Exhibit C

Exhibit C
’383 Patent Infringement Contentions

T-Mobile directly infringes the *383 patent—either literally or under the doctrine of equivalents—by making, using, selling, offering for sale,
and/or importing into the United States T-Mobile’s Infringing Instrumentalities, which ate covered by claims 1-17 of the *383 patent. General Access
contends that each limitation of the Asserted Claims is literally present in T-Mobile’s Infringing Instrumentalities. To the extent that any limitation is
not literally present, General Access contends that it is present under the doctrine of equivalents.

T-Mobile’s Infringing Instrumentalities that General Access has identified to date are listed in these infringement contentions. General Access
contends that any other T-Mobile products made, used, sold, offered for sale, and/or imported into the United States during the relevant period, and
that operated similarly to the accused 4G and 5G Products, also infringe the 383 patent. General Access reserves the right to update these contentions,
and its list of Infringing Instrumentalities, as discovery progresses.

T-Mobile has aggressively touted its use of 5G technology and leadership in the 5G arena:

T-Mobile Rules the World for 5G Availability and 5G Reach. In a new global report, leading
research firm Opensignal today confirmed that T-Mobile (NASDAQ: TMUS) customers get
a 5G signal more often and in more places than anyone else on the planet. [S]aid Neville
Ray, President of Technology at T-Mobile[,] “[w]e’re out in front of the competition, and
we’re not looking back.”

https://www.t-mobile.com/news/network/t-mobile-rules-the-world-for-5g-availability-and-reach (Sep. 20, 2022).

5G is the next generation of wireless technology, designed to expand the scope of mobile
technology beyond the capabilities of LTE. It will fuel innovation across every industry and
transform every aspect of our lives. Over time, 5G technology will change the way we live,
work, and play—for the better.

https://www.t-mobile.com/5g#:~:text=What%20d0es%205G%20UC%20mean,5G%20and%20Ultra%20Capacity%0205G. (“What is 5G Technology”)

T-Mobile has also aggressively touted its leadership in 4G LTE. See, e.g. https://www.t-mobile.com/resources/what-is-lte ; https://www.t-
mobile.com/coverage/extended-range-compatible-devices.

IPR2023-01415

Petitioners' Ex. 1008 1
Ex.1008.00001
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Claim Language Infringement Contentions
Claim 1 An apparatus for a To the extent that the preamble is limiting, T-Mobile’s Infringing Instrumentalities are apparatuses for a
Preamble | communication station communication station operable in a wireless communication system at least to receive first and second
operable in a wireless data signals successively transmitted thereto by a first subscriber station and a second subscriber station,

communication system at  [respectively, within a plurality of subscriber stations, as described in Claim 1.
least to receive first and
second data signals
successively transmitted
thereto by a first subscriber
station and a second
subscriber station,
respectively, within a plurality|
of subscriber stations, the
apparatus comprising:

For example, and without limitation, T-Mobile’s 4G and 5G base stations are apparatuses for a
communication station operable in a wireless communication system. See, e.g., https://www.t-
mobile.com/coverage/4g-lte-5g-networks (touting the benefits of T-Mobile’s network, including that it
“covers 325 million Americans nationwide”). See also https://www.t-
mobile.com/news/network/americas-leading-wireless-network-tops-competitors-in-new-report (touting
the same 325 million figure, and noting T-Mobile’s network speed); https://www.t-
mobile.com/news/network/tmobile-5g-claims-more-thid-party-report-wins (T-Mobile news release
regarding “umlaut” report finding that T-Mobile had the fastest uplink speeds in 5G).

T-Mobile’s 4G and 5G base station equipment is operable to receive first and second data signals
successively transmitted thereto by a first subscriber station and a second subscriber station,
respectively, within a plurality of subscriber stations. For example, and without limitation, T-Mobile’s
IAccused 4G and 5G base stations include antennas, baseband units, air interface units, radios, and
additional hardware and software. For example, and without limitation, the following image depicts
some of the hardware that may be included in a base station utilizing an Ericsson BBU:
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See Ericsson Baseband Description, Baseband 6648, 6641 (retrieved from
https://studylib.net/doc/25912867 /baseband-6641-6648-description). See also
https://www.coursehero.com/file/142380780/ts-t-mobile-025-211006-dcltr-CheshireStdoc/

(Transcend Wireless application for T-Mobile station including Ericsson 6648 BBU). T-Mobile’s 4G
and 5G base stations can alternatively utilize equipment from other manufacturers, including but not
limited to Samsung, Nokia, Commscope, and others. See, ¢.g., https://www.nokia.com/about-
us/news/releases/2023/02/28 /nokia-qualcomm-and-t-mobile-achieve-industry-first-5g-carrier-

aggregation-combining-5-component-carriers-mwc23/ (discussing T-Mobile’s use of Nokia base

station equipment); https://www.nokia.com/networks/radio-access-networks/ (more detailed
descriptions of Nokia base stations).

Regardless of the specific equipment that is deployed, all T-Mobile 4G and 5G base stations are
operable to receive first and second data signals successively transmitted thereto by a first subscriber
station and a second subscriber station, within a plurality of subscriber stations.
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See, eg., 3GPP TR 38.913 version 16.0.0 Release 16 (antenna arrays):

For 5GNR, document “ETSI TR 138 913 V16.0.0” describes requirements for 5G deployment, including
§6.1.2, which describes requirements for dense urban deployment, where a large number of UEs will be
located in a relatively small geographic area:

See 3GPP TR 38.913 version 16.0.0 Release 16

“ETSI'TR 138 913 V16.0.0” also defines requirements for rural deployments in §6.1.3, where a base station
will cover a large geographic area with numerous UEs:

'When a base station antenna receives an uplink signal from a UE, that signal is processed by the
antennas, radios, and associated hardware/software, and then sent to the BBU. For example and
without limitation, it could be sent to an Ericsson Baseband 6648, like the one depicted below:
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The following image depicts the bottom side of the PCB in an Ericsson 6648:
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The silver-colored squares near the bottom of the above image depict the ports through which the BBU
receives uplink signals processed by the base stations’ antennas, radios, and air units.

The uplink signals received by T-Mobile’s 4G and 5G base stations include first and second data signals
successively transmitted thereto by a first subscriber station and a second subscriber station, within a
plurality of subscriber stations.

For example, and without limitation, a 5G base station will typically receive uplink transmissions from
multiple UEs, both within a single frame and across multiple frames. See, ¢.g., Dahlman 5G NR at 141
(depicting one example of how slots are structured in a 5G frame):
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See also id. at Section 14.2 (discussing uplink scheduling in NR, including scheduling for multiple
devices).

See also, Ahmadi at 211 (discussing uplink scheduling of multiple UEs across the time domain):

The uplink scheduler serves a similar purpose, that is, dynamically controlling the
transmission opportunities of the active UEs and efficiently sharing of UL-SCH. The
scheduling strategy of a gNB is vendor-dependent and implementation specific and is
not specified by 3GPP. In general, the ultimate goal of all schedulers is to take advantage
of the channel variations experienced by various devices and to schedule the
transmissions/receptions to/from each device on the radio resources with advantageous
channel conditions in time and frequency domains, that is, channel-dependent
scheduling.

See also 3GPP TS 38.213v16.11.00 pg 136 — Table 11.1.1-1 (depicting 5G frame formats including one or
more uplink symbols allowing a base station to receive successive transmissions from multiple UEs in a
single frame and across multiple frames):
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3GPP TS 38.213 version 16.11.0 Release 16 136 ETSI TS 138 213 V16.11.0 (2022-09)

Table 11.1.1-1: Slot formats for normal cyclic prefix
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56 — 254 Reserved
UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-
DL-ConfigurationDedicated and, if any, on detected DCI formats

ETSI

LTE base stations similarly receive multiple uplink transmissions from multiple UEs. See, e.g., Keysight
LL'TE Physical Layer Overview

(https://rfmw.em.keysight.com /wireless /helpfiles /89600b/webhelp /subsystems/lte/content/Ite_over
view.htm) (showing how the physical uplink shared channel (PUSCH) is divided into resource blocks
allocated to multiple UEs):
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See also, Dahlman LTE /LTE-Advanced for Mobile Broadband, page 136 (showing the basic structure of]
LTE frames, including multiple uplink subframes in both TDD and FDD):
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In addition, T-Mobile’s 4G and 5G base stations receive at least first and second data signals
successively transmitted thereto by a first subscriber station and a second subscriber station,
respectively, across multiple frames. For example, and without limitation, T-Mobile operates a cell tower
on or about East Houston Street in Marshall Texas. See

ittps:/ [ www.cellmapper.net/ map 2MCC=310MNC=260>type=NR > atitnde=32.543186 1083393 S ongitude
94.34003503355731 > 500m=15.270350353792669¢show Towers=truec>showlcons=truec>show Tower] abels=tr
e clusterlnabled=trued>tilesEnabled=true>showOrphans=falseshowNoFrequencyOnly=false<>showFrequencyO
nly=talse>showBandwidthOnly=talse>Datelilterype=1 astshowHex=false>show ertfiedOnly=false>showUn

erifiedOnly=false>showl .I'ECAOnky=false>showENDCOnly=falsee>showBand=0>showS ectorColonrs=true>m
ap Lype=roadmap & darkMode=false>imperialUnits=false. This cell tower receives successive uplink data
signals from a large number of subscriber stations, both within a single frame and across multiple
frames.

T-Mobile’s 4G and 5G base stations also include the remaining limitations of Claim 1, as discussed
below.

1.1

a first demodulator selectably
coupled to receive the first
data signals transmitted to
the communication station;
at least a second
demodulator also selectably
coupled to receive the
second data signals
transmitted to the
communication station; and

T-Mobile’s 4G and 5G base stations include a first demodulator selectably coupled to receive the first
data signals transmitted to the communication station. For example, and without limitation, T-Mobile’s
base stations include BBUs that contain the claimed demodulators. One example of the type of BBU
used in T-Mobile’s base stations is an Ericsson Baseband 6648 (see above).

The following image depicts the bottom side of the PCB in an Ericsson 6648:

Ex.1008.00010
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The above image includes 5 processing components: an Intel Atom processor, an STMicro Arm
processor, two Ericsson SoCs, and an Altera Cyclone V FPGA. The claimed demodulators are located
within one or more of those processing components.

IAs shown in the following image, a BBU is connected to the base station antenna and radio via cables to
transmit and receive data signals transmitted to and from the communication station:

11
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Ericsson Baseband Description, Baseband 6648, 6641. T-Mobile’s 4G and 5G base stations can
alternatively utilize equipment from other manufacturers, including but not limited to Samsung, Nokia,
Commscope, and others. Regardless of the specific equipment that is deployed, all T-Mobile 4G and 5G
base stations include the claimed demodulators.

The baseband units used in Verizon’s 4G and 5G base stations include a first demodulator selectably
coupled to receive the first data signals transmitted to the communication station. Figure 4.72 in
IAhmadi depicts some of the “uplink physical layer processing” in 5G. The right side of the figure shows
the steps performed by the base station, including layer demapping, demodulation, de-scrambling, de-
interleaving, channel decoding, and HARQ buffering of data signals transmitted to the communication
station:

Ex.1008.00012
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New Radio Access Physical Layer Aspects (Part 2) 591

UL-SCH/UCI [PUSCH] ! Ucl [PUCCH]! RACH!

CRC Calculation + Attachment

UCI Bit Sequence Generation

Sequence Generation

and Scaling
'
! 1 H
LDPC Graph Selection | | !
g UCI Channel Encoding RACH
| Code Block Segmentation Configuration
RV
Hara D Channel Coding (LDPC Encoding)|  |Modulation and PUCCH format-
Rate Matching + HARQ Specific Processing
HARQ ACK/NACK 1 ¥
i
---PI Data and Control Multiplexing PUCCH
‘ Configuration
"'>| Scrambling and Modulation
o » --->| Layer Mapping |
2K
s H ¥
i% 2 5 r—-——-——-——-—-—-=
T -% %” --->| Transform Precoding (DFT) |
Q= =3 e — e
ESll O
22 M 1
ot 5
° S .
e o --->| Precoding |
© T
E'E) &
- >| Virtual/Physical resource  J¢————
Mabbi I
v ' |
OFDM Modulation + CP Reference Signal Generation ... Reference Signal
Insertion DM-RS/SRS/PT-RS Configuration

DAC
TX Beamforming

i

| 1Q Modulation/RF Up-conversion/

PA and TX Filter

Figure 4.72

gNB MAC

Transport Blocks

HARQ ACK/NACK

Channel Decoding (LDPC
| decoding) + HARQ Buffer |« RRAS)

¥ RV

De-scrambling + de-interleaving

T

| Demodulation |

| Layer De-Mapping | CS1 Reports/
Measurements

T d-___

IDFT (Transform Precoding) |
CSI Estimation

|
i
i
i
i
i
i
i
i
! f
|
|
i
i
i
i
i
i
i
I

r———
| MIMO Detection/Equalization |

Resource De-mappin Channeh

PRing Estimation
CP Removal + OFDM PUCCH Format-
Demodulation Specific Decoding
ADC ucl
RX Beamforming

LNA and RX Filter/lQ
Demodulator/Down-conversion

Overall uplink physical layer processing [5].

T-Mobile’s 5G base stations also include at least a second demodulator also selectably coupled to
receive the second data signals transmitted to the communication station. As shown in the above figure,
the base station performs “resource de-mapping.” After resource de-mapping, the controller will send
data from one UE to a first demodulator, and data from a second UE will be sent to a different
demodulator. See, e.g., Dahlman 5G at 63 (“NR does not include cell-specific reference signals but solely
relies on user-specific demodulation reference signals for channel estimation”); id. at 349 (“spatial
separation is typically enabled by using different demodulation reference signals (IDM-RS) for the
different transmissions, allowing the network to estimate the channel from each device separately...”).

See also Ahmadi at 415 (NR “exclusively relies on user-specific demodulation reference signals (IDM-RSs)
for channel estimation”); zd. at 719 (“The baseband modems utilize digital signal processing to perform

Ex.1008.00013
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channel coding and complex-valued modulation and demodulation in order to transmit extremely high
data rate streams over RF carriers in mmWave band. . . . The baseband modulation schemes, generating
complex-valued symbols, range from BPSK, QPSK, 16QAM and up to 256QAM (or higher) for high-
performance systems.”); 7. at Introduction, page xc (noting that 5G communications will utilize
“multiple transmit/receive chains to accomplish transceiver functionality”).

T-Mobile’s 4G base stations similarly include a first demodulator selectably coupled to receive the first
data signals transmitted to the communication station; at least a second demodulator also selectably
coupled to receive the second data signals transmitted to the communication station. See, e.g,

https://rfmw.em.keysight.com/wireless /helpfiles/89600b /webhelp /subsystems/lIte /content/lte _overvi
ew.htm (depicting a simplified view of some of the steps involved in modulating an uplink L'TE signal
for a single UE; demodulation would involve the same basic steps in reverse order):

See also 3GPP TS 36.211v14.15.0 (2020-09) (depicting some of the steps involved in uplink
transmissions in LTE; these steps are performed in reverse by the base station when decoding and
demodulating the received transmission):

Ex.1008.00014
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3GPP TS 36.211 version 14.15.0 Release 14 23 ETSI TS 136 211 V14.15.0 (2020-09)

5.3 Physical uplink shared channel
The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- transform precoding to generate complex-valued symbols
- precoding of the complex-valued symbols
- mapping of precoded complex-valued symbols to resource elements

- generation of complex-valued time-domain SC-FDMA signal for each antenna port

codewords layers antenna ports
[ \ [ \ [ Transform | [ Resource | [ scFomA |
\ \ | mapper | precoder | cementmapoer [ signai gen. |
Layer Precoding ; i
mapper | i
[ \ [ \ Transform " [ Resowce | '' [ SC-FDMA |
\ \ | mapper | | precoder | | tement mapper | | signal gen. |

Fgure 5.3-1: Overview of uplink physical channel processing

See also Ericsson Baseband Description, Baseband 6648, 6641, at 4 (listing “Uplink (UL) baseband
processing” and other functions of an Ericsson BBU).

See also

https://rfmw.em.keysight.com/wireless /helpfiles /89600b /webhelp /subsystems/Ite/content/Ite _overvi
ew.htm (showing how the physical uplink shared channel (PUSCH) is divided into resource blocks
allocated to multiple UEs, requiring multiple receive chains to demodulate the received transmissions):

Ex.1008.00015
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To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

1.2

a controller, coupled to the
first demodulator and to the
at least second demodulator
in a feedback arrangement,
the controller alternately
selecting the first data signals
for application to the first
demodulator and the second
data signals for application to
the second demodulator,

T-Mobile’s 4G and 5G base stations include a controller, coupled to the first demodulator and to the at
least second demodulator in a feedback arrangement, the controller alternately selecting the first data
signals for application to the first demodulator and the second data signals for application to the second
demodulator.

For example, and without limitation, T-Mobile’s 4G and 5G base stations include processors, ASICs,
and/or FPGAs that comprise the claimed controllers and ate coupled to the first demodulator and to
the at least second demodulator in a feedback arrangement. For example, the following image of the
PCB in an Ericsson Baseband 6648 shows five processors, all of which are communicatively coupled
with each other and the demodulators:

Ex.1008.00016
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The controller included in T-Mobile’s 4G and 5G base stations alternately selects the first data signal for
application to the first demodulator and the second data signal for application to the second
demodulator. For example, and without limitation, the below figure depicts the receive chain of a
gNodeB, including multiple configuration parameters dynamically set and/or determined by the
controller in communication with the demodulators:

17
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New Radio Access Physical Layer Aspects (Part 2) 591

UL-SCH/UCI [PUSCH] ! UCI [PUCCH] ! RACH!

| CRC Calculation + Attachment

UCI Bit Sequence Generation SequencelCensration

and Scaling
4
i i i
LDPC Graph Selection N
| Code Block Segmentation | UC! Channel Encoding | Contmumtion

RV
Channel Coding (LDPC Encoding)
HARQ . Rate Matching + HARQ

Modulation and PUCCH format-
Specific Processing

!

--->| Scrambling and Modulation

!

2
S
B
5
=
€
5
o
w
=]

==l Precoding |

and Configurations

RRC and PDCCH Signaling

HARQ ACK/NACK ! ¥
3
--->| Data and Control Multiplexing PUCCH
Configuration

Virtual/Physical resource |‘—
i I

i

- OFDM Modulation + CP
Insertion

Reference Signal

Reference Signal Generation -
Configuration

DM-RS/SRS/PT-RS

!

| DAC |

TX Beamforming

i

1Q Modulation/RF Up-conversion/
PA and TX Filter

Figure 4.72

gNB MAC

Transport Blocks'

HARQ ACK/NACK

Channel Decoding (LDPC
| decoding) + HARG Buffer |« RARS

T RV

De-scrambling + de-interleaving

T

| Demodulation |

?

| Layer De-Mapping |
T ___
| IDFT (Transform Precoding) |

f

CSl Reports/
Measurements

CSI Estimation

Fr———————— 1
| MIMO Detection/Equalization |

———g————

| Resource De-mapping E(S:S:-,r;?iiln |

PUCCH Format-

CP Removal + OFDM
Specific Decoding

| Demodulation

ADC ucl
RX Beamforming

LNA and RX Filter/IQ
Demodulator/Down-conversion

Overall uplink physical layer processing [5].

IAhmadi, 5G NR page 591. See also id. at Chapter 4 (discussing downlink and uplink physical layer signal
processing in 5G); Dahlman 4G LTE/LTE Advanced for Mobile Broadbank at Figure 8.4 (showing the
MAC and PHY layers in an eNodeB, including a “scheduler” that dynamically determines and/or sets
multiple MAC and PHY configuration parameters in communication with the demodulators):

Ex.1008.00018
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[ IP packet [ 1P packet

PDCP—=

Deciering |

-— Radio Bearers - <

(RLC ) RLC

Payload selection

S tation, ARQ Reassembly, ARQ

< <— Logical Channels — <Hr
N

MAC

Priority handling,
payload selection

Retransmission
control

<= Transport Channels ==

Redundancy
version

Scheduler

Modulation
scheme

Antenna and
resource
assignment

Antenna and
resource mapping

eNodeB terminal (UE)

FIGURE 8.4

LTE protocol architecture (downlink).

See also Dahlman 5G at 256 (“[i]n the case of codebook-based precoding, the scheduling grant includes
information about a precoder,” and “the device is assumed to use the precoder provided by the
matrix”).

The receive chain used for demodulation (and other processing) of transmissions from each of multiple
UEs in a cell is dynamically determined by the controller. The controller alternately selects the
demodulators to which different UE’s data are transmitted to enable efficient processing of received
signals. As explained in Dahlman 5G, “the gNB is in complete control of the UL-SCH transmissions
and the device always follows the scheduling grants received from the network, including the UL-SCH
transport format specified in those grants. Thus, the network knows the transport format used for the
UL-SCH transmission in advance.” Id. at 229. See also id. at 229-241 (discussing the uplink control

signaling used in 5G); 7. at 256 (discussing the base station’s role in determining the precoding that UEs
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apply to uplink transmissions); 77. at Section 11.3.1 (discussing codebook-based transmission); id. at
Section 11.3.2 (discussing non-codebook based precoding).

See also Dahlman 5G at 63 (“NR does not include cell-specific reference signals but solely relies on user-
specific demodulation reference signals for channel estimation”); 7. at 349 (“spatial separation is
typically enabled by using different demodulation reference signals (DM-RS) for the different
transmissions, allowing the network to estimate the channel from each device separately...”).

These processes control successive transmissions, and their demodulation, both within a single frame
and across multiple frames. In a given 4G or 5G frame, the base station receives uplink transmissions
from multiple UEs. See, e.g., Dahlman 5G NR at 141 (depicting one example of a 5G frame):

See also id. at Section 14.2 (discussing uplink scheduling in NR, including scheduling for multiple
devices).

See also, Ahmadi at 211 (discussing uplink scheduling of multiple UEs across the time domain):

The uplink scheduler serves a similar purpose, that is, dynamically controlling the
transmission opportunities of the active UEs and efficiently sharing of UL-SCH. The
scheduling strategy of a gNB is vendor-dependent and implementation specific and is 20
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not specified by 3GPP. In general, the ultimate goal of all schedulers is to take advantage
of the channel variations experienced by various devices and to schedule the
transmissions/receptions to/from each device on the radio resources with advantageous
channel conditions in time and frequency domains, that is, channel-dependent
scheduling.

See also 3GPP TS 38.213v16.11.00 pg 136 — Table 11.1.1-1 (depicting 5G frame formats including one or
more uplink symbols allowing a base station to receive successive transmissions from multiple UEs in a
single frame and across multiple frames):

21
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3GPP TS 38.213 version 16.11.0 Release 16 136 ETSI TS 138 213 V16.11.0 (2022-09)

Table 11.1.1-1: Slot formats for normal cyclic prefix

Format Symbol number in a slot
5 6 7 8

o
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56 — 254 Reserved
UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-
DL-ConfigurationDedicated and, if any, on detected DCI formats

ETSI

LTE frames similarly include multiple uplink transmissions from multiple UEs. See, ¢.g., Keysight LTE
Physical Layer Overview

(https://rfmw.em.keysight.com /wireless /helpfiles /89600b/webhelp /subsystems/lte/content/Ite_over
view.htm) (showing how the physical uplink shared channel (PUSCH) is divided into resource blocks
allocated to multiple UEs):
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See also, Dahlman LTE /LTE-Advanced for Mobile Broadband, page 136 (showing the basic structure of]
LTE frames, including multiple uplink subframes in both TDD and FDD):
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As illustrated in the following figure, the receive streams from multiple UEs are separated into separate
receive chains, each of which is separately demodulated:

1
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Figure 1: Block diagram of an uplink multiuser MIMO wireless
system with an M-antenna BS and K mobile users each with N
antennas.
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See Hu , Yang: “Combined Transceiver Optimization for Uplink Multinser MIMO with Limited CS1”, ISRN
Signal Processing Volume 2011, Article ID 735695. See also Ahmadi, 5G NR (“For the 5G mmWave
fixed wireless applications, requirements for massive MIMO and beamforming mean that transmit and
receive functions will most likely be in distributed array formats. As a result, there will be multiple
transmit/receive chains to accomplish transceiver functionality for fixed/mobile witreless devices.”).

As discussed further below in the context of Claim 5, element 5.3, and the claims that depend on Claim
5, controllers in T-Mobile’s 4G and 5G base stations utilize information received from the
demodulators to determine, among other things, resources and settings to allocate to UEs. The
controllers then communicate information regarding those resources and settings to the demodulators.

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

1.3

wherein the at least the
second subscriber station
comprises a plurality of

T-Mobile’s 4G and 5G base stations receive data signals from at least first and second subscriber
stations, wherein the at least the second subscriber station comprises a plurality of subscriber stations.

For example and without limitation, each T-Mobile 4G and 5G base station will receive uplink
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subscriber stations and

transmissions from a large number of UEs. See Preamble Contentions, above.

Subscriber stations in T-Mobile’s 4G and 5G networks also include fixed wireless access points that
connect multiple subsctiber stations to a base station. See, eg, https://www.t-mobile.com/home-
internet (discussing T-Mobile’s fixed wireless offerings); https://www.cnet.com/home/internet/t-
mobiles-60-home-internet-service-powered-by-5g-expands-nationwide/ (discussing T-Mobile’s fixed
wireless offerings, which utilize both 5G and 4G technology).

Subscriber stations in T-Mobile’s 4G and 5G networks also include WiFi hotspots that connect multiple
subscriber stations to a base station. See, e.g., https://www.t-mobile.com/devices/iot/hotspots (listing
'WiFi hotspot devices available for use on T-Mobile’s network).

1.4

wherein the controller
selectively applies the first
and second data signals to
the first and second
demodulators according to a
selected pattern by alternately
coupling the first
demodulator and the second
demodulator to receive,
selectably, the first and at
least second data signals
communicated by alternating
ones of the plurality of
subscriber stations.

T-Mobile’s 4G and 5G base stations include controllers, wherein the controller selectively applies the
first and second data signals to the first and second demodulators according to a selected pattern by
alternately coupling the first demodulator and the second demodulator to receive, selectably, the first
and at least second data signals communicated by alternating ones of the plurality of subscriber stations.

For example and without limitation, controllers in T-Mobile’s 4G and 5G base include schedulers
responsible for managing and dynamically allocating “radio resources to active users in the downlink
and uplink.” Ahmadi 5G NR at 475. See also zd. at Section 4.1.3.2.5 (discussing scheduling in 5G); see also
id. at Figure 4.26 (illustrating scheduling operations performed by the controller):
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See also id. at 210 (“The uplink scheduler serves a similar purpose, that is, dynamically controlling the
transmission opportunities of the active UEs and efficient sharing of UL-SCH. . . . In general, the
ultimate goal of all schedulers is to take advantage of the channel variations experienced by various
devices and to schedule the transmissions/receptions to/from each device on the radio resources with
advantageous channel conditions in time and frequency domains, that is, channel-dependent
scheduling.”). See also Dahlman 4G at Section 6.2.2 (discussing uplink scheduling in 4G LTE); 7. at 133
(“The uplink scheduler serves a similar purpose, namely to (dynamically) control which terminals are to
transmit on their respective UL-SCH and on which uplink time—frequency resources (including
component carrier).”); id. “[T|he overall goal of most schedulers is to take advantage of the channel
variations between terminals and preferably schedule transmissions to a terminal on resources with
advantageous channel conditions. A benefit of the use of OFDM in LTE is the possibility to exploit
channel variations in both time and frequency domains through channel-dependent scheduling.”); 7. at
Section 10.4.3 (discussing the role of the PDCCH/DCI in uplink scheduling); 7. at Section 10.4.7

(discussing uplink scheduling grants); 7. at Section 13.2 (discussing uplink scheduling in LTE). 2%
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Controllers in T-Mobile’s 4G and 5G base stations utilize uplink scheduling to determine the selected
pattern with which the controller selectively applies the first and second data signals to the first and
second demodulators. For example, and without limitation, after resource de-mapping, 5G base stations
dynamically apply the first data signals to a first demodulator and second data signals to a second
demodulator for additional processing, as shown on the right side of the following figure in Ahmadi:
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Overall uplink physical layer processing [5].

See also Dahlman 5G at 63 (“NR does not include cell-specific reference signals but solely relies on user-
specific demodulation reference signals for channel estimation”); d. at 349 (“spatial separation is
typically enabled by using different demodulation reference signals (DM-RS) for the different
transmissions, allowing the network to estimate the channel from each device separately...”). See also
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IAhmadi at 415 (NR “exclusively relies on user-specific demodulation reference signals (DM-RSs) for
channel estimation”); 7. at 719 (“The baseband modems utilize digital signal processing to perform
channel coding and complex-valued modulation and demodulation in order to transmit extremely high
data rate streams over RF carriers in mmWave band. . . . The baseband modulation schemes, generating
complex-valued symbols, range from BPSK, QPSK, 16QAM and up to 256QAM (or higher) for high-
performance systems.”); z. at Introduction, page xc (noting that 5G communications will utilize
“multiple transmit/receive chains to accomplish transceiver functionality”); 7d. at 365-66 (“In orthogonal
IMA schemes, the same MCS is selected over all subbands allocated to a single user. Therefore, the
average signal-to-interference plus noise power ratio over all allocated subbands is used for MCS
selection.”).

See also
https://tfmw.em.keysight.com/wireless/helpfiles /89600b/webhelp/subsystems/lIte/content/lte_overvi

ew.htm (depicting a simplified view of some of the steps involved in modulating an uplink L'TE signal
for a single UE; demodulation would involve the same basic steps in reverse order):

See also 3GPP TS 36.211v14.15.0 (2020-09) (depicting some of the steps involved in uplink
transmissions in LTE; these steps are performed in reverse by the base station when decoding and
demodulating the received transmission):
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3GPP TS 36.211 version 14.15.0 Release 14 23 ETSI TS 136 211 V14.15.0 (2020-09)

5.3 Physical uplink shared channel
The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- transform precoding to generate complex-valued symbols
- precoding of the complex-valued symbols
- mapping of precoded complex-valued symbols to resource elements

- generation of complex-valued time-domain SC-FDMA signal for each antenna port

codewords layers antenna ports
[ \ [ \ [ Transform | [ Resource | [ scFomA |
\ \ | mapper | precoder | cementmapoer [ signai gen. |
Layer Precoding ; i
mapper | i
[ \ [ \ Transform " [ Resowce | '' [ SC-FDMA |
\ \ | mapper | | precoder | | tement mapper | | signal gen. |

Fgure 5.3-1: Overview of uplink physical channel processing

Controllers in T-Mobile’s 4G and 5G base stations alternately couple the first demodulator and the
second demodulator to receive, selectably, the first and at least second data signals communicated by
alternating ones of the plurality of subscriber stations. For example and without limitation, the following
figure depicts an example of LTE uplink schedule for multiple UEs. When processing uplink signals,
controllers in T-Mobile’s 4G and 5G base stations alternately couple the first demodulator to receive the
first data signals communicated by a first subscriber station and the second demodulator to receive

second data signals communicated by a second subscriber subscriber station.:
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https://rfmw.em.keysight.com/wireless /helpfiles/89600b /webhelp /subsystems/lIte /content/lte _overvi

ew.htm.

Uplink scheduling in 5G is structured similarly.
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See: https://www.sharetechnote.com/html/5G/5G _FrameStructure.html.

See also 3GPP TS 38.213v16.11.00 pg 136 — Table 11.1.1-1 (depicting 5G frame formats including one or
more uplink symbols allowing a base station to receive successive transmissions from multiple UEs in a
single frame and across multiple frames, and selectively apply the transmissions to multiple
demodulators according to a selected pattern):

31
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3GPP TS 38.213 version 16.11.0 Release 16

Table 11.1.1-1: Slot formats for normal cyclic prefix
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Reserved
UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-

DL-ConfigurationDedicated and, if any, on detected DCI formats
ETSI

Format
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18
38
44
45
46

56 — 254

255

Uplink scheduling, including the identification of uplink resources and parameters, is assigned by

he PDCCH. See, e,g., 3GPP TS 38.300v16.12.0 pg

, using t

the base station controller for each UE
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In IAB coatext, indicating the availsbility for soft symbols of an IAB-DU;

Triggenag ose shot HARQ-ACK codebook feedback;

For operatson with shared spectram chansel access
Triggering search space set group switching;
Indicating one or more UEs sbout the avaalable RB sets and channel occupancy time duration;
Iadicating downlink feedback informatioa for configured grant PUSCH (CG-DFI).

A UE moaitors a set of PDCCH candidates in the configured monitoring occasions in oae or moee coafigured COntrol
REsource SETs (CORESETS) accoeding to the coerespoading search space configurations

The base station controller “may assign resources taking into account the radio conditions at the
UE identified through measurements made at the gNB and/or reported by the UE. See, e.g. 7d. at
page 96:
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See also, Ahmadi 5G NR at 210 (discussing the dynamic scheduling of groups of UEs in 5G):

See also id. at 212 (discussing dynamic scheduling of multiple UEs’ uplink transmissions and
retransmissions):
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See also id. at 397 (discussing dynamic allocation of resources in 5G):

See also id. at Introduction, page xc (noting that 5G communications will utilize “multiple
transmit/receive chains to accomplish transceiver functionality”); 7. at 365-66 (“In orthogonal MA
schemes, the same MCS is selected over all subbands allocated to a single user. Therefore, the average
signal-to-interference plus noise power ratio over all allocated subbands is used for MCS selection.”).

Base stations utilize a variety of methods for dynamically determining the modulation, coding, resource
allocation, beamforming, MIMO, and other settings used for each UE. For example, and without
limitation, see Ahmadi 5G NR at 416 (discussing use of UE-specific CSI):
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See also id. at 4.1.7.5 (discussing modulation schemes and MCS determination); Dahlman 5G at Section
10.2 (discussing uplink scheduling and MCS, as it relates to both the PUCCH and PUSCH, which is
controlled in advance by the base station, and noting that PUCCH and PUSCH are typically transmitted
successively).

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

The apparatus of claim 1
wherein the wireless
communication system
comprises a fixed wireless
access system, wherein the
communication station
comprises a base station of
the fixed wireless access
system in which the data
signals transmitted thereto by
the first subscriber station
comprise first uplink burst
data signals and the data
signals transmitted thereto by
the second subscriber station
comprise second uplink burst
data signals, the first
demodulator embodied at a
first modem.

As discussed above, T-Mobile’s 4G and 5G base stations are the apparatuses of Claim 1. In addition, T-
Mobile’s 4G and 5G base stations are apparatuses for a communication station operable in a wireless
communication system wherein the wireless communication system comprises a fixed wireless access
system, wherein the communication station comprises a base station of the fixed wireless access system
in which the data signals transmitted thereto by the first subscriber station comprise first uplink burst
data signals and the data signals transmitted thereto by the second subscriber station comprise second
uplink burst data signals, the first demodulator embodied at a first modem.

For example, and without limitation, T-Mobile’s 4G and 5G base stations are part of a wireless
communication system that comprises a fixed wireless access system, wherein the communication
station comprises a base station of the fixed wireless access system. In addition to serving mobile
subscriber’s, T-Mobile’s base stations serve fixed witeless subscribers. See, eg, https://www.t-
mobile.com/home-internet (discussing T-Mobile’s fixed witreless offerings);
https://www.cnet.com/home/internet/t-mobiles-60-home-internet-service-powered-by-5g-expands-
nationwide/ (discussing T-Mobile’s fixed wireless offerings, which utilize both 5G and 4G technology).

In addition, the data signals transmitted thereto by the first subscriber station comprise first uplink burst
data signals and the data signals transmitted thereto by the second subscriber station comprise second
uplink burst data signals. For example, and without limitation, UEs sending uplink signals to T-Mobile’s
4G and 5G base stations utilize burst data signaling. See, e.g., Ahmadi 5G at 256 (discussing the “bursty”
nature of 5G transmissions); /4. at 728 (noting that 5G’s “effective doubling of the uplink data rate
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enables shorter uplink bursts”); Dahlman 5G at 72 (“|g]iven the bursty nature of most data traffic...”);
id. at 137 (noting that “it is beneficial to avoid placing interference-sensitive signals at the start of an
uplink burst”); 7d. at Section 19.5 (discussing uplink data transmission in 5G, including scheduling of
slots and mini-slot for various bursts of uplink data transmission). Subscriber stations transmit data to
T-Mobile’s 4G and 5G base stations in “packets.” Id. at Introduction, liv — Iv (discussing packet
transmissions in 3GPP). Packet data traffic is transmitted in bursts. See, e.g., Dahlman 4G at 335 (noting
that “[p]acket-data traffic is often highly bursty”); see also Ahmadi, 5G NR at Introduction, liv — Iv
(discussing the “transmission time intervals” in 3GPP, and noting that “data on a transport channel is
organized into transport blocks”).

In addition, the first demodulator in T-Mobile’s 4G and 5G base stations is embodied at a first modem.
See, e.g., Ahmadi 5G NR at 719 (“baseband modems utilize digital signal processing to perform channel
coding and complex-valued modulation and demodulation™); https://www.cetimes.com/practical-
implications-of-lte-on-mobile-baseband-architecture-implementations/ (discussing LTE baseband
modems, which perform demodulation on uplink data burst transmissions).

The modem in T-Mobile’s 4G and 5G baseband units performs demodulation on uplink data bursts.
For example and without limitation, the modems in the Ericsson Baseband 6648 are located within one
or more of 5 processing components shown below (including an Intel Atom processor, an STMicro

IArm processor, two Ericsson SoCs, and an Altera Cyclone V FPGA):
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Similar modems are included in all of T-Mobile’s 4G and 5G base stations.

The apparatus of claim 2
wherein the second
demodulator is embodied at
a second modem.

modem.

data signals transmitted to the communication station:

As discussed above, T-Mobile’s 4G and 5G base stations comprise the apparatus of Claim 2. In
addition, T-Mobile’s 4G and 5G base stations comprise a second demodulator embodied at a second

For example and without limitation, Figure 4.72 in Ahmadi depicts some of the “uplink physical layer
processing” in 5G. The right side of the figure shows the steps performed by the station, including layer
demapping, demodulation, de-scrambling, de-interleaving, channel decoding, and HARQ buffering of
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New Radio Access Physical Layer Aspects (Part 2) 591

UL-SCH/UCI [PUSCH] ! UCI [PUCCH] ! RACH!

gNB MAC

Transport Blocks'

| CRC Calculation + Attachment

UCI Bit Sequence Generation SequencelCensration

1Q Modulation/RF Up-conversion/
PA and TX Filter

device separately...”).

LNA and RX Filter/IQ
Demodulator/Down-conversion

Figure 4.72
Overall uplink physical layer processing [5].
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As discussed above, T-Mobile’s 5G base stations utilize a modem to perform the demodulation shown
above. After resource de-mapping, data from one UE will be sent to a first modem and data from a
second UE will be sent to a different modem. See, ¢.g., Dahlman 5G at 63 (“NR does not include cell-
specific reference signals but solely relies on user-specific demodulation reference signals for channel
estimation”); zd. at 349 (“spatial separation is typically enabled by using different demodulation reference
signals (DM-RS) for the different transmissions, allowing the network to estimate the channel from each

See also Ahmadi at 415 (NR “exclusively relies on user-specific demodulation reference signals (IDM-RSs)
for channel estimation”); zd. at 719 (“The baseband modems utilize digital signal processing to perform
channel coding and complex-valued modulation and demodulation in order to transmit extremely high
data rate streams over RF carriers in mmWave band. . . . The baseband modulation schemes, generating
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complex-valued symbols, range from BPSK, QPSK, 16QAM and up to 256QAM (or higher) for high-
performance systems.”); z. at Introduction, page xc (noting that 5G communications will utilize
“multiple transmit/receive chains to accomplish transceiver functionality”); 7d. at 365-66 (“In orthogonal
IMA schemes, the same MCS is selected over all subbands allocated to a single user. Therefore, the
average signal-to-interference plus noise power ratio over all allocated subbands is used for MCS
selection.”).

T-Mobile’s 4G base stations similarly include multiple demodulators embodied in multiple modems. See,
e.g.

https://rfmw.em.keysight.com/wireless /helpfiles/89600b /webhelp /subsystems/lIte /content/lte _overvi
ew.htm (depicting a simplified view of some of the steps involved in modulating an LTE signal for a
single UE; demodulation would involve the same basic steps in reverse order):

See also 3GPP TS 36.211v14.15.0 (2020-09) (depicting some of the steps involved in uplink
transmissions in LTE; these steps are performed in reverse by the base station when decoding and
demodulating the received transmission):
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3GPP TS 36.211 version 14.15.0 Release 14 23 ETSI TS 136 211 V14.15.0 (2020-09)

5.3 Physical uplink shared channel
The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- transform precoding to generate complex-valued symbols
- precoding of the complex-valued symbols
- mapping of precoded complex-valued symbols to resource elements

- generation of complex-valued time-domain SC-FDMA signal for each antenna port

codewords layers antenna ports
[ \ [ \ [ Transform | [ Resource | [ scFomA |
\ \ | mapper | precoder | cementmapoer [ signai gen. |
Layer Precoding ; i
mapper | i
[ \ [ \ Transform " [ Resowce | '' [ SC-FDMA |
\ \ | mapper | | precoder | | tement mapper | | signal gen. |

Fgure 5.3-1: Overview of uplink physical channel processing

See also Ericsson Baseband Description, Baseband 6648, 6641, at 4 (listing “Upling (UL) baseband
processing” and other functions of an Ericsson BBU).

See also

https://rfmw.em.keysight.com/wireless /helpfiles /89600b /webhelp /subsystems/Ite/content/Ite _overvi
ew.htm (showing how the physical uplink shared channel (PUSCH) is divided into resource blocks
allocated to multiple UEs, requiring multiple receive changes to demodulate the received transmissions):
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An apparatus for a See Contentions for Claim 1, Preamble, above.
communication station
operable in a wireless
communication system at
least to receive first and
second data signals
successively transmitted
thereto by a first subscriber
station a second subscriber
station, respectively, within a
plurality of subscriber
stations, the apparatus
comprising:
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4.1

a first demodulator selectably
coupled to receive the first
data signals transmitted to
the communication station;
at least a second
demodulator also selectably
coupled to receive the
second data signals
transmitted to the
communication station; and

See Contentions for Claim 1, Element 1.1, above.

42

a controller, coupled to the
first demodulator and to the
at least second demodulator
in a feedback arrangement,
the controller alternately
selecting the first data signals
for application to the first
demodulator and the second
data signals for application to
the second demodulator,

See Contentions for Claim 1, Element 1.2, above.

43

wherein the first and at least
second data signals
transmitted to the
communication station by
the first and at least second
subscriber stations are
transmitted in bursts of
selected time durations and
wherein the controller
further determines times of
arrival and time directions of
the bursts which form the
data signals,

T-Mobile’s 4G and 5G base stations receive first and second data signals, wherein the first and at least
second data signals transmitted to the communication station by the first and at least second subscriber
stations are transmitted in bursts of selected time durations and wherein the controller further
determines times of arrival and time directions of the bursts which form the data signals.

For example, and without limitation, subscriber stations transmit data signals to the base station in
bursts of selected time durations. See, e.g., Ahmadi 5G at 256 (discussing the “bursty” nature of 5G
transmissions); z. at 728 (noting that 5G’s “effective doubling of the uplink data rate enables shorter
uplink bursts”); Dahlman 5G at 72 (“[g]iven the bursty nature of most data traffic...”); z. at 137 (noting
that “it is beneficial to avoid placing interference-sensitive signals at the start of an uplink burst”); 7d. at
Section 19.5 (discussing uplink data transmission in 5G, including scheduling of slots and mini-slot for
various bursts of uplink data transmission); Dahlman 4G at 335 (noting that “[p]acket-data traffic is
often highly bursty”).

The duration and timing of burst data signals are determined by the base station controller. See, e.g.,

IAhmadi, 5G NR, Introduction, liv — Iv (discussing packet transmissions in 3GPP); Ahmadi, 5G NR at
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Introduction, liv — Iv (discussing the “transmission time intervals” in 3GPP, and noting that “data on a
transport channel is organized into transport blocks”); 7. at 93-94 (discussing the organization of data
transmissions into “transport blocks” of “dynamic size”); 7d. at 103 (discussing how transport blocks are
organized on both the uplink and downlink).

In addition, controllers in T-Mobile’s 4G and 5G base stations determine timing-advance values for
each UE as described in Dahlman:

IDahlmand 5G at 332. See also, Dahlman 4G at 296-97.

In addition, directions of the bursts of the data signals can be detected using reference signals, including
SRS and/or DM-RS. Those direction measurements can be used to determine the settings for
transmitting in the direction of a subsctiber and/or to focus reception of an uplink burst from a
subscriber. These measurements can also be updated over time to account, for example, for changes in
the location of the subscriber station. See, e.g., Dahlman 5G at Chapter 11 (discussing multi-antenna
transmission, including receiver beamforming). For additional information on beamforming, see the
Contentions for Claim 13, below.

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

4.4 wherein the at least the See Contentions for Claim 1, Element 1.3, above.
second subscriber station
comprises a plurality of
subscriber stations and

4.5 wherein said controller See Contentions for Claim 1, Element 1.4, above.

selectively applies the first
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and second data signals to
the first and second
demodulators according to a
selected pattern by alternately
coupling the first
demodulator and the second
demodulator to receive,
selectably, the first and at
least second data signals
communicated by alternating
ones of the plurality of
subscriber stations.

Apparatus for a
communication station
operable in a wireless
communication system at
least to receive first and
second data signals
successively transmitted
thereto by a first subscriber
station and a second
subscriber station,
respectively, within a plurality]
of subscriber stations, the
apparatus comprising:

To the extent that the preamble is limiting, T-Mobile’s Accused Products are apparatuses for a
communication station operable in a wireless communication system at least to receive first and second
data signals successively transmitted thereto by a first subscriber station and a second subscriber station,
respectively, within a plurality of subscriber stations, as described in Claim 5.

For example, T-Mobile’s 4G and 5G base stations are apparatuses for a communication station operable
in a wireless communication system. See, e.g., https://www.t-mobile.com/coverage/4g-lte-5g-networks
(touting the benefits of T-Mobile’s 5G network, including that it “covers 325 million Americans
nationwide”). See also https:/ /www.t-mobile.com/news/network/americas-leading-wireless-network-
tops-competitors-in-new- report (touting the same 325 million figure, and noting T-Mobile’s network
speed); https: i
Mobile news release regarding “umlaut” report finding that T-Mobile had the fastest uplink speeds in
5G).

T-Mobile’s 4G and 5G base station equipment is operable to receive first and second data signals
successively transmitted thereto by a first subscriber station and a second subscriber station,
respectively, within a plurality of subscriber stations. For example and without limitation, T-Mobile’s
IAccused 4G and 5G base stations include antennas, baseband units, air interface units, radios, and
additional hardware and software. For example and without limitation, the following image depicts some
of the hardware that may be included in a base station utilizing an Ericsson BBU:
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See Ericsson Baseband Description, Baseband 6648, 6641. T-Mobile’s 4G and 5G base stations can
alternatively utilize equipment from other manufacturers, including but not limited to Samsung, Nokia,
Commscope, and others. Regardless of the specific equipment that is deployed, all T-Mobile 4G and 5G
base stations are operable to receive first and second data signals successively transmitted thereto by a
first subscriber station and a second subscriber station, within a plurality of subscriber stations.

See, eg., 3GPP TR 38.913 version 16.0.0 Release 16 (antenna arrays):
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For 5GNR, document “ETSI TR 138 913 V16.0.0” describes requirements for 5G deployment, including
§6.1.2, which describes requirements for dense urban deployment, where a large number of UEs will be
located in a relatively small geographic area:

See 3GPP TR 38.913 version 16.0.0 Release 16

“ETSI'TR 138 913 V16.0.0” also defines requirements for rural deployments in §6.1.3, where a base station
will cover a large geographic area with numerous UEs:

'When a base station antenna receives an uplink signal from a UE, that signal is processed by the
antennas, radios, and associated hardware/software, and then sent to the BBU. For example and
without limitation, it could be sent to an Ericsson Baseband 6648, like the one depicted below:
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The following image depicts the bottom side of the PCB in an Ericsson 6648:
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The silver-colored squares near the bottom of the above image depict the ports through which the BBU
receives uplink signals processed by the base stations' antennas, radios, and air units.

The uplink signals received by T-Mobile’s 4G and 5G base stations include first and second data signals
successively transmitted thereto by a first subscriber station and a second subscriber station, within a
plurality of subscriber stations.

For example and without limitation, a 5G base station will typically receive uplink transmissions from
multiple UEs, both within a single frame and across multiple frames. See, ¢.g., Dahlman 5G NR at 141
(depicting one example of how slots are structured in a 5G frame):
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See also id. at Section 14.2 (discussing uplink scheduling in NR, including scheduling for multiple
devices).

See also, Ahmadi at 211 (discussing uplink scheduling of multiple UEs across the time domain):

The uplink scheduler serves a similar purpose, that is, dynamically controlling the
transmission opportunities of the active UEs and efficiently sharing of UL-SCH. The
scheduling strategy of a gNB is vendor-dependent and implementation specific and is
not specified by 3GPP. In general, the ultimate goal of all schedulers is to take advantage
of the channel variations experienced by various devices and to schedule the
transmissions/receptions to/from each device on the radio resources with advantageous
channel conditions in time and frequency domains, that is, channel-dependent
scheduling.

See also 3GPP TS 38.213v16.11.00 pg 136 — Table 11.1.1-1 (depicting 5G frame formats including one or
more uplink symbols allowing a base station to receive successive transmissions from multiple UEs in a
single frame and across multiple frames):
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3GPP TS 38.213 version 16.11.0 Release 16 136 ETSI TS 138 213 V16.11.0 (2022-09)

Table 11.1.1-1: Slot formats for normal cyclic prefix

Format Symbol number in a slot
5 6 7 8

o
o
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56 — 254 Reserved
UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-
DL-ConfigurationDedicated and, if any, on detected DCI formats

ETSI

LTE base stations similarly receive uplink transmissions from multiple UEs. See, e.g., Keysight LTE
Physical Layer Overview

(https://rfmw.em.keysight.com /wireless /helpfiles /89600b/webhelp /subsystems/lte/content/Ite_over
view.htm) (showing how the physical uplink shared channel (PUSCH) is divided into resource blocks
allocated to multiple UEs):
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See also, Dahlman LTE /LTE-Advanced for Mobile Broadband, page 136 (showing the basic structure of]
LTE frames, including multiple uplink subframes in both TDD and FDD):
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frames.

below.

In addition, T-Mobile’s 4G and 5G base stations receive at least first and second data signals
successively transmitted thereto by a first subscriber station and a second subscriber station,
respectively, across multiple frames. For example and without limitation, T-Mobile operates a cell tower
on or about Fast Houston Street in Marshall Texas. This cell tower receives successive uplink data
signals from a large number of subscriber stations, both within a single frame and across multiple

T-Mobile’s 4G and 5G base stations also include the remaining limitations of Claim 5, as discussed

5.1

a first demodulator selectably
coupled to receive the first
data signals transmitted to
the communication station;
at least a second
demodulator also selectably
coupled to receive the
second data signals
transmitted to the
communication station; and

The following image depicts the bottom side of the PCB in an Ericsson 6648:

T-Mobile’s 4G and 5G base stations include a first demodulator selectably coupled to receive the first
data signals transmitted to the communication station. For example and without limitation, T-Mobile’s
base stations include BBUs that contain the claimed demodulators. One example of the type of BBU
used in T-Mobile’s base stations is an Ericsson Baseband 6648 (see above).
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The above image includes 5 processing components: an Intel Atom processor, an STMicro Arm
processor, two Ericsson SoCs, and an Altera Cyclone V FPGA. The claimed demodulators are located
within one or more of those processing components.

IAs shown in the following image, a BBU is connected to the base station antenna and radio via cables to
transmit and receive data signals transmitted to and from the communication station:
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Ericsson Baseband Description, Baseband 6648, 6641. T-Mobile’s 4G and 5G base stations can
alternatively utilize equipment from other manufacturers, including but not limited to Samsung, Nokia,
Commscope, and others. Regardless of the specific equipment that is deployed, all T-Mobile 4G and 5G
base stations include the claimed demodulators.

The baseband units used in Verizon’s 4G and 5G base stations include a first demodulator selectably
coupled to receive the first data signals transmitted to the communication station. Figure 4.72 in
IAhmadi depicts some of the “uplink physical layer processing” in 5G. The right side of the figure shows
the steps performed by the station, including layer demapping, demodulation, de-scrambling, de-
interleaving, channel decoding, and HARQ buffering of data signals transmitted to the communication
station:
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New Radio Access Physical Layer Aspects (Part 2) 591
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Overall uplink physical layer processing [5].

T-Mobile’s 5G base stations also include at least a second demodulator also selectably coupled to
receive the second data signals transmitted to the communication station. As shown in the above figure,
the base station performs “resource de-mapping.” After resource de-mapping, the controller sends data
from one UE to a first demodulator, and sends data from a second UE to a different demodulator. See,
¢.g., Dahlman 5G at 63 (“NR does not include cell-specific reference signals but solely relies on user-
specific demodulation reference signals for channel estimation”); 7. at 349 (“spatial separation is
typically enabled by using different demodulation reference signals (DM-RS) for the different
transmissions, allowing the network to estimate the channel from each device separately...”).

See also Ahmadi at 415 (NR “exclusively relies on user-specific demodulation reference signals (IDM-RSs)
for channel estimation”); zd. at 719 (“The baseband modems utilize digital signal processing to perform
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channel coding and complex-valued modulation and demodulation in order to transmit extremely high
data rate streams over RF carriers in mmWave band. . . . The baseband modulation schemes, generating
complex-valued symbols, range from BPSK, QPSK, 16QAM and up to 256QAM (or higher) for high-
performance systems.”); 7. at Introduction, page xc (noting that 5G communications will utilize
“multiple transmit/receive chains to accomplish transceiver functionality”).

T-Mobile’s 4G base stations similarly include a first demodulator selectably coupled to receive the first
data signals transmitted to the communication station; at least a second demodulator also selectably
coupled to receive the second data signals transmitted to the communication station. See, e.g,

https://rfmw.em.keysight.com/wireless /helpfiles/89600b /webhelp /subsystems/lIte /content/lte _overvi
ew.htm (depicting a simplified view of some of the steps involved in modulating an uplink L'TE signal
for a single UE; demodulation would involve the same basic steps in reverse order):

See also 3GPP TS 36.211v14.15.0 (2020-09) (depicting some of the steps involved in uplink
transmissions in LTE; these steps are performed in reverse by the base station when decoding and
demodulating the received transmission):
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3GPP TS 36.211 version 14.15.0 Release 14 23 ETSI TS 136 211 V14.15.0 (2020-09)

5.3 Physical uplink shared channel
The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- transform precoding to generate complex-valued symbols
- precoding of the complex-valued symbols
- mapping of precoded complex-valued symbols to resource elements

- generation of complex-valued time-domain SC-FDMA signal for each antenna port

codewords layers antenna ports
[ \ [ \ [ Transform | [ Resource | [ scFomA |
\ \ | mapper | precoder | cementmapoer [ signai gen. |
Layer Precoding ; i
mapper | i
[ \ [ \ Transform " [ Resowce | '' [ SC-FDMA |
\ \ | mapper | | precoder | | tement mapper | | signal gen. |

Fgure 5.3-1: Overview of uplink physical channel processing

See also Ericsson Baseband Description, Baseband 6648, 6641, at 4 (listing “Uplink (UL) baseband
processing” and other functions of an Ericsson BBU).

See also

https://rfmw.em.keysight.com/wireless /helpfiles /89600b /webhelp /subsystems /Ite/content/Ite _overvi
ew.htm (showing how the physical uplink shared channel (PUSCH) is divided into resource blocks
allocated to multiple UEs, requiring multiple receive chains to demodulate the received transmissions):
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To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

52

a controller, coupled to the
first demodulator and to the
at least second demodulator
in a feedback arrangement,
the controller alternately
selecting the first data signal
for application to the first
demodulator and the second
data signal for application to
the second demodulator,

T-Mobile’s 4G and 5G base stations include a controller, coupled to the first demodulator and to the at
least second demodulator in a feedback arrangement, the controller alternately selecting the first data
signal for application to the first demodulator and the second data signal for application to the second
demodulator.

For example and without limitation, T-Mobile’s 4G and 5G base stations include processors, ASICs,
and/or FPGAs that comprise the claimed controllers and ate coupled to the first demodulator and to
the at least second demodulator in a feedback arrangement. For example, the following image of the
PCB in an Ericsson Baseband 6648 shows five processors, all of which are communicatively coupled
with each other and the demodulators:
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The controller included in T-Mobile’s 4G and 5G base stations alternately selects the first data signal for
application to the first demodulator and the second data signal for application to the second
demodulator. For example and without limitation, the below figure depicts the receive chain of a

gNodeB, including multiple configuration parameters dynamically set and/or determined by the
controller in communication with the demodulators:
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Overall uplink physical layer processing [5].

IAhmadi, 5G NR page 591. See also id. at Chapter 4 (discussing downlink and uplink physical layer signal
processing in 5G); Dahlman 4G LTE/LTE Advanced for Mobile Broadbank at Figure 8.4 (showing the
MAC and PHY layers in an eNodeB, including a “scheduler” that dynamically determines and/or sets
multiple MAC and PHY configuration parameters in communication with the demodulators):
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FIGURE 8.4

LTE protocol architecture (downlink).

See also Dahlman 5G at 256 (“[i]n the case of codebook-based precoding, the scheduling grant includes
information about a precoder,” and “the device is assumed to use the precoder provided by the
matrix”).

The receive chain used for demodulation (and other processing) of transmissions from each of multiple
UEs in a cell is dynamically determined by the controller. The controller alternately selects the
demodulators to which different UE’s data are transmitted to enable efficient processing of received
signals. As explained in Dahlman 5G, “the gNB is in complete control of the UL-SCH transmissions
and the device always follows the scheduling grants received from the network, including the UL-SCH
transport format specified in those grants. Thus, the network knows the transport format used for the
UL-SCH transmission in advance.” Id. at 229. See also id. at 229-241 (discussing the uplink control

signalling used in 5G); 7d. at 256 (discussing the base station’s role in determining the precoding that
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UEs apply to uplink transmissions); 77. at Section 11.3.1 (discussing codebook-based transmission); 7d. at
Section 11.3.2 (discussing non-codebook based precoding).

See also Dahlman 5G at 63 (“NR does not include cell-specific reference signals but solely relies on user-
specific demodulation reference signals for channel estimation”); 7. at 349 (“spatial separation is
typically enabled by using different demodulation reference signals (DM-RS) for the different
transmissions, allowing the network to estimate the channel from each device separately...”).

These processes control successive transmissions, and their demodulation, both within a single frame
and across multiple frames. In a given 4G or 5G frame, the base station receives uplink transmissions
from multiple UEs. See, e.g., Dahlman 5G NR at 141 (depicting one example of a 5G frame):

See also id. at Section 14.2 (discussing uplink scheduling in NR, including scheduling for multiple
devices).

See also, Ahmadi at 211 (discussing uplink scheduling of multiple UEs across the time domain):

63
Ex.1008.00063



Exhibit C

Claim Language Infringement Contentions

The uplink scheduler serves a similar purpose, that is, dynamically controlling the
transmission opportunities of the active UEs and efficiently sharing of UL-SCH. The
scheduling strategy of a gNB is vendor-dependent and implementation specific and is
not specified by 3GPP. In general, the ultimate goal of all schedulers is to take advantage
of the channel variations experienced by various devices and to schedule the
transmissions/receptions to/from each device on the radio resources with advantageous
channel conditions in time and frequency domains, that is, channel-dependent
scheduling.

See also 3GPP TS 38.213v16.11.00 pg 136 — Table 11.1.1-1 (depicting 5G frame formats including one or
more uplink symbols allowing a base station to receive successive transmissions from multiple UEs in a
single frame and across multiple frames):
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3GPP TS 38.213 version 16.11.0 Release 16 136 ETSI TS 138 213 V16.11.0 (2022-09)

Table 11.1.1-1: Slot formats for normal cyclic prefix

Format Symbol number in a slot
5 6 7 8
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56 — 254 Reserved
UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-
DL-ConfigurationDedicated and, if any, on detected DCI formats

ETSI

LTE frames similarly include multiple uplink transmissions from multiple UEs. See, ¢.g., Keysight LTE
Physical Layer Overview

(https://rfmw.em.keysight.com /wireless /helpfiles /89600b/webhelp /subsystems/lte/content/Ite_over
view.htm) (showing how the physical uplink shared channel (PUSCH) is divided into resource blocks
allocated to multiple UEs):
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See also, Dahlman LTE /LTE-Advanced for Mobile Broadband, page 136 (showing the basic structure of]
LTE frames, including multiple uplink subframes in both TDD and FDD):
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As illustrated in the following figure, the receive streams from multiple UEs are separated into separate
receive chains, each of which is separately demodulated:

1
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Figure 1: Block diagram of an uplink multiuser MIMO wireless
system with an M-antenna BS and K mobile users each with N
antennas.

See Hu , Yang: “Combined Transceiver Optimization for Uplink Multinser MIMO with Limited CS1”, ISRN
Signal Processing Volume 2011, Article ID 735695. See also Ahmadi, 5G NR (“For the 5G mmWave
fixed wireless applications, requirements for massive MIMO and beamforming mean that transmit and
receive functions will most likely be in distributed array formats. As a result, there will be multiple
transmit/receive chains to accomplish transceiver functionality for fixed/mobile wireless devices.”).

As discussed further below, in the context of element 5.3, and the claims that depend on this claim,
controllers in T-Mobile’s 4G and 5G base stations utilize information received from the demodulators
to determine, among other things, resources and settings to allocate to UEs. The controllers then
communicate information regarding those resources and settings to the demodulators.

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

53

wherein the controller
further comprises 2 memory
portion, the controller

The controllers in T-Mobile’s 4G and 5G base stations comprise a memory portion, the controller
further for maintaining profiles associated with each of the first and at least second data signals

transmitted upon first and at least second channels, respectively, the profiles stored at the memory
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further for maintaining portion of the controller.
profiles associated with each
of the first and at least
second data signals
transmitted upon first and at
least second channels,
respectively, the profiles
stored at the memory portion
of the controller.

For example and without limitation, the processors in T-Mobile’s 4G and 5G base stations include
associated memory portions. These memoty portions may be included within the processors and/or
may be located externally, as shown in the following image that highlights, in purple, some of the
memory portions associated with the processing components in an Ericsson Baseband 6648:

The memory portions of the controllers in T-Mobile’s 4G and 5G base stations maintain profiles
associated with each of the first and at least second data signals transmitted upon first and at least
second channels, respectively, the profiles stored at the memory portion of the controller. For example
and without limitation, the eNodeB calculates and stores time/frequency resoutce blocks, modulation
and coding schemes, antenna mapping, precoding schemes, and other signal-related and channel-related
parameters for each UE as shown in the block labeled “Scheduler” in Dahlman Figure 8.4. When
allocating the next uplink for each UE, the base station retrieves these parameters and includes them in
the uplink allocation. When the UE transmits uplink transmissions using the parameters prescribed by
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the eNodeB, the stored parameters are fed to the various signal processing blocks as shown in Dahlman

See Dahlman 4G LTE/LTE Advanced for Mobile Broadband. See also 3GPP TS 36.211v14.15.0 (2020-
09) at Figure 5.3-1 (showing some of the uplink physical channel processing used in L'TE; the process
shown here is applied in reverse at the eNodeB when receiving and decoding uplink transmissions from
UESs, and includes parameters that are stored by the eNodeB for the first and second data signals):
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3GPP TS 36.211 version 14.15.0 Release 14 23 ETSI TS 136 211 V14.15.0 (2020-09)

5.3 Physical uplink shared channel
The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- transform precoding to generate complex-valued symbols
- precoding of the complex-valued symbols
- mapping of precoded complex-valued symbols to resource elements

- generation of complex-valued time-domain SC-FDMA signal for each antenna port

codewords layers antenna ports
[ \ [ \ [ Transform | [ Resource | [ scFomA |
\ \ | mapper | precoder | cementmapoer [ signai gen. |
Layer Precoding ; i
mapper | i
[ \ [ \ Transform " [ Resowce | '' [ SC-FDMA |
\ \ | mapper | | precoder | | tement mapper | | signal gen. |

Fgure 5.3-1: Overview of uplink physical channel processing

See also 3GPP 36.211 and 36.213 (discussing L'TE reference signals, including CRS, DM-RS, CSI-RS,
CQIL, PMI, PTI, and RI all of which may comprise and/or be used to determine portions of the profiles
maintained by the controller);

Similatly, for 5G/NR, the gNodeB calculates and stores time/frequency resource blocks, modulation
and coding schemes, antenna mapping, precoding schemes, and other parameters, including those
associated with the block labelled “UE Configuration” in Ahmadi. When allocating the next uplink for
cach UE, the gNodeB retrieves these parameters and includes them in the uplink allocation. When the
UE transmits the uplink burst using the parameters prescribed by the gNodeB, the stored parameters
are fed to the various signal processing blocks as shown in Ahmadi Figure 4.72. See Ahmadi 5G NR
Figure 4.72 pg. 591.

See also Dahlman 5G NR at Chapter 12 (discussing “beam management” in 5G, and profile information
that is stored by the controller for purposes of beam management); /4. at Chapter 13 (discussing
“retransmission protocols” in 5G, and profile information that is stored by the controller for purposes
of retransmission); 74. at 304 (for uplink transmissions, “[eJach scheduled device is provided with a
scheduling grant indicating the set of time/frequency/spatial resources to use for the UL-SCH as well as

the associated transport format. Uplink data transmissions can only take place in the case that the device
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has a valid grant. Without a grant, no data can be transmitted.”); 7. at Section 8.3 (discussing reference
signalling in 5G).

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers and/or cloud-
based memory portions that perform one or more of the limitations described here, those base stations
also infringe, at least under the doctrine of equivalents.

The apparatus of claim 5
wherein the profiles
maintained at the memory
portion of the controller
comprise at least one
channel-related parameter
associated with the first and
at least second channels
upon which the first and at
least second data signals are
communicated, respectively.

As discussed above, T-Mobile’s 4G and 5G base stations comprise the apparatus of Claim 5. In
addition, T-Mobile’s 4G and 5G base stations include profiles stored at the memory portion of the
controller wherein the profiles maintained at the memory portion of the controller comprise at least one
channel-related parameter associated with the first and at least second channels upon which the first and
at least second data signals are communicated, respectively.

For example and without limitation, the eNodeB calculates and stores parameters related to equalization
weighting, antenna parameters (including but not limited to beamforming), etc. As discussed above,
these and other channel-related parameters are generated and stored for each UE as shown in the block
labeled “Scheduler” in Dahlman Figure 8.4. When allocating the next uplink for each UE, the eNodeB
retrieves these parameters from the memory portions of the controller and includes them in the uplink
allocation. When the UE transmits the uplink burst using the parameters prescribed by the eNodeB, the
stored parameters are fed to the various signal processing blocks as shown in Dahlman Figure 8.4
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LTE protocol architecture (downlink).

See Dahlman 4G LTE/LTE Advanced for Mobile Broadband. See a/so 3GPP TS 36.211v14.15.0 (2020-
09) at Figure 5.3-1 (showing some of the uplink physical channel processing used in L'TE; the process

shown here is applied in reverse at the eNodeB when receiving and decoding uplink transmissions from
UESs, and includes parameters that are stored by the eNodeB for the first and second data signals):
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3GPP TS 36.211 version 14.15.0 Release 14 23 ETSI TS 136 211 V14.15.0 (2020-09)

5.3 Physical uplink shared channel
The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- transform precoding to generate complex-valued symbols
- precoding of the complex-valued symbols
- mapping of precoded complex-valued symbols to resource elements

- generation of complex-valued time-domain SC-FDMA signal for each antenna port

codewords
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antenna ports

SC-FDMA

‘ Transform ‘

mapper |

Layer
mapper

precoder

Transform

Precoding

signal gen

[ resowee |
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signal gen.

| =y

Fgure 5.3-1: Overview of uplink physical channel processing

Similatly, for 5G/NR, the gNodeB calculates and stores parameters related to equalization weighting,
antenna parameters (including but not limited to beamforming), etc., including those associated with the
block labelled “UE Configuration” in Ahmadi. When allocating the next uplink for each UE, the
eNodeB retrieves these parameters and includes them in the uplink allocation. When the UE transmits
the uplink burst using the parameters prescribed by the gNodeB, the stored parameters are fed to the
various signal processing blocks as shown in Ahmadi Figure 4.72. See Ahmadi 5G NR Figure 4.72 pg.
591. See also Dahlman 5G NR at 304 (for uplink transmissions, “[e]ach scheduled device is provided
with a scheduling grant indicating the set of time/frequency/spatial resoutces to use for the UL-SCH as
well as the associated transport format. Uplink data transmissions can only take place in the case that the
device has a valid grant. Without a grant, no data can be transmitted.”); 7. at Section 8.3 (discussing
reference signalling in 5G).

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.
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The apparatus of claim 6
wherein the first
demodulator and the second
demodulator each include
equalizer portions for
equalizing the at least one of
the first and second data
signals selectably applied to
the first demodulator and the
second demodulator,
respectively.

demodulator, respectively.

IAs discussed above, T-Mobile’s 4G and 5G base stations comprise the apparatus of Claim 6. In
addition, T-Mobile’s 4G and 5G base stations include first and second demodulators wherein the first
demodulator and the second demodulator each include equalizer portions for equalizing the at least one
of the first and second data signals selectably applied to the first demodulator and the second

For example and without limitation, each of the demodulators in T-Mobile’s 4G and 5G base stations
include an equalizer for equalizing data signals applied to that demodulator. The figure below depicts a
5G receive chain with an equalization step performed by the demodulator:

New Radio Access Physical Layer Aspects (Part 2) 591
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Overall uplink physical layer processing [5].

Ahmadi 5G NR, Figure 4.72. As shown in the above figure, a channel estimator receives the resource
de-mapped signals, performs channel estimation, and passes the channel estimate on to the equalization
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block for equalization before layer de-mapping, demodulation, channel decoding, and other processing.
See also id. at Chapter 3 (discussing the equalization applied by the receiver’s demodulators).

See also id. at Figure 3.15 (showing different aspects of equalization in 5G):

T-Mobile’s 4G base stations require an equalizer for each incoming transmission. For example, and
without limitation, in the case DFTS-OFDM, Dahlman explains the need for equalization:

Thus, in the case of DFTS-OFDM, an equalizer is needed to compensate for the radio-channel
frequency selectivity. Assuming the basic DFTS-OFDM demodulator structure according to Figure
4.10, frequency-domain equalization as discussed in Section 4.1.2 is especially applicable to DFTS-
OFDM transmission (see Figure 4.11).
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—
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FIGURE 4.11

DFTS-OFDM demodulator with frequency-domain equalization.

Dahlman 4G LTE/LTE Advanced for Mobile Broadband, at 54-55. See also id. at 52:

4.3 DFT-SPREAD OFDM

DFT-spread OFDM (DFTS-OFDM) is a transmission scheme that can combine the desired properties
discussed in the previous sections, that is:

e Small variations in the instantaneous power of the transmitted signal (“single-carrier” property).
e Possibility for low-complexity high-quality equalization in the frequency domain.
e Possibility for FDMA with flexible bandwidth assignment.

Due to these properties, DFTS-OFDM is, for example, used for uplink data transmission in LTE.
See also id. at 26, 49-55 (discussing various scenarios in which equalization is utilized in 4G).

As shown in the above figures and discussed by Dahlman and Ahmadi, equalization is performed on
uplink transmissions as part of the demodulation process in 4G LTE as well as 5G.

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

The apparatus of claim 7 IAs discussed above, T-Mobile’s 4G and 5G base stations comprise the apparatus of Claim 7. In
wherein filter weight values [addition, T-Mobile’s 4G and 5G base stations include profiles stored at the memory portion of the
form portions of the profiles icontroller wherein filter weight values form portions of the profiles maintained by the controller and
maintained by the controller [stored at the memory portion thereof.

and stored at the memory

portion thercof For example and without limitation, T-Mobile’s 4G and 5G base stations maintain filter weight profiles
ortion thereof.

associated with equalization and/or antenna weights for each UE. See, e.g., Dahlman 4G at Chapter 4
(discussing the equalization filter weight values maintained and stored for each UE utilizing 4G LTE);
zd. at Chapter 5 (discussing multi-antenna techniques utilized in 4G, and the antenna filter weight values
maintained and stored for each UE). See also Ahmadi, 5G NR at Chapter 3 (discussing the equalization
filter weight values maintained and stored for each UE utilizing 5G); zd. at Chapter 4 (discussing the
extensive use of multi-antenna technologies in 5G, and the antenna filter weight values maintained and 76
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stored for each UR). See also id. at 411 (“Massive MIMO is one of the main enabling technologies in 5G
wireless communications.”); 7. at 515 (discussing some of the ways that beamforming weights are
determined); 7d. at Section 4.1.9 (discussing Downlink MIMO options in 5G, including the various
forms of beamforming used in 5G and the associated beamforming antenna filter weight values
maintained and stored for each UE). See also, Dahlman 5G at 247, 256-57 (discussing antenna weights
and noting that “in contrast to the downlink, where the network may or may not use the precoder
matrix indicated by the PMI, in the uplink direction the device is assumed to use the precoder provided
by the network™); 7d. at Section 8.1.8 discussing “spatial filters” which comprise filter weight portions as
described in this claim).

For more information about equalization in T-Mobile’s 4G and 5G base stations, see the contentions
for Claim 7, above. For more information about beamforming and antenna weighting, see the
contentions for Claim 13, below.

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

The apparatus in claim 5
wherein the profiles
maintained at the memory
portion of the controller
comprise at least one signal-
related parameter associated
with the first and at least
second data signals,
respectively.

As discussed above, T-Mobile’s 4G and 5G base stations comprise the apparatus of Claim 5. In
addition, T-Mobile’s 4G and 5G base stations include profiles stored at the memory portion of the
controller wherein the profiles maintained at the memory portion of the controller comprise at least one
signal-related parameter associated with the first and at least second data signals, respectively.

For example and without limitation, the eNodeB calculates and stores parameters related to forward
error correction, change in frequency, time, power level, modulation, modulation indexes, modulation
orthogonalizations, etc., including but not limited to those associated with the “Scheduler” block in
Dahlman Figure 8.4. When allocating the next uplink for each UE, the eNodeB retrieves these
parameters from the memory portions of the controller and includes them in the uplink allocation.
'When the UE transmits the uplink burst using the parameters prescribed by the eNodeB, the stored
parameters are fed to the various signal processing blocks as shown in Dahlman Figure 8.4:
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FIGURE 8.4

LTE protocol architecture (downlink).

See Dahlman 4G LTE/LTE Advanced for Mobile Broadband. See a/so 3GPP TS 36.211v14.15.0 (2020-
09) at Figure 5.3-1 (showing some of the uplink physical channel processing used in L'TE; the process

shown here is applied in reverse at the eNodeB when receiving and decoding uplink transmissions from
UESs, and includes parameters that are stored by the eNodeB for the first and second data signals):
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3GPP TS 36.211 version 14.15.0 Release 14 23 ETSI TS 136 211 V14.15.0 (2020-09)

5.3 Physical uplink shared channel
The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- transform precoding to generate complex-valued symbols
- precoding of the complex-valued symbols
- mapping of precoded complex-valued symbols to resource elements

- generation of complex-valued time-domain SC-FDMA signal for each antenna port

codewords layers antenna ports

[ | [ | [ Transform | [ Resource | [ scFomA |
\ \ | mapper | | signal gen. |

precoder \ ‘ element mapper ‘ O
Laver Precoding : ;
mapper

| | | mapper | | precoder | | element mapper |

| =y

Transform " [ e |0 [ scrowa
|

signal gen.

Fgure 5.3-1: Overview of uplink physical channel processing

Similatly, for 5G/NR, the gNodeB calculates and stores parameters related to forward error correction,
change in frequency, time, power level, modulation, modulation indexes, modulation orthogonalizations,
etc., including those associated with the block labelled “UE Configuration” in Ahmadi. When allocating
the next uplink for each UE, the gNodeB retrieves these parameters and includes them in the uplink
allocation. When the UE transmits the uplink burst using the parameters prescribed by the gNodeB, the
stored parameters are fed to the various signal processing blocks as shown in Ahmadi Figure 4.72. See
IAhmadi 5G NR Figure 4.72 pg. 591. See also Dahlman 5G NR at 304 (for uplink transmissions, “[e]ach
scheduled device is provided with a scheduling grant indicating the set of time/frequency/spatial
resources to use for the UL-SCH as well as the associated transport format. Uplink data transmissions
can only take place in the case that the device has a valid grant. Without a grant, no data can be
transmitted.”).

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.
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10

The apparatus of claim 9
wherein the first and at least
second data signals are
characterized by modulation
indexes, and wherein values
of the modulation indexes
form portions of the profiles
maintained by the controller
and stored at the memory
portion of the controller.

IAs discussed above, T-Mobile’s 4G and 5G base stations comprise the apparatus of Claim 9. In
addition, T-Mobile’s 4G and 5G base stations include first and second data signals wherein the first and
at least second data signals are characterized by modulation indexes, and wherein values of the
modulation indexes form portions of the profiles maintained by the controller and stored at the memory|
portion of the controller.

For example and without limitation, 4G and 5G base stations dynamically determine the modulation
and coding scheme (“MCS”) for each UE, including modulation indexes which form portions of the
profiles maintained by the controller and stored at the memory portion of the controller.

See, e.g., Ahmadi 5G NR at 536 (discussing MCS and explaining that, in 5G, “the DL-SCH and UL-SCH
IMCS and code rate for transmission are determined by predefined tables™); id. at Section 4.1.7
(discussing channel coding and modulation schemes in 5G). See also 3GPP TS 38.214, NR, Physical
Layer Procedures for Data (Release 15), December 2018.

See also Ahmadi 5G NR at 416:

Id. at 536-37 (noting, among other things, the similarities between MCS in 5G and 4G LTE):
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See also id. at 365-66 (discussing the persistence of MCS across multiple subbands allocated to a single
user).

See also id. at 870 (describing one way that a base station may inform a UE of its MCS):
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See generally Dahlman 4G at Chapter 11 (discussing uplink scheduling and MCS in 4G).

See also 3GPP, TS 38.214 (showing an example of an MCS table that includes “MCS index” entries
associated with the “modulation order,” which form portions of the profiles maintained by the

controller and stored at the memory portion of the controller):

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
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or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

11

The apparatus of claim 9
wherein the first and at least
second data signals are
characterized by modulation
orthogonalizations and
wherein values of the
modulation
orthogonalizations form
portions of the profiles
maintained by the controller
and stored at the memory
portion of the controller.

As discussed above, T-Mobile’s 4G and 5G base stations comprise the apparatus of Claim 9. In
addition, T-Mobile’s 4G and 5G base stations include first and second data signals wherein the first and
at least second data signals are characterized by modulation orthogonalizations and wherein values of
the modulation orthogonalizations form portions of the profiles maintained by the controller and stored
at the memory portion of the controller.

For example and without limitation, uplink transmissions in 4G and 5G use OFDM, and the particular
OFDM values are part of the profiles maintained by the controller and stored at the memory portion of
the controller. See, ¢.g., Dahlman 4G at 14 (“it was decided that the L'TE radio access should be based on
OFDM in the downlink and DFT-precoded OFDM in the uplink™); zd. at Section 3.2 (discussing
OFDM demodulation, and the “orthogonality between subcarriers”); id. at 105 (““The LTE uplink is also
based on OFDM transmission.”); z4. at 106-07 (discussing the base station’s scheduling of multiple
terminals, including the OFDM parameters assigned to each UE, which are maintained by the controller
and stored at the memory portion of the controller); 7d. at 133 (noting that “the overall goal of most
schedulers is to take advantage of the channel variations between terminals and preferably schedule
transmissions to a terminal with advantageous channel conditions,” of course the same basic principle
applies to uplink scheduling as well); see a/so id. at Figure 8.4 (depicting the “scheduler” responsible for
assigning parameters to each UE, including but not limited to OFDM parameters, which parameters are
maintained by the controller and stored at the memory portion of the controller); zd. at 49-55 (discussing
DFTS-OFDM).

The following figure depicts uplink physical layer processing in 5G, including OFDM modulation and
demodulation:
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New Radio Access Physical Layer Aspects (Part 2) 591
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Overall uplink physical layer processing [5].

See also id. at 316-17 (discussing OFDM orthogonality and associated settings):

IAhmadi, 5G NR at Figure 4.72. As shown above, OFDM modulation is one of the “UE
Configurations” determined by the base station, and which are maintained by the controller and stored
at the memory portion of the controller.
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In addition, T-Mobile’s 4G and 5G base stations utilize OFDMA sub-channelization. See, e.g., Ahmadi

5G NR at 351-52:
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To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of

equivalents.
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12

The apparatus of claim 9
wherein the first and at least
second data signals include
FEC (forward error
correction), the FEC
characterized by FEC
parameters and wherein
values of the FEC
parameters form portions of
the profiles maintained by
the controller and stored at
the memory portion of the
controller.

IAs discussed above, T-Mobile’s 4G and 5G base stations comprise the apparatus of Claim 9. In
addition, T-Mobile’s 4G and 5G base stations include first and second data signals wherein the first and
at least second data signals include FEC (forward error correction), the FEC characterized by FEC
parameters and wherein values of the FEC parameters form portions of the profiles maintained by the
controller and stored at the memory portion of the controller.

For example and without limitation, the following figure from Ahmadi identifies forward error
correction utilizing an LDPC code:

New Radio Access Physical Layer Aspects (Part 2) 591
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Overall uplink physical layer processing [5].

ucl

Ahmadi 5G NR, Figure 4.72. See also Dahlman 5G at 165 (noting that, in 5G transmissions, including
uplink transmissions on the UL-SCH, “[a] CRC for error-detecting purposes is added to each transport
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block, followed by error-correcting codes using LDPC codes”); 7d. at Section 9.2.3 (discussing the
LDCP codes used in 5G). See also https://iecexplore.ieee.org/abstract/document/8477009 (discussing
the LDPC codes used in 5G). While these sources indicate that CRC and LDPC codes are used with
5G, other forward error correction codes would similarly meet the limitations. Parameters related to
FEC, including but not limited to parameters related to code rate, puncturing, and shortening are stored
by the controller, where they form portions of the profiles maintained by the controller and stored at
the memory portion of the controller.

See also Harri Holma, Antti Toskala, and Takehiro Nakamura, 5G Technology, Wiley, Kindle Edition at
134-35 (discussing the importance of FEC in 5G, and the importance of selecting flexible FEC capable
of operating with a variable code length, code rate, and HARQ):

Channel coding is one of the main hardware critical components in 5G, and codes used
in 5G are capable of providing good performance gains with a lower implementation
complexity and processing delays compared to its predecessors. In 3GPP Rel-15, different
service scenarios were considered in the initial phase of the channel coding discussion;
however, the final selection of the channel coding scheme was mainly decided based on
the eMBB requirements, which were identified as performance of the coding scheme,
implementation complexity, the latency of encoding and decoding, and the flexibility (e.g.
variable code length, code rate, HARQ)) of the coding scheme.

Id. at 135:

LDPC is a very mature coding scheme which has been considered by many other
standards. The flexibility that the coding scheme provided in implementations together
with competitive performance can be identified as one of the key advantages that LDPC
possesses when compared to all other coding schemes.

In addition, 5G NR utilizes Hybrid ARQ forward error correction techniques. Se, e.g., Ahmadi 5G at
Section 4.1.8 (discussing HARQ), which combines “ARQ error-control mechanism(s] and FEC
coding”). When utilizing HARQ), the transmissions from the UEs are encoded with FEC. The FEC (and
related data) are then stored by the controller, where they form portions of the profiles maintained by
the controller and stored at the memory portion of the controller. See 7. at 540:
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Id. at 542:

Id. at 542:
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Id. at 544:

Similarly, uplink transmissions in 4G LTE utilize FEC. Seg, e.g., Dahlman 4G at Sections 10.1.1.2 and
10.1.1.3 (discussing “channel coding” in LTE that utilizes turbo FEC codes, as well as CRC encoding
for error detection, both of which entail parameters that would be maintained and stored by the
controller); see also id. at 11.1 (discussing uplink transmissions in LTE, including the use of FEC turbo
and CRC codes). Uplink transmissions in 4G LTE also utilize Hybrid ARQ. See, ¢.¢., Dahlman 4G at 97
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“Virtually all modern communication systems, including L'TE, employ a combination of forward error-
correction coding and ARQ, known as hybrid ARQ.”); id. at 98 (“In hybrid ARQ with soft combining,
the erroneously received packet is stored in a buffer memory and later combined with the
retransmission to obtain a single, combined packet that is more reliablethan its constituents. Decoding
of the error-correction code operates on the combined signal. If the decoding fails (typically a CRC code
is used to detect this event), a retransmission is requested.”); 7. at Section 11.4.2.3 (discussing uplink
HARQ).

See also Contentions for Claim 10, above, discussing MCS, which includes FEC parameters that form
portions of the profiles maintained by the controller and stored at the memory portion of the controller.

See also 3GPP, TS 38.214 (showing an example of an MCS table that includes “target code rate” as one
of the parameters included with the MCS):

Ex.1008.00093

93



Exhibit C

Claim Language

Infringement Contentions

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

13

The apparatus of claim 5
wherein the communication
station to which the first and
at least second data signals
are transmitted by the first
and at least second
subscriber stations,
respectively, exhibits antenna
diversity provided by a first
antenna transducer and at
least a second antenna
transducet, the first and at
least second data signals
transduced by the first and at
least second antenna
transducer, respectively,
combined utilizing antenna
combining parameters, and

As discussed above, T-Mobile’s 4G and 5G base stations comprise the apparatus of Claim 5. In
addition, T-Mobile’s 4G and 5G base stations comprise a communication station wherein the
communication station to which the first and at least second data signals are transmitted by the first and
at least second subscriber stations, respectively, exhibits antenna diversity provided by a first antenna
transducer and at least a second antenna transducer, the first and at least second data signals transduced
by the first and at least second antenna transducer, respectively, combined utilizing antenna combining
parameters.

For example, and without limitation, T-Mobile’s 4G and 5G base stations include a plurality of antenna
transducers which are used in antenna combining techniques such as beamforming (including both
transmit and receive beamforming) and MIMO.

See, e.g., Dahlman 5G NR at Section 5.1.9 (discussing the “beam-centric design” of 5G, and noting that
“[slupport for (a large number of) steerable antenna elements for both transmission and reception is a
key feature of NR”). See also, Ahmadi 5G NR at Section 4.1.9.3 (Discussing Analog, Digital, and Hybrid
Beamforming in 5G). Id. at 564:
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Id. at 565 (depicting some basic analog beamforming techniques):

Id. at 566 (discussing digital beamforming techniques):
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Id. at 567 (noting the use of beamforming in both transmit and receive processing in 5G):

Id. at 572 (depicting hybrid beamforming):
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See also id. at Section 4.1.9.4 (Discussing “full-dimension MIMO?”). Id. at 574 (depicting various types of
beamforming):
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See also Dahlman 4G at Section 5.5.3 (discussing nonlinear receiver processing in 4G); id. at Section 11.3
(discussing “uplink multi-antenna transmission” including SU-MIMO, MU-MIMO, and beamforming
uplink transmissions in 4G). Id. at Figure 11.21 (showing uplink SU-MIMO and MU-MIMO in LTE):

Id. at Figure 11.18 (depicting UE processing for precoder-based multi-antenna uplink tranmissions in
LTE):
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36.211 Figure 5.3-1:

A similar example of the transmission processing for a UE transmitting two layers is shown in 3GPP

antenna ports

codewords layers
. Modulation ‘ ‘ Transform Resource SC-FDMA
Scrambling mapper | precader y . element mapper [~ signal gen.
nl;:gg;r } Precoding } }
) Modulation | ' Transform ' Resource ” SC-FDMA
Scrambling mapper ‘ precoder element mapper signal gen.

FHgure 5.3-1: Overview of uplink physical channel processing

individual transmissions is shown below:

IAn example of a block diagram of a multi-antenna base station receiver with applied weights to isolate
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Fiure 1: Block diagram of an uplink multiuser MIMO wireless
system with an M-antenna BS and K mobile users each with N
antennas.

Hu , Yang: “Combined Transceiver Optimization for Uplink Multinser MIMO with Limited CST”, ISRN Signal
Processing Volume 2011, Article ID 735695.

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

wherein the antenna
combining parameters form
portions of the profiles
maintained by the controller
and stored at the memory
portion of the controller.

The antenna combining parameters in T-Mobile’s 4G and 5G base stations form portions of the profiles
maintained by the controller and stored at the memory portion of the controller.

For example, and without limitation, T-Mobile’s 4G and 5G base stations utilize pre-coding of antenna
combining parameters to maximize the signal from a particular UE while minimizing interference from
other sources.

See, e.g., Ahmadi 5G NR at 569 (discussing the “precoding matrices (MIMO codebooks)” in 5G, and
some design considerations for them); see also id. (noting that “[bJeamforming relies on long-term
statistics of the radio channel,” highlighting the importance of storing antenna combining parameters in
the controller); 74. at Section 4.2.2.3 (discussing the SRS transmitted from the UE “to enable the gNB to

estimate the uplink channel,” including beamforming and MIMO parameters which form portions of
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the profiles maintained by the controller and stored at the memory portion of the controller); I4. at
Section 4.2.4 and 4.2.5 (discussing beamforming and MIMO in the PUSCH); zd. at 631:

Id. at 638:

Id. at 640 (simplified depiction of codebook and non-codebook based uplink transmission in 5G):
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Id. at 640:

station in beamforming):

Id. at 163:

See also, Dahlman 5G at Section 4.4 (discussing some of the “multi-antenna enhancements” in 5G,
including some related to beamforming and MIMO); Id. at 47 (noting the control excercised by the base
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Id. at Sections 11.3.1 and 11.3.2 (discussing codebook and non-codebook based precoding for uplink
transmissions in 5G; regardless of whether codebook or non-codebook precoding is used, the precoding]
forms portions of the profiles maintained by the controller and stored at the memory portion of the
controller); Id. at 12.2.3 (discussing some of the ways that uplink beamforming parameters are adjusted
over time; these parameters form portions of the profiles maintained by the controller and stored at the
memory portion of the controller):

Similarly, in 4G, base stations maintain and store antenna combining parameters related to beamforming
and MIMO for UEs in the cell. e, e.g., Dahlman 4G at 11.3 (discussing uplink multi-antenna
transmission, including both beamforming and MIMO); Id. at Figure 11.18:
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Id. at 263:
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Regardless of whether codebook or non-codebook precoding is used, the precoding forms portions of
the profiles maintained by the controller and stored at the memory portion of the controller.

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
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or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

14

The apparatus of claim 5
wherein profiles maintained
by the controller and stored
at the memory portion
thereof comprise values of
Band timing adjustments by
which to adjust the first and
at least second data signals.

As discussed above, T-Mobile’s 4G and 5G base stations comprise the apparatus of Claim 5. In
addition, T-Mobile’s 4G and 5G base stations include profiles wherein profiles maintained by the
controller and stored at the memory portion thereof comprise values of Band timing adjustments by
which to adjust the first and at least second data signals.

For example and without limitation, controllers in T-Mobile’s 4G and 5G base stations set and store
frequency and time adjustment parameters for each UE. In 4G base stations, controllers in the eNodeB
calculate and stores time/frequency resource blocks, modulation and coding schemes, antenna mapping,
precoding schemes, and other signal-related and channel-related parameters in the block labeled
“Scheduler” in Dahlman. When allocating the next uplink for each UE, the eNodeB retrieves these
parameters and includes them in the uplink allocation. The eNodeB’s controller also maintains and
stores these parameters to aid in decoding uplink transmissions as shown in Dahlman Figure 8.4:
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eNodeB terminal (UE)
FIGURE 8.4

LTE protocol architecture (downlink).

See Dahlman 4G LTE/LTE Advanced for Mobile Broadband. The process of setting, maintaining, and
storing Band timing adjustments for UEs in the cell also includes, but is not limited to, the parameters
that are established on the “Random Access Channel” or “RACH.” See 3GPP TS 36.331 14.16.0 pg. 427
for the RACH-ConfigCommon information element and pg. 428 for the RACH-ConfigCommon field
descriptions. The Random Access procedure is described in 3GPP TS 36.321 version 14.13.0 §5.1.

Processing (by the UE) of a Random Access Response is described in 3GPP TS 36.321 version 14.13.0
§5.1.4, including the following clause describing the determined parameters sent by the controller,
including Band timing adjustments:
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- if the Random Access Response contains a Random Access Preamble identifier corresponding to the
transmitted Random Access Preamble (see clause 5.1.3), the MAC entity shall:

- consider this Random Access Response reception successful and apply the following actions for the
serving cell where the Random Access Preamble was transmitted:

- process the received Timing Advance Command (see clause 5.2);

- indicate the preamblelnitialReceivedTargetPower and the amount of power ramping applied to the
latest preamble transmission to lower layers (i.e., (PREAMBLE_TRANSMISSION_COUNTER - 1)
* powerRampingStep);

- if the SCell is configured with ul-Configuration-ri4, ignore the received UL grant otherwise process
the received UL grant value and indicate it to the lower layers;

- if, except for NB-IoT, ra-Preamblelndex was explicitly signalled and it was not 000000 (i.e., not selected
by MAC):

- consider the Random Access procedure successfully completed.

- else if, the UE is an NB-IoT UE, ra-Preamblelndex was explicitly signalled and it was not 000000 (i.e.,
not selected by MAC) and ra-CFRA-Config is configured:

- consider the Random Access procedure successfully completed.

- the UL grant provided in the Random Access Response message is valid only for the configured
carrier (i.e. UL carrier used prior to this Random Access procedure).

Following the initial access, the base station controller will adjust the Band timing adjustment
parameters in response to changes in signal and/or channel characteristics.

Similatly, for 5G/NR, the gNodeB calculates and stores time/frequency resource blocks, modulation
and coding schemes, antenna mapping, precoding schemes, and other signal-related and channel-related
parameters in the block labelled “UE Configuration” in Ahmadi. When allocating the next uplink for
cach UE, the gNodeB retrieves these parameters and includes them in the uplink allocation. The
eNodeB’s controller also maintains and stores these parameters to aid in decoding uplink transmissions
as shown Ahmadi 5G NR Figure 4.72 pg. 591. Like in 4G, Band timing adjustments in 5G NR base
stations may be set during initial access, subsequent transmissions, and/or further adjusted over time.

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

15

The apparatus of claim 5
wherein profiles maintained
by the controller and stored
at the memory portion

As discussed above, T-Mobile’s 4G and 5G base stations comprise the apparatus of Claim 5. In
addition, T-Mobile’s 4G and 5G base stations include profiles wherein profiles maintained by the
controller and stored at the memory portion thereof comprise values of residual carrier adjustments by
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thereof comprise values of
residual carrier adjustments
by which to adjust the first
and at least second data
signals.

which to adjust the first and at least second data signals.

For example and without limitation, T-Mobile’s 4G and 5G base stations utilize residual carrier
adjustments to minimize the effects of the carrier frequency and timing offsets that can occur between
base stations and UEs. These residual carrier adjustments are determined and maintained by the base
station controller, and stored at the memory portion thereof. These adjustments are periodically updated
based on measurements of the communications between the base station and the UE. See, ¢.g., Ahmadi
5G NR at Section 3.2.1.5 (discussing carrier frequency offset in 5G); Dahlman 4G at Chapter 3
(discussing OFDM transmission in 4G, and the frequency inaccuracies that can arise); 4. at Section
4.1.9.6 (“In NR, the DM-RS and the TRS are used to estimate the timing offset and frequency errors.”).

To the extent that T-Mobile’s 4G or 5G base stations include cloud-based controllers that perform one
or more of the limitations described here, those base stations also infringe, at least under the doctrine of
equivalents.

16

A method for acting upon
first and second successive
data signals transmitted to a
communication station
operable in a wireless
communication system by a
first subscriber station and at
least a second subscriber
station, the method
comprising:

To the extent the preamble is limiting, T-Mobile’s 4G and 5G base stations perform a method for acting|
upon first and second successive data signals transmitted to a communication station operable in a
wireless communication system by a first subscriber station and at least a second subscriber station.

See Contentions for Claim 1 Preamble, above.
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16.1

selecting at which of a first
demodulator and at least a
second demodulator to apply
at least one of the first data
signals and the second data
signals, wherein the first and
second successive data
signals and any subsequent
data signals are alternately
applied to the first and
second demodulators;
demodulating the at least one
of the first and at least
second data signals at the
first demodulator when the
first demodulator is selected
during the operation of
selecting; and demodulating
the at least one of the first
and at least second data
signals at the second
demodulator when the
second demodulator is
selected during the operation
of selecting; and

See Contentions for Claim 1, Elements 1.1, 1.2, and 1.4 above.

16.2

maintaining profiles
associated with each of the
first and at least second data
signals transmitted upon the
first and at least second
channels, respectively, and
wherein the operations of
demodulating further
comprise accessing the
profiles.

See Contentions for Claim 5, Element 5.3, above.
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17

The method of claim 16
wherein selections made
during the operation of
selecting are made according
to a selected pattern.

See Contentions for Claim 1, Element 1.4, above.
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PRODBEG | PRODEND
GA0001936 | GA0O001937
GA0001939 | GA0001939
GA0001942 | GA0001980
GA0002025 | GA0002076
GA0002247 | GA0002258
GA0002261 | GA0002277
GA0002294 | GA0002300
GA0002302 | GA0002302
GA0002306 | GA0002318
GA0002322 | GA0002330
GA0002462 | GA0002479
GA0002509 | GA0002528
GA0002609 | GA0002609
GA0002662 | GA0002662
GA0002690 | GA0002690
GA0002849 | GA0002849
GA0002957 | GA0002976
GA0002978 | GA0002984
GA0002987 | GA0002993
GA0002999 | GA0O003009
GA0003012 | GA0003019
GA0003121 | GA0003121
GA0003164 | GA0O003164
GA0003175 | GA0O003175
GA0003374 | GA0O003374
GA0003377 | GAO003377
GA0003394 | GA0003394
GA0003404 | GA0003404
GA0003425 | GA0003426
GA0003478 | GA0003478
GA0003525 | GA0003526
GA0003535 | GA0003535
GA0003560 | GA0003561
GA0003600 | GA0003600
GA0003626 | GA0003626
GA0003722 | GA0003722
GA0003819 | GA0O003819
GA0003858 | GA0003859
GA0003899 | GA0003899
GA0003926 | GA0003927
GA0003934 | GA0O003935
GA0003998 | GA0003998

PRODBEG | PRODEND
GA0004012 | GA0004013
GA0004017 | GA0004018
GA0004050 | GA0004051
GA0004079 | GA0004079
GA0004081 | GA0004082
GA0004089 | GA0004089
GA0004111 | GA0004111
GA0004114 | GA0O004116
GA0004123 | GA0004124
GA0004149 | GA0004149
GA0004161 | GA0004162
GA0004168 | GA0004169
GA0004204 | GA0004205
GA0004227 | GA0004227
GA0004240 | GA0004241
GA0004249 | GA0004250
GA0004271 | GA0004271
GA0004618 | GA0004638
GA0004736 | GA0004739
GA0004868 | GA0005029
GA0005277 | GA0005323
GA0006244 | GAO006397
GA0009493 | GA0O009583
GA0011034 | GA0O011105
GA0011472 | GA0011477
GA0011479 | GA0011522
GA0011524 | GA0011947
GA0011974 | GA0012087
GA0012114 | GA0012114
GA0012116 | GA0012118
GA0012120 | GA0012124
GA0012126 | GA0012151
GA0012153 | GA0012153
GA0012155 | GA0012166
GA0012168 | GA0012169
GA0012171 | GA0012172
GA0012174 | GA0012174
GA0012176 | GA0012177
GA0012179 | GA0012180
GA0012182 | GA0012183
GA0012185 | GA0012185
GA0012191 | GA0012191
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PRODBEG | PRODEND
GA0012193 | GA0012193
GA0012843 | GA0012861
GA0012947 | GA0012956
GA0012973 | GA0013022
GA0013312 | GA0013358
GA0013396 | GA0013491
GA0013494 | GA0013494
GA0013518 | GA0013519
GA0013529 | GA0013532
GA0013540 | GA0013540
GA0013551 | GA0013583
GA0013621 | GA0013670
GA0013683 | GA0013697
GA0013775 | GA0013779
GA0013792 | GA0013804
GA0013884 | GA0013888
GA0013891 | GA0013896
GA0014128 | GA0014130
GA0014157 | GA0014167
GA0014180 | GA0014201
GA0014204 | GA0014228
GA0014244 | GA0014244
GA0014255 | GA0014255
GA0014261 | GA0014263
GA0014275 | GA0014285
GA0014287 | GA0014342
GA0014352 | GA0014371
GA0014376 | GA0014381
GA0014776 | GA0014777
GA0014779 | GA0014806
GA0014808 | GA0014812
GA0014820 | GA0014820
GA0014937 | GA0014938
GA0014940 | GA0014966
GA0014968 | GA0014971
GA0014973 | GA0014977
GA0014979 | GA0014979
GA0028211 | GA0028283
GA0029012 | GA0029035
GA0062403 | GA0062525
GA0076949 | GA0076954
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PRODBEG

PRODEND

GA0000010

GA0001917

PRODBEG

PRODEND

GA0001936

GA0001937

GA0012123

GA0012123

GA0001943

GA0001948

GA0012156

GA0012166

GA0001976

GA0001980

GA0012185

GA0012185

GA0002075

GA0002076

GA0012191

GA0012191

GA0002306

GA0002307

GA0012193

GA0012193

GA0002319

GA0002365

GA0012843

GA0012861

GA0002404

GA0002460

GA0012884

GA0012911

GA0002464

GA0002479

GA0013279

GA0013288

GA0002489

GA0002528

GA0013312

GA0013358

GA0002537

GA0002564

GA0013396

GA0013491

GA0002566

GA0002593

GA0013494

GA0013494

GA0002595

GA0003139

GA0013518

GA0013519

GA0003142

GA0003146

GA0013529

GA0013779

GA0003150

GA0003159

GA0013809

GA0013809

GA0003164

GA0004242

GA0013884

GA0013888

GA0004245

GA0004250

GA0013891

GA0013896

GA0004252

GA0004255

GA0014069

GA0014098

GA0004257

GA0004266

GA0014131

GA0014134

GA0004268

GA0004273

GA0014157

GA0014173

GA0004475

GA0004476

GA0014180

GA0014236

GA0004618

GA0004638

GA0014244

GA0014244

GA0004736

GA0004739

GA0014246

GA0014247

GA0004868

GA0005029

GA0014249

GA0014250

GA0005225

GA0005233

GA0014254

GA0014255

GA0005240

GA0005276

GA0014257

GA0014259

GA0005322

GA0005323

GA00142061

GA0014263

GA0005411

GA0006620

GA0014269

GA0014269

GA0006976

GA0009403

GA0014286

GA0014342

GA0009493

GA0009652

GA0014347

GA0014347

GA0009713

GA0009716

GA0014352

GA0014372

GA0009729

GA0009729

GA0014376

GA0014381

GA0009736

GA0010559

GA0014383

GA0014493

GA0010610

GA0010988

GA0014776

GA0014777

GA0011034

GA0011105

GA0014779

GA0014806

GA0011121

GA0011132

GA0014808

GA0014812

GA0011166

GA0011171

GA0014820

GA0014820

GA0011320

GA0011329

GA0014940

GA0014953

GA0011448

GA0011473

GA0014964

GA0014965

GA0011480

GA0011522

GA0014973

GA0014977

GA0011554

GA0011947

GA0014979

GA0014979

GA0011974

GA0012087
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