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(57) ABSTRACT

Methods, systems, and apparatus, including computer pro-
ams encoded on computer storage media, for correcting
distortion of radio signals A transmit radio signal corre.
sponding 1o an output of a transmi g radio signal pro-
system s obtained, A pre-distorted radio signal is
erated by processing the transmit radio signal using
a nonlinear pre-distortion machine learning model. The
nonlinear pre-distortion machine learning model includes
model parameters and at least one nonlinear function to
correct radio signal distortion or interference. A transmit
output radio signal is obisined by processing the pre-
distorted radio signal through the transmitting radio signal
processing system. The transmit output radia signal is then
transmitted o one or more radio receivers.

24 Claims, 12 Drawing Sheets
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Earliest priority date of April 17,
2017

Predistortion and neural
networks were known before
the critical date. Petition, 4-9.

The NPDMLM being “associated
with values corresponding to
one or more deployment
scenarios” as well as “cellular
communications” and a “base
station” was not novel either.
See Ex-1002 ('704 patent), 44,
63-64.



Digital Global Systems’s Grounds

Ground Basis Claims References
1 §103 1-3,7-8,9-11, 15-16, 17-19, 23-24 | Jischke + POSITA
p) §103 1-24 Ground 1 + Holt

3 §103 2-6, 10-14, 18-22 Ground 2 + Dzierwa

(Petition, 3.) Grounds 1-3 are supported by the testimony of Dr. Ding. Ex-1003.

DeepSig’s POR is:
» Limited to [1B.1] & [1B.2] and similar limitations
» Limited to claim 4 and similar claims

» Unsupported by expert testimony
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Juschke renders claim 1 obvious

(and similar claims 9 and 17)
Claim1|  limitaion |

A method for correcting distortion of radio signals in a

cellular communications system:

obtaining, at a base station in the cellular
communications system, a transmit radio signal that is
prepared for transmitting to one or more radio
receivers associated with the cellular communications
system;

accessing a nonlinear pre-distortion machine learning

model associated with the base station,
wherein the nonlinear pre-distortion machine learning

| 4 - .
neural network 13 analog transmitter device 14

input signal 12

13 14

T [ 7 an

| ‘,,’/:“=\\‘
=
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model includes model parameters associated with

values corresponding to one or more deployment

scenarios in the cellular communications system,
and at least one nonlinear function to correct radio

11a 15a

11b 15b

signal distortion;
generating a pre-distorted radio signal by processing

/ Q |

-

R / -

12b 16b

the transmit radio signal using the nonlinear pre-
pre-distorted baseband signal 16

distortion machine learning model;

obtaining a transmit output radio signal by processing
the pre-distorted radio signal through a transmitting
radio signal processing stage of the base station; and
transmitting the transmit output radio signal to the

Ex-1005, Figure 1 (annotations added).

one or more radio receivers.

Petition, 20-37 (claim 1).
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Juschke renders [1B.1] obvious

Juschke explicitly teaches that its radio transmitter (and NN) can be used for base
stations. See also Ding Declaration, 99122, 131.

e

accessing a nonlinear pre-distortion machine learning

model associated with the base station,

¥
neural network 13

v Ly

a

[ @ !
11a 15a m
X —
11b 15b
Q e >
/ T —— \ a
12b 16b

Ex-1005, Figure 1 (annotations added).

[0006] Therefore, it is desirable to have a more flexible radio_transmitter that can support as many standards and
signals as possible. Beside the interest on increased flexibility from the outside view, a high flexibility within the transceiver
system has the advantage, that different parts of the system can be exchanged and adapted easily, like the flexibility to =
use the digital part with different analog components without reconfiguration. This is not only true for macro-cell base

stations but also for small-cell base stations.

Petition, 23-25; see also id., 22.

Demonstrative Exhibit — Not Evidence 5



[1B.1] PO’s Argument Implemented # Associated is Incorrect and Unsupported

e Patent Owner incorrectly argues that “Petitioner plainly fails to identify any association
between a base station in which a transmitter is located and Jischke’s neural network.”
POR, 32.

e Patent Owner provides no extrinsic evidence or expert testimony to support this.

e Juschke clearly teaches that NN 13 within its “flexible radio transmitter” can be

associated with a “base station.” 10
neural network 13 ’
13 14
12a f 16a
| —e / ]
11a '\./' 15a

Tx e
11b 15b

Q -/;\- >
[ Le=—11\-

12b 16b

Ex-1005, Figure 1 (annotations added).

[0006] Therefore, it is desirable to have a more flexible radio_transmitter that can support as many standards and
signals as possible. Beside the interest on increased flexibility from the outside view, a high flexibility within the transceiver
system has the advantage, that different parts of the system can be exchanged and adapted easily, like the flexibility to
use the digital part with different analog components without reconfiguration. This is not only true for macro-cell base

stations but also for small-cell base stations.

Demonstrative Exhibit — Not Evidence PEtitiOﬂ, 23-25; see also Id, 22. 6




[1B.1] PO’s Argument Implemented # Associated is Incorrect and Unsupported

e Patent Owner’s implemented # associated with argument is pure attorney
argument, unsupported by extrinsic evidence, expert testimony, or a claim
construction.

 The Board correctly rejected this argument in granting institution.

1. “nonlinear pre-distortion machine learning model associated with the
base station™

Petitioner asserts that Jiischke discloses a system “for mobile

communications™ that uses “base stations.” Pet. 22-23 (citing Ex. 1005

99 2, 6). Patent Owner disputes whether Jiischke discloses the model
associated with the base station as claimed, focusing on the words
“associated with.” Prelim. Resp. 26-28. Patent Owner argues that
Petitioner’s position is that the model is “implemented within” the base
station, but that the claim requires the model to be “associated with” the base
station. Id. at 27. On this record, with no claim construction offered, we fail
to see how Patent Owner construes a model “implemented within,” i.e., used
in, a base station to not also be “associated with” the base station. That is, it
would seem that a model used in a base station is associated with that base

station. Accordingly, we do not find Patent Owner’s argument persuasive

on this preliminary record.

Institution Decision, 11-12.
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Juschke renders [1B.2] obvious

* As the Board correctly found, the “deployment scenarios” include the NN model’s
physical location and configuration relative to the input and amplifier.

* |.e., these are hardware configurations with respect to the NN model.

............. Y

ey il ) Analo —
!:i':]naingRF — — . \\“ Subl_raft J Amplifier !_ Antenna Analog RF
N A sz | B03 A 604 |out
801 | Digtallagic /| i'l' | 607
.8  nonlinear (2| | |
(< predistorion (S
h— System 1 ADC =
i03 [
I——— S

Ex. 1001, Fig. 6B. In contrast to the “in-line” model 103 of Figure 6A,
Figure 6B depicts a “fault-tolerant subtractive mode” for the model 103. /d.
at 4:61-62, 10:42-45. Notably, in Figure 6B, model 103 is not directly in-
line with analog RF in 601 and amplifier 603.

Other deployment scenario permutations are based on whether the
signal is “inside a tower” or “inside a remote radio unit.” /d. at 38-65. In
sum, the “deployment scenarios” claimed in the *704 patent include the
model’s physical location (e.g., tower/remote) and the model’s configuration

relative to the input and amplifier (e.g., in-line/fault-tolerant).

Institution Decision, 8.
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Juschke renders [1B.2] obvious

JUSChke eXpIICItly teaCheS that Its mOdel wherein the nonlinear pre-distortion machine learning
model includes model parameters associated with

parameters are correspond to deployment

scenarios exactly matching those in the '704
patent.

values corresponding to one or more deployment
scenarios in the cellular communications system,

See also Ding Declaration, 99141-48 ([1B.2]),
185-89 ([3A]/[3C)).

| DigitalLogic

Nonlinear || A
B |
Pre-distortion o / 604 1

Tower-mounted amplifier with non-linear pre-distortion system 103
12a f 16a / inline between input 601 and amplifier 603.
\ | FIG. 6A
| * >
d

Tx - 1 Digi;!.ogic ) o
B |
11b 15b N —
\ ”/"‘\_ / Digital RF J\J > E Nanlinear NJ Amplifier Antenma | | Analog RF
O @ e In A= 8 Pre-distortion 703 - 704 : out
V Q 0 Vis g System e a2 | 108
S ————————— |8 I
——
12b 16b

Remote radio unit with non-linear pre-distortion system 103 inline

Juschke’s flexible transmitter hardware with pre-distortion NN 13 inline between input 701 and amplifier 703.

between input transmit signal 12 and power amplifier in transmitter device 14.
FIG. 7A

Jiischke, Figure 1 (annotations added).

"704 patent, Figures 6A, 7A (annotations added).
Demonstrative Exhibit — Not Evidence Petition, 23-25 ([1B.2]); see also id., 43-46 ([3A]/[3C]). o9




Juschke renders [1B.2] obvious

e The Board correctly found a “striking” resemblance between Jiischke Figure 1
and "704 patent Figure 6A.

2. “model parameters associated with values corresponding to one or
more deployment scenarios”

Petitioner asserts that the “model parameters associated with values™
are the “weight and/or bias parameters” of the model. Pet. 26-27. Petitioner
further asserts that the configuration of the model in Jiischke is the same
configuration as the “in-line” deployment scenario described in the
704 patent. Id. at 26-29. Patent Owner argues that “Jiischke does not
disclose any association of the weight or bias parameters, which are used to
approximate the transmitter device’s inverse transfer function, to any
deployment scenario.” Prelim. Resp. 15; see also id. at 12-16 (entire
argument). However, the in-line deployment scenario depicted in Figure 6a
of the *704 patent bears a striking resemblance to the arrangement depicted
in Figure 1 of Jiischke. In particular, both figures show the analog radio
signal fed directly into the model and then directly into the amplifier.
Compare Ex. 1001, Fig. 6A with Ex. 1005, Fig. 1. As we explained in our

preliminary claim construction section, the claimed “deployment scenarios”

include the model’s configuration relative to the input and amplifier, such as

“in-line.” Thus, on the present record, we do not find Patent Owner’s

arguments regarding the “deployment scenarios™ limitation persuasive.

Institution Decision, 12-13.
Demonstrative Exhibit — Not Evidence 10



[1B.2] PO Incorrectly Adds “Use Dependent” to the Claim Language

e Patent Owner incorrectly argues that [1B.2] requires the “deployment
scenarios” must be “use dependent.” POR, 26.

e There is no such “use dependent” requirement; only that the parameters
correspond to “one or more deployment scenarios.”

e

wherein the nonlinear pre-distortion machine
learning model includes model parameters
associated with values corresponding to one
or more deployment scenarios in the cellular

communications system,

Demonstrative Exhibit — Not Evidence 11



[1B.2] PO Incorrectly Adds “Use Dependent” to the Claim Language

The Board correctly rejected this “use dependent” v. inverse transfer function argument.

Juschke’s model functioning in given deployment scenario teaches that model’s
parameters and values corresponding to said scenario.

2. “model parameters associated with values corresponding to one or
more deployment scenarios”

Petitioner asserts that the “model parameters associated with values”
are the “weight and/or bias parameters” of the model. Pet. 26-27. Petitioner
further asserts that the configuration of the model in Jiischke is the same
configuration as the “in-line”” deployment scenario described in the

704 patent. /d. at 26-29. Patent Owner argues that “Jiischke does not

disclose any association of the weight or bias parameters, which are used to

approximate the transmitter device’s inverse transfer function, to any

deployment scenario.” Prelim. Resp. 15; see also id. at 12-16 (entire

argument). However, the in-line deployment scenario depicted in Figure 6a

of the *704 patent bears a striking resemblance to the arrangement depicted

in Figure 1 of Jiischke. In particular, both figures show the analog radio

signal fed directly into the model and then directly into the amplifier.
Compare Ex. 1001, Fig. 6A with Ex. 1005, Fig. 1. As we explained in our
preliminary claim construction section, the claimed “deployment scenarios”
include the model’s configuration relative to the input and amplifier, such as
“in-line.”” Thus, on the present record, we do not find Patent Owner’s

arguments regarding the “deployment scenarios™ limitation persuasive.

Patent Owner similarly argues that the parameters and values of
Jiischke do not meet the claim language. Prelim. Resp. 18-21. For
example, Patent Owner argues that Jiischke’s parameters are “generic” and
that Petitioner has not shown “that the parameters themselves are selected
for the model to correspond to one or more deployment scenarios.”

Id. at 21. However, as we explained above, Petitioner has shown

preliminarily that Jiischke teaches or suggests a model that is deployed in-

line in the base station, i.e., a “deployment scenario” as claimed. Given that
the model is functioning in a claimed “deployment scenario,” then it stands

to reason that its parameters and values correspond to that scenario. To the

extent Patent Owner is asserting that the model must have many
configurations, which can be selected once placed in a given deployment
scenario, we note that the claims are not so limited. Ex. 1001, 14:25. The
plain meaning of “one or more” includes “one,” i.e., one and no more.
Thus, on the present record, we do not find Patent Owner’s arguments

regarding the “parameters” limitation persuasive.

Demonstrative Exhibit — Not Evidence

Institution Decision, 12-13.

12



[1B.2] PO Incorrectly Adds a Selection Step to the Claim Language

 Patent Owner incorrectly argues that [1B.2] requires an extra “selection” step
requiring the parameters be selected from a group of two or more sets of
parameters corresponding to different “deployment scenarios.” POR, 25-26.

e Patent Owner further incorrectly implies that “one or more” means more than
one. POR, 25.

e There is no such “selection” or “more than one” requirement; only that the
parameters correspond to “one or more deployment scenarios.”

e

B wherein the nonlinear pre-distortion machine
learning model includes model parameters
associated with values corresponding to one
or more deployment scenarios in the cellular

communications system,

Demonstrative Exhibit — Not Evidence 13



[1B.2] PO Incorrectly Adds a Selection Step to the Claim Language

 The Board correctly rejected both PO’s extra “selection step” requirement and
reading of “one or more” as more than one.

Patent Owner similarly argues that the parameters and values of
Jischke do not meet the claim language. Prelim. Resp. 18-21. For
example, Patent Owner argues that Jiischke’s parameters are “generic” and
that Petitioner has not shown “that the parameters themselves are selected
for the model to correspond to one or more deployment scenarios.”

Id. at 21. However, as we explained above, Petitioner has shown
preliminarily that Jiischke teaches or suggests a model that is deployed in-
line in the base station, i.e., a “deployment scenario” as claimed. Given that
the model is functioning in a claimed “deployment scenario,” then it stands
to reason that its parameters and values correspond to that scenario. To the

extent Patent Owner is asserting that the model must have many

configurations, which can be selected once placed in a given deployment

scenario, we note that the claims are not so limited. Ex. 1001, 14:25. The

plain meaning of “one or more” includes “one,” i.e., one and no more.

Thus, on the present record, we do not find Patent Owner’s arguments

Demonstrative Exhibit — Not Evidence Institution Decision, 13. 14



Juschke and Holt renders claim 4 obvious

 The “received radio signal” only needs to “correspond[] to a representation of
the transmit output radio signal.”

e This can be a modeled signal.

 The “received radio signal” in [4B] refers back to the “received radio signal that
corresponds to a representation” in [4A] (e.g., modeled signal).

| Claim4 | limitaton |
“ The method of claim 2, further comprising:
m and the received radio signal; and
[4C] updating the values of the model parameters for the particular
deployment scenario based at least on the distance metric.

(and similar claims 12 and 20)

obtaining a received radio signal that corresponds to a
representation of the transmit output radio signal received at the

one or more radio receivers;
determining a distance metric between the transmit radio signal

Petitioner’s Reply, 17-18.

Demonstrative Exhibit — Not Evidence 15



Juschke and Holt renders claim 4 obvious

e Related U.S. Patent No. 11,777,540 (child to the 540 patent) further shows that
the “received radio signal” can be a “modeled” signal.

e The same modeled “received radio signal” is used to calculated a distance
metric.

| Claim12 | . limitaton

¢ LIREYIIN updating the model parameters based on a distance metric
computed between the transmit radio signal and the received

radio signal.

Claim 1

The method of claim 12, wherein processing the pre-distorted
radio signal comprises generating the received radio signal using a

Demonstrative Exhibit — Not Evidence See Petitioner’s Reply, 23 n.6 (pointing to '540 claim 13 and IPR2025-00194).



Juschke renders claim 4 obvious

e The 704 patent directly supports the use of modeled signals for calculating a
distance metric between a candidate (input) signal 501 and a (modeled)
received signal 505.

FIG. SA illustrates an example configuration of a nonlin-

ear pre-distortion system for model training. In some imple- B ‘; Comdte Tram hdi Sl
mentations, the nonlinear pre-distortion system 5004 1s the - _
same as the nonlinear pre-distortion system 103. The non- 40 1 1

Parameters — ’i Machine Learning Model

linear pre-distortion machine learning model in configura- _

tion 500a provides a pre-distorted radio signal 503 to a = =
modeled source of distortion or interference 504, The dis- S N ___j‘féf;;;_"’_'__l_
tortion or interference source produces a modeled received = P ———— Mo |

radio signal 505 that can be used by a distance computation 45 \ | teference T "o ;
process S08 to compute a distance metric between the — | | | ' Modeled Recerved | ! f
candidate transmit radio signal 501 and the modeled : M
received radio signal 505. The system then sends the com- s

ey —— - - —
Pre-Distortion Model % Non-linear Pre-Distortion ‘

| Machine Learning |

Y

| ! izati -~ Distance Computation :
puted distance metric to a model optimization process 510. R S iR B = |
This process determines updated parameters for the machine 50 e o e
learning model that minimize the distance metric. The goal ﬁ 02 !

>

)

Ex-1001 ('704 patent), 9:37-51. Ex-1001 ('704 patent), Figure 5A (annotations added).

Petitioner’s Reply, 20-23.

Demonstrative Exhibit — Not Evidence 17



Juschke and Holt renders claim 4 obvious

e Likewise, Holt teaches calculating a first loss function (216) between an input
signal (204) and a modeled output signal (214).

45 More particularly, FIG. 3 depicts a block diagram of an
example loss function (e.g., first loss function 216) defined

202 208 212 200 between the first set of inputs 204 and the third set of outputs

206 210 ’ 214. The first loss function 216 can describe a difference

N v _ between the first set of inputs 204 and the third set of outputs

oL > Encoder Model >| Channel Model |—t——1 Decoder Model f—t»- 214 50 214. For example, the first loss function 216 can be a
squared difference between the first set of inputs 204 and the

/ third set of outputs 214 (e.g., a sum of a squared difference

/ for each dimension in the first set of dimensions). However,

.. FirstLoss loss functions other than a squared difference can be used as
Function ~ . . . .

. / 55 well, including, for example, loss functions that include

216 various weightings (e.g., a particular weight applied to each

dimension in the first set of dimensions).

Figure 3

Holt, Figure 3 (annotations added). Holt, 16:45-57.

Berrans e B = Ve Brildarnes Petitioner’s Reply, 24-25; see also see Petition, 58-59, 69-73. |,



Juschke and Holt renders claim 4 obvious

e Likewise, Holt teaches calculating a first loss function (216) between an input
signal (204) and a modeled output signal (214).

The method of claim 2, further comprising:

obtaining a received radio signal that corresponds

to a representation of the transmit output radio.

202 208 212 , 200

206 210 ’

\ 4

Encoder Model »| Channel Model 1]

204

Decoder Model » 214

Y

_ FirstLoss _
"~ Function . o . o
N ‘ transmit radio signal and the received radio signal;

216 i’

Figure 3

determining a distance metric between the

and

[4c] updating the values of the model parameters for
the particular deployment scenario based at least
on the distance metric.

Holt, Figure 3 (annotations added).

BeoE e [Saris = e i Emae Petitioner’s Reply, 24-25; see also see Petition, 58-59, 69-73.



Juschke and Holt renders claim 4 obvious

e Likewise, Holt teaches calculating a first loss function (216) between an input
signal (204) and a modeled output signal (214).

The method of claim 2, further comprising:

The first loss function can be backpropagated through the
decoder model while modifying the decoder model to train
the decoder model, for example, by modifying at least one
weight associated with the decoder model. After backpropa-
gating the first loss function through the decoder model, the

5 first loss function can continue to be backpropagated
through the channel model without modifying the channel
model. After backpropagating the first loss function through
the channel model, the first loss function can be backpropa-
gated through the encoder model whi 1fyi

10 encoder model to train the encoder model,
modifying at least one weight associated with the enc
model. As such, both the encoder and decoder models can be
trained relative to the inputs and outputs of the channel
maodel.

obtaining a received radio signal that corresponds

to a representation of the transmit output radio.

determining a distance metric between the

transmit radio signal and the received radio signal;
and

updating the values of the model parameters for

the particular deployment scenario based at least
on the distance metric.

— > A

e o o e

Ex-1006 (Holt), 5:67-6:14.

BeoE e [Saris = e i Emae Petitioner’s Reply, 24-25; see also see Petition, 58-59, 69-73. ,,



Juschke and Holt renders claim 4 obvious

e Jischke and Holt teaching a training an encoder model using a modeled signal and rendering claim 4
obvious is consistent with the Board’s previous rulings on the related patents.

the nonlinear pre-distortion system”). The portions of Holt cited by
Petitioner teach training an encoder (i.e., transmit) model based on a loss

function computed using a signal obtained from a model, not from a

IPR2025-00049 (U.S. 10,581,469), Paper 7, 12-13.

4. Claim 13

Claim 13 depends from claim 12, and recites “wherein processing the
pre-distorted signal comprises generating the received radio signal using a
modeled source of distortion or interference.” Ex. 1001, 15:62-65.
Petitioner argues that “Holt Figure 3 shows channel model 208 implemented
with encoder/transmitter 202, decoder/receiver212, and loss function 216.”
Pet. 73 (citing Ex. 1006, Fig. 3). According to Petitioner, a person of
ordinary skill in the art “would have understood that the combined
Jiischke/Holt model training system could implement Holt’s channel model
trained using a modeled form of noise.” Id. at 74 (citing Ex. 1003 9 273).

In other words, for claim 13, Petitioner relies on Holt’s embodiments
that include a channel model, rather than the embodiments that include an
actual communication channel. Pet. 71-74. As discussed above, Holt
teaches using a loss function to “train[] the encoder model and decoder
model when the channel model is structurally provided between the encoder
model and decoder model.” Ex. 1006, 5:52—-56 (emphasis added); see id. at
code (57), 9:61-63, 13:4-20, 16:60-17:10; Section I1.D.1.b. Thus,
Petitioner’s arguments for claim 13 do not suffer from the same deficiencies

discussed above for claims 4 and 12. See Sections I11.D.1, I1.D.3.

IPR2025-00194 (U.S. 11,777,540), Paper 10, 15.

Demonstrative Exhibit — Not Evidence

Limitation

[4c]

The method of claim 2, further comprising:
obtaining a received radio signal that corresponds

to a representation of the transmit output radio.
signal received at the one or more radio receivers;

determining a distance metric between the
transmit radio signal and the received radio signal;
and

updating the values of the model parameters for

the particular deployment scenario based at least
on the distance metric.

See Petitioner’s Reply, 23 n.6 (pointing to '540 claim 13 and
IPR2025-00194). 21
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