Exhibit A - U.S. Patent No. 7,924,802 (“°’802 Patent”)

Accused Instrumentalities: cellular base stations, mobile products, and services that support 3GPP carrier aggregation, including without limitation
Apple mobile products, and all versions and variations thereof since the issuance of the asserted patent.

For each and every claim identified below, the Accused Products include Defendant’s current, past, and future 3GPP 4G and 5G NR Radio
Access Network (RAN) solutions and cellular base stations supporting 4G and 5G carrier aggregation capable radios and basebands compliant with
the 3GPP 4G and 5G Standards, that are provided to Defendant from Nokia, Ericsson, and Samsung. The charts below describe 4G and 5G base sta-
tions and UEs compliant with carrier aggregation technologies supported in the eNB/gNB infrastructure and UEs that are provided to the defendant
by the infrastructure and UE vendors.

The following charts apply to each Accused Product because, as described below, each Accused Product implements carrier aggregation wire-
less technology, including but not limited to functionality set forth in the 3GPP 4G and 5G NR Standard (a communications Standard to which each
Accused Product is advertised as compliant) in a manner that causes each Accused Product to function in substantially the same manner with respect
to the Asserted Claims.

Claim 1

Claim 1 Public Documentation

[1pre] A method of transmitting infor- | To the extent the preamble is found to be limiting, the Accused Instrumentalities perform a method of transmitting information in a
mation in a wireless communication | wireless communication channel.
channel comprising:

For example, Defendant deploys and uses 4G and 5G RAN Solutions by vendors Ericsson and Nokia. These 4G and 5G RAN Solu-
tions are 4G and 5G NR cellular radio access network systems supporting carrier aggregation, and the accused systems include all
the installed components for the 4G and 5G NR RAN solution systems deployed by Defendant.

See, e.g.
5.2 Downlink

5.2.1 Downlink transmission scheme

A closed loop Demodulation Reference Signal (DMRS) based spatial multiplexing is supported for Physical Downlink Shared Chan-
nel (PDSCH). Up to 8 and 12 orthogonal DL DMRS ports are supported for type 1 and type 2 DMRS respectively. Up to 8 orthogonal
DL DMRS ports per UE are supported for SU MIMO and up to 4 orthogonal DL DMRS ports per UE are supported for MU-MIMO.
The number of SU-MIMO code words is one for 1-4 layer transmissions and two for 5-8 layer transmissions.
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Claim 1 Public Documentation

The DMRS and corresponding PDSCH are transmitted using the same precoding matrix and the UE does not need to know the
precoding matrix to demodulate the transmission. The transmitter may use different precoder matrix for different parts of the trans-
mission bandwidth, resulting in frequency selective precoding. The UE may also assume that the same precoding matrix is used across
a set of Physical Resource Blocks (PRBs) denoted Precoding Resource Block Group (PRG).

Transmission durations from 2 to 14 symbols in a slot is supported.
Aggregation of multiple slots with Transport Block (TB) repetition is supported.
(3GPP TS 38.300 V17.4.0)

54 Carrier aggregation
54.1 Carrier aggregation

In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated. A UE may simultaneously receive or transmit
on one or multiple CCs depending on its capabilities:

- A UE with single timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding
to multiple serving cells sharing the same timing advance (multiple serving cells grouped in one TAG);

- A UE with multiple timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs correspond-
ing to multiple serving cells with different timing advances (multiple serving cells grouped in multiple TAGs). NG-RAN
ensures that each TAG contains at least one serving cell;

- A non-CA capable UE can receive on a single CC and transmit on a single CC corresponding to one serving cell only (one
serving cell in one TAG).

CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells
that can be aggregated, or an offset in multiples of slots between the PCell/PSCell and an SCell is configured to the UE. The maximum
number of configured CCs for a UE is 16 for DL and 16 for UL.

(3GPP TS 38.300 V17.4.0)
6.7 Carrier Aggregation

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required
per serving cell as depicted on Figures 6.7-1 and 6.7-2 below:
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Claim 1

Public Documentation

In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated
per assignment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ

retransmissions are mapped to a single serving cell.

(3GPP TS 38.300 V17.4.0)
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Figure 6.7-1: Layer 2 Structure for DL with CA configured
(3GPP TS 38.300 V17.4.0)
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(3GPP TS 38.300 V17.4.0)
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Claim 1 Public Documentation

5G Carrier Aggregation is set to deliver a significant performance boost to mobile users but what is it
and how does it work?

The ongoing rollout of commercial 5G networks has significantly improved the experience for mobile
subscribers around the world. As the ecosystem matures, a growing number of more advanced 5G
Standalone (5G SA) networks will be central to delivering the speed and ultra-low latency to support
cutting-edge applications. 5G Carrier Aggregation will play a vital role in underpinning the significant
performance boost promised by 5G SA, representing an important milestone in the evolution of
wireless infrastructure.

Carrier Aggregation is a software functionality in Radio Access Networks and user devices which
allows Mobile Network Operators (MNOs) to combine the capabilities of radio cells at distinct
frequency allocations to enhance the end user experience.

A key technology already in the LTE-Advanced networks, Carrier Aggregation enabled the evolution to
Gigabit-LTE, achieving user data rates of more than 1 Gbps. However, in 5G networks, Carrier
Aggregation will enable the evolution to multi-Gigabit-5G, reaching user data rates of about 4 Gbps
and above. 5G Carrier Aggregation is also capable of improving the geographic availability, more
commonly referred to as coverage, of high data rates.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)
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Carrier Aggregation in 5G Networks

To accelerate rollout, the initial commercial 5G networks relied on the LTE infrastructure in radio
access and the core network, referred to as 5G non-Standalone (5G NSA). 5G NSA allows MNOs to
increase the bandwidth available to end users by bundling 4G and 5G carriers through 4G-5G Dual
Connectivity. This allowed 5G users to benefit from existing LTE Carrier Aggregation capabilities with
up to two 5G carriers aggregated alongside LTE carriers.

To unlock the full capability of 5G, including ultra-low latency, reliability, and efficiency, MNOs are
introducing 5G Standalone (5G SA) with a dedicated 5G Core and highly efficient 5G air interface,
without dependency on existing LTE networks.

The number of specified 5G SA Carrier Aggregation band combinations is increasing with each
quarterly revision of the 3GPP specifications, enabling further options to achieve multi-Gigabit 5G
data rates. These specifications are important to ensure interoperability between user equipment,
such as smartphones, and networks. Between 2021 to 2022, the focus of the specifications for
Carrier Aggregation in 5G SA in FR1 shifted from two component carriers to three and four
component carriers. As the number of 5G frequency bands exceeds that of LTE-A, the possible
Carrier Aggregation band combinations are greatly expanded, offering increased deployment options
and flexibility for MNOs in different markets.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)
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Key benefits of 5G Carrier Aggregation

Improved data speeds and throughput

5G Carrier Aggregation will boost the network performance to meet the requirements of data-hungry
applications, such as augmented and virtual reality services, for both industrial and consumer use
cases.

Greater cell coverage

As operators are looking to maximize the use of their available spectrum assets in different FDD and
TDD bands, Carrier Aggregation is the key to reaching extended coverage range. This helps reduce
the need to deploy new cell sites, bringing cost savings to operators. It also improves mobile user
experience with consistent level of service across the network.

Enhanced energy efficiency

In 2019, the mobile industry made a milestone commitment to transform the sector and reach net
zero carbon emissions by 2050. Carrier Aggregation has been demonstrated to reduce overall power
consumption levels while increasing throughput and maintaining high service levels. This indicates
that the technology could contribute to reducing overall energy usage and the mobile industry’s
carbon footprint. Improved coverage can also contribute to longer battery life for individual devices,
requiring less frequent charging.

Greater RO

According to data from GSA, the total amount raised in 2021 from spectrum auctions and
assignments reached at least $140.1Bn. Radio spectrum is a finite and extremely valuable resource,
representing a considerable financial burden for most MNOs. Therefore, with ever increasing
demands for bandwidth, utilising this spectrum in the most efficient way becomes a top operational
priority. 5G CA represents one of the mast effective methods for MNOs to get the most from their
outlay by maximising spectral efficiency.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)

SEE WHAT CARRIER AGGREGATION CAN DO FOR YOUR NETWORK

5G Carrier Aggregation -with Coverage Boost- powered by Advanced RAN Coordination is a versatile and blended
solution for high-performing 5G networks. It is a game-changer for delivering extended coverage and increased network
capacity while supporting
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o Higher peak rates

o Flexible band combinations

e Intraand inter RAN Compute

e Both platforms, Ericsson Radio System and Cloud RAN

(https://www.ericsson.com/en/ran/carrier-aggregation)

THE BIG FEATURE: ENHANCED 5G CARRIER AGGREGATION ON IPHONE 13

IThe Qualcomm X60 is the first 5G modem capable of combining different types of 5G signals together.
The additional 5G bands are actually not the biggest cellular change with the iPhone 13.

Assuming the speculation proves true and Apple is indeed using the Qualcomm X60 modem - the real key cellular
feature of the iPhone 13 is support for enhanced 5G carrier aggregation.

In addition to being much more power efficient, the big jump between the X55 and X60 modems revolves around im-
proved 5G carrier aggregation - allowing the modem to better combine multiple signals on different frequency bands.

To get deeper into the nitty gritty of why this is (and why we've encouraged many to consider waiting for the X60), see
our featured story from June 2021.:

5G Industry Update: 5G Routers, Hotspots & Antennas Are Here — But Should You Wait?
In a nutshell - the X60 is just more adept at combining long range and short range 5G signals.

For example, the X60 can combine super short range mmWave with longer range mid-band or low-band 5G, helping to
compensate for mmWave's range limitations.
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A more specific example: the X60 will allow T-Mobile's long-range low-band band n71 and super-fast mid-band n41 to
be used by the modem simultaneously. This will give many T-Mobile customers the range of n71, without sacrificing the
speed of n41.

And another example - Verizon or AT&T will be able to combine their upcoming C-Band deployments (n77) with their
longer range Sub-6 GHz 5G signals in ways that the X55 is just not capable of.
(https://www.rvmobileinternet.com/apples-fall-2021-cellular-updates-new-iphone-13-modem-analysis-ipad-
mini-goes-50/#The Big_Feature_Enhanced 5G_Carrier_Aggregation_on_iPhone 13)

Verizon launches 2- and 3-channel carrier aggrega-
tion, increasing data speeds by 50%

By Colin Gibbs Aug 29, 2016 11:54am

Verizon launched two- and three-channel carrier agaregation today. claiming to bring 50 percent faster peak data speeds
to_its customers in 461 cities. And the nation’s largest carrier plans to back the launch with an aggressive marketin

campaign.

Carrier aggregation uses software to combine multiple channels to increase data speeds. Verizon said it uses 700 MHz,
AWS and PCS spectrum, combining two or three of the channels to deliver data over the most efficient route to devices.

Verizon’s rivals are all in various stages of rolling out carrier aggregation as well. AT&T first launched two-channel
carrier aggregation in some markets in early 2014, for instance; Sprint said earlier this year that it achieved speeds of
more than 300 Mbps using three-channel carrier aggregation on the Samsung Galaxy S7. Indeed, Sprint demonstrated its
carrier aggregation technology at Chicago's Soldier Field Monday.

Verizon said its two-channel carrier aggregation generates peak download speeds of up to 225 Mbps, and three-channel
carrier aggregation has produced speeds in excess of 300 Mbps.

Verizon said it will back the launch with “a broad mass and social media campaign,” including TV commercials slated
to air tonight across all major networks. A new ad will air tonight during prime time on ABC, CBS, NBC, CWN and
FOX.

Along with Multiple Input Multiple Output (MIMO) technology and relay nodes, carrier aggregation is a key component
of LTE Advanced. Indeed, Verizon is marketing its carrier aggregation as LTE Advanced, although the operator didn’t
announce any news regarding MIMO or relay nodes.

Page 10 of 162
TPR2024-00946
Petitioners' Ex. 1013
Ex.1013.0010


https://www.rvmobileinternet.com/apples-fall-2021-cellular-updates-new-iphone-13-modem-analysis-ipad-mini-goes-5g/#The_Big_Feature_Enhanced_5G_Carrier_Aggregation_on_iPhone_13
https://www.rvmobileinternet.com/apples-fall-2021-cellular-updates-new-iphone-13-modem-analysis-ipad-mini-goes-5g/#The_Big_Feature_Enhanced_5G_Carrier_Aggregation_on_iPhone_13
https://www.fiercewireless.com/person/colin-gibbs-0
https://www.fiercewireless.com/wireless/at-t-lights-up-lte-advanced-carrier-aggregation-chicago-other-markets
https://www.fiercewireless.com/tech/sprint-samsung-showcase-3ca-soldier-field-demo

Claim 1 Public Documentation

The Global Mobile Suppliers Association recently reported that 28 percent of LTE network operators worldwide have
launched LTE Advanced networks.

Thirty-nine devices already on Verizon’s network support the offering, the carrier said, including the Samsung Galaxy
S6 and S7, Moto Droids and Apple iPhones. Users with capable devices can access carrier aggregation "without effort or
additional costs," Verizon said.

“Verizon LTE Advanced works like a turbocharger on an engine,” said Tami Erwin, head of operations for Verizon’s
wireless unit, in a press release. “Speed boosts kick in when you need it most, with big data use. That’s when you get the
big peak boost of Verizon LTE Advanced.”

(Verizon launches 2- and 3-channel carrier aggregation, increasing data speeds by 50% | Fierce Wireless)

Verizon Demos LTE Carrier Ag on CBRS Spectrum
with Federated Wireless, Ericsson

By Diana Goovaerts | August 28, 2017

Verizon might be one of many pushing for rule changes in the 3.5 GHz CBRS band, but the carrier isn’t stalling its work
with those airwaves while that debate plays out.

The carrier on Monday said it achieved the first ever use of CBRS band 48 spectrum in an L TE-Advanced demonstration

of carrier aggregation working alongside partners Federated Wireless, Ericsson. and Qualcomm.

The test reportedly took place in Ericsson’s Plano, Texas, lab, and utilized 256-QAM technology on two 20 MHz channels
in the 3.5 GHz band. The demonstration was conducted using Ericsson’s band 48 Radio Dot System and Domain proxy
alongside Federated Wireless” Spectrum Controller spectrum management service. Qualcomm provided a test device
running on a Snapdragon LTE modem.

Verizon Chief Network Officer Nicola Palmer said the achievement “greatly advances our work in emerging spectrum
bands,” and indicated Verizon is “leading the way in creating an ecosystem around the use of CBRS spectrum which will
lead to greater capacity and speed for our customers.”

Federated Wireless CEO lyad Tarazi similarly hailed the demonstration as “an exciting milestone.”

“The CBRS ecosystem has truly reached full commercial viability, and Verizon will soon be able to enhance its custom-
ers’ experience with this latest wireless network innovation,” Tarazi commented.
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The announcement, however, comes as Verizon and other industry interests lobby the Federal Communications Commis-
sion to change the rules in the CBRS band and make it more suitable for commercial 5G deployments. Specifically, the
carriers want the Commission to make license terms and license areas longer — or in other words, more like traditional
wireless licenses and less in the image of a new shared band.

Verizon and others including T-Mobile, AT&T, Nokia, CTIA, and GSMA argue investment in the 3.5 GHz band hinges
on carriers’ ability to secure long-term returns on deployments. This, they say, isn’t supported by the current framework
of three-year license terms, tiny license areas, and a shared user setup.

“The viability of the 3.5 GHz band for both PAL and General Authorized Access (GAA) users depends on licensees
investing to create integrated, densely deployed, heterogeneous networks,” Verizon attorneys wrote in a recent filing.
“The current 3.5 GHz framework provides little incentive for that degree of investment. And unless the Commission acts
to adjust the rules accordingly, the level of investment will be inadequate to maximize band utility for PAL and GAA
users alike.”

But others, including Google and public advocacy groups, say the proposed changes would undermine investments —
including from players like Federated Wireless — that have already been made in the band and would put use of the band
out of reach for all but the largest operators.

“CTIA and T-Mobile assert that adopting rules geared to maximize auction participation by large regional or national
telecommunications carriers will best promote U.S. leadership in 5G technologies. But this argument presumes that 5G
networks will be little more than an expansion of the traditional carrier offerings that characterize previous generations
of wireless technologies. As several parties have made clear, the opposite is true,” Google counsel contended.

(Verizon Demos LTE Carrier Ag on CBRS Spectrum with Federated Wireless, Ericsson (design-
worldonline.com))

Verizon Pushes 4G LTE Speed to 1.45 Gbps using
6 Carrier Aggregation

OCTOBER 2018 RAY SHARMA

Verizon, Nokia and Qualcomm Technologies recently reached peak data speeds of 1.45 Gbps on LTE in a live commercial
environment using six channel carrier aggregation, a key LTE Advanced technology.
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Carrier aggregation combines multiple channels of spectrum to provide greater efficiency for data sessions transmitting
over wireless networks. By using a combination of both licensed and shared spectrum, for the first time in the U.S. in a
commercial environment the three companies combined six separate channels of spectrum.

The record-breaking speeds on 4G LTE were reached on Verizon’s network in New York using a combination of Veri-
zon’s licensed PCS and AWS spectrum in conjunction with four carriers of LAA (License Assisted Access) spec-
trum. The demonstration used Nokia’s AirScale base station and Qualcomm Technologies’ mobile test device powered
by the Qualcomm Snapdragon TM X24 LTE modem.

The demonstration in New York also used LTE Advanced feature, 256 QAM (enabling the network to deliver more bits
of data in each transmission) and 4x4 MIMO (using multiple antennas at the cell tower and in the device to minimize
errors and optimize data speeds.) In mid-2018, Verizon announced these technologies were available in over 1,100 mar-
kets nationwide.

Bill Stone, VP of Technology Planning and Development, Verizon

When we first launched our LTE network, we knew there would be a lot of room for innovation and to expand its
capabilities. Eight years later, we continue our advancement of our 4G LTE network knowing our LTE network
leadership is foundational for our evolution into 5G.

Joe Glynn, VP, Business Development, Qualcomm Technologies
Qualcomm Technologies was first to introduce Gigabit LTE and LAA technologies into a commercial modem,
and we continue to innovate with our latest Snapdragon X24 LTE modem capable of up to 2Gbps speeds.

(Verizon Pushes 4G LTE Speed to 1.45 Gbps using 6 Carrier Aggregation (thefastmode.com))

Verizon’s 5G strategy will combine DSS with carrier
aggregation, says LightShed

By Linda HardestyApr 16, 2020 4:40pm

Verizon’s 5G strategy has been murky. We know that it’s deploying mmWave in dense urban areas, but it’s been unclear
how the carrier will deliver 5G across broad swaths of the country. Today, analysts at LightShed Partners laid out a
Verizon strategy that makes sense.
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“The combination of DSS and carrier aggregation might be the best concoction since gin and tonic, as long as you are
prepared for the hangover,” wrote LightShed analysts Walter Piecyk and Joe Galone in a blog.

When combined, these technologies will enable Verizon to activate the 5G indicator on new 5G enabled iPhones and
deliver industry-leading 5G speeds across a broad coverage area, beating the other carriers, at least for a while. The
hangover could come in 2021 when T-Mobile has integrated Sprint’s spectrum into its network, and Verizon and AT&T
don’t have that huge spectrum boost.

DSS

Verizon CEO Hans Vestberg has touted the laurels of dynamic spectrum sharing (DSS) for well over a year, repeatedly
pointing to it as a key pillar of Verizon’s 5G strategy. With DSS, Verizon can use its existing 4G spectrum and flip back
and forth between 4G and 5G. DSS does require New Radio (NR), which Verizon is in the process of deploying.

RELATED: Verizon sticks behind ambiguous 2020 DSS rollout plan

But analysts have pointed out that DSS doesn’t provide any additional spectrum, and download speeds will always be
limited by the amount of spectrum allocated.

Carrier aggregation

In today’s blog, LightShed said it’s the combination of DSS and carrier aggregation that will enable Verizon’s broad 5G
network coverage

The analysts also did everyone a favor and clearly defined “carrier aggregation,” a phrase that makes it sound as if carriers
are getting together to aggregate their spectrum.

“Carrier aggregation is a technology that enables wireless operators to combine both contiguous and non-contiguous
spectrum blocks as well as spectrum blocks from other bands in order to increase the data speeds to the end user,” wrote
the LightShed analysts. “Spectrum aggregation is probably a better brand.”

Carrier aggregation has been around since 3GPP Release 10. The technology was a primary component of AT&T’s much-
maligned 5G E initiative. 3GPP Release 16, which is expected in June, will add support for 5G carrier aggregation.

“We expect Verizon to deploy DSS across multiple blocks of spectrum and then carrier aggregate those blocks to deliver
materially faster speeds to the end user,” wrote the LightShed analysts. “We believe this combination will produce a
robust 5G coverage layer that Verizon will put marketing dollars behind. We expect it to become their big 5G push.”

(Verizon’s 5G strategy will combine DSS with carrier aggregation, says LightShed | Fierce Wireless)

02/25/2020|Networks & Platforms
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Verizon achieves 4.2 Gbps on its live 5G network

Media contact(s)

Karen Schulz

864-561-1527
Karen.Schulz@VerizonWireless.com

Another industry first, with Samsung, Motorola and Qualcomm

EULESS, TEXAS: Verizon, along with Samsung Electronics Americas, Inc., Motorola Mobility, and Qualcomm Tech-
nologies, Inc., a wholly owned subsidiary of Qualcomm Incorporated, has teamed up to demonstrate 5G peak speeds of
4.2 gigabits per second on its live 5G network. Using carrier agaregation, a technology that combines multiple channels
of spectrum to provide greater efficiency for data sessions transmitting over the wireless network. the four companies
combined eight separate channels of mmWave spectrum to achieve the multi-gigabit speeds on Motorola’s upcoming
flagship smartphone.

“We’re continuing to expand our 5G Ultra Wideband network, built to enable unique and transformational experiences
for our customers,” said Adam Koeppe, Senior Vice President of Technology Planning at Verizon. “We are only begin-
ning to scratch the surface of what 5G can do, demonstrated by this latest milestone.

“We continue to innovate and introduce advanced technologies on our 5G network that will help us reach never-before
seen mobile capabilities and create new and exciting use cases across the consumer and enterprise landscape. Using 5G
carrier aggregation, we are able to achieve unprecedented mobile speeds and bring the massive bandwidth available with
mmWave spectrum to life,” said Koeppe.

Eight channel carrier aggregation using mmWave will be widely available on the 5G network in 2020.
TRIAL DETAILS:

The trial, which took place using a commercial network cell site in Texas, aggregated 800 MHz of 28 GHz band spectrum
using Samsung Network’s 5G NR 28 Ghz Access Unit, which has been commercially deployed by Verizon.

“With industry collaborations like the one we have with Verizon, Samsung continues to advance 5G to its full potential,”
said Magnus Ojert, Vice President, Networks Division, Samsung Electronics America. “This latest milestone demon-
strates the transformative capability of Samsung’s industry-leading 5G technology coupled with Verizon’s mmWave
spectrum to deliver unprecedented performance across Verizon 5G subscribers. This trial also shows the power of the
Samsung Networks’ 5G NR 28GHz Access Unit, the smallest integrated mmWave radio in the market.”

Motorola’s upcoming flagship device is powered by the Qualcomm® Snapdragon™ 865 Mobile Platform with the Snap-
dragon X55 5G Modem-RF System.
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“At Motorola, we proudly deliver cutting edge technologies that are both meaningful and innovative to give our customers
the very best smartphone experience,” said Glenn Shultz, Vice President of Innovation and Product Development at
Motorola Mobility. “8CC is taking Verizon’s 5G UWB experience to the next level, just like our exciting upcoming
flagship device, which reached some of the fastest 5G speeds ever recorded in this test. Powered by the Snapdragon 865
Mobile Platform, this device is a performance powerhouse designed to provide the fastest 5G speeds ever. We can’t wait
for our customers to enjoy all the benefits this technology brings.”

“5G mmWave technology is set to expand significantly this year and poised to introduce new potential use cases for
consumers and businesses through superb connectivity speeds and low latency,” said Joe Glynn, Vice President, Business
Development, Qualcomm Technologies, Inc. “We are happy to collaborate with Verizon, Samsung, and Motorola to
advance 5G mmWave in driving multi-gigabit speeds and enhanced network capacity.”

(Verizon achieves 4.2 Gbps on its live 5G network | News Release | Verizon)

5G NR Benchmark Study: Verizon 5G UltraWide-
band (Bn77)

February 24, 2022 06:58 ET| Source: Research and Markets

Dublin, Feb. 24, 2022 (GLOBE NEWSWIRE) -- The "5G NR Benchmark Study Vol 22: Verizon 5G UltraWideband (Bn77)
Benchmark Study" report has been added to ResearchAndMarkets.com's offering.

The benchmark study includes a very thorough analysis of the new Verizon 5G Ultra Wideband network (60 MHz TDD @
Bn77) that the operator launched on January 19th.

The Verizon 5G Ultra Wideband network is nothing like its predecessor, the Verizon 5G Nationwide network. Average down-
link throughput was easily 15-20x higher than what was observed in October 2020 and the Bn77 coverage was substantially bet-
ter than what was observed a little more than one year ago with Bn5. The Bn77 spectral efficiency was also much higher than
observed with any of the operator's LTE bands. The publisher logged at least 500 kilometers while drive testing with Bn77 pre-
sent a good majority of the time - this time excluded the low double-digit percentage of the time when the smartphone was using
mmWave. NR-DC is forthcoming in a few months but it isn't available today. They even ventured far west of Minneapolis while
driving on remote gravel roads past horse farms while attached to the network.

Bn77 and LTE coverage was compared using all the traditional metrics. The publisher also dedicated much time comparing
Bn77 and Bn41 (T-Mobile 2.5 GHz) performance and coverage, not to mention the effective coverage area of a cell site de-
ployed in a rural area. While the laws of physics still exist, the results also indicate that while the areas with Bn41 modestly ex-
ceeded the areas with Bn77, the Bn77 uplink coverage and overall performance was superior to that of Bn41. No obvious Bn77
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shortcomings were documented compared with the operator's LTE network coverage. Results indicate a one-to-one overlay and
to the extent there were coverage gaps, there were attributed to existing LTE cell sites that haven't been upgraded with Bn77
radio assets. All testing was done outdoors, meaning in-building Bn77 coverage could be an issue.

Verizon has also deployed FDD-TDD carrier aggregation, which provides a critical performance advantage. The operator's 5G
NR mmWave coverage has greatly expanded since last tested by the publisher - the total throughput with 400 MHz (4 carriers)
was higher than what was observed with 800 MHz (8 carriers) when the network first launched.

Highlights of the Report include the following:

e Publisher Methodology: a recently-purchased Galaxy S21 FE smartphone was used with a Verizon test SIM to
collect downlink/uplink performance data while driving ~500 kilometers and consuming 1.48 TB of data. Chipset
diagnostic messages were analyzed using time and area binning (5x5 meter grids) to provide the most meaningful
results and analysis.

o FDD-TDD CA and UL-256QAM is alive and well. The Verizon network supported both features which we be-
lieve are critical for a successful mid-band 5G NR deployment. Greater use of FDD-TDD CA and device support
for UL-256QAM are important success factors.

e Bn77vs Bn4l Coverage. Although the area covered by Bn41 was modestly larger than it was for Bn77, the Bn77
uplink coverage and performance (average throughput, spectral efficiency) was better than Bn41. Data suggests
a one-for-one overlay of Bn77 on the existing LTE cell grid with no obvious detrimental impact on overall per-
formance (e.g., performance at cell handover, etc.).

o Fixed Wireless Access is in the works. Bn77 capacity in rural areas, including in areas where another broadband
option doesn't exist, greatly exceeds what is needed for eMBB. Analysis of throughput versus distance to the
serving cell site also revealed rural coverage at 3.7 GHz won't be a limiting factor. mmWave would make a great
complementary solution.

(5G NR Benchmark Study: Verizon 5G UltraWideband (Bn77) (globenewswire.com))
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WHY CHOOSE NOKIA 5G CARRIER
AGGREGATION?

Together with the leading mobile network operators across the world and the user equipment ecosys-
tem, we have commercially introduced two component, three component and four component 5G Car-
rier Aggregation to enable Multi-Gigabit 5G on sub-6 GHz frequency allocations.

We also have Carrier Aggregation commercially available for high-band. On millimeter wave spectrum,
Carrier Aggregation with eight component carriers in downlink and four component carriers in uplink
enables reaching even higher data rates.

Nokia 5G Carrier Aggregation:

e Works in 5G Non-Standalone and 5G Standalone in the same cells for smooth migration from NSA to
SA

e Boosts 5G performance

« By aggregating low-band carriers for coverage and mid-band carriers for capacity, helps deliver Multi-
Gigabit user data speeds already today.

5G Carrier Aggregation is software running on the baseband unit, easy to activate in Nokia 5G net-
works. The supported Carrier Aggregation band combinations are following the quarterly 3GPP spec-
ification updates. Our quarterly software updates ensure the best possible band combination support,
and bring more flexibility for mobile operators to optimize their network coverage and capacity.

Nokia 5G Carrier Aggregation works with massive MIMO and dynamic spectrum sharing, enabling a
further capacity boost on mid-band and more flexibility for low-band aggregation.

Nokia AirScale ensures uncompromised RF bandwidth for efficient multi-carrier sub-6 GHz Carrier
Aggregation. Additionally, our AirScale baseband is optimized for providing the processing capacity
and scalability for multi-carrier, large bandwidth Carrier Aggregation.

(https://www.nokia.com/networks/mobile-networks/carrier-aggregation/)

Ericsson spearheads 5G carrier aggregation
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milestones with key partners

Ericsson has achieved groundbreaking milestones for carrier aggregation in 5G New Radio (NR) technology
together with key customers and ecosystem partners.

Ericsson has recently pushed 5G carrier aggregation (5G CA) technology to new levels after a series of successful interoperability
tests with customers including T-Mobile and Optus, and ecosystem partners such as Qualcomm and MediaTek. The interoperability
tests use carrier aggregation to extend the coverage of 5G, boost network capacity, and increase data speeds.

Ericsson’s collaboration with partners has so far resulted in several 5G firsts:

e World’s first 5G standalone (SA) data session with 5G CA on a commercial smartphone completed with
T-Mobile, LG and MediaTek. With 5G CA, T-Mobile can combine its different 5G spectrum bands —
starting with 2.5 GHz mid-band and 600 MHz low-band — boosting speeds and increasing the footprint
of T-Mobile’s mid-band 5G. It’s also a key step in expanding T-Mobile’s nationwide standalone archi-
tecture 5G network by increasing SA 5G capacity and speeds. (October 2020)

e A 2300 + 3500MHz 5G Non-Standalone Carrier Aggregation call made by Optus using Ericsson tech-
nology and Samsung’s Galaxy S20 5G handset range. The call showed the benefit of using both spec-
trum frequencies simultaneously, namely, a significant increase in the average and peak 5G speeds that
customers, with an eligible handset, will benefit from as the capability becomes available. (August 2020)

o First to complete all three combinations of NR time division duplex (TDD) and frequency division du-
plex (FDD) carrier aggregation (CA) together with MediaTek. The companies carried out a 5G SA data
call by aggregating 20MHz on FDD spectrum and 100MHz on TDD spectrum with MediaTek’s Di-
mensity 1000+ chipset at the Ericsson Lab in Kista. (September 2020)

o Completed pioneering interoperability tests for 5G SA carrier aggregation across both FDD/TDD and
TDD/TDD bands together with Qualcomm Technologies. 5G CA allows service providers to use mul-
tiple sub-6 GHz spectrum channels simultaneously to transfer data between base stations and a 5G mo-
bile device. (August 2020)

Per Narvinger, Head of Product Area Networks, Ericsson says: “From technology development to wider area
deployments, Ericsson continues to spearhead 5G innovation with customers and industry partners. To maxim-
ize the full potential of the mid-band spectrum, we’ve developed 5G NR carrier aggregation solutions that will
help our customers deploy a better 5G with greater coverage, increased capacity and higher data speeds. These
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solutions will extend the coverage of the high capacity mid-band spectrum. By enabling peak speeds, coverage
and capacity, 5G carrier aggregation will be a real game-changer.”

Ericsson’s 5G NR carrier aggregation solution will be commercially available in the fourth quarter of 2020 with
a global rollout expected during 2021.

(https://www.ericsson.com/en/news/2020/10/5g-carrier-aggregation)

Ericsson ups the tempo on 5G Carrier Aggregation with world’s
first downlink 6CC data call

Available in English HA&EE
Ericsson revs up the tempo on 5G Carrier Aggregation by combining six component carriers to set a record
download speed of 5.7Gbps for the world’s first 6CC (component carrier) data call.

NEWS

AUG 17, 2023

The data call was achieved using three FDD (frequency division duplex) bands combined with three TDD (time division duplex)
bands in sub-6GHz, enabled by Ericsson RAN Compute hardware, state-of the-art carrier aggregation software, and innovative Ad-
vanced RAN Coordination functionality.

The 3FDD + 3TDD carrier aggregation testing was carried out in an Ericsson lab with a user equipment (UE)
simulator. By combining FDD spectrum with TDD spectrum, more users can benefit from carrier aggregation
gains.

In total, 400MHz of bandwidth was aggregated with FDD bandwidths ranging 20MHz to 50MHz to achieve
the 5.7Gbps throughput. With six-component carrier capability, communications service providers can optimize
use of network and spectrum assets to deliver higher data speeds and capacity that improve the experience of
downlink-heavy applications. This can mean better audio and video quality for streaming users, faster file
downloads, and a better working environment for digital nomads.

Sibel Tombaz, Head of Product Line 5G RAN at Ericsson Networks, says: "We are keeping the momentum on
carrier aggregation by continuously stretching its potential to boost capacity and speed. Our successful 6CC
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data call shows how versatile our solution is and that we are poised to work with ecosystem partners to make
this new band combination a reality. Our goal, as always, is to help customers meet end users’ growing appetite
for high-capacity, ultrahigh-speed 5G."

“Carrier Aggregation is crucial to getting the best possible 5G performance out of scattered spectrum assets,”
Tombaz adds. “And with 6CC, service providers will be able to maximize use of allocated spectrum and opti-
mize the combined bandwidth for superior mobile experience.”

(https://www.ericsson.com/en/news/2023/8/ericsson-ups-the-tempo-on-5g-carrier-aggregation-with-worlds-
first-downlink-6cc-data-call)

tUUUmAR

Also available with 5G

NETWORK Technology =~ GSM/CDMA/HSPA/EVDO / LTE COLLAPSE 4
2G bands GSM 850/ 900 / 1800 / 1900 - SIM 1 & SIM 2 (Dual SIM model only)
CDMA 800 / 1900 & TD-SCDMA
3G bands HSDPA 850 / 900 / 1700(AWS) / 1900 / 2100
CDMA2000 1xEV-DO
4G bands 1,2,3,4,5,7,8, 12,13, 17, 18, 19, 20, 25, 26, 28, 32, 38, 39, 40, 41, 66
Speed HSPA 42.2/5.76 Mbps, Cat20 2000/200 Mbps

(https://www.gsmarena.com/samsung galaxy s20-10081.php)
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5G Carrier Aggregation is set to deliver a significant performance boost to mobile users but what is it
and how does it work?

The ongoing rollout of commercial 5G networks has significantly improved the experience for mobile
subscribers around the world. As the ecosystem matures, a growing number of more advanced 5G
Standalone (5G SA) networks will be central to delivering the speed and ultra-low latency to support
cutting-edge applications. 5G Carrier Aggregation will play a vital role in underpinning the significant
performance boost promised by 5G SA, representing an important milestone in the evolution of
wireless infrastructure.

Carrier Aggregation is a software functionality in Radio Access Networks and user devices which
allows Mobile Network Operators (MNOs) to combine the capabilities of radio cells at distinct
frequency allocations to enhance the end user experience.

A key technology already in the LTE-Advanced networks, Carrier Aggregation enabled the evolution to
Gigabit-LTE, achieving user data rates of more than 1 Gbps. However, in 5G networks, Carrier
Aggregation will enable the evolution to multi-Gigabit-5G, reaching user data rates of about 4 Gbps
and above. 5G Carrier Aggregation is also capable of improving the geographic availability, more
commonly referred to as coverage, of high data rates.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)
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Carrier Aggregation in 5G Networks

To accelerate rollout, the initial commercial 5G networks relied on the LTE infrastructure in radio
access and the core network, referred to as 5G non-Standalone (5G NSA). 5G NSA allows MNOs to
increase the bandwidth available to end users by bundling 4G and 5G carriers through 4G-5G Dual
Connectivity. This allowed 5G users to benefit from existing LTE Carrier Aggregation capabilities with
up to two 5G carriers aggregated alongside LTE carriers.

To unlock the full capability of 5G, including ultra-low latency, reliability, and efficiency, MNOs are
introducing 5G Standalone (5G SA) with a dedicated 5G Core and highly efficient 5G air interface,
without dependency on existing LTE networks.

The number of specified 5G SA Carrier Aggregation band combinations is increasing with each
quarterly revision of the 3GPP specifications, enabling further options to achieve multi-Gigabit 5G
data rates. These specifications are important to ensure interoperability between user equipment,
such as smartphones, and networks. Between 2021 to 2022, the focus of the specifications for
Carrier Aggregation in 5G SA in FR1 shifted from two component carriers to three and four
component carriers. As the number of 5G frequency bands exceeds that of LTE-A, the possible
Carrier Aggregation band combinations are greatly expanded, offering increased deployment options
and flexibility for MNOs in different markets.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)
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Key benefits of 5G Carrier Aggregation

Improved data speeds and throughput

5G Carrier Aggregation will boost the network performance to meet the requirements of data-hungry
applications, such as augmented and virtual reality services, for both industrial and consumer use
cases.

Greater cell coverage

As operators are looking to maximize the use of their available spectrum assets in different FDD and
TDD bands, Carrier Aggregation is the key to reaching extended coverage range. This helps reduce
the need to deploy new cell sites, bringing cost savings to operators. It also improves mobile user
experience with consistent level of service across the network.

Enhanced energy efficiency

In 2019, the mobile industry made a milestone commitment to transform the sector and reach net
zero carbon emissions by 2050. Carrier Aggregation has been demonstrated to reduce overall power
consumption levels while increasing throughput and maintaining high service levels. This indicates
that the technology could contribute to reducing overall energy usage and the mobile industry’s
carbon footprint. Improved coverage can also contribute to longer battery life for individual devices,
requiring less frequent charging.

Greater RO

According to data from GSA, the total amount raised in 2021 from spectrum auctions and
assignments reached at least $140.1Bn. Radio spectrum is a finite and extremely valuable resource,
representing a considerable financial burden for most MNOs. Therefore, with ever increasing
demands for bandwidth, utilising this spectrum in the most efficient way becomes a top operational
priority. 5G CA represents one of the mast effective methods for MNOs to get the most from their
outlay by maximising spectral efficiency.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)

Samsung Galaxy users in the United States will now enjoy faster 5G speeds, all thanks to T-Mobile’s carrier
aggregation technology. At the Mobile World Congress 2023 event in Barcelona, T-Mobile announced the
successful deployment of 5G carrier aggregation on its standalone 5G network.
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Ericsson, Nokia, Qualcomm Technologies, Inc., and Samsung teamed up with T-Mobile in the completion of
the 5G Carrier Aggregation tech. The phone used for the project was a Samsung Galaxy S23 series model.
Consequently, T-Mobile customers with a Galaxy S23, Galaxy S23+, or Galaxy S23 Ultra will be the first to
benefit from four-carrier aggregations later this year.

(https://www.sammobile.com/news/t-mobile-carrier-aggregation-5g-samsung-galaxy-s23/)

[1a] transmitting first information across | The Accused Instrumentalities perform a method including transmitting first information across a first frequency range using a wire-
a first frequency range using a wireless | less transmitter, the first frequency range having a first center frequency, a first highest frequency, and a first lowest frequency.
transmitter, the first frequency range hav-
ing a first center frequency, afirst highest | For example, the Accused Instrumentalities transmit uplink information on a first component carrier with a frequency range with a
frequency, and a first lowest frequency; | first center frequency (labeled Fe ow in the excerpt from 3GPP TS 38.101 V17.9.0 below), first highest frequency (highlighted in red
and below), and first lowest frequency (highlighted in blue below). This applies in the cases of intra-band contiguous, intra-band non-
contiguous, and inter-band CA.

See, e.g.:

52 Downlink

5.2.1 Downlink transmission scheme

A closed loop Demodulation Reference Signal (DMRS) based spatial multiplexing is supported for Physical Downlink Shared Chan-
nel (PDSCH). Up to 8 and 12 orthogonal DL DMRS ports are supported for type 1 and type 2 DMRS respectively. Up to 8 orthogonal
DL DMRS ports per UE are supported for SU MIMO and up to 4 orthogonal DL DMRS ports per UE are supported for MU-MIMO.
The number of SU-MIMO code words is one for 1-4 layer transmissions and two for 5-8 layer transmissions.

The DMRS and corresponding PDSCH are transmitted using the same precoding matrix and the UE does not need to know the
precoding matrix to demodulate the transmission. The transmitter may use different precoder matrix for different parts of the trans-
mission bandwidth, resulting in frequency selective precoding. The UE may also assume that the same precoding matrix is used across
a set of Physical Resource Blocks (PRBs) denoted Precoding Resource Block Group (PRG).

Transmission durations from 2 to 14 symbols in a slot is supported.
Aggregation of multiple slots with Transport Block (TB) repetition is supported.

(3GPP TS 38.300 V17.4.0)

Page 25 of 162
TPR2024-00946
Petitioners' Ex. 1013
Ex.1013.0025


https://www.sammobile.com/news/pre-orders-galaxy-s23-series-great-success-story/
https://www.sammobile.com/news/t-mobile-carrier-aggregation-5g-samsung-galaxy-s23/

5.3 Uplink

5.3.1 Uplink transmission scheme
Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission.

For codebook based transmission, the gNB provides the UE with a transmit precoding matrix indication in the DCI. The UE uses the
indication to select the PUSCH transmit precoder from the codebook. For non-codebook based transmission, the UE determines its
PUSCH precoder based on wideband SRI field from the DCI.

A closed loop DMRS based spatial multiplexing is supported for PUSCH. For a given UE, up to 4 layer transmissions are supported.
The number of code words is one. When transform precoding is used, only a single MIMO layer transmission is supported.

Transmission durations from 1 to 14 symbols in a slot is supported.
Aggregation of multiple slots with TB repetition is supported.
(3GPP TS 38.300 V17.4.0)

54 Carrier aggregation
54.1 Carrier aggregation

In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated. A UE may simultaneously receive or transmit
on one or multiple CCs depending on its capabilities:

- A'UE with single timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding
to multiple serving cells sharing the same timing advance (multiple serving cells grouped in one TAG);

- A UE with multiple timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs correspond-
ing to multiple serving cells with different timing advances (multiple serving cells grouped in multiple TAGs). NG-RAN
ensures that each TAG contains at least one serving cell;

- A non-CA capable UE can receive on a single CC and transmit on a single CC corresponding to one serving cell only (one
serving cell in one TAG).

CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells
that can be aggregated, or an offset in multiples of slots between the PCell/PSCell and an SCell is configured to the UE. The maximum
number of configured CCs for a UE is 16 for DL and 16 for UL.

(3GPP TS 38.300 VV17.4.0)
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6.7 Carrier Aggregation

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required
per serving cell as depicted on Figures 6.7-1 and 6.7-2 below:

- In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated
per assignment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ
retransmissions are mapped to a single serving cell.

(3GPP TS 38.300 \V17.4.0)
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Figure 6.7-1: Layer 2 Structure for DL with CA configured
(3GPP TS 38.300 V17.4.0)
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Figure 6.7-2: Layer 2 Structure for UL with CA configured

(3GPP TS 38.300 V17.4.0)
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5.3A.2 Maximum transmission bandwidth configuration for CA|

For carrier aggregation, the maximum transmission bandwidth configuration is defined per component carrier and the
requirement is specified in clause 5.3.2.

5.3A.3 Minimum guardband. and transmission bandwidth configuration for
CA

For intra-band contiguous carrier aggregation, Aggregated Channel Bandwidth and Guard Bands are defined as
follows, see Figure 5.3A.3-1.

Aggregated Channel Bandwidth, BW,, ..., cs(MHZ)
< >
+
=3
Lowest Carrier Highest Carriar :i
Transmission Bandwidth Transmission Bandwidth
Configuration [RB] Configuration [RB] $

Fmat o LN

Fosen low Fe o Febian F.

Figure 5.3A.3-1: Definition of Aggregated Channel Bandwidth for intra-band carrier aggregation

The aggregated channel bandwidth, BW ot o 15 defined as
BWochanne ca = Feage high = Feage low (MHZ).
The lower bandwidth edge Eqgga, 10w and the upper bandwidth edge Eqggapes 0f the aggregated channel bandwidth are used
as frequency reference points for transmitter and receiver requirements and are defined by
Feagepow™ Fejow - Fomterow
Feage high= F igh + Fomsernigh

The lower and upper frequency offsets depend on the transmission bandwidth configurations of the lowest and highest
assigned edge component carrier and are defined as

Fotisetjow = (Nep jow* 12 + 1)¥8CS,04/2 + BWis (MHz)
Foitsetnigh = (Nrunigh*12 = 1)*SC8pip/2 + BWgs (MHz)
BWga = max(BWaa channeiin)

Mrriew and Mgaaapsare the transmission bandwidth configurations according to Table 5.3.2-1 for the lowest and highest
assigned component carrier, SCSya and SGSu are the sub-carrier spacing for the lowest and highest assigned
component carrier respectively. S SCfet Masase Dapwise A0d BWoa G Use the largest p value among the
subcarrier spacing configurations supported in the operating band for both of the channel bandwidths according to
Table 5.3.5-1 and BWgg channei is the minimum guard band for carrier k according to Table 5.3.3-1 for the said y value.

In case there is no common 1 value for both of the channel bandwidths, z=1 is used for SCS e FCSizte Maauare Vassis
and BWarcrowis-
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5.5A.1 Configurations for intra-band contiguous CA

Power class 3 is supported for all uplinks. Power classes other than power class 3 are supported as indicated in Table
5.5A.1-1.

Table 5.5A.1-1: NR CA configurations and bandwidth combination sets defined for intra-band contiguous CA

NR CA fon ] Bandwidth ination set
NRCA Uplink Channel Channel Channel Channel Channel | Maximum | Bandwidth
canfiguration CA i i i i b i agreg: inati
configur | for carrier | for carrier s for s for s for d set
ations or (MHz) (MHz) carrier carrier carrier bandwidt
single (MHz) (MHz) (MHz) h (MHz)
uplink
carriers
CA_n1B - 10 10.15 40 0
15 15.20
0 0
CA_n2B - 5 15 20 0
10 10
CA_n3B - 5 15, 20, 25, 60 0
30
10 10, 15, 20,
25, 30
15, 20,25, | 5,10, 15
30 20, 25, 30
[ CA nSB 51015 5 10.15 20 0
CA_n7B CA_n7B 10 10, 15, 20, 50 0
30. 40
15 15, 20, 30
20 20. 30
CA n258 - 5 15 20 0
10 10
CA_n38B - 5 15,20, 25 50 0
10 10, 15, 20,
25
15,20,25 [ 5,10, 15,
0. 25
CA nd0B - 0 80 100 0
50 50
CA_nd0B [ 10,1520, [ 10,15, 20, 100 1
30, 40, 50, | 30, 40, 50
60, 80 60, 80
CA_nd1B n41: 10, 20, 30, | 10,20, 30, 100 0
CA nd1B 40, 50 40, 50
CA_n41C n4134 40 80, 100 180 0
CAnd1 | 50.60.80 |60 80100
cs 10 100 190 1
15, 20 90, 100
40 £0.90.100
50, 60, 80, | 60, 80, 90,
90 100
10 100 190 2
15, 20 80, 100
30,40 80 90 100
50, 60, 80, | 60, 80, 80,
90 100
See nd1 channel 190 4and 5
bandwidths in Table 5.3.5-1
for each carrier?
CA_nd6B - 20, 40, 60 20. 40 100 0
CA_n46C - 60. 80 60. 80 160 0
CA_n46D - 60, 80 80 80 240 0
CA nd6M - 20 40, 60 20 40 2040 140 0
CA_n46N Void 0
- 20, 40, 60 20, 40 20, 40 20, 40 180 1
CA 1460 - 20,60 2040 2040 0,40 0. 40 220 0
CA_nd8B | CA_n4sB 5 15, 20 40 0
10.15,20 | 10,15,20
15, 20 15, 20
- 10 50, 60, 80, 100 1
90

(3GPP TS 38.101 V17.9.0)
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5.5A.2 Configurations for intra-band non-contiguous CA

Table 5.5A.2-1: NR CA configurations and bandwidth combination sets defined for intra-band non-
contiguous CA

NR CA Uplink CA Channel Channel Channel | Channel Maximum Bandwidth
. : tons | b . . . . A e
or single for carrier for carrier | for carrier | for carrier| bandwidth set
uplink carriers (MHz (MHz (MHz] (MHz] (MHz
CA_n1(2A) - 5, 10, 15,20 | 5, 10, 15, 20 40 0
CA _n2(2A) - 6,10, 15,20 | 5 10, 15, 20 40 0
CA_n3(2A) - 5,10, 15,20 | 5, 10, 15, 20 40 0
5,10, 15, 5,10, 15, 80 1
20, 25,30 20, 25,30
CA_n5(2A) 10, 15, 20 | 5,10, 15, 20 25 0
CA n7({2A) 10,15, 20 | 5 10, 15, 20 40 0
TA _n12(2A) - 5 5 10 ]
CA_n25(2A) - 5,10, 15, 20 | 5, 10, 15, 20 40 0
5,10, 15, 5,10, 15, 60 1
20, 25, 30, 20, 25, 30,
40 40
See n25 channel 60 4 and §

bandwidths in Table 5.3.5-1
for each carrier

CA_n25(3A) - 5,10, 15, 5,10,156, | 5,10,15, 55 []
20, 25, 30, 20, 25, 30, |20, 25, 30,
40 40 40
See n25 channel 55 4and §

bandwidths in Table 5.3.5-1
for each carrier

TA_na1(2A) naTie 70, 50, 60, |40, 50, 60, 780 o
CA_n41(2A) 80, 100 80, 100
10, 15,20, | 10,15, 20, 190 7

40, 50, €0, 40, 50, 60,
80. 80, 100 80,90, 100
10, 15, 20, | 15, 20, 30, 790 Z
30, 40, 50, 40, 50, 60,
60, 80, 90 80,90, 100
10, 15, 20, 10, 15, 20, 190 3
30,40,50, | 30,40, 50,
60, 70, 80, €0, 70, 80,
90, 100 90, 100
See nd1 channel 190 4and 5
bandwidths in Table 5.3.5-1
for each carrier
CA_n41(3A) nd1ss 10, 15, 20, 10, 15,20, |10, 15, 20, 190 []
30, 40, 50, 30, 40, 50, |30, 40, 50,
60, 70, 80, 60, 70, 80, |60, 70, 80,

80,100 90, 100 90,100
See n41 channel bandwidths in Table 190 4and §
5.3.5-1 for each carrier
CA_nd1{4A)} nd1: 10, 15, 20, 10, 15,20, |10, 15, 20, 10, 15, 20, 190 []

30, 40, 50, 30, 40, 50, | 30, 40, 50, | 30, 40, 50,
80, 70, 80, 60, 70, 80, |60, 70, 80, | 60, 70, 8O,

90, 100 90, 100 90, 100 90, 100
See nd1 channel bandwidths in Table 5.3.5-1 for 190 4and 5
each carrier
CA_ndB(2A) 10, 15, 20, | 10, 15, 20, 7402 (]

40, 50,60, | 40, 50,60,
80.90.100 | 80.90.100
10, 15,20, | 10,15, 20, 302 7
30,40,50, | 30,40, 50,
60,70, 80, | 60,70, 80,
90. 100 90. 100
CA_nda(3A] B 10, 15,20, | 10, 15,20, |10, 15, 20, 302 0
40,50,60, | 40,50,60, | 4050, 60,
80.80.100 | 80.90. 100 |80.90. 100
10, 15,20, | 10, 15,20, | 10, 15, 20, 1402 7
30,40,50, | 30,40,50, |20,40,50,
60, 70,80, | 60,70,80, |60,70, 80,
90. 100 0. 100 90. 100

(3GPP TS 38.101 V17.9.0)
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[1b] simultaneously transmitting second | The Accused Instrumentalities perform a method including simultaneously transmitting second information across a second frequency
information across a second frequency | range using the same wireless transmitter, the second frequency range having a second center frequency greater than the first center
range using the same wireless transmitter, | frequency, a second highest frequency, and a second lowest frequency.

the second frequency range having a sec-
ond center frequency greater than the first | For example, the Accused Instrumentalities transmit uplink information on a second component carrier with a frequency range with
center frequency, a second highest fre- | 3 second center frequency (labeled Fc pign in the excerpt from 3GPP TS 38.101 V17.9.0 below), second highest frequency (highlighted
quency, and a second lowest frequency. | in red below), and second lowest frequency (highlighted in blue below). This applies in the cases of intra-band contiguous, intra-band
non-contiguous, and inter-band CA. The transmission is performed simultaneously using the same wireless transmitter, as set out in
section 5.4 of 3GPP TS 38.300 V17.4.0.

See, e.g.:

52 Downlink

5.2.1 Downlink transmission scheme

A closed loop Demodulation Reference Signal (DMRS) based spatial multiplexing is supported for Physical Downlink Shared Chan-
nel (PDSCH). Up to 8 and 12 orthogonal DL DMRS ports are supported for type 1 and type 2 DMRS respectively. Up to 8 orthogonal
DL DMRS ports per UE are supported for SU MIMO and up to 4 orthogonal DL DMRS ports per UE are supported for MU-MIMO.
The number of SU-MIMO code words is one for 1-4 layer transmissions and two for 5-8 layer transmissions.

The DMRS and corresponding PDSCH are transmitted using the same precoding matrix and the UE does not need to know the
precoding matrix to demodulate the transmission. The transmitter may use different precoder matrix for different parts of the trans-
mission bandwidth, resulting in frequency selective precoding. The UE may also assume that the same precoding matrix is used across
a set of Physical Resource Blocks (PRBs) denoted Precoding Resource Block Group (PRG).

Transmission durations from 2 to 14 symbols in a slot is supported.
Aggregation of multiple slots with Transport Block (TB) repetition is supported.
(3GPP TS 38.300 V17.4.0)

5.3 Uplink

5.3.1 Uplink transmission scheme

Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission.
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For codebook based transmission, the gNB provides the UE with a transmit precoding matrix indication in the DCI. The UE uses the
indication to select the PUSCH transmit precoder from the codebook. For non-codebook based transmission, the UE determines its
PUSCH precoder based on wideband SRI field from the DCI.

A closed loop DMRS based spatial multiplexing is supported for PUSCH. For a given UE, up to 4 layer transmissions are supported.
The number of code words is one. When transform precoding is used, only a single MIMO layer transmission is supported.

Transmission durations from 1 to 14 symbols in a slot is supported.
Aggregation of multiple slots with TB repetition is supported.
(3GPP TS 38.300 V17.4.0)

54 Carrier aggregation
54.1 Carrier aggregation

In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated. A UE may simultaneously receive or transmit
on one or multiple CCs depending on its capabilities:

- AUE with single timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding
to multiple serving cells sharing the same timing advance (multiple serving cells grouped in one TAG);

- A UE with multiple timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs correspond-
ing to multiple serving cells with different timing advances (multiple serving cells grouped in multiple TAGs). NG-RAN
ensures that each TAG contains at least one serving cell;

- A non-CA capable UE can receive on a single CC and transmit on a single CC corresponding to one serving cell only (one
serving cell in one TAG).

CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells
that can be aggregated, or an offset in multiples of slots between the PCell/PSCell and an SCell is configured to the UE. The maximum
number of configured CCs for a UE is 16 for DL and 16 for UL.

(3GPP TS 38.300 VV17.4.0)

6.7 Carrier Aggregation

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required
per serving cell as depicted on Figures 6.7-1 and 6.7-2 below:

Page 34 of 162
TPR2024-00946
Petitioners' Ex. 1013
Ex.1013.0034



Claim 1

Public Documentation

In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated
per assignment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ

retransmissions are mapped to a single serving cell.

(3GPP TS 38.300 V17.4.0)

Page 35 of 162

TPR2024-00946
Petitioners' Ex. 1013
Ex.1013.0035



Claim 1

Public Documentation

5.3A.2 Maximum transmission bandwidth configuration for CA|

For carrier aggregation, the maximum transmission bandwidth configuration is defined per component carrier and the
requirement is specified in clause 5.3.2.

5.3A.3 Minimum guardhand and transmission bandwidth configuration for
CA

For intra-band contiguous carrier aggregation, Aggregated Channel Bandwidth and Guard Bands are defined as
follows, see Figure 5.3A.3-1.

Aggregated ChannelBandwidth, BW.,,,..; c (MHZ)

c

: = i

g Lowest Carrier Highest Carrier L
Transmission Bandwidth Transmission Bandwidth

§ Canfiguration [RB] Configuration [RB] $

Fut o HIE P,

Fasge, iow Foion Fe. nign F

Figure 5.3A.3-1: Definition of Aggregated Channel Bandwidth for intra-band carrier aggregation

The aggregated channel bandwidth, BWgusss G 18 defined as
BWenanner €4 = Fedgenign = Fedgeow (MH2).

The lower bandwidth edge Ecygs 10w and the upper bandwidth edge Eqypa s 0f the aggregated channel bandwidth are used
as frequency reference points for transmitter and receiver requirements and are defined by

Fmgc.lm = Fcpow - Foretlow
Fedgenign™ Fengn b Foitsernigh

The lower and upper frequency offsets depend on the transmission bandwidth configurations of the lowest and highest
assigned edge component carrier and are defined as

Fottetjow = (Nrgjow*12 + 1)*SC8,54/2 + BWgs (MHz)
Fottsetnign = (Nrgnigh® 12 - 1)*SC8yign/2 + BWegs (MHz)
BWoa = max(BWs,cuaaneii)

Marjowand Negaare the transmission bandwidth configurations according to Table 5.3.2-1 for the lowest and highest
assigned component carrier, S0 and SC8 ey are the sub-carrier spacing for the lowest and highest assigned

component carrier respectively. S SGRueor Magame Napwich 20d BWoa cunpui Use the largest p value among the
subcarrier spacing configurations supported in the operating band for both of the channel bandwidths according to

Table 5.3.5-1 and BW¢p chanacig 1S the minimum guard band for carrier k according to Table 5.3.3-1 for the said u value.

In case there is no common p value for both of the channel bandwidths, x=1 is used for SCSam SCSpietr Nasuar Noswvist
and BWan ool

(3GPP TS 38.101 V17.9.0)
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5.5A.1 Configurations for intra-band contiguous CA

Power class 3 is supported for all uplinks. Power classes other than power class 3 are supported as indicated in Table
5.5A.1-1.

Table 5.5A.1-1: NR CA configurations and bandwidth combination sets defined for intra-band contiguous CA

NR CA fon ] Bandwidth ination set
NRCA Uplink Channel Channel Channel Channel Channel | Maximum | Bandwidth
canfiguration CA i i i i b i ggreg: inati
configur | for carrier | for carrier s for s for s for d set
ations or (MHz) (MHz) carrier carrier carrier bandwidt
single (MHz) (MHz) (MHz) h (MHz)
uplink
carriers
CA_n1B - 10 10.15 40 0
15 15.20
0 0
CA_n2B - 5 15 20 0
10 10
CA_n3B - 5 15, 20, 25, 60 0
30
10 10, 15, 20,
25, 30
15, 20,25, | 5,10,15,
30 20, 25, 30
[ CA nSB 51015 5 10.15 20 0
CA_n7B CA_n7B 10 10, 15, 20, 50 0
30. 40
15 15, 20, 30
20 20, 30
CA n258 - 5 15 20 0
10 10
CA_n38B - 5 15,20, 25 50 0
10 10, 15, 20,
25
15,20,25 | 5,10, 15,
0. 25
CA nd0B - 0 80 100 0
50 50
CA_nd0B [ 10,1520, [ 10,15, 20, 100 1
30, 40,50, | 30, 40,50
60, 80 60, 80
CA_nd1B n41: 10, 20, 30, | 10,20, 30, 100 0
CA nd1B 40, 50 40, 50
CA_n41C n4 134 40 80, 100 180 0
CAndt | 50.60.80 160 80100
cs 10 100 190 1
15, 20 90, 100
40 £0.90.100
50, 60, 80, | 60, 80, 90,
90 100
10 100 190 2
15, 20 80, 100
30,40 80 90 100
50, 60, 80, | 60, 80, 80,
90 100
See nd1 channel 190 4and 5
bandwidths in Table 5.3.5-1
for each carrier?
CA_nd6B - 20, 40, 60 20. 40 100 0
CA_n46C - 60, 80 60, 80 160 0
CA_n46D - 60, 80 80 80 240 0
CA nd6M - 20 40, 60 20 40 2040 140 0
CA_n46N Void 0
- 20, 40, 60 20, 40 20, 40 20, 40 180 1
CA 1480 - 20,60 20,40 20,40 0, 40 0, 40 220 0
CA_nd8B | CA_n4sB 5 15, 20 40 0
10.15,20 | 10,15,20
15, 20 15, 20
- 10 50, 60, 80, 100 1
90

(3GPP TS 38.101 V17.9.0)
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5.5A.2 Configurations for intra-band non-contiguous CA

Table 5.5A.2-1: NR CA configurations and bandwidth combination sets defined for intra-band non-
contiguous CA

NR CA Uplink CA Channel Channel Channel | Channel Maximum Bandwidth
. : tons | b . . . . A e
or single for carrier for carrier | for carrier | for carrier| bandwidth set
uplink carriers (MHz (MHz (MHz] (MHz] (MHz
CA_n1(2A) - 5,10, 15,20 | 5, 10, 15, 20 40 0
CA _n2(2A) - 6,10, 15,20 | 5 10, 15, 20 40 0
CA_n3(2A) - 5,10, 15,20 | 5,10, 15, 20 40 0
5,10, 15, 5,10, 15,
20,2530 | 20 25 30 Lol !
CA_n5(2A) 10, 15, 20 | 5,10, 15, 20 25 0
CA _n7(2A) 10, 15, 20 | 5,10, 15, 20 40 0
CA_n12(2A) - 5 5 10 0
CA_n25(2A) - 5,10, 15, 20 | 5, 10, 15, 20 40 0
5,10, 15, 5,10, 15, 60 1
20, 25, 30, 20, 25, 30,
40 40
See n25 channel 60 4 and §

bandwidths in Table 5.3.5-1
for each carrier

CA_n25(3A) - 5,10, 15, 5,10, 15, | 5,10, 15, 55 0
20, 25, 30, 20, 25,30, |20, 25, 30,
40 40 40

See n25 channel 55 4and 5
bandwidths in Table 5.3.5-1
for each carrier
40, 50, 60, 180 []
80, 100
10, 15, 20, 190 1
40, 50, 60,

80, 90, 100
15, 20, 30, 180 2
40, 50, 60,

80,90, 100
10, 15, 20, 190 3
30, 40, 50,
60, 70, 80,

90, 100

See nd1 channel 190 4and 5
bandwidths in Table 5.3.5-1

for each carrier
CA_nd1(3A) nd134 10, 15, 20, 10, 15,20, |10, 15, 20, 190 [1]
30, 40, 50, 30, 40, 50, |30, 40, 50,
60, 70, 80, 60, 70, 80, |60, 70, 80,

TA_na1(2A) naTie
CA_n41{2A)

80,100 90, 100 90,100
See n41 channel bandwidths in Table 180 4 and §
5.3.5-1 for each carrier

CA_ndT(aA) nd1s 10, 15, 20, 10, 15,20, [10, 15, 20,] 10, 15, 20, 190 0
30, 40, 50, 30, 40, 50, |30, 40, 50, | 30, 40, 50,
80, 70, 80, 60, 70, 80, |60, 70, 80, | 60, 70, 8O,

90, 100 90, 100 90, 100 90, 100
See nd1 channel bandwidths in Table 5.3.5-1 for 190 4and 5
each carrier
CA_ndB(2A) 10, 15, 20, | 10, 15, 20, 7402 (]

40, 50, 60, 40, 50, 60,
80.90. 100 | 80.90. 100

10, 15,20, | 10,15, 20, 302 7
30,40,50, | 30,40, 50,
60,70, 80, | 60,70, 80,
0. 100 0. 100
CA_nda(3A] B 10, 15,20, | 10, 15,20, |10, 15, 20, 302 0

40,50,60, | 40,50,60, | 4050, 60,
80.80.100 | 80.90. 100 |80.90. 100
10, 15,20, | 10, 15,20, | 10, 15, 20, 1402 7
30,40,50, | 30,40,50, |20,40,50,
60,70, 80, | 60, 70,80, | 60,70, 80,
90. 100 0. 100 90. 100

(3GPP TS 38.101 V17.9.0)
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54 Carrier aggregation
54.1 Carrier aggregation
In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated. A UE may simultaneously receive or transmit
on one or multiple CCs depending on its capabilities:

- A UE with single timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding
to multiple serving cells sharing the same timing advance (multiple serving cells grouped in one TAG);

- A UE with multiple timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs correspond-
ing to multiple serving cells with different timing advances (multiple serving cells grouped in multiple TAGs). NG-RAN
ensures that each TAG contains at least one serving cell;

- A non-CA capable UE can receive on a single CC and transmit on a single CC corresponding to one serving cell only (one
serving cell in one TAG).

CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells
that can be aggregated, or an offset in multiples of slots between the PCell/PSCell and an SCell is configured to the UE. The maximum
number of configured CCs for a UE is 16 for DL and 16 for UL.
(3GPP TS 38.300 VV17.4.0)
Claim 2
Claim 2 Public Documentation

[2] The method of claim 1
wherein frequency differ-
ence between the first

The Accused Instrumentalities perform a method wherein the frequency difference between the first center frequency and the second center
frequency is greater than the sum of one-half the first frequency range and one-half the second frequency range.
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center frequency and the
second center frequency
is greater than the sum of
one-half the first fre-
quency range and one-
half the second frequency
range.

For example, the bandwidth from the center of the first carrier component (“first frequency”) to the second carrier component (“second fre-
quency”) comprising half of the first carrier component and half of the second carrier component plus the guard band between the two carrier
component, is greater than the half of the first frequency and half of the second frequency.

See, e.g.:

5.3A.2 Maximum transmission bandwidth configuration for CA

For carrier aggregation, the maximum transmission bandwidth configuration is defined per component carrier and the
requirement is specified in clause 5.3.2.

5.3A.3 Minimum guardband and transmission bandwidth configuration for

CA

For intra-band contiguous carrier aggregation, Aggregated Channel Bandwidth and Guard Bands are defined as
follows, see Figure 5.3A.3-1.
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Aggregared Channel Bandwidd, BWamna_ca (MHZ)

-+ >
: ‘ c
5 H-
;i; FE- Lowest Carrier 5 Highest Carrier : 3
m;: - Transmission Bandwidth ' Transmission Bandwidth im
% P Configuration [RB] . Configuration [RB] : %
A i FTlETT :
3 i i ;
: c i ; i
3 | 2 i ! it
H | o i1 EH
q | g ’: ;
: = i i
..... = = - = e
; Fatmat, isw Fotmset, high
F-mll.k.!- Fl-'.k" F\'_'.Mm Fm.mgh

Figure 5.3A.3-1: Definition of Aggregated Channel Bandwidth for intra-band carrier aggregation
BWChannel_CA = Fedge,high - Fedge,low (MHz).

The lower bandwidth edge Fedge, low and the upper bandwidth edge Fedge,high of the aggregated channel bandwidth
are used as frequency reference points for transmitter and receiver requirements and are defined by

The lower and upper frequency offsets depend on the transmission bandwidth configurations of the lowest and high-

Fedge,low = FC,low - Foffset,low

Fedge,high = FC,high + Foffset,high

est assigned edge component carrier and are defined as
Foffset,low = (NRB,low*12 + 1)*SCSlow/2 + BWGB (MHz)
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Foffset,high = (NRB, high*12 - 1)*SCShigh/2 + BWGB (MHz) BWGB = max(BWGB,Channel(k))

NRB,low and NRB,high are the transmission bandwidth configurations according to Table 5.3.2-1 for the lowest and
highest assigned component carrier, SCSlow and SCShigh are the sub-carrier spacing for the lowest and highest as-
signed component carrier respectively. SCSlow, SCShigh, NRB,low, NRB,high, and BWGB,Channel(k) use the larg-
est u value among the subcarrier spacing configurations supported in the operating band for both of the channel
bandwidths according to Table 5.3.5-1 and BWGB,Channel(k) is the minimum guard band for carrier k according to
Table 5.3.3-1 for the said p value.

In case there is no common p value for both of the channel bandwidths, p=1 is used for SCSlow, SCShigh, NRB,low,
NRB,high, and BWGB,Channel(k).

(3GPP TS 38.101-1 V17.5.0)

Claim 3

Claim 3 Public Documentation

[3] The method of claim 1 | The Accused Instrumentalities perform a method wherein the first and second information are transmitted using the same power amplifier in said
wherein the first and second | wireless transmitter.

information are transmitted
using the same power ampli- | See, e.g.:
fier in said wireless transmit-
ter.
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11.3.2.1 Transmitter architecture

Figure 11.3.2.1-1 illustrates various TX architectures options according to where the component carriers are combined,
i.e., at digital baseband, or in analog waveforms before RF mixer, or after mixer but before the PA, or after the PA.
Option A

- In an adjacent contiguous common carrier aggregation scenario, the UE very likely has one PA. Connected to
the PA can be a single RF chain (a zero-IF mixer, a wideband DAC, and a wideband IFFT)

Option-B

- Combines analog baseband waveforms from component Carrier first (e.g., via a mixer operating at an IF of
roughly the bandwidth of the other component carrier in the example of 2-component carrier aggregation). Then
the resulting wideband signal is up-converted to RF.

Option-C

- Does ZIF up-conversion of each component carrier before combining and feeding into a single PA.

Option-D

- Employs multiple RF chains and multiple PAs after which the high-power signals are combined and fed into a

single antenna. PA coupling at the UE can be challenging for option-D.

(3GPP TR 36.912 version 15.0.0 Release 15)
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Tz Characteristics
Option Dexcription (Tx architectare) - Intra Band 2 ggf'eg,ahlm_ I.n_ler B :n# agsregation
Contignows (CC) Non confiznons {CC) Non contizmons (CC)
fae)
Msltiples | FET D HFPA
ared 2 B
Single (baseband + IFFT + DAC + mixer + B4)
B Te Yes
Mubpel  UFT DA
m
Multiple (baseband + IFFT + DAC), single (stage-1 IF mixer + combiner @ IF +
stage-I BF mixer + BA)
c Yer Yes
Multiple (bazeband + IFFT + R
single PA
Ves + (depending on the
Dr Yes Tes specific EUTEA bands
being aggregated),
Multiple (bazeband + IFFT + DAC + mixer + PA), high-power combiner to single
antenna OF dusl antenns
X OTHERS

Figure 11.3.2.1-1: Possible UE Architectures in three aggregation scenarios

(3GPP TR 36.912 version 15.0.0 Release 15)
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[4] The method of claim 3 | The Accused Instrumentalities perform a method wherein the bandwidth of said power amplifier is greater than the difference between the first
wherein the bandwidth of said | lowest frequency and the second highest frequency.

power amplifier is greater
than the difference between | For example, as shown below, the bandwidth of an exemplary power amplifier meets the claimed conditions.

the first lowest frequency and
the second highest frequency. | See, e.g.:
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PRODUCT SUMMARY

by

SKYWORKS®

SKY77786-11 High Band Multimode Multiband Power
Amplifier Module Supporting LTE Advanced Applications

Applications

» Multiband 4G / LTE handsets
« FDD LTE Bands 7 and 30

« TDD LTE Band 38, 40, 41

Features

« Two T/R (RX) port and 3 outputs
» Industry-leading PAE for 4G

» Optimized for APT DCDC operation

» Fully programmable Mobile Industry Processor Interface (MIPI)
control
» MIPI programmable bias modes optimize best 4G
efficiency/linearity performance.
« Small, low profile package:
- 3.0x3.0x0.71 mm
- 20-pad configuration
Skyworks Green™
@ arﬂnmpliarmth glll%dpl:fli'gable
leqgislation amd are halgan-frea,
For addiditaoraal information, refar

to Skywarks Dafiibi h™}
W G cument number $004-0074.

Description

Slonunrke SKYTT7TRR-11 Skul iTFTM jo a multimndes molihand
IMMMR) Power Amnlifier Modile (PAM) that sinnorts 4G
handsets and operates efficientlv in LTE bands from 2.3 GHz to

2.7 GHz. The module is fully programmable through a Mobile
Industre Processor Intertace (MIPT=),

The PAM consists of a single high band LTE block, a Multi-
Function Control (MFC) block, and a T/R switch block. RF
input/output ports internally matched to 50 €2 to reduce the
number of external components. A CMOS integrated circuit uses
standard MIPI controls to provide the internal MFC interface and
operation. Extremely low leakage current maximizes handset
standby time.

The InGaP die and the silicon die and passive components are
mounted on a multi-layer laminate substrate. The assembly is
encapsulated ina 3.0 mm x 3.0 mm x 0.71 mm, 20-pad MCM,
SMT package which is a more highly manufacturable, low cost
solution.

4G: The SKY77786-11 supports 1.4, 3, 5, 10, 15, 20, 30, 35, 40
MHz channel bandwidths. Similar to 3G operation, output power is
controlled by varying the input power and Vcc is adjusted using a
DCDC converter to maximize efficiency for each power level.

4G Modulation scheme includes:
- FDD LTE
- TDD LTE

- Uplink Carrier Aggregation (CA) support for Bands 40/41 (up
to 40 MHz)
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[6] The method of claim 1 whereinthe | The Accused Instrumentalities perform a method wherein the first information corresponds to a first wireless protocol and the second
first information corresponds to a first | information corresponds to a second wireless protocol.

wireless protocol and the second infor-
mation corresponds to a second wire- | See, e.0.:
less protocol.

Cellular operators, for example Verizon, have deployed Dynamic Spectrum Sharing (DSS) and carrier aggre-
gation technology that provides service using both LTE and 5G by sharing the same spectrum and using carrier
aggregation, using two different protocols. Operators, for example Verizon, have also used carrier aggregation
using a combination of FDD and TDD protocols, using two different protocols.

Verizon’s 5G strategy will combine DSS with carrier
aggregation, says LightShed

By Linda HardestyApr 16, 2020 4:40pm

Verizon’s 5G strategy has been murky. We know that it’s deploying mmWave in dense urban areas, but it’s been unclear
how the carrier will deliver 5G across broad swaths of the country. Today, analysts at LightShed Partners laid out a
Verizon strategy that makes sense.

“The combination of DSS and carrier aggregation might be the best concoction since gin and tonic, as long as you are
prepared for the hangover,” wrote LightShed analysts Walter Piecyk and Joe Galone in a blog.

When combined, these technologies will enable Verizon to activate the 5G indicator on new 5G enabled iPhones and
deliver industry-leading 5G speeds across a broad coverage area, beating the other carriers, at least for a while. The
hangover could come in 2021 when T-Mobile has integrated Sprint’s spectrum into its network, and Verizon and AT&T
don’t have that huge spectrum boost.

DSS

Verizon CEO Hans Vestberg has touted the laurels of dynamic spectrum sharing (DSS) for well over a year, repeatedly
pointing to it as a key pillar of Verizon’s 5G strategy. With DSS, Verizon can use its existing 4G spectrum and flip back
and forth between 4G and 5G. DSS does require New Radio (NR), which Verizon is in the process of deploying.

RELATED: Verizon sticks behind ambiguous 2020 DSS rollout plan
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But analysts have pointed out that DSS doesn’t provide any additional spectrum, and download speeds will always be
limited by the amount of spectrum allocated.

Carrier aggregation

In today’s blog, LightShed said it’s the combination of DSS and carrier aggregation that will enable Verizon’s broad 5G
network coverage

The analysts also did everyone a favor and clearly defined “carrier aggregation,” a phrase that makes it sound as if carriers
are getting together to aggregate their spectrum.

“Carrier aggregation is a technology that enables wireless operators to combine both contiguous and non-contiguous
spectrum blocks as well as spectrum blocks from other bands in order to increase the data speeds to the end user,” wrote
the LightShed analysts. “Spectrum aggregation is probably a better brand.”

Carrier aggregation has been around since 3GPP Release 10. The technology was a primary component of AT&T’s much-
maligned 5G E initiative. 3GPP Release 16, which is expected in June, will add support for 5G carrier aggregation.

“We expect Verizon to deploy DSS across multiple blocks of spectrum and then carrier aggregate those blocks to deliver
materially faster speeds to the end user,” wrote the LightShed analysts. “We believe this combination will produce a
robust 5G coverage layer that Verizon will put marketing dollars behind. We expect it to become their big 5G push.”

(Verizon’s 5@ strategy will combine DSS with carrier aggregation, says LightShed | Fierce Wireless)

5G NR Benchmark Study: Verizon 5G UltraWide-
band (Bn77)

February 24, 2022 06:58 ET| Source: Research and Markets

Dublin, Feb. 24, 2022 (GLOBE NEWSWIRE) -- The "5G NR Benchmark Study Vol 22: Verizon 5G UltraWideband (Bn77)
Benchmark Study" report has been added to ResearchAndMarkets.com's offering.

The benchmark study includes a very thorough analysis of the new Verizon 5G Ultra Wideband network (60 MHz TDD @
Bn77) that the operator launched on January 19th.

The Verizon 5G Ultra Wideband network is nothing like its predecessor, the Verizon 5G Nationwide network. Average down-
link throughput was easily 15-20x higher than what was observed in October 2020 and the Bn77 coverage was substantially bet-
ter than what was observed a little more than one year ago with Bn5. The Bn77 spectral efficiency was also much higher than
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observed with any of the operator's LTE bands. The publisher logged at least 500 kilometers while drive testing with Bn77 pre-
sent a good majority of the time - this time excluded the low double-digit percentage of the time when the smartphone was using
mmWave. NR-DC is forthcoming in a few months but it isn't available today. They even ventured far west of Minneapolis while
driving on remote gravel roads past horse farms while attached to the network.

Bn77 and LTE coverage was compared using all the traditional metrics. The publisher also dedicated much time comparing
Bn77 and Bn41 (T-Mobile 2.5 GHz) performance and coverage, not to mention the effective coverage area of a cell site de-
ployed in a rural area. While the laws of physics still exist, the results also indicate that while the areas with Bn41 modestly ex-
ceeded the areas with Bn77, the Bn77 uplink coverage and overall performance was superior to that of Bn41. No obvious Bn77
shortcomings were documented compared with the operator's LTE network coverage. Results indicate a one-to-one overlay and
to the extent there were coverage gaps, there were attributed to existing LTE cell sites that haven't been upgraded with Bn77
radio assets. All testing was done outdoors, meaning in-building Bn77 coverage could be an issue.

Verizon has also deployed FDD-TDD carrier aggregation, which provides a critical performance advantage. The operator's 5G
NR mmWave coverage has greatly expanded since last tested by the publisher - the total throughput with 400 MHz (4 carriers)
was higher than what was observed with 800 MHz (8 carriers) when the network first launched.

Highlights of the Report include the following:

e Publisher Methodology: a recently-purchased Galaxy S21 FE smartphone was used with a Verizon test SIM
to collect downlink/uplink performance data while driving ~500 kilometers and consuming 1.48 TB of data.
Chipset diagnostic messages were analyzed using time and area binning (5x5 meter grids) to provide the most
meaningful results and analysis.

e FDD-TDD CA and UL-256QAM is alive and well. The Verizon network supported both features which we
believe are critical for a successful mid-band 5G NR deployment. Greater use of FDD-TDD CA and device

support for UL-256QAM are important success factors.
e Bn77 vs Bn4l Coverage. Although the area covered by Bn41 was modestly larger than it was for Bn77, the

Bn77 uplink coverage and performance (average throughput, spectral efficiency) was better than Bn41. Data
suggests a one-for-one overlay of Bn77 on the existing LTE cell grid with no obvious detrimental impact on
overall performance (e.g., performance at cell handover, etc.).

e Fixed Wireless Access is in the works. Bn77 capacity in rural areas, including in areas where another broad-
band option doesn't exist, greatly exceeds what is needed for eMBB. Analysis of throughput versus distance
to the serving cell site also revealed rural coverage at 3.7 GHz won't be a limiting factor. mmWave would
make a great complementary solution.

(5G NR Benchmark Study: Verizon 5G UltraWideband (Bn77) (globenewswire.com))
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[7] The method of claim 1 wherein the
first information and the second infor-
mation are the same data transmitted
across two different frequencies.

The Accused Instrumentalities perform a method wherein the first information and the second information are the same data trans-
mitted across two different frequencies.

For example, the packet duplication feature of 5G release 15 transmits the same data on two carrier components of carrier aggregation
transmission method, i.e., the first and second data destined to two carriers are the same. (3GPP TS 38.300 version 16.2.0).

See, e.g.:

16.1.3 Packet Duplication

When duplication is configured for a radio bearer by RRC, at least one secondary RLC entity is added to
the radio bearer to handle the duplicated PDCP PDUs as depicted on Figure 16.1.3-1, where the logical

channel corresponding to the primary RLC entity is referred to as the primary logical channel, and the
logical channel corresponding to the secondary RLC entity(ies), the secondary logical channel(s). All
RLC entities have the same RLC mode. Duplication at PDCP therefore consists in submitting the same
PDCP PDUs multiple times: once to each activated RLC entity for the radio bearer. With multiple inde-
pendent transmission paths, packet duplication therefore increases reliability and reduces latency and is
especially beneficial for URLLC services.

PDCP

\ 4

RLC !
primary i secondary

|

Primary Secondary

Figure 16.1.3-1: Packet Duplication
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When configuring duplication for a DRB, RRC also sets the state of PDCP duplication (either activated or
deactivated) at the time of (re-)configuration. After the configuration, the PDCP duplication state can then be
dynamically controlled by means of a MAC control element and in DC, the UE applies the MAC CE commands
regardless of their origin (MCG or SCG). When duplication is configured for an SRB the state is always active
and cannot be dynamically controlled. When configuring duplication for a DRB with more than one secondary
RLC entity, RRC also sets the state of each of them (i.e. either activated or deactivated). Subsequently, a MAC
CE can be used to dynamically control whether each of the configured secondary RLC entities for a DRB should
be activated or deactivated, i.e. which of the RLC entities shall be used for duplicate transmission. Primary
RLC entity cannot be deactivated. When duplication is deactivated for a DRB, all secondary RLC entities as-
sociated to this DRB are deactivated. When a secondary RLC entity is deactivated, it is not re-established, the
HARQ buffers are not flushed, and the transmitting PDCP entity should indicate to the secondary RLC entity
to discard all duplicated PDCP PDUs.

When activating duplication for a DRB, NG-RAN should ensure that at least one serving cell is activated for
each logical channel of the DRB; and when the deactivation of SCells leaves no serving cells activated for a
logical channel of the DRB, NG-RAN should ensure that duplication is also deactivated.

When duplication is activated, the original PDCP PDU and the corresponding duplicate(s) shall not be trans-

mitted on the same carrier. The primary and secondary logical channels can either belong to the same MAC
entity (referred to as CA duplication) or to different ones (referred to as DC or DC+CA duplication). CA du-
plication can be configured together with DC duplication when duplication over more than two legs is config-
ured in the UE. In CA duplication, logical channel mapping restrictions are used in MAC to ensure that the
primary and secondary logical channels are not sent on the same carrier.

When CA duplication is configured for an SRB, one of the logical channels associated to the SRB is mapped
to SpCell. When CA duplication is deactivated for a DRB, the logical channel mapping restrictions of the pri-
mary and secondary logical channels are lifted for as long as duplication remains deactivated.

When an RLC entity acknowledges the transmission of a PDCP PDU, the PDCP entity shall indicate to the
other RLC entity(ies) to discard it. In addition, in case of CA duplication, when an RLC entity restricted to only
SCell(s) reaches the maximum number of retransmissions for a PDCP PDU, the UE informs the gNB but does
not trigger RLF.
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(3GPP TS 38.300 version 16.2.0)

Claim 8

Claim 8 Public Documentation

[8] The method of claim 1 whereinthe | The Accused Instrumentalities perform a method wherein the first information and the second information are from the same data
first information and the second infor- stream.

mation are from the same data stream.
For example, the packet duplication may be deactivated. When packet duplication is deactivated, the same data stream is multiplexed
onto the multiple component carriers (CCs) of carrier aggregation method. The data transmitted on the first component carrier (“first
information”) and the data transmitted on the second component carrier (“second information™) are from multiplexing the same data
stream for transmission onto the two carriers.

See, e.g.:

5.11.1 ACTIVATION/DEACTIVATION OF PDCP DUPLICATION

For the PDCP entity configured with pdcp-Duplication, the transmitting PDCP entity shall:
- for SRBs:
- activate the PDCP duplication;
- for DRBs:
- if the activation of PDCP duplication is indicated for the DRB:
- activate the PDCP duplication for the DRB;
- if the activation of PDCP duplication is indicated for at least one associated RLC entities:
- activate the PDCP duplication for the indicated associated RLC entities;
- activate the PDCP duplication for the DRB;
- if the deactivation of PDCP duplication is indicated for the DRB:
- deactivate the PDCP duplication for the DRB,;

- if the deactivation of PDCP duplication is indicated for at least one associated RLC entities:
- deactivate the PDCP duplication for the indicated associated RLC entities:
- if all associated RLC entities other than the primary RLC entity are deactivated for PDCP duplication:
- deactivate the PDCP duplication for the DRB.
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(3GPP TS 38.323 V17.4.0)

6.7

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required

CARRIER AGGREGATION

per serving cell as depicted on Figures 6.7-1 and 6.7-2 below:

In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated
per assignment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ

retransmissions are mapped to a single serving cell.

/'} QoS flow
SDAP Y handling
# fffffff %) ffffffffff Radio Bearers
[ romc | [ ronc |
PDCP < [ [
‘ ‘ Security ‘ ‘ Security ‘
RLC Channels
RLC </
Logical Channels
MAC

Transport Channels

Figure 6.7-2: Layer 2StRegeare3fof Uh2vith CA configured.
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(3GPP TS 38.300 \V17.4.0)

Claim 9
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[9] The method of claim 1 wherein
first information and second infor-
mation comprise a plurality of OFDM
symbols, wherein a first symbol is
transmitted during a first time slot
across the first frequency range and a
second symbol is trans- mitted during
the first time slot across the second
frequency range, and wherein a third
symbol is transmitted during a second
time slot across the first frequency
range and a fourth symbol is transmit-
ted during the second time slot across
a second frequency range.

The Accused Instrumentalities perform a method wherein first information and second information comprise a plurality of OFDM
symbols, wherein a first symbol is transmitted during a first time slot across the first frequency range and a second symbol is trans-
mitted during the first time slot across the second frequency range, and wherein a third symbol is transmitted during a second time
slot across the first frequency range and a fourth symbol is transmitted during the second time slot across a second frequency range.

For example, the 5G frame structure comprises frames of length 10 msec long, each frame comprises 10 sub-frames, each subframe
comprises at least two time slots, and each frame comprises at least 20 time slots. Each time slot comprises a multitude of OFDM
symbols. A transport block, data payload, in 5G is divided into a set of code blocks, each code block is transmitted on frequency
resources of OFDM symbols that comprise a time slot. In a Carrier Aggregation (CA) method, a data stream is multiplexed onto
multiple Component Carriers (CCs), e.g., onto a first and a second data stream. The first and second data (“information”) streams are
transmitted on a first and a second CC, respectively. The first data stream is transmitted on a first CC, on frequency resources of an
OFDM symbol in a time slot of the first CC, and the second data stream is transmitted on a second CC, on frequency resources of an
OFDM symbol in the time slot of the second CC. The code blocks of the transport block (payload, data stream) are multiplexed onto
the CCs and transmitted in consecutive time slots.

See, e.g.:

6.7 CARRIER AGGREGATION

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one
HARQ entity is required per serving cell as depicted on Figures 6.7-1 and 6.7-2 below:
- In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one
transport block is generated per assignment/grant per serving cell in the absence of spatial multiplexing.
Each transport block and its potential HARQ retransmissions are mapped to a single serving cell.
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Frame structure and physical resources

4.1 GENERAL
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Throughout this specification, unless otherwise noted, the size of various fields in the time domain is expressed
in time units T, =1/(Af,.,-N¢) where Af,., = 480103 Hz and N; =4096. The constant «=T,/T, =64 where

3
Ts ZJ/(Afref : Nf,ref)i Afref =15-10°Hz and Nf,ref =204¢&.

Throughout this specification, unless otherwise noted, statements using the term "UE" in clauses 4, 5, 6, or 7
are equally applicable to the IAB-MT part of an IAB node.

4.2 NUMEROLOGIES

Multiple OFDM numerologies are supported as given by Table 4.2-1 where u and the cyclic prefix for a down-
link or uplink bandwidth part are obtained from the higher-layer parameter subcarrierSpacing and cyclicPrefix,
respectively.

Table 4.2-1: Supported transmission numerologies.

iz Af =2#.15[kHZ] Cyclic prefix
0 15 Normal

1 30 Normal

2 60 Normal, Extended
3 120 Normal

4 240 Normal

4.3 FRAME STRUCTURE

4.3.1 FRAMES AND SUBFRAMES

Downlink, uplink, and sidelink transmissions are organized into frames with T; = (Af,,,N; /100-T, =10ms dura-
tion, each consisting of ten subframes of T, =(Af,,N;/1000-T, =1ns duration. The number of consecutive

OFDM symbols per subframe is Nss;angame'“ = NI N3 ™" Each frame is divided into two equally-sized

half-frames of five subframes each with half-frame 0 consisting of subframes 0 — 4 and half-frame 1 consisting
of subframes 5 — 9. There is one set of frames in the uplink and one set of frames in the downlink on a carrier.
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Uplink frame number i for transmission from the UE shall start T;, =(Nya +Nyagmet )T DefOre the start of the
corresponding downlink frame at the UE where Nqp .« IS given by [5, TS 38.213], except for msgA transmis-
sion on PUSCH where T, = 0 shall be used.

Downlink frame i

Uplink frame i

[.NT_-\ + ‘:\J:I_-\:uEset_:E::
> e

Figure 4.3.1-1: Uplink-downlink timing relation.

4.3.2 SLOTS

subframe,
’ N, slot

For subcarrier spacing configuration 4 , slots are numbered n! € {O, — 1} in increasing order

within a subframe and n*; € {0, ..., NJ%"* — 1 } in increasing order within a frame. There are Ng;, consecu-

» “Yslot
ot

tive OFDM symbols in a slot where N;',mb depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2.

The start of slot n” in a subframe is aligned in time with the start of OFDM symbol ns”NsS;‘r’,ﬁb in the same sub-

frame. OFDM symbols in a slot in a downlink or uplink frame can be classified as ‘downlink’, ‘flexible’, or
‘uplink’. Signaling of slot formats is described in clause 11.1 of [5, TS 38.213].
(3GPP TS 38.211 V16.1.0)

5G NR Transport Block Size (TBS) Calculation

August 16, 2020Author3GPP Specification, 5G MAC Layer, 5G NR, 5G Physical Layer
Frame structure and physical resources

Transport Block in 5G NR, is nothing but the payload, which is passed between the MAC and Phy Layers,
specifically for the shared data channel such as PDSCH and PUSCH. A Transport Block undergoes Phy layer
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processing at the transmitter before being mapped onto the PDSCH for transmission over the air interface. A
Transport block is added with CRC and segmented into code blocks as shown as below. The transport block
consists of up to million bits and the code block consists of up to 8448 bits.

TB-CRC

/

Transport block CRC

(https://www.techplayon.com/5g-nr-transport-block-size-tbs-calculatin)

TIME-FREQUENCY RESOURCE

A resource element is the smallest time-frequency resource over one subcarrier of a single OFDM symbol. It
is identified as (k,I),,. Where Kk is the index of the subcarrier in the frequency domain, | is the OFDM symbol
position in time domain, p is the antenna port and g is the subcarrier spacing configuration defined in Table 1
above.

A resource block (a.k.a physical resource block — PRB) is a block of N RBs. = 12 subcarriers over which the
transmissions are scheduled. 5G NR physical layer uses time-frequency resource (physical resource block) for
transmission.
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Subframe |

A resource grid consists of N $%e#qiq subcarriers and N s#tframen o number of OFDM symbols (Table 2 and

-k = NJIZoM < NIIB

grid,r

Resource block

A

Frequency
o
i
@
.=
= o=
el
-
9 =
= Il
X @y
L =
)
';9:’255’

Index in frequency

(12 subcarriers)

Resource element

(k;J I)p.}'l-

Resource grid

NZUZEH < NIEE subcarviers

Symbol position in time domain

Figure 3: Resource element, Resource block, Resource grid in 5G NR

(https://www.gaussianwaves.com/2022/02/5g-nr-resource-block)

— 1

OFDM Symbols
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[10pre] A method of transmit- | To the extent the preamble is found to be limiting, the Accused Instrumentalities perform a method of transmitting information in a wireless
ting information in a wireless | communication channel.
communication channel com-

prising: For example, Defendant deploys and uses 4G and 5G RAN Solutions by vendors Ericsson and Nokia. These 4G and 5G RAN Solutions are 4G
and 5G NR cellular radio access network systems supporting carrier aggregation, and the accused systems include all the installed components
for the 4G and 5G NR RAN solution systems deployed by Defendant.

See, e.g.:
54 Carrier aggregation
54.1 Carrier aggregation

In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated. A UE may simultaneously receive or transmit on one or
multiple CCs depending on its capabilities:

- A UE with single timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding to multiple
serving cells sharing the same timing advance (multiple serving cells grouped in one TAG);

- A UE with multiple timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding to
multiple serving cells with different timing advances (multiple serving cells grouped in multiple TAGs). NG-RAN ensures that each TAG
contains at least one serving cell;

- A non-CA capable UE can receive on a single CC and transmit on a single CC corresponding to one serving cell only (one serving cell in
one TAG).

CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells that can be
aggregated, or an offset in multiples of slots between the PCell/PSCell and an SCell is configured to the UE. The maximum number of configured
CCs for a UE is 16 for DL and 16 for UL.

(3GPP TS 38.300 VV17.4.0)

6.7 Carrier Aggregation

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per serving
cell as depicted on Figures 6.7-1 and 6.7-2 below:
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- In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated per assign-
ment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ retransmissions are mapped

to a single serving cell.

(3GPP TS 38.300 \VV17.4.0)
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Figure 6.7-2: Layer 2 Structure for UL with CA configured

(3GPP TS 38.300 V17.4.0)
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5G Carrier Aggregation is set to deliver a significant performance boost to mobile users but what is it
and how does it work?

The ongoing rollout of commercial 5G networks has significantly improved the experience for mobile
subscribers around the world. As the ecosystem matures, a growing number of more advanced 5G
Standalone (5G SA) networks will be central to delivering the speed and ultra-low latency to support
cutting-edge applications. 5G Carrier Aggregation will play a vital role in underpinning the significant
performance boost promised by 5G SA, representing an important milestone in the evolution of
wireless infrastructure.

Carrier Aggregation is a software functionality in Radio Access Networks and user devices which
allows Mabile Network Operators (MNOs) to combine the capabilities of radio cells at distinct
frequency allocations to enhance the end user experience.

A key technology already in the LTE-Advanced networks, Carrier Aggregation enabled the evolution to
Gigabit-LTE, achieving user data rates of more than 1 Gbps. However, in 5G networks, Carrier
Aggregation will enable the evolution to multi-Gigabit-5G, reaching user data rates of about 4 Gbps
and above. 5G Carrier Aggregation is also capable of improving the geographic availability, more
commonly referred to as coverage, of high data rates.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)
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Carrier Aggregation in 5G Networks

To accelerate rollout, the initial commercial 5G networks relied on the LTE infrastructure in radio
access and the core network, referred to as 5G non-Standalone (5G NSA). 5G NSA allows MNOs to
increase the bandwidth available to end users by bundling 4G and 5G carriers through 4G-5G Dual
Connectivity. This allowed 5G users to benefit from existing LTE Carrier Aggregation capabilities with
up to two 5G carriers aggregated alongside LTE carriers.

To unlock the full capability of 5G, including ultra-low latency, reliability, and efficiency, MNOs are
introducing 5G Standalone (5G SA) with a dedicated 5G Core and highly efficient 5G air interface,
without dependency on existing LTE networks.

The number of specified 5G SA Carrier Aggregation band combinations is increasing with each
quarterly revision of the 3GPP specifications, enabling further options to achieve multi-Gigabit 5G
data rates. These specifications are important to ensure interoperability between user equipment,
such as smartphones, and networks. Between 2021 to 2022, the focus of the specifications for
Carrier Aggregation in 5G SA in FR1 shifted from two component carriers to three and four
component carriers. As the number of 5G frequency bands exceeds that of LTE-A, the possible
Carrier Aggregation band combinations are greatly expanded, offering increased deployment options
and flexibility for MNQs in different markets.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)

Page 64 of 162

TPR2024-00946
Petitioners' Ex. 1013
Ex.1013.0064


https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/

Claim 10 Public Documentation

Key benefits of 5G Carrier Aggregation

Improved data speeds and throughput

5G Carrier Aggregation will boost the network performance to meet the requirements of data-hungry
applications, such as augmented and virtual reality services, for both industrial and consumer use
cases.

Greater cell coverage

As operators are looking to maximize the use of their available spectrum assets in different FDD and
TDD bands, Carrier Aggregation is the key to reaching extended coverage range. This helps reduce
the need to deploy new cell sites, bringing cost savings to operators. It also improves mobile user
experience with consistent level of service across the netwaork.

Enhanced energy efficiency

In 2019, the mobile industry made a milestone commitment to transform the sector and reach net
zero carbon emissions by 2050. Carrier Aggregation has been demonstrated to reduce overall power
consumption levels while increasing throughput and maintaining high service levels. This indicates
that the technology could contribute to reducing overall energy usage and the mobile industry’s
carbon footprint. Improved coverage can also contribute to longer battery life for individual devices,
requiring less frequent charging.

Greater RO

According to data from GSA, the total amount raised in 2021 from spectrum auctions and
assignments reached at least $140.18n. Radio spectrum is a finite and extremely valuable resource,
representing a considerable financial burden for most MNOs. Therefore, with ever increasing
demands for bandwidth, utilising this spectrum in the most efficient way becomes a top operational
priority. 5G CA represents one of the most effective methods for MNOs to get the most from their
outlay by maximising spectral efficiency.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)

Samsung Galaxy users in the United States will now enjoy faster 5G speeds, all thanks to T-Mobile’s carrier aggrega-
tion technology. At the Mobile World Congress 2023 event in Barcelona, T-Mobile announced the successful deploy-
ment of 5G carrier aggregation on its standalone 5G network.
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Ericsson, Nokia, Qualcomm Technologies, Inc., and Samsung teamed up with T-Mobile in the completion of the 5G
Carrier Aggregation tech. The phone used for the project was a Samsung Galaxy S23 series model. Consequently, T-
Mobile customers with a Galaxy S23, Galaxy S23+, or Galaxy S23 Ultra will be the first to benefit from four-carrier
aggregations later this year.

(https://www.sammobile.com/news/t-mobile-carrier-aggregation-5g-samsung-galaxy-s23/)

See, e.0.:

Verizon launches 2- and 3-channel carrier aggregation,
Increasing data speeds by 50%

By Colin Gibbs Aug 29, 2016 11:54am

Verizon launched two- and three-channel carrier agaregation today. claiming to_bring 50 percent faster peak data speeds to its
customers in 461 cities. And the nation’s largest carrier plans to back the launch with an aggressive marketing campaign.

Carrier aggregation uses software to combine multiple channels to increase data speeds. Verizon said it uses 700 MHz, AWS and
PCS spectrum, combining two or three of the channels to deliver data over the most efficient route to devices.

Verizon’s rivals are all in various stages of rolling out carrier aggregation as well. AT&T first launched two-channel carrier aggre-
gation in some markets in early 2014, for instance; Sprint said earlier this year that it achieved speeds of more than 300 Mbps using
three-channel carrier aggregation on the Samsung Galaxy S7. Indeed, Sprint demonstrated its carrier aggregation technology at
Chicago's Soldier Field Monday.

Verizon said its two-channel carrier aggregation generates peak download speeds of up to 225 Mbps, and three-channel carrier
aggregation has produced speeds in excess of 300 Mbps.

Verizon said it will back the launch with “a broad mass and social media campaign,” including TV commercials slated to air tonight
across all major networks. A new ad will air tonight during prime time on ABC, CBS, NBC, CWN and FOX.

Along with Multiple Input Multiple Output (MIMO) technology and relay nodes, carrier aggregation is a key component of LTE
Advanced. Indeed, Verizon is marketing its carrier aggregation as LTE Advanced, although the operator didn’t announce any news
regarding MIMO or relay nodes.

The Global Mobile Suppliers Association recently reported that 28 percent of LTE network operators worldwide have launched
LTE Advanced networks.
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Thirty-nine devices already on Verizon’s network support the offering, the carrier said, including the Samsung Galaxy S6 and S7,
Moto Droids and Apple iPhones. Users with capable devices can access carrier aggregation "without effort or additional costs,"
Verizon said.

“Verizon LTE Advanced works like a turbocharger on an engine,” said Tami Erwin, head of operations for Verizon’s wireless unit,
in a press release. “Speed boosts kick in when you need it most, with big data use. That’s when you get the big peak boost of Verizon
LTE Advanced.”

(\Verizon launches 2- and 3-channel carrier aggregation, increasing data speeds by 50% | Fierce Wireless)

Verizon Demos LTE Carrier Ag on CBRS Spectrum
with Federated Wireless, Ericsson

By Diana Goovaerts | August 28, 2017

Verizon might be one of many pushing for rule changes in the 3.5 GHz CBRS band, but the carrier isn’t stalling its work with those
airwaves while that debate plays out.

The carrier on Monday said it achieved the first ever use of CBRS band 48 spectrum in an LTE-Advanced demonstration of carrier

agaregation working alongside partners Federated Wireless, Ericsson, and Qualcomm.

The test reportedly took place in Ericsson’s Plano, Texas, lab, and utilized 256-QAM technology on two 20 MHz channels in the
3.5 GHz band. The demonstration was conducted using Ericsson’s band 48 Radio Dot System and Domain proxy alongside Feder-
ated Wireless’ Spectrum Controller spectrum management service. Qualcomm provided a test device running on a Snapdragon LTE
modem.

Verizon Chief Network Officer Nicola Palmer said the achievement “greatly advances our work in emerging spectrum bands,” and
indicated Verizon is “leading the way in creating an ecosystem around the use of CBRS spectrum which will lead to greater capacity
and speed for our customers.”

Federated Wireless CEO lyad Tarazi similarly hailed the demonstration as “an exciting milestone.”

“The CBRS ecosystem has truly reached full commercial viability, and Verizon will soon be able to enhance its customers’ experi-
ence with this latest wireless network innovation,” Tarazi commented.

The announcement, however, comes as Verizon and other industry interests lobby the Federal Communications Commission to
change the rules in the CBRS band and make it more suitable for commercial 5G deployments. Specifically, the carriers want the
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Commission to make license terms and license areas longer — or in other words, more like traditional wireless licenses and less in
the image of a new shared band.

Verizon and others including T-Mobile, AT&T, Nokia, CTIA, and GSMA argue investment in the 3.5 GHz band hinges on carriers’
ability to secure long-term returns on deployments. This, they say, isn’t supported by the current framework of three-year license
terms, tiny license areas, and a shared user setup.

“The viability of the 3.5 GHz band for both PAL and General Authorized Access (GAA) users depends on licensees investing to
create integrated, densely deployed, heterogeneous networks,” Verizon attorneys wrote in a recent filing. “The current 3.5 GHz
framework provides little incentive for that degree of investment. And unless the Commission acts to adjust the rules accordingly,
the level of investment will be inadequate to maximize band utility for PAL and GAA users alike.”

But others, including Google and public advocacy groups, say the proposed changes would undermine investments — including from
players like Federated Wireless — that have already been made in the band and would put use of the band out of reach for all but the
largest operators.

“CTIA and T-Mobile assert that adopting rules geared to maximize auction participation by large regional or national telecommu-
nications carriers will best promote U.S. leadership in 5G technologies. But this argument presumes that 5G networks will be little
more than an expansion of the traditional carrier offerings that characterize previous generations of wireless technologies. As several
parties have made clear, the opposite is true,” Google counsel contended.

(\Verizon Demos LTE Carrier Ag on CBRS Spectrum with Federated Wireless, Ericsson (designworldonline.com))

Verizon Pushes 4G LTE Speed to 1.45 Gbps using 6
Carrier Aggregation

OCTOBER 2018 RAY SHARMA

Verizon, Nokia and Qualcomm Technologies recently reached peak data speeds of 1.45 Gbps on LTE in a live commercial envi-
ronment using six channel carrier aggregation, a key LTE Advanced technology.

Carrier aggregation combines multiple channels of spectrum to provide greater efficiency for data sessions transmitting over wireless
networks. By using a combination of both licensed and shared spectrum, for the first time in the U.S. in a commercial environment
the three companies combined six separate channels of spectrum.

The record-breaking speeds on 4G LTE were reached on Verizon’s network in New York using a combination of Verizon’s licensed
PCS and AWS spectrum in conjunction with four carriers of LAA (License Assisted Access) spectrum. The demonstration used
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Nokia’s AirScale base station and Qualcomm Technologies’ mobile test device powered by the Qualcomm Snapdragon TM X24
LTE modem.

The demonstration in New York also used LTE Advanced feature, 256 QAM (enabling the network to deliver more bits of data in
each transmission) and 4x4 MIMO (using multiple antennas at the cell tower and in the device to minimize errors and optimize data
speeds.) In mid-2018, Verizon announced these technologies were available in over 1,100 markets nationwide.

Bill Stone, VP of Technology Planning and Development, Verizon

When we first launched our LTE network, we knew there would be a lot of room for innovation and to expand its capabili-
ties. Eight years later, we continue our advancement of our 4G LTE network knowing our LTE network leadership is founda-
tional for our evolution into 5G.

Joe Glynn, VP, Business Development, Qualcomm Technologies
Qualcomm Technologies was first to introduce Gigabit LTE and LAA technologies into a commercial modem, and we con-
tinue to innovate with our latest Snapdragon X24 LTE modem capable of up to 2Gbps speeds.

(\Verizon Pushes 4G LTE Speed to 1.45 Gbps using 6 Carrier Aggregation (thefastmode.com))

Verizon’s 5G strategy will combine DSS with carrier ag-
gregation, says LightShed

By Linda HardestyApr 16, 2020 4:40pm

Verizon’s 5G strategy has been murky. We know that it’s deploying mmWave in dense urban areas, but it’s been unclear how the
carrier will deliver 5G across broad swaths of the country. Today, analysts at LightShed Partners laid out a Verizon strategy that
makes sense.

“The combination of DSS and carrier aggregation might be the best concoction since gin and tonic, as long as you are prepared for
the hangover,” wrote LightShed analysts Walter Piecyk and Joe Galone in a blog.

When combined, these technologies will enable Verizon to activate the 5G indicator on new 5G enabled iPhones and deliver indus-
try-leading 5G speeds across a broad coverage area, beating the other carriers, at least for a while. The hangover could come in 2021
when T-Mobile has integrated Sprint’s spectrum into its network, and Verizon and AT&T don’t have that huge spectrum boost.

DSS
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Verizon CEO Hans Vestberg has touted the laurels of dynamic spectrum sharing (DSS) for well over a year, repeatedly pointing to
it as a key pillar of Verizon’s 5G strategy. With DSS, Verizon can use its existing 4G spectrum and flip back and forth between 4G
and 5G. DSS does require New Radio (NR), which Verizon is in the process of deploying.

RELATED: Verizon sticks behind ambiguous 2020 DSS rollout plan

But analysts have pointed out that DSS doesn’t provide any additional spectrum, and download speeds will always be limited by
the amount of spectrum allocated.

Carrier aggregation

In today’s blog, LightShed said it’s the combination of DSS and carrier aggregation that will enable Verizon’s broad 5G network
coverage

The analysts also did everyone a favor and clearly defined “carrier aggregation,” a phrase that makes it sound as if carriers are
getting together to aggregate their spectrum.

“Carrier aggregation is a technology that enables wireless operators to combine both contiguous and non-contiguous spectrum
blocks as well as spectrum blocks from other bands in order to increase the data speeds to the end user,” wrote the LightShed
analysts. “Spectrum aggregation is probably a better brand.”

Carrier aggregation has been around since 3GPP Release 10. The technology was a primary component of AT&T’s much-ma-
ligned 5G E initiative. 3GPP Release 16, which is expected in June, will add support for 5G carrier aggregation.

“We expect Verizon to deploy DSS across multiple blocks of spectrum and then carrier aggregate those blocks to deliver materially
faster speeds to the end user,” wrote the LightShed analysts. “We believe this combination will produce a robust 5G coverage layer
that Verizon will put marketing dollars behind. We expect it to become their big 5G push.”

(Verizon’s 5G strategy will combine DSS with carrier aggregation, says LightShed | Fierce Wireless)

02/25/2020|Networks & Platforms
Verizon achieves 4.2 Gbps on its live 5G network

Media contact(s)

Karen Schulz

864-561-1527
Karen.Schulz@VerizonWireless.com

Another industry first, with Samsung, Motorola and Qualcomm

Page 70 of 162

TPR2024-00946
Petitioners' Ex. 1013
Ex.1013.0070


https://www.fiercewireless.com/operators/verizon-sticks-behind-ambiguous-2020-dss-rollout-plan
https://www.fiercewireless.com/5g/at-t-to-begin-upgrading-existing-lte-phones-to-5g-e
https://www.fiercewireless.com/5g/verizon-s-5g-strategy-will-combine-dss-carrier-aggregation-says-lightshed
https://www.verizon.com/about/news-category/networks-platforms
mailto:Karen.Schulz@VerizonWireless.com

Claim 10 Public Documentation

EULESS, TEXAS: Verizon, along with Samsung Electronics Americas, Inc., Motorola Mobility, and Qualcomm Technologies,
Inc., awholly owned subsidiary of Qualcomm Incorporated, has teamed up to demonstrate 5G peak speeds of 4.2 gigabits per second
on its live 5G network. Using carrier aggregation. a technology that combines multiple channels of spectrum to provide greater
efficiency for data sessions transmitting over the wireless network, the four companies combined eight separate channels of
mmWave spectrum to achieve the multi-gigabit speeds on Motorola’s upcoming flagship smartphone.

“We’re continuing to expand our 5G Ultra Wideband network, built to enable unique and transformational experiences for our
customers,” said Adam Koeppe, Senior Vice President of Technology Planning at Verizon. “We are only beginning to scratch the
surface of what 5G can do, demonstrated by this latest milestone.

“We continue to innovate and introduce advanced technologies on our 5G network that will help us reach never-before seen mobile
capabilities and create new and exciting use cases across the consumer and enterprise landscape. Using 5G carrier aggregation, we
are able to achieve unprecedented mobile speeds and bring the massive bandwidth available with mmWave spectrum to life,” said
Koeppe.

Eight channel carrier aggregation using mmWave will be widely available on the 5G network in 2020.
TRIAL DETAILS:

The trial, which took place using a commercial network cell site in Texas, aggregated 800 MHz of 28 GHz band spectrum using
Samsung Network’s 5G NR 28 Ghz Access Unit, which has been commercially deployed by Verizon.

“With industry collaborations like the one we have with Verizon, Samsung continues to advance 5G to its full potential,” said
Magnus Ojert, Vice President, Networks Division, Samsung Electronics America. “This latest milestone demonstrates the trans-
formative capability of Samsung’s industry-leading 5G technology coupled with Verizon’s mmWave spectrum to deliver unprece-
dented performance across Verizon 5G subscribers. This trial also shows the power of the Samsung Networks’ 5G NR 28GHz
Access Unit, the smallest integrated mmWave radio in the market.”

Motorola’s upcoming flagship device is powered by the Qualcomm® Snapdragon™ 865 Mobile Platform with the Snapdragon X55
5G Modem-RF System.

“At Motorola, we proudly deliver cutting edge technologies that are both meaningful and innovative to give our customers the very
best smartphone experience,” said Glenn Shultz, Vice President of Innovation and Product Development at Motorola Mobility.
“8CC is taking Verizon’s 5G UWB experience to the next level, just like our exciting upcoming flagship device, which reached
some of the fastest 5G speeds ever recorded in this test. Powered by the Snapdragon 865 Mobile Platform, this device is a perfor-
mance powerhouse designed to provide the fastest 5G speeds ever. We can’t wait for our customers to enjoy all the benefits this
technology brings.”

“5G mmWave technology is set to expand significantly this year and poised to introduce new potential use cases for consumers and
businesses through superb connectivity speeds and low latency,” said Joe Glynn, Vice President, Business Development, Qualcomm
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Technologies, Inc. “We are happy to collaborate with Verizon, Samsung, and Motorola to advance 5G mmWave in driving multi-
gigabit speeds and enhanced network capacity.”
(Verizon achieves 4.2 Gbps on its live 5G network | News Release | Verizon)

5G NR Benchmark Study: Verizon 5G UltrawWideband
(Bn77)

February 24, 2022 06:58 ET| Source: Research and Markets

Dublin, Feb. 24, 2022 (GLOBE NEWSWIRE) -- The "5G NR Benchmark Study Vol 22: Verizon 5G UltraWideband (Bn77) Benchmark
Study" report has been added to ResearchAndMarkets.com's offering.

The benchmark study includes a very thorough analysis of the new Verizon 5G Ultra Wideband network (60 MHz TDD @ Bn77) that the
operator launched on January 19th.

The Verizon 5G Ultra Wideband network is nothing like its predecessor, the Verizon 5G Nationwide network. Average downlink through-
put was easily 15-20x higher than what was observed in October 2020 and the Bn77 coverage was substantially better than what was ob-
served a little more than one year ago with Bn5. The Bn77 spectral efficiency was also much higher than observed with any of the
operator's LTE bands. The publisher logged at least 500 kilometers while drive testing with Bn77 present a good majority of the time - this
time excluded the low double-digit percentage of the time when the smartphone was using mmWave. NR-DC is forthcoming in a few
months but it isn't available today. They even ventured far west of Minneapolis while driving on remote gravel roads past horse farms while
attached to the network.

Bn77 and LTE coverage was compared using all the traditional metrics. The publisher also dedicated much time comparing Bn77 and Bn41
(T-Mobile 2.5 GHz) performance and coverage, not to mention the effective coverage area of a cell site deployed in a rural area. While the
laws of physics still exist, the results also indicate that while the areas with Bn41 modestly exceeded the areas with Bn77, the Bn77 uplink
coverage and overall performance was superior to that of Bn41. No obvious Bn77 shortcomings were documented compared with the opera-
tor's LTE network coverage. Results indicate a one-to-one overlay and to the extent there were coverage gaps, there were attributed to exist-
ing LTE cell sites that haven't been upgraded with Bn77 radio assets. All testing was done outdoors, meaning in-building Bn77 coverage
could be an issue.

Verizon has also deployed FDD-TDD carrier aggregation, which provides a critical performance advantage. The operator's 5G NR
mmWave coverage has greatly expanded since last tested by the publisher - the total throughput with 400 MHz (4 carriers) was higher than
what was observed with 800 MHz (8 carriers) when the network first launched.
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Highlights of the Report include the following:

e Publisher Methodology: a recently-purchased Galaxy S21 FE smartphone was used with a Verizon test SIM to collect
downlink/uplink performance data while driving ~500 kilometers and consuming 1.48 TB of data. Chipset diagnostic mes-
sages were analyzed using time and area binning (5x5 meter grids) to provide the most meaningful results and analysis.

e FDD-TDD CA and UL-256QAM is alive and well. The Verizon network supported both features which we believe are
critical for a successful mid-band 5G NR deployment. Greater use of FDD-TDD CA and device support for UL -256QAM
are important success factors.

e Bn77 vs Bn4l Coverage. Although the area covered by Bn41l was modestly larger than it was for Bn77, the Bn77 uplink
coverage and performance (average throughput, spectral efficiency) was better than Bn41l. Data suggests a one-for-one
overlay of Bn77 on the existing LTE cell grid with no obvious detrimental impact on overall performance (e.g., performance
at cell handover, etc.).

o Fixed Wireless Access is in the works. Bn77 capacity in rural areas, including in areas where another broadband option
doesn't exist, greatly exceeds what is needed for eMBB. Analysis of throughput versus distance to the serving cell site also
revealed rural coverage at 3.7 GHz won't be a limiting factor. mmWave would make a great complementary solution.

(5G NR Benchmark Study: Verizon 5G UltraWideband (Bn77) (globenewswire.com))

WHY CHOOSE NOKIA 5G CARRIER
AGGREGATION?

Together with the leading mobile network operators across the world and the user equipment ecosystem, we
have commercially introduced two component, three component and four component 5G Carrier Aggregation to
enable Multi-Gigabit 5G on sub-6 GHz frequency allocations.

We also have Carrier Aggregation commercially available for high-band. On millimeter wave spectrum, Carrier
Aggregation with eight component carriers in downlink and four component carriers in uplink enables reaching
even higher data rates.

Nokia 5G Carrier Aggregation:

e Works in 5G Non-Standalone and 5G Standalone in the same cells for smooth migration from NSA to SA
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e Boosts 5G performance

e By aggregating low-band carriers for coverage and mid-band carriers for capacity, helps deliver Multi-Gigabit
user data speeds already today.

5G Carrier Aggregation is software running on the baseband unit, easy to activate in Nokia 5G networks. The
supported Carrier Aggregation band combinations are following the quarterly 3GPP specification updates. Our
quarterly software updates ensure the best possible band combination support, and bring more flexibility for
mobile operators to optimize their network coverage and capacity.

Nokia 5G Carrier Aggregation works with massive MIMO and dynamic spectrum sharing, enabling a further
capacity boost on mid-band and more flexibility for low-band aggregation.

Nokia AirScale ensures uncompromised RF bandwidth for efficient multi-carrier sub-6 GHz Carrier Aggrega-
tion. Additionally, our AirScale baseband is optimized for providing the processing capacity and scalability for
multi-carrier, large bandwidth Carrier Aggregation.

(https://www.nokia.com/networks/mobile-networks/carrier-aggregation/)

Ericsson spearheads 5G carrier aggregation
milestones with key partners

Ericsson has achieved groundbreaking milestones for carrier aggregation in 5G New Radio (NR) technology together
with key customers and ecosystem partners.
Ericsson has recently pushed 5G carrier aggregation (5G CA) technology to new levels after a series of successful interoperability tests with

customers including T-Mobile and Optus, and ecosystem partners such as Qualcomm and MediaTek. The interoperability tests use carrier aggre-
gation to extend the coverage of 5G, boost network capacity, and increase data speeds.

Ericsson’s collaboration with partners has so far resulted in several 5G firsts:

e World’s first 5G standalone (SA) data session with 5G CA on a commercial smartphone completed with T-Mo-
bile, LG and MediaTek. With 5G CA, T-Mobile can combine its different 5G spectrum bands — starting with 2.5
GHz mid-band and 600 MHz low-band — boosting speeds and increasing the footprint of T-Mobile’s mid-band
5G. It’s also a key step in expanding T-Mobile’s nationwide standalone architecture 5G network by increasing
SA 5G capacity and speeds. (October 2020)
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e A 2300 + 3500MHz 5G Non-Standalone Carrier Aggregation call made by Optus using Ericsson technology and
Samsung’s Galaxy S20 5G handset range. The call showed the benefit of using both spectrum frequencies simul-
taneously, namely, a significant increase in the average and peak 5G speeds that customers, with an eligible
handset, will benefit from as the capability becomes available. (August 2020)

o Firstto complete all three combinations of NR time division duplex (TDD) and frequency division duplex (FDD)
carrier aggregation (CA) together with MediaTek. The companies carried out a 5G SA data call by aggregating
20MHz on FDD spectrum and 100MHz on TDD spectrum with MediaTek’s Dimensity 1000+ chipset at the
Ericsson Lab in Kista. (September 2020)

o Completed pioneering interoperability tests for 5G SA carrier aggregation across both FDD/TDD and TDD/TDD
bands together with Qualcomm Technologies. 5G CA allows service providers to use multiple sub-6 GHz spec-
trum channels simultaneously to transfer data between base stations and a 5G mobile device. (August 2020)

Per Narvinger, Head of Product Area Networks, Ericsson says: “From technology development to wider area deploy-
ments, Ericsson continues to spearhead 5G innovation with customers and industry partners. To maximize the full po-
tential of the mid-band spectrum, we’ve developed 5G NR carrier aggregation solutions that will help our customers
deploy a better 5G with greater coverage, increased capacity and higher data speeds. These solutions will extend the
coverage of the high capacity mid-band spectrum. By enabling peak speeds, coverage and capacity, 5G carrier aggrega-
tion will be a real game-changer.”

Ericsson’s 5G NR carrier aggregation solution will be commercially available in the fourth quarter of 2020 with a global
rollout expected during 2021.

(https://www.ericsson.com/en/news/2020/10/5g-carrier-aggregation)

Ericsson ups the tempo on 5G Carrier Aggregation with world’s first
downlink 6CC data call

Available in English HAEE
Ericsson revs up the tempo on 5G Carrier Aggregation by combining six component carriers to set a record download
speed of 5.7Gbps for the world’s first 6CC (component carrier) data call.

NEWS
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AUG 17, 2023

The data call was achieved using three FDD (frequency division duplex) bands combined with three TDD (time division duplex) bands in sub-
6GHz, enabled by Ericsson RAN Compute hardware, state-of the-art carrier aggregation software, and innovative Advanced RAN Coordination
functionality.

The 3FDD + 3TDD carrier aggregation testing was carried out in an Ericsson lab with a user equipment (UE) simulator.
By combining FDD spectrum with TDD spectrum, more users can benefit from carrier aggregation gains.

In total, 400MHz of bandwidth was aggregated with FDD bandwidths ranging 20MHz to 50MHz to achieve the 5.7Gbps
throughput. With six-component carrier capability, communications service providers can optimize use of network and
spectrum assets to deliver higher data speeds and capacity that improve the experience of downlink-heavy applications.
This can mean better audio and video quality for streaming users, faster file downloads, and a better working environment
for digital nomads.

Sibel Tombaz, Head of Product Line 5G RAN at Ericsson Networks, says: "We are keeping the momentum on carrier
aggregation by continuously stretching its potential to boost capacity and speed. Our successful 6CC data call shows how
versatile our solution is and that we are poised to work with ecosystem partners to make this new band combination a

reality. Our goal, as always, is to help customers meet end users’ growing appetite for high-capacity, ultrahigh-speed
5G."

“Carrier Aggregation is crucial to getting the best possible 5G performance out of scattered spectrum assets,” Tombaz
adds. “And with 6CC, service providers will be able to maximize use of allocated spectrum and optimize the combined
bandwidth for superior mobile experience.”

(https://www.ericsson.com/en/news/2023/8/ericsson-ups-the-tempo-on-5g-carrier-aggregation-with-worlds-first-down-
link-6¢c-data-call)

Page 76 of 162

TPR2024-00946
Petitioners' Ex. 1013
Ex.1013.0076



Claim 10

Public Documentation

1 Released 2020, March 06
0 163g, 7.9mm thickness
<> Android 10, up to Androi
® 12868 storage, micrt

0

1440x3200 pixels

Also available with 5G

NETWORK  Technology GSM / CDMA/HSPA/EVDO / LTE COLLAPSE 4
2G bands GSM 850 /900 / 1800 / 1900 - SIM 1 & SIM 2 (Dual SIM model only)
CDMA 800 / 1900 & TD-SCDMA
3G bands HSDPA 850 / 900 / 1700(AWS) / 1900 / 2100
CDMA2000 1XEV-DO
4G bands 1,2,3,4,5,7,8,12, 13, 17, 18, 19, 20, 25, 26, 28, 32, 38, 39, 40, 41, 66
Speed HSPA 42.2/5.76 Mbps, Cat20 2000/200 Mbps

(https://www.gsmarena.com/samsung galaxy s20-10081.php)

[10a] receiving a first digital
signal comprising first data to
be transmitted;

The Accused Instrumentalities perform a method that includes receiving a first digital signal comprising first data to be transmitted. For example:

6.7 CARRIER AGGREGATION

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per serving

cell as depicted on Figures 6.7-1 and 6.7-2 below:

- In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated per assign-
ment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ retransmissions are mapped

to a single serving cell.
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(,,; QoS flow
SDAP N handling
> + %D Radio Bearers
ROHC | | ROHC |
PDCP - | |

? ‘ Security ‘ ‘ Security ‘

RLC Channels

Logical Channels

Transport Channels

Fiaure 6.7-2: Laver 2 Structure for UL with CA confiaured

(3GPP TS 38.300 V17.5.0)
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[10b] receiving a second digi-
tal signal comprising second
data to be transmitted;

The Accused Instrumentalities perform a method that includes receiving a second digital signal comprising second data to be transmitted. For

example:

6.7 CARRIER AGGREGATION

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per serving

cell as depicted on Figures 6.7-1 and 6.7-2 below:

- In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated per assign-
ment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ retransmissions are mapped

to a single serving cell.

ffffffff Qos Flows

Radio Bearers

RLC Channels

Logical Channels

s
L L
T T
| | RoOHC | | RoHC |
PDCP ! | |
! ‘ Security ‘ ‘ Security ‘
L L
T T
RLC - Soom | - 1 Seem
L L
T T
Scheduling
| |
MAC - Multiplexing

Transport Channels

Fiaure 6.7-2: Laver 2 Structure for UL with CA confiaured

(3GPP TS 38.300 V17.5.0)
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[10c] converting the first dig- | The Accused Instrumentalities perform a method that includes converting the first digital signal into a first analog signal using a first digital-to-
ital signal into a first analog | analog converter, the first analog signal carrying the first data across a first frequency range. For example:

signal using a first digital-to-
analog converter, the first an-
alog signal carrying the first 11.3.2.1 Transmitter architecture

data across a first frequency

range: Figure 11.3.2.1-1 illustrates various TX architectures options according to where the component carriers are combined,

i.e., at digital baseband, or in analog waveforms before RF mixer, or after mixer but before the PA, or after the PA.
Option A

- In an adjacent contiguous common carrier aggregation scenario, the UE very likely has one PA. Connected to
the PA can be a single RF chain (a zero-IF mixer, a wideband DAC, and a wideband IFFT)

Option-B

- Combines analog baseband waveforms from component Carrier first (e.g., via a mixer operating at an IF of
roughly the bandwidth of the other component carrier in the example of 2-component carrier aggregation). Then
the resulting wideband signal is up-converted to RF.

Option-C

- Does ZIF up-conversion of each component carrier before combining and feeding into a single PA.

Option-D

- Employs multiple RF chains and multiple PAs after which the high-power signals are combined and fed into a

single antenna. PA coupling at the UE can be challenging for option-D.
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Multple (ba:zband + FFT + DAC + miner + PA), hish-power combiner 1o single
antenna OR duzl antenna

Tz Characteristics
Option Description (Tx architecture) Infra Band ageregation Tnter Band aggregation
Contignous {CC) Non contignons (CC) | Non configmous (CC) |
FO
: D»Dw»j
Metipies | IFPT D RFPa
wnd I HE
Single (baseband + IFFT + DAC + mixer + F4)
B Tes Tes
C Tes Tes
Multiple (baseband + FFT + DAC + mixer), low-power combiner (@ RF, and
single PA
Yes + (depending on the
D Tes Tes specific EUTFA bands
being azgregated),

(OTHERS

Figure 11.3.2.1-1; Possible UE Architectures in three aggregation scenarios

(3GPP TR 36.912 version 15.0.0 Release 15)
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[10d] converting the second
digital signal into a second an-
alog signal using a second
digital-to-analog  converter,
the second analog signal car-
rying the second data across a
second frequency range;

The Accused Instrumentalities perform a method that includes converting the second digital signal into a second analog signal using a second
digital-to-analog converter, the second analog signal carrying the second data across a second frequency range. For example:

Tz Characteristics
Option Description (Tt architecture) - Intra Band ’EgT'E"'“, I.n-ter H“# izErizai
Contignows (CC) Non contiznons (CC) Non contizmons (CCH |
0
‘ ChOpopald | -
Pekeltiples | IFFT WA RFPA
and I HE
Single (haseband + IFFT + DAC + mixer + P4)
B Yes Tes
Mulfiple (baseband + IFFT + DAC), single (stage-1 IF mixer + combiner @ IF +
stage-1 BF miner + BA)
C Ye Tes
Yes + (depending on the
D e Tes specific EUTEA bands
being azgregared),
Muitiple (hazeband + IFFT + DAC + miver + PA) high-power combiner to single
antenna OF. dusl anfenna
X OTHERS

(3GPP TR 36.912 version 15.0.0 Release 15)

Figure 11.3.2.1-1: Possible UE Architectures in three aggregation scenarios

Page 82 of 162

IPR2024-00946

Petitioners' Ex. 1013

Ex.1013.0082



Claim 10

Public Documentation

[10e] up-converting the first
analog signal to a first RF
center frequency to produce a
first up-converted analog sig-
nal, wherein the first up-con-
verted analog signal
comprises a first up-converted
frequency range from the first
RF center frequency minus
one-half the first frequency
range to the first RF center
frequency plus one-half the
first frequency range;

The Accused Instrumentalities perform a method that includes up-converting the first analog signal to a first RF center frequency to produce a
first up-converted analog signal, wherein the first up-converted analog signal comprises a first up-converted frequency range from the first RF
center frequency minus one-half the first frequency range to the first RF center frequency plus one-half the first frequency range. For example:

Tz Characteristics

Intra Band aggregation Inter Band aggregation

Option Description (Tt architecture)

Yes

Confignows {CC) Nou confiznons (CC) | Now contizmons (CC) |

Te: Tes

Yes Tes

Multiple {bazeband + IFFT + DAC + mixer), low-power combiner i@ BF, and
single PA

Yes + (depending on the
Tes Tes specific EUTEA bands
being azprepated),

Multiple {bazeband + IFFT + DAC + mixer + PA). high-power combiner to single
antenna OF. dusl anfenna

X OTHERS

Figure 11.3.2.1-1: Possible UE Architectures in three aggregation scenarios

(3GPP TR 36.912 version 15.0.0 Release 15)

Page 83 of 162

TPR2024-00946
Petitioners' Ex. 1013
Ex.1013.0083



Claim 10

Public Documentation

For carrier aggregation, the maximum transmission bandwidth configuration is defined per component carrier
requirement is specified in clause 5.3.2.
5.3A.3 Minimum guardband and transmission bandwidth configuration for

CA

For intra-band contiguous carrier aggregation, Aggregated Channel Bandwidth and Guard Bands are defined as

follows, see Figure 5.3A.3-1.

Aggregared Channel Bandwidd, BW.hanea_ca (MHzZ)

* >
c: ic
[=] . -]
g : Lowest Carrier : : Highest Carrier : 3
m: Transmission Bandwidth H ' Transmission Bandwidth im
% Configuration [RB] j r Configuration [RE] %‘
| 2 i ot ¥
1 i g i 1 it
H | = i i i
4 H : e =
1 8 L 3 F
: = 3 1
- i 1 i
= —__ e~ 3 =¥
E Fomsat iow : Fuﬂ‘:.ﬂ..hlph
— :
F-mll.lnm! Fl-'.k-"l' Fc'm‘“ Fm.mgh

Figure 5.3A.3-1: Definition of Aggregated Channel Bandwidth for intra-band carrier aggregation

BWChannel_CA = Fedge,high - Fedge,low (MHz).

and the
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The lower bandwidth edge Fedge, low and the upper bandwidth edge Fedge,high of the aggregated channel bandwidth
are used as frequency reference points for transmitter and receiver requirements and are defined by
Fedge,low = FC,low - Foffset,low
Fedge,high = FC,high + Foffset,high
The lower and upper frequency offsets depend on the transmission bandwidth configurations of the lowest and high-
est assigned edge component carrier and are defined as

Foffset,low = (NRB,low*12 + 1)*SCSlow/2 + BWGB (MHz)

Foffset,high = (NRB,high*12 - 1)*SCShigh/2 + BWGB (MHz) BWGB = max(BWGB,Channel(k))

NRB,low and NRB,high are the transmission bandwidth configurations according to Table 5.3.2-1 for the lowest and
highest assigned component carrier, SCSlow and SCShigh are the sub-carrier spacing for the lowest and highest as-
signed component carrier respectively. SCSlow, SCShigh, NRB,low, NRB,high, and BWGB,Channel(k) use the larg-
est u value among the subcarrier spacing configurations supported in the operating band for both of the channel
bandwidths according to Table 5.3.5-1 and BWGB,Channel(k) is the minimum guard band for carrier k according to
Table 5.3.3-1 for the said p value.

In case there is no common p value for both of the channel bandwidths, u=1 is used for SCSlow, SCShigh, NRB, low,
NRB,high, and BWGB,Channel(k).

(3GPP TS 38.101-1 V17.5.0)
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[10f] up-converting the sec-
ond analog signal to a second
RF center frequency greater
than the first center RF fre-
quency to produce a second
up-converted analog signal,
wherein the second up-con-
verted analog signal com-
prises a second up-converted
frequency range from the sec-
ond RF center frequency mi-
nus one-half the second
frequency range to the second
RF center frequency plus one-
half the second frequency
range, and wherein a fre-
quency difference between
the first RF center frequency
and the second RF center fre-
quency is greater than the sum
of one-half the first frequency
range and one-half the second
frequency range;

The Accused Instrumentalities perform a method that includes up-converting the second analog signal to a second RF center frequency greater
than the first center RF frequency to produce a second up-converted analog signal, wherein the second up-converted analog signal comprises a
second up-converted frequency range from the second RF center frequency minus one-half the second frequency range to the second RF center
frequency plus one-half the second frequency range, and wherein a frequency difference between the first RF center frequency and the second
RF center frequency is greater than the sum of one-half the first frequency range and one-half the second frequency range. For example:

Tx Characteristics
Option Drescription (Tx archifectore) - Intra Band 2 gg{lhgahlm_ ln_ter Em@ Ageregation
Contiznons {CC) Now contiznons {CC) | Non contismons (CC)

Tes

Multiple (bazeband + IFFT + DAC), single (stage-1 IF mixer + combiner @ IF +
stage-I FF miner + PA)

Multiple (baseband + IFFT + DAC + mixer + PA), high-power combiner wo single
antenna OF. dusl antenna

Yes + (depending on the
specific EUTEA bands
‘being azgregated),

X OTHERS

Figure 11.3.2.1-1: Possible UE Architectures in three aggregation scenarios

(3GPP TR 36.912 version 15.0.0 Release 15)
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For carrier aggregation, the maximum transmission bandwidth configuration is defined per component carrier and the

requirement is specified in clause 5.3.2.
5.3A.3 Minimum guardband and transmission bandwidth configuration for

CA
For intra-band contiguous carrier aggregation, Aggregated Channel Bandwidth and Guard Bands are defined as

follows, see Figure 5.3A.3-1.

Aggregared Channel Bandwidd, BWammna_ca (MHz)

- >

: =
E E [ ]
;i; = Lowest Carrier . Highest Carrier 3
m: Transmission Bandwidth = : Transmission Bandwidth im
- Configuration [RB] H : Configuration [RE] 1 8
R ] t4 -

Figure 5.3A.3-1: Definition of Aggregated Channel Bandwidth for intra-band carrier aggregation

(3GPP TS 38.101-1 VV17.5.0)
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[10g] combining the first up-
converted analog signal and
the second up-converted ana-
log signal to produce a com-
bined up-converted signal;

The Accused Instrumentalities perform a method that includes combining the first up-converted analog signal and the second up-converted analog

signal to produce a combined up-converted signal. For example:

Tx Characteristics
Option Deescription (Tx architecture) - Inira Band sgg'f'bphnn. I.n_tor H“# aggregation
Lontignows (CC) Non confiznons (CC) Non contizmons (CC)
+0
Moiltiplex | IFFT WA L
and T HE
Singla (baseband + FFT + DAC + mixer - P4)
B Te: Tes
Multiple (baseband + IFFT + DAC), single (stage-1 [F mixer + combiner (@ IF +
staze-1 BF miner + BA)
[ +hhg
Mgl 1 "
un
c D . Tes Yes
Wbl 2
L
Multiple (bazeband + IFFT + DAC + mixer), low-power combiner (@ BF, and
single PA
Yes + (depending on the
D Te: Tes specific EUTRA bands
being azpregzated),
Multiple (bazeband + IFFT = DAC + mixer + PA), hish-powsr combiner wo single
antenna OF dul antenna
X OTHERS

Figure 11.3.2.1-1: Possible UE Architectures in three aggregation scenarios

(3GPP TR 36.912 version 15.0.0 Release 15)
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[10nh] amplifying the com-
bined up-converted signal in a
power amplifier resulting in
an amplified combined up-
converted signal; and

The Accused Instrumentalities perform a method that includes amplifying the combined up-converted signal in a power amplifier resulting in an

amplified combined up-converted signal. For example:

Tx Characteristics
Option Description (Tx architecture) - Lnira Band s @phm_ Ln-ter B“‘? ageregation
LContiznows (CC) Non contiznons (CC) | Nom contimmons (CC)
0
: CFOpop-lap |
Mleltiples | IFET WA RFFA
ud I HE
Smgle (baseband + FFT + DAC + mixer + PA)
B Tes Tes
Multiple (baseband + IFFT + DAC), single (stage-1 [F mixer + combiner (@ IF +
staze-1 BF miner + BA)
[ +Hpe
Mgl | i .
m
C Tes Tes
hhaboples 2
L
Multiple (bazeband + IFFT + DAC + mixer), low-power combiner (@ BF, and
single PA
Yes + (depending on the
D Tez Tes specific EUTRA bands
being azgragared),
Multiple (bazsband + IFFT = DAC + mixer + PA), hish-power combiner 2 sinzle
antenna OF: dual antenna
X OTHERS

Figure 11.3.2.1-1: Possible UE Architectures in three aggregation scenarios

(3GPP TR 36.912 version 15.0.0 Release 15)
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[10i] transmitting the ampli-
fied combined up-converted
signal on a first antenna,

The Accused Instrumentalities perform a method that includes transmitting the amplified combined up-converted signal on a first antenna. For

example:

Tx Characteristics
Option Description (T architecture) - Jutra Band SETDP“M, ln-ter E:nc! AgEregation
Confignows {CC) Non contiznons {CC) | Now contizmens (CC) |

@*}&Y

Medtiplex |
ard ZHE
Single (baseband + IFFT + DAC + mixer + P4)
MuEpk | .
B I:I_'D_. e Yes Yo
Miakopies 2 1T [E O
s
Multiple (baseband + IFFT + DAC), smgle (stape-] IF mizer + combiner @ IF +
stape-2 BF miner + PA)
Mot ipilee 1
nn
C Te: Tes
Mukphe
1
Multiple (bazeband + IFFT + DAC + mixer), low-power combiner @ BF, and
single BA
Yes + (depending on the
D e Tes specific EUTEA bands
being azpregated),
Multiple (baseband + IFFT + DAC + mixner + PA), high-power combiner to single
antenna OF. dusl antenna
X OTHERS

Figure 11.3.2.1-1: Possible UE Architectures in three aggregation scenarios

(3GPP TR 36.912 version 15.0.0 Release 15)
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[10j] wherein the bandwidth
of said power amplifier is
greater than the difference be-
tween a lowest frequency in
the first up-converted fre-
quency range and a highest
frequency in the second up-
converted frequency range.

The Accused Instrumentalities perform a method wherein the bandwidth of said power amplifier is greater than the difference between a lowest
frequency in the first up-converted frequency range and a highest frequency in the second up-converted frequency range. For example, in power
amplifier designs believed to be representative of those used in the Accused Instrumentalities:

Mobile RF FEM

Broadcom provides custom RF frond end module (FEM) devices for mobile wireless applications. These
devices incorporate multiband power amplifiers (PA), FBAR duplexers and multiplexers, SOI multi-
mode LNAs and antenna switch, coupler and MIPI controller, designed to support various carrier aggre-
gation (CA) for both FDD and TDD bands.

g ,j Broadcom has shipped billions of RF FEM devices to the world’s leading smartphone manufacturers.

The Broadcom ACFM-2S13 is a quadplexer device that combines Band 1 and Band 3 duplexers into a single, miniature package. Band 4
duplexer is co-banded. The device features a single antenna connection, eliminating the need for antenna switching. High Isolation between
bands enables the use of carrier aggregation.

The ACFM-2S13 is designed with Broadcom’s innovative filter capability which makes possible ultra-small, high-Q filters at a fraction of
their usual size. Low Tx Insertion Loss of the ACFM-2S13 reduces power amplifier current, extending battery life. The device enhances
receiver sensitivity and dynamic range with low Rx Insertion Loss and high rejection of Tx signals at the Rx ports.
Features
e Single antenna
*  High cross band isolation
*  Enables carrier aggregation
*  Band 4 co-banding
*  Miniature size
e 2.0x 2.5 mm footprint
e 0.710 mm typ. height
*  High Power Rating
*  Environmental
*  RoHS 6 Compliant
e Halogen Free
 TBBPA Free

(https://www.broadcom.com/products/wireless/demo-boards/acfm-2s13)
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PRODUCT SUMMARY

SKYWORKS®

SKY77786-11 High Band Multimode Multiband Power
Amplifier Module Supporting LTE Advanced Applications

Applications

= Multiband 4G / LTE handsets
« FDD LTE Bands 7 and 30

« TDD LTE Band 38, 40, 41

Features

= Two T/R (RX) port and 3 outputs
= Industry-leading PAE for 4G

e Dptimized for APT DCDC operation

= Fully programmable Maobile Industry Processor Interface (MIPT)
control
= MIPI programmable bias modes optimize best 4G
efficiency/linearity performance.
= Small, low profile package:
- 3.0x 3.0 x 0.71 mm
- 20-pad configuration
@ Skyworks Creen™ products
are compliant with all applicable
Ipgiskation amd aro hakogan-fraa,
Fou ahiditocmal infocmation, rafar
ition of Green™

to Skywarks Dafnution
W ocument number §004-0074.

Description

Slovnanrke SKY77TAR-11 Slewl iTFTM i a mulimnde moltibhand
(MMMEY Poower Aminlifier Maocdole (PARY that comnnrte A5
handsets and operates efficientlv in LTE bands from 2.3 GHz to

2.7 GHz. The module is fully programmable through a Mobile
Indnstrey Processor Infertace (MIPTE=),

The PAM consists of a single high band LTE block, a Multi-
Function Control (MFC) block, and a T/R switch block. RF
input/output ports internally matched to 50 €2 to reduce the
number of external components. A CMOS integrated circuit uses
standard MIPI controls to provide the internal MFC interface and
operation. Extremely low leakage current maximizes handset
standby time.

The InGaP die and the silicon die and passive components are
mounted on a multi-layer laminate substrate. The assembly is
encapsulated ina 3.0 mm x 3.0 mm x 0.71 mm, 20-pad MCM,
SMT package which is a more highly manufacturable, low cost
solution.

4G: The SKY77786-11 supports 1.4, 3, 5, 10, 15, 20, 30, 35, 40
MHz channel bandwidths. Similar to 3G operation, output power is
controlled by varying the input power and Vcc is adjusted using a
DCDC converter to maximize efficiency for each power level.

4G Modulation scheme includes:

- FDD LTE
- TDD LTE

- Uplink Carrier Aggregation (CA) support for Bands 40/41 (up
to 40 MHz)
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[13] The method of claim 10 | The Accused Instrumentalities perform a method wherein the first digital signal is encoded using a first wireless protocol and the second digital
wherein the first digital signal | signal is encoded using a second wireless protocol. For example:

is encoded using a first wire-
less protocol and the second | For example:
digital signal is encoded using

a second wireless protocol. Cellular operators, for example Verizon, have deployed Dynamic Spectrum Sharing (DSS) and carrier aggregation tech-
nology that provides service using both LTE and 5G by sharing the same spectrum and using carrier aggregation, using
two different protocols. Operators, for example Verizon, have also used carrier aggregation using a combination of FDD
and TDD protocols, using two different protocols.

Verizon’s 5G strategy will combine DSS with carrier ag-
gregation, says LightShed

By Linda HardestyApr 16, 2020 4:40pm

Verizon’s 5G strategy has been murky. We know that it’s deploying mmWave in dense urban areas, but it’s been unclear how the
carrier will deliver 5G across broad swaths of the country. Today, analysts at LightShed Partners laid out a Verizon strategy that
makes sense.

“The combination of DSS and carrier aggregation might be the best concoction since gin and tonic, as long as you are prepared for
the hangover,” wrote LightShed analysts Walter Piecyk and Joe Galone in a blog.

When combined, these technologies will enable Verizon to activate the 5G indicator on new 5G enabled iPhones and deliver indus-
try-leading 5G speeds across a broad coverage area, beating the other carriers, at least for a while. The hangover could come in 2021
when T-Mobile has integrated Sprint’s spectrum into its network, and Verizon and AT&T don’t have that huge spectrum boost.

DSS

Verizon CEO Hans Vestberg has touted the laurels of dynamic spectrum sharing (DSS) for well over a year, repeatedly pointing to
it as a key pillar of Verizon’s 5G strategy. With DSS, Verizon can use its existing 4G spectrum and flip back and forth between 4G
and 5G. DSS does require New Radio (NR), which Verizon is in the process of deploying.

RELATED: Verizon sticks behind ambiguous 2020 DSS rollout plan
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But analysts have pointed out that DSS doesn’t provide any additional spectrum, and download speeds will always be limited by
the amount of spectrum allocated.

Carrier aggregation

In today’s blog, LightShed said it’s the combination of DSS and carrier aggregation that will enable Verizon’s broad 5G network
coverage

The analysts also did everyone a favor and clearly defined “carrier aggregation,” a phrase that makes it sound as if carriers are
getting together to aggregate their spectrum.

“Carrier aggregation is a technology that enables wireless operators to combine both contiguous and non-contiguous spectrum
blocks as well as spectrum blocks from other bands in order to increase the data speeds to the end user,” wrote the LightShed
analysts. “Spectrum aggregation is probably a better brand.”

Carrier aggregation has been around since 3GPP Release 10. The technology was a primary component of AT&T’s much-ma-
ligned 5G E initiative. 3GPP Release 16, which is expected in June, will add support for 5G carrier aggregation.

“We expect Verizon to deploy DSS across multiple blocks of spectrum and then carrier aggregate those blocks to deliver materially
faster speeds to the end user,” wrote the LightShed analysts. “We believe this combination will produce a robust 5G coverage layer
that Verizon will put marketing dollars behind. We expect it to become their big 5G push.”

(Verizon’s 5G strategy will combine DSS with carrier aggregation, says LightShed | Fierce Wireless)

5G NR Benchmark Study: Verizon 5G UltrawWideband
(Bn77)

February 24, 2022 06:58 ET| Source: Research and Markets

Dublin, Feb. 24, 2022 (GLOBE NEWSWIRE) -- The "5G NR Benchmark Study Vol 22: Verizon 5G UltraWideband (Bn77) Benchmark
Study" report has been added to ResearchAndMarkets.com's offering.

The benchmark study includes a very thorough analysis of the new Verizon 5G Ultra Wideband network (60 MHz TDD @ Bn77) that the
operator launched on January 19th.

The Verizon 5G Ultra Wideband network is nothing like its predecessor, the Verizon 5G Nationwide network. Average downlink through-
put was easily 15-20x higher than what was observed in October 2020 and the Bn77 coverage was substantially better than what was ob-
served a little more than one year ago with Bn5. The Bn77 spectral efficiency was also much higher than observed with any of the
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operator's LTE bands. The publisher logged at least 500 kilometers while drive testing with Bn77 present a good majority of the time - this
time excluded the low double-digit percentage of the time when the smartphone was using mmWave. NR-DC is forthcoming in a few
months but it isn't available today. They even ventured far west of Minneapolis while driving on remote gravel roads past hor se farms while
attached to the network.

Bn77 and LTE coverage was compared using all the traditional metrics. The publisher also dedicated much time comparing Bn77 and Bn4l
(T-Mobile 2.5 GHz) performance and coverage, not to mention the effective coverage area of a cell site deployed in a rural area. While the
laws of physics still exist, the results also indicate that while the areas with Bn41 modestly exceeded the areas with Bn77, the Bn77 uplink
coverage and overall performance was superior to that of Bn41. No obvious Bn77 shortcomings were documented compared with the opera-
tor's LTE network coverage. Results indicate a one-to-one overlay and to the extent there were coverage gaps, there were attributed to exist-
ing LTE cell sites that haven't been upgraded with Bn77 radio assets. All testing was done outdoors, meaning in-building Bn77 coverage
could be an issue.

Verizon has also deployed FDD-TDD carrier aggregation, which provides a critical performance advantage. The operator's 5G NR
mmWave coverage has greatly expanded since last tested by the publisher - the total throughput with 400 MHz (4 carriers) was higher than
what was observed with 800 MHz (8 carriers) when the network first launched.

Highlights of the Report include the following:

o Publisher Methodology: a recently-purchased Galaxy S21 FE smartphone was used with a Verizon test SIM to collect
downlink/uplink performance data while driving ~500 kilometers and consuming 1.48 TB of data. Chipset diagnostic mes-
sages were analyzed using time and area binning (5x5 meter grids) to provide the most meaningful results and analysis.

o FDD-TDD CA and UL-256QAM is alive and well. The Verizon network supported both features which we believe are
critical for a successful mid-band 5G NR deployment. Greater use of FEDD-TDD CA and device support for UL-256QAM
are important success factors.

e Bn77 vs Bn4l Coverage. Although the area covered by Bn41l was modestly larger than it was for Bn77, the Bn77 uplink
coverage and performance (average throughput, spectral efficiency) was better than Bn41. Data suggests a one-for-one
overlay of Bn77 on the existing LTE cell grid with no obvious detrimental impact on overall performance (e.g., performance
at cell handover, etc.).

o Fixed Wireless Access is in the works. Bn77 capacity in rural areas, including in areas where another broadband option
doesn't exist, greatly exceeds what is needed for eMBB. Analysis of throughput versus distance to the serving cell site also
revealed rural coverage at 3.7 GHz won't be a limiting factor. mmWave would make a great complementary solution.

(5G NR Benchmark Study: Verizon 5G UltraWideband (Bn77) (globenewswire.com))
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[14pre] The method of claim
10 wherein the second data is
the same as the first data, the
method further comprising:

The Accused Instrumentalities perform a method wherein the second data is the same as the first data. For example:

16.1.3 Packet Duplication

When duplication is configured for a radio bearer by RRC, at least one secondary RLC entity is added to
the radio bearer to handle the duplicated PDCP PDUs as depicted on Figure 16.1.3-1, where the logical

channel corresponding to the primary RLC entity is referred to as the primary logical channel, and the
logical channel corresponding to the secondary RLC entity(ies), the secondary logical channel(s). All
RLC entities have the same RLC mode. Duplication at PDCP therefore consists in submitting the same
PDCP PDUs multiple times: once to each activated RLC entity for the radio bearer. With multiple inde-
pendent transmission paths, packet duplication therefore increases reliability and reduces latency and is
especially beneficial for URLLC services.

PDCP

\ 4

RLC ‘
primary M secondary

I |

Primary Secondary

Figure 16.1.3-1: Packet Duplication

(3GPP TS 38.300 version 16.2.0)
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[14a] receiving the transmit-
ted signal on a second an-
tenna;

[14b] amplifying the received
signal in a low noise amplifier
resulting in an amplified re-
ceived up-converted signal,
wherein the bandwidth of said
low noise amplifier is greater
than the difference between
the lowest frequency in the
first up-converted frequency
range and the highest fre-
quency in the second up-con-
verted frequency range;

The Accused Instrumentalities perform a method that includes amplifying a signal received on a second antenna in a low noise amplifier
resulting in an amplified received up-converted signal, wherein the bandwidth of said low noise amplifier is greater than the difference between
the lowest frequency in the first up-converted frequency range and the highest frequency in the second up-converted frequency range. For exam-
ple, in low noise amplifier designs believed to be representative of the kinds of power amplifiers used in the Accused Instrumentalities:

PRODUCT SUMMARY

=

SKYWORKS"

SKY5 "-8255-11 Front-End Module for LTE and NR

Applications
» Mulfi-hand 4G/RE hanrdaata
- Band B42, B48, n77, n78, and n79

Features

= Full Baseband-Agnostic Design

= Full Power APT support without DPD

=« UHB S-PAD covering B42, B48, n77, n78, n79, and separate
Auxiliary TX

« MIPI® v2.1 compliant 52 MHz RFFE bus
- Two Tx control connections / one Rx control connection

= Two ET/APT PA cores

= Two LNA cores

= Support 2x2 UL-MIMO using two TX placements

= Support Fast SRS Hopping timing requirements

= Supports system connectivity for:
- MIMO-UL with single-feed or diplexed/separate-feed n77/n79
- 8IS0-UL with single-feed or diplexed/separate-feed n¥7/n79

= ASM switch with two selectable ANT ports and 6 AUX ports for
seamless SRS Hopping support

= Switchable LAA input

« 50 ohm input/output impedance with internal DC-blocking
= Continuous bias control via RFFE interface

= Low Supply voltage

= Low leakage current in power-down mode

® Skyworks Green™ products are compliant with
all applicable legislation and are halogen-free.
4@ For additional information, refer to Skyworks
Definition of Green™, document number
5Q04-0074.

Features
= Supports full SRS connectivity with minimal external switches
= SRS RX ports for sharing coax cables
= Integrated Antenna and band select switches
= Integrated LNA with MIPI® control features
- up to seven gain modes
- independent gain and bias control
= Integrated wide bandwidth filters
= Small, low profile package

- 5.5 mm x 4.5 mm x 0.8 mm (Max)
- 42-pad configuration (includes 15-pad ground array)

Description

SKY58255-11 is a recent addition to our Sky5™ portfolio of 5G
Technology products. Packaged in a single 5.5 mm x 4.5 mm x
0.8 mm (Max) form factor, this versatile and fully matched Front-
End Module (FEM) supports multi-band 4G/5G and LTE/NR
applications. The 42-pad surface mount (SMT) module consists of
PA blocks, input and output matching, a MIPI standard digital
control block, single-ended filters, antenna and band-select
switches and low Noise amplifier (LNA).

Utilizing an enhanced architecture, SKY58255-11 covers multiple
bands and meets the spectral linearity requirements of CP-OFDM
and DFTS-0FDM modulations with up to 100 MHz bandwidth and
up to 273 resource block allocations. Output power is controlled
by varying input power and adjusting VCC maximizes efficiency.
Extremely low leakage current maximizes handset stand-by time
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[14c] down-converting the
amplified received up-con-
verted signal using a first
down-converter and a signal
corresponding to the first RF
center frequency to produce a
fourth analog signal corre-
sponding to the first analog
signal; and

The Accused Instrumentalities perform a method that includes down-converting the amplified received up-converted signal using a first down-
converter and a signal corresponding to the first RF center frequency to produce a fourth analog signal corresponding to the first analog signal.
For example, in power amplifier designs believed to be representative of those used in the Accused Instrumentalities:

Tl Designs

Multi-Band RF Sampling Receiver Solution

Tl Designs

The RF sampling receiver captures signals directly in
the radio frequency (RF) band. In a multi-band
application, the desired signals do not have a very
wide band, but they are spaced far apart within the
spectrum. The ADC32RF80 is a dual-channel, 14-hit,
3-GSPS RF sampling telecom receiver. The 3-dB input
bandwidth is 3 GHz, and it captures signals up to

4 GHz. The device includes two diaital down
converters (DDC) per channel. The DDC offers
decimation values from 8 to 32 and includes a 16-bit
numerically controlled oscillator to move the captured
signal down to digital baseband. With the high
sampling rate of the ADC32RF80, the device captures
a large swatch of the RF spectrum, which contains
signals in multiple bands and potentially undesired
interferers. The DDC independently mixes the desired
bands to digita baseband. Decimation requces the
output data rate to a lower level and provides digital
filtering around the desired band to eliminate
interference and to improve signal-to-noise ratio (SNR)
performance. This feature is critical for high-end
telecommunication receivers that require high dynamic
range.

(https://www.ti.com/lit/ug/tidubq3/tidubq3.pdf)

Design Features

Featured Applications

W TeXAS INSTRUMENTS

3-GSPS RF Sampling Receiver Solution

Low Noise, High Dynamic Range RF Sampling
Receiver Solution

Programmable Decimation from 8 to 32

Dual Digital Down-Converter With Independent
Numerically Controlled Oscillators

Wireless Base Station Multi-Band or Multi-Mode
Receiver

Multi-carrier GSM Receiver

Digital Pre-Distortion Feedback Receiver
Telecommunications Receiver

Carrier Aqareagation Receiver
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[14d] down-converting the
amplified received up-con-
verted analog signal using a
second down-converter and a
signal corresponding to the
second RF center frequency
to produce a fifth analog sig-
nal corresponding to the sec-
ond analog signal.

The Accused Instrumentalities perform a method that includes down-converting the amplified received up-converted analog signal using a second
down-converter and a signal corresponding to the second RF center frequency to produce a fifth analog signal corresponding to the second analog

signal. For example:
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[17pre] A wireless communi- | To the extent the preamble is found to be limiting, the Accused Instrumentalities perform a method of transmitting information in a wireless
cation system comprising: communication channel.

For example, Defendant deploys and uses 4G and 5G RAN Solutions by vendors Ericsson and Nokia. These 4G and 5G RAN Solutions are 4G
and 5G NR cellular radio access network systems supporting carrier aggregation, and the accused systems include all the installed components
for the 4G and 5G NR RAN solution systems deployed by Defendant.

See, e.g.:
54 Carrier aggregation
54.1 Carrier aggregation

In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated. A UE may simultaneously receive or transmit on one or
multiple CCs depending on its capabilities:

- A UE with single timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding to multiple
serving cells sharing the same timing advance (multiple serving cells grouped in one TAG);

- A UE with multiple timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding to
multiple serving cells with different timing advances (multiple serving cells grouped in multiple TAGs). NG-RAN ensures that each TAG
contains at least one serving cell;

- A non-CA capable UE can receive on a single CC and transmit on a single CC corresponding to one serving cell only (one serving cell in
one TAG).

CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells that can be
aggregated, or an offset in multiples of slots between the PCell/PSCell and an SCell is configured to the UE. The maximum number of configured
CCs for a UE is 16 for DL and 16 for UL.

(3GPP TS 38.300 VV17.4.0)

6.7 Carrier Aggregation

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per serving
cell as depicted on Figures 6.7-1 and 6.7-2 below:
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- In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated per assign-
ment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ retransmissions are mapped

to a single serving cell.

(3GPP TS 38.300 \VV17.4.0)
[ [
C - > QoS Flows
[ [
QoS fl
SDAP - h:ndliﬁg
— % > < } > Radio Bearers
| RoOHC ROHC
PDCP <. [ I
| Security Security
I I
— — C D RLC Channels
1 |
S . Si .
ric ‘ ogm s
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1
‘ Scheduling
MAC < Multiplexing
HARQ ‘ HARQ |
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Figure 6.7-2: Layer 2 Structure for UL with CA configured

(3GPP TS 38.300 V17.4.0)
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5G Carrier Aggregation is set to deliver a significant performance boost to mobile users but what is it
and how does it work?

The ongoing rollout of commercial 5G networks has significantly improved the experience for mobile
subscribers around the world. As the ecosystem matures, a growing number of more advanced 5G
Standalone (5G SA) networks will be central to delivering the speed and ultra-low latency to support
cutting-edge applications. 5G Carrier Aggregation will play a vital role in underpinning the significant
performance boost promised by 5G SA, representing an important milestone in the evolution of
wireless infrastructure.

Carrier Aggregation is a software functionality in Radio Access Networks and user devices which
allows Mabile Network Operators (MNOs) to combine the capabilities of radio cells at distinct
frequency allocations to enhance the end user experience.

A key technology already in the LTE-Advanced networks, Carrier Aggregation enabled the evolution to
Gigabit-LTE, achieving user data rates of more than 1 Gbps. However, in 5G networks, Carrier
Aggregation will enable the evolution to multi-Gigabit-5G, reaching user data rates of about 4 Gbps
and above. 5G Carrier Aggregation is also capable of improving the geographic availability, more
commonly referred to as coverage, of high data rates.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)
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Carrier Aggregation in 5G Networks

To accelerate rollout, the initial commercial 5G networks relied on the LTE infrastructure in radio
access and the core network, referred to as 5G non-Standalone (5G NSA). 5G NSA allows MNOs to
increase the bandwidth available to end users by bundling 4G and 5G carriers through 4G-5G Dual
Connectivity. This allowed 5G users to benefit from existing LTE Carrier Aggregation capabilities with
up to two 5G carriers aggregated alongside LTE carriers.

To unlock the full capability of 5G, including ultra-low latency, reliability, and efficiency, MNOs are
introducing 5G Standalone (5G SA) with a dedicated 5G Core and highly efficient 5G air interface,
without dependency on existing LTE networks.

The number of specified 5G SA Carrier Aggregation band combinations is increasing with each
quarterly revision of the 3GPP specifications, enabling further options to achieve multi-Gigabit 5G
data rates. These specifications are important to ensure interoperability between user equipment,
such as smartphones, and networks. Between 2021 to 2022, the focus of the specifications for
Carrier Aggregation in 5G SA in FR1 shifted from two component carriers to three and four
component carriers. As the number of 5G frequency bands exceeds that of LTE-A, the possible
Carrier Aggregation band combinations are greatly expanded, offering increased deployment options
and flexibility for MNQs in different markets.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)
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Key benefits of 5G Carrier Aggregation

Improved data speeds and throughput

5G Carrier Aggregation will boost the network performance to meet the requirements of data-hungry
applications, such as augmented and virtual reality services, for both industrial and consumer use
cases.

Greater cell coverage

As operators are looking to maximize the use of their available spectrum assets in different FDD and
TDD bands, Carrier Aggregation is the key to reaching extended coverage range. This helps reduce
the need to deploy new cell sites, bringing cost savings to operators. It also improves mobile user
experience with consistent level of service across the netwaork.

Enhanced energy efficiency

In 2019, the mobile industry made a milestone commitment to transform the sector and reach net
zero carbon emissions by 2050. Carrier Aggregation has been demonstrated to reduce overall power
consumption levels while increasing throughput and maintaining high service levels. This indicates
that the technology could contribute to reducing overall energy usage and the mobile industry’s
carbon footprint. Improved coverage can also contribute to longer battery life for individual devices,
requiring less frequent charging.

Greater RO

According to data from GSA, the total amount raised in 2021 from spectrum auctions and
assignments reached at least $140.18n. Radio spectrum is a finite and extremely valuable resource,
representing a considerable financial burden for most MNOs. Therefore, with ever increasing
demands for bandwidth, utilising this spectrum in the most efficient way becomes a top operational
priority. 5G CA represents one of the most effective methods for MNOs to get the most from their
outlay by maximising spectral efficiency.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)

Samsung Galaxy users in the United States will now enjoy faster 5G speeds, all thanks to T-Mobile’s carrier aggrega-
tion technology. At the Mobile World Congress 2023 event in Barcelona, T-Mobile announced the successful deploy-
ment of 5G carrier aggregation on its standalone 5G network.
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Ericsson, Nokia, Qualcomm Technologies, Inc., and Samsung teamed up with T-Mobile in the completion of the 5G
Carrier Aggregation tech. The phone used for the project was a Samsung Galaxy S23 series model. Consequently, T-
Mobile customers with a Galaxy S23, Galaxy S23+, or Galaxy S23 Ultra will be the first to benefit from four-carrier
aggregations later this year.

(https://www.sammobile.com/news/t-mobile-carrier-aggregation-5g-samsung-galaxy-s23/)

Verizon launches 2- and 3-channel carrier aggregation,
Increasing data speeds by 50%o

By Colin Gibbs Aug 29, 2016 11:54am
Verizon launched two- and three-channel carrier aggregation today, claiming to bring 50 percent faster peak data speeds to its

customers in 461 cities. And the nation’s largest carrier plans to back the launch with an aggressive marketing campaign.

Carrier aggregation uses software to combine multiple channels to increase data speeds. Verizon said it uses 700 MHz, AWS and
PCS spectrum, combining two or three of the channels to deliver data over the most efficient route to devices.

Verizon’s rivals are all in various stages of rolling out carrier aggregation as well. AT&T first launched two-channel carrier aggre-
gation in some markets in early 2014, for instance; Sprint said earlier this year that it achieved speeds of more than 300 Mbps using
three-channel carrier aggregation on the Samsung Galaxy S7. Indeed, Sprint demonstrated its carrier aggregation technology at
Chicago's Soldier Field Monday.

Verizon said its two-channel carrier aggregation generates peak download speeds of up to 225 Mbps, and three-channel carrier
aggregation has produced speeds in excess of 300 Mbps.

Verizon said it will back the launch with “a broad mass and social media campaign,” including TV commercials slated to air tonight
across all major networks. A new ad will air tonight during prime time on ABC, CBS, NBC, CWN and FOX.

Along with Multiple Input Multiple Output (MIMO) technology and relay nodes, carrier aggregation is a key component of LTE
Advanced. Indeed, Verizon is marketing its carrier aggregation as LTE Advanced, although the operator didn’t announce any news
regarding MIMO or relay nodes.

The Global Mobile Suppliers Association recently reported that 28 percent of LTE network operators worldwide have launched
LTE Advanced networks.
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Thirty-nine devices already on Verizon’s network support the offering, the carrier said, including the Samsung Galaxy S6 and S7,
Moto Droids and Apple iPhones. Users with capable devices can access carrier aggregation "without effort or additional costs,"
Verizon said.

“Verizon LTE Advanced works like a turbocharger on an engine,” said Tami Erwin, head of operations for Verizon’s wireless unit,
in a press release. “Speed boosts kick in when you need it most, with big data use. That’s when you get the big peak boost of Verizon
LTE Advanced.”

(\Verizon launches 2- and 3-channel carrier aggregation, increasing data speeds by 50% | Fierce Wireless)

Verizon Demos LTE Carrier Ag on CBRS Spectrum
with Federated Wireless, Ericsson

By Diana Goovaerts | August 28, 2017

Verizon might be one of many pushing for rule changes in the 3.5 GHz CBRS band, but the carrier isn’t stalling its work with those
airwaves while that debate plays out.

The carrier on Monday said it achieved the first ever use of CBRS band 48 spectrum in an LTE-Advanced demonstration of carrier

agaregation working alongside partners Federated Wireless, Ericsson, and Qualcomm.

The test reportedly took place in Ericsson’s Plano, Texas, lab, and utilized 256-QAM technology on two 20 MHz channels in the
3.5 GHz band. The demonstration was conducted using Ericsson’s band 48 Radio Dot System and Domain proxy alongside Feder-
ated Wireless’ Spectrum Controller spectrum management service. Qualcomm provided a test device running on a Snapdragon LTE
modem.

Verizon Chief Network Officer Nicola Palmer said the achievement “greatly advances our work in emerging spectrum bands,” and
indicated Verizon is “leading the way in creating an ecosystem around the use of CBRS spectrum which will lead to greater capacity
and speed for our customers.”

Federated Wireless CEO lyad Tarazi similarly hailed the demonstration as “an exciting milestone.”

“The CBRS ecosystem has truly reached full commercial viability, and Verizon will soon be able to enhance its customers’ experi-
ence with this latest wireless network innovation,” Tarazi commented.

The announcement, however, comes as Verizon and other industry interests lobby the Federal Communications Commission to
change the rules in the CBRS band and make it more suitable for commercial 5G deployments. Specifically, the carriers want the
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Commission to make license terms and license areas longer — or in other words, more like traditional wireless licenses and less in
the image of a new shared band.

Verizon and others including T-Mobile, AT&T, Nokia, CTIA, and GSMA argue investment in the 3.5 GHz band hinges on carriers’
ability to secure long-term returns on deployments. This, they say, isn’t supported by the current framework of three-year license
terms, tiny license areas, and a shared user setup.

“The viability of the 3.5 GHz band for both PAL and General Authorized Access (GAA) users depends on licensees investing to
create integrated, densely deployed, heterogeneous networks,” Verizon attorneys wrote in a recent filing. “The current 3.5 GHz
framework provides little incentive for that degree of investment. And unless the Commission acts to adjust the rules accordingly,
the level of investment will be inadequate to maximize band utility for PAL and GAA users alike.”

But others, including Google and public advocacy groups, say the proposed changes would undermine investments — including from
players like Federated Wireless — that have already been made in the band and would put use of the band out of reach for all but the
largest operators.

“CTIA and T-Mobile assert that adopting rules geared to maximize auction participation by large regional or national telecommu-
nications carriers will best promote U.S. leadership in 5G technologies. But this argument presumes that 5G networks will be little
more than an expansion of the traditional carrier offerings that characterize previous generations of wireless technologies. As several
parties have made clear, the opposite is true,” Google counsel contended.

(\Verizon Demos LTE Carrier Ag on CBRS Spectrum with Federated Wireless, Ericsson (designworldonline.com))

Verizon Pushes 4G LTE Speed to 1.45 Gbps using 6
Carrier Aggregation

OCTOBER 2018 RAY SHARMA

Verizon, Nokia and Qualcomm Technologies recently reached peak data speeds of 1.45 Gbps on LTE in a live commercial envi-
ronment using six channel carrier aggregation, a key LTE Advanced technology.

Carrier aggregation combines multiple channels of spectrum to provide greater efficiency for data sessions transmitting over wireless
networks. By using a combination of both licensed and shared spectrum, for the first time in the U.S. in a commercial environment
the three companies combined six separate channels of spectrum.

The record-breaking speeds on 4G LTE were reached on Verizon’s network in New York using a combination of Verizon’s licensed
PCS and AWS spectrum in conjunction with four carriers of LAA (License Assisted Access) spectrum. The demonstration used
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Nokia’s AirScale base station and Qualcomm Technologies’ mobile test device powered by the Qualcomm Snapdragon TM X24
LTE modem.

The demonstration in New York also used LTE Advanced feature, 256 QAM (enabling the network to deliver more bits of data in
each transmission) and 4x4 MIMO (using multiple antennas at the cell tower and in the device to minimize errors and optimize data
speeds.) In mid-2018, Verizon announced these technologies were available in over 1,100 markets nationwide.

Bill Stone, VP of Technology Planning and Development, Verizon

When we first launched our LTE network, we knew there would be a lot of room for innovation and to expand its capabili-
ties. Eight years later, we continue our advancement of our 4G LTE network knowing our LTE network leadership is founda-
tional for our evolution into 5G.

Joe Glynn, VP, Business Development, Qualcomm Technologies
Qualcomm Technologies was first to introduce Gigabit LTE and LAA technologies into a commercial modem, and we con-
tinue to innovate with our latest Snapdragon X24 LTE modem capable of up to 2Gbps speeds.

(\Verizon Pushes 4G LTE Speed to 1.45 Gbps using 6 Carrier Aggregation (thefastmode.com))

Verizon’s 5G strategy will combine DSS with carrier ag-
gregation, says LightShed

By Linda HardestyApr 16, 2020 4:40pm

Verizon’s 5G strategy has been murky. We know that it’s deploying mmWave in dense urban areas, but it’s been unclear how the
carrier will deliver 5G across broad swaths of the country. Today, analysts at LightShed Partners laid out a Verizon strategy that
makes sense.

“The combination of DSS and carrier aggregation might be the best concoction since gin and tonic, as long as you are prepared for
the hangover,” wrote LightShed analysts Walter Piecyk and Joe Galone in a blog.

When combined, these technologies will enable Verizon to activate the 5G indicator on new 5G enabled iPhones and deliver indus-
try-leading 5G speeds across a broad coverage area, beating the other carriers, at least for a while. The hangover could come in 2021
when T-Mobile has integrated Sprint’s spectrum into its network, and Verizon and AT&T don’t have that huge spectrum boost.

DSS
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Verizon CEO Hans Vestberg has touted the laurels of dynamic spectrum sharing (DSS) for well over a year, repeatedly pointing to
it as a key pillar of Verizon’s 5G strategy. With DSS, Verizon can use its existing 4G spectrum and flip back and forth between 4G
and 5G. DSS does require New Radio (NR), which Verizon is in the process of deploying.

RELATED: Verizon sticks behind ambiguous 2020 DSS rollout plan

But analysts have pointed out that DSS doesn’t provide any additional spectrum, and download speeds will always be limited by
the amount of spectrum allocated.

Carrier aggregation

In today’s blog, LightShed said it’s the combination of DSS and carrier aggregation that will enable Verizon’s broad 5G network
coverage

The analysts also did everyone a favor and clearly defined “carrier aggregation,” a phrase that makes it sound as if carriers are
getting together to aggregate their spectrum.

“Carrier aggregation is a technology that enables wireless operators to combine both contiguous and non-contiguous spectrum
blocks as well as spectrum blocks from other bands in order to increase the data speeds to the end user,” wrote the LightShed
analysts. “Spectrum aggregation is probably a better brand.”

Carrier aggregation has been around since 3GPP Release 10. The technology was a primary component of AT&T’s much-ma-
ligned 5G E initiative. 3GPP Release 16, which is expected in June, will add support for 5G carrier aggregation.

“We expect Verizon to deploy DSS across multiple blocks of spectrum and then carrier aggregate those blocks to deliver materially
faster speeds to the end user,” wrote the LightShed analysts. “We believe this combination will produce a robust 5G coverage layer
that Verizon will put marketing dollars behind. We expect it to become their big 5G push.”

(Verizon’s 5G strategy will combine DSS with carrier aggregation, says LightShed | Fierce Wireless)

02/25/2020|Networks & Platforms
Verizon achieves 4.2 Gbps on its live 5G network

Media contact(s)

Karen Schulz

864-561-1527
Karen.Schulz@VerizonWireless.com

Another industry first, with Samsung, Motorola and Qualcomm

Page 110 of 162

TPR2024-00946
Petitioners' Ex. 1013
Ex.1013.0110


https://www.fiercewireless.com/operators/verizon-sticks-behind-ambiguous-2020-dss-rollout-plan
https://www.fiercewireless.com/5g/at-t-to-begin-upgrading-existing-lte-phones-to-5g-e
https://www.fiercewireless.com/5g/verizon-s-5g-strategy-will-combine-dss-carrier-aggregation-says-lightshed
https://www.verizon.com/about/news-category/networks-platforms
mailto:Karen.Schulz@VerizonWireless.com

Claim 17 Public Documentation

EULESS, TEXAS: Verizon, along with Samsung Electronics Americas, Inc., Motorola Mobility, and Qualcomm Technologies,
Inc., awholly owned subsidiary of Qualcomm Incorporated, has teamed up to demonstrate 5G peak speeds of 4.2 gigabits per second
on its live 5G network. Using carrier aggregation. a technology that combines multiple channels of spectrum to provide greater
efficiency for data sessions transmitting over the wireless network, the four companies combined eight separate channels of
mmWave spectrum to achieve the multi-gigabit speeds on Motorola’s upcoming flagship smartphone.

“We’re continuing to expand our 5G Ultra Wideband network, built to enable unique and transformational experiences for our
customers,” said Adam Koeppe, Senior Vice President of Technology Planning at Verizon. “We are only beginning to scratch the
surface of what 5G can do, demonstrated by this latest milestone.

“We continue to innovate and introduce advanced technologies on our 5G network that will help us reach never-before seen mobile
capabilities and create new and exciting use cases across the consumer and enterprise landscape. Using 5G carrier aggregation, we
are able to achieve unprecedented mobile speeds and bring the massive bandwidth available with mmWave spectrum to life,” said
Koeppe.

Eight channel carrier aggregation using mmWave will be widely available on the 5G network in 2020.
TRIAL DETAILS:

The trial, which took place using a commercial network cell site in Texas, aggregated 800 MHz of 28 GHz band spectrum using
Samsung Network’s 5G NR 28 Ghz Access Unit, which has been commercially deployed by Verizon.

“With industry collaborations like the one we have with Verizon, Samsung continues to advance 5G to its full potential,” said
Magnus Ojert, Vice President, Networks Division, Samsung Electronics America. “This latest milestone demonstrates the trans-
formative capability of Samsung’s industry-leading 5G technology coupled with Verizon’s mmWave spectrum to deliver unprece-
dented performance across Verizon 5G subscribers. This trial also shows the power of the Samsung Networks’ 5G NR 28GHz
Access Unit, the smallest integrated mmWave radio in the market.”

Motorola’s upcoming flagship device is powered by the Qualcomm® Snapdragon™ 865 Mobile Platform with the Snapdragon X55
5G Modem-RF System.

“At Motorola, we proudly deliver cutting edge technologies that are both meaningful and innovative to give our customers the very
best smartphone experience,” said Glenn Shultz, Vice President of Innovation and Product Development at Motorola Mobility.
“8CC is taking Verizon’s 5G UWB experience to the next level, just like our exciting upcoming flagship device, which reached
some of the fastest 5G speeds ever recorded in this test. Powered by the Snapdragon 865 Mobile Platform, this device is a perfor-
mance powerhouse designed to provide the fastest 5G speeds ever. We can’t wait for our customers to enjoy all the benefits this
technology brings.”

“5G mmWave technology is set to expand significantly this year and poised to introduce new potential use cases for consumers and
businesses through superb connectivity speeds and low latency,” said Joe Glynn, Vice President, Business Development, Qualcomm
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Technologies, Inc. “We are happy to collaborate with Verizon, Samsung, and Motorola to advance 5G mmWave in driving multi-
gigabit speeds and enhanced network capacity.”
(Verizon achieves 4.2 Gbps on its live 5G network | News Release | Verizon)

5G NR Benchmark Study: Verizon 5G UltrawWideband
(Bn77)

February 24, 2022 06:58 ET| Source: Research and Markets

Dublin, Feb. 24, 2022 (GLOBE NEWSWIRE) -- The "5G NR Benchmark Study Vol 22: Verizon 5G UltraWideband (Bn77) Benchmark
Study" report has been added to ResearchAndMarkets.com's offering.

The benchmark study includes a very thorough analysis of the new Verizon 5G Ultra Wideband network (60 MHz TDD @ Bn77) that the
operator launched on January 19th.

The Verizon 5G Ultra Wideband network is nothing like its predecessor, the Verizon 5G Nationwide network. Average downlink through-
put was easily 15-20x higher than what was observed in October 2020 and the Bn77 coverage was substantially better than what was ob-
served a little more than one year ago with Bn5. The Bn77 spectral efficiency was also much higher than observed with any of the
operator's LTE bands. The publisher logged at least 500 kilometers while drive testing with Bn77 present a good majority of the time - this
time excluded the low double-digit percentage of the time when the smartphone was using mmWave. NR-DC is forthcoming in a few
months but it isn't available today. They even ventured far west of Minneapolis while driving on remote gravel roads past hor se farms while
attached to the network.

Bn77 and LTE coverage was compared using all the traditional metrics. The publisher also dedicated much time comparing Bn77 and Bn41
(T-Mobile 2.5 GHz) performance and coverage, not to mention the effective coverage area of a cell site deployed in a rural area. While the
laws of physics still exist, the results also indicate that while the areas with Bn41 modestly exceeded the areas with Bn77, the Bn77 uplink
coverage and overall performance was superior to that of Bn41. No obvious Bn77 shortcomings were documented compared with the opera-
tor's LTE network coverage. Results indicate a one-to-one overlay and to the extent there were coverage gaps, there were attributed to exist-
ing LTE cell sites that haven't been upgraded with Bn77 radio assets. All testing was done outdoors, meaning in-building Bn77 coverage
could be an issue.

Verizon has also deployed FDD-TDD carrier aggregation, which provides a critical performance advantage. The operator's 5G NR
mmWave coverage has greatly expanded since last tested by the publisher - the total throughput with 400 MHz (4 carriers) was higher than
what was observed with 800 MHz (8 carriers) when the network first launched.
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Highlights of the Report include the following:

e Publisher Methodology: a recently-purchased Galaxy S21 FE smartphone was used with a Verizon test SIM to collect
downlink/uplink performance data while driving ~500 kilometers and consuming 1.48 TB of data. Chipset diagnostic mes-
sages were analyzed using time and area binning (5x5 meter grids) to provide the most meaningful results and analysis.

e FDD-TDD CA and UL-256QAM is alive and well. The Verizon network supported both features which we believe are
critical for a successful mid-band 5G NR deployment. Greater use of FDD-TDD CA and device support for UL -256QAM
are important success factors.

e Bn77 vs Bn4l Coverage. Although the area covered by Bn41l was modestly larger than it was for Bn77, the Bn77 uplink
coverage and performance (average throughput, spectral efficiency) was better than Bn41l. Data suggests a one-for-one
overlay of Bn77 on the existing LTE cell grid with no obvious detrimental impact on overall performance (e.g., performance
at cell handover, etc.).

o Fixed Wireless Access is in the works. Bn77 capacity in rural areas, including in areas where another broadband option
doesn't exist, greatly exceeds what is needed for eMBB. Analysis of throughput versus distance to the serving cell site also
revealed rural coverage at 3.7 GHz won't be a limiting factor. mmWave would make a great complementary solution.

(5G NR Benchmark Study: Verizon 5G UltraWideband (Bn77) (globenewswire.com))

WHY CHOOSE NOKIA 5G CARRIER
AGGREGATION?

Together with the leading mobile network operators across the world and the user equipment ecosystem, we
have commercially introduced two component, three component and four component 5G Carrier Aggregation to
enable Multi-Gigabit 5G on sub-6 GHz frequency allocations.

We also have Carrier Aggregation commercially available for high-band. On millimeter wave spectrum, Carrier
Aggregation with eight component carriers in downlink and four component carriers in uplink enables reaching
even higher data rates.

Nokia 5G Carrier Aggregation:

e Works in 5G Non-Standalone and 5G Standalone in the same cells for smooth migration from NSA to SA
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e Boosts 5G performance

o By aggregating low-band carriers for coverage and mid-band carriers for capacity, helps deliver Multi-Gigabit
user data speeds already today.

5G Carrier Aggregation is software running on the baseband unit, easy to activate in Nokia 5G networks. The
supported Carrier Aggregation band combinations are following the quarterly 3GPP specification updates. Our
quarterly software updates ensure the best possible band combination support, and bring more flexibility for
mobile operators to optimize their network coverage and capacity.

Nokia 5G Carrier Aggregation works with massive MIMO and dynamic spectrum sharing, enabling a further
capacity boost on mid-band and more flexibility for low-band aggregation.

Nokia AirScale ensures uncompromised RF bandwidth for efficient multi-carrier sub-6 GHz Carrier Aggrega-
tion. Additionally, our AirScale baseband is optimized for providing the processing capacity and scalability for
multi-carrier, large bandwidth Carrier Aggregation.

(https://www.nokia.com/networks/mobile-networks/carrier-aggregation/)

Ericsson spearheads 5G carrier aggregation
milestones with key partners

Ericsson has achieved groundbreaking milestones for carrier aggregation in 5G New Radio (NR) technology together
with key customers and ecosystem partners.
Ericsson has recently pushed 5G carrier aggregation (5G CA) technology to new levels after a series of successful interoperability tests with

customers including T-Mobile and Optus, and ecosystem partners such as Qualcomm and MediaTek. The interoperability tests use carrier aggre-
gation to extend the coverage of 5G, boost network capacity, and increase data speeds.

Ericsson’s collaboration with partners has so far resulted in several 5G firsts:

e World’s first 5G standalone (SA) data session with 5G CA on a commercial smartphone completed with T-Mo-
bile, LG and MediaTek. With 5G CA, T-Mobile can combine its different 5G spectrum bands — starting with 2.5
GHz mid-band and 600 MHz low-band — boosting speeds and increasing the footprint of T-Mobile’s mid-band
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5G. It’s also a key step in expanding T-Mobile’s nationwide standalone architecture 5G network by increasing
SA 5G capacity and speeds. (October 2020)

e A 2300 + 3500MHz 5G Non-Standalone Carrier Aggregation call made by Optus using Ericsson technology and
Samsung’s Galaxy S20 5G handset range. The call showed the benefit of using both spectrum frequencies simul-
taneously, namely, a significant increase in the average and peak 5G speeds that customers, with an eligible
handset, will benefit from as the capability becomes available. (August 2020)

o First to complete all three combinations of NR time division duplex (TDD) and frequency division duplex (FDD)
carrier aggregation (CA) together with MediaTek. The companies carried out a 5G SA data call by aggregating
20MHz on FDD spectrum and 100MHz on TDD spectrum with MediaTek’s Dimensity 1000+ chipset at the
Ericsson Lab in Kista. (September 2020)

o Completed pioneering interoperability tests for 5G SA carrier aggregation across both FDD/TDD and TDD/TDD
bands together with Qualcomm Technologies. 5G CA allows service providers to use multiple sub-6 GHz spec-
trum channels simultaneously to transfer data between base stations and a 5G mobile device. (August 2020)

Per Narvinger, Head of Product Area Networks, Ericsson says: “From technology development to wider area deploy-
ments, Ericsson continues to spearhead 5G innovation with customers and industry partners. To maximize the full po-
tential of the mid-band spectrum, we’ve developed 5G NR carrier aggregation solutions that will help our customers
deploy a better 5G with greater coverage, increased capacity and higher data speeds. These solutions will extend the
coverage of the high capacity mid-band spectrum. By enabling peak speeds, coverage and capacity, 5G carrier aggrega-
tion will be a real game-changer.”

Ericsson’s 5G NR carrier aggregation solution will be commercially available in the fourth quarter of 2020 with a global
rollout expected during 2021.

(https://www.ericsson.com/en/news/2020/10/5g-carrier-aggregation)

Ericsson ups the tempo on 5G Carrier Aggregation with world’s first
downlink 6CC data call

Available in English B &:E
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Ericsson revs up the tempo on 5G Carrier Aggregation by combining six component carriers to set a record download
speed of 5.7Gbps for the world’s first 6CC (component carrier) data call.

NEWS
AUG 17, 2023

The data call was achieved using three FDD (frequency division duplex) bands combined with three TDD (time division duplex) bands in sub-
6GHz, enabled by Ericsson RAN Compute hardware, state-of the-art carrier aggregation software, and innovative Advanced RAN Coordination
functionality.

The 3FDD + 3TDD carrier aggregation testing was carried out in an Ericsson lab with a user equipment (UE) simulator.
By combining FDD spectrum with TDD spectrum, more users can benefit from carrier aggregation gains.

In total, 400MHz of bandwidth was aggregated with FDD bandwidths ranging 20MHz to 50MHz to achieve the 5.7Gbps
throughput. With six-component carrier capability, communications service providers can optimize use of network and
spectrum assets to deliver higher data speeds and capacity that improve the experience of downlink-heavy applications.
This can mean better audio and video quality for streaming users, faster file downloads, and a better working environment
for digital nomads.

Sibel Tombaz, Head of Product Line 5G RAN at Ericsson Networks, says: "We are keeping the momentum on carrier
aggregation by continuously stretching its potential to boost capacity and speed. Our successful 6CC data call shows how
versatile our solution is and that we are poised to work with ecosystem partners to make this new band combination a
reality. Our goal, as always, is to help customers meet end users’ growing appetite for high-capacity, ultrahigh-speed
5G."

“Carrier Aggregation is crucial to getting the best possible 5G performance out of scattered spectrum assets,” Tombaz
adds. “And with 6CC, service providers will be able to maximize use of allocated spectrum and optimize the combined
bandwidth for superior mobile experience.”

(https://www.ericsson.com/en/news/2023/8/ericsson-ups-the-tempo-on-5g-carrier-aggregation-with-worlds-first-down-
link-6¢c-data-call)
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) Released 2020, March 06
0 163g, 7.9mm thickness
<> Android 10, up to Android

- 4000mAh

- Lilon

Also available with 5G

NETWORK  Technology GSM / CDMA/HSPA/EVDO / LTE COLLAPSE 4
2G bands GSM 850 /900 / 1800 / 1900 - SIM 1 & SIM 2 (Dual SIM model only)
CDMA 800 / 1900 & TD-SCDMA
3G bands HSDPA 850 / 900 / 1700(AWS) / 1900 / 2100
CDMA2000 1XEV-DO
4G bands 1,2,3,4,5,7,8,12, 13, 17, 18, 19, 20, 25, 26, 28, 32, 38, 39, 40, 41, 66
Speed HSPA 42.2/5.76 Mbps, Cat20 2000/200 Mbps

(https://www.gsmarena.com/samsung galaxy s20-10081.php)

[17a] a baseband digital sys-
tem for providing a first digi-
tal signal comprising a first
data to be transmitted and a
second digital signal compris-
ing a second data to be trans-

mitted;

The Accused Instrumentalities include a baseband digital system for providing a first digital signal comprising a first data to be transmitted and
a second digital signal comprising a second data to be transmitted. For example:

6.7 CARRIER AGGREGATION

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per serving
cell as depicted on Figures 6.7-1 and 6.7-2 below:
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- In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated per assign-
ment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ retransmissions are mapped

to a single serving cell.

S -

soAP - 203 o
/L ﬁ]j Radio Bearers
\,l,/
i ‘ ROHC ‘ ‘ ROHC ‘
PDCP -/ I I
! ‘ Security ‘ ‘ Security ‘
/L ﬁ]j RLC Channels
\,l,/
RLC - oo | e g Soa
+ ﬁ]j Logical Channels
Scheduling
| | |
MAC - Multiplexing

Transport Channels

Fiaure 6.7-2: Laver 2 Structure for UL with CA confiaured

(3GPP TS 38.300 V17.5.0)
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[17b] a first digital-to-analog
converter for receiving the
first digital signal and con-
verting the first digital signal
into a first analog signal, the
first analog signal carrying
the first data across a first fre-
quency range;

The Accused Instrumentalities include a first digital-to-analog converter for receiving the first digital signal and converting the first digital signal
into a first analog signal, the first analog signal carrying the first data across a first frequency range. For example:

11.3.2.1 Transmitter architecture

Figure 11.3.2.1-1 illustrates various TX architectures options according to where the component carriers are combined,
i.e., at digital baseband, or in analog waveforms before RF mixer, or after mixer but before the PA, or after the PA.
Option A

- In an adjacent contiguous common carrier aggregation scenario, the UE very likely has one PA. Connected to
the PA can be a single RF chain (a zero-IF mixer, a wideband DAC, and a wideband IFFT)

Option-B

- Combines analog baseband waveforms from component Carrier first (e.g., via a mixer operating at an IF of
roughly the bandwidth of the other component carrier in the example of 2-component carrier aggregation). Then
the resulting wideband signal is up-converted to RF.

Option-C

- Does ZIF up-conversion of each component carrier before combining and feeding into a single PA.

Option-D

- Employs multiple RF chains and multiple PAs after which the high-power signals are combined and fed into a

single antenna. PA coupling at the UE can be challenging for option-D.

(3GPP TR 36.912 version 15.0.0 Release 15)
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Multple (ba:zband + FFT + DAC + miner + PA), hish-power combiner 1o single
antenna OR. duzl antenna

Tz Characteristics
Option Description (Tx architecture) Infra Band agzreation nter Band aggregation
Contignous {CC) Non contignons (CC) | Non configmous (CC) |
0
A Ye
[ bH :
Metipies | IFPT D RFPa
wnd I HE
Single (baseband + IFFT + DAC + mixer + F4)
B Yes Yes
c Yes Yes
Multiple (baseband + FFT + DAC + mixer), low-power combiner (@ RF, and
single PA
Yes + (depending on the
D Yes Tes specific EUTEA bands
Teing azgregated),

(OTHERS

Figure 11.3.2.1-1; Possible UE Architectures in three aggregation scenarios

(3GPP TR 36.912 version 15.0.0 Release 15)
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[17c] a second digital-to-ana-
log converter for receiving the
second digital signal and con-
verting the second digital sig-
nal into a second analog
signal, the second analog sig-
nal carrying the second data
across a second frequency
range;

The Accused Instrumentalities include a second digital-to-analog converter for receiving the second digital signal and converting the second
digital signal into a second analog signal, the second analog signal carrying the second data across a second frequency range. For example:

Tz Characteristics
Option Description (Tx architecture) - Iura Band sgg{\egah@ I.n-ter H:n(? ageregation
Contignous {CC) Non contignons (CC) | Non configmous (CC) |
FO
: FOIpopfald |
Metipies | T D KFPA
wnd I HE
Simgle (haseband + IFFT + DAC + mixer + P4)
B Tes Tes
Multiple (baseband + FFT + DAC), single (stage-] IF mixer + combiner @@ F +
stage-] RF mixer + PA)
C Tes Tes
Yes + (depending on the
D N Tes specific EUTEA bands
being azgregated),
»
Multiple (baseband + FFT + DAC + miner + PA), high-power combiner to single
antenna OR duzl antenna
X OTHERS

(3GPP TR 36.912 version 15.0.0 Release 15)

Figure 11.3.2.1-1; Possible UE Architectures in three aggregation scenarios
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[17d] a first up-converter cir-
cuit having a first input cou-
pled to receive the first analog
signal and a second input cou-
pled to receive a first modula-
tion signal having a first RF
frequency, wherein the first
up-converter outputs a first
up-converted analog signal
comprising a first up-con-
verted frequency range from
the first RF frequency minus
one-half the first frequency
range to the first RF fre-
quency plus one-half the first
frequency range;

The Accused Instrumentalities include a first up-converter circuit having a first input coupled to receive the first analog signal and a second input
coupled to receive a first modulation signal having a first RF frequency, wherein the first up-converter outputs a first up-converted analog signal
comprising a first up-converted frequency range from the first RF frequency minus one-half the first frequency range to the first RF frequency

plus one-half the first frequency range. For example:

Tz Characteristics
Opton Description (T architecture) - Intra Band SE?EP‘IM_ ln_ter E “d_ agerezaton
Contignows {CC) Non confiznons (CC) Non contizmons (CC)

Tes

Multiple (bazeband + IFFT + DAC + mixer), low-power combiner i@ BF, and
single BA

Tes

Multiple (bazeband + IFFT + DAC + miner + PA), hish-power combiner 1 single
antenna OF. dusl antenna

Tes

Yes + (depending on the
specific EUTEA bands
Teing azgragated),

X OIHERS

Figure 11.3.2.1-1: Possible UE Architectures in three aggregation scenarios

(3GPP TR 36.912 version 15.0.0 Release 15)
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For carrier aggregation, the maximum transmission bandwidth configuration is defined per component carrier and the
requirement is specified in clause 5.3.2.

5.3A.3 Minimum guardband and transmission bandwidth configuration for

CA

For intra-band contiguous carrier aggregation, Aggregated Channel Bandwidth and Guard Bands are defined as
follows, see Figure 5.3A.3-1.

Aggregared Channel Bandwidd, BW.hanea_ca (MHzZ)

C: i E
[=] . -]
_i' : Lowest Carrier : 5 Highest Carrier : 3
m: Transmission Bandwidth H ' Transmission Bandwidth im
HE Configuration [RB] H i Configuration [RE] “E'
; i
: ot ¥
, g + i
" =3 in £
: i =
: 8 3 p
' =1 '!
- i
= e =
E - : Fuﬂ‘:.ﬂ..hlph ®
— :
F-mll.lon Fl-'.k-"l' Fc'm‘“ lemgh

Figure 5.3A.3-1: Definition of Aggregated Channel Bandwidth for intra-band carrier aggregation

BWChannel_CA = Fedge,high - Fedge,low (MHz).

The lower bandwidth edge Fedge, low and the upper bandwidth edge Fedge,high of the aggregated channel bandwidth
are used as frequency reference points for transmitter and receiver requirements and are defined by
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Fedge,low = FC,low - Foffset,low

Fedge,high = FC,high + Foffset,high

The lower and upper frequency offsets depend on the transmission bandwidth configurations of the lowest and high-

est assigned edge component carrier and are defined as
Foffset,low = (NRB,low*12 + 1)*SCSlow/2 + BWGB (MHz)

Foffset,high = (NRB,high*12 - 1)*SCShigh/2 + BWGB (MHz) BWGB = max(BWGB,Channel(k))

NRB,low and NRB,high are the transmission bandwidth configurations according to Table 5.3.2-1 for the lowest and
highest assigned component carrier, SCSlow and SCShigh are the sub-carrier spacing for the lowest and highest as-
signed component carrier respectively. SCSlow, SCShigh, NRB,low, NRB,high, and BWGB,Channel(k) use the larg-
est u value among the subcarrier spacing configurations supported in the operating band for both of the channel
bandwidths according to Table 5.3.5-1 and BWGB,Channel(k) is the minimum guard band for carrier k according to

Table 5.3.3-1 for the said p value.

In case there is no common p value for both of the channel bandwidths, p=1 is used for SCSlow, SCShigh, NRB,low,

NRB,high, and BWGB,Channel(k).
(3GPP TS 38.101-1 V17.5.0)
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[17e] a second up-converter
circuit having a first input
coupled to receive the second
analog signal and a second in-
put coupled to receive a sec-
ond modulation signal having
a second RF frequency,
wherein the second up-con-
verter outputs a second up-
converted analog signal com-
prising a second up-converted
frequency range from the sec-
ond RF frequency minus one-
half the second frequency
range to the second RF fre-
quency plus one-half the sec-
ond frequency range, and
wherein frequency difference
between the first RF fre-
quency and the second RF fre-
quency is greater than the sum
of one-half the first frequency
range and one-half the second
frequency range; and

The Accused Instrumentalities include a second up-converter circuit having a first input coupled to receive the second analog signal and a second
input coupled to receive a second modulation signal having a second RF frequency, wherein the second up-converter outputs a second up-
converted analog signal comprising a second up-converted frequency range from the second RF frequency minus one-half the second frequency
range to the second RF frequency plus one-half the second frequency range, and wherein frequency difference between the first RF frequency
and the second RF frequency is greater than the sum of one-half the first frequency range and one-half the second frequency range. For example:

DD%@*T

nd T ER

Single (baseband + IFFT + DAC + mixer + PA)

Yes

Tz Characteristics
Option Description (Tt architecture) - Intra Band sgg{wgamm. ln_te:r B W# ageregation
Contigmows (CC) Mon confiznons (CC) | Non contiznons (CC)

Multiple (baseband + IFFT + DAC), single (stage-] IF mixer + combiner @ IF +
stage-1 BF mixer + PA)

Yes

Mutiple (bazeband + IFFT + DAC + miner + PA). high-power combiner to single
antenna OF. dusl antenna

Yes + (depending on the
specific EUTRA bands
being azpremated),

OTHERS

Figure 11.3.2.1-1; Possible UE Architectures in three aggregation scenarios

(3GPP TR 36.912 version 15.0.0 Release 15)
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For carrier aggregation, the maximum transmission bandwidth configuration is defined per component carrier and the

requirement is specified in clause 5.3.2.
5.3A.3 Minimum guardband and transmission bandwidth configuration for

CA
For intra-band contiguous carrier aggregation, Aggregated Channel Bandwidth and Guard Bands are defined as

follows, see Figure 5.3A.3-1.

Aggregared Channel Bandwidd, BWammna_ca (MHz)

- >

: =
E E [ ]
;i; = Lowest Carrier . Highest Carrier 3
m: Transmission Bandwidth = : Transmission Bandwidth im
- Configuration [RB] H : Configuration [RE] 1 8
R ] t4 -

Fulhll'L low

Feaga, icw FI-'.km-

Figure 5.3A.3-1: Definition of Aggregated Channel Bandwidth for intra-band carrier aggregation
(3GPP TS 38.101-1 V17.5.0)
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[17f] a power amplifier cou-
pled to receive the first and
second up-converted analog
signals, wherein the band-
width of the power amplifier
is greater than the difference
between a lowest frequency in
the first up-converted fre-
quency range and a highest
frequency in the second up-
converted frequency range.

The Accused Instrumentalities include a power amplifier coupled to receive the first and second up-converted analog signals, wherein the band-
width of the power amplifier is greater than the difference between a lowest frequency in the first up-converted frequency range and a highest

frequency in the second up-converted frequency range. For example:

Tx Characteristics

Option Description (T architecture) Inira Band aggregafion Lnter Band aggregation

Contignons (CC) Non confiznons (CC) Now contimuons (CC)

B Yes Yes
Multiple (baseband + IFFT + DAC), single (stage-1 IF mixer + combiner i@ IF +
stape-2 BF miner + PA)
g
el 1 ¥ .
u
Tes Tes

Multiple (baseband + IFFT + DAC + mixer), low-power combiner @ BF, and
single BA

Yes + (depending on the
Tes Te: specific EUTRA bands
Teing agpregated),

Multiple (bazeband + [FFT + DAC + miner + PA), high-power combiner to single
antenna OF. dusl antenna

X OTHER:

Figure 11.3.2.1-1: Possible UE Architectures in three aggregation scenarios

(3GPP TR 36.912 version 15.0.0 Release 15)
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As a further example, in power amplifier designs believed to be representative of those used in the Accused Instrumentalities:

https://www.broadcom.com/products/wireless/rf-front-end-modules/mobile-rf-fem

Mobile RF FEM

Broadcom provides custom RF frond end module (FEM) devices for mobile wireless applications. These
devices incorporate multiband power amplifiers (PA), FBAR duplexers and multiplexers, SOI multi-
mode LNAs and antenna switch, coupler and MIPI controller, designed to support various carrier aggre-
gation (CA) for both FDD and TDD bands.

ﬁ /j Broadcom has shipped billions of RF FEM devices to the world’s leading smartphone manufacturers.

The Broadcom ACFM-2S13 is a quadplexer device that combines Band 1 and Band 3 duplexers into a single, miniature package. Band 4
duplexer is co-banded. The device features a single antenna connection, eliminating the need for antenna switching. High Isolation between
bands enables the use of carrier aggregation.

The ACFM-2S13 is designed with Broadcom’s innovative filter capability which makes possible ultra-small, high-Q filters at a fraction of
their usual size. Low Tx Insertion Loss of the ACFM-2S13 reduces power amplifier current, extending battery life. The device enhances
receiver sensitivity and dynamic range with low Rx Insertion Loss and high rejection of Tx signals at the Rx ports.

Features

e Single antenna
*  High cross band isolation

*  Enables carrier aggregation
*  Band 4 co-banding
*  Miniature size
*  2.0x2.5 mm footprint
e 0.710 mm typ. height
*  High Power Rating
e Environmental
*  RoHS 6 Compliant
*  Halogen Free
* TBBPA Free

https://www.broadcom.com/products/wireless/demo-boards/acfm-2s13
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PRODUCT SUMMARY

e -

i

SKYWORKS'

SKY77786-11 High Band Multimode Multiband Power
Amplifier Module Supporting LTE Advanced Applications

Applications

« Multiband 4G / LTE handsets
= FDD LTE Bands 7 and 30

« TDD LTE Band 38, 40, 1

Features

« Two T/R (RX) port and 3 outputs
» [ndustry-leading PAE for 4G

« Optimized for APT DCDC operation

= Fully programmable Mobile Industry Processor Interface (MIPI)
control
« MIPI programmable bias modes optimize best 4G
efficiency/linearity performance.
« Small, low profile package:
- 3.0x 3.0 x 0.71 mm
- 20-pad configuration
Skyworks Creen™ prod
@ arg:‘nmplianl’:c:ith ﬂnar:ﬁi'csnbh
Iegislation amd are hakgan-free,
Fm_acllln ol infornation, refur

to Skywor ehinition
W ocument number $Q04-0074.

Description

Skvwnrke SKY777RR-11 Skul iTF™ ic a multimnde mnltiband
(MMMR) Pawer Amnlifier Madule (PAM) that sunnorts 46
handsets and operates efficientlv in LTE bands from 2.3 GHz to

2.7 GHz. The module is fully programmable through a Mobile
Industrv Processor Interface (MIPF,

The PAM consists of a single high band LTE block, a Multi-
Function Control (MFC) block, and a T/R switch block. RF
input/output ports internally matched to 50 £2 to reduce the
number of external components. A CMOS integrated circuit uses
standard MIPI controls to provide the internal MFC interface and
operation. Extremely low leakage current maximizes handset
standby time.

The InGaP die and the silicon die and passive components are
mounted on a multi-layer laminate substrate. The assembly is
encapsulated ina 3.0 mm x 3.0 mm x 0.71 mm, 20-pad MCM,
SMT package which is a more highly manufacturable, low cost
solution.

4G: The SKY77786-11 supports 1.4, 3, 5, 10, 15, 20, 30, 35, 40
MHz channel bandwidths. Similar to 3G operation, output power is
controlled by varying the input power and Vec is adjusted using a
DCDC converter to maximize efficiency for each power level.

4G Modulation scheme includes:
- FDD LTE
- TDD LTE

- Uplink Carrier Aggregation (CA) support for Bands 40/41 (up
to 40 MHz)
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Elevating Performance with Industry-Leading Primary Path Architectures

Skyworks is enabling technology evolutions industry-wide with its advanced cellular transmit
solutions for mobile devices. Leveraging decades of systems and module expertise, we architect
baseband agnostic solutions that utilize our advanced power amplifier, low noise amplifier, filter
and switch technologies. Our portfolio covers 2G, 3G, 4G and 5G applications, addressing spe-
cific customer priorities for system efficiency, solution size and total cost.

Skyworks’ latest modules for 5G from our SKY5® portfolio feature the highest transmit effi-
ciency — optimizing battery life and enhancing thermal benefits — and advanced BAW and
TC-SAW technologies in an exceptionally compact form factor, while supporting the maximum

combination of carrier aggregation (CA) bands.

Our products uniquely provide the best performance at targeted frequency bands, supporting up
to 100 MHz wide bandwidth, maximizing data throughput at ultra-fast speeds.

https://www.skyworksinc.com/en/System-Solutions/Transmit
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[21] The communication system of claim | In the Accused Instrumentalities the first data of the first digital signal is encoded using a first wireless protocol and the first data of
17 wherein the first data of the first digital | the second digital signal is encoded using a second wireless protocol. For example:

signal is encoded using a first wireless
protocol and the first data of the second | For example:
digital signal is encoded using a second

wireless protocol. Cellular operators, for example Verizon, have deployed Dynamic Spectrum Sharing (DSS) and carrier aggre-
gation technology that provides service using both LTE and 5G by sharing the same spectrum and using carrier
aggregation, using two different protocols. Operators, for example Verizon, have also used carrier aggregation
using a combination of FDD and TDD protocols, using two different protocols.

Verizon’s 5G strategy will combine DSS with carrier
aggregation, says LightShed

By Linda HardestyApr 16, 2020 4:40pm

Verizon’s 5G strategy has been murky. We know that it’s deploying mmWave in dense urban areas, but it’s been unclear
how the carrier will deliver 5G across broad swaths of the country. Today, analysts at LightShed Partners laid out a
Verizon strategy that makes sense.

“The combination of DSS and carrier aggregation might be the best concoction since gin and tonic, as long as you are
prepared for the hangover,” wrote LightShed analysts Walter Piecyk and Joe Galone in a blog.

When combined, these technologies will enable Verizon to activate the 5G indicator on new 5G enabled iPhones and
deliver industry-leading 5G speeds across a broad coverage area, beating the other carriers, at least for a while. The
hangover could come in 2021 when T-Mobile has integrated Sprint’s spectrum into its network, and Verizon and AT&T
don’t have that huge spectrum boost.

DSS

Verizon CEO Hans Vestberg has touted the laurels of dynamic spectrum sharing (DSS) for well over a year, repeatedly
pointing to it as a key pillar of Verizon’s 5G strategy. With DSS, Verizon can use its existing 4G spectrum and flip back
and forth between 4G and 5G. DSS does require New Radio (NR), which Verizon is in the process of deploying.

RELATED: Verizon sticks behind ambiguous 2020 DSS rollout plan
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But analysts have pointed out that DSS doesn’t provide any additional spectrum, and download speeds will always be
limited by the amount of spectrum allocated.

Carrier aggregation

In today’s blog, LightShed said it’s the combination of DSS and carrier aggregation that will enable Verizon’s broad 5G
network coverage

The analysts also did everyone a favor and clearly defined “carrier aggregation,” a phrase that makes it sound as if carriers
are getting together to aggregate their spectrum.

“Carrier aggregation is a technology that enables wireless operators to combine both contiguous and non-contiguous
spectrum blocks as well as spectrum blocks from other bands in order to increase the data speeds to the end user,” wrote
the LightShed analysts. “Spectrum aggregation is probably a better brand.”

Carrier aggregation has been around since 3GPP Release 10. The technology was a primary component of AT&T’s much-
maligned 5G E initiative. 3GPP Release 16, which is expected in June, will add support for 5G carrier aggregation.

“We expect Verizon to deploy DSS across multiple blocks of spectrum and then carrier aggregate those blocks to deliver
materially faster speeds to the end user,” wrote the LightShed analysts. “We believe this combination will produce a
robust 5G coverage layer that Verizon will put marketing dollars behind. We expect it to become their big 5G push.”

(Verizon’s 5@ strategy will combine DSS with carrier aggregation, says LightShed | Fierce Wireless)

5G NR Benchmark Study: Verizon 5G UltraWide-
band (Bn77)

February 24, 2022 06:58 ET| Source: Research and Markets

Dublin, Feb. 24, 2022 (GLOBE NEWSWIRE) -- The "5G NR Benchmark Study Vol 22: Verizon 5G UltraWideband (Bn77)
Benchmark Study" report has been added to ResearchAndMarkets.com's offering.

The benchmark study includes a very thorough analysis of the new Verizon 5G Ultra Wideband network (60 MHz TDD @
Bn77) that the operator launched on January 19th.

The Verizon 5G Ultra Wideband network is nothing like its predecessor, the Verizon 5G Nationwide network. Average down-
link throughput was easily 15-20x higher than what was observed in October 2020 and the Bn77 coverage was substantially bet-
ter than what was observed a little more than one year ago with Bn5. The Bn77 spectral efficiency was also much higher than
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observed with any of the operator's LTE bands. The publisher logged at least 500 kilometers while drive testing with Bn77 pre-
sent a good majority of the time - this time excluded the low double-digit percentage of the time when the smartphone was using
mmWave. NR-DC is forthcoming in a few months but it isn't available today. They even ventured far west of Minneapolis while
driving on remote gravel roads past horse farms while attached to the network.

Bn77 and LTE coverage was compared using all the traditional metrics. The publisher also dedicated much time comparing
Bn77 and Bn41 (T-Mobile 2.5 GHz) performance and coverage, not to mention the effective coverage area of a cell site de-
ployed in a rural area. While the laws of physics still exist, the results also indicate that while the areas with Bn41 modestly ex-
ceeded the areas with Bn77, the Bn77 uplink coverage and overall performance was superior to that of Bn41. No obvious Bn77
shortcomings were documented compared with the operator's LTE network coverage. Results indicate a one-to-one overlay and
to the extent there were coverage gaps, there were attributed to existing LTE cell sites that haven't been upgraded with Bn77
radio assets. All testing was done outdoors, meaning in-building Bn77 coverage could be an issue.

Verizon has also deployed FDD-TDD carrier aggregation, which provides a critical performance advantage. The operator's 5G
NR mmWave coverage has greatly expanded since last tested by the publisher - the total throughput with 400 MHz (4 carriers)
was higher than what was observed with 800 MHz (8 carriers) when the network first launched.

Highlights of the Report include the following:

e Publisher Methodology: a recently-purchased Galaxy S21 FE smartphone was used with a Verizon test SIM
to collect downlink/uplink performance data while driving ~500 kilometers and consuming 1.48 TB of data.
Chipset diagnostic messages were analyzed using time and area binning (5x5 meter grids) to provide the most
meaningful results and analysis.

e FDD-TDD CA and UL-256QAM is alive and well. The Verizon network supported both features which we
believe are critical for a successful mid-band 5G NR deployment. Greater use of FDD-TDD CA and device
support for UL-256QAM are important success factors.

e Bn77 vs Bn4l Coverage. Although the area covered by Bn41 was modestly larger than it was for Bn77, the
Bn77 uplink coverage and performance (average throughput, spectral efficiency) was better than Bn41. Data
suggests a one-for-one overlay of Bn77 on the existing LTE cell grid with no obvious detrimental impact on
overall performance (e.g., performance at cell handover, etc.).

o Fixed Wireless Access is in the works. Bn77 capacity in rural areas, including in areas where another broad-
band option doesn't exist, greatly exceeds what is needed for eMBB. Analysis of throughput versus distance
to the serving cell site also revealed rural coverage at 3.7 GHz won't be a limiting factor. mmWave would
make a great complementary solution.

(5G NR Benchmark Study: Verizon 5G UltraWideband (Bn77) (globenewswire.com))
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[23] The communication system of claim
17 wherein first and second data to be
transmitted comprise a plurality of
OFDM symbols, wherein a first symbol is
transmitted during a first time slot across
the first up-converted frequency range
and a second symbol is transmitted during
the first time slot across the second up-
converted frequency range, and wherein a
third symbol is transmitted during a sec-
ond time slot across the first up-converted
frequency range and a fourth symbol is
transmitted during the second time slot
across a second up-converted frequency
range.

In the Accused Instrumentalities, first and second data to be transmitted comprise a plurality of OFDM symbols, wherein a first
symbol is transmitted during a first time slot across the first up-converted frequency range and a second symbol is transmitted during
the first time slot across the second up-converted frequency range, and wherein a third symbol is transmitted during a second time
slot across the first up-converted frequency range and a fourth symbol is transmitted during the second time slot across a second up-
converted frequency range. For example:

5G frame structure comprises frames of length 10 msec long, each frame comprises 10 sub-frames, each sub-
frame comprises at least two time slots, and each frame comprises at least 20 time slots. Each time slot com-
prises a multitude of OFDM symbols. A transport block, data payload, in 5G is divided into a set of code blocks,
each code block is transmitted on frequency resources of OFDM symbols that comprise a time slot. In a Carrier
Aggregation (CA) method, a data stream is multiplexed onto multiple Component Carriers (CCs), e.g., onto a
first and a second data stream. The first and second data (“information”) streams are transmitted on a first and
a second CC, respectively. The first data stream is transmitted on a first CC, on frequency resources of an
OFDM symbol in a time slot of the first CC, and the second data stream is transmitted on a second CC, on
frequency resources of an OFDM symbol in the time slot of the second CC. The code blocks of the transport
block (payload, data stream) are multiplexed onto the CCs and transmitted in consecutive time slots.

6.7 CARRIER AGGREGATION

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one
HARQ entity is required per serving cell as depicted on Figures 6.7-1 and 6.7-2 below:
- In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one
transport block is generated per assignment/grant per serving cell in the absence of spatial multiplexing.
Each transport block and its potential HARQ retransmissions are mapped to a single serving cell.
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Frame structure and physical resources

4.1 GENERAL
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Throughout this specification, unless otherwise noted, the size of various fields in the time domain is expressed
in time units T, =1/(Af,,,-N¢ ) where Af;,., = 480 - 103 Hz and N; =4096. The constant «=T,/T, =64 where

3
T, =1/(Afres -Nprer ), Afrer =15-10° Hz and N ¢ = 204¢.

Throughout this specification, unless otherwise noted, statements using the term "UE" in clauses 4, 5, 6, or 7
are equally applicable to the IAB-MT part of an IAB node.

4.2 NUMEROLOGIES

Multiple OFDM numerologies are supported as given by Table 4.2-1 where u and the cyclic prefix for a down-
link or uplink bandwidth part are obtained from the higher-layer parameter subcarrierSpacing and cyclicPrefix,
respectively.

Table 4.2-1: Supported transmission numerologies.

H Af =2#.15[kHZ] Cyclic prefix
0 15 Normal

1 30 Normal

2 60 Normal, Extended
3 120 Normal

4 240 Normal

4.3 FRAME STRUCTURE

4.3.1 FRAMES AND SUBFRAMES

Downlink, uplink, and sidelink transmissions are organized into frames with T; = (Af,,,N; /100)-T, =10ms dura-
tion, each consisting of ten subframes of Ty =(Af,.,N;/1000-T, =1ms duration. The number of consecutive

OFDM symbols per subframe is Nss;angame'“ = NI N3 ™" Each frame is divided into two equally-sized

half-frames of five subframes each with half-frame 0 consisting of subframes 0 — 4 and half-frame 1 consisting
of subframes 5 — 9. There is one set of frames in the uplink and one set of frames in the downlink on a carrier.

Page 136 of 162

TPR2024-00946
Petitioners' Ex. 1013
Ex.1013.0136



Claim 23 Public Documentation

Uplink frame number i for transmission from the UE shall start T, = (N +Nyaome JTe Defore the start of the
corresponding downlink frame at the UE where Nqp .« IS given by [5, TS 38.213], except for msgA transmis-
sion on PUSCH where T, = 0 shall be used.

Downlink frame i

Uplink frame i

‘ [.NTA + *“"'rl'_a:uﬁse:_b;

Figure 4.3.1-1: Uplink-downlink timing relation.

4.3.2 SLOTS

subframe,
’ N, slot

For subcarrier spacing configuration 4, slots are numbered n! € {0, ... — 1} in increasing order

ot

within a subframe and n”, € {0, ..., N."* — 1} in increasing order within a frame. There are N3%, consecu-

» “Vslot
ot

tive OFDM symbols in a slot where NsS)I/mb depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2.

The start of slot n! in a subframe is aligned in time with the start of OFDM symbol ng‘N%b in the same

subframe. OFDM symbols in a slot in a downlink or uplink frame can be classified as 'downlink’, 'flexible’, or
‘uplink’. Signaling of slot formats is described in clause 11.1 of [5, TS 38.213].
(3GPP TS 38.211 V16.1.0)

5G NR Transport Block Size (TBS) Calculation

August 16, 2020Author3GPP Specification, 5G MAC Layer, 5G NR, 5G Physical Layer
Frame structure and physical resources

Transport Block in 5G NR, is nothing but the payload, which is passed between the MAC and Phy Layers,
specifically for the shared data channel such as PDSCH and PUSCH. A Transport Block undergoes Phy layer
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processing at the transmitter before being mapped onto the PDSCH for transmission over the air interface. A
Transport block is added with CRC and segmented into code blocks as shown as below. The transport block
consists of up to million bits and the code block consists of up to 8448 bits.

TB-CRC

/

Transport block CRC

(https://www.techplayon.com/5g-nr-transport-block-size-tbs-calculatin)

TIME-FREQUENCY RESOURCE

A resource element is the smallest time-frequency resource over one subcarrier of a single OFDM symbol. It
is identified as (k,I),,. Where Kk is the index of the subcarrier in the frequency domain, | is the OFDM symbol
position in time domain, p is the antenna port and g is the subcarrier spacing configuration defined in Table 1
above.

A resource block (a.k.a physical resource block — PRB) is a block of N RBs. = 12 subcarriers over which the
transmissions are scheduled. 5G NR physical layer uses time-frequency resource (physical resource block) for
transmission.
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A resource grid consists of N $%e#qiq subcarriers and N s#tframen o number of OFDM symbols (Table 2 and

Subframe |

- . SLze, e =1
—- k= Ng7,id‘x =< N2

Resource block

A

(12 subcarriers)

Ii Resource element

(k;J I)p.}'l-

Resource grid

NZPECl o NIUB subearriers
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Frequency
o
i
@
.=
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-
9 =
= Il
X @y
Ty =
)
';9:’255’
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Figure 3: Resource element, Resource block, Resource grid in 5G NR

(https://www.gaussianwaves.com/2022/02/5g-nr-resource-block)

— 1

OFDM Symbols
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[24pre] An electronic circuit comprising: | To the extent the preamble is found to be limiting, the Accused Instrumentalities perform a method of transmitting information in a
wireless communication channel.

For example, Defendant deploys and uses 4G and 5G RAN Solutions by vendors Ericsson and Nokia. These 4G and 5G RAN Solu-
tions are 4G and 5G NR cellular radio access network systems supporting carrier aggregation, and the accused systems include all
the installed components for the 4G and 5G NR RAN solution systems deployed by Defendant.

See, e.q.:
54 Carrier aggregation
54.1 Carrier aggregation

In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated. A UE may simultaneously receive or transmit
on one or multiple CCs depending on its capabilities:

- A UE with single timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding
to multiple serving cells sharing the same timing advance (multiple serving cells grouped in one TAG);

- A UE with multiple timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs correspond-
ing to multiple serving cells with different timing advances (multiple serving cells grouped in multiple TAGs). NG-RAN
ensures that each TAG contains at least one serving cell;

- A non-CA capable UE can receive on a single CC and transmit on a single CC corresponding to one serving cell only (one
serving cell in one TAG).

CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells
that can be aggregated, or an offset in multiples of slots between the PCell/PSCell and an SCell is configured to the UE. The maximum
number of configured CCs for a UE is 16 for DL and 16 for UL.

(3GPP TS 38.300 V17.4.0)

6.7 Carrier Aggregation

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required
per serving cell as depicted on Figures 6.7-1 and 6.7-2 below:
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- In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated
per assignment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ

retransmissions are mapped to a single serving cell.

(3GPP TS 38.300 VV17.4.0)
[ |
CO---C > C o QoS Flows
| |-
sDaP - Randiing
e % > :%) Radio Bearers
| ROHC ROHC |
PDCP < I I
| Security Security ‘
I I
,,,,,,,,,,,, o  ------—--— RLC Channels
1 [
me< | |-
'_[_‘ ,l-\ T . i) I
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MAC < Multiplexing
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Figure 6.7-2: Layer 2 Structure for UL with CA configured
(3GPP TS 38.300 V17.4.0)
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5G Carrier Aggregation is set to deliver a significant performance boost to mobile users but what is it
and how does it work?

The ongoing rollout of commercial 5G networks has significantly improved the experience for mobile
subscribers around the world. As the ecosystem matures, a growing number of more advanced 5G
Standalone (5G SA) networks will be central to delivering the speed and ultra-low latency to support
cutting-edge applications. 5G Carrier Aggregation will play a vital role in underpinning the significant
performance boost promised by 5G SA, representing an important milestone in the evolution of
wireless infrastructure.

Carrier Aggregation is a software functionality in Radio Access Networks and user devices which
allows Mobile Network Operators (MNOs) to combine the capabilities of radio cells at distinct
frequency allocations to enhance the end user experience.

A key technology already in the LTE-Advanced networks, Carrier Aggregation enabled the evolution to
Gigabit-LTE, achieving user data rates of more than 1 Gbps. However, in 5G networks, Carrier
Aggregation will enable the evolution to multi-Gigabit-5G, reaching user data rates of about 4 Gbps
and above. 5G Carrier Aggregation is also capable of improving the geographic availability, more
commonly referred to as coverage, of high data rates.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)
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Carrier Aggregation in 5G Networks

To accelerate rollout, the initial commercial 5G networks relied on the LTE infrastructure in radio
access and the core network, referred to as 5G non-Standalone (5G NSA). 5G NSA allows MNOs to
increase the bandwidth available to end users by bundling 4G and 5G carriers through 4G-5G Dual
Connectivity. This allowed 5G users to benefit from existing LTE Carrier Aggregation capabilities with
up to two 5G carriers aggregated alongside LTE carriers.

To unlock the full capability of 5G, including ultra-low latency, reliability, and efficiency, MNOs are
introducing 5G Standalone (5G SA) with a dedicated 5G Core and highly efficient 5G air interface,
without dependency on existing LTE networks.

The number of specified 5G SA Carrier Aggregation band combinations is increasing with each
quarterly revision of the 3GPP specifications, enabling further options to achieve multi-Gigabit 5G
data rates. These specifications are important to ensure interoperability between user equipment,
such as smartphones, and networks. Between 2021 to 2022, the focus of the specifications for
Carrier Aggregation in 5G SA in FR1 shifted from two component carriers to three and four
component carriers. As the number of 5G frequency bands exceeds that of LTE-A, the possible
Carrier Aggregation band combinations are greatly expanded, offering increased deployment options
and flexibility for MNOs in different markets.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)
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Key benefits of 5G Carrier Aggregation

Improved data speeds and throughput

5G Carrier Aggregation will boost the network performance to meet the requirements of data-hungry
applications, such as augmented and virtual reality services, for both industrial and consumer use
cases.

Greater cell coverage

As operators are looking to maximize the use of their available spectrum assets in different FDD and
TDD bands, Carrier Aggregation is the key to reaching extended coverage range. This helps reduce
the need to deploy new cell sites, bringing cost savings to operators. It also improves mobile user
experience with consistent level of service across the network.

Enhanced energy efficiency

In 2019, the mobile industry made a milestone commitment to transform the sector and reach net
zero carbon emissions by 2050. Carrier Aggregation has been demonstrated to reduce overall power
consumption levels while increasing throughput and maintaining high service levels. This indicates
that the technology could contribute to reducing overall energy usage and the mobile industry’s
carbon footprint. Improved coverage can also contribute to longer battery life for individual devices,
requiring less frequent charging.

Greater RO

According to data from GSA, the total amount raised in 2021 from spectrum auctions and
assignments reached at least $140.1Bn. Radio spectrum is a finite and extremely valuable resource,
representing a considerable financial burden for most MNOs. Therefore, with ever increasing
demands for bandwidth, utilising this spectrum in the most efficient way becomes a top operational
priority. 5G CA represents one of the mast effective methods for MNOs to get the most from their
outlay by maximising spectral efficiency.

(https://www.nokia.com/about-us/newsroom/articles/5g-carrier-aggregation-explained/)

Samsung Galaxy users in the United States will now enjoy faster 5G speeds, all thanks to T-Mobile’s carrier
aggregation technology. At the Mobile World Congress 2023 event in Barcelona, T-Mobile announced the
successful deployment of 5G carrier aggregation on its standalone 5G network.
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Ericsson, Nokia, Qualcomm Technologies, Inc., and Samsung teamed up with T-Mobile in the completion of
the 5G Carrier Aggregation tech. The phone used for the project was a Samsung Galaxy S23 series model.
Consequently, T-Mobile customers with a Galaxy S23, Galaxy S23+, or Galaxy S23 Ultra will be the first to
benefit from four-carrier aggregations later this year.

(https://www.sammobile.com/news/t-mobile-carrier-aggregation-5g-samsung-galaxy-s23/)

Verizon launches 2- and 3-channel carrier aggrega-
tion, increasing data speeds by 50%0

By Colin Gibbs Aug 29, 2016 11:54am
Verizon launched two- and three-channel carrier aggregation today, claiming to bring 50 percent faster peak data speeds

to_its customers in 461 cities. And the nation’s largest carrier plans to back the launch with an aggressive marketin
campaign.

Carrier aggregation uses software to combine multiple channels to increase data speeds. Verizon said it uses 700 MHz,
AWS and PCS spectrum, combining two or three of the channels to deliver data over the most efficient route to devices.

Verizon’s rivals are all in various stages of rolling out carrier aggregation as well. AT&T first launched two-channel
carrier aggregation in some markets in early 2014, for instance; Sprint said earlier this year that it achieved speeds of
more than 300 Mbps using three-channel carrier aggregation on the Samsung Galaxy S7. Indeed, Sprint demonstrated its
carrier aggregation technology at Chicago's Soldier Field Monday.

Verizon said its two-channel carrier aggregation generates peak download speeds of up to 225 Mbps, and three-channel
carrier aggregation has produced speeds in excess of 300 Mbps.

Verizon said it will back the launch with “a broad mass and social media campaign,” including TV commercials slated
to air tonight across all major networks. A new ad will air tonight during prime time on ABC, CBS, NBC, CWN and
FOX.

Along with Multiple Input Multiple Output (MIMO) technology and relay nodes, carrier aggregation is a key component
of LTE Advanced. Indeed, Verizon is marketing its carrier aggregation as LTE Advanced, although the operator didn’t
announce any news regarding MIMO or relay nodes.
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The Global Mobile Suppliers Association recently reported that 28 percent of LTE network operators worldwide have
launched LTE Advanced networks.

Thirty-nine devices already on Verizon’s network support the offering, the carrier said, including the Samsung Galaxy
S6 and S7, Moto Droids and Apple iPhones. Users with capable devices can access carrier aggregation "without effort or
additional costs," Verizon said.

“Verizon LTE Advanced works like a turbocharger on an engine,” said Tami Erwin, head of operations for Verizon’s
wireless unit, in a press release. “Speed boosts kick in when you need it most, with big data use. That’s when you get the
big peak boost of Verizon LTE Advanced.”

(Verizon launches 2- and 3-channel carrier aggregation, increasing data speeds by 50% | Fierce Wireless)

Verizon Demos LTE Carrier Ag on CBRS Spectrum
with Federated Wireless, Ericsson

By Diana Goovaerts | August 28, 2017

Verizon might be one of many pushing for rule changes in the 3.5 GHz CBRS band, but the carrier isn’t stalling its work
with those airwaves while that debate plays out.

The carrier on Monday said it achieved the first ever use of CBRS band 48 spectrum in an L TE-Advanced demonstration

of carrier aggregation working alongside partners Federated Wireless, Ericsson, and Qualcomm.

The test reportedly took place in Ericsson’s Plano, Texas, lab, and utilized 256-QAM technology on two 20 MHz channels
in the 3.5 GHz band. The demonstration was conducted using Ericsson’s band 48 Radio Dot System and Domain proxy
alongside Federated Wireless” Spectrum Controller spectrum management service. Qualcomm provided a test device
running on a Snapdragon LTE modem.

Verizon Chief Network Officer Nicola Palmer said the achievement “greatly advances our work in emerging spectrum
bands,” and indicated Verizon is “leading the way in creating an ecosystem around the use of CBRS spectrum which will
lead to greater capacity and speed for our customers.”

Federated Wireless CEO lyad Tarazi similarly hailed the demonstration as “an exciting milestone.”

“The CBRS ecosystem has truly reached full commercial viability, and Verizon will soon be able to enhance its custom-
ers’ experience with this latest wireless network innovation,” Tarazi commented.
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The announcement, however, comes as Verizon and other industry interests lobby the Federal Communications Commis-
sion to change the rules in the CBRS band and make it more suitable for commercial 5G deployments. Specifically, the
carriers want the Commission to make license terms and license areas longer — or in other words, more like traditional
wireless licenses and less in the image of a new shared band.

Verizon and others including T-Mobile, AT&T, Nokia, CTIA, and GSMA argue investment in the 3.5 GHz band hinges
on carriers’ ability to secure long-term returns on deployments. This, they say, isn’t supported by the current framework
of three-year license terms, tiny license areas, and a shared user setup.

“The viability of the 3.5 GHz band for both PAL and General Authorized Access (GAA) users depends on licensees
investing to create integrated, densely deployed, heterogeneous networks,” Verizon attorneys wrote in a recent filing.
“The current 3.5 GHz framework provides little incentive for that degree of investment. And unless the Commission acts
to adjust the rules accordingly, the level of investment will be inadequate to maximize band utility for PAL and GAA
users alike.”

But others, including Google and public advocacy groups, say the proposed changes would undermine investments —
including from players like Federated Wireless — that have already been made in the band and would put use of the band
out of reach for all but the largest operators.

“CTIA and T-Mobile assert that adopting rules geared to maximize auction participation by large regional or national
telecommunications carriers will best promote U.S. leadership in 5G technologies. But this argument presumes that 5G
networks will be little more than an expansion of the traditional carrier offerings that characterize previous generations
of wireless technologies. As several parties have made clear, the opposite is true,” Google counsel contended.

(Verizon Demos LTE Carrier Ag on CBRS Spectrum with Federated Wireless, Ericsson (design-
worldonline.com))

Verizon Pushes 4G LTE Speed to 1.45 Gbps using
6 Carrier Aggregation

OCTOBER 2018 RAY SHARMA

Verizon, Nokia and Qualcomm Technologies recently reached peak data speeds of 1.45 Gbps on LTE in a live commercial
environment using six channel carrier aggregation, a key LTE Advanced technology.
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Carrier aggregation combines multiple channels of spectrum to provide greater efficiency for data sessions transmitting
over wireless networks. By using a combination of both licensed and shared spectrum, for the first time in the U.S. in a
commercial environment the three companies combined six separate channels of spectrum.

The record-breaking speeds on 4G LTE were reached on Verizon’s network in New York using a combination of Veri-
zon’s licensed PCS and AWS spectrum in conjunction with four carriers of LAA (License Assisted Access) spec-
trum. The demonstration used Nokia’s AirScale base station and Qualcomm Technologies’ mobile test device powered
by the Qualcomm Snapdragon TM X24 LTE modem.

The demonstration in New York also used LTE Advanced feature, 256 QAM (enabling the network to deliver more bits
of data in each transmission) and 4x4 MIMO (using multiple antennas at the cell tower and in the device to minimize
errors and optimize data speeds.) In mid-2018, Verizon announced these technologies were available in over 1,100 mar-
kets nationwide.

Bill Stone, VP of Technology Planning and Development, Verizon

When we first launched our LTE network, we knew there would be a lot of room for innovation and to expand its
capabilities. Eight years later, we continue our advancement of our 4G LTE network knowing our LTE network
leadership is foundational for our evolution into 5G.

Joe Glynn, VP, Business Development, Qualcomm Technologies
Qualcomm Technologies was first to introduce Gigabit LTE and LAA technologies into a commercial modem,
and we continue to innovate with our latest Snapdragon X24 LTE modem capable of up to 2Gbps speeds.

(Verizon Pushes 4G LTE Speed to 1.45 Gbps using 6 Carrier Aggregation (thefastmode.com))

Verizon’s 5G strategy will combine DSS with carrier
aggregation, says LightShed

By Linda HardestyApr 16, 2020 4:40pm

Verizon’s 5G strategy has been murky. We know that it’s deploying mmWave in dense urban areas, but it’s been unclear
how the carrier will deliver 5G across broad swaths of the country. Today, analysts at LightShed Partners laid out a
Verizon strategy that makes sense.
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“The combination of DSS and carrier aggregation might be the best concoction since gin and tonic, as long as you are
prepared for the hangover,” wrote LightShed analysts Walter Piecyk and Joe Galone in a blog.

When combined, these technologies will enable Verizon to activate the 5G indicator on new 5G enabled iPhones and
deliver industry-leading 5G speeds across a broad coverage area, beating the other carriers, at least for a while. The
hangover could come in 2021 when T-Mobile has integrated Sprint’s spectrum into its network, and Verizon and AT&T
don’t have that huge spectrum boost.

DSS

Verizon CEO Hans Vestberg has touted the laurels of dynamic spectrum sharing (DSS) for well over a year, repeatedly
pointing to it as a key pillar of Verizon’s 5G strategy. With DSS, Verizon can use its existing 4G spectrum and flip back
and forth between 4G and 5G. DSS does require New Radio (NR), which Verizon is in the process of deploying.

RELATED: Verizon sticks behind ambiguous 2020 DSS rollout plan

But analysts have pointed out that DSS doesn’t provide any additional spectrum, and download speeds will always be
limited by the amount of spectrum allocated.

Carrier aggregation

In today’s blog, LightShed said it’s the combination of DSS and carrier aggregation that will enable Verizon’s broad 5G
network coverage

The analysts also did everyone a favor and clearly defined “carrier aggregation,” a phrase that makes it sound as if carriers
are getting together to aggregate their spectrum.

“Carrier aggregation is a technology that enables wireless operators to combine both contiguous and non-contiguous
spectrum blocks as well as spectrum blocks from other bands in order to increase the data speeds to the end user,” wrote
the LightShed analysts. “Spectrum aggregation is probably a better brand.”

Carrier aggregation has been around since 3GPP Release 10. The technology was a primary component of AT&T’s much-
maligned 5G E initiative. 3GPP Release 16, which is expected in June, will add support for 5G carrier aggregation.

“We expect Verizon to deploy DSS across multiple blocks of spectrum and then carrier aggregate those blocks to deliver
materially faster speeds to the end user,” wrote the LightShed analysts. “We believe this combination will produce a
robust 5G coverage layer that Verizon will put marketing dollars behind. We expect it to become their big 5G push.”

(Verizon’s 5G strategy will combine DSS with carrier aggregation, says LightShed | Fierce Wireless)

02/25/2020|Networks & Platforms
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Verizon achieves 4.2 Gbps on its live 5G network

Media contact(s)

Karen Schulz

864-561-1527
Karen.Schulz@VerizonWireless.com

Another industry first, with Samsung, Motorola and Qualcomm

EULESS, TEXAS: Verizon, along with Samsung Electronics Americas, Inc., Motorola Mobility, and Qualcomm Tech-
nologies, Inc., a wholly owned subsidiary of Qualcomm Incorporated, has teamed up to demonstrate 5G peak speeds of
4.2 gigabits per second on its live 5G network. Using carrier agaregation, a technology that combines multiple channels
of spectrum to provide greater efficiency for data sessions transmitting over the wireless network. the four companies
combined eight separate channels of mmWave spectrum to achieve the multi-gigabit speeds on Motorola’s upcoming
flagship smartphone.

“We’re continuing to expand our 5G Ultra Wideband network, built to enable unique and transformational experiences
for our customers,” said Adam Koeppe, Senior Vice President of Technology Planning at Verizon. “We are only begin-
ning to scratch the surface of what 5G can do, demonstrated by this latest milestone.

“We continue to innovate and introduce advanced technologies on our 5G network that will help us reach never-before
seen mobile capabilities and create new and exciting use cases across the consumer and enterprise landscape. Using 5G
carrier aggregation, we are able to achieve unprecedented mobile speeds and bring the massive bandwidth available with
mmWave spectrum to life,” said Koeppe.

Eight channel carrier aggregation using mmWave will be widely available on the 5G network in 2020.
TRIAL DETAILS:

The trial, which took place using a commercial network cell site in Texas, aggregated 800 MHz of 28 GHz band spectrum
using Samsung Network’s 5G NR 28 Ghz Access Unit, which has been commercially deployed by Verizon.

“With industry collaborations like the one we have with Verizon, Samsung continues to advance 5G to its full potential,”
said Magnus Ojert, Vice President, Networks Division, Samsung Electronics America. “This latest milestone demon-
strates the transformative capability of Samsung’s industry-leading 5G technology coupled with Verizon’s mmWave
spectrum to deliver unprecedented performance across Verizon 5G subscribers. This trial also shows the power of the
Samsung Networks’ 5G NR 28GHz Access Unit, the smallest integrated mmWave radio in the market.”

Motorola’s upcoming flagship device is powered by the Qualcomm® Snapdragon™ 865 Mobile Platform with the Snap-
dragon X55 5G Modem-RF System.
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“At Motorola, we proudly deliver cutting edge technologies that are both meaningful and innovative to give our customers
the very best smartphone experience,” said Glenn Shultz, Vice President of Innovation and Product Development at
Motorola Mobility. “8CC is taking Verizon’s 5G UWB experience to the next level, just like our exciting upcoming
flagship device, which reached some of the fastest 5G speeds ever recorded in this test. Powered by the Snapdragon 865
Mobile Platform, this device is a performance powerhouse designed to provide the fastest 5G speeds ever. We can’t wait
for our customers to enjoy all the benefits this technology brings.”

“5G mmWave technology is set to expand significantly this year and poised to introduce new potential use cases for
consumers and businesses through superb connectivity speeds and low latency,” said Joe Glynn, Vice President, Business
Development, Qualcomm Technologies, Inc. “We are happy to collaborate with Verizon, Samsung, and Motorola to
advance 5G mmWave in driving multi-gigabit speeds and enhanced network capacity.”

(Verizon achieves 4.2 Gbps on its live 5G network | News Release | Verizon)

5G NR Benchmark Study: Verizon 5G UltraWide-
band (Bn77)

February 24, 2022 06:58 ET| Source: Research and Markets

Dublin, Feb. 24, 2022 (GLOBE NEWSWIRE) -- The "5G NR Benchmark Study Vol 22: Verizon 5G UltraWideband (Bn77)
Benchmark Study" report has been added to ResearchAndMarkets.com's offering.

The benchmark study includes a very thorough analysis of the new Verizon 5G Ultra Wideband network (60 MHz TDD @
Bn77) that the operator launched on January 19th.

The Verizon 5G Ultra Wideband network is nothing like its predecessor, the Verizon 5G Nationwide network. Average down-
link throughput was easily 15-20x higher than what was observed in October 2020 and the Bn77 coverage was substantially bet-
ter than what was observed a little more than one year ago with Bn5. The Bn77 spectral efficiency was also much higher than
observed with any of the operator's LTE bands. The publisher logged at least 500 kilometers while drive testing with Bn77 pre-
sent a good majority of the time - this time excluded the low double-digit percentage of the time when the smartphone was using
mmWave. NR-DC is forthcoming in a few months but it isn't available today. They even ventured far west of Minneapolis while
driving on remote gravel roads past horse farms while attached to the network.

Bn77 and LTE coverage was compared using all the traditional metrics. The publisher also dedicated much time comparing
Bn77 and Bn41 (T-Mobile 2.5 GHz) performance and coverage, not to mention the effective coverage area of a cell site de-
ployed in a rural area. While the laws of physics still exist, the results also indicate that while the areas with Bn41 modestly ex-
ceeded the areas with Bn77, the Bn77 uplink coverage and overall performance was superior to that of Bn41. No obvious Bn77
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shortcomings were documented compared with the operator's LTE network coverage. Results indicate a one-to-one overlay and
to the extent there were coverage gaps, there were attributed to existing LTE cell sites that haven't been upgraded with Bn77
radio assets. All testing was done outdoors, meaning in-building Bn77 coverage could be an issue.

Verizon has also deployed FDD-TDD carrier aggregation, which provides a critical performance advantage. The operator's 5G
NR mmWave coverage has greatly expanded since last tested by the publisher - the total throughput with 400 MHz (4 carriers)
was higher than what was observed with 800 MHz (8 carriers) when the network first launched.

Highlights of the Report include the following:

e Publisher Methodology: a recently-purchased Galaxy S21 FE smartphone was used with a Verizon test SIM to
collect downlink/uplink performance data while driving ~500 kilometers and consuming 1.48 TB of data. Chipset
diagnostic messages were analyzed using time and area binning (5x5 meter grids) to provide the most meaningful
results and analysis.

o FDD-TDD CA and UL-256QAM is alive and well. The Verizon network supported both features which we be-
lieve are critical for a successful mid-band 5G NR deployment. Greater use of FDD-TDD CA and device support
for UL-256QAM are important success factors.

e Bn77vs Bn4l Coverage. Although the area covered by Bn41 was modestly larger than it was for Bn77, the Bn77
uplink coverage and performance (average throughput, spectral efficiency) was better than Bn41. Data suggests
a one-for-one overlay of Bn77 on the existing LTE cell grid with no obvious detrimental impact on overall per-
formance (e.g., performance at cell handover, etc.).

o Fixed Wireless Access is in the works. Bn77 capacity in rural areas, including in areas where another broadband
option doesn't exist, greatly exceeds what is needed for eMBB. Analysis of throughput versus distance to the
serving cell site also revealed rural coverage at 3.7 GHz won't be a limiting factor. mmWave would make a great
complementary solution.

(5G NR Benchmark Study: Verizon 5G UltraWideband (Bn77) (globenewswire.com))
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WHY CHOOSE NOKIA 5G CARRIER
AGGREGATION?

Together with the leading mobile network operators across the world and the user equipment ecosys-
tem, we have commercially introduced two component, three component and four component 5G Car-
rier Aggregation to enable Multi-Gigabit 5G on sub-6 GHz frequency allocations.

We also have Carrier Aggregation commercially available for high-band. On millimeter wave spectrum,
Carrier Aggregation with eight component carriers in downlink and four component carriers in uplink
enables reaching even higher data rates.

Nokia 5G Carrier Aggregation:

e Works in 5G Non-Standalone and 5G Standalone in the same cells for smooth migration from NSA to
SA

e Boosts 5G performance

« By aggregating low-band carriers for coverage and mid-band carriers for capacity, helps deliver Multi-
Gigabit user data speeds already today.

5G Carrier Aggregation is software running on the baseband unit, easy to activate in Nokia 5G net-
works. The supported Carrier Aggregation band combinations are following the quarterly 3GPP spec-
ification updates. Our quarterly software updates ensure the best possible band combination support,
and bring more flexibility for mobile operators to optimize their network coverage and capacity.

Nokia 5G Carrier Aggregation works with massive MIMO and dynamic spectrum sharing, enabling a
further capacity boost on mid-band and more flexibility for low-band aggregation.

Nokia AirScale ensures uncompromised RF bandwidth for efficient multi-carrier sub-6 GHz Carrier
Aggregation. Additionally, our AirScale baseband is optimized for providing the processing capacity
and scalability for multi-carrier, large bandwidth Carrier Aggregation.

(https://www.nokia.com/networks/mobile-networks/carrier-aggregation/)

Ericsson spearheads 5G carrier aggregation
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milestones with key partners

Ericsson has achieved groundbreaking milestones for carrier aggregation in 5G New Radio (NR) technology
together with key customers and ecosystem partners.
Ericsson has recently pushed 5G carrier aggregation (5G CA) technology to new levels after a series of successful interoperability

tests with customers including T-Mobile and Optus, and ecosystem partners such as Qualcomm and MediaTek. The interoperability
tests use carrier aggregation to extend the coverage of 5G, boost network capacity, and increase data speeds.

Ericsson’s collaboration with partners has so far resulted in several 5G firsts:

e World’s first 5G standalone (SA) data session with 5G CA on a commercial smartphone completed with
T-Mobile, LG and MediaTek. With 5G CA, T-Mobile can combine its different 5G spectrum bands —
starting with 2.5 GHz mid-band and 600 MHz low-band — boosting speeds and increasing the footprint
of T-Mobile’s mid-band 5G. It’s also a key step in expanding T-Mobile’s nationwide standalone archi-
tecture 5G network by increasing SA 5G capacity and speeds. (October 2020)

e A 2300 + 3500MHz 5G Non-Standalone Carrier Aggregation call made by Optus using Ericsson tech-
nology and Samsung’s Galaxy S20 5G handset range. The call showed the benefit of using both spec-
trum frequencies simultaneously, namely, a significant increase in the average and peak 5G speeds that
customers, with an eligible handset, will benefit from as the capability becomes available. (August 2020)

o First to complete all three combinations of NR time division duplex (TDD) and frequency division du-
plex (FDD) carrier aggregation (CA) together with MediaTek. The companies carried out a 5G SA data
call by aggregating 20MHz on FDD spectrum and 100MHz on TDD spectrum with MediaTek’s Di-
mensity 1000+ chipset at the Ericsson Lab in Kista. (September 2020)

o Completed pioneering interoperability tests for 5G SA carrier aggregation across both FDD/TDD and
TDD/TDD bands together with Qualcomm Technologies. 5G CA allows service providers to use mul-
tiple sub-6 GHz spectrum channels simultaneously to transfer data between base stations and a 5G mo-
bile device. (August 2020)

Per Narvinger, Head of Product Area Networks, Ericsson says: “From technology development to wider area
deployments, Ericsson continues to spearhead 5G innovation with customers and industry partners. To maxim-
ize the full potential of the mid-band spectrum, we’ve developed 5G NR carrier aggregation solutions that will
help our customers deploy a better 5G with greater coverage, increased capacity and higher data speeds. These
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solutions will extend the coverage of the high capacity mid-band spectrum. By enabling peak speeds, coverage

and capacity, 5G carrier aggregation will be a real game-changer.”

Ericsson’s 5G NR carrier aggregation solution will be commercially available in the fourth quarter of 2020 with

a global rollout expected during 2021.
(https://www.ericsson.com/en/news/2020/10/5g-carrier-aggregation)
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[24a] a first down-converter circuit hav-
ing a first input coupled to receive a first
up-converted signal, a second input cou-
pled to receive a first demodulation signal
having a first RF frequency, and an out-
put, wherein the first down-converter cir-
cuit outputs a first down-converted signal
on the first down-converter output;

The Accused Instrumentalities include a first down-converter circuit having a first input coupled to receive a first up-converted signal,
a second input coupled to receive a first demodulation signal having a first RF frequency, and an output, wherein the first down-
converter circuit outputs a first down-converted signal on the first down-converter output. For example:

6.7 CARRIER AGGREGATION

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required
per serving cell as depicted on Figures 6.7-1 and 6.7-2 below:
- In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated
per assignment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ
retransmissions are mapped to a single serving cell.

I
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Figure 6.7-2: Layer 2 Structure for UL with CA configured

(3GPP TS 38.300 V17.5.0)
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Tl Designs

Multi-Band RF Sampling Receiver Solution

Tl Designs

The RF sampling receiver captures signals directly in
the radio frequency (RF) band. In a multi-band
application, the desired signals do not have a very
wide band, but they are spaced far apart within the
spectrum. The ADC32RF8&0 is a dual-channel, 14-hit,
3-GSPS RF sampling telecom receiver. The 3-dB input
bandwidth is 3 GHz, and it captures signals up to

4 GHz. The device includes two digital down
converters (DDC) per channel. The DDC offers
decimation values from 8 to 32 and includes a 16-bit
numerically controlled oscillator to move the captured
signal down to digital baseband. With the high
sampling rate of the ADC32RF80, the device captures
a large swatch of the RF spectrum, which contains
signals in multiple bands and potentially undesired

interferers. The DDC independently mixes the desired
bands to digital baseband. Decimation reduces the
outEut data rate 0 a lower level and Erowaes alglta

interference and to improve signal-to-noise ratio (SNR)
performance. This feature is critical for high-end
telecommunication receivers that require high dynamic

range.
(https://www.ti.com/lit/ug/tidubq3/tidubq3.pdf)

W# TEXAS INSTRUMENTS

Design Features
« 3-GSPS RF Sampling Receiver Solution

« Low Noise, High Dynamic Range RF Sampling

Receiver Solution
+ Programmable Decimation from 8 to 32

« Dual Digital Down-Converter With Independent

Numerically Controlled Oscillators

Featured Applications

+  Wireless Base Station Multi-Band or Multi-Mode

Receiver
*  Multi-carrier GSM Receiver
« Digital Pre-Distortion Feedback Receiver
+ Telecommunications Receiver
« Carrier Agaregation Receiver
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(https://www.ti.com/lit/ug/tidubq3/tidubq3.pdf)
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The Broadcom ACFM-2S13 is a quadplexer device that combines Band 1 and Band 3 duplexers into a single, miniature
package. Band 4 duplexer is co-banded. The device features a single antenna connection, eliminating the need for an-
tenna switching. High Isolation between bands enables the use of carrier aggregation.

The ACFM-2S13 is designed with Broadcom’s innovative filter capability which makes possible ultra-small, high-Q
filters at a fraction of their usual size. Low Tx Insertion Loss of the ACFM-2S13 reduces power amplifier current, ex-
tending battery life. The device enhances receiver sensitivity and dynamic range with low Rx Insertion Loss and high
rejection of Tx signals at the Rx ports.

Features

Single antenna
High cross band isolation

*  Enables carrier aggregation
Band 4 co-banding
Miniature size

*  2.0x2.5 mm footprint

e 0.710 mm typ. height
High Power Rating
Environmental

*  RoHS 6 Compliant

*  Halogen Free

e TBBPA Free

(https://www.broadcom.com/products/wireless/demo-boards/acfm-2s13)
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[24b] a second down-converter circuit
having a first input coupled to receive the
first up-converted signal, a second input
coupled to receive a second demodulation
signal having a second RF frequency dif-
ferent than the first RF frequency, and an
output, wherein the second down-con-
verter outputs a second down-converted
signal on the second down-converter out-
put, wherein the first up-con verted signal
comprises a first signal modulated at the
first RF frequency and a second signal
modulated at the second RF frequency;
and

The Accused Instrumentalities include a second down-converter circuit having a first input coupled to receive the first up-converted
signal, a second input coupled to receive a second demodulation signal having a second RF frequency different than the first RF
frequency, and an output, wherein the second down-converter outputs a second down-converted signal on the second down-converter
output, wherein the first up-con verted signal comprises a first signal modulated at the first RF frequency and a second signal modu-
lated at the second RF frequency. For example, in receiver designs believed to be representative of those used in the Accused Instru-
mentalities:

INAFTM
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(https://www.ti.com/lit/ug/tidubq3/tidubq3.pdf)
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[24c] a filter having an input coupled to
the output of the first down-converter and
the output of the second down-converter,
and in accordance therewith, the filter re-
ceives the first and second down-con-
verted signals.

The Accused Instrumentalities include a filter having an input coupled to the output of the first down-converter and the output of the
second down-converter, and in accordance therewith, the filter receives the first and second down-converted signals. For example, in
receiver designs believed to be representative of those used in the Accused Instrumentalities:

Tl Designs

Multi-Band RF Sampling Receiver Solution

wi# TexAs INSTRUMENTS

Tl Designs

The RF sampling receiver captures signals directly in
the radio frequency (RF) band. In a multi-band
application, the desired signals do not have a very
wide band, but they are spaced far apart within the
spectrum. The ADC32RF80 is a dual-channel, 14-bit,
3-GSPS RF sampling telecom receiver. The 3-dB input
bandwidth is 3 GHz, and it captures signals up to

4 GHz. The device includes two digital down
converters (DDC) per channel. The DDC offers
decimation values from 8 to 32 and includes a 16-bit
numerically controlled oscillator to move the captured
signal down to digital baseband. With the high
sampling rate of the ADC32RF80, the device captures
a large swatch of the RF spectrum, which contains
signals in multiple bands and potentially undesired
interferers. The DDC independently mixes the desired
bands to digital baseband. Decimation reduces the

outEut data rate to a lower level and provides algltal

interference and to improve signal-to-noise ratio (SNR)
performance. This feature is critical for high-end
telecommunication receivers that require high dynamic
range.

(https://www.ti.com/lit/ug/tidubq3/tidubq3.pdf)

Design Features

3-GSPS RF Sampling Receiver Solution

Low Noise, High Dynamic Range RF Sampling
Receiver Solution

Programmable Decimation from 8 to 32

Dual Digital Down-Converter With Independent
Numerically Controlled Oscillators

Featured Applications

Wireless Base Station Multi-Band or Multi-Mode
Receiver

Multi-carrier GSM Receiver

Digital Pre-Distortion Feedback Receiver
Telecommunications Receiver

Carrier Aaaredgation Receiver
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Analog versus digital filters

If an analog engineer and digital engineer discuss filters, the digital engineer may dismiss ana-
log. This would be a mistake. The filtering standard with any analog-to-digital (A/D) conversion
is to have the analog LPF before the digital filter (Figure 1).

> Analog

Input
Signal

=

Analog
Low Pass
Filter

Analog to
Digital
Conversion

Digital

Filter

Figure 1: A block diagram of an analog-to-digital signal chain with the analog filter before the
digital filter. (Image source: DigiKey)

After the analog LPF attenuates higher frequencies above the bandwidth of interest. the ADC
converts the signal into a digital word. Following this accomplishment. the digital filter can op-

erate on the signal within the bandwidth of interest.

(https://www.digikey.com/en/articles/why-and-how-to-use-digital-filters-for-analog-to-digital-conver-

sions)

Page 162 of 162

TPR2024-00946
Petitioners' Ex. 1013
Ex.1013.0162



	Claim 1
	Claim 2
	Claim 3
	Claim 4
	Claim 6
	Claim 8
	Claim 9
	Claim 10
	Claim 13
	Claim 14
	Claim 17
	Claim 21
	Claim 23
	Claim 24



