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Summary of Challenges

References Claims Challenged
Schmidl and Arslan 1-3, 5
Schmidl, Arslan, and Kim 4, 6-10
Schmidl, Arslan, Kim, and
. 17
Heiskala

(Decision to Institute, p. 7)

« Claim 1 is the only independent claim
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Purported invention — directed to new preamble structures

Therefore, there 15 a need for an efficient preamble
structure that provides time and frequency synchronization,
estimation of parameters such as noise variance and channel 15
parameters, and low PAPR when used with SISO and
MIMO communication systems.

SUMMARY OF THE INVENTION

'J.']l'l{: present invention provides a system i_'crr pm‘»l"iding (127 patent, 3:13-24, cited
efficient preamble structures for use in single-input, single- in Petition for IPR, p. 3)
output (SISQ) and multi-input, multi-output (MIMO) com-
munication systems. Briefly described, one embodiment of

?6\| ?8\ ?8\| 78\' ANTENNA Q 78, H{5;2
1 ] 1 ‘
[ ] ‘ .' I[ 1 [ ] 68
1 | I
‘G N, 16! N, l--oer N, |G N --slG N g
| l l J ' ' \ } ' |
sl B | — oamasvueoL —
| SYMBOL 74 | 80
79 - - DATA STRUCTURE =
4——————— PREAMBLE STRUCTURE ——————> PQG+N)
' 70 ‘ 72

(portion of '127 patent, Fig. 6, illustrated in Petition for IPR, p. 3)
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Claim 1 —Disputed Elements

1. A transmitter of a communication system, the trans-
mitter comprising:

-

55 pilot/training symbol inserter configured to insert pilot
symbols into data blocks and to combine training

an encoder having a pilot/training symbol inserter, the )

\_ symbols with the data blocks; )

at least one modulator, each modulator having an inverse )

cdhscrete Founer transform (TDFT) stage and a cyclic
60 prefix inserter, each modulator outputting a frame
structure comprising a_preamble structure and a data

structure, the preamble structure comprising at least

one training symbol and_an enhanced traiming symbol;
and

65 at least one fransmit antenna., each transmit antenna
corresponding to a respective one or the at least one
modulator. each transmit antenna transmittine the

frame structure output from the corresponding modu-

, wherein the enhanced training svmbol is a singls
lator :-:/

» Disputed elements

Unrebutted that preamble

> structure including enhanced
training symbol is disclosed
by prior art

(Petitioner Reply, p. 1)
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Frequency Domain and Time Domain
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(PO Response, p. 15, combines
’127 patent, Figs. 2 and 3)
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Positions regarding claim term “insert pilot symbols into data blocks”

Petitioner

« Claim term does encompass embodiments that result in a separate  (reply, p. 9

OFDM pilot symbol in the time domain (reasons provided in next slides)

Patent Owner

“Petitioner’s construction would include an OFDM symbol inserted between (Prelim.
data symbols, rather than frequency domain samples inserted into data blocks.” | Resp-P-18)

“Since pilot symbols are periodically placed within data blocks in the frequency (Prefim.

domain, and are not ‘continuous sections of symbols’ in the time domain like Resp., p. 17)
training blocks (id. at 7:30-31) ...”

“Pilot symbols are not placed on every sub-channel, but instead are
‘intermittently inserted into the data symbols’ (127 patent, 11:45-46) to refine
the calibration.”

ERIC-1037 6
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Entire frequency-domain block could be filled with pilots

127 Patent

7 L5
Pilot symbols [ % Z %""

ins.engtm - Z %
data symbols < v . f%

+—Frequency ———»

L0 Q. Is there a limit to how many bills [sic — pilots]

NS

11 could be adjacent to one another in a

particular data block the way you've

+— Time —»

represented it here?

14 A. Only -- 1'd say the only limitations

HARTOGS FIG. F

15 here are put up by the cleverness of the

16 implementer. Obviously, if you get to the

Schmidl & Arsial ' ' '
i - 17 point where you have the entire block filled
e dee o [N 18 : : , : . P .
o ) : , , s < come
PRt portions /""‘ﬁﬁb‘ﬁ%ﬂ%’;ﬂ{//{ 2 with pilots, then 1t really has just become
nse I"léd Q \x_> Da,ta - . .
beweendgata<— |l I L |l lE 19 another training symbol and you probably have
smoolsin N
time domain A A A e . . . ) . .
20 enough information to just reinitialize your

4+ Frequencty ——»

21 transmission.

HARTOGS FIG. G

(Hartogs Dep. Tr., 148:10-21, cited in Petitioner Reply, p. 6)

(Hartogs Fig. F and G illustrated in PO Response, pp. 25
and 26, respectively)
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Petitioner’s expert illustrates embodiment consistent with claim 1

Embodiment includes separate pilot symbols in time domain

Pilot/training

“data blocks” symbol inserter
Data Data Data
block 1 block 2 block 3 l

R B R g -

(training symbols and pilot symbols in frequency domain)

Training  Training Data Pilot Data Pilot Data
symbols  symbols block 1 symbols  block 2 symhols block 3

LT ~-CT T8 T T 18Rl [ 11

“combine training symbols l “inser}pilo‘t symbols
with the data blocks” inte data blocks”
IDFT
Training  Training Data Pilot Data Pilot Data
Block Block block 1 block block 2 Block block 3
(time) (time) (time) (time) (time) (time) (time)

L T -CT e T TE Rl T 1]

l Add cyclic prefix

Pilot Pilot
block block

e, 78, 76, T8 (time) (time)

"

mmd ._J_ ) . ’—r T = — cmmm gy — i T Annotated and

6l N, jad Ny | e |G] N, |G N te| N |G N {G rur G N . modified

Ly {1 | L1 |, f BE N | Fig. 6 of 127 (Squ' Haas Decl.

| EMHAMCED TRAINING e | L | | -

r?;:'ﬂ;;ﬂ* :&:“35 la—— DATASYMBOL ——* 4—._1!,.,'\','“'.“'%—*'4—— DATA SYMBOL——+ ‘—qf_._;;lr_._—v “——— DATA SYMBOL— patent (ERIC 1 036)’ Trl 2’

[— L PRE;EEFSTRIJC'ILJRf —-h- @ Q ?ﬂ 1 reprOduced In

i
Petitioner Reply, p. 10

FIG. A Py P
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’127 patent disclosure regarding “pilot symbol”

[A] Mody Provisional (U.S. Provisional App. 60/322,786,
incorporated by reference in 127 patent) (itedin petitioner Reply, pp. 4-5, PO Motion

for Observations, pp. 10-14, and Petitioner
Response to PO Motion for Observations, pp.
2,3,6,7,10-15)

[B] ,1 27 patent 726_50 (7:26-34 cited in PO Response, pp. 9, 10 and 14 and Petition for

IPR, p. 23; 7:26-39 cited in Response to Motion for Observations,
pp. 8 and 10-11; 7:40-45 cited in Petitioner Reply, pp. 12-13; 7:47-
50 cited in Response to Motion for Observations, pp. 9)

[C] ,1 27 patent, 1 1 44_47 and F|g 6 (11:45-47 cited in PO Response, p. 9; 11:44-47 cited

in Petitioner Reply, p. 7)

ERIC-1037 9



[A] — Mody Provisional

Mody Provisional (ERIC-1035) incorporated by reference

This application 15 related to U.S. provisional application
entitled “Efticient Training and Synchronization Sequence 15

Structures for MIMO OFDM.* having Ser. No. 60/322.786, (127 patont, 114717,
filed Sep. 17, 2001, which 15 entirely incorporated herein by Reply, p. 2)
reference.

PQO’s expert never considered Mody Provisional

5 Q. And you'll see at the very top

€ there's a section called "Cross-reference to

7 Related Rpplications.”" You'll see there are a

e couple of applications there.

E A. I do see that.

1o Q. And those are incorporated by

11 reference.

o A.  Okay. (Hartogs Dep. Tr., 21:5-25,
13 0. Did you review those documents? cited in Petitioner Reply, p. 7)
23 A. Oh, I'm sorry. I meant the second

24 provisional. I'm sorry, I had not looked at

25 the second provisional.

ERIC-1037




[A] Disclosure regarding “pilot symbol” — Mody Provisional

Mody Provisional discloses separate pilot symbols in time domain
Mody Provisional

ceived demodulated OFDM symbol). Pilots in the form
of known OFDM symbols are sent for at least ( sym-
bol periods ((T;) in order to obtain a unique solution
for the channel coefficient estimates. If the pilots are
sent for more than ¢ symbol periods then we would
obtain a Least Squares (LS) solution at an expense of
a larger overhead. The OFDM symbol period is given
by T; = NT + T, where 1/T is the sample rate into
the OFDM modulator (bit rate for BPSK modulation).

Petitioner Expert

OFDM modulator.” ERIC-1035, p. 2. Since the pilot symbols are “known OFDM
symbols,” this implies that they are known to the receiver, do not contain any user
data i the frequency domain, and contain only pilot symbols in the frequency

domain. Thus, Mody Provisional discloses separate OFDM pilot symbols in the

time domain.

(Mody Provisional (ERIC-
1035), incorporated by
reference into '127 patent
and cited in Petitioner

Reply, p. 5)

(Supp. Haas Decl., | 6,
cited in Petitioner Reply,

p. 9)
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[B] Disclosure regarding “pilot symbol” - 127 patent, 7:26-50

The term pilot blocks, as used in this description, refers to
symbols provided by the pilot/training symbol inserter 46,
which are nserted periodically into the data blocks. Tyvpi-
cally, pilot symbols may be inserted at any point in the data
blocks. The term training blocks refers to one or more 30
continuous sections of symbols provided by the pilot/train-
ing symbol inserter 46. Training blocks are preferably >~ [B-1]
inserted into preamble structures at the beginming of the
frame structures and transmitted once per frame structure.
However, training blocks may also be inserted in other parts 33
ol the signal structures, such as the muddle or end of the
frame structures. Preambles {or preamble structures) are
symbal structures formed of training blocks inserted at the
beginning of the frame.

Pilot blocks are typically transmitted with data blocks to 40
calibrate (i.e., synchronize) the receiver 16 to the transmitter
14 on a small scale. This calibration., or synchromzation, > [B-2]
accounts for the time varying nature of the channel 12, for
example. Training svmbols, however, are typically used to
periodically calibrate the receiver 16 to the transmitter 14, 45 |~
The training ‘sy'ml:mls may be unique for each 5111::--::11:1111}-:]. 14 and Patition for PR b, 25 7:56.36 cited in
Moreover, different sets of training symbols and/or pilot Response to Motion for Observations, pp. 8
blocks may be provided by the pilot/training symbol inserter and 10-11; 7:40-45 cited in Petitioner Reply,
46, depending on the operating criteria of the communica- pp. 12-13; 7:47-50 cited in Response to
. : . ] ; Motion for Observations, pp. 9)
tion system 10, which may be determined by the user. 30

N\

(7:26-34 cited in PO Response, pp. 9, 10 and

ERIC-1037




[B-1] Disclosure regarding “pilot symbol” — 127 patent, 7:26-39

The term pilot blocks, as used in this description, refers to
symbols provided by the pilot/training symbol mserter 46,
which are inserted periodically into the data blocks. Typi-
cally, pilot symbols may be inserted at any point in the data

blocks. The term traiming blocks refers to one or more
continuous sections of symbols provided by the pilot/train-
ing symbol inserter 46. Training blocks are preferably
mserted into preamble structures at the beginming of the
frame structures and transmitted once per frame structure,
However, training blocks may also be inserted in other parts
ol the signal structures, such as the middle or end of the
frame structures. Preambles (or preamble structures) are
symbol structures formed of training blocks inserted at the
beginning of the frame.

30

35

ERIC-1037

Pilot symbols/
pilot blocks

Training symbols/
training blocks




[B-2] Disclosure regarding “pilot symbol” - ’127 patent, 7:40-45

locks 1o 40
calibrate (1.e., synchronize) the receiver 16 to the transmitter

14 on a small scale. This calibration, or synchromzation,

accounts for the time varying nature of the channel 12, for bettionar Roply. oo,
example. Training symbols, however, are typically used to 12-13)
periodically calibrate the receiver 16 to the transnutter 14, 45

Petitioner’'s Expert —’127, 7:40-45 implies separate pilot symbol in time domain

ERIC-1001, 7:40-45. Traming symbols are used for imitial synchromzation at the

beginning of a transmission. This 1s why, for example, multiple training symbols

are shown at the beginning of a transmission in Fig. 6 of the 127 patent, with the
first one of the traming symbols being an “enhanced” training symbol, whereas for

periodic calibration after mitial synchronization as few as one pilot symbol in the

time domain (from multiple pilot symbols in the frequency domain) may be used

for periodic calibration. The “small scale” referred to in the above passage from

(Supp. Haas Decl., || 14,
cited in Petitioner Reply,

the ’127 patent i1s a small-time scale. By confrast, the tramming symbols 0. 13)

synchronize on a “large (time) scale” because a transmitter and receiver are

typically not synchronized before a transmission starts.

ERIC-1037




[C] Disclosure regarding “pilot symbol” — ’127 patent, 11:44-47 and Fig. 6

127 patent supports discrete OFDM pilot symbols in the time domain  (Petitioner Reply, p. 7)

127 patent — FIG. 6 (partial)

76, 78, 76, 78, ANTENNAQ ° 6., 82

| N B _ |
| ] . I |[ H ! | | . : 638
‘G Ny |G| Np | eee |G| N, G| N "“lG N <
L I | L |
| ENHANCED | TRANING - s SviARA
| _TRAINING SYMEOL | DATA ;;MB“L

. |

| S"”—}'-‘QB o 7 -« DATA STRUCTURE — - >
~——————— PREAMBLE STRUCTURE —————> PQG+N)

70 72
o (Petition for IPR, p. 3, illustrates

'127 patent, Fig. 6 (partial))

127 patent — pilot symbols “omitted from FIG. 6 for simplicity”

positive integer. Although omitted from FIG. 6 for simplic-

ity, pilot symbols may also be intermittently imserted into the 45 |
data symbols 80 by the pilot/training symbol inserter 46. as
discussed above.

(127 patent, 11:44-47, cited in
Petitioner Reply, p. 7)

ERIC-1037



[C] Disclosure regarding “pilot symbol” — ’127 patent, 11:44-47 and Fig. 6

PO’s expert does not know how pilot symbols would be shown in Fig. 6 of '127 patent

11 Q. Okay. Well, the patent states that
12 the pilot symbols are omitted from figure € for
13 simplicity. How would one represent pilot

14 symbols in figure © i1f one wished to do so?

15 A. I don't know.

16 Q. Could you represent a pilot symbol 1in
L figure 67

18 A. Nothing -- certainly, nothing comes
19 to mind. I'd be willing to consider something

(Hartogs Dep. Tr., 130:11-19,
cited in Petitioner Reply, p. 8)

ERIC-1037



[C] Disclosure regarding “pilot symbol” — ’127 patent, 11:44-47 and Fig. 6

Petitioner Expert Cross-Examination

In —— in Column 11 of —- of the '127

L]

139 patents -- patent in Line 44 to 47, "Although immediate
<u from Figure © for simplicity, pilot symbols may also be
21 intermittently inserted into data symbols (80) by the

22 pilot/training symbol inserter (46€) as discussed above."

1 So 1f you take Figure © —-- more precisely,

]

one frame of Figure 6, which is Number ©8, one of the €8s,

3 and modify it to —— not to omit the pilot symbols as
4 Figure €& does, then the result would be something similar
5

to my bottom of Figure A.

(Second Haas Dep. Tr. (Ex.
2011), 32:18-33:5, cited in
Response to PO’s
Observations, No. 6)

ERIC-1037




[C] Disclosure regarding “pilot symbol” — ’127 patent, 11:44-47 and Fig. 6

Petitioner’s expert illustrates OFDM pilot symbols in modified Fig. 6 of '127 patent

?6‘1 ?B\ 76 3 78 \ ANTENNA Q . 76 \ H‘,82
i R S B |
I ] ] I | I 1 | 58
_ : ‘ i ! - ' | ' (127 patent, Fig. 6,
|G | N, | G| N, | "t |G| N G N T .\ G N '« llustrated in, inter alia,

! | i | Petition for IPR, p. 20
. mﬁg T;i?"‘;gs | r, DATA SYMBOL ——> and Decision to
r_svr%ggo_ 74 B A STRUCTURE 80 _ Institute, p. 4)

== PREAMBLE STRUCTURE —— 31 POGN)
70 3 72

Annotated and modified Fig. 6, according to Petitioner’'s Expert

Pilot Pilot
block block -
?6,\ ?8\‘ YG—L ?8\. (time) (time)
T T T ] 1 : l [
161 N ‘G| N, | +ee |G| N, .GI N G| N, lG N G| N, |G N ]
S T ) L i | R R |
| E%‘&‘?’in.%‘l,l-—?ﬁ'&?f '4 ! : | puor | : . | puor__ | . “
r— SYigo. 74 = DATA SYMBOL ——¥ ¢—gyyg o[+~ DATASYMBOL——> ““syvpo >  DATA ggmm—-—rl
14-%-:-—-—— PREAMBLE-‘T gmucmm: —_— &ﬂ | Q@ | -~ 1

(Supp. Haas Decl.,
112, cited in Petitioner
Reply, p. 10
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[C] Petitioner’s expert illustrates an embodiment consistent with claim 1

lllustrative example of how pilot symbols would appear in Fig. 6 of ’127 patent

ERIC-1037

“data blocks”
Data
block 1

Data
block 2

Data
block 3

Pilot/training
symbol inserter

|
(T ]

Training  Training Data

EiE | ) e e -

(training symbols and pilet symbols in frequency domain)

Pilot Data Pilot Data
symbols  symbols block1  symbols  block2  symbols  block 3
e e I |

PPCTTIER LT 1]

“combine training symbols
with the data blocks”

I

“insert pilot symbols
into data blocks”
IDFT
Training  Training Data Pilot Data Pilot Data
Block Block block 1 block block 2 Block block 3
(time) (time) (time) (time) (time) (time) (time)
LI~ (11

R T T Rt 1 1]

&, a8, 76 78

l Add cyclic prefix

Filot

Y -

| EMHAMCED TRAINING _ | |
,,_mlu-.r,_‘_."’ SYMBOL
| SYEaL 7d

! 2

ey &

FREAMBLE STRUCTURE
70

O T CH, ; ; —
|G| N, 16 N, j---’;rr\l; G N
: 1 |

FILOT | PILOT
H—— DATASYMSOL—+ 4+

Pilot
block block
(time) (time)
Ty f i Annotated and
i8] N Gl M {G rur G! M modified

T R —

Fig. 6 of "127
(
. | atent
ot DATASYMBOL——¥ “—gypppi* +— DATA SYMBOL — P

]

FIG. A

(Supp. Haas Decl.,
1112, reproduced in

Petitioner Reply, p. 10

19



Summary of prior art applied to claim 1

s Ok B e sttt iR e e e
[1.0] A transmitter of a communication system, the transmitter comprising: Schmidl
[1.1] an_encoder having a pilot/training symbol inserter, the pilot/training Schmidl + Arslan
symbol inserter configured to insert pilot symbols into data blocks and to
combine training symbols with the data blocks;

[1.2] at least one modulator, Schmidl
[1.2.1] each modulator having an inverse discrete Fourier transform [IDFT] Schmidl
stage and a cyclic prefix inserter,

[1.2.2] each modulator outputting a frame structure comprising a preamble Schmidl
structure and a data structure

[1.2.3] the preamble structure comprising at least one training symbol and Schmidl

an enhanced training symbol;

[1.3] and at least one transmit antenna, Schmidl
[1.3.1] each transmit antenna corresponding to a respective one [of] the at Schmidl
least one modulator,

[1.3.2] each transmit antenna transmitting the frame structure output from Schmidl

the corresponding modulator,

[1.3.3] wherein the enhanced training symbol is a single symbol. Schmidl

ERIC-1037

Disputed
elements




Schmidl discloses an encoder, modulator, and antenna

ERIC-1037

ANTENNA

)
1
:
E 52 i
Baseband N S=e i
Data Bits =% ¢ i
..01101... 0 :
\a2f | D % i

E

R

FIG. 1 (Prior Art) (Anotated)

Schimdl’s OFDM transnutter comprises an encoder that receives data bits as
mmput and creates a sequence of frequency-domain sub-symbols to form a data frame
mcluding a first trammg symbol and a second traiming symbol that are combined with

a plurality of data symbols. See id. FIGs. 1 (14) and 6, 1:42-49 and 1:63-67. For

(Schmidl, Fig. 1
(annotated), illustrated in
Haas Decl. (ERIC-1009),
147 and included in
Petition for IPR, pp. 28
and 31)

(Petition for IPR, p.
28)




Schmidl discloses training symbol placement

Symbol Number 1 2 3 M
Symbol Type Training Training User User (Schmidl, Fig. 6,
it fisq | PNSeq 1| PNSsz] e || omm BRI
Odd-No. Freq. Zeroes PN Seq. 3 Data Data and Decision to
............ Institute, p. 10)
K132
\130
FIG. 6
15 FIG. 6 illustrates the placement of a training sequence (Schmidl, 11:66-

67, cited in

within a data frame and also illustrates the contents of the Decision to

Institute, p. 10)

Traiiiu'g symbols 134 and 136 are preferably placed at the
beginning of data frame 130 as shown in the figure.

(Schmidl, 12:16-
17, cited in
Petition for IPR, p.

12)

OFDM training symbol 136, which in the preferred embodi-
ment directly follows first OFDM training symbol 134.

other, doing so minimizes the effect of time variation of the
channel over the duration of the training sequence.

The prefemred embodiment also comprises a second

45 | (Schmidl, 13:44-
49, cited in Petition

Although the two symbols need not be placed next to each for IPR, p. 14)

ERIC-1037




Schmidl — transmitted frame includes OFDM training symbols

Cyclic Training Cyclic Data
Prefix Block Prefix Block
r . L1 A \ r A 1\ A 1
«pie b FIG. 4
Tg TS ‘\\ Tg ‘: TS ‘\
H 112n | i 112n
S, o184 136 0 13 S 138(M-2)
Symbol Number 1 2 3 M
ol ¥ i i | Tosiing Yo User (Schmidl, Figs. 4 and 6, annotated as
m e . . .

X e e I .. B shown in Haas Decl., ] 43, cited in,
Even-No. Freq. | PNSeq.1| PNSeq.2 Data Data inter alia, Petition for IPR, p. 7)
QOdd-No. Freq. Zeroes PN Seq. 3 Data Data

sz
FIG. 6
Time

Schmidl discloses an encoder (Fig. 1(14)) to encode
training symbols used to improve synchronization
between an OFDM transmitter and an OFDM receiver. | (Haas bec., p. 44, cited in
These training symbols are combined with data| PettenforiPR.p.28)
symbols (corresponding to “data blocks™) 1n a
transmitted data frame.

ERIC-1037



Schmidl’s encoder creates and inserts training symbols

16. Schmudl’s encoder 14 in Fig. 1 creates the traming symbols: “since a

2™ -ary QAM encoder 14 i1s used to create first OFDM training symbol 134...”
ERIC-1002, 13:16-18. This description together with the frequency contents of the
symbols m the transmitted frame in Fig. 6 mform a POSA how the encoder 14
creates the traming symbols. A POSA would have understood that the encoder 14
necessarily incorporates circuitry that inserts tramning symbols m the frequency
domain such that traming symbols in the time domain are produced. This circuitry

1s an example of a training symbol inserter.

(Supp. Haas Decl., q] 16, cited in Petitioner Reply, p. 14)

ERIC-1037



Arslan discloses frames that include both training symbols and pilot symbols

10

15

20

FIG. 4 illustrates a frame structure which may be utilized
with the present invention. As seen in FIG. 4, the frame
includes a_synchronizing portion 0 to A using ftraining

meols information portions B—C, F-G and J-K and pilot
portions D-E, H-I and Y-Z. According to the present

mvention,_the pilot portions are m];grspgrsgd between mfnr
mation portlons so as to allow retrai

channel estimator 30 during the frame. The synchronizing
portion of the frame is a series of predefined symbols, from

0 to A1n FIG. 4, which are the same for each received frame.
The information portion of the frame, from B to C, F to G
and J to K, contains symbols which may vary from frame to
frame and contain the information to be transmitted in the
frame. The pilot portions of the frame, from D to E, Hto I
and Y to Z, contain predefiped symbols which may be used

to retrain the adaptive channel estimator 30. As will be

(Arslan, 6:7-21, cited in Petition
for IPR, pp. 14-15 and
Petitioner Reply, pp. 15-16; 6:7-
15 cited in Decision to Institute,
p. 12)

FIG. 4

) A B C DE F G HI J K

Y Z (Arslan, Fig. 4, shown

Training
Symbols

Information Pilot | Information Pilot Information

in Decision to Institute,
Pilot p. 12, Petition for IPR,
pp. 15 and 28, and

Peitioner Reply, p. 16)

ERIC-1037
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Arslan

Training symbols and pilot symbols are inserted in a frame of data for synchronization

Training symbols

information contained in the received signal. Often, in
wireless mobile radio systems, known data sequences are ss
inserted periodically into the transmitted information
sequences. Such data sequences are commonly called syn-
chronmizing sequences or training sequences and are typically
provided at the begmnning of a frame of data. Channel

Pilot symbols

i

The present invention utilizes pilot symbols inserted in a
frame of data in a received signal to periodically retrain a

|':|q

Synchronization

These and other objects of the present invention are
provided by utilizing pilots m an information sequence (o
periodically retrain a channel estimator. Thus, a2 channel

tracker mav be synchronized using a synchronization
sequence and then periodically retrained using known pilot 5
symbols. Furthermore, the utilization of pilots may allow for

(Arslan, 1:55-59,
cited in Petition for
IPR, p. 15 and
Petitioner Response,

p. 16)

(Arslan, 5:26-27,
cited in Petitioner
Response, p. 16)

(Arslan, 3:1-6, cited
in Haas Decl., | 54
and Petition for IPR,

p. 15)

ERIC-1037



Combination of Schmidl and Arslan

Combination renders obvious claim 1’s “an encoder having a pilot/training symbol
inserter ... configured to insert pilot symbols into data blocks”

22. Arslan recognizes the benefit of including pilot symbols within the
data transmission to maintain calibration and synchronization. Accordingly, it

would have been obvious to use pilot symbols in Schmidl’s system as separate

time-domain symbols for tracking time variations to calibrate or synchronize the

receiver to the transmitter by using time-domain pilot symbols. As discussed

above, Schmidl discloses inserting at the beginning of data structures known
symbols as traming symbols for calibration and synchronization. It would have
been obvious to create time-domain pilot symbols in Schmidl in the same manner
as the time-domain training symbols are created in the Schmidl’s encoder — that s,
by inserting blocks of known pilot symbols in the frequency domain that would

result in time-domain pilot symbols. The same circuitry in Schmidl’s encoder 14

used to insert training symbols would be used to insert pilot symbols, resulting in

the claimed “pilot/training symbol mserter configured to imsert pilot symbols into (Supp. Haas Decl., ] 22,
cited in Petitioner Reply, p.
data blocks.” 17)
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Claim 17

Claim 1 recites:
“a transmitter ... comprising:
an encoder ...
at least one modulator...
at least one transmit antenna ...”
 Claim 17 adds:
“‘wherein the number of modulators and the number of antennas is two ...”

* There is no dispute that the combination of references discloses two encoders,
two modulators and two antennas. (PO Response, pp. 28-29)
« Claim 17 depends from claim 1, and the dispute is over whether claim 1’s

limitation of “an encoder” should be interpreted to require only a single

encoder. (Petitioner Reply, p. 19)
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Claim 17

PO improperly reads limitations from specification into claim 17

* PO improperly limits claim 1 to the embodiment of Fig. 1, which
llustrates a single encoder coupled to multiple modulators

(Petitioner Reply, p. 20)

* “A particular embodiment appearing in the written description
may not be read into a claim when the claim language is
broader than the embodiment.” Superguide Corp. v. DirecTV
Enterprises, Inc., 358 F.3d 870, 875 (Fed. Cir. 2004).

(Petitioner Reply, p. 19)
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Claim 17

 Claim 1 recites “a transmitter ... comprising: an encoder ...”

« “‘[Clomprising’ is a term of art used in claim language which
means that the named elements are essential, but other
elements may be added and still form a construct within the
scope of the claim.” Genentech, Inc. v. Chiron Corp., 112 F.3d
495, 501 (Fed. Cir. 1997). (Peitioner Reply, p. 20)
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Claim 17

« PO argues that “claim 17’s single encoder [is] coupled to

multiple modulators and respective transmit antennas...”
(PO Response, p. 34)

* However, claim 1 does not specify coupling between the
encoder and the at least one modulator  (petitioner Reply. p. 20)

« PO’s expert confirmed claim 17 does not specify coupling:

13 Q. Does Claim 1 specifically, Claim 1,

el the language of Claim 1, does that describe any
12 connection or linkage between an encoder and

1= the modulators?

1 A. I don't believe Claim 1 explicitly

1= links the output of the encoder to the input of
16 a modulator.

(Hartogs Dep. Tr., 69:10-16, cited in
Petitioner Reply, p. 21)
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Claim 17

Even PQO’s expert recognizes that multiple encoders can be utilized

(]

10

11

Q. So is it now your testimony that
there can be more than one encoder in the
system claimed in Claim 17?

A. Conceptually, you know, conceptually
not.

I'm going to do something that's
going to scare the attorneys over on the left
side of the table. If there's more than one
encoder, they have to have a conspiracy to
function. They can't function independently.

0. So just so we're clear on that —-

A. Uh-huh.

0. -— Claim 1, the system claimed in

Claim 1 can have more than one encoder as long

as they conspire with one another?

MR. PICKARD: Object to form.

A. Conceptually, that's one encoder.

ERIC-1037

(Hartogs Dep. Tr., 66:6-22, cited in
Petitioner Reply, p. 21)



Summary of Arguments

Claim 1
« Claim term “insert pilot symbols into data blocks” encompasses

embodiments that result in a separate OFDM pilot symbol in the
time domain

H] 1]

« Schmidl in view of Arslan renders obvious claim 1’s “an encoder
having a pilot/training symbol inserter ... configured to insert
pilot symbols into data blocks”

Claim 17
« Claim 17 is satisfied by a showing of more than one encoder

« The combination of references discloses the encoder of claim
17
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BACKUP SLIDES

ERIC-1037



“pilot symbol”

Petitioner’s expert — Mody Provisional uses term “pilot symbol” in same manner as 127
patent

3 Q Okay. So i3 1t possible that Exhibit 1035 uses
4 the term "pilot" differently than it's being used in the
> '127 specification?

6 A There's nothing that would indicate to me that
7 this is the case. The term "pilots" in the provisional

: Mody ——- the use of the term "EilDtﬂ" in the provisional

9 Mody seems to be consistent with the use of the word

10 "pilots"™ or the term "pilots" in the "127.

(Second Haas Dep. Tr., 52:3-10,
cited in Response to PO’s Motion for
Observations, No. 15)
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“pilot symbol” — same structure as “training symbol” but symbols not

necessarily identical

Petitioner’s expert — training blocks have same structure as
pilot blocks but not necessarily same content, citing '127
patent, 7:47-50

(Response to PO’s Motion for
Observations, No. 12)

13 Moreover ——- this is in Column 7, Line

L4 moreover, different sets of training symbols in a pilot

1> and/or pilot blocks may be provided by the pilot training

47 —-

Le symbol inserter (46), depending on the operating criteria (Second Haas Dep. Tr.
37:13-21, cited in
17 of the communication system (10). So if you say they're Response to PO’s Motion

18 identical, I cannot tell you if thev're identical or

13 but I know at least the structure is the same, which

2l N, sub I, samples in the training symbol. And in both

=V that there is N, sub I, samples in the pilot block, and ths

for Observations, No. 12)

not

13

Moreover, different sets of training svmbols and/or pilot
blocks mayv be provided by the pilot/training symbol inserter
46. depending on the operating criteria of the communica-
tion system 10, which may be determined by the user. S0

ERIC-1037

(127 patent, 7:47-50, cited in
Response to PO’s Motion for
Observations, No. 12)




“pilot symbol” — used for synchronization

PO — “pilot symbol” is known symbol used for synchronization

A “pilot symbol” is known to both the transmitter and receiver and 1s

“transmitted with data blocks to calibrate (i.e., synchronize) the receiver 16 to the

transmitter 14 on a small scale.” ("127 patent, 7:40—42.) Both Petitioners” and

(PO Response,
pp. 17-18)

127 patent

Pilot blocks are tvpicallv transmitted with data blocks to 40
calibrate (i.e., synchronize) the receiver 16 to the transmitter
14 on a small scale. This calibration, or synchromzation,
accounts for the time varying nature of the channel 12, for

Petitioner Expert Cross-Examination

17 So pilot symbols do perform synchronization

18 and it doesn't mean that the system has to be completely

19 desynchronized before the pileot symbols are being used. So
z0 the system -- the system can be synchronized to some degree
21 and the pilot symbols improve the synchronization further,

2z and it's just synchronization.

ERIC-1037

(127 patent, 7:40-43
cited in Petitioner
Reply, pp. 12-13)

(Second Haas Dep.
Tr., 55:10-22, cited in
Response to PO’s
Motion for Observation,
No. 14)




Disclosure regarding “pilot symbol” - ’127 patent, 2:10-25

Pilot symbo

Is have same structure as training symbols in time domain

10 Training symbols are typically added as prefixes to the
data structures (e.g.. at the beginning of [rame structure) to
enable training (i.e., time and frequency synchronization)
between the transmitter and receiver of a MIMO commu-
nication system. These training symhbols can be referred to as

15 preambles and are part of the preamble structures. Space-
time signal structures are constructed using STP for tramning
symbols and data symbols individually. Furthermore, pilot
structures (or pilots) are svmbols that are also constructed by
S TP and have the same structure as preambles. However,

20 instead of being placed as a prefix to the data structure, the
pilot structures are periodically arranged within groups of
data symbols, Certain properties mcorporated nto space-

Petitioner Expert

ERIC-1001, 2:10-25. Thus, pilot symbols have the same structure as training

symbols (also known as preambles) in the time domain, but the pilot symbols are

arranged within groups of data symbols, as opposed to being at the beginning of a

fransmission.

ERIC-1037

(127 patent, 2:10-25, cited
in Petitioner Reply, pp. 5-6)

(Supp. Haas Decl., |7,
cited in Petitioner

Reply, p. 6)




’127 patent, Fig. 6 illustrates the time domain

PO expert cross-examination

11 Q. All right. Figure 6 1s 1llustrating
12 OFDM symbols in the time domain; correct?

13 A. Everything in figure 6 1s 1in the time
14 domain, ves.

(Hartogs Dep. Tr., 117:111-114,
cited in Petitioner Reply, p. 8)
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PO Expert — pilot symbols “sprinkled” into data blocks

And data blocks, there are at least

o

! two types of data blocks, one that has a couple

J of pilot tones sprinkled i1in 1t and one of which
J does not, so —-- and those are the inputs to FFT
10 or the i1nverse FFT 1f you want to be more

L1 precise.

(Hartogs Dep. Tr., 93:6-11, cited
in Petitioner Reply, p. 4)
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Prosecution History

Claim 1 (original claim 2) amended to accept allowable subject matter in first OA

2. (currently amended) A transistor-transmitter of a communication system, the transmitter
comprising: 3

an encoder having a pilot/training symbol inserter, the pilot/training symbol inserer

configured to insert pilot symbols into data blocks and to combine training symbols with the data

blocks;
at least one modulator, each modulator having an inverse discrete Fourier transform (Prosecution History, p.
_ ) ) T T 59, cited in Petition for
(TDFT) stage and a cyclic prefix inserter, each modulator outputting a frame structure comprising | PR, P-10)

a preamble structure and a data structure, the preamble structure comprising at least one training
symbol and an enhanced training symbol; and

at least one transmit antenna, each transmit antenna c:owes;mnﬂing to a respective one or
the at least one modulator, each transmit antenna transmitting the frame structure output from the

corresponding modulator, wherein the enhanced training s

ERIC-1037




Enhanced Training Symbol (Time Domain)
127 patent

The enhanced training symbol 79 of length G+N, can be
| further subdivided into smaller sections for eflicient syn- (127 patent, 11:63-66, cited in
chronization and to perform frequency offset estimation over a5 | Petiton for PR, pp. 5-6)

a wider range. The sequences contained in these sections are

84 ?ced Training Symbol
Cyclic Prefix Training Block

76 78
A A
¢ g B
s,(NT/4) | s (NT/4) | s, (NTM) | s,(NTM) | s (NT/4)
86-1 86-2 86-3 86-4 86-5 ‘
S P — |
aaj ‘ 92~ 20 '1 (127 patent, Fig. 7, annotated and
e >) | illustrated in Petition for IPR, p. 6)
e
94

FIG-. 7 Annotated

Board’s construction of “enhanced training symbol”

Accordingly, for purposes of this Decision, we construe an “‘enhanced

(Decision to

traming symbol™ as “a traming symbol, comprising a plurality of sections Institute, p. 9)

including repeated sequences, and providing at least a synchronization

function.”
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Schmidl discloses an “enhanced training symbol”

« Schmidl discloses transmission of two training symbols

Preambie Structure
Enhanced ‘
Training Training
Symbol Symbol Data S’Jclructure
| |
r L |
P 134 136 138a 138(M-2) | _ .
L i i - (Schmidl, annotated Fig. 6,
Symbol Number 1] 2 | S L Petition for IPR, p. 29)
Symbol Type Training Training User User
Even-No. Freq. PN Seq. 1 PN Seq. 2 Data Data
QOdd-No. Freq. Zeroes PN Seq. 3 Data Data
S L I Data Frame _|
Kia0
FIG. 6 (Annotated)

« Schmidl’s first training symbol 134 has identical halves (“sections including
repeated sequences”)

numher:td suh»:::arrie;'s dalrinlg the symbol interval. This
55 results in a time-domain OFDM symbol that has two iden-

tical halves since each of the even-numbered sub-carrier (Schmidl, 12:54-59, cited in
Petition for IPR, p. 33 and

ﬁeqﬂ&ﬂﬂiﬁﬂ I'EP'EE’CE every ha:lf Sj.flllbﬂl i]ll:ﬂ'?ﬂl, and there H:IF Decision to Institute, pp. 11
no odd-numbered sub-carrier frequencies to destroy this | and 14)

time-domain half-symbol symmetry, First OFDM ftraining

ERIC-1037




Schmidl discloses an “enhanced training symbol”

e Schmidl —first training symbol 134 used for synchronization

carrier frequency offset, Af.. To estimate symbol/frame
timing in order to synchronize the receiver to the OFDM | o
signal, the method of the present invention utilizes the | [uroion o ettt p ia
I'.I.It'l-t‘:-dﬂl’l]ﬂll] symmetry properties of first OFDM training | and Petition for IPR, p. 13)
s:fmbnl 1. Specifically, symbol/frame timing according to

One of the key advantages of the present invention over
the prior_ art is that it enables a .receiver to accurfately (Schmid, 14:27-31 cited in
synchronize to the symbol/frame timing of an OFDM signal | Decision to Institute, pp. 11

4, With the reception of just one symbol, first OFDM traiming | {05 0 55 o o
symbol 134. Additionally, establishing timing synchroniza-

 Conclusion — Board
I A supra. Schmudl’s first OFDM training symbol performs

synchronization, comprises a plurality of sections and has two 1dentical I(E;ﬁ'jt'g”pts .

. . 14)
halves, and, thus, discloses, teaches, and suggests the recited enhanced

training symbol of claim 1.
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Kim - claims 4 and 6-10

« Kim discloses training symbol including training block having 64 samples divided

into four equal sections and a cyclic prefix having 16 samples
(Petition for IPR, pp. 40-43)

Trajnjpg symbol inclpding Training Block including
5 sections (1 CP section + four (4) sections FIG. 8 (Annotated)
4 Interval sections) FIG. 8 (Annotated) PRIOR ART
PRIOR ART
R R R R D
Ry Ry R Ry D4 P 2 N N A
y Al A A
.o e o @
s o S S S R - —— S S
- ~+ ~+ ~+ -+ | - -+ ~+ ~+ -+ :

(Annotated versions of Kim, Fig. 8, presented in
Petition for IPR, pp. 17 and 42)

Figure 8 depicts a data structure and, in particular, a signal
architecture for a wireless network in an OFDM system. Ex. 1004, 2:22-24,
5:31-32. Guard intervals G1 through G35 are provided at the beginning of
each training symbol R1 through R4 and data symbol D1. /4. at 2:24-26. In

) _ ) (Decision to
each of the symbols, the guard interval 1s N/4, where N=64, such that the Institute, p. 15)

length of the guard mterval 1s 16. Id. at 2:32-34.
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Combination of Schmidl and Arslan

54. Based on the above discussion, Schmidl 1s directed at synchronization
between wireless transmitters and receivers, and discloses that a transmitter
transmits a signal having a frame structure comprising training symbols and data
symbols. See ERIC-1002. 1:5-12. Also, Arslan 1s directed at utilizing pilot
symbols inserted into the data symbols to maintain synchronization between
wireless transmitters and receivers. See ERIC-1003, 3:1-6. Further. Arslan
discloses a frame structure having tramning symbols combined with data symbols
and pilot symbols inserted into the data symbols. See id. Fig. 4. Therefore, both
Schmidl and Arslan are directed at improving synchronization between a wireless

transmitter and a wireless receiver, and disclose frame structures including

information for the same. Accordingly, it would have been obvious for one of
ordinary skill in the art to apply the known technique of inserting pilot symbols

into data symbols, as taught by Arslan, to the known frame structure of Schmidl to

yield predictable results.

ERIC-1037

(Haas Decl., q[ 54, cited in Petition for

IPR, p. 30)
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