, Yamao et al. discloses a orthogonal transform comprises M M-ary
mapping function (M-ary encoder 1-1 to 1-N in figure 8), each adapted to produce a
respective sequence of M-ary symbols with the M-ary symbol of the m™ M-ary mapping
function being a function of the M-substreams delayed in said elements (at the M-ary A
encoders 1-1 to 1-N, M-ary orthogonal codes corresponding to the respective inputs are

generated, when the ordinary orthogonal codes with L=2 are used, the 2 bits data
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entered into the M-ary encoder is converted into one of the 4 bits length orthogonal
code, column 6, lines 7-14). |

Itis desiréble for wherein the orthogonal transform comprises M M-ary mapping
functions, eaci'l adapted to produce a respective sequence of M-ary symbols with the M-
ary symbol of the m™ M-ary mapping function being a function of the M substreams
delayed in said delay elements by m-1 bit periods because it is capable of reducing
errors due to fading while maintaining the characteristics of the M-ary modulation and
demodulation scheme that is robust against interference (column 3, lines 12-13).
Therefore, it would have been obvious to one of ordinary skill in the art at the time of
invention to employ the teaching of Yamao et al. in the system of Foschini et al. and

Ylitalo et al. to improve the performance of the system.

Conclusion
6. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure. Raleigh (US 6,377,631 B1) discloses a transmitter incorporating
spatio-temporal processing. Hammons, Jr. et al. (US 6,678,263 B1) discloses a method
and constructions for space-time codes for PSK constellations for spatial diversity in
multiple-element antenna system. Dabak et al. (US 6,775,260 B1) discioses a space

time transmit diversity for TDD/WCDMA systems.

7. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Siu M. Lee whose telephone number is (571) 270-1083.
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The examiner can normally be reached on Mon-Fri, 7:30-4:00 with every other Friday
off.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Chieh Fan can be reached on (571) 272-3042. The fax phone number for
the organization where this application or proceeding is assigned is §71-273-8300.

Information regarding the status of an application may be obtained from the A
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Privéte PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Siu M. Lee
3/14/2007

A e

CHIEH M. FAN
SUPERVISORY PATENT EXAMINER
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i UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 10/399,859 Confirmation No. 9275
Applicant . Wen Tong et al.

Filed : August 29, 2003

TC/A.U. : 2611

Examiner : Siu M. Lee

Docket No. : 14316NP

Customer No. : 000293

Commissioner for Patents
Alexandria, VA 22313-1450
U.S.A.

Dear Sir:

In response to the Office Action dated March 20, 2007, the following is submitted:

Amendments to the Claims are reflected in the listing of claims which begin on page 2 of this
paper.

Remarks/Arguments begin on page 6 of this paper.
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JUN 19 2007 | R6il
AM MENT JEANSMITTAL LETTER (Large Entity) Docket No.
Applicant(s): et al, 14316NP
Application No. Filing Date Examiner Customer No.| Group Art Unit | Confirmation No.
10/399,859 August 29, 2003 LEE, Siu M. 000293 2611 9275

Invention: COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF
ORTHOGONAL TRANSFORMATION IN SPACE-TIME CODING

COMMISSIONER FOR PATENTS:

Transmitted herewith is an amendment in the above-identified application.
The fee has been calculated and is transmitted as shown below.

CLAIMS AS AMENDED
CLAIMS REMAINING HIGHEST # NUMBER EXTRA " ADDITIONAL
RATE
AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT FEE
TOTAL CLAIMS 13 - 23 = 0 X $50.00 $0.00
INDEP. CLAIMS 2 - 3 = 0 x  $200.00 $0.00
Multiple Dependent Claims (check if applicable) 0 $0.00
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT $0.00
& No additional fee is required for amendment.
0 Please charge Deposit Account No. in the amount of
0O A check in the amount of to cover the filing fee is enclosed.
&

The Director is hereby authorized to charge payment of the following fees associated with this
communication or credit any overpayment to Deposit Account  19-2550

X Any additional filing fees required under 37 C.F.R. 1.16.

& Any patent application processing fees under 37 CFR 1.17.

O Payment by credit card. Form PTO-2038.

this form may become public. Credit card information should not be
vide credit card information and authorization on PT0O-2038.

Dated: MW?

Sigull//re

Ralph A. Dowell
Reg. No. 26,868

| hereby certify that this correspondence is being deposited with
the United States Postal Service with sufficient postage as first
class mail in an envelope addressed to "Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450" [37 CFR 1.8(a)] on

(Date)

Signature of Person Muailing Correspondence

Tel. No. (703) 415-2555
ccC:

Typed or Printed Nawme of Person Mailiug Correspondence

P11LARGE/REVO9
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

Claims 1-23 (Cancelled)

24. (Currently amended) A transmitter adapted to process a plurality M of symbol substreams,

the transmitter comprising:

a space-time coding function adapted to produce M space-time coded symbols per
input set of M symbols, each input set of M symbols comprising one symbol per symbol
substream, each 6f the M space-time coded symbols being included in a respective one of M
space-time coded streams, wherein each symbol of the M symbol substreams is represented in all

M space-time coded streams, wherein the transmitter comprises a delay arrangement, arranged

such thatand for each symbol a time of representation of the symbol in the M space-time coded

streams is different for each of the M space-time coded streams, each space-time coded symbol

comprising a representation of a symbol of each of the M symbol substreams;

a plurality M of transmit antennas each adapted to transmit a respective one of the

M space-time coded streams.

25. (Previously presented) A transmitter according to claim 24 further comprising the
demultiplexing and encoding functionality comprising a demultiplexer having M outputs, and M
encoder/modulators each producing a respective one of the M symbol substreams, with each of

the M encoder/modulators connected to receive a respective one of the demultiplexer outputs.

26. (Previously presented) A transmitter according to claim 25 wherein the demultiplexing and

encoding functionality is adapted to produce the M symbol substreams from an input stream.

27. (Currently amended) A transmitter according to claim 26 wherein the space-time coding

function comprises:
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an orthogonal transform adapted to produce M orthogonal outputs each of which

is a function of the M substreams;

wherein the delay arrangement comprises delay elements adapted to insert a

respective different delay in M-1 of the M orthogonal outputs to produce the M space-time coded

streams.

28. (Previously presented) A transmitter according to claim 27 wherein the delay elements are
adapted to introduce a delay of m-1 symbol periods in the mth orthogonal output, where m=1, ...,

M.

29. (Currently amended) A transmitter according to claim 24 wherein the delay arrangement

comprises space-time-coding-funetiep-comprises:

delay elements adapted to insert a delay of M symbol periods in each of the M

substreams; and

the space-time coding function further comprises an orthogonal transform adapted

to produce M orthogonal outputs, with the mth orthogonal output being a function of the M

substreams delayed in said delay elements by m-1 symbol periods.

30. (Previously presented) A transmitter according to claim 29 wherein the M substreams are bit
streams, and wherein the orthogonal transform comprises M M-ary mapping functions, each
adapted to produce a respective sequence of M-ary symbols with the M-ary symbol of the mth
M-ary mapping function being a function of the M substreams delayed in said delay elements by

m-1 bit periods.
31. (Cancelled)

32. (Currently amended) A method ef-cembined-spatial-multiplexing-and-space-time-coding;

comprising:
demultiplexing an input symbol stream into M symbol substreams;

performing coding and modulation on each of said M symbol substreams;
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performing a space-time coding function adapted to produce M space-time coded
symbols per input set of M symbols, each input set of M symbols comprising one symbol per
symbol substream, each of the M space-time coded symbols being included in a respective one of
M space-time coded streams, wherein each symbol of the M symbol substreams is represented in

all M space-time coded streams, wherein performing the space-time coding function comprises

implementing a delay function, arranged such thatand for each symbol a time of representation of

the symbol in the M space-time coded streams is different for each of the M space-time coded

streams, each space-time coded symbol comprising a representation of a symbol of each of the M

symbol substreams;

transmitting the M space-time coded streams on respective antennas.

33. (Currently amended) A method according to claim 32 wherein performing the space-time

coding function comprises:

executing an orthogonal transform to produce M orthogonal outputs each of

which is a function of the M substreams; and

implementing the delay function comprises delaying the M orthogonal outputs to

produce M delayed orthogonal outputs such that each of the M delayed orthogonal outputs is a

function of a given element of each of the M substreams at a different time.

34. (Previously presented) A method according to claim 33 wherein the mth orthogonal

output is delayed by m-1 symbol periods, where m=1, ..., M.

35. (Previously presented) A method according to claim 32 wherein performing the space-

time coding function comprises:
delaying by M symbol periods each of the M substreams;

executing an orthogonal transform adapted to produce M orthogonal outputs, with

the mth orthogonal output being a function of the M substreams delayed m-1 symbol periods.

36. (Previously presented) A method according to claim 33 wherein the M substreams are bit
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streams, and wherein the orthogonal transform comprises M M-ary mapping functions, each
adapted to produce a respective sequence of M-ary symbols with the M-ary symbol of the mth
M-ary mapping function being a function of the M substreams delayed in said delay elements by

m-1 bit periods.

37. (New) A transmitter according to claim 24, wherein each of the M space-time coded
symbols is included in a respective one of M space-time coded streams at a different time from
the inclusion of each other of the M space-time coded symbols in their respective space-time

coded stream.

38. (New) A method according to claim 32, wherein each of the M space-time coded symbols is
included in a respective one of M space-time coded streams at a different time from the inclusion

of each other of the M space-time coded symbols in their respective space-time coded stream.
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REMARKS/ARGUMENTS

Status of Claims

Claims 24-30 and 32-36 remain in the application. Claim 31 has been cancelled from the

application. New claims 37 and 38 have been added to the application.
Claim Amendments

The claims have been amended in the interest of expediting prosecution. All claims now
include a recitation pertaining to a delay or delay arrangement. The embodiments of Figures 4

to 7 in particular all include delay elements.
35 U.S.C 102 Claim Rejections

The Examiner has rejected claims 24-26, 31 and 32 under 35 U.S.C. 102(e) as being
anticipated by U.S. Patent No. 7,050,510 (Foschini et al, hereinafter Foschini).

The present application was filed as an international application under the terms of the
Patent Cooperation Treaty. The international filing date of the application is October 27, 2000.
The application entered the national phase in the United States on April 23, 2003. The Foschini
reference has a filing date of December 29, 2000.

As the international filing date of the present application predates the Foschini reference
by approximately two months, Applicant submits that the Foschini reference is not citable

against the present application.

Applicant respectfully requests that the Examiner withdraw the anticipation rejection of
claims 24-26, 31 and 32.
35 U.S.C 103 Claim Rejections

The Examiner has rejected claims 27-30 and 33-36 under 35 U.S.C. 103(a) as being
unpatentable over Foschini in view of U.S. Patent No. 7,139,324 (Ylitalo).
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As the Foschini reference is not citable against the present application, for at least the
reasons discussed above, Applicant submits that the combination of Foschini and Ylitalo is also

not citable against claims 27-30 and 33-36 of the present application.

Applicant respectfully requests that the Examiner withdraw the anticipation rejection of

claims 27-30 and 33-36.

In view of the forgoing, early favorable consideration of this application is earnestly

solicited.
Respectfully subgitted
DOWELL & DOW
Ralph Dowell, Reg. No. 26,868
DOWELL & DOWELL, P.C. Date: %, 5, 20570

Suite 406, 2111 Eisenhower Avenue
Alexandria, VA 22314
Telephone: (703) 415-2555

RAB:MSS:mcg
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Legal Instrument Examiner:

Rozenia Harmon

PATENT APPLICATION FEE DETERMINATION RECORD | Apiication or Docket Number [ Filing Date
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preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
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Application No. Applicant(s)

10/399,859 TONG ET AL.
Ofﬁce Action Summary Examiner Art Unit

Siu M. Lee 2611

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS
v WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SiX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)[X] Responsive to communication(s) filed on 19 June 2007.
2a)[_] This action is FINAL. 2b)[X] This action is non-final.
3)[J Since this application is in condition for allowance except for formal matters, prosecution as to the ments is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)[X] Claim(s) 24-30 and 32-38 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5)(] Claim(s) _____isfare allowed. '
6)X] Claim(s) 24-30 and 32-38 is/are rejected.
7)[J Claim(s) ____is/are objected to.
8)[] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 23 April 2003 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
“a)JAIl  b)[J Some * c)[] None of:
1.0 Certified copies of the priority documents have been received. -
2.[] Certified copies of the priority documents have been received in Application No.
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) @ Notice of References Cited (PTO-892) 4) E] Interview Summary (PTO-413)
2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. ____
3) [ information Disclosure Statement(s) (PTO/SB/08) 5) [] Notice of informal Patent Application
Paper No(s)/Mail Date 6)[]other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20070818
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Application/Control Number: 10/399,859 Page 2
Art Unit: 2611

DETAILED ACTION

Response to Arguments
1. Applicant’s arguments, see page 6-7, filed 6/19/2007, with .respect to the
rejections of claims 24-36 under 35 U.S.C. §102(e) and 35 U.S.C. 103(a) have been
fully considered and are persuasive. Therefore, the rejéction has been withdraWn.
However, upon further consideration, a new ground(s) of rejection is made in view of

Hammons, Jr. et al. (US 6,678,263 B1) and Lindskog et al. (US 2004/0013211 A1).

Claim Objections
2. Claim 1 is objected to because of the following informalities:

Claim 1, line 8 recites “for each symbol a time of representation of the symbol in
the M space-time ched streams is different for each of the M space-time coded
stream”. It is unclear what the “each symbol” is referring to; the space-time coded
symbol or the input syrhbol.

Appropriate correction is required.

Claim Rejections - 35 USC § 103
3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.

- Patentability shall not be negatived by the manner in which the invention was made.
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| 4. Claims 24, 25, 26, 37 and 38 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Hammons, Jr. et al. (US 6,678,263 B1) in view of Lindskog et al. (US
2004/0013211 A1).
(1) Regarding claim 24 and 32 (the examiner interpret the each symbol in line 8
‘as the input symbol):

Hammons, Jr. et al. discloses a space time coding function adapted tq produce
M space-time coded symbols (output of modulator 118 in figure 4) per input s‘et of M
symbols (output of spatial formatter 114 in figure 4), each input set of M symbols
comprising one symbol per symbol substream, each of the M space-time coded symbol
of the M symbol §ubstream is represented in a respective of M space-time coded
streams (in figure 4, spatial forrﬁatter 114 separate the incoming signal into plurality of
input signals to the inner coder 116a — 116¢, which are coded by the inner code 116a —
116¢ and further modulated by the modulators 118aa - 118c, therefore, each input set
of M symbols comprising one symbol per symbol substream, each of the M space-time
coded symbol of the M symbol substream is represented in a respective of M space—
time coded streams, colu.mn 8‘, lines 7-12).

Hammons, Jr. et al. fails to disclose wherein the transmitter comprises a delay
arrangement, arranged such that for each symbol, a time of representation of the
symbol in the M space-time coded streams is different for each of the M space-time
coded stream, each épace-time coded symbol éomprising a representation of a symbol

of each of the M symbol substream and wherein each symbol of the M symbol
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substream is represented in all M space-time coded stream and a plurality of M transmit
antenna each adapted to transmit a respective one of the M space-time coded stream.

However, Lindskog et al. discloses a time reversal block transmit diversity
system that has a delay arrangement that for each symbol, a time of representation of
the symbol in the M space-time coded streams is different for each of the M space-time
coded stream, each space-time coded symbol comprising a representation of a symbol
of each of the M symbol substream and wherein each symbol of the M symbol
substream is represented in alil M spacé-time coded stream and a plurality of M transmit
antenna (antenna 11 and 12 in figure 5) each adapted to transmit a respective one of ‘
the M space-time coded stream (in transmit delay diversity artificial delay spread is
introduced in the channel by transmitting the same signal from two or more antenna
with some delay between the trénsmissions from the different antenna, the delay
between the antennas would typically be of the order of a symbol interval, paragraph
0093, lines 5-11) (as shown in figure 5, the signal transmitted from antenna 11 contains
a representation of d¢(t) and d(t) and the signal transmittéd form the'antenna 12
contains a representation of d(t) and dx(t), with the combination of delay diversity, the
representation of each symbol in the transmitted symbol stream will be delayed with
different symbol interval).

It is desirable to have the transmitter comprises a delay arrangement, arranged
such that for each symbol, a time of representation of the symbol in the M space-time
coded streams is different for each of the M space-time coded stream, each space-time

coded symbol comprising a representation of a symbol of each of the M symbol
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.substream and wherein each symbol of the M symbol substream is represented inallM -
space-time coded stream and a plurality of M transmit antenna each adapted to transhit
a respéctive one of the M space-time coded stream because it increase the diversity in
the transmission and result in creating less interference and thus allowing more users in
the system (paragraph 0100, lines 1-13). Therefore it would have been obvious to one
ordinary skill in the art at the time of invention to combine the teaching of Lindskog et al.
with the system of Hammons, Jr. et al. to imprqve the capacity of the communication
system.

(2) Regarding claim 25:

* Hammons Jr. et al. discloses the transmitter further combrising the
demultiplexing and enching functionality comprising a demultiplexer (spatial formatter
114 in figure 4) having M output (a—-cin figure' 4), and M encoder/modulators (inner
éode 116a to 116c and modulator 118a to 118c in figure 4) each producing a respective
one of the M symbol substream (output from modulator 118), with each of the M
encoder/modulators connected to receive a respective one of the demultiplexer outputs
(signals for the spatial formatter 114 are separated for coding at inner code 116a, 116b,
116c, and so on, which provide signal that are modulated, respectively, by modulators
118a, 118b, 118c, column 8, lines 3-9).

(3) Regarding claim 26:
Hammons Jr. at al. discloses a transmitter wherein the demultiplexing and
encoding functionality is adapted to produce the M symbol subsfre_ams from an input

stream (the codi‘ng sequence employs an outer code 112 which provides signal to a
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spatial formatter 114, signals for the spatial formatter 114 are separated for coding at
inner cbde 116a, 116b, 116¢c, and so on, which provide signal that are modulated,
respectively, by modulators 1.18a, 118b, 118c, column 8, lines 3-9).
(4) Regarding claim 37 and 38:

| Lindskog et al. further discloses wherein each of the M space-time coded
symbols is included.in a respective one of M space-time coded streams at a different
time from the inclusion of each other of the M space-time coded symbols in their
respective space-time coded stream (in transmit delay diversjty artiﬁcial'delay spread is
introduced in the channel by transmitting the same signal from two or more antenna
with some delay between the transmissions from the different antenna, the delay
between the antennas would typically be of the order of a symbol interval, paragraph
0093, lines 5-11) (as shown in figure 5, the signal transmitted frorﬁ antenna 11 contains
a representation of d4(t) and d(t) and the signal transmitted form the antenna 12
contains a representation of d4(t) and d,(t), with the combination Aof delay diversity, the
representation of each symbol in the transmitted symbol stream will be delayed with

different symbol interval).

5. Claim 27 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Hammons, Jr. et al. (US 6,678,263 B1) in view of Lindskog et al. (US 2004/0013211 A1) -
as applied to claim 26 above, and further in view of Ylitalo etal. (US 7,139,324 B1).

(1)-Regarding claim 27:
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Hammons Jr. et al. and Lindskog et al. discloses all the subject matter as discuss
in claim 26 and Lindskog et al. except wherein the space;time coding function
comprises an orthbgonal transform adapted to produce M orthogonal outputs each of
which is a function of the M sﬁbstreams and a delay arrangemerit comprising delay
elements adapted to insert a respective different delay in M-1 of file M orthogonal
outputs to produce the M space-time coded streams.

However, Ylitalo et al. discloses the space-time coding function comprisés an
orthogonal transform adapted to produce M orthogonal outputs (multiplier 12 encodes
signal CH; with a signature code (OC) that is mutually orthogonal to the signature code

“that is encoded in the signal ‘CHz by multiplier 14 in figure 26, column 28, lines 19-21)
each of which is a function of the M substreams and a delay arrangemént comprising a
delay element adapted to insert a respective different delay in M-1 of the M orthogonal
outputs to produce the M space-time coded streams (when M=2, the programmable
delay element in figure 26 insert a delay to the signal 15, column 28, lines 44-50).

Itis -desirable to have the space-time coding function comprises an orthogonal
transform adapted to produce M orthogonal outputs each of which is a fuhction of the M
substreams and a delay arrangement comprising delay elements adapted to insert a
respective different delay in M-1 of file M orthogonal outputs to produce the M space-
time coded streams because it achieve greater spectral efficiency at the base station

' whvile minimizing co-channel inferference (column 3, lines 1-3). Therefore, if would have

been obvious to one of ordinary skill in the art at the time of invention to employ the
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teaching of Ylitalo et al. in the system of Ha'mmons Jr. et al. and Lindskog et al. to
improve the efficiency of the transmitter.

(2) Regarding claim 28:

Ylitalo et al. further discloses a progrémmable delay element to introduce a delay
to fhe orthogonal output.

Ylitalo et al. fails to explicitly discloses the delay element introduce a delay of m-1
symbol period in the m™ orthogonal output, where m=1 to M. It would have been
obvious to one of ordinary skill in the art at the time of invention for the programrﬁable
delay line to adapted the delay element to insert a delay of M symbol period in each of
the M substream and with the m™ orthogonal output being delayed in said delay
eleménts by m-1 symbol periods, since it has been held that discovering an optimum
value of a result effective variable involves only routine skill in the art. lii re.Boesch, Eli
f.2d 272, 205 USPQ 215.

(3) Regarding claim 29:

Hammons Jr. et al. and Lindskog et al. discloses all the subject matter as discuss
i‘n claim 24, Lindskog et al. further.discloses delay elements adapted to insert a delay of
M symbol periods in each of the M substreams (in transmit delay diversity artificial delay
spread is introduced in the channel by transmitting the same signal from two or more
antenna with somé delay between the transmissions from the different antenné, the
delay between the antennas would typically be of the order of a symbol interval,

paragraph 0093, lines 5-11) except an orthogonal transform adapted to produce M
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orthogonal outputs, with the m™ orthogonal output being a fuﬁction of the M substreams
delayed in said delay elements by m-1 symbol periods,

However, Ylitalo et al. discloses a transmitter wherein the space-time coding
function comprises:

an orthogonal transform adapted to produce M orthoéonal outputs (multiplier 12
encodes signal CH, with a signature code (OC) that is mutually orthogonal to the
signature code that is encoded in the signal CH; by multiplier 14 in figure 26, column
28, lines 19-21) with the m™ orthogonal oufput being a function of the M substreams
delayed in said delay elements.

It is desirable for a an orthogonal transform adapted to produce M orthogonal
outputs, with the m™ orthogonal output being a function of the M substreams delayed in
said delay eIeménts by m-1 symbol periods because it achieve greater spectral
efficiency at the base station while minimizing co-channel interference (column 3, lines

'1-3). Therefore, it would have been obvious to one of ordinary skill in the}art at the time
of invention to employ the teaching of Ylitalo et al. in the system of Hammons Jr. et al.
and Lindskog et al. fo improve the efficiency of the transmitter.

(4) Regarding claim 33:

Hammons Jr. et al. and Lindskog et al. discloses all the subject matter as discuss
i‘n claim 32 except executing an orthogonal transform to produce M orthogonal outputs
each of which is a function of the M substream; and implementing the delay function

comprising delaying the M orthogonal outputs to produce M delayed orthogonal outputs
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such that each of the M delayed orthogonal outputs is a function of a given element of
each of the M substreams at a diﬁereﬁt time.

However, Ylitalo et al discloses executing an orthogonal transform to produce M
orthogonal outputs each of which is a function of the M substreams (multiplier 12
encodes signal CH; with a signature code (OC) that is mutually orthogonal to the
signature code that is encoded in the.signal CHa by multiplier 14 in figure 26, column
28, lines 19-2'1) and; .implementing the delay function comprising delaying the M
orthogonal outputs to produce M delayed orthogonal outputs such that each of the M
delayed orthogonal outputs is a function of a given element of each o_f the M
substreams at a different time (the programmable delay element in figure 26 insert a
delay to the signal 15 and each of the signal 12 and signal 15 is a fuhction of $1 and
S2, column 28, lines 44-50).

It is desirable to executing an orthogonal transform to produce M orthogonal
outputs each of which is a function of the M substream; and implementing the delay
function comprising delaying the M orthogonal outputs to produce M delayed orthogonal
outputs such that. each of the M delayed orthogonal outputs is a function of a given
.element of each of the M substreams at a different time because it achieve greater
spectral efficiency at the base station while minimizing co-channel interference (column

-3, lines 1-3). Therefore, it would have been obvious to one of ordinary skill in the art at
the time of invention to employ the teaching of Ylitalo et al. in the system of Hammons
Jr. et al. and LindskoQ'et al. to improve the efficiency of the transmitter.

(5) Regarding claim 34:
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Ylitalo et al. further discloses a programmable delay element to introduce a delay
to the orthogonal output.

Ylitalo et al. fails to explicitly discloses the delay element introduce a delay of m-1
symbol period in the m™ orthogonal output, where m=1 to M. It would have been
obvious to one of ordinary skill in the art at the time of invention for the programmable
delay line to adapted the delay element to insert a delay of M symbol period in each of
the M substream and with the m™ orthogonal dutput being delayed in said delay
elements by rﬁ-1 symbol periods, since it has been held that discovering an optimum
value of a result effective variable involves only routine skill in the art. lii re Boesch, Eli
" f.2d 272, 205 USPQ 215. |

(6) Régarding claim 35:

Hammons Jr. et al. and Lindskog et al. discloses all the subject matter as
discussed in claim 32, Lindskog ét al. further discloses delay elements adapted to insert
a delay of M symbol periods in each of the M substreams (in transmit delay diversity
artificial delay spread is introduced in the channel by transmitting the same signal from
two or more antenna with some delay between the transmissions from the different
antenna, the delay between the antennas would typically be of the order of a symbol
interval, paragraph 0093, lines 5-11) except wherein performing the space-time coding
function comprises executing an orthogonal transform adapted td produce M orthogonal

'outputs, with the m'™ orthogonal output being a function of the M substreams delayed m-

1 symbol periods.
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However, Ylitalo et al. discloses a transmitter wherein the space-time coding
function comprises an orthogonél transform adapted to produce M orthogonal outputs
(multiplier 12 encodes signal CH4 with a signature code (OC) that is mutually orthogonal ‘
to the signature code that is encoded in the signal CHz by multiplier 14 in figure 26,
column 28, lines 19-21) with the m'™ orthogonal output being a function of the M
substreams delayed in said delay elements (delay element in figure 26).

It is desirable to performing the space-time coding function comprises executing
an orthogonal transform adapted to produce M orthogonal outputs, with the m™
;)rthogonal output being a function of the M substreams delayed m-1 symbol periods
because it minimizing co-channel interference (column 3, lines 1-3). Therefore, it would |
have been obvious to ohé of ordinary skill in the art at the time of invention to employ
the teaching of Ylitalo et al. in the sy'stem of Hammons Jr. et al. and Lindskog et al. to

improve the efficiency of the transmitter.

6. Claims 30 and 36 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Hammons,bJr. et al. (US 6,678,263 B1) in view of Lindskog et al. (US
2004/0013211 A1) and Ylitalo et al. (US 7,1‘39,3'24 B1) as applied to claims 29 and 33
above, and further in view of Yamao et al. (US 6,351,498 B1).

Hammons Jr. et al., Lindskog et al. and Ylitalo et al. disclose all the subject
matter as discussvin claims 29 and 33 except wherein the orthogonal transform

comprises M M-ary mapping functions, each adapted to produce a respective sequence
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of M-ary symbols with the M-ary symbol of the m'™ M-ary mapping function being a’
function of the M substreams delayed in said delay eléments by m-1 bit periods.

However, Yamao et al. discloses a orthogonal transform comprises M M-ary
mappAing function (M-ary encoder 1-1 to 1-N in figure 8), each adapted to pfoduce a
respéctive sequence of M-ary symbols with the M-ary symbol of the m™ M-ary mapping
function being a function of the M-substreams delayed in said elements (at the M-ary
encodefs 1-1 to 1-N, M-ary orthogonal codes corresponding to the respective inputs are
generated, when the ordinary orthogonal codes with L=2 are used, the 2 bits data
entered into the M-ary encoder is converted into one of the 4 bits length orthogonal
code, column 6, lines 7-14).

It is desirable for wherein the. orthogonal transforfn comprises M M-ary mapping
functions, each adapted to produce a respective sequence of M-ary symbols with the M-
ary symbol of the m™ M-ary mapping function being a function of the M subsfreams
delayed in said delay elements by m-1 bit periods because it is capablev of reducing
errors due to fading while maintaining the characteristics of the M-ary modulation and
demodulation scherﬁe that is robust agaihst interference (column 3, lines 12-13).
Therefore, it would have been obvious to one of ordinary skill in the art at the time of
invention to employ the teaching of Yamao et al. in the system of Hammons Jr. ét al.,

Lindskog et al. and Yiitalo et al. to improve the performance of the system. -

"Conclusion.
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7. The prior art m'ade of record and not relied upon is consi.dered pertinent to
applicant's disclosufe. Naguib et al. (US 7,010,029 B1) discloses a equalization of
transmit diversity space-time coded signals. Wallace et al. (US 6,473,467 B1) discloses
a method and apparatus for measuring r_eporting channel state informatiqn in a high

efficiency, high performance communications system.

Any inquiry concerning this communication or ear-lierlcommunications from the
examiner should be directed to Siu M. Lee whose telephone number is (571) 270-1083.
The examiner can normally be reached on Mon-Fri, 7:30-4:00 with every other Friday
off.

If attémpts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Chieh Fan can be reached on (571) 272-3042. The fax phone number for
the organization where this application or proceeding isAassigned is 571-273-8300.

Information regérding the status of an application may be obtained ffom the
Patent Application Information Retrieval (PAIR) system. Status information for
published .applications may be obtaihed from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Privéte PAIR only.
-For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact tt"ue Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 10/399,859 Confirmation No. 9275
Applicant : Wen Tong, et al.

Filed : April 23, 2003

TC/A.U. ¢ 2611

Examiner : SiuM. Lee

Docket No. : '14316NP

Customer No. : 000293

Commissioner for Patents
Alexandria, VA 22313-1450
U.S.A.

Dear Sir:

In response to the Office action of September 6, 2007, please amend this application as

follows:

Remarks/Arguments begin on page 2 of this paper.
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Appl. No. 10/399,859
Reply to Office Action of September 6, 2007

- REMARKS/ARGUMENTS

Claim Objections

_ The Examiner objects to claim 24, arguing that it was unclear what the “each symbol” is
referring to. It is respectfully submitted that it is clear that it is “each symbol of the M symbol -
substreams” that is being referred to. This is because what is being discussed is the
representation of that symbol. Earlier in the claim, the claim recites “..wherein each symbol of
the M symbol substreams is represented in all M space-time coded stream”. The section of text
referred to by the Examiner is referring to that representation, namely representation of the
symbol in the M space-time coded stream. As such, it is respectfully submitted that no

amendment is necessary.
Claim Rejections 35 U.S.C. 103

The Examiner rejects claims 24, 25, 26, 37 and 38 are rejected under 35 U.S.C. 103(a) as
being unpatentable over Hammons, Jr. et al. (US 6,678,263 B1, hereinafter “Hammons”) in view
of Lindskog et al. (US 2004/0013211 Al, hereinafter “Lindskog”). In response, Applicant

respectfully traverses the Examiner’s rejection for reasons detailed below.

The law on obviousness under 35 U.S.C. 103 was recently addressed in KSR Int’l v.
Teleflex, Inc., No. 04-1350, slip op. at 14 (US Apr. 30, 2007). Following this, examination
guidelines were released on October 10, 2007 in regards to détermjning obviousness under 35
U.S.C. 103. According to these guidelines, the framework for the objective analysis for .
determining obviousness under 35 U.S.C. 103 is stated in Graham v. John Deere Co. 383 U.S.
1,148 USPQ 459 (1966). Obviousness is a question of law based on underlying factual inquiries.

The factual inquiries enunciated by the Court are as follows:
(1) Determining the scope and content of the prior art;

(2) Ascertaining the differences between the claimed invention and the prior art; and
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Reply to Office Action of September 6, 2007

(3) Resolving the level of ordinary skill in the pertinent art.

The Graham factors, including secondary considerations when present, are the controlling
inquiries in any obviousness analysis. Once the findings of fact are articulated, Office personnel
must provide an explanation to support an obviousness rejection under 35 U.S.C. 103.
According to KSR, for the Patent Office to properly combine references in support of an
obviousness rejection, the Patent Office must identify a reason why a person of ordinary skill in

the art would have sought to combine the respective teachings of the applied references.

Applicant’s analysis below demonstrates that the Examiner has failed to properly conform to the

aforementioned guidelines for a finding of obviousness under 35 U.S.C. 103.

Determining the Scope and Content of the Prior Art, Ascertaining Differences Between the

Claimed Invention and the Prior Art
Hammons

The Examiner summarizes the relevance of Hammons on page 3 of the detailed action. With
respect, some of the Examiner’s comments respecting Hammons are inaccurate. To begin, the
Examiner argues Hammons discloses “a space-time coding function adapted to produce M space-
time coded symbols (output of modulator 118 in Figure 4) per input set of M symbols (output of
spatiél formatter at 114 in Figure 4)”. This would obviously imply that the Examiner considers
that inner codes 116a through 116¢ are performing the space-time coding function, since the
space-time coding function produces M space-time coded symbols per input set of M symbols,
and the examiner is equating the input symbols with the input to the inner codes. With respect,
there is no reference anywhere in Hammons that these inner codes are performing a space-time
coding operation. Rather, each inner code is performing a simple one dimensional code on its

respective input.

Indeed, Hammons refers to the entire entity 110 (mis-labelled 118 in Figure 4) as implementing
a “full-diversity space-time coding sequence (see col 8 lines 3 to 27). This includes an outer
code 112, spatial formatter 114 and the inner codes 116a through 116c. There is no suggestion

in Hammons that the space-time coding operation takes M input symbols and produces M space-
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time coded symbols. This implementation produces some unspecified number of output symbols
(determined from the number of inner codes = number of antennas) from a continuous input
stream. There is no suggestion of what the outer code 112 is however, it appears this may be the

same as the mobile channel encoder referred to elsewhere in the reference.

With respect, the above discussion establishes an error how the Examiner has determined the
scope and content of the prior art. The result of this is a corresponding error in the difference

between the claimed invention and the prior art.

The Examiner goes on to say “each input set of M symbols comprising one symbol ber symbol
substream, each of the M space-time coded symbols of the M symbol substream is represented in
a respective of M space-time coded streams”. The Examiner argues that “in Figure 4, spatial
formatter 114 separate the incoming signal into plurality of input signals to the inner coder 116a
— 116¢, which are coded by the inner code 116a — 116¢ and further modulated by the modulators
118aa — 118c, therefore, each input set of M symbols comprising one symbol per symbol
substream, each of the M space-time coded symb61 of the M symbol substream is represented in
a respective of M space-time coded streams, column 8, lines 7-12”. The problem with this is the
same as that discussed above. The Examiner is still referring to the “input set of M symbols” as

being the output of the spatial formatter 114. There is no space-time coding between the spatial.

formatter 114 and t_he output of the inner codes. Rather, that is what is simply being executed is
a set of M codes. Of course, the N outputs of the spatial formatter 114 are each represented in
one of the output streams since each output of the spatial formatter is coded by a respective inner
code. However, again it is to be emphasized that that is not a space-time coding operation.
Rather, the combination of spatial formatter 114 kand inner codes 116 is a spacAe-iime coding
operation (referred to as such in Hammons), but there is nothing in the reference that suggests
that this space-time coding operation operates in the manner recited in claim 24. This constitutes
another error in the determination of the scope and content of the prior art and a corresponding

difference between the cited references and Applicants claim 24.
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Lindskog

The Examiner argues that Lindskog teaches a “delay arrangement” that for each symbol,
produces a time of representation of the symbol in the M space-time coded streams that is
different for each of the M space-time coded stream. To begin, it is respectfully submitted that
What is going on in Lindskog is not a delay arrangement. Rather there is a “time reversal”
operation that is implemented — see Figure 5 and associated description. The operation of Figure
5 operates on an input stream d1,d2,d3,d4 to jﬁroducg two antenna outputs as follows (also see

Figure 7):
dld2d3d4>dl d2  d3 d4
-d2* di*  -d4* d3*

With respect, time reversal (the flipping of the order of symbols on each antenna stream) is not
the same as a delay arrangement. Another very important point to realize is that two input
symbols d1,d2 produce four space-tim’e coded symbols d1,d2,-d2*,d1*. In other words, M input
symbolé produce 2M space-time coded symbols. Thus the rate of the code taught in Lindskog et
al. is one half. The next thing to realize is that each space-time coded symbol (d1,d2,-d2*,d1*)
does not in fact include a representation of each symbol of the M symbol substreams as
suggested by the Examiner, and as recited in Applicant’s claim 24. Rather, each space-time
coded symbol includes a representation only of a single input symbol. Clearly space-time coded
syrhbol d1 contains a representation of d1 but not dZ; d2 cdntaihs a representation of d2 but not .
dl; -d2* contains a representation of d2 but not d1, and d1* contains a representation of d1 but
not d2. This constitutes another error in the determination of the scope and content of the prior

art and a corresponding difference between the cited references and Applicants claim 24.

In summary, for the reasons noted above, it is respectfully submitted that the Examiner has failed
to properly determine the scope and content of the prior art as required by the factual inquiries
summarized above. Furthermore, there are differences between the prior art and Applicants

claim 24 that have not been given proper weight.
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Resolving the Level of Ordinary Skill in the Pertinent Art

The Examiner has not addressed this point in the obviousness rejection. This step is required as

one of the three factual inquiries.
Explanation to Support an Obviousness Rejection

As noted above, for the Patent Office to properly combine references in support of an
obviousness rejection, the Patent Office must identify a reason why a person of ordinary skill in
the art would have sought to combine the respective teachings of the applied references. The
examination guidelines indicate that “The key to supporting any rejection under 35 U.S.C. 103 is
the clear articulation of the reason(s) why the claimed invention would have been obvious.” The
Court quoting In re Kahn, 441 F.3d 977, 988, 78 USPQ2d 1329; 1336 (Fed. Cir. 2006), stated
that ** ‘[R]ejections on obviousness cannot be sustained by mere conclusory statements; instead,
there must be some articulated reasoning with some‘rational underpinning to support the legal
conclusion of obviousness.””” Applicant appreciates that the Examiner has articulated a reason |
why the claimed invention would have been obvious. However, for reasons detailed below, the

Examiner’s articulated reason can not be regarded as being valid.
The Examiner argues that

“it is desirable to have the transmitter comprises a delay arrangement, arranged such that
for each symbol, a time of representation of the symbol in the M space-time coded

streams is different for each of the M space-time coded stream, each- space-time coded
symbol comprising a representation of a symbol of each of the M symbol substream and
wherein each symbol of the M symbol substream is represented in all M space-time coded
stream and a plurality of M transmit antenna each adapted to transmit a respective one of
the M space-time coded stream because it increase the diversity in the transmission and
result in creating less interference and thus allowing more users in the system (paragraph
0100, lines 1-13). Therefore it would have been obvious to one ordinary skill in the art at .
the time of invention to combine the teaching of Lindskog et al. with the system of

Hammons, Jr., et al. to improve the capacity of the communication system”.
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To begin, where the references relied upon by the Examiner do not teach all of the limitations, it
is incumbent upon the Examiner to provide a reason why a person skilled in the art would
nonetheless find the claimed invention obvious. As outlined above, there are various elements to
the claimed invention that are not taught in either of the references and the Examiner has failed to
address this. The Examiner refers to paragraph 100 of Lindskog. That paragraph is referring to
the combination of time-reversal space-time block coding alone and transmit delay diversity
which increases the diversity in the transmission. Note that “transmit delay diversity” in
Lindskog refers to the re-transmission of the same information again at a later time on a different

antenna as described above. This result in halving of a throughput of the system.

The Examiner not shown how the claimed combination would ;ac_:tually improve the system of
Hammons as alleged. Hammons has a particular soiution for dealing with multi-path fading that
combines an outer code, spatial formatter, and .inner code. What would be the result of applying
a further, rate ¥4 Alarhouti-style code in the context of Hammons? As detailed above, the result
would not be Applicants claim 24. But the Examiner has not established that it would be
anything of use at all. The Examiner has made the unsubstantiated statement that it would result

in an increase in diversity, reduction in interference and more users.

It is further submitted that even if the Examiner were to successfully show motivation for
combining a delay aspect with the teachings of Hammons, Jr., et al., it is respectfully submitted
that this still would not lead a person skilled in the art to the particular system claimed in claim
24, N '

Regarding claim 25, the Examiner is referring to the demultiplexer function recited in that claim
as being synonymous with the spatial formatter. Of course, if this is done, then Hammons would
have no space-time coding function whatsoever since the demutiplexer simply separates the input
signal into a set of output streams. This is a demultiplexing operation, not a space-time coding

operation.

Regarding claims 37 and 38, as discussed previously, Lindskog produces two M space-time

coded symbols from M input symbols. The subject matter of claims 37 and 38 relate the
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inclusion of each of M space-timé coded symbols in the output streams, something completely

different from that taught in Lindskog.

The Examiner is respectfully requested to withdraw the rejection of the claims 24, 25, 26, 37 and
38.

The Examiner has rejected claim 27 under 35 U.S.C. 103(a) as being unpatentable over
Hammons in view of Lindskog as applied to claim 26 above, and further in view of Ylitalo et al.

(US 7,139,324 B1, hereinafter Ylitalo).

Claim 27 requires an orthogonal transform that produces M orthogonal outputs each of which is
a function of the M substreams. The Examiner refers to Figure 26 of Y]italo. Shown is yet
another example of a system with half the throughput of applicants system. In particular, the
inputs to thé two multipliers 12,14 are s1,-s2*, and s2,s1* respectively. Furthermore, the signals
produced by the arrangement of Figure 26 are transmitted from a multi-beam antenna such as
shown in Figure 23. Specifically, signals 12 and 15 of Figure 26 are transmitted on beam D2 and
DS of Figure 23 respectively. The receiver can separate the signal received via direct path from
beam D5 from the signal received via an indirect path from beam D2 as long as the codes remain
orthogonal. Thus, the point of the orthogonal codes in Ylitalo is to allow separation of |
components sent on separate antenna beams in the receiver. The Examiner has asserted that the
combination of Ylitalo is motivated because “it achieves greater spectral efficiency at the base
station while minimizing co-channel interference”. With respect, the Examiner has not
established how this result would be achieved by combining Ylitalo with Hammons and
Lindskog. It is not at all apparent that this would in fact be the case.

Similar comments apply to the remaining claims.

The Examiner is respectfully requested to withdraw all of the rejections of the claims under 35

U.S.C. 103, and to allow the application.
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In view of the foregoing, early favorable consideration of this application is earnestly solicited.

WE
By [ YA
Ralph A. Dowell

Reg. No. 26,868
Tel.: (703) 415-2555

Date: February 6, 2008

RAB:rld
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IME UNDER 37 CFR 1.136(a) (Large Entity) 14316NP/jas J

Filing Date Examiner Customer No. | Group Art Unit [ Confirmation No.
August 21, 2003 LEE, Siu M. 07380 2611 . 9275
I

Invention: COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF
ORTHOGONAL TRANSFORMATION IN SPACE-TIME CODING

!
]

COMMISSIONER FOR PATENTS:

This is 2 combined amendment and petition under the provisions of 37 CFR 1.136(a) to extend the period for filing a

response to the Office Action of _September 6,2007 _in the above-identified application.
Date

The requested extension is as follows (check time period desired):

O One month Two months O Three months O Four months J Five months
from: December 6, 2007 until: February 6, 2008
Date Date

The fee for the amendment and extension of time has been calculated as shown below:

CLAIMS AS AMENDED
CLAIMS REMAINING HIGHEST # NUMBER EXTRA ADDITIONAL
RATE
AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT FEE
TOTAL CLAIMS 13 - 23 = 0 X $50.00 $0.00
, INDEP. CLAIMS 2 - 3 = 0 X $200.00 $0.00
] FEE FOR AMENDMENT $0.00
‘l i
K FEE FOR EXTENSION OF TIME $460.00
TOTAL FEE FOR AMENDMENT AND EXTENSION OF TIME $460.00

82/87/2688 CNGUYEN? 0u@8Res9 19399859
81 FC:1252 4608.88 0P

P2BLARGE/REVOS
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COMBINED AMENDMENT & PETITION FOR EXTENSION OF Docket No. |

TIME UNDER 37 CFR 1.136(a) (Large Entity) 14316NP/jas l

ey O

a
X

The fee for the amendment and extension of time is to be paid as follows:

A check in the amount of for the amendment and extension of time is enclosed.

Please charge Deposit Account No. 19-2550 in the amount of $460.00

The Director is hereby authorized to charge payment of the following fees associated with this
communication or credit any overpayment to Deposit Account No.  19-2550

X Any additional filing fees required under 37 C.F.R. 1.16.
X Any patent application processing fees under 37 CFR 1.17.

If an additional extension of time is required, please consider this a petition therefor and charge any additional
fees which may be required to Deposit Account No. 19-2550

Payment by credit card. Form PTO-2038 is attached.

WARNING: Information on this form may become public. Credit card information should not be
included on this form. Provide credit card information and authorization on PTO-2038.

Dated: February 6, 2008

R

Signature
Ralph A. Dowell
Reg. No. 26,868 | hereby certify that this comespondence is being
deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope
Tel. No. (703) 415-2555 addressed to the "Commissioner for Patents, P.O. Box

1450, Alexandria, VA 22313-1450" [37 CFR 1.8(a)] on

(Date)

Signature of Person Mailing Correspondence

Typed or Printed Name of Person Mailing Correspondence

P28BLARGE/REVDS
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
10/399,859 08/29/2003 Wen Tong 14316NP 9275
293 7590 05/23/2008 | EXAMINER |
Ralph A. Dowell of DOWELL & DOWELL P.C.
2111 Eisenhower Ave LEE, SITUM
Suite 406 ART UNIT PAPER NUMBER
Alexandria, VA 22314 | | |

2611
| MAIL DATE | DELIVERY MODE |
05/23/2008 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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10/399,859 TONG ETAL.
Office Action Summary Examiner ArtUnit
SIU M. LEE 2611

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

eamed patent term adjustment. See 37 CFR 1.704(b).

Status

1)IX] Responsive to communication(s) filed on 06 February 2008.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

)X Claim(s) 24-30 and 32-38 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5] Claim(s)_____is/are allowed.
6)X] Claim(s) 24-30 and 32-38 is/are rejected.
7)[J Claim(s)_____is/are objected to.
8)[] Claim(s)_____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[X] The drawing(s) filed on 23 April 2003 is/are: a)[X] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAll  b)[JSome * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) [] Notice of Informal Patent Application
Paper No(s)/Mail Date . 6) |:| Other: ___
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20080521
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DETAILED ACTION

Response to Arguments
1. Applicant's arguments with respect to claims 24-30 and 32-38 have been

considered but are moot in view of the new ground(s) of rejection.

Claim Objections
2. Claims 25-28 are objected to because of the following informalities:
Claim 25 recites "A transmitter according to claim 24 further comprising the
demultiplexing and encoding functionality”. There is no antecedent basis for the
demultiplexing and encoding functionality”.

Appropriate correction is required.

Claim Rejections - 35 USC § 102

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.
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4. Claims 24, 37 are rejected under 35 U.S.C. 102(e) as being anticipated by
Lindskog et al. (US 2004/0013211 A1).
5. (1) Regarding claim 24:

Lindskog et al. disclose a transmitter comprising:

a space-time coding function adapted to produce M space-time coded symbols
per input set of M symbols (the space time encoder (time reversal and complex
conjugate as shown in figure 5 that generates 2 space—time coded symbol per an input
set of symbol of di(t) and dx(t) as shown in figure 5),

each input set of M symbols comprising one symbol per symbol substream (each
symbol stream comprise one symbol per symbol stream (d(t) and do(t) as shown in
figure 5),

each of the M space-time coded symbols being included in a respective one of M
space-time coded streams (each space time coded symbol (d1(t) —d2*(N-t) and d(t)
dq*(N-t)) is being included in a respective one of M space-time coded stream for
transmitting from the respective antenna as shown in figure 7),

wherein each symbol of the M symbol substreams is represented in all M space-
time coded streams (each of the space time coded symbol comprises a representation
of the d4(t) and d(t) as shown in figure 7),

wherein the transmitter comprises a delay arrangement, arranged such that for
each symbol a time of representation of the symbol in the M space-time coded streams
is different for each of the M space-time coded streams (paragraph 0093 states that in

transmit delay diversity artificial delay spread is introduced in the channel by
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transmitting the same signal from two or more antenna with some delay between the
transmissions from the different antenna, the two space time coded symbols shown in
figure 7 discloses that d4(t) is align with d2(t) and in the second block in the frame, —
d2*(N-t) is align with d4*(N-t) (paragraph 0075), each space-time coded symbol
comprising a representation of a symbol of each of the M symbol substreams (the
space time coded symbol d4(t) —d2*(N-t) and dz(t) d*(N-t) each comprises a
representation of d¢(t) and dx(t) as shown in figure 7);

a plurality M of transmit antennas each adapted to transmit a respective one of
the M space-time coded streams (antenna 11 for transmitting d(t) —d>*(N-t) and
antenna 12 for transmitting d(t) d1*(N-t) as shown in figure 5).

(2) Regarding claim 37:

Lindskog et al. further discloses wherein each of the M space-time coded
symbols is included in a respective one of M space-time coded streams at a different
time from the inclusion of each other of the M space-time coded symbols in their
respective space-time coded stream (in transmit delay diversity artificial delay spread is
introduced in the channel by transmitting the same signal from two or more antenna
with some delay between the transmissions from the different antenna, the delay
between the antennas would typically be of the order of a symbol interval, paragraph
0093, lines 5-11) (as shown in figure 5, the signal transmitted from antenna 11 contains
a representation of d4(t) and dz(t) and the signal transmitted form the antenna 12

contains a representation of d4(t) and da(t), with the combination of delay diversity, the
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representation of each symbol in the transmitted symbol stream will be delayed with

different symbol interval).

Claim Rejections - 35 USC § 103

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

7. Claim 25, 26, 32, 38 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Lindskog et al. (US 2004/0013211 A1) in view of Calderbank et al. (US 7,215,718
B1).

(1) Regarding claim 25:

Lindskog discloses all the subject matter in claim 24 and disclose the splitting of
d(t) to d4(t) and da(t) but fail to explicitly a demultiplexer and encoding functionality
comprising a multiplexer having M outputs, and M encoder/modulators each producing
a respective one of the M symbol substream, with each of the M encoder/modulators
connected to receive a respective one of the demultiplexer outputs.

Calderbank disclose demultiplexer (demultiplexer 40 in figure 2) and encoding
functionality (channel coder 41 and 51 in figure 2) comprising a demultiplexer having M
output (2 outputs form the demultiplexer 40 as shown in figure 2), and M

encoder/modulators (channel coder 40 and 51 in figure 2) each producing a respective
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one of the M symbol substream, with each of the M encoder/modulators connected to
receive a respective one of the demultiplexer outputs (each of the channel coder 41 and
51 receives an output from the demultiplexer 40 as shown in figure 2).

It is desirable to have a demultiplexer and encoding functionality comprising a
multiplexer having M outputs, and M encoder/modulators each producing a respective
one of the M symbol substream, with each of the M encoder/modulators connected to
receive a respective one of the demultiplexer outputs because it increase the data rate
of the system (column 4, lines 6-7). Therefore, it would have been obvious to one of
ordinary skill in the art at the time of invention to combine the teaching of Calderbank
with the system of Lindskog to improve the efficiency of the system.

(2) Regarding claim 26:

Calderbank further discloses in figure 2 that the demultiplexer and encoding
functionality is adapted to produce the M symbol substream from an input stream (figure
2, info source).

(3) Regarding claim 32:

Lindskog et al. disclose a transmitter comprising:

a space-time coding function adapted to produce M space-time coded symbols
per input set of M symbols (the space time encoder (time reversal and complex
conjugate as shown in figure 5 that generates 2 space—time coded symbol per an input

set of symbol of di(t) and dx(t) as shown in figure 5),
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each input set of M symbols comprising one symbol per symbol substream (each
symbol stream comprise one symbol per symbol stream (d¢(t) and dx(t) as shown in
figure 5),

each of the M space-time coded symbols being included in a respective one of M
space-time coded streams (each space time coded symbol (d1(t) —d2*(N-t) and d(t)
dq*(N-t)) is being included in a respective one of M space-time coded stream for
transmitting from the respective antenna as shown in figure 7),

wherein each symbol of the M symbol substreams is represented in all M space-
time coded streams (each of the space time coded symbol comprises a representation
of the ds(t) and do(t) as shown in figure 7),

wherein the transmitter comprises a delay arrangement, arranged such that for
each symbol a time of representation of the symbol in the M space-time coded streams
is different for each of the M space-time coded streams (paragraph 0093 states that in
transmit delay diversity artificial delay spread is introduced in the channel by
transmitting the same signal from two or more antenna with some delay between the
transmissions from the different antenna, the two space time coded symbols shown in
figure 7 discloses that di(t) is align with da(t) and in the second block in the frame, —
d2*(N-t) is align with d4*(N-t) (paragraph 0075), each space-time coded symbol
comprising a representation of a symbol of each of the M symbol substreams (the
space time coded symbol d1(t) —d2*(N-t) and dz(t) d*(N-t) each comprises a

representation of d¢(t) and dx(t) as shown in figure 7);
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a plurality M of transmit antennas each adapted to transmit a respective one of
the M space-time coded streams (antenna 11 for transmitting di(t) —d2*(N-t) and
antenna 12 for transmitting do(t) d4*(N-t) as shown in figure 5).

Lindskog fails to disclose demultiplexing an input symbol into M symbol
substream; and performing coding and modulation on each of said M symbol
substreams.

However, Calderbank disclose demultiplexer (demultiplexer 40 in figure 2) an
input symbol (info source in figure 2) into 2 substreams and forward each substream to
the channel coders (channel coder 41 and 51 in figure 2)

It is desirable to have a demultiplexer and encoding functionality comprising a
multiplexer having M outputs, and M encoder/modulators each producing a respective
one of the M symbol substream, with each of the M encoder/modulators connected to
receive a respective one of the demultiplexer outputs because it increase the data rate
of the system (column 4, lines 6-7). Therefore, it would have been obvious to one of
ordinary skill in the art at the time of invention to combine the teaching of Calderbank
with the system of Lindskog to improve the efficiency of the system.

(4) Regarding claim 38:

Lindskog et al. further discloses wherein each of the M space-time coded
symbols is included in a respective one of M space-time coded streams at a different
time from the inclusion of each other of the M space-time coded symbols in their
respective space-time coded stream (in transmit delay diversity artificial delay spread is

introduced in the channel by transmitting the same signal from two or more antenna
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with some delay between the transmissions from the different antenna, the delay
between the antennas would typically be of the order of a symbol interval, paragraph
0093, lines 5-11) (as shown in figure 5, the signal transmitted from antenna 11 contains
a representation of d4(t) and dz(t) and the signal transmitted form the antenna 12
contains a representation of d4(t) and da(t), with the combination of delay diversity, the
representation of each symbol in the transmitted symbol stream will be delayed with

different symbol interval).

8. Claim 29 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Lindskog et al. (US 2004/0013211 A1) in view of Ylitalo et al. (US 7,139,324 B1).

Lindskog et al. discloses all the subject matter as discuss in claim 24, Lindskog
et al. further discloses delay elements adapted to insert a delay of M symbol periods in
each of the M substreams (in transmit delay diversity artificial delay spread is introduced
in the channel by transmitting the same signal from two or more antenna with some
delay between the transmissions from the different antenna, the delay between the
antennas would typically be of the order of a symbol interval, paragraph 0093, lines 5-
11) except an orthogonal transform adapted to produce M orthogonal outputs, with the
m™ orthogonal output being a function of the M substreams delayed in said delay
elements by m-1 symbol periods,

However, Ylitalo et al. discloses a transmitter wherein the space-time coding

function comprises:
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an orthogonal transform adapted to produce M orthogonal outputs (multiplier 12
encodes signal CH with a signature code (OC) that is mutually orthogonal to the
signature code that is encoded in the signal CH> by multiplier 14 in figure 26, column
28, lines 19-21) with the m™ orthogonal output being a function of the M substreams
delayed in said delay elements.

It is desirable for a an orthogonal transform adapted to produce M orthogonal
outputs, with the m™ orthogonal output being a function of the M substreams delayed in
said delay elements by m-1 symbol periods because it achieve greater spectral
efficiency at the base station while minimizing co-channel interference (column 3, lines
1-3). Therefore, it would have been obvious to one of ordinary skill in the art at the time
of invention to employ the teaching of Ylitalo et al. in the system of Lindskog et al. to

improve the efficiency of the transmitter.

9. Claims 27, 28, 33, 34, 35 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Lindskog et al. (US 2004/0013211 A1) in view of Calderbank et al.
(US 7,215,718 B1) as applied to claim 26 above, and further in view of Ylitalo et al. (US
7,139,324 B1).

(1) Regarding claim 27:

Lindskog and Calderbank discloses all the subject matter as discuss in claim 26
except wherein the space-time coding function comprises an orthogonal transform
adapted to produce M orthogonal outputs each of which is a function of the M

substreams; and wherein the delay arrangement comprises delay arrangement adapted
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to insert a respective different delay in M-1 of file M orthogonal outputs to produce the M

space-time coded streams.

However, Ylitalo et al. discloses the space-time coding function comprises an
orthogonal transform adapted to produce M orthogonal outputs (multiplier 12 encodes
signal CH, with a signature code (OC) that is mutually orthogonal to the signature code
that is encoded in the signal CHz by multiplier 14 in figure 26, column 28, lines 19-21)
each of which is a function of the M substreams and a delay arrangement comprising a
delay element adapted to insert a respective different delay in M-1 of the M orthogonal
outputs to produce the M space-time coded streams (when M=2, the programmable

delay element in figure 26 insert a delay to the signal 15, column 28, lines 44-50).

It is desirable to have the space-time coding function comprises an orthogonal
transform adapted to produce M orthogonal outputs each of which is a function of the M
substreams and a delay arrangement comprising delay elements adapted to insert a
respective different delay in M-1 of file M orthogonal outputs to produce the M space-
time coded streams because it achieve greater spectral efficiency at the base station
while minimizing co-channel interference (column 3, lines 1-3). Therefore, it would have
been obvious to one of ordinary skill in the art at the time of invention to employ the
teaching of Ylitalo et al. in the system of Lindskog et al. and Calderbank to improve the

efficiency of the transmitter.

(2) Regarding claim 28:
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Ylitalo et al. further discloses a programmable delay element to introduce a delay

to the orthogonal output.

Ylitalo et al. fails to explicitly discloses the delay element introduce a delay of m-1
symbol period in the m™ orthogonal output, where m=1 to M. It would have been
obvious to one of ordinary skill in the art at the time of invention for the programmable
delay line to adapted the delay element to insert a delay of M symbol period in each of
the M substream and with the m™ orthogonal output being delayed in said delay
elements by m-1 symbol periods, since it has been held that discovering an optimum
value of a result effective variable involves only routine skill in the art. lii re Boesch, Eli
f.2d 272, 205 USPQ 215.

(3) Regarding claim 33:

Lindskog et al. and Calderbank discloses all the subject matter as discuss in
claim 32 except executing an orthogonal transform to produce M orthogonal outputs
each of which is a function of the M substream; and implementing the delay function
comprising delaying the M orthogonal outputs to produce M delayed orthogonal outputs
such that each of the M delayed orthogonal outputs is a function of a given element of
each of the M substreams at a different time.

However, Ylitalo et al discloses executing an orthogonal transform to produce M
orthogonal outputs each of which is a function of the M substreams (multiplier 12
encodes signal CH4 with a signature code (OC) that is mutually orthogonal to the
signature code that is encoded in the signal CHz2 by multiplier 14 in figure 26, column

28, lines 19-21) and; implementing the delay function comprising delaying the M

Nintendo Exhibit 1013
Page 274



Application/Control Number: 10/399,859 Page 13
Art Unit: 2611

orthogonal outputs to produce M delayed orthogonal outputs such that each of the M
delayed orthogonal outputs is a function of a given element of each of the M
substreams at a different time (the programmable delay element in figure 26 insert a
delay to the signal 15 and each of the signal 12 and signal 15 is a function of S1 and
S2, column 28, lines 44-50).

It is desirable to executing an orthogonal transform to produce M orthogonal
outputs each of which is a function of the M substream; and implementing the delay
function comprising delaying the M orthogonal outputs to produce M delayed orthogonal
outputs such that each of the M delayed orthogonal outputs is a function of a given
element of each of the M substreams at a different time because it achieve greater
spectral efficiency at the base station while minimizing co-channel interference (column
3, lines 1-3). Therefore, it would have been obvious to one of ordinary skill in the art at
the time of invention to employ the teaching of Ylitalo et al. in the system of Lindskog et
al. and Calderbank to improve the efficiency of the transmitter.

(4) Regarding claim 34:

Ylitalo et al. further discloses a programmable delay element to introduce a delay
to the orthogonal output.

Ylitalo et al. fails to explicitly discloses the delay element introduce a delay of m-1
symbol period in the m™ orthogonal output, where m=1 to M. It would have been
obvious to one of ordinary skill in the art at the time of invention for the programmable
delay line to adapted the delay element to insert a delay of M symbol period in each of

the M substream and with the m™ orthogonal output being delayed in said delay
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elements by m-1 symbol periods, since it has been held that discovering an optimum
value of a result effective variable involves only routine skill in the art. lii re Boesch, Eli
f.2d 272, 205 USPQ 215.

(5) Regarding claim 35:

Lindskog et al. and Calderbank discloses all the subject matter as discussed in
claim 32, Lindskog et al. further discloses delay elements adapted to insert a delay of M
symbol periods in each of the M substreams (in transmit delay diversity artificial delay
spread is introduced in the channel by transmitting the same signal from two or more
antenna with some delay between the transmissions from the different antenna, the
delay between the antennas would typically be of the order of a symbol interval,
paragraph 0093, lines 5-11) except wherein performing the space-time coding function
comprises executing an orthogonal transform adapted to produce M orthogonal outputs,
with the m™ orthogonal output being a function of the M substreams delayed m-1

symbol periods.

However, Ylitalo et al. discloses a transmitter wherein the space-time coding
function comprises an orthogonal transform adapted to produce M orthogonal outputs
(multiplier 12 encodes signal CH1 with a signature code (OC) that is mutually orthogonal
to the signature code that is encoded in the signal CH» by multiplier 14 in figure 26,
column 28, lines 19-21) with the m™ orthogonal output being a function of the M

substreams delayed in said delay elements (delay element in figure 26).

It is desirable to performing the space-time coding function comprises executing

an orthogonal transform adapted to produce M orthogonal outputs, with the m™
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orthogonal output being a function of the M substreams delayed m-1 symbol periods
because it minimizing co-channel interference (column 3, lines 1-3). Therefore, it would
have been obvious to one of ordinary skill in the art at the time of invention to employ
the teaching of Ylitalo et al. in the system of Lindskog et al. and Calderbank to improve

the efficiency of the transmitter.

10.  Claims 30 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Lindskog et al. (US 2004/0013211 A1) in view of Ylitalo et al. (US 7,139,324 B1) as
applied to claims 29 above, and further in view of Yamao et al. (US 6,351,498 B1).

Lindskog et al. and Ylitalo et al. disclose all the subject matter as discuss in claim
29 except wherein the orthogonal transform comprises M M-ary mapping functions,
each adapted to produce a respective sequence of M-ary symbols with the M-ary
symbol of the m™ M-ary mapping function being a function of the M substreams delayed
in said delay elements by m-1 bit periods.

However, Yamao et al. discloses a orthogonal transform comprises M M-ary
mapping function (M-ary encoder 1-1 to 1-N in figure 8), each adapted to produce a
respective sequence of M-ary symbols with the M-ary symbol of the m™ M-ary mapping
function being a function of the M-substreams delayed in said elements (at the M-ary
encoders 1-1 to 1-N, M-ary orthogonal codes corresponding to the respective inputs are
generated, when the ordinary orthogonal codes with L=2 are used, the 2 bits data
entered into the M-ary encoder is converted into one of the 4 bits length orthogonal

code, column 6, lines 7-14).
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It is desirable for wherein the orthogonal transform comprises M M-ary mapping
functions, each adapted to produce a respective sequence of M-ary symbols with the M-
ary symbol of the m™ M-ary mapping function being a function of the M substreams
delayed in said delay elements by m-1 bit periods because it is capable of reducing
errors due to fading while maintaining the characteristics of the M-ary modulation and
demodulation scheme that is robust against interference (column 3, lines 12-13).
Therefore, it would have been obvious to one of ordinary skill in the art at the time of
invention to employ the teaching of Yamao et al. in the system of Lindskog et al. and

Ylitalo et al. to improve the performance of the system.

11.  Claim 36 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Lindskog et al. (US 2004/0013211 A1) in view of Calderbank et al. (US 7,215,718 B1)
and Ylitalo et al. (US 7,139,324 B1) as applied to claim 33 above, and further in view of
Yamao et al. (US 6,351,498 B1).

Lindskog et al., Calderbank and Ylitalo et al. disclose all the subject matter as
discuss in claims 33 except wherein the orthogonal transform comprises M M-ary
mapping functions, each adapted to produce a respective sequence of M-ary symbols
with the M-ary symbol of the m™ M-ary mapping function being a function of the M
substreams delayed in said delay elements by m-1 bit periods.

However, Yamao et al. discloses a orthogonal transform comprises M M-ary
mapping function (M-ary encoder 1-1 to 1-N in figure 8), each adapted to produce a

respective sequence of M-ary symbols with the M-ary symbol of the m™ M-ary mapping
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function being a function of the M-substreams delayed in said elements (at the M-ary
encoders 1-1 to 1-N, M-ary orthogonal codes corresponding to the respective inputs are
generated, when the ordinary orthogonal codes with L=2 are used, the 2 bits data
entered into the M-ary encoder is converted into one of the 4 bits length orthogonal
code, column 6, lines 7-14).

It is desirable for wherein the orthogonal transform comprises M M-ary mapping
functions, each adapted to produce a respective sequence of M-ary symbols with the M-
ary symbol of the m™" M-ary mapping function being a function of the M substreams
delayed in said delay elements by m-1 bit periods because it is capable of reducing
errors due to fading while maintaining the characteristics of the M-ary modulation and
demodulation scheme that is robust against interference (column 3, lines 12-13).
Therefore, it would have been obvious to one of ordinary skill in the art at the time of
invention to employ the teaching of Yamao et al. in the system of Lindskog et al.,

Calderbank and Ylitalo et al. to improve the performance of the system.

Conclusion

12.  The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.
Bevan et al. (US 6,891,897 B1) discloses a space-time coding, and channel

estimation scheme, arrangement and method.
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Wallace et al. (US 6,473,467 B1) discloses a method and apparatus for
measuring reporting channel state information in a high efficiency, high
performance communication system.

The prior art of the instant application teaches using a demultiplexer (10) and

cod/mod (12A to 12M) to generate M symbol substream from an input stream.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SIU M. LEE whose telephone number is (571)270-1083.
The examiner can normally be reached on Mon-Fri, 7:30-4:00 with every other Friday
off.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Chieh Fan can be reached on (571) 272-3042. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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/Siu M Lee/
Examiner, Art Unit 2611
5/22/2008

/CHIEH M FAN/

Supervisory Patent Examiner, Art Unit 2611
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SWNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 10/399,859 Confirmation No. 9275
Applicant : Wen Tong, et al

Filed : October 27, 2000

TC/A.U. . 2611

Examiner : SiuM. Lee

Docket No. . 14316NP

Customer No. : 000293

Commissioner for Patents
Alexandria, VA 22313-1450
U.S.A.

Dear Sir:

In response to the Office Action of May 23, 2008, please see below remarks:

Amendments to the Claim are reflected in the listing of claims which begin on page 2 of this

paper.
Interview Summary begins on page 6 of this paper.

Remarks/Arguments begin on page 7 of this paper.
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Appl. No. 10/399,859
Reply to Office Action of May 23, 2008

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

Claims 1-23 (Cancelled)
24. (Currently amended) A transmitter adapted to process a plurality M of symbol substreams,

the transmitter comprising:

a space-time coding function adapted to produce M space-time coded symbols per
input set of M symbols, each input set of M symbols comprising one symbol per symbol
substream, each of the M space-time coded symbols being included in a respective one of M
space-time coded streams, wherein each symbol of the M symbol substreams is represented in all
M space-time coded streams, wherein the transmitter comprises a delay arrangement, arranged
such that-for each symbol a time of representation of the symbol in the M space-time coded
streams is different for each of the M space-time coded streams, each space-time coded symbol

comprising a representation of a symbol of each of the M symbol substreams;

a plurality M of transmit antennas each adapted to transmit a respective one of the M

space-time coded streams, such that for each symbol of each input set of M symbols, the M

space-time coded symbols that contain a representation of the symbol are transmitted at different

times.

25. (Previously presented) A transmitter according to claim 24 further comprising the
demultiplexing and encoding functionality comprising a demultiplexer having M outputs, and M
encoder/modulators each producing a respective one of the M symbol substreams, with each of

the M encoder/modulators connected to receive a respective one of the demultiplexer outputs.

26. (Previously presented) A transmitter according to claim 25 wherein the demultiplexing and

encoding functionality is adapted to produce the M symbol substreams from an input stream.
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27. (Previously presented) A transmitter according to claim 26 wherein the space-time coding

function comprises:

an orthogonal transform adapted to produce M orthogonal outputs each of which

is a function of the M substreams;

wherein the delay arrangement comprises delay elements adapted to insert a
respective different delay in M-1 of the M orthogonal outputs to produce the M space-time coded

streams.

28. (Previously presented) A transmitter according to claim 27 wherein the delay elements are
adapted to introduce a delay of m-1 symbol periods in the mth orthogonal output, where m=1, ...,

M.

29. (Previously presented) A transmitter according to claim 24 wherein the delay arrangement

comprises:

delay elements adapted to insert a delay of M symbol periods in each of the M

substreams; and

the space-time coding function further coniprises an orthogonal transform adapted
to produce M orthogonal outputs, with the mth orthogonal output being a function of the M

substreams delayed in said delay elements by m-1 symbol periods.

30. (Previously presented) A transmitter according to claim 29 wherein the M substreams are bit
streams, and wherein the orthogonal transform comprises M M-ary mapping functions, each
adapted to produce a respective sequence of M-ary symbols with the M-ary symbol of the mth
M-ary mapping function being a function of the M substreams delayed in said delay elements by

m-1 bit periods.
31. (Cancelled)
32. (Currently amended) A method comprising:

demultiplexing an input symbol stream into M symbol substreams;
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performing coding and modulation on each of said M symbol substreams;

performing a space-time coding function adapted to produce M space-time coded
symbols per input set of M symbols, each input set of M symbols comprising one symbol per
symbol substream, each of the M space-time coded symbols being included in a respective one of
M space-time coded streams, wherein each symbol of the M symbol substreams is represented in
all M space-time coded streams, wherein performing the space-time coding function comprises
implementing a delay function, arranged such that-for each symbol a time of representation of the
symbol in the M space-time coded streams is different for each of the M space-time coded
streams, each space-time coded symbol comprising a representation of a symbol of each of the M

symbol substreams;

transmitting the M space-time coded streams on respective antennas, such that for

each symbol of each input set of M symbols, the M space-time coded symbols that contain a

representation of the symbol are transmitted at different times.

33. (Previously presented) A method according to claim 32 wherein performing the space-time

coding function comprises:

executing an orthogonal transform to produce M orthogonal outputs each of

which is a function of the M substreams; and

implementing the delay function comprises delaying the M orthogonal outputs to
produce M delayed orthogonal outputs such that each of the M delayed orthogonal outputs is a

function of a given element of each of the M substreams at a different time.

34. (Previously presented) A method according to claim 33 wherein the mth orthogonal

output is delayed by m-1 symbol periods, where m=1, ..., M.

35. (Previously presented) A method according to claim 32 wherein performing the space-

time coding function comprises:

delaying by M symbol periods each of the M substreams;
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executing an orthogonal transform adapted to produce M orthogonal outputs, with

the mth orthogonal output being a function of the M substreams delayed m-1 symbol periods.

36. (Previously presented) A method according to claim 33 wherein the M substreams are bit
streams, and wherein the orthogonal transform comprises M M-ary mapping functions, each
adapted to produce a respective sequence of M-ary syrhbols with the M-ary symbol of the mth
M-ary mapping function being a function of the M substreams delayed in said delay elements by

m-1 bit periods.

37. (Previously presented) A transmitter according to claim 24, wherein each of the M space-
time coded symbols is included in a respective one of M space-time coded streams at a different
time from the inclusion of each other of the M space-time coded symbols in their respective

space-time coded stream.

38. (Previously presented) A method according to claim 32, wherein each of the M space-time
coded symbols is included in a respective one of M space-time coded streams at a different time
from the inclusion of each other of the M space-time coded symbols in their respective space-

time coded stream.
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Reply to Office Action of May 23, 2008

INTERVIEW SUMMARY

Applicant thanks the Examiner for the opportunity to discuss this application with Allan
Brett both on September 16, 2008 and September 17, 2008.

It was discussed that the basis of the Examiner's objection, as supported by the
Examiner's supervisor, is that the entire frame of Figure 7 in Lindskog is being construed a single
"symbol" as referred to in Claim 1 in Applicant's application. The Examiner suggested that
amending the claim to indicate that the space time coded symbols are transmitted at different

times might overcome the references cited.
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REMARKS/ARGUMENTS

The Examiner has rejected claims 24 and 37 under 35 U.S.C 102(e) as being anticipated
by Lindskog et al. To begin, it is noted that corresponding European Patent No. 1 330 888 has
granted containing a claim identical to pending claim 1. During prosecution, European Patent
No. EP 0993 130 A2 was cited, and in particular Figure 2 of that patent was cited. This is
simply brought to the attention of the Examiner because Figure 2 of EP 0 993 130 A2 discloses
the similar functionality to Figure 5 of the cited Lindskog reference.

Claim 1 includes the limitation:

“each space-time coded symbol comprising representations of M symbols of the M

symbol substreams”.

Each output of the orthogonal transformation is a function of all of the instantaneous
inputs. In other words, “x; = fi (s, $2,...,M),. .., Xm = fm (51, S2,...,Sm)”. For the sake of a really
clear example, we can work through the example using the F matrix that appears at the top of

page 9. Applying this to a pair of input symbols s, s;, the matrix multiplication that would take

[x, }_1 1e™ s,
X, 2 le'ﬂw Sz

place is as follows:

S1 ejl'l/‘iS2
X, =t

2o 2

S, e /Mg,
X, =—F—+—7

AN

For this particular example, the separation in time referred to in the claims, namely the fact that

the time of representation of each symbol in the M space-time coded streams is different for each
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of the M space-time coded stream is achieved by transmitting x; and x, at different times. In the

illustrated example, x; has representations of the two symbol substreams as does x;.

Referring back to the Figure 5 of Lindskog, the behaviour is as shown in Figure 7. The output

streams are as follows:
Antenna 11: Txp: di(t) -dy*(N-t)
Antenna 12: Tx,: da(t) d*(N-t)

To simplify the discussion, assume N=2. Then the output streams are as follows where the

known/training symbols have been omitted for clarity:
Tx; di(1) di(2) -d;'(2) -dy'(1)
Tx, da(1) da(2) -dx(2) -di(1)

The instantaneous inputs are d;(1), d2(2), dx(1) and d2(2). Converting this to the notation of our

example, sy, s, S3, 84 yields:
TX] S1 S2 -S3 -S4
TXz S3 S4 -S1 -$3

Here it can be seen that each input symbol s, s, s3, 4 is represented in each of the two transmit
streams as suggested by the Examiner. In addition, the time of representation is different in each
of the two transmit symbols as identified by the Examiner. The difference here however is that

each space-time coded symbol includes a representation of only one symbol. For example, the

transmit symbol s; obviously only includes the representation of input symbol s, the transmit
symbol s, includes a representation of s, the transmit symbol - s, contains a representation of s,
and the transmit symbol - s; contains a representation of s;. In other words, each of the “space-
time coded symbols” includes one representation of one of the symbols of the M symbol

substreams.
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Thus, it cannot be said that each space time coded symbol is a function of all of the
instantaneous inputs. Another difference is that the output of the encoding process of Lindskog
is 4N symbols for 2N input symbols. For the detailed example described above, there are 8
output symbols for 4 input symbols. In contrast Applicant’s claim 1 produces M encoded
symbols from M input symbols, and one of those is sent on each of M transmit antennas. Clearly

this results in a system with twice the throughput of Lindskog.

Turning now to the Examiner's contention that the combination of d; (t) and -d,*(N-t) of
Figure 7 is a single symbol, this interpretation being necessary for Lindskog to be relavent,

Applicant respectfully notes that:

During patent examination, we give the words in the claims their “broadest
reasonable meaning of the words in their ordinary usage as they would be
understood by one of ordinary skill in the art, taking into account whatever
enlightenment by way of definitions or otherwise that may be afforded by the
written description contained in the applicant's specification.” In re Morris, 127
F.3d 1048, 1054 (Fed. Cir. 1997). “Giving claims their broadest reasonable
construction ‘serves the public interest by reducing the possibility that claims,

bR

finally allowed, will be given broader scope than is justified.’” In re American
Academy of Science Tech Center, 367 F.3d 1359, 1364 (Fed. Cir. 2004) (internal

citations omitted).
See [Ex parte Mary Ann Hettich; Appeal No. 2008-1419].

It is respectfully submitted that this construction of "symbol" is not consistent with the
written description of Applicant's application nor is it consistent with the Lindskog reference on

its own.

Referring first to the subject application, this definition of a "symbol" would require that
multiple sequential outputs of each antenna be construed as a "single symbol". For example,

referring to Figure 4, this would require z; (t1), z, (t2) to be construed a single symbol.
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Similarly, zn, (t1) and z,, (t2) would need to be considered a single symbol and so on. This is
clearly inconsistent with the description of the figure in which z;, z, are each referred to as
respective symbols. A "space-time coded symbol" is no different - it is simply a symbol as

output by a space-time coded operation.

Turning now to Lindskog, the description of Figure 7 makes it clear that what is shown is
a frame of symbols. The frame has a first block, referred to as an r; block and a second block, -
referred to as a r, block. The description and the figure itself makes it clear that each of these
blocks is composed of a plurality of symbols. Throughout Lindskog, d; and d, (t) are referred to
as "symbol streams". After space time coding, the combination of time reversal and complex
conjugation is used to produce the frame structure of figure 7. The first block includes "at least n
h known symbols" followed by some unknown symbols, followed by another set of at least n h
known symbols. A similar structure is used for the second block of the frame. Each of the

symbols in Figure 7 is the output of a space-time coding operation and as such is a space-time

coded symbol.

Notwithstanding this, Applicant has amended claim 1 in the manner suggested by the

Examiner to include the following limitation upon the symbols transmitted:

"such that for each symbol of each input set of M symbols, the M space-time coded

symbols that contain a representation of the symbol are transmitted at different times".

Using the Examiner's construction of "symbol", the entirety of Figure 7 that is transmitted on one
antenna is a "single symbol". As such, the "symbol" transmitted on the first antenna that contains
the representation of d, is transmitted simultaneously with the "symbol" transmitted on the

second antenna containing a representation of d,.

Due to the fact that multiple limitations are not taught in the 102(e) reference, the

Examiner is respectfully requested to withdraw the anticipation rejections of the claims.

The 35 U.S.C. 103(a) rejections rely on the Examiner’s interpretation of Lindskog. For
this reason, Applicant respectfully requests the 35 U.S.C. 103(e) rejections be withdrawn as well.

10

Nintendo Exhibit 1013
Page 300



Appl. No. 10/399,859
Reply to Office Action of May 23, 2008

In view of the foregoing, early favorable consideration of this application is earnestly
solicited.
Respectfully submitted,

WENATONG, ET AL.

Ralph A. Dowell
Reg. No. 26,868
Tel.: (703) 415-2555
Date: September 23, 2008

RAB:rid:sng
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UNITED STATES PATENT AND TRADEMARK OFFICE

‘;RH
Applicant : Tong et al.
Appl. No. : 10/399,859
Filed : October 27, 2000
Title : COMBINATION OF SPACE-TIME CODING AND SPATIAL

MULTIPLEXING, AND THE USE OF ORTHOGONAL
TRANSFORMATION IN SPACE-TIME CODING

Grp./A.U. : 2611
Examiner : Siu M. Lee
Docket No.: 14316NP

Honorable Commissioner of Patents
Alexandria, VA 22313-1450

REQUEST FOR EXTENSION OF TIME

It is respectfully requested that a one month extension of

time, until September 23, 2008, be granted in which to respond to

the Office Action dated_May 23, 2008 . The statutory fee of

$120.00 for the one month extension is attached. Any
deficiencies in the extension of time fees may be charged to
Deposit Account No. 04-1577.

Respectfully submitted,

DOWELL & DOWELL, P. C.

: Wendy M. §lhde{ Reg. No.: 53,604
DOWELL & DOWELL, P. C. Date: Septiehber 2008

Suite 406, 2111 Eisenhower Avenue
Alexandria, VA 22314
Telephone: (703) 415-2555
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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450
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Application No. Applicant(s)

i 10/399,859 TONG ET AL.
Interview Summary Examiner Art Unit
SIU M. LEE 2611

All participants (applicant, applicant’s representative, PTO personnel):

(1) SIUM. LEE. G

(2) Allan Brett. 4 _—.

Date of Interview: 16 September 2008.

Type: a)X] Telephonic b)[] Video Conference
c)] Personal [copy given to: 1)[] applicant  2)[X] applicant’s representative]

Exhibit shown or demonstration conducted: d)[] Yes e)X] No.
If Yes, brief description:

Claim(s) discussed: 24 and 32.

Identification of prior art discussed: US 2004/0013211 A1.

Agreement with respect to the claims f)[] was reached. ¢)X] was not reached. h)[_] N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: The atorney and the examiner discuss about the difference between the application
and the reference Lindskog US 2004/0013211 A1..

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet.

/Siu M Lee/
Examiner, Art Unit 2611

U.S. Patent and Trademark Office
PTOL-413 (Rev. 04-03) Interview Summary Paper No. 20080918
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

293 7590 12/31/2008 | EXAMINER |
Ralph A. Dowell of DOWELL & DOWELL P.C. LEE, SIUM
2111 Eisenhower Ave | ART UNIT PAPER NUMBER |
Suite 406

2611

Alexandria, VA 22314 DATE MAILED: 12/31/2008

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

10/399.859 08/29/2003 Wen Tong 14316NP 9275

TITLE OF INVENTION: COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF ORTHOGONAL
TRANSFORMATION IN SPACE-TIME CODING

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1510 $0 $0 $1510 03/31/2009

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW

DUE.
HOW TO REPLY TO THIS NOTICE:

1. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

apéyropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

293 7590 12/31/2008
Certificate of Mailing or Transmission

Ralph A. Dowell of DOWELL & DOWELL P.C. 1 hereby certify that this Fee(s) Transmittal is being deposited with the United
2111 Fisenhower Ave States Postal Service with sufficient postage for first class mail in an envelope
. addressed to the Mail Stop ISSUE FEE address above, or beinlg facsimile

Suite 406 transmitted to the USPTO (571) 273-2885, on the date indicated below.

Alexandria, VA 22314 —
(Depositor's name)
(Signature)
(Date)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/399,859 08/29/2003 Wen Tong 14316NP 9275

TITLE OF INVENTION: COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF ORTHOGONAL
TRANSFORMATION IN SPACE-TIME CODING

| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $0 $0 $1510 03/31/2009
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
LEE, STUM 2611 375-260000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). : 1
(1) the names of up to 3 registered patent attorneys
[ Change of corress%?ndence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . 2
(2) the name of a single firm (having as a member a
(] "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

%)

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
(] Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Py Applicant claims SMALL ENTITY status. See 37 CFR 1.27. o Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to tlzfe Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
10/399,859 08/29/2003 Wen Tong 14316NP 9275
293 7590 12/31/2008 | EXAMINER |
Ralph A. Dowell of DOWELL & DOWELL P.C. LEE, SIUM
2111 Eisenhower Ave | ART UNIT PAPER NUMBER |
Suite 406

2611

Alexandria, VA 22314 DATE MAILED: 12/31/2008

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 779 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 779 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.
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Application No. Applicant(s)
. . . 10/399,859 TONG ET AL.
Examiner-Initiated Interview Summary
Examiner Art Unit
SIU M. LEE 2611
All Participants: Status of Application:
(1) SIUM. LEE. 3) .
(2) Ralph A. Dowell. 4) .
Date of Interview: 17 December 2008 Time: 5:10 pm
Type of Interview:
X Telephonic
[ Video Conference

[] Personal (Copy given to: [ ] Applicant ] Applicant's representative)

Exhibit Shown or Demonstrated: [] Yes No
If Yes, provide a brief description:

Part .

Rejection(s) discussed:

Claims discussed:
Claims 24-27, 29, 32, 35-38

Prior art documents discussed:

Part Il.

SUBSTANCE OF INTERVIEW DESCRIBING THE GENERAL NATURE OF WHAT WAS DISCUSSED:
The attorney agrees to the proposed changes to claims 24-27, 29, 32, 25-28.

Part lll.

[ 1t is not necessary for applicant to provide a separate record of the substance of the interview, since the interview
directly resulted in the allowance of the application. The examiner will provide a written summary of the substance
of the interview in the Notice of Allowability.

[ It is not necessary for applicant to provide a separate record of the substance of the interview, since the interview
did not result in resolution of all issues. A brief summary by the examiner appears in Part || above.

(Applicant/Applicant’s Representative Signature — if appropriate)

U.S. Patent and Trademark Office
PTOL-413B (04-03) Examiner Initiated Interview Summary Paper No. 20081218
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Application No. Applicant(s)

. . 10/399,859 TONG ET AL.
Notice OfAIlowablIlty Examiner Art Unit
SIU M. LEE 2611

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to 9/23/2008.
2. [X] The allowed claim(s) isfare 24-30 and 32-36.

3. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[d Al b)[dSome* c¢)[INone of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. _____
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [[] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(@) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date ______.
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. X Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. X Examiner's Amendment/Comment
Paper No./Mail Date
4. [J Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance
of Biological Material
9. [] Other )
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-086) Notice of Allowability Part of Paper No./Mail Date 20081218
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Application/Control Number: 10/399,859 Page 2
Art Unit: 2611

DETAILED ACTION

EXAMINER’S AMENDMENT
1. An examiner’'s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.
Authorization for this examiner's amendment was given in a telephone interview

with Ralph A. Dowell on 12/17/2008.

(1) Regarding claim 24, replace claim 24 by the following:

---A transmitter adapted to process a plurality M of symbol substreams, the
transmitter comprising:

a space-time coding block adapted to produce M space-time coded
symbols per input set of M symbols, each input set of M symbols comprising one
symbol per symbol substream, each of the M space-time coded symbols being
included in a respective one of M space-time coded streams, wherein each
symbol of the M symbol substreams is represented in all M space-time coded
streams, wherein the transmitter comprises a delay arrangement, arranged such
that for each symbol of the M symbol substreams a time of representation of the

symbol in the M space-time coded streams is different for each of the M space-
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Application/Control Number: 10/399,859 Page 3
Art Unit: 2611

time coded streams, each space-time coded symbol comprising a representation
of a symbol of each of the M symbol substreams;

a plurality M of transmit antennas each adapted to transmit a respective
one of the M space-time coded streams, such that for each symbol of each input
set of M symbols, the M space-time coded symbols that contain a representation
of the symbol are transmitted at different times.---

(2) Regarding claim 25, replace claim 25 by the following:

---A transmitter according to claim 24 further comprising a demultiplexing
and encoding block comprising a demultiplexer having M outputs, and M
encoder/modulators each producing a respective one of the M symbol
substreams, with each of the M encoder/modulators connected to receive a
respective one of the demultiplexer outputs.---

(2) Regarding claim 26, replace claim 26 by the following:

---A transmitter according to claim 25 wherein the demultiplexing and
encoding block is adapted to produce the M symbol substreams from an input
stream.---

(3) Regarding claim 27, replace claim 27 by the following:

---A transmitter according to claim 26 wherein the space-time coding block
comprises:

an orthogonal transform adapted to produce M orthogonal outputs each of

which is a function of the M substreams;
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Application/Control Number: 10/399,859 Page 4
Art Unit: 2611

wherein the delay arrangement comprises delay elements adapted to insert
a respective different delay in M-1 of the M orthogonal outputs to produce the M
space-time coded streams.---

(4) Regarding claim 29, replace claim 29 by the following:

---A transmitter according to claim 24 wherein the delay arrangement
comprises:

delay elements adapted to insert a delay in at least one of the M
substreams; and

the space-time coding function further comprises an orthogonal transform
adapted to produce M orthogonal outputs, with the m" orthogonal output being a
function of the M substreams delayed in said delay elements by m-1 symbol
periods.---

(5) Regarding claim 32, replace claim 32 by the following:

---A method comprising:

demultiplexing an input symbol stream into M symbol substreams;

performing coding and modulation on each of said M symbol substreams;

performing a space-time coding function adapted to produce M space-time
coded symbols per input set of M symbols, each input set of M symbols
comprising one symbol per symbol substream, each of the M space-time coded
symbols being included in a respective one of M space-time coded streams,
wherein each symbol of the M symbol substreams is represented in all M space-

time coded streams, wherein performing the space-time coding function
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comprises implementing a delay function, arranged such that-for each symbol of
the M symbol substream, a time of representation of the symbol in the M space-
time coded streams is different for each of the M space-time coded streams, each
space-time coded symbol comprising a representation of a symbol of each of the
M symbol substreams;

transmitting the M space-time coded streams on respective antennas, such
that for each symbol of each input set of M symbols, the M space-time coded
symbols that contain a representation of the symbol are transmitted at different
times.---

(6) Regarding claim 35, replace claim 35 by the following:

---A method according to claim 32 wherein performing the space- time
coding function comprises:

delaying at least one of the M substreams

executing an orthogonal transform adapted to produce M orthogonal
outputs, with the m™ orthogonal output being a function of the M substreams
delayed m-1 symbol periods.---

(7) Regarding claim 36, replace claim 36 by the following:

---A method according to claim 35 wherein the M substreams are bit
streams, and wherein the orthogonal transform comprises M M-ary mapping
functions, each adapted to produce a respective sequence of M-ary symbols with
the M-ary symbol of the m'" M-ary mapping function being a function of the M

substreams delayed in said delay elements by m-1 bit periods.---
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(8) Regarding claim 37
Cancel claim 37.
(9) Regarding claim 38:

Cancel claim 38.

Allowable Subject Matter
2. Claims 24-30, 32-36 are allowed.
3. The following is an examiner’s statement of reasons for allowance:

(1) Regarding claim 24-30:

The present invention describes a transmitter adapted to process a plurality M of
symbol substreams, the transmitter comprising a space-time coding block adapted to
produce M space-time coded symbols per input set of M symbols, each input set of M
symbols comprising one symbol per symbol substream, each of the M space-time
coded symbols being included in a respective one of M space-time coded streams,
wherein each symbol of the M symbol substreams is represented in all M space-time
coded streams, wherein the transmitter comprises a delay arrangement, arranged such
that for each symbol of the M symbol substreams a time of representation of the symbol
in the M space-time coded streams is different for each of the M space-time coded
streams, each space-time coded symbol comprising a representation of a symbol of
each of the M symbol substreams; and a plurality M of transmit antennas each adapted
to transmit a respective one of the M space-time coded streams, such that for each

symbol of each input set of M symbols, the M space-time coded symbols that contain a
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representation of the symbol are transmitted at different times. The closest prior art,
Lindskog et al. (US 2004/0013211 A1) discloses a similar space time coding system but
fail to disclose a plurality M of transmit antennas each adapted to transmit a respective
one of the M space-time coded streams, such that for each symbol of each input set of
M symbols, the M space-time coded symbols that contain a representation of the
symbol are transmitted at different times. This distinct feature has been added to the
independent claim 24, thus rendering claims 24-30 allowable.

(2) Regarding claim 32-36:

The present invention describes a method comprising demultiplexing an input
symbol stream into M symbol substreams; performing coding and modulation on each
of said M symbol substreams; performing a space-time coding function adapted to
produce M space-time coded symbols per input set of M symbols, each input set of M
symbols comprising one symbol per symbol substream, each of the M space-time
coded symbols being included in a respective one of M space-time coded streams,
wherein each symbol of the M symbol substreams is represented in all M space-time
coded streams, wherein performing the space-time coding function comprises
implementing a delay function, arranged such that-for each symbol of the M symbol
substream, a time of representation of the symbol in the M space-time coded streams is
different for each of the M space-time coded streams, each space-time coded symbol
comprising a representation of a symbol of each of the M symbol substreams;
transmitting the M space-time coded streams on respective antennas, such that for

each symbol of each input set of M symbols, the M space-time coded symbols that
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contain a representation of the symbol are transmitted at different times. The closest
prior art, Lindskog et al. (US 2004/0013211 A1) discloses a similar space time coding
system but fail to disclose transmitting the M space-time coded streams on respective
antennas, such that for each symbol of each input set of M symbols, the M space-time
coded symbols that contain a representation of the symbol are transmitted at different
times. This distinct feature has been added to the independent claim 32, thus rendering

claims 32-36 allowable.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SIU M. LEE whose telephone number is (571)270-1083.
The examiner can normally be reached on Mon-Fri, 7:30-4:00 with every other Friday
off.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Chieh Fan can be reached on (571) 272-3042. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Siu M Lee/

Examiner, Art Unit 2611
12/18/2008

/Chieh M Fan/
Supervisory Patent Examiner, Art Unit 2611

Nintendo Exhibit 1013
Page 318



EAST Search History

EAST Search History

iRef # iHits Search Query DBs Default Plurals {Time Stamp
Operator
L1 6813 375/260,267,295,299.ccls. US-PGPUB; ADJ ON 2008/12/18
USPAT; 07:35
USOCR; FPRS;
EPO; JPC;
g DERWENT
: |BM_TDB
) 1838 1 and @pd>="20070819" US-PGPUB; ADJ ON 2008/12/18
: USPAT; 07:35
USOCR; FPRS;
EPO; JPO;
DERWENT;
3 |BM_TDB
a3 129 2 and (@pd<="20001027" OR  {US-PGPUB; ADJ ON 2008/12/18
? @ad<="20001027" OR USPAT; 07:36
@rlad<="20001027" OR USCCR; EPO;
@prad<="20001027") JPO;
DERWENT;
: |BM TDB
a4 17 3 and (space near2 time near2  {US-PGPUB; ADJ ON 2008/12/18
: cod$3) USPAT; 07:36
USOCR; EPO;
JPO;
DERWENT;
: IBM_TDB
§L5 11 ("5491837" | "5781845" | US PGPUB; ADJ ON 2008/12/18
: "6031866" | "6141567" | USPAT; USOCR 07:45
"6144711" | "6434366" |
"6473467" | "6804312" |
"6888809" | "6952455" |
"7236538").PN. OR ("7433416").
: URPN.
iL6 85 3 and delay US PGPUB; ADJ ON 2008/12/18
USPAT; USOCR 07:46
L7 10 4 and 6 US PGPUEB; ADJ ON 2008/12/18
5 USPAT; 07:46
USOCR; EPO;
JPO;
DERWENT;
3 IBM_TDB
iLs 611 455/101,103.ccls. and delay US PGPUEB; ADJ ON 2008/12/18
USPAT; 07:52
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB

file:///Cl/Documents%20and%20Settings/slee7/My%20Doc...859/EAS TS earchHistory. 10399859 _AccessibleVersion.htm (1 of 9)12/18/2008 8:36:13 AM

Nintendo Exhibit 1013

Page 319



EAST Search History

L9

101

8 and (space near2 time near2
cod$3)

US-PGPUB;
USPAT;
USCOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2008/12/18
07:52

L0

26

9 and (@pd<="20001027" OR
@ad<="20001027" OR
@rlad<="20001027" OR
@prad<="20001027")

US-PGPUB;
USPAT;
USCOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2008/12/18
07:59

=

462

(delay with antenna) and (space
near2 time near2 cod$3)

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2008/12/18
08:05

RE

143

11 and (@pd<="20001027" OR
@ad<="20001027" OR
@rlad<="20001027" OR
@prad<="20001027")

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2008/12/18
08:05

S

10/399859

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/03/12
12:26

575

transmitter and (space time
coding)

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/03/12
12:26

793

transmitter and (space near2
time near2 coding)

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/03/12
12:27

652

S8 and ((multi$3 or plurality or
array) near4 antenna)

US PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/03/12
12:41

394

$4 and delay

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

file:///Cl/Documents%20and%208Settings/slee7/My%20Doc...859/EAS TS earchHistory. 10399859 _AccessibleVersion.htm (2 of 9)12/18/2008 8:36:13 AM

Nintendo Exhibit 1013
Page 320

2007/08/20
14:05




EAST Search History

file:///Cl/Documents%20and%208Settings/slee7/My%20Doc...859/EAS TS earchHistory. 10399859 _AccessibleVersion.htm (3 of 9)12/18/2008 8:36:13 AM

Nintendo Exhibit 1013
Page 321

S8 3 09/586561 US-PGPUB; ADJ ON 2007/03/13
USPAT; 08:18
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB
199 2 "3646443".pn. US-PGPUB; ADJ ON 2007/03/13
? USPAT; 08:36
USOCR; EPG;
JPO;
DERWENT;
: |BM_TDB
1S10 4491 375/267,295,299,260.ccls. US-PGPUB; ADJ ON 2007/08/19
: USPAT; 18:55
USOCR; EPO;
JPO;
DERWENT;
5 |BM_TDB
Si1 255 S$10 and ((space near2 time US-PGPUB; ADJ ON 2007/03/13
: near2 cod$3) and delay) USPAT; 08:39
USOCR; EPO;
JPO;
DERWENT;
5 |BM_TDB
1812 230 S11 and ((plurality or multiple or {US-PGPUB; ADJ ON 2007/03/13
5 multi) near2 antenna) USPAT; 08:40
USOCR; EPO;
JPO;
DERWENT;
: IBM_TDB
1S13 3 ("20030048857" | "5467367" | US-PGPUB; ADJ ON 2007/03/13
"6128330").PN. USPAT; USOCR 09:39
S14 1 ("6934320").URPN. USPAT ADJ ON 2007/03/13
09:42
1S15 3 ("20030048857" | "5467367" | US-PGPUB; ADJ ON 2007/03/13
"6128330").PN. USPAT; USOCR 10:32
S16 2335 delay same (add$3 or sum$4 or {US-PGPUB; ADJ ON 2007/03/13
: multiplex$3) same transmit$4 USPAT; USOCR 10:34
: same antenna
is17 92 S16 and (space near2 time US-PGPUB; ADJ ON 2007/03/13
near2 cod$3) USPAT; USOCR 10:57
1818 0 ep0993130 A2 US-PGPUB; ADJ ON 2007/03/13
USPAT; USOCR 10:58
1s19 0 "993130" A2 US-PGPUB; ADJ ON 2007/03/13
USPAT; USOCR 10:57
S20 0 ep0993130A2 US-PGPUB; ADJ ON 2007/03/13
USPAT; USOCR 10:58
121 1 09/103443 US-PGPUB; ADJ ON 2007/03/13
USPAT; USOCR 10:58
S22 1 08/103443 US-PGPUB; ADJ ON 2007/03/13
USPAT; USOCR 10:59
5823 0 (texan instruments ).as. and US-PGPUB; ADJ ON 2007/03/13
(space and time).ti. USPAT; USOCR 11:00




EAST Search History

file:///Cl/Documents%20and%208Settings/slee7/My%20Doc...859/EAS TS earchHistory. 10399859 _AccessibleVersion.htm (4 of 9)12/18/2008 8:36:13 AM

Nintendo Exhibit 1013
Page 322

§SQ4 14 (texas instruments ).as. and US-PGPUB; ADJ ON 2007/03/13
(space and time).ti. USPAT; USOCR 11:05
25 20 (lucent).as. and (multiple and US-PGPUB; ADJ ON 2007/03/13
antenna).ti. USPAT; USOCR 11:07
S26 3 S25 and delay US-PGPUB; ADJ ON 2007/03/13
USPAT; USOCR 11:20
27 2 (space near2 time near2 coding) {US-PGPUB; ADJ ON 2007/03/13
and (mix$3 near3 substream) USPAT; USOCR 11:22
28 0 (space near2 time near2 coding) {US-PGPUB; ADJ ON 2007/03/13
and (mixing near3 substream) USPAT; USOCR 11:22
1329 46 (mixing near3 substream) US-PGPUB; ADJ ON 2007/03/13
USPAT; USOCR 11:37
330 0 ((space time cod$3 substream) {US-PGPUB; ADJ ON 2007/03/13
with delay) same antenna USPAT; USOCR 11:38
31 0 (space time cod$3 substream) US-PGPUB; ADJ ON 2007/03/13
USPAT; USOCR 11:39
32 4 (space time cod$3 stream) US-PGPUB; ADJ ON 2007/03/13
USPAT; USOCR 11:39
S33 562 (demultiplex$3 with (cod$3) US-PGPUB; ADJ ON 2007/03/13
with (modulat$3)) USPAT; USOCR 11:40
B4 21 S33 and (space near2 time US PGPUB; ADJ ON 2007/03/13
near2 cod$3) USPAT; USOCR 13:10
$40 405 dabak.in. US-PGPUB; ADJ ON 2007/03/13
USPAT; 14:18
USOCR; EPO;
JPO;
DERWENT;
i IBM_TDB
A 24 S40 and space time cod$3 US-PGPUB; ADJ ON 2007/03/13
: USPAT; 14:20
USOCR; EPO;
JPO;
DERWENT;
: IBM_TDB
2 1 S$41 and demultiplex$3 US-PGPUB; ADJ ON 2007/03/13
: USPAT; 14:21
USOCR; EPO;
JPO;
DERWENT;
: |BM_TDB
A3 95 (space near2 time near2 cod$3) {US-PGPUB; ADJ ON 2007/03/14
: and (demultiplex$3 with symbol) {USPAT; 06:40
and (cod$3 same modulat$3) USOCR; EPC;
JPO;
DERWENT;
5 IBM_TDB
44 98574  {(combin$3 or add$3 or sum$4) US-PGPUB; ADJ ON 2007/03/14
: with delay USPAT; 06:42
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB




EAST Search History

45

108046

(combin$3 or add$3 or sum$4
or mix$3) with delay

US PGPUB;
USPAT;
USCOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/03/14
06:42

6

112

$45 and space time cod$3

US-PGPUB;
USPAT;
USCOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/03/14
07:06

7

mix$3 with substream with delay

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/03/14
07:09

8

35

M-ary and space time coding

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/03/14
10:19

9

31

M-ary and space time coding
and map$4

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/03/14
10:55

%0

M-ary encoder and orthogonal$3

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/03/14
12:51

1

10/788420

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/03/14
12:52

&2

10/399859

US PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/19
08:15

%3

"6377631".pn. and delay

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

file:///Cl/Documents%20and%20Settings/slee7/My%20Doc...859/EAS TS earchHistory. 10399859 _AccessibleVersion.htm (5 of 9)12/18/2008 8:36:13 AM

Nintendo Exhibit 1013
Page 323

2007/08/19
14:20




EAST Search History

54

1674

(space near3 time near3 cod$3)
and transmitter

US PGPUB;
USPAT;
USCOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON 2007/08/19
18:57

%5

247

S54 and @rlad<"20001027"

US PGPUB;
USPAT;
USCOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON 2007/08/19
18:57

6

207

S65 and delay

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON 2007/08/19
14:23

%7

133

S56 and ((plurality or multi or
multiple or array) near3
antenna)

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON 2007/08/19
18:56

&8

09/883543

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON 2007/08/19
14:54

%9

09/833543

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON 2007/08/19
15:33

4

4972

375/267,295,299,260.ccls.

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON 2007/08/19
18:56

&5

2441

$64 and delay

US PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON 2007/08/19
18:56

66

806

$65 and ((plurality or multi or
multiple or array) near3
antenna)

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;

IBM_TDB

ADJ

ON 2007/08/19
18:56

file:///Cl/Documents%20and%208Settings/slee7/My%20Doc...859/EAS TS earchHistory. 10399859 _AccessibleVersion.htm (6 of 9)12/18/2008 8:36:13 AM

Nintendo Exhibit 1013
Page 324



EAST Search History

1567

263

$66 and (space near3 time
near3 cod$3) and transmitter

US PGPUB;
USPAT;
USCOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/19
18:57

8

47

S67 and @rlad<"20001027"

US PGPUB;
USPAT;
USCOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/19
18:58

%69

68 not SH7

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/19
18:57

)

788

64 and spatial

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/19
18:58

7

221

S70 and temporal

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/19
18:58

72

40

S71 and @rlad<"20001027"

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/19
18:58

73

35

S72 and delay

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/19
18:58

&

35

S72 and delay$3

US PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/19
18:58

75

18

S74 not S57

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;

IBM_TDB

ADJ

ON

file:///Cl/Documents%20and%20Settings/slee7/My%20Doc...859/EAS TS earchHistory. 10399859 _AccessibleVersion.htm (7 of 9)12/18/2008 8:36:13 AM

Nintendo Exhibit 1013
Page 325

2007/08/20
10:34




EAST Search History

76

111

delay near3 diversity and
@rlad<"20001027"

US PGPUB;
USPAT;
USCOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/20
10:35

Sy

31

S76 and space near3 time near3
cod$3

US PGPUB;
USPAT;
USCOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/20
10:48

78

80

S76 not S77

US PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/20
10:48

79

"6351498".pn.

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2007/08/20
14:06

580

106

(texas near2 instrument) and
((space adj1 time)near2 cod$3)

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2008/05/09
22:32

=y

S80 and (ep adj1 a adj1 "0")

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2008/05/09
22:33

82

12

S80 and (ep)

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2008/05/09
22:33

&3

531

transmitter with (space near2
time near2 cod$3)

US PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2008/05/18
13:57

S84

264

S83 and delay and antenna

US PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;

IBM_TDB

ADJ

ON

file:///Cl/Documents%20and%208Settings/slee7/My%20Doc...859/EAS TS earchHistory. 10399859 _AccessibleVersion.htm (8 of 9)12/18/2008 8:36:13 AM

Nintendo Exhibit 1013
Page 326

2008/05/18
13:58




EAST Search History

185

51

S84 and (@pd<="20001027"
OR @ad<="20001027" OR
@rlad<="20001027" OR
@prad<="20001027")

US PGPUB;
USPAT;
USCCR; EPO;
JPO;
DERWENT;
IBM_TDB

ADJ

ON

2008/05/18
13:59

6

22

S85 and (delay with antenna)

US PGPUB;
USPAT;
USCOCR; EPO;
JPO;
DERWENT;

IBM_TDB

ADJ

ON

2008/05/18
15:25

12/18/2008 8:36:07 AM

C:\ Documents and Settings\ slee7\ My Documents\ EAST\ Workspaces\ 10399859.wsp

file:///Cl/Documents%20and%208Settings/slee7/My%20Doc...859/EAS TS earchHistory. 10399859 _AccessibleVersion.htm (9 of 9)12/18/2008 8:36:13 AM

Nintendo Exhibit 1013

Page 327



Index of Claims 10399859

Application/Control No.

Applicant(s)/Patent Under
Reexamination

TONG ET AL.

Examiner
SIU M LEE

Art Unit

2611

Rejected

- Cancelled

Non-Elected A Appeal

Allowed

+ Restricted

Interference 0] Objected

[0 Claims renumbered in the same order as presented by applicant

O cpa O T.D. O R.1.47

CLAIM

DATE

Final Original

03/14/2007 | 08/20/2007 [05/22/2008

12/18/2008

1

Olo|N[|o|bd|lw|N

-
o

-
-

N
N

-
w

-
N

-
[}

-
»

-
=]

N
[ee]

-
©

N
o

N
=

N
N

N
w

N
N

N
(&)

N
(o>}

N
~

N
o

N
©

N[Ol ]|W[N|—

w
o

NENENENENENENE
NENENENENENENE

w
=

8

w
N

9

w
w

10

w
N

11

w
&)

12

36

NENENENENEN ENENENENENENENE

NENENENENEF
NENENENENEF

U.S. Patent and Trademark Office

Part of Paper No. : 20081218

Nintendo Exhibit 1013

Page 328



Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 10399859 TONG ET AL.
H“m ‘ ‘H ‘ “HW ‘H“ H“‘ o o
SIU M LEE 2611
v Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted | Interference 0] Objected
[0 Claims renumbered in the same order as presented by applicant O cpPA O T.D. O R.1.47
CLAIM DATE
Final Original |03/14/2007 [ 08/20/2007 | 05/22/2008 | 12/18/2008
37 v v B
38 v v B

U.S. Patent and Trademark Office

Part of Paper No. : 20081218

Nintendo Exhibit 1013

Page 329



Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ;399550 TONG ET AL.
H‘ ““ ‘H “ “ “‘ o o
SIU M LEE 2611
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
375 260 Hlo| 4]k 1710 (2006.0)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
375 267 295 299
455 101 103
O Claims renumbered in the same order as presented by applicant O CPA O 71D O R1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 24

2 25

3 26

4 27

5 28

6 29

7 30

8 32

9 33

10 34

11 35

12 36
/SIU M LEE/
Examiner.Art Unit 2611 12/18/2008 Total Claims Allowed:

12
(Assistant Examiner) (Date)
/Chieh M Fan/
Supervisory Patent Examiner.Art Unit 2611 12/19/2008 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 5
U.S. Patent and Trademark Office Part of Paper No. 20081218

Nintendo Exhibit 1013
Page 330



UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

BIB DATA SHEET

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.

Box 1450

Alexandria, Virginia 22313-1450
WWW.USpto.gov

CONFIRMATION NO. 9275

SERIAL NUMBER
10/399,859

FILING or 371(c)
DATE
08/29/2003
RULE

CLASS
370

GROUP ART U
2611

NIT

ATTORNEY DOCKET
NO

14316NP

APPLICANTS
Wen Tong, Ottawa, CANADA,;
Mikhail Bakulin, Klrova, RUSSIAN FEDERATION;
Vitaly B. Kreyndelin, Moskya, RUSSIAN FEDERATION;
Alexander M. Shloma, Zhukovsky, RUSSIAN FEDERATION;
Yuriy Shinakov, Moscow, RUSSIAN FEDERATION;

** CONTINUING DATA
This application is a 371 of PCT/RU00/00426 10/27/2000

*k FOREIGN APPLICATIONS kkkkkkkkkhhhkhkkkhkkkhkhhkdk
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

Foreign Priority claimed D Yes ENO STATE OR
35 USC 119(a-d) conditions met D Yes QNO COUNTRY

Verified and /SIUM LEE/ CANADA

Acknowledged Examiner’s Signature

D Met after
Allowance

Initials

SHEETS
DRAWINGS

8

TOTAL
CLAIMS

23

INDEPENDENT
CLAIMS

3

ADDRESS

Ralph A. Dowell of DOWELL & DOWELL P.C.
2111 Eisenhower Ave

Suite 406

Alexandria, VA 22314

UNITED STATES

TITLE

space-time coding

Combination of space-time coding and spatial multiplexing, and the use of orthogonal transformation in

FEES: Authority has been given in Paper

FILING FEE
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT
1084 No. for following:

U All Fees

Q 1.16 Fees (Filing)

U 1.17 Fees (Processing Ext. of time)

0 1.18 Fees (Issue)

1 Other

U Credit

BIB (Rev. 05/07)
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 10399859 TONG ET AL.
Examiner Art Unit
Lee, SiuM 2611
SEARCHED
Class Subclass Date Examiner
375 267, 260, 295, 299 3/13/2007 Siu M. Lee
375 267, 260, 295, 299 8/20/2007 Siu M. Lee
SEARCH NOTES
Search Notes Date Examiner
EAST 3/13/2007 Siu M. Lee
Discuss application with Chieh Fan 3/14/2007 Siu M. Lee
EAST 8/20/2007 Siu M. Lee
Disciss application with Chieh Fan 8/20/2007 Siu M. Lee
EAST 5/22/2008 Siu M. Lee
Discuss the amendment with Chieh Fan 5/22/2008 Siu M. Lee
EAST 12/18/2008 Siu M. Lee
Discuss the amendment with Chieh Fan 12/10/2008 Siu M. Lee
INTERFERENCE SEARCH
Class Subclass Date Examiner
375 260, 267, 295, 299 12/18/2008 Siu M. Lee
455 101, 103 12/18/2008 Siu M. Lee

U.S. Patent and Trademark Office

Part of Paper No. :
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PART B - FEE(S) TRANSMITTAL

"TComplete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if rcquil:ch. Blocks 1 through 5 should bc complcted where
appropriatc. All further correspondence including the Patent, advance orders and notification of maintcnance fces will be mailed to the current comrespondence address as
indicated unltéfs con;clcd below or dirccted otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a scparatc "FEE ADDRESS" for
maintenens: e watifications.

CURRENT CORRESPONDENCE ADDRESS (Notc: Use Block 1 for any change of address) Notc: A certificatc of .mﬂllll’.\F can only bc uscd for domcestic mailings of the
. Fee(s) Transmittal. This certificate cannot be used for any other accompanying
ﬁapers. Each additional paper, such as an assignment or formal drawing, must

avc its own certificate of mailing or transmission,

293 7590 12/3112008 c i f Mail T
ertificate of Mailing or Transmission
r&alph A. Dowell of DOWELL & DOWELL P.C. L horeby cortify tha this Fec(s) Transmilial is being dcposited wilh the Unitcd
. tates Postal Scrvice with sufficicnt postage for first class mail in an cnvclope
(" 2/11 Eisenhower Ave addressed (o the Mail Stop ISSUE FEEgaddrcss above, or bein ('acsim:plc

.uite 406 transmitted to the USPTO (571) 273-2885, on the dalc indicated below.
Alexandria, VA 22314

(Dcpositor's name)

(Signatrc)
{Datc)
L APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. I CONFIRMATION NO. I
10/399,859 08/29/2003 Wen Tong 14316NP 9275
TITLE OF INVENTION: COMBINATION OF SPACE-TIME CODING AND SPATIAL MULTIPLEXING, AND THE USE OF ORTHOGONAL
TRANSFORMATION IN SPACE-TIME CODING
L APPLN. TYPE I SMALL ENTITY l ISSUE FEE DUE | PUBLICATION FEE DUE l PREV. PAID ISSUE FEE TOTAL FEE(S) DUE I DATE DUE J
nonprovisional NO $1510 ) $0 30 $1510 03/31/2009
- B3/26/200 '
L prvRy— I T l PRTTp— —l 9 MAHWED2 ©8688008 141315 10339859
— 81 FC:1561 1518.60 DA
LEE,SIUM 2611 375-260000 82 FC:8981 £.80 DA
‘l, Chan}gc of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
.;_?FR 1.363). (1) the names of up to 3 registered patent attorneys |
Esy O Change of correspondence address (or Change of Corrcspondence or agents OR, alternativcly,
¢ Address form PTO/SB/122) attached. (2) the name of a single firm (having as a mcmbera 2

@‘ & “Fcc Address” indication (or "Fec Address” Indication form registcred attorncy or agent) and the names of up to
It PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or typc)

' PLEASE NOTE: Unlcss an ass;gncc is identificd below, no assignce data will appcar on the patent. 1If an assignee is identified below, the document has been filed for
* recordalion as set forth in 37 CFR 3.11. Complction of this form is NOT a substitute for filing an assignment. :

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
NORTEL NETWORKS LIMITED ST. LAURENT, QUEBEC, CANADA

Pleasc check the appropriate assignee calcgory or categorics (will not be printed on the patent) : O individuat B Corporation or other privatc group cntity O Government

4a. The following fec(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
8 Issuc Fec (3 A check is enclosed.
O Publication Fee (No small catity discount pcrmitted) a Paymcnt by credit card. Form PTO-2038 is attachcd.
B Advance Order - #of Copics _2 [2) The Dircctor is hereby authorized to charge the required fcc(s), any deficicncy, or credit any

overpayment, 1o Deposit Account Number 147 375 (enclose an cxtra copy of this form).

5. L&hange in Entity Status (from status indicatcd abovc)
.. Applicant claims SMALL ENT!J'X'galus. Sce 37/CFR)1 27. Ob. Applicant is no longer claiming SMALL ENTITY status. Scc 37 CFR 1.27(g)(2).

NOTE: The Issuc Fce and Publication-Fec @t requircd)#ill np('be aceepted from anyone other than the applicant; a registered attomncy or agent; or the assignee or other party in
inicrest as shown by the records of the Upfted StategAatent #hd Trademark Officc.

Authorized Signature /4”4% pac March 25, 2009

Typed or printcd name Ral ph A. Dowell? Registration No. 26 7 868

This collcction of information is required by 37 CFR 1,311, The information is requircd to obtain or retain a bencfit bg the public which is to file (and by the USPTO to process)

an application. Confidcntiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collcction is cstimatcd to take 12 minutcs to complete, including gathcring, preparing, and

submitting the completed application form to thc USPTO. Time will va?,f depending upon the individual casc. Any comments on thc amount of time you requirc to complele

this form and/or sng;gcsuons for reducing this burden, should be sent to the Chicf Information Officer, U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O.
T

Box 1450, Alcxandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioncr for Patcnts, P.O. Box 1450,
Alexandria, Virginia 22311&!450.

Undcr the Paperwork Reduction Act of 1995, no persons arce required to respond to a collection of information unless it displays a valid OMB control numbcr.

PTOL-85 (Rev. 08/07) Approved for usc through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCL

Nintendo Exhibit 1013
Page 333



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW USPIO gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
10/399,859 05/05/2009 7529305 14316NP 9275
293 7590 04/15/2009

Ralph A. Dowell of DOWELL & DOWELL P.C.
2111 Eisenhower Ave

Suite 406

Alexandria, VA 22314

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 887 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Customer Service Center of the Office of Patent Publication at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Wen Tong, Ottawa, CANADA;

Mikhail Bakulin, Klrova, RUSSIAN FEDERATION;

Vitaly B. Kreyndelin, Moskya, RUSSIAN FEDERATION;
Alexander M. Shloma, Zhukovsky, RUSSIAN FEDERATION;
Yuriy Shinakov, Moscow, RUSSIAN FEDERATION;

IR103 (Rev. 11/05)
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Case 1:17-cv-00155-RGA Document 3 Filed 02/14/17 Page 1 of 1 PagelD #: 404

AQ 120 (Rev. 08/10)

TO:

Mail Stop 8

Birector of the U.S. Patent and Trademark Office
P.O. Box 1456

Alexandria, VA 22313-145¢

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

In Compliance with 35 U.5.C. § 290 and/or 13 U.S.C. § 1116 vou are hereby advised that a court action has been

filed in the U.S. District Court

for the District of Delaware on the following

] Tradematks or W Patents. ([ the patent action involves 35 U.S.C. § 292,
DOCKET NO. DATE FILED U.8. DISTRICT COURT
2142017 for the District of Delaware
PLAINTIFF DEFENDANT
BlackBerry Limited Nokia Corporation, Mokia Solutions and Networks Qy,
Nokia Solutions and Networks Holdings USA inc., and
Nokia Solutions and Networks US LLC
BATENT OR DATE OF PATENT . S o ATy
TRADEMARK NO, OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 6,896,418 21712006 BlackBerry Limited
2 8,254,246 8/28/2012 BlackBerry Limited
3 8,494,090 7i23/2013 BlackBerry Limiied
4 7,528,305 5/5/2008 BilackBerry Limited
5 8,861,433 10/14/2014 BlackBerry Limited

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED

WNCLUDED BY
1 Amendment

[ Answer [ Cross Bill [] Other Pleading

PATENT OR
TRADEMARK NO.

DATE OF PATENT
OR TRADEMARK

HOLDER OF PATENT OR. TRADEMARK.

[

In the above-—cutitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK

(BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail thic copy to Birector

Copy 3—Upon termination of action, mail this copy to Birector

Copy 2—Upon filing decument adding patent(s), reail thic copy to Birector Copy 4—Case file copy
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