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From Alison Richards <arichards@giplg.com>
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To sang.baek@samsung.com <sang.baek@samsung.com>; inspark@samsung.com <inspark@samsung.com>; kyjp@samsung.com
<kyjp@samsung.com>; j.haughton@samsung.com <j.haughton@samsung.com>

Cc  Irwin Park <ipark@giplg.com>
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Hi Kevin and Jamal:
Attached is a letter about GenghisComm'’s patent portfolio. Please let us know if Samsung would like to discuss a license.

Regards,

Alison Aubry Richards
GLOBAL IP LAW GROUP, LLC
55 West Monroe Street

Suite 3400

Chicago, lllinois 60603
arichards@giplg.com

Direct: 312.241.1505

Cell: 773.987.1172
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GLOBAL IP LAW GROUP, LLC
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—~ SUITE 3400
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GLOBALIP LAW GROUP 312.241.1500
GIPLG.COM
VIA EMAIL AND UPS

Alison Richards
arichards@giplg.com
Mr. Sang Baek 312.241.1505 (Direct)

Licensing

Samsung Electronics

40th floor Samsung Electronics Building,

11, Seocho-daero 74-gil, Seocho District, Seoul , South Korea
sang.baek@samsung.com

November 19, 2020

Mr. In Sung Park

Senior Manager, IP Business Development
Samsung Electronics

416, Maetan 3-Dong, Yeongtong-Gu, Suwon
Gyeonggi-Do, South Korea, 443-743
inspark(@samsung.com

Kevin Kwon

Licensing Team, IP Center
Samsung Electronics Co., Ltd.
33 Seongchon-gil, Seocho-gu
Seoul 06765, Republic of Korea
Email: kyjp@samsung.com

Mr. Jamal Haughton

General Counsel

Samsung Electronics America
105 Challenger Rd

Ridgefield Park NJ 7660
j.haughton@samsung.com

Re: GenghisComm Holdings Patent Portfolio
Dear Sirs:

We represent GenghisComm Holdings, LLC, the owner of the portfolio of 60+ issued
patents detailed in Appendix A. In addition to those on Appendix A, nearly 40 additional
and continuation patents are pending, which will disclose and teach even more
technological innovation to the industry, including Samsung. Steve Shattil, Director of
GenghisComm, is the named inventor on the patents and holds advanced degrees in
physics and electrical engineering.
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Many of GenghisComm’s patents relate to signal-processing technology that Samsung
includes and uses in all of its Samsung phones, tablets, netbooks, etc. (e.g. Samsung
Galaxy phones, Samsung Galaxy S 20, Galaxy Tab A, Galaxy Watch3 and Galaxy Book
S). Although GenghisComm did not participate in setting the standards, many of
GenghisComm’s patents recite features that the LTE, 4G and 5G technical specifications
later incorporated.

GenghisComm’s patented technology has reduced smartphone costs and improved their
performance. For example, GenghisComm’s patented technology has improved the
power efficiency of uplink transmissions while also reducing interference, thereby
improving device battery life. GenghisComm’s patented technology allows for a less
expensive power amplifier and battery. GenghisComm’s patented technology also allows
for a smaller battery, which enables today’s slim smartphone form-factors.
GenghisComm’s pending patents will provide even more significant improvements to
these technologies, which could provide Samsung additional competitive advantages and
enable new and better products and services.

Others, including AT&T, Cisco, Dell, Facebook, Fujitsu, Movandi, Innowireless and
others have cited the patents in this portfolio during prosecution of their own patents.

We are writing today to offer Samsung a license to this patent portfolio.
Evidence of Samsung’s Use of Technology

The example claim charts at Attachments 1-5 provide examples of evidence of
Samsung’s use of GenghisComm’s patented technology. These infringement charts
include:

U.S. Patent 9,768,842 - Pre-coding in multi-user MIMO

U.S. Patent 9,800,448 - Spreading and precoding in OFDM

U.S. Patent 10,009,208- Spreading and precoding in OFDM

U.S. Patent 10,200,227 - Pre-coding in multi-user MIMO

U.S. Patent 10,389,568 - Single carrier frequency division multiple access
baseband signal generation

Nk W=

All of Samsung’s LTE-enabled devices use the technology recited in these
GenghisComm patents and claims. Each of these charted claims are entitled to a priority
date at least as early as May 14, 2002. Expiration dates for patents in GenghisComm’s
portfolio extend into at least 2039.

Accordingly, Samsung should be licensed to continue using GenghisComm’s patented
technologies. You may wish to have your patent counsel examine the patents and claim
charts with respect to Samsung’s devices. Please let us know once you’ve had an
opportunity to review and consider our identified patents with reference to Samsung’s
products and services.

Samsung v. GenghisComm
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Please let us know if Samsung would like to discuss a license to this portfolio.

Very truly yours,

//" Fy {,—:‘-{_
/ (A Vit
Dz'-'“ i "

Enclosures

Notice

This letter shall not be construed to grant any express or implied license, authorization, covenant-not-to-
sue, immunity, forbearance, indulgence, waiver, release or any other right with respect to these patents or
otherwise. The owners reserve all rights with regard to its patents, including but not limited to: (1) the right
to seek injunctive or other relief, including royalties or other damages going back at least as far as the last
six years; (2) the right to change any royalty rates at any time; and (3) the right to change or withdraw any
licensing offer at any time without notice. You should not rely on any communication, lack of
communication, and/or any inactivity from Global IP Law Group or these owners as a relinquishment,
acquiescence, waiver, or compromise of any of these owners’ rights or as a change or withdrawal of any
prior assertions stated. This letter and any subsequent related discussions do not create any obligation by
the owners to proceed with any license or other contract with you. These owners reserve the right, in its
sole discretion, to abandon or withdraw from at any time for any reason any discussions contemplated by
this letter.

Samsung v. GenghisComm
IPR2025-00780, 9,768,842
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Appendix A

Country Application No. Patent No. Title

us 11/187,107 8,670,390 | Cooperative Beamforming in
Wireless Networks

us 12/545,572 8,750,264 | Cooperative Wireless Networks

us 14/168,442 8,942,082 | Cooperative Subspace Multiplexing
in CDNs

us 14/275,161 9,042,333 | Cooperative Wireless Networks

us 14/276,309 9,048,897 | Cooperative Wireless Networks

us 14/511,585 9,136,931 | Cooperative Wireless Networks

us 14/164,253 9,225,471 | Cooperative Subspace Multiplexing
in Comm Nets

us 14/164,254 9,270,421 | Cooperative Subspace
Demultiplexing in Comm Nets

us 13/647,686 9,325,805 | Content Delivery in Wireless Wide
Area Networks

us 14/498,499 9,473,226 | Sharing Resources Between
Wireless Networks

us 14/967,633 9,485,063 | Pre-Coding in Multi-User MIMO

us 15/149,382 9,628,231 | Spreading and Precoding in OFDM

us 15/283,881 9,768,842 | Pre-Coding in Multi-User MIMO

us 15/075,975 9,774,505 | Content Delivery in Wireless Wide
Area Networks

us 15/218,609 9,798,329 | Airborne Relays in Cooperative
MIMO

us 15/489,664 9,800,448 | Spreading and Precoding in OFDM

us 15/076,000 9,806,953 | Content Delivery in Wireless Wide
Area Networks

us 14/168,466 9,819,449 | Cooperative Subspace
Demultiplexing in CDNs

us 14/980,493 9,844,061 | LPI/LPD Communication Systems

us 14/709,936 9,893,774 | Cloud Radio Access Network

us 15/618,888 9,967,007 | Cooperative Wireless Networks

us 15/644,209 10,009,208 | Spreading and Precoding in OFDM

us 15/642,850 10,015,034 | Spreading and Precoding in OFDM

us 15/268,992 10,015,801 | Sharing Resources Between
Wireless Networks

us 15/152,028 10,021,175 | Edge Server Selection for Device-

1 Samsung v. GenghisComm
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Country Application No. Patent No. Title
Specific Network Topologies

us 15/792,122 10,038,584 | Spreading and Precoding in OFDM

us 15/406,926 10,142,082 | Pre-Coding in OFDM

us 16/027,007 10,158,617 | Sharing Resources Between
Wireless Networks

us 15/396,567 10,200,227 | Pre-Coding in Multi-User MIMO

usS 15/295,271 10,211,892 | Spread-OFDM Receiver

us 16/026,001 10,230,559 | Spreading and Precoding in OFDM

us 16/021,001 10,243,773 | Efficient Peak-to-Average-Power
Reduction for OFDM and MIMO-
OFDM

us 15/810,760 10,305,636 | Cooperative MIMO

us 14/789,949 10,355,720 | Distributed Software-Defined Radio

us 15/786,270 10,389,568 | Single carrier frequency division
multiple access baseband signal
generation

us 16/030,852 10,419,533 | Edge Server Selection for Device-
Specific Network Topologies

usS 14/733,013 10,425,135 | Coordinated Multipoint Systems

us 16/199,199 10,444,766 | Airborne Relays in Cooperative
MIMO

us 16/263,970 10,447,520 | Efficient Peak-to-Average-Power
Reduction for OFDM and MIMO-
OFDM

us 15/347,415 10,499,409 | Cooperative and Parasitic Radio
Access Networks

us 16/364,734 10,505,774 | Efficient Peak-to-Average-Power
Reduction for OFDM and MIMO-
OFDM

us 15/785,692 10,514,709 | Airborne Relays in Cooperative
MIMO

usS 16/027,191 10,574,497 | Spreading and Precoding in OFDM

us 15/810,828 10,587,369 | Cooperative Subspace Multiplexing

us 16/393,877 10,637,544 | Distributed Radio System

us 15/988,898 10,637,705 | Peak-to-Average-Power Reduction
for OFDM Multiple Access

us 16/199,221 10,644,916 | Spreading and Precoding in OFDM

us 10/145,854 10,673,758 | Carrier Interferometry Networks

UsS 16/709,093 10,728,074 | Efficient Peak-to-Average-Power

QIR oanahie

2
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Country Application No. Patent No. Title
Reduction for OFDM and MIMO-
OFDM

us 16/569,033 10,735,503 | Content Delivery in Wireless Wide
Area Networks

us 16/426,240 10,778,492 | Single carrier frequency division
multiple access baseband signal
generation

us 16/502,700 10,797,732 | Distributed Antenna Systems

us 16/502,723 10,797,733 | Distributed Antenna Systems

us 16/779,659 10,797,766 | Distributed Radio System

us 13/116,984 10,014,882 | Method and Apparatus for Fast
Prototyping of Wireless
Transceivers

us 16/442,493 10,756,790 | Distributed Radio System

us 15/973,523 10,840,978 | Cooperative Wireless Networks

us 10/131,163 7,430,257 | Multicarrier Sub-layer

us 11621014 7,593,449 | Multicarrier Sub-layer

us 12/328,917 7,965,761 | Multicarrier Sub-layer

AU 2016297892 2016297892 | Airborne Relays in Cooperative

MIMO
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Confidential; disclosure pursuant to FRE 408 .
Non-limiting example of infringement based on information presently available (draft/subject to revision) 4 N\
Claim preamble may not serve as a limitation.

GLOBALIP LAWGROUP

U.S. Patent No. 9,768,842: Samsung LTE-enabled devices!

Claim 1

Analysis

Select Evidence

An OFDM transmitter,
comprising:

Samsung LTE-enabled devices
(“Samsung devices”) include at
least one OFDM transmitter which
provides LTE capability that
meets every element of claim 1.

(Continued on next page)

Galaxy S20 FE5G | S20 5G | S20+5G | 520 Ultra 5G From $10.84/mo for
HIGHLIGHTS DESIGN CAMERA MODELS 520 FE5G SPECS ACCESSORIES COMPARE
LTE

Enhanced 4x4 MIMQ, Up to 7CA, LTE Cat.20
Up to 2.0Gbps Download / Up to 150Mbps Upload

Galaxy Tab A 8.4"(... $279.99 |Save up to an extra $21.00 with Samsung Discount Program

Network
Number of SIM SIM Slot Type
Single-SIM SIM 1+ MicroSD

Network/Bearer (S/W Enabled)

3G UMTS 4G FDD LTE
B81(2100),82(1900), B2(1900),B3(1800),B4(AWS),
B5(850),88(900) B5(850),87(2600),B13(700),

L B20(800) Bo6IANSS) |

Galaxy Tab A 8.4" (... $279.99|Save up to an extra $21.00 with Samsung Discount Program

Netwaork/Bearer (S/W Enabled)

3G UMTS 4G FDD LTE
B1(2100),B2(1900), B2(1900),B3(1800),BAAWS),
B5(850),B&(900) B5(850),B7(2600),B13(700),

B20(800),B66(AWS-3)

Galaxy Book S

GALAXYBOOKS DESIGN PERFORMANCE CONNECTIVITY  ACCESSORIES  SPECS

Network

Nano SIM

*May differ by region, country, market and mobile operator.
Source: https://www.samsung.com/us/mobile/galaxy-s20-5g/specs/;
https://www.samsung.com/us/mobile/tablets/galaxy-tab-a/galaxy-tab-a-8-4-verizon-sm-
t307uznavzw/#specs; https://www.samsung.com/us/mobile/wearables/smartwatches/galaxy-
watch3-45mm-mystic-silver-lte-sm-r845uzsaxar/#specs;
https://www.samsung.com/global/galaxy/galaxy-book-s/specs/

L This chart applies to all Samsung LTE-enabled devices, including, but not limited to, Samsung Galaxy S 20, Galaxy Tab A, Galaxy Watch3 and Galaxy Book S.
Other Samsung LTE-enabled devices, including any recently discontinued LTE-enabled phone, watch, laptop and tablet, infringeghiﬁfatent in a sybstantiall
similar, if not identical, manner. a

sung v. GenghisComm

us Pat. 9 FEER2023n080, 9,168,842
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“

Claim 1

Analysis

Select Evidence

As shown to the right, LTE “is
based on OFDMA (Orthogonal
Frequency Division Multiple
Access),” such that Samsung
devices must include an OFDM
(orthogonal frequency division
multiplexing) transmitter.

GSM was developed to carry real time services, in a circuit switched manner (blue in figure 1), with data services only possible
over a circuit switched modem connection, with very low data rates. The first step towards an IP based packet switched (green
in figure 1) solution was taken with the evolution of GSM to GPRS, using the same air interface and access method, TDMA
(Time Division Multiple Access).

To reach higher data rates in UMTS (Universal Mobile Terrestrial System) a new access technology WCDMA (Wideband Code
Division Multiple Access) was developed. The access network in UMTS emulates a circuit switched connection for real time
services and a packet switched connection for datacom services (black in figure 1). In UMTS the IP address is allocated to the
UE when a datacom service is established and released when the service is released. Incoming datacom services are therefore
still relying upon the circuit switched core for paging.

The Evolved Packet System (EPS) is purely IP based. Both real time services and datacom services will be carried by the IP
protocol. The IP address is allocated when the mobile is switched on and released when switched off.

The new access solution, LTE, is based on OFDMA (Orthogonal Frequency Division Multiple Access) and in combination with
higher order modulation (up to 64QAM), large bandwidths (up to 20 MHz) and spatial multiplexing in the downlink (up to 4x4)
high data rates can be achieved. The highest theoretical peak data rate on the transport channel is 75 Mbpsin the uplink, and in
the downlink, using spatial multiplexing, the rate can be as high as 300 Mbps.

The LTE access network is simply a network of base stations, evolved NodeB (eNB), generating a flat architecture (figure 2).
There is no centralized intelligent controller, and the eNBs are normally inter-connected viathe X2-interface and towards the
core network by the S1-interface (figure 2). The reason for distributing the intelligence amongst the base-stations in LTE is to
speed up the connection set-up and reduce the time required for a handover. For an end-user the connection set-up time for a
real time data session is in many cases crucial, especially in on-line gaming. The time for a handover is essential for real-time
services where end-users tend to end calls if the handover takes too long.

Source: https://www.3gpp.org/technologies/keywords-acronyms/98-Ite

Samsung v. GenghisComm

us Pat. 9, FEER2023n080, 9,168,842
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GLOBAL IP LAW GRDUP

Claim 1

Analysis

Select Evidence

an OFDM spreader
configured to spread a
plurality of data symbols
with Fourier coefficients
to generate a discrete
Fourier Transform
(DFT)-spread data
signal;

The transmitter in Samsung
devices includes an OFDM
spreader configured to spread a
plurality of data symbols with
Fourier coefficients to generate a

discrete Fourier Transform (DFT)-

spread data signal.

As shown to the right, the LTE
specification requires transform
precoding that is applied using a
Fourier transform.

Application of the precoding
transform (e.g., Samsung
devices’ transmitter) “result[s] in a

block of complex-valued symbols”

to be spread onto an uplink
resource (shown below).

5.1.1

An uplink physical channel corresponds to a set of resource elements carrying information originating from higher
layers and is the interface defined between 36.212 and 36.211. The following uplink physical channels are defined:

Physical channels

- Physical Uplink Shared Channel, PUSCH
- Physical Uplink Control Channel, PUCCH
- Physical Random Access Channel, PRACH

* k ok k

51.2

An uplink physical signal is used by the physical layer but does not carry information originating from higher layers.
The following uplink physical signals are defined:

Physical signals

- Reference signal

* % % %

5.3.3  Transform precoding

The block of complex-valued symbols d(0),....d (M .y, —1) is divided into M, / M, PUSCH gets, each corresponding

to one SC-FDMA symbol. Transform precoding shall be applied according to

Mmqﬂl _1 . 2mk
I puscH
z dd- MPUSCH +ije M
PUSCH
U s¢

k =0,..,MPUSH _1

PUSCH
1= 0, My, [MEUSCH

2(-MPSM 1 gy =

resulting in a block of complex-valued symbols z(0),...,z(M, . —1) . The variable MSF;USCH My PUSCH NS'EB , Where

Mgs*H represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

MESH =2% 3% .5% < NE
where @, ,@;,@s is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00_60/ts_136211v080700p.pdf

Samsung v. GenghisComm

us Pat. 9, FER2023n0780, ,5L6R8,842
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Claim 1

Analysis

Select Evidence

a mapper configured to
map the DFT-spread
data signal to a plurality
of OFDM subcarriers;
and

The transmitter in Samsung
devices includes a mapper
configured to map the DFT-
spread data signal to a plurality of
OFDM subcarriers.

As shown to the right, to comply
with LTE standards, the OFDM
transmitter in Samsung devices
must be able to map the DFT-
spread data signals (e.g., the
complex-valued symbols
discussed above) to multiple
subcarriers.

5.3

Physical uplink shared channel

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:

- scrambling

- modulation of scrambled bits to generate complex-valued symbols

- transform precoding to generate complex-valued symbols

- mapping of complex-valued symbols to resource elements

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

_| Modulation Transform

— Scrambling

_| SC-FDMA

Resource

mapper precoder

" | element mapper

| signal gen.

Figure 5.3-1: Overview of uplink physical channel processing.

* % k%

5.3.4 Mapping to physical resources

The block of complex-valued symbols z(0),...,z(M ., —1) shall be multiplied with the amplitude scaling factor

Bruscu in order to conform to the transmit power P,;;, specified in Section 5.1.1.1 in [4], and mapped in sequence

starting with z(0) to physical resource blocks assigned for transmission of PUSCH. The mapping to resource elements

!k,l l corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals and not reserved for possible SRS transmission shall be in increasing order of first the index & , then

the index / , starting with the first slot in the subframe.

Source:

https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v080700p.pdf

Samsung v. GenghisComm

us Pat. 9, FER2023n0780, 9,568,842
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Claim 1

Analysis

Select Evidence

As shown to the right, the LTE-
defined uplink resource grid
includes “SC-FDMA symbols”
generated using the DFT
discussed above.

The symbols are mapped to the
resource elements within a
resource block, with each
resource block including multiple
subcarriers.

One uplink slot T,
- -

‘N:;'.;,,SC-FDMA symbols.

k=NgENEB 1

Resource
blgck L& resource
" Noymy XNy elements
A s
g
E s
@ =
o =
5.8
» un a Resource
a | 3w ~ (k1)
=3 -~ element
= 53_ -
X| =
53 -
Fo
=
v
v | k=0
1=0 I=NUL -1

symb —

Figure 5.2.1-1: Uplink resource grid.

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 1

Analysis

Select Evidence

an OFDM modulator
configured to modulate
the DFT-spread data
signal onto the plurality
of OFDM subcarriers to
produce an OFDM
transmission signal
comprising a
superposition of the
OFDM subcarriers,

The transmitter in Samsung
devices includes an OFDM
modulator configured to modulate
the DFT-spread data signal onto
the plurality of OFDM subcarriers
to produce an OFDM
transmission signal comprising a
superposition of the OFDM
subcarriers, wherein the OFDM
spreader is configured to provide
the superposition with a reduced
peak-to-average power ratio.

As shown to the right, to comply
with LTE standards, the OFDM
modulator in Samsung devices
must be able to modulate the
DFT-spread data signals (e.g.,
the complex-valued symbols
discussed above) onto multiple
subcarriers to produce an OFDM
transmission signal (e.g., SC-
FDMA baseband signal as
described in section 5.6 of LTE
standard) for each antenna port.

As is known in the art, the
superposition of subcarriers is the
complex-valued time-domain
OFDM signal, which is the sum of
OFDM subcarriers.

5.3

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:

Physical uplink shared channel

- scrambling

- modulation of scrambled bits to generate complex-valued symbols

- transform precoding to generate complex-valued symbols
- mapping of complex-valued symbols to resource elements

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

S bli _| Modulation Transform | Resource _| SC-FDMA -
crambling "1 mapper precoder " | element mapper | signal gen. -

Figure 5.3-1: Overview of uplink physical channel processing.

5.3.2 Modulation

The block of scrambled bits 5 (0),...,.b (M pit — 1) shall be modulated as described in Section 7.1, resulting in a block of
complex-valued symbols d(0),...,d (M ., —1) . Table 5.3.2-1 specifies the modulation mappings applicable for the

physical uplink shared channel.
Table 5.3.2-1: Uplink modulation schemes

Modulation schemes
QPSK, 16QAM, 64QAM

Physical channel
PUSCH

5.4.3 Mapping to physical resources

The block of complex-valued symbols z(i) shall be multiplied with the amplitude scaling factor Bpyccy in order to

conform to the transmit power Py~ specified in Section 5.1.2.1 in [4], and mapped in sequence starting with z(0)

to resource elements. PUCCH uses one resource block in each of the two slots in a subframe. Within the physical
resource block used for transmission, the mapping of z(i) to resource elements (k,l ) not used for transmission of

reference signals shall be in increasing order of first k ,then [ and finally the slot number, starting with the first slot in
the subframe.

Samsung v. GenghisComm

us Pat. 9, FER2023n0780, 9,508,842
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Claim 1

Analysis

Select Evidence

During SC-FDMA baseband
signal generation, the DFT-
spread data signals are
modulated onto the OFDM
subcarriers for each uplink slot to
produce the time-domain OFDM
signal represented by the time-
continuous signal equation shown
to the right.

5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by a resource grid of Ny NP subcarriers and NSI)J,[,;,b SC-FDMA

C

symbols. The resource grid is illustrated in Figure 5.2.1-1. The quantity N5 depends on the uplink transmission
bandwidth configured in the cell and shall fulfil

NpinUL < NuL < max.UL
where NgiU =6 and Npa™"™ =110 is the smallest and largest uplink bandwidth, respectively, supported by the
current version of this specification. The set of allowed values for N EBL is given by [7].

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by higher layers and is
given in Table 5.2.3-1.

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s, (t) in SC-FDMA symbol [ in an uplink slot is defined by

[vgEw 2] - o
5 (I): ao, -eﬂﬁ(hlﬂ)‘sf("Nwm}
k= NENE 12

for0<t< (NC” +N)><TS where k7 =k + \_N%‘Nf /ZJ, N =2048, Af =15kHz and a, is the content of resource
element (k,t) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with [ =0, where SC-FDMA

I-1
symbol / >0 starts at time ZI'—U(NCP »+N)T within the slot.

Table 5.6-1lists the values of N(p, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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wherein the OFDM
spreader is configured to
provide the
superposition with a
reduced peak-to-
average power ratio.

As shown to the right, research
has shown that the use of SC-
FDMA, as discussed above, by
the LTE specification reduces
peak to average power ratio as
compared to other uplink
strategies (e.g., OFDMA).

Thus, Samsung devices, which
utilize the LTE standard’s SC-
FDMA, will show reduced peak-
to-average power ratio.

Performance evaluation of PAPR in OFDM for UMTS-LTE system

Publisher: IEEE PDF

M. Ismail ; Ridza Fauzi ; Jamil Sultan ; N. Misran ; H. Mohamad ; Waheb A. Jabbar All Authors

1Paper ga!ent g’ugl:\l o ] © .
Citation Citations Text Views
Abstract Abstract:
Next generation mobile telecommunication networks will provide high data rates needed for multimedia rich
Document Sections applications as the demand in mobile broadband services is expected to increase in the coming years.
Orthogonal Frequency Division Multiplexing (OFDM) technique has been increasing its popularity as a
I Introduction transmission scheme for several radio technologies. One of the challenging issues in OFDM technique is
Il PAPR and its high peak-to-average power ratio (PAPR). This paper studies the performance of PAPR in long term
Constellation Shaping evolution (LTE) of universal mobile telecommunications system (UMTS). The implementation will be based
Technique on specifications and protocols from 3rd Generation Partnership Project (3GPP) work groups. The
simulator used to simulate UMTS-LTE environment has been developed in Matlab which follows the
I Simulation Model standard according to UMTS-LTE physical layer transmission scheme. Evaluation results show that

e reduction of PAPR can be seen in UMTS-LTE model compared to conventional OFDM model.
Source: https://ieeexplore.ieee.org/document/6362555

OFDMA vs. SC-FDMA

* Multi-carrier OFDM signal exhibits high

PAPR (Peak to Average Power Ratio)
due to in-phase addition of subcarriers. /\ A
* Power Amplifiers (PAs) must AWAWAY/ »\\/p /\»/ &
accommodate occasional peaks and this \/“\ f‘“ \ /
results low efficiency of PAs, typically \/ \
only 15-20% efficient. Low PA efficiency In-phase
significantly shortens battery life. addition of sub-
— carriers creates
| To minimize PAPR, LTE has adapted SC- peaks in the
FDMA (single carrier frequency division OFDM signal
multiple access) in the uplink. SC-FDMA
exhibits 3-6 dB less PAPR than OFDMA. O
EETimés”
Source:

http://www.octoscope.com/English/Collaterals/Presentations/octoScope 4GPHYTest 20091201.p
df
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The OFDM transmitter
recited in claim 1,
wherein the OFDM
modulator comprises an
inverse fast Fourier
transform.

Samsung devices include an
OFDM transmitter described in
claim 1 wherein the OFDM
modulator comprises an inverse
fast Fourier transform.

As shown to the right, to comply
with LTE standards, the OFDM
modulator in Samsung devices
must comprise an inverse fast
Fourier transform to produce the
time-continuous signal S;(t) in
SC-FDMA as described in section
5.6 of the LTE Standard.

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s, (r) in SC-FDMA symbol / in an uplink slot is defined by

(N,{,,LN;B /ﬂ -1
s,(t): ak{,,‘l
k:—[N{%NﬁBIZJ

12 V28 (-Nep 1)

for0<t< (NCP,I +N)><Ts where k7 =k + LN‘;}%N? /ZJ, N =2048, Af =15kHz and a, is the content of resource
element (k,[ ) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of 7, starting with / =0, where SC-FDMA
symbol ! >0 starts at time Zi’_-lu(NCPv" + N)T, within the slot.

Table 5.6-1lists the values of Ncp, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.
Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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The OFDM transmitter
recited in claim 1, further
comprising a cyclic
prefix appender
configured to append at
least one of a cyclic
prefix, a postfix, and a
guard interval to the
OFDM transmission
signal.

Samsung devices include an
OFDM transmitter described in
claim 1 further comprising a cyclic
prefix appender configured to
append at least a cyclic prefix, to
the OFDM transmission signal.

As shown to the right, to comply
with LTE standards, the OFDM
transmitter in Samsung devices
must include a cyclic prefix
appender configured to append at
least a cyclic prefix as described
in section 5.2 of the LTE
Standard.

Table 4.2-1: Configuration of special subframe (lengths of DWPTS/GP/UpPTS).

Special subframe Normalevelic prefixin downlink Exte ink
configuration DWPTS UpPTS DwPTS UpPTS
Normal Extended Normal cyclic Extended cyclic
cyclic prefix cyclic prefix prefix in uplink prefix in uplink
in uplink in uplink
0 6592-T, 7680-T,
1 19760-T, 20480 T,
2192.T, 2560-T,
2 21952-T, 2192.7, 25607, 23040-T,
3 24144-T, 25600 T,
4 26336-T, 7680-T,
5 6592-T, 20480 T, 4384-T, 5120-T,
6 19760-T, 23040 T,
4384-T, 5120-T,
7 21952-T, - - -
8 24144-T, - - -
* * ok *
5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by a resource grid of N,E,I;N :EB subcarriers and N, :j,';,b SC-FDMA
symbols. The resource grid is illustrated in Figure 5.2.1-1. The quantity Ny depends on the uplink transmission
bandwidth configured in the cell and shall fulfil

min, UL UL max,UL
Ngg" < Ngg €Nggp

min, UL

where Ngg' =6 and N f{’é"’m’ =110 is the smallest and largest uplink bandwidth, respectively, supported by the

current version of this specification. The set of allowed values for Ngy is given by [7].

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by higher layers and is
given in Table 5.2.3-1.

* k % %
Table 5.2.3-1: Resource block parameters.
Configuration NSIiB N:;;b
Normal cyclic prefix 12 7
Extended cyclic prefix 12 6
Source:

https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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The OFDM transmitter
recited in claim 1,
wherein the OFDM
spreader is configured to
provide channel
precoding.

Samsung devices include an
OFDM transmitter described in
claim 1 wherein the OFDM
spreader is configured to provide
channel precoding.

As shown to the right, SC-FDMA
signal generation includes a
transform precoding step.

5.3 Physical uplink shared channel

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols

- transform precoding to generate complex-valued symbols

- mapping of complex-valued symbols to resource elements

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

| Modulation Transform .|  Resource _| SC-FDMA
mapper precoder element mapper signal gen.

l

—{ Scrambling

Figure 5.3-1: Overview of uplink physical channel processing.

* % % %

5.3.3  Transform precoding

The block of complex-valued symbols d(0),....d(M, ., —1) is divided into M, . / M PSR gets, each corresponding

SC

to one SC-FDMA symbol. Transform precoding shall be applied according to

1 M&usm -1 - 2mik
® PUSCH
[ s PUSCH Z di-M SiUSCH +ie M
Msc i=0
k=0,.,ME5H _

PUSCH
1=0,.., M, [MESCH

2(1- MEUSCH 4 p) =

sC

resulting in a block of complex-valued symbols z(0),...,z(M svmb = 1) . The variable M ;USCH =M Il:gscu - NSEB , Where

M EES™ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MESSCH — 9@ 3% 505 < UL

where &, ,o;,¢;5 is a set of non-negative integers.

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00_60/ts_136211v080700p.pdf
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U.S. Patent No. 9,800,448: Samsunqg LTE-enabled devices!?

Claim 1

Analysis

Select Evidence

An apparatus, comprising:

Samsung LTE-enabled
devices (“Samsung devices”)
include an LTE chip for
transmitting and receiving
cellular LTE signals.

Galaxy 520 FE5G | 520 5G | 520+ 5G | S20 Ultra 5G From $10.84/ma for
HIGHLIGHTS DESIGN CAMERA MODELS S20FESG SPECS ACCESSORIES COMPARE
LTE

Enhanced 4x4 MIMO, Up to 7CA, LTE Cat.20
Up to 2.0Gbps Download / Up to 150Mbps Upload

Galaxy Tab A 8.4" (... $279.99 |Save up to an extra $21.00 with Samsung Discount Program

Network
Number of SIM SIM Slot Type
Single-SIM 5IM 1+ MicroSD

Network/Bearer (S/W Enabled)
3G UMTS

B1(2100),B2(1900),
B5(850),B8(900)

4G FDD LTE
B2(1900),B3(1800),B4AWS),
B5(850),B7(2600),813(700),

L BZ0(R00)B66AWS.S) |
Galaxy TabA 8.4" (... $279.99 |Save up to an extra $21.00 with Samsung Discount Program

Network/Bearer (S/W Enabled)
3G UMTS

B1(2100),B2(1900),
B5(850),B8(900)

4G FDD LTE
B2(1900),B3(1800),B4(AWS),
B5(850),B7(2600),B13(700),
B20(B00) Bo6(AWS-3)

Galaxy Book S

GALAXYBOOKS  DESIGN PERFORMANCE CONNECTIVITY  ACCESSORIES  SPECS

Network

Nano SIM

*May differ by region, country, market and mobile operator.
Source: https://www.samsung.com/us/mobile/galaxy-s20-5g/specs/;
https://www.samsung.com/us/mobile/tablets/galaxy-tab-a/galaxy-tab-a-8-4-verizon-sm-
t307uznavzw/#specs; https://www.samsung.com/us/mobile/wearables/smartwatches/galaxy-
watch3-45mm-mystic-silver-lte-sm-r845uzsaxar/#specs;
https://www.samsung.com/global/galaxy/galaxy-book-s/specs/

L This chart applies to all Samsung LTE-enabled devices, including, but not limited to, Samsung Galaxy S 20, Galaxy Tab A, Galaxy Watch3 and Galaxy Book S.

Other Samsung LTE-enabled devices, including any recently discontinued LTE-enabled phone, watch, laptop and tablet, infringeghi%{)atent ina bstalﬁiall
similar, if not identical, manner. a 1
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As shown to the right, LTE “is
based on OFDMA
(Orthogonal Frequency
Division Multiple Access),”
such that Samsung devices
must be able to handle
OFMDA transmissions.

GSM was developed to carry real time services, in a circuit switched manner (blue in figure 1), with data services only possible
over a circuit switched modem connection, with very low data rates. The first step towards an IP based packet switched (green
in figure 1) solution was taken with the evolution of GSM to GPRS, using the same air interface and access method, TDMA
(Time Division Multiple Access).

To reach higher data rates in UMTS (Universal Mobile Terrestrial System) a new access technology WCDMA (Wideband Code
Division Multiple Access) was developed. The access network in UMTS emulates a circuit switched connection for real time
services and a packet switched connection for datacom services (black in figure 1). In UMTS the IP address is allocated to the
UE when a datacom service is established and released when the service is released. Incoming datacom services are therefore
still relying upon the circuit switched core for paging.

The Evolved Packet System (EPS) is purely IP based. Both real time services and datacom services will be carried by the IP
protocol. The IP address is allocated when the mobile is switched on and released when switched off.

The new access solution, LTE, is based on OFDMA (Orthogonal Frequency Division Multiple Access) and in combination with
higher order modulation (up to 64QAM), large bandwidths (up to 20 MHz) and spatial multiplexing in the downlink (up to 4x4)
high data rates can be achieved. The highest theoretical peak data rate on the transport channel is 75 Mbpsin the uplink, and in
the downlink, using spatial multiplexing, the rate can be as high as 300 Mbps.

The LTE access network is simply a network of base stations, evolved NodeB (eNB), generating a flat architecture (figure 2).
There is no centralized intelligent controller, and the eNBs are normally inter-connected viathe X2-interface and towards the
core network by the S1-interface (figure 2). The reason for distributing the intelligence amongst the base-stations in LTE is to
speed up the connection set-up and reduce the time required for a handover. For an end-user the connection set-up time for a
real time data session is in many cases crucial, especially in on-line gaming. The time for a handover is essential for real-time
services where end-users tend to end calls if the handover takes too long.

Source: https://www.3gpp.org/technologies/keywords-acronyms/98-Ite
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a transform precoder
operable to spread a plurality
of data symbols with a
plurality of orthogonal
spreading codes comprising
complex-valued coefficients
of a discrete Fourier
transform (DFT) to produce a
plurality of spread symbols;

To comply with the LTE
specification for uplink
physical channels, Samsung
devices must include a
transform precoder.

The transform precoder is
used to apply complex-valued
coefficients (e.g., “complex-
valued symbols”) to OFDM
subcarriers (discussed
below). The complex-valued
coefficients are values in a
discrete Fourier transform.

As known in the art, one
property of the DFT matrix? is
that it is an orthogonal matrix,
thus the symbols will be
orthogonally spread.

5.1.1

An uplink physical channel corresponds to a set of resource elements carrying information ori ginating from higher
layers and is the interface defined between 36.212 and 36.211. The following uplink physical channels are defined:

Physical channels

- Physical Uplink Shared Channel, PUSCH
- Physical Uplink Control Channel, PUCCH

- Physical Random Access Channel, PRACH

* k k k

5.1.2

An uplink physical signal is used by the physical layer but does not carry information originating from higher layers.
The following uplink physical signals are defined:

- Reference signal

Physical signals

* k k%

5.3.3  Transform precoding

The block of complex-valued symbols d(0),...,d(M ., —1) is divided into M, . / M PUSCH sets, each corresponding

SC

to one SC-FDMA symbol. Transform precoding shall be applied according to

M‘PUSCH -1 . 2mk

1 . ~J pusca
d(l-MEUSCH e Ms

#M PUSCH 2
sC
PUSCH
k=0,.,MPU5H
1=0,..,M gy [MEVSCH

Z(I'MSPCUSCH +k) —

resulting in a block of complex-valued symbols z(0),...,z(M ., —1) . The variable M EUSH = pF0SH . NRE yhere

symb

MM represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MggSH =2%.3% .5% < Ngg

where «, 03,0 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf

2 See e.g., https://www2.math.uconn.edu/~olshevsky/classes/2018 Spring/math3511/FFT.pdf for a general description of DFT nﬁtﬂmsung v. GenghlsComm
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a multiple access resource
mapper responsive to an
assignment of spectrum
resources to the apparatus
for selecting a plurality of
orthogonal frequency division
multiplexing (OFDM)
subcarriers corresponding to
at least one OFDM symbol
interval; and

To comply with the LTE
specification for uplink
physical channels, Samsung
devices must include a
multiple access resource
mapper.

As shown to the right, to
comply with LTE standards,
the OFDM transmitter in
Samsung devices must be
able to map the DFT-spread
data signals (e.qg., the
complex-valued symbols
discussed above) to multiple
subcarriers. Symbols are
mapped “to physical resource
blocks assigned for
transmission of PUSCH.”

5.3 Physical uplink shared channel

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:

- scrambling

- modulation of scrambled bits to generate complex-valued symbols

- transform precoding to generate complex-valued symbols

- mapping of complex-valued symbols to resource elements

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

| Modulation
mapper

— Scrambling

Transform

precoder

Resource

" | element mapper

_| SC-FDMA
"| signal gen.

Figure 5.3-1: Overview of uplink physical channel processing.

534

* ok ok ok

Mapping to physical resources

The block of complex-valued symbols z(0),...,z(M symb —1) shall be multiplied with the amplitude scaling factor

Brusen in order to conform to the transmit power PP[ sscy Specified in Section 5.1.1.1 in [4], and mapped in sequence

starting with z(0) to physical resource blocks assigned for transmission of PUSCH. The mapping to resource elements

(k1) corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals and not reserved for possible SRS transmission shall be in increasing order of first the index & , then

the index ! , starting with the first slot in the subframe.

Source:

https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts_136211v080700p.pdf
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As shown to the right, the
LTE-defined uplink resource
grid includes “SC-FDMA
symbols” generated using the
DFT discussed above.

The symbols are mapped to
the resource elements within
a resource block, with each
resource block including
multiple subcarriers.

Source:

One uplink slot T,

- -

NY- SC-FDMA symbols
- L

k=NggNEE 1

Resource
block . resource
7 Nagmp X Nee elements
'y N

L
Q9

E |5

8 |t
5 3

[ =1 Resource

o | 7o (k,D)
= -~ element

z| 2y

X =z

52

-~
=z
\J
v [ [ [ [ | [ k=0
UL
1=0 I=NJh—1

Figure 5.2.1-1: Uplink resource grid.
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a signal generator operable
to generate an OFDM signal
comprising a superposition of
the plurality of OFDM
subcarriers modulated by the
spread symbols,

To comply with the LTE
specification for uplink
physical channels, Samsung
devices must include a signal
generator.

As shown to the right, the
LTE specification requires
SC-FDMA baseband signal
generation, requiring a signal
generator.

During SC-FDMA baseband
signal generation, the DFT-
spread symbols are
modulated onto the OFDM
subcarriers for each uplink
slot to produce the time-
domain OFDM signal
represented by the time-
continuous signal equation
shown to the right.

5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by a resource grid of N%NS%B subcarriers and N :jﬁ,b SC-FDMA

symbols. The resource grid is illustrated in Figure 5.2.1-1. The quantity N 1%]3“ depends on the uplink transmission
bandwidth configured in the cell and shall fulfil

Nmin,UL < NUL < Nmax,UL

RBE  ={/Vpp ={Vgp

where Npo-U —6 and Npe~U =110 is the smallest and largest uplink bandwidth, respectively, supported by the
current version of this specification. The set of allowed values for Nﬂ“ is given by [7].

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by higher layers and is
given in Table 5.2.3-1.

* %k %k %

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s, (t) in SC-FDMA symbol [ in an uplink slot is defined by

(g 2] -

5,(t)=

a. - J2a(k+y2)8f (t=Neyp 1,)
k'

k=—[N%';N§B:‘2J

for0<t< (NCP,.' +N)>-<Ts where k7 =k + \_N%Nf?ﬂ /ZJ, N =2048, Af =15kHz and a, is the content of resource
element (k,1).

The SC-FDMA symbols in a slot shall be transmitted in increasing order of /, starting with / =0, where SC-FDMA
1-1
symbol [ >0 starts at time Zc’—o (Ngp + N)T, within the slot.

Table 5.6-1lists the values of Ncp, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 1

Analysis

Select Evidence

wherein the transform
precoder generates the
plurality of orthogonal
spreading codes to provide
the superposition with a
reduced peak-to-average-
power ratio;

As shown to the right,
research has shown that the
use of SC-FDMA, as
discussed above, by the LTE
specification reduces peak to
average power ratio as
compared to other uplink
strategies (e.g., OFDMA).

Thus, Samsung devices,
which utilize the LTE
standard’s SC-FDMA, will
show reduced peak-to-
average power ratio.

Performance evaluation of PAPR in OFDM for UMTS-LTE system

Publisher: IEEE PDF
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Next generation mobile telecommunication networks will provide high data rates needed for multimedia rich
applications as the demand in mobile broadband services is expected to increase in the coming years.
Orthogonal Frequency Division Multiplexing (OFDM) technique has been increasing its popularity as a

Document Sections

I Introduction transmission scheme for several radio technologies. One of the challenging issues in OFDM technique is

Il. PAPR and its high peak-to-average power ratio (PAPR). This paper studies the performance of PAPR in long term
Constellation Shaping evolution (LTE) of universal mobile telecommunications system (UMTS). The implementation will be based
Technique on specifications and protocols from 3rd Generation Partnership Project (3GPP) work groups. The

simulator used to simulate UMTS-LTE environment has been developed in Matlab which follows the
standard according to UMTS-LTE physical layer transmission scheme. Evaluation results show that
reduction of PAPR can be seen in UMTS-LTE model compared to conventional OFDM model.

Sz)uﬂrbé'fﬁftrbs://ieeexplore.ieee.orq/document/6362555

OFDMA vs. SC-FDMA

| Simulation Model

* Multi-carrier OFDM signal exhibits high
PAPR (Peak to Average Power Ratio)
due to in-phase addition of subcarriers. /\ /\ /\

* Power Amplifiers (PAs) must AVAN / _\\’, v '/\/v &
accommodate occasional peaks and this “\ f‘“ \ /
results low efficiency of PAs, typically U \
only 15-20% efficient. Low PA efficiency In-phase

significantly shortens battery life. addition of sub-

carriers creates
*| To minimize PAPR, LTE has adapted SC- peaks in the
FDMA (single carrier frequency division OFDM signal
multiple access) in the uplink. SC-FDMA
exhibits 3-6 dB less PAPR than OFDMA. O

Source:

EETimes’
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Claim 1 Analysis Select Evidence
and wherein one of the As shown to the right, LTE 5.3.3 Transform precoding
plurality of spread symbols is | transform precoding to
expressed by: generate spread symbols The block of complex-valued symbols d(0),....d (M gy, —1) is divided into M, / M PUSCH gets, each corresponding

(e.g., SC-FDMA symbols)
uses the claimed formula.

MPUSCH _1

1

* MPUSCH

z(1* MEVSCH + k) =

d(l

- 2mik
PUS H
+ e Ms

to one SC-FDMA symbol. Transform precoding shall be applied according to

M PUSCH 2mik

20 MEYSCH 4 oy = pUSCH '2 d(l-MEUSCH 4 e I pgrsci

k=0,. ’MPUSCH 1
1=0,. ,Msymb/MPUSCH 1

resulting in a block of complex-valued symbols z(0),...,z(M gy, —1) . The variable M PUSCH — S NEB  where
MESS™M represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
Mg =2% 3% .5% < N

where a,,&;,05 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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wherein MEVSCH s a DFT
length corresponding to the
plurality of orthogonal
spreading codes,

As shown to the right and as
discussed above, MFYSCH s
used in the DFT to generate
SC-FDMA symbols, and is
the scheduled bandwidth for
uplink transmission,
expressed as a number of
subcatrriers.

MPUSCH is the total number of
OFDM subcarriers and
represents the DFT length.
Since the DFT length of each
code equals MPYSCH each
spreading code causes each
of the plurality of data
symbols to be spread over all
of the OFDM subcarriers.

PUSCH
Msc

Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers

* k k%

5.3.3  Transform precoding

The block of complex-valued symbols d(0),...,d(M g, —1) is divided into M, / M :;USCH sets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

M‘PUSCH 71

e 2
MPUSCH
SC
k=0,.,MPUSCH |
1=0,..M yyp, [ M EUH -1

. 2k
-J M PUSCH

2(l-MESH 4y = d(-MES™ +i)e

resulting in a block of complex-valued symbols z(0),...,z(M —1) . The variable M ::USCH =M ,EESCH -NSEB , where

symb

MESSH represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

MgsH =2 3% .5% < NGk

where @, ,a;,a; is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200_ 136299/136211/08.07.00_60/ts_136211v080700p.pdf
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Claim 1
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lis an index spanning 0 to a
number of symbol intervals
minus one,

As shown to the right:

1= 0, ., Mgymp/MEVSCH — 1
where Mgyp,/MEPSEH — 1 is
the number of SC-FDMA
symbol intervals in an uplink
slot.

That is, [ is an index
spanning from 0 to a number
of SC-FDMA symbols minus
one.

5.3.3  Transform precoding

The block of complex-valued symbols d(0),....d (M gy, —1) is divided into M, / M, PUSCH. gsets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

M PUSCH 2mik

‘2 d([ MPUSCH ) MPUSCII
PUSCH

k=0,. ’MPUSCH 1
1=0,. ,Msymb/MPUSCH 1

( I M PUSCH k

resulting in a block of complex-valued symbols z(0),...,z(M

—1) . The variable M PUSCH = pg PUSCH . 7 RB

sy . » Where

MESS™M represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

Mg =2% 3% .5% < N
where «, 0,05 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 1
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k is an index spanning zero
to the DFT length MEYSCH
minus one,

As shown to the right:
k=0,.., MFUSCH —1

where MEUSCH is the DFT
length.

That is, k is an index
spanning from zero to the
DFT length minus one.

5.3.3  Transform precoding

The block of complex-valued symbols d(0),....d (M gy, —1) is divided into M, / M, PUSCH. gsets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

M PUSCH 2mik

20 MEYSCH 4 oy = '2 d(l-MEUSCH 4 e I s
puscn
PUSCH
k=0,...,Msc -1 srl
1= 0,0, M gy /M -1

—1) . The variable M FUSCH = p PUSCH . BB syhere

resulting in a block of complex-valued symbols z(0),...,z(M gy,

MESS™M represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
Mgp>H =2 .3% 5% < Ngy

where a,,&;,05 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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i is an index spanning zero to
the DFT length MFYSCH minus
one,

d(i) is an i one of the
plurality of data symbols,

As expressed in the
summation shown to the
right, i is an integer-valued
index that spans 0 to
MPEUSCH — 1 where Msymb
identifies the number of data
symbols.

d(i) corresponds to an i" data
symbol within the block of
data symbols.

5.3.3  Transform precoding

The block of complex-valued symbols|d(0),....d (M gy, —1) fis divided into M., / M PUSH sets, each corresponding

sC

to one SC-FDMA symbol. Transform precoding shall be applied according to

M PUSCH 7 2k

1 h | apruscr
2 MESH )= Y d M M
yM :ZUSCH i=0

k=0,.,MSH
PUSCH
1=0,... M [MESH 1

resulting in a block of complex-valued symbols z(0),...,z(M g, —1) . The variable MEPUSE — pp PUSCH . NRB where

MESS™M represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
Mgp>H =2 .3% 5% < Ngy

where «, 0,05 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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e is natural log, As is known in the art, e is 5.3.3 Transform precoding

natural log, j =+v—1,and tis
j= V-1, the mathematical constant Pi. The block of complex-valued symbols

and = is mathematical
constant Pi.

Source:

d(O) a---'d(Msymb - D

( I M PUSCH k

s divided into M ., / M, PUSCH. sets, each corresponding

to one SC-FDMA symbol. Transform precoding shall be applied according to

M PUSCH 2mik

k=0 MPUSCH

‘2 d([ MPUSCH ) MPUSCII
PUSCH

1

1=0,. ,Msymb/MPUSCH 1

resulting in a block of complex-valued symbols z(0),...,z(M

symb

—1) . The variable M FUSCH = p PUSCH . BB syhere

MESS™M represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

Mgp>H =2 .3% 5% < Ngy

where «, 0,05 is a set of non-negative integers.

https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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The apparatus recited in
claim 1, wherein the
transform precoder is
configured to segment the
plurality of data symbols into
a plurality of blocks, each of
the plurality of blocks being
processed by a DFT.

As shown to the right,
transform precoding applies a
DFT (discrete Fourier
transform) “resulting in a
block of complex-valued
symbols....”

5.3.3  Transform precoding

The block of complex-valued symbols d(0),....d (M gy, —1) is divided into M., / M, PUSCH. gsets, each corresponding
to one SC-FDMA symbolITransform precoding shall be applied according to I

M PUSCH 2mik

‘2 d([ MPUSCH ) MPUSCI]
PUSCH

k=0,. ’MPUSCH 1
1=0,. ,Msymb/MPUSCH 1

( I M PUSCH k

I resulting in a block of complex-valued symbols z(0),...,z2(M ., —1) IThc variable M JUSEH = p FUSCH . NRB where

MESS™M represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

Mg =2% 3% .5% < N
where a,,&;,05 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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The apparatus recited

in claim 1, wherein the
multiple access resource
mapper is configured to
select the plurality of OFDM
subcarriers according to at
least one of a frequency
division multiple access
scheme, a time division
multiple access scheme, a
space division multiple
access scheme, and a

frequency-hopping scheme.

As shown to the right, LTE “is
based on OFDMA
(Orthogonal Frequency
Division Multiple Access),”
such that the resource
mapper selects from the
plurality of OFDM subcarriers
according to at least a
frequency division multiple
access scheme.

SC-FDMA stands for single
carrier frequency division
multiple access.

The Evolved Packet System (EPS) is purely IP based. Both real time services and datacom services will be carried by the IP
protocol. The IP address is allocated when the mobile is switched on and released when switched off.

The new access solution, LTE, is based on OFDMA (Orthogonal Frequency Division Multiple Access) and in combination with
higher order modulation (up to 64QAM), large bandwidths (up to 20 MHz) and spatial multiplexing in the downlink (up to 4x4)
high data rates can be achieved. The highest theoretical peak data rate on the transport channel is 75 Mbpsin the uplink, and in
the downlink, using spatial multiplexing, the rate can be as high as 300 Mbps.

Source: https://www.3gpp.org/technologies/keywords-acronyms/98-Ite

5.3.3  Transform precoding

The block of complex-valued symbols d(0),....d (M gy —1) is divided into M g, / M

to ong] SC-FDMA gymbol. Transform precoding shall be applied according to

M‘PUSL‘H -1 . 2mk

o eusch
PUSCH | M
d{l-Mg +i)e

sets, each corresponding

—— >
M PUSCH Pry
5¢ ¥
PUSCH
k=0,..,MPUSCH _1
1=0,... M, [MESCH -1

2(0- MPUSCH gy =

sC

resulting in a block of complex-valued symbols z(0),...,z(M iy, —1) . The variable M PUSCH — p pESCH . NEB  where
MESSM represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MERSH = 2% 3% .5% < NIL

where a,,;,0;5 is a set of non-negative integers.

Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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The apparatus recited

in claim 1, wherein the signal
generator is operable to
perform an inverse fast
Fourier transform.

Samsung devices include an
OFDM transmitter described
in claim 1 wherein the OFDM
modulator comprises an
inverse fast Fourier
transform.

As shown to the right, to
comply with LTE standards,
the OFDM modulator in
Samsung devices must
comprise an inverse DFT to
produce the time-continuous
signal S;(t) in SC-FDMA as
described in section 5.6 of
the LTE Standard. The
inverse fast Fourier transform
is an algorithmically efficient
way of performing the inverse
DFT, and it is used
universally in OFDM
modulators.

5.6

This section applies to all uplink physical signals and physical channels except the physical random access channel.

SC-FDMA baseband signal generation

The time-continuous signal s, (t) in SC-FDMA symbol ! in an uplink slot is defined by

(N,l,:,'gNiB /21 -1
s;(r)= Z Ay e
k:—LNE,';Njé‘* fzJ

2l /2)4f (~Nep T,)

for0<t< (Ncp.f +N)><Ts where k7 =k + LNg,l;NiB /ZJ, N =2048, Af =15kHz and a, is the content of resource
element (k,!).

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with [ =0, where SC-FDMA
1-1
symbol [ >0 starts at time E z’—n(NCP-" +N)T, within the slot.

Table 5.6-1lists the values of Np that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.
Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00_60/ts_136211v080700p.pdf
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The apparatus recited

in claim 1, wherein the
superposition comprises a
time-continuous signal s;(t)
in symbol interval | as a
function of time t, expressed

by:

UL p RB [
[VEENEE 211
SN = Gy(-) €

where NB [N}E] denotes a
transmission bandwidth of
the signal s;(t)

2k 12N flr-Nep Ts)

As shown to the right, the
LTE specification’s SC-FDMA
baseband signal generation
generates a time-continuous
signal according to the
claimed equation.

NFE is the uplink bandwidth
configuration, expressed in
multiples of NZB,

5.6

This section applies to all uplink physical signals and physical channels except the physical random access channel.

SC-FDMA baseband signal generation

The time-continuous signal s, (t) in SC-FDMA symbol / in an uplink slot is defined by

[ nie 12]

5(t)=

a. - 12720 (N 7,)
kN

k:—[N;’ELN:“fzJ

for0<t< (NCP,[ + N))(Ts where k7 =k + LN%‘NI‘EB /QJ, N =2048, Af =15kHz and a,; is the content of resource
element (k1) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with / =0, where SC-FDMA
-1
symbol [ >0 starts at time Zz'—o (Ncpy + N)T, within the slot.

Table 5.6-1lists the values of Ncp, that shall be used. Note that different SC-FDMA symbols within a slot may have

different cyclic prefix lengths.
* k k k

Nﬁ% Uplink bandwidth configuration, expressed in multiples of N:ZB

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 6
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and NXE denotes a number of
OFDM subcarriers per unit of
transmission bandwidth such
that NYANEE equals a total
number of the OFDM
subcarriers in the
superposition,

As shown to the right, NRB is
a resource block size in the
frequency domain expressed
as a number of subcarriers.

As shown to the right, the
total number of subcarriers in
the superposition is NY:NEE.

N;ZB Resource block size in the frequency domain, expressed as a number of subcarriers

* %k k%

One uplink slot T,
- -

N %, SC-FDMA symbols
- -

k=NgENEE 1

Resource

JEI&Ckx B resource
symb ™ se elements

Resource
element

g Subcarrier

XN s

Rp Supcarrer

(k.1

N

UL
RB

v k=0
=Nt -1

symb ~

=0

Figure 5.2.1-1: Uplink resource grid.
Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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k is an index that indicates a
range of a summation,

k(=) =k + Ngg N’ /2,

ay, is a value modulated onto
a ki subcarrier in a symbol
period |,

e is natural log, j =vV—1, mis
mathematical constant Pi,

Af denotes subcarrier
frequency spacing,

N¢p, denotes cyclic prefix
length in number of time units
Ts for symbol interval |;

As shown to the right, k
indicates the range of the
summation used in baseband
signal generation.

As shown to the right, k(—) =
k+ NYENERB /2.

As shown to the right, a,; is
the content (i.e., a value) of a
resource that is modulated
onto a k™ subcarrier in a
symbol period I. k
corresponds to a frequency
domain index of the
subcarrier, and |
corresponding to a time
domain index (symbol
period).

As is known in the art, e is
the natural log, j = v—1, and
m is mathematical constant
Pi.

As shown to the right, Af is
“subcarrier spacing.”

As shown to the right, N¢p, is
a “downlink cyclic prefix
length for OFDM symbol | in a
slot,” where | is the time-
domain index value for a
resource element. The basic
time unit is Ts.

5.6

This section applies to all uplink physical signals and physical channels except the physical random access channel.

SC-FDMA baseband signal generation

The time-continuous signal s, (t) in SC-FDMA symbol / in an uplink slot is defined by

[ nie 12]

5,(r)= a. .,
k=4 NxENEB /2

1272 Ny 7,)

K9 =k + LN?{;NI‘EB /QJ N =2048, Af =15kHz and a,; is the content of resource

for0 <t < (Ngp +N)XT, whe
element (k1) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with / =0, where SC-FDMA
-1
symbol [ >0 starts at time Zz'—o (Ncpy + N)T, within the slot.

Table 5.6-1lists the values of Ncp, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

* k k k

Af Subcarrier spacing
* % k%

Nep, Downlink cyclic prefix length for OFDM symbol / in a slot
* k% %

k.D Resource element with frequency-domain index &k and time-domain index [/
* k% %

T, Basic time unit

Source:

https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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wherein a; ; comprises a one
of the plurality of code
symbols corresponding to a
k" subcarrier symbol in
period I.

As shown to the right, a,; “is
the content [or value] of
resource element (k,l).”

As discussed above, | is time
domain index.

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s, (t) in SC-FDMA symbol / in an uplink slot is defined by

[ nie 12]

5(t)=

a. - 12720 (N 7,)
kN

k:—[N;’ELN:“fzJ

for0<t< (NCP,[ + N))(Ts where k7 =k + LN?{;NI‘EB /QJ, N =2048, Af =15kHz and a,; is the content of resource
element (k1) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with / =0, where SC-FDMA
-1
symbol [ >0 starts at time Zz'—o (Ncpy + N)T, within the slot.

Table 5.6-1lists the values of Ncp, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

* k k k
aé"}) Value of resource element (k./) [for antenna port p ]
* k% k% %
k.D Resource element with frequency-domain index k and time-domain index /
Source:

https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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As shown to the right,
resource elements are
included in a resource block,
with the resource block
defined in terms of the
frequency (k) and time (1)
domain, such that ay; is the
value of a resource element
for each k subcarrier for a
given time index .

Source:

rp Subcarrier

UL
Ngg XN s

rg Subcarrier

N,

One uplink slot T,

- -

NYL SC-FDMA symbols
- L

k=NgsNEP -1

Resource

black . resource
Noymn XN lements

Resource

- element &D

=]

=3

TN |

symb —1

Figure 5.2.1-1: Uplink resource grid.
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The apparatus recited

in claim 1, further comprising
a modulator configured to
form each of the plurality of
data symbols from a plurality
of data bits.

Samsung devices include a
modulator for forming the
plurality of data symbols from
a plurality of data bits.

As shown to the right, the
LTE specification requires
modulating “the block of
scrambled bits...resulting in a
block complex-valued
symbols....”

532 Modulation

The block of scrambled bits 5 (0),.A.,b\ (M ;, —1) shall be modulated as described in Section 7.1, resulting in a block of
complex-valued symbols d(0),...,d(M ., —1) . Table 5.3.2-1 specifies the modulation mappings applicable for the

physical uplink shared channel.
Table 5.3.2-1: Uplink modulation schemes

Modulation schemes
QPSK, 16QAM, 64QAM

Physical channel
PUSCH

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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The apparatus recited

in claim 7, further comprising
a pseudo-noise scrambler
configured to encode the
plurality of data bits with a
pseudo-noise code.

Samsung devices include a
pseudo-noise scrambler.

As shown to the right, the
LTE specification require
scrambling a block of bits
using “a UE-specific
scrambling
sequence...resulting in a
block of scrambled
bits...according to the
following pseudo code....”

5.3.1 Scrambling

The block of bits b(0).,....b(M, —1) , where M, is the number of bits transmitted on the physical uplink shared
channel in one subframe, shall be scrambled with a UE-specific scrambling sequence prior to modulation, resulting in a

block of scrambled bits I; (0),:..; l; (My;, —1) according to the following pseudo code

Seti=0
while 7 < Mbil

if b(i)=x /I ACK/NAK or Rank Indication placeholder bits

~

b(H=1
else
if b(i)= V // ACK/NAK or Rank Indication repetition placeholder bits
b(i)=b(i-1)
Else // Data or channel quality coded bits, Rank Indication coded bits or ACK/NAK coded bits
l;(i) — (b(i) + c(i)) mod 2
ok k%
end if
end if
i=i+1
end while

where x and y are tags defined in [3] section 5.2.2.6 and where the scrambling sequence ¢(7) is given by Section 7.2.

The scrambling sequence generator shall be initialised with ¢, ; = ngyyy s +|_ns/2Jv 224 Nﬁ;“ at the start of each

subframe where 715\ corresponds to the RNTI associated with the PUSCH transmission as described in Section 8[4].

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf

Samsung v. GenghisComm

Us Pat. 9,800 2R 202:3:00 7805 Q748,842
Page 41 GC EX2001



https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v080700p.pdf

Confidential; disclosure pursuant to FRE 408

Non-limiting example of infringement based on information presently available (draft/subject to revision)

Claim preamble may not serve as a limitation.

U.S. Patent No. 10,009,208:

GLOBALIP LAWGROUP
Samsung LTE-enabled devices?
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An apparatus, comprising: Samsung LTE-enabled devices
(“Samsung devices”) includes an
LTE chip for transmitting and

receiving cellular LTE signals.

Galaxy S20 FE5G | 520 5G | S20+ 5G | 520 Ultra 5G From $10.84/ma for

HIGHLIGHTS DESIGN CAMERA MODELS S20 FE5G SPECS

ACCESSORIES COMPARE

LTE

Enhanced 4x4 MIMO, Up to 7CA, LTE Cat.20
Up to 2.0Gbps Download / Up to 150Mbps Upload

Galaxy Tab A 8.4" (... $279.99 |Save up to an extra $21.00 with Samsung Discount Program

Network
Number of SIM SIM Slot Type
Single-5IM SIM 1+ MicrosSD

Network/Bearer (5/W Enabled)
3G UMTS

B1(2100),82(1300),
B5(850),B8(900)

4G FDD LTE
82(1900),B3{1800),B4(AWS),
B5(850),B7(2600),B13(700),
L B20(R00) BeG(AWS-S) |
Galaxy Tab A 8.4" (... $279.99 |Save up to an extra $21.00 with Samsung Discount Program

Network/Bearer (S/W Enabled)
3G UMTS

B1(2100),B2(1900),
B5(850),88(900)

4G FDD LTE
B2(1900),B3(1300),B4(AWS),
B5(850),B7(2600),B13(700),
B20(800) B&6(AWS-3)

Galaxy Book S
GALAXYBOOKS DESIGN PERFORMANCE CONNECTIVITY ~ ACCESSORES  SPECS
Network LTE Cat18
Nano SIM

*May differ by region, country, market and maobile operator.

Source: https://www.samsung.com/us/mobile/galaxy-s20-5g/specs/;

https://www.samsung.com/us/mobile/tablets/galaxy-tab-a/galaxy-tab-a-8-4-verizon-sm-

t307uznavzw/#specs;

https://www.samsung.com/us/mobile/wearables/smartwatches/galaxy-watch3-45mm-

mystic-silver-lte-sm-r845uzsaxar/#specs;
https://www.samsung.com/global/galaxy/galaxy-book-s/specs/

L This chart applies to all Samsung LTE-enabled devices, including, but not limited to, Samsung Galaxy S 20, Galaxy Tab A, Galaxy Watch3 and Galaxy Book S.

Other Samsung LTE-enabled devices, including any recently discontinued LTE-enabled phone, watch, laptop and tablet, infringegglis

similar, if not identical, manner.
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As shown to the right, LTE “is
based on OFDMA (Orthogonal
Frequency Division Multiple
Access),” such that Samsung
devices must be able to handle
OFMDA transmissions.

GSM was developed to carry real time services, in a circuit switched manner (blue in figure 1), with data services only possible
over a circuit switched modem connection, with very low data rates. The first step towards an IP based packet switched (green
in figure 1) solution was taken with the evolution of GSM to GPRS, using the same air interface and access method, TDMA
(Time Division Multiple Access).

To reach higher data rates in UMTS (Universal Mobile Terrestrial System) a new access technology WCDMA (Wideband Code
Division Multiple Access) was developed. The access network in UMTS emulates a circuit switched connection for real time
services and a packet switched connection for datacom services (black in figure 1). In UMTS the IP address is allocated to the
UE when a datacom service is established and released when the service is released. Incoming datacom services are therefore
still relying upon the circuit switched core for paging.

The Evolved Packet System (EPS) is purely IP based. Both real time services and datacom services will be carried by the IP
protocol. The IP address is allocated when the mobile is switched on and released when switched off.

The new access solution, LTE. is based on OFDMA (Orthogonal Freguency Division Multiple Access) and in combination with
higher order modulation (up to 64QAM), large bandwidths (up to 20 MHz) and spatial multiplexing in the downlink (up to 4x4)
high data rates can be achieved. The highest theoretical peak data rate on the transport channel is 75 Mbpsin the uplink, and in
the downlink, using spatial multiplexing, the rate can be as high as 300 Mbps.

The LTE access network is simply a network of base stations, evolved NodeB (eNB), generating a flat architecture (figure 2).
There is no centralized intelligent controller, and the eNBs are normally inter-connected viathe X2-interface and towards the
core network by the S1-interface (figure 2). The reason for distributing the intelligence amongst the base-stations in LTE is to
speed up the connection set-up and reduce the time required for a handover. For an end-user the connection set-up time for a
real time data session is in many cases crucial, especially in on-line gaming. The time for a handover is essential for real-time
services where end-users tend to end calls if the handover takes too long.

Source: https://www.3qgpp.org/technologies/keywords-acronyms/98-Ite
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a transform precoder operable to
spread a plurality of data symbols
with a plurality of orthogonal
spreading codes comprising
complex-valued coefficients of a
discrete Fourier transform (DFT) to
produce a plurality of spread
symbols;

To comply with the LTE
specification for uplink physical
channels, Samsung devices must
include a transform precoder.

The transform precoder is used to
apply complex-valued coefficients
(e.g., “complex-valued symbols”) to
OFDM subcarriers (discussed
below). The complex-valued
coefficients are part of a discrete
Fourier transform.

As known in the art, one property
of the DFT matrix? is that it is an
orthogonal matrix, thus the
symbols will be orthogonally
spread.

5.1.1 Physical channels

An uplink physical channel corresponds to a set of resource elements carrying information originating from higher
layers and is the interface defined between 36.212 and 36.211. The following uplink physical channels are defined:

- Physical Uplink Shared Channel, PUSCH
- Physical Uplink Control Channel, PUCCH
- Physical Random Access Channel, PRACH

* k k%

5.1.2

An uplink physical signal is used by the physical layer but does not carry information originating from higher layers.
The Tollowing uplink physical signals are defined:

Physical signals

- Reference signal
* % k%

5.3.3  Transform precoding

The block of complex-valued symbols d(0)....,d (M gy, —1) is divided into M, / MEUSCH gets, each corresponding

to one SC-FDMA symbol. Transform precoding shall be applied according to

pg PUSCH 2mik

7;—1 2 d(l-MIUscH e
sC

MS}ZUSCH ‘=0

k=0,.,MPUSH |

1=0,0iM gy [ MEVSCH 1

Z(f'Msl:;USCH +k)= +i)e

resulting in a block of complex-valued symbols z(0),...,z(M ,, —1) . The variable MSPUSCH = M,';{;m"4 -NFB  where

e s¢ o

M {gSC“ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

MEUSCH — 9@ 3 50 < UL

where @, ,05,a5 is a set of non-negative integers.

Source:
https.//www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v0
80700p.pdf

2 See e.g., https://www2.math.uconn.edu/~olshevsky/classes/2018 Spring/math3511/FFT.pdf for a general description of DFT nﬁtﬂmsung v. GenghlsComm
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a multiple access resource mapper
responsive to an assignment of
spectrum resources to the
apparatus for selecting a plurality
of orthogonal frequency division
multiplexing (OFDM) subcarriers
corresponding to at least one
OFDM symbol interval; and

To comply with the LTE
specification for uplink physical
channels, Samsung devices must
include a multiple access resource
mapper.

As shown to the right, to comply
with LTE standards, the OFDM
transmitter in Samsung devices
must be able to map the DFT-
spread data signals (e.g., the
complex-valued symbols discussed
above) to multiple subcarriers.
Symbols are mapped “to physical
resource blocks assigned for
transmission of PUSCH.”

5.3

Physical uplink shared channel

- scrambling

- transform precoding to generate complex-valued symbols

- mapping of complex-valued symbols to resource elements

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:

- modulation of scrambled bits to generate complex-valued symbols

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

Scrambling Modulation Transform h| Resource . S_C-FDMA
mapper precoder element mapper signal gen.
Figure 5.3-1: Overview of uplink physical channel processing.
534 Mapping to physical resources

The block of complex-valued symbols z(0),...,z(M symb —1) shall be multiplied with the amplitude scaling factor

Bousen in order to conform to the transmit power P‘,,ﬂ sy Specified in Section 5.1.1.1 in [4], and mapped in sequence
starting with z(0) to physical resource blocks assigned for transmission of PUSCH. The mapping to resource elements

(k.1) corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals and not reserved for possible SRS transmission shall be in increasing order of first the index & , then

the index ! , starting with the first slot in the subframe.

Source:

https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v0

80700p.pdf
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As shown to the right, the LTE-
defined uplink resource grid
includes “SC-FDMA symbols”
generated using the DFT
discussed above.

The symbols are mapped to the
resource elements within a
resource block, with each resource
block including multiple
subcarriers.

One uplink slot T,,,,
- -

]

N %, SC-FDMA symbols
- -

4 k=NgENE® 1
Resource
‘Slﬁ?k NRB resource
- b XN gloments
A s

-

@
25

8 |t
S8

® 09 Resource k.1)
Byl @ ~ element ’
z| 2y

x| =

=

5 A

2 .

v
v | [ ] k=0
UL
=0 I=Ngmy, -1

Figure 5.2.1-1: Uplink resource grid.

Source:

https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v0
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a signal generator operable to
generate an OFDM signal
comprising a superposition of the
plurality of OFDM subcarriers
modulated by the spread symbols,

To comply with the LTE
specification for uplink physical
channels, Samsung devices must
include a signal generator.

As shown to the right, the LTE
specification requires SC-FDMA
baseband signal generation,
requiring a signal generator.

During SC-FDMA baseband signal
generation, the DFT-spread
symbols are modulated onto the
OFDM subcarriers for each uplink
slot to produce the time-domain
OFDM signal represented by the
time-continuous signal equation
shown to the right.

5.2 Slot structure and physical resources

5.21 Resource grid

The transmitted signal in each slot is described by a resource grid of Npy NP subcarriers and Nsl;[,;]h SC-FDMA

symbols. The resource grid is illustrated in Figure 5.2.1-1. The quantity N ][é]; depends on the uplink transmission
bandwidth configured in the cell and shall fulfil

min, UL UL max,UL
NRB = NRB < NRB

where N ﬁné"'UL =6 and N, ngx’UL =110 is the smallest and largest uplink bandwidth, respectively, supported by the

current version of this specification. The set of allowed values for Nﬁ% is given by [7].

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by higher layers and is
given in Table 5.2.3-1.

* Kk k%

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s, (r) in SC-FDMA symbol [ in an uplink slot is defined by

fN,EkNﬁ.“ 12] -1
5(t)= a
k=—|_NﬂgN§B/2J

22N -New )
Ky

for0 <1< (Ngp, +N)XT, where k) =k+ NUNEE /2], N=2048 , Af =15kHz and a, is the content of resource
element (k,!) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of !, starting with / =0, where SC-FDMA

I-1
symbol [ > 0 starts at time Zr—o(NCPJ' + N)T, within the slot.

Table 5.6-1lists the values of Ncp, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.
Source:
https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v0
80700p.pdf
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wherein the transform precoder As shown to the right, research has | Performance evaluation of PAPR in OFDM for UMTS-LTE system
generates the plurality of shown that the use of SC-FDMA, Publisher: IEEE Cha This PDF
orthogonal spreading codes to as discussed above, by the LTE -
prOVide the SuperDOSition Wlth a SpeCification reduces peak to M. Ismail ; Ridza Fauzi ; Jamil Sultan ; N. Misran ; H. Mohamad ; Waheb A. Jabbar  All Authors
reduced peak-to-average-power average power ratio as compared
ratio; to other uplink strategies (e.g., L 2 ot o @ = © a
OFDMA) Citation Citations Text Views
Thus, Samsung devices, which Abstract Abstract:

utilize the LTE standard’s SC-
FDMA, will show reduced peak-to-
average power ratio.

Next generation mobile telecommunication networks will provide high data rates needed for multimedia rich
applications as the demand in mobile broadband services is expected to increase in the coming years.
Orthogonal Frequency Division Multiplexing (OFDM) technique has been increasing its popularity as a

Document Sections

I Introduction transmission scheme for several radio technologies. One of the challenging issues in OFDM technique is

(l. PAPR and its high peak-to-average power ratio (PAPR). This paper studies the performance of PAPR in long term
Constellation Shaping evolution (LTE) of universal mobile telecommunications system (UMTS). The implementation will be based
Technique on specifications and protocols from 3rd Generation Partnership Project (3GPP) work groups. The

simulator used to simulate UMTS-LTE environment has been developed in Matlab which follows the
standard according to UMTS-LTE physical layer transmission scheme. Evaluation results show that
reduction of PAPR can be seen in UMTS-LTE model compared to conventional OFDM model.

Sbl;féé} 7hftps://ieeexp|ore.ieee.orq/document/6362555

OFDMA vs. SC-FDMA

|. Simulation Model

* Multi-carrier OFDM signal exhibits high
PAPR (Peak to Average Power Ratio)
due to in-phase addition of subcarriers.

* Power Amplifiers (PAs) must 4
accommodate occasional peaks and this
results low efficiency of PAs, typically
only 15-20% efficient. Low PA efficiency
significantly shortens battery life.

v
In-phase

addition of sub-

carriers creates
*| To minimize PAPR, LTE has adapted SC- peaks in the
FDMA (single carrier frequency division OFDM signal
multiple access) in the uplink. SC-FDMA
exhibits 3-6 dB less PAPR than OFDMA. O

EETimes’
Source:

http://www.octoscope.com/English/Collaterals/Presentations/octoScope 4GPHYTest
20091201.pdf
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and wherein the superposition
comprises a time-continuous signal
s;(t) in symbol interval | as a
function of time t, expressed by:

[NEENEB j2)-1

si(n) = Z A(-) 4€
k- [VRENE /2]

2k 1A f(=Nep Ts)

where NY% denotes a transmission
bandwidth of the signal s;(t)

As shown to the right, the LTE
specification’s SC-FDMA
baseband signal generation
generates a time-continuous signal
according to the claimed equation.

N§k is the uplink bandwidth
configuration, expressed in
multiples of NRB.

5.6

This section applies to all uplink physical signals and physical channels except the physical random access channel.

SC-FDMA baseband signal generation

The time-continuous signal s, (r) in SC-FDMA symbol [ in an uplink slot is defined by

[vgne 2]

5(t)=

B0, o 28k V2007 -New T,

k:—\_N,{'E;N:fB/ZJ

for0<t< (NCPJ +N)><Ts where k*” =k+LNg§N_£B/2J, N =2048, Af =15kHz and a;, is the content of resource
element (k,7).

The SC-FDMA symbols in a slot shall be transmitted in increasing order of /, starting with { =0, where SC-FDMA
-1
symbol [ >0 starts at time Zr-n(NCP-" + N)T, within the slot.

Table 5.6-1lists the values of Ncp, that shall be used. Note that different SC-FDMA symbols within a slot may have

different cyclic prefix lengths.
* Kk ok ok

Nl% Uplink bandwidth configuration, expressed in multiples of N:ZB

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v0
80700p.pdf
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and NEZ denotes a number of
OFDM subcarriers per unit of
transmission bandwidth such that
NYLNRE equals a total number of
the OFDM subcarriers in the
superposition,

As shown to the right, Nk is a
resource block size in the
frequency domain expressed as a
number of subcarriers.

As shown to the right, the total
number of subcarriers in the
superposition is NV} NEE,

Select Evidence
N:ZB Resource block size in the frequency domain, expressed as a number of subcarriers
* k k%
One uplink slot T,y
N %, SC-FDMA symbols
4 k=NULNRB _)
Resource
gﬁd‘x NRE resource
N symb 7 sc alements
>
&
5 | E
Q =
é 7] % Resource )
ERl element ’
= |2
X |=
52: o
v
v | | k=0
=0 I=Ng5, -1
Figure 5.2.1-1: Uplink resource grid.
Source:
https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v0
80700p.pdf
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k is an index that indicates a range
of a summation,

k() =k + NggNgZ/2,

ay, is a value modulated onto a k™"
subcarrier in a symbol period |,

eis natural log, j = v—-1, mis
mathematical constant Pi,

Af denotes subcarrier frequency
spacing,

N¢p, denotes cyclic prefix length in
number of time units Ts for symbol
interval [;

As shown to the right, k indicates
the range of the summation used in
baseband signal generation.

As shown to the right, k(=) = k +
Nigs Ns¢’ /2.

As shown to the right, a, is the
content (i.e., a value) of a resource
that is modulated onto a k"
subcarrier in a symbol period I. k
corresponds to a frequency domain
index of the subcarrier, and |
corresponding to a time domain
index (symbol period).

As is known in the art, e is the
natural log, j = v—1,and m is
mathematical constant Pi.

As shown to the right, Af is
“subcarrier spacing.”

As shown to the right, N¢p,; is a
“downlink cyclic prefix length for
OFDM symbol | in a slot,” where |
is the time-domain index value for
a resource element. The basic time
unit is Ts.

5.6

This section applies to all uplink physical signals and physical channels except the physical random access channel.

SC-FDMA baseband signal generation

The time-continuous signal s; (t} in SC-FDMA symbol [ in an uplink slot is defined by

[vgng 12] e )
s (t‘ - a0, .eJZKUH»LQ)Af (~Ngp,T,

k=—| N NEB 2

for0 <7< (Nep +N)XT_‘ where| £ =k+|_Ng§N_£B/2J, N =2048, Af =15kHz and|a, , is the content of resource

element (k,l ) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with [ =0, where SC-FDMA
-1
symbol [ >0 starts at time Z[’-l] (Ncp s+ N)T, within the slot.

Table 5.6-1lists the values of Np, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

* k k%

Af Subcarrier spacing
* % %k %

Nep, Downlink cyclic prefix length for OFDM symbol [ in a slot
* k% k%

(k.I) Resource element with frequency-domain index & and time-domain index /
* k% k%

T, Basic time unit

Source:

https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v0
80700p.pdf
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wherein a,; comprises a one of the
plurality of code symbols
corresponding to a k" subcarrier
symbol in period I.

As shown to the right, ay; “is the
content [or value] of resource
element (k,1).”

As discussed above, | is time
domain index.

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s, (I) in SC-FDMA symbol [ in an uplink slot is defined by

[z 2] -
5(t)= a
k:—[N%NEB.’ZJ

 2alk+1/2)47 (- New, 1,)
Ky

for0 <t < (Np, + N)XT, where k) =k+ NEN®E /2], N=2048 , Af =15kHz and ay is the content of resource
element (k,l) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [ , starting with / =0, where SC-FDMA
-1
symbol >0 starts at time Zr-o(NCPJ' +N)T, within the slot.

Table 5.6-1lists the values of Np, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

* % kx %
a,(;’:,) Value of resource element (k.I) [for antenna port p ]
* k k%
k.D Resource element with frequency-domain index & and time-domain index [
Source:

https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00 60/ts_136211v0
80700p.pdf

Samsung v. GenghisComm

us Pat. 10,00bB82825s0607 805 9,708,842

Page 52 GC EX2001



https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v080700p.pdf
https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v080700p.pdf

Confidential; disclosure pursuant to FRE 408 ~
Non-limiting example of infringement based on information presently available (draft/subject to revision) 7/ 3
Claim preamble may not serve as a limitation.

GLOBALIP LAWGROUP

Claim 2

Analysis

Select Evidence

The apparatus recited in claim 1, -
wherein one of the plurality of
spread symbols is expressed by:

MPUSCH_y

X
mEUSCH &y

2(L- MEVSCH + k) =

_j-2mik
) PSCH
d(l - MEUSCH 4 jye "M

As shown to the right, LTE
transform precoding to generate
spread symbols (e.g., SC-FDMA
symbols) uses the claimed formula.

5.3.3  Transform precoding

The block of complex-valued symbols d(0),....d (M gyny, —1) is divided into M g,y / M SIZUSCH sets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

g PUSCH ) j 2mik
1 5 T pgrusca
e D, dMI M e M
VM i=0
k=0,.,MPUSCH 1

[=0,, My, [ MESH -1

- MESM k)=

—1) . The variable MEUSCH = prFUSCH . NRB \where

resulting in a block of complex-valued symbols z(0),...,2(M gy,

M ,‘{gSC“ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MESCH — g% 3o 58 < N UL

where a,,05,0;5 is a set of non-negative integers.

Source:
https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v0
80700p.pdf
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wherein MEUSCH is a DFT length
corresponding to the plurality of
orthogonal spreading codes,

As shown to the right and as
discussed above, MFYSCH is used
in the DFT to generate SC-FDMA
symbols, and is the scheduled
bandwidth for uplink transmission,
expressed as a number of
subcarriers.

MPUSCH is the total number of
OFDM subcarriers and represents
the DFT length. Since the DFT
length of each code equals
MPUSCH "each spreading code
causes each of the plurality of data
symbols to be spread over all of
the OFDM subcarriers.

PUSCH
MSC

Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers

* Kk k%

5.3.3  Transform precoding

The block of complex-valued symbols d(0).....d (M gy, —1) is divided into M., / M :ZUSCH sets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

M PUSCH ) . 2mik

1 T pgrusci
d(-MESM e M«

M PUSCH “Z
sC -
k=0,.,MU5H |

=0, M g, [MEVSCH -1

21 M5 k) =

resulting in a block of complex-valued symbols z(0)....,2(M .y, —1) . The variable M ::,USCH = M,';gSCH -Nin , where

M ,l:gsc“ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

MEUSCH — g 305 535 < UL

where @, ,a;,0; is a set of non-negative integers.

Source:

https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts_136211v0
80700p.pdf
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| is an index spanning O to a
number of symbol intervals minus
one,

As shown to the right:
1=0, .., Mgymp/MEPSH — 1

where Myp,/MEPSH — 1 is the
number of SC-FDMA symbol
intervals in an uplink slot.

That is, [ is an index spanning from
0 to a number of SC-FDMA
symbols minus one.

5.3.3  Transform precoding
The block of complex-valued symbols d(0),....d (M, —1) is divided into M, / M :_.USCH sets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to
MPUSCH _ . 2mk
1 &Z d([ . Msl';USCH +1')g .’MKU:CH
M PuscH 4

k=0,.. MM -1
1=0,00 My [ MEVSH -

2(-MESH 4y =

resulting in a block of complex-valued symbols z(0)....,z(M gy, —1) . The variable M;USCH = M,‘:gSCH -N:ia , where

M ,]:gSCH represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MEUSCH — 922 35 55 o UL

where o, 05,05 is a set of non-negative integers.

Source:

https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts_136211v0
80700p.pdf
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k is an index spanning zero to the
DFT length MEYSCH minus one,

As shown to the right:

k=0,.. MEUSCH _q

where MEUSCH js the DFT length.
That is, k is an index spanning

from zero to the DFT length minus
one.

5.3.3  Transform precoding
The block of complex-valued symbols d(0),...,d(M gy, —1) is divided into M, / M :_,USCH sets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

Mzuscu -1 . 2mk

1 =J
PUSCH Z ad-M :::USCH +i)e M
VM i=0
k=0,.,MPSH 1
1=0, My (ML -1

2(-MEUSCH Ly =

resulting in a block of complex-valued symbols z(0),...,z(M ,, —1) . The variable M;USCH = M,‘:ESCH -N&B , Where

M {SSCH represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MESCEH = p@ 345 5% oy UL

where @,,0,a;5 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v0
80700p.pdf
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i is an index spanning zero to the As expressed in the summation 5313 Transform precoding
DFT length MEYSCH minus one, shown to the right, i is an integer-
valued index that spans 0 to The block of complex-valued symbolsl d(0),....d (M, —1) |is divided into M, /M:ZUSCH sets, each corresponding

MfCUSCH — 1, where Msymb identifies to one SC-FDMA symbol. Transform precoding shall be applied according to
the number of data symbols.

PUSCH _. . 2mik
d(i) is an i one of the plurality of . _ PO gy ! ”&Z ]d(i-M;USC“ _ Jygrusci
data symbols, d(i) corresponds to an i" data ' [ Mgpcuscz? -
symbol within the block of data k=0 MPUSCH_j
symbols.

1=0, My, [MEVSCH

resulting in a block of complex-valued symbols z(0),...,z(M,, —1) . The variable M _:ZUSCH =M ,':ESCH -N:EB , Where

M {gSC“ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

As is known in the art, e is natural s .
1 Y oy o

e is natural log, log, j = V=1, and nt is the Mg ™ =2%.3% .5% < Ny

mathematical constant Pi. where @, ,2;,; is a set of non-negative integers.

J=v-1 Source:
. . . https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v0
and & is mathematical constant Pi. 80700p.pdf
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The apparatus recited in claim 1, As shown to the right, transform 533 Transform precoding
wherein the transform precoder is precoding applies a DFT (discrete
configured to segment the plurality | Fourier transform) “resulting in a The block of complex-valued symbols d(0).....d (M, —1) is divided into M, /MES™ sets, each corresponding
of data symbols into a plurality of block of complex-valued to one SC-FDMA symboll Transform precoding shall be applied according to I
blocks, each of the plurality of symbols....” o -
blocks being processed by a DFT. (1 MPUSH ) = 1 = (LM +i)ejM§rluscu

M PUSCH ‘z
sC =
k=0,.,MPSH _1

1=0,., My, [MEVSCH —

resulting in a block of complex-valued symbols z(0),...,z(M, —1) . The variable M::USCH = M,];gSCH -N:ZB , where

IM {ESC“ represents the bandwidth of the PUSCH in terms of resource blocks,land shall fulfil

MEUSCH — 9@ 30 505 < UL

where @, ,0;,; is a set of non-negative integers.

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v0
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The apparatus recited in claim 1,
wherein the multiple access
resource mapper is configured to
select the plurality of OFDM
subcarriers according to at least
one of a frequency division multiple
access scheme, a time division
multiple access scheme, a space
division multiple access scheme,
and a frequency-hopping scheme.

As shown to the right, LTE “is
based on OFDMA (Orthogonal
Frequency Division Multiple
Access),” such that the resource
mapper selects from the plurality of
OFDM subcarriers according to at
least a frequency division multiple
access scheme.

SC-FDMA stands for single carrier
frequency division multiple
access.

The Evolved Packet System (EPS) is purely IP based. Both real time services and datacom services will be carried by the IP
protocol. The IP address is allocated when the mobile is switched on and released when switched off.

The new access solution, LTE, is based on OFDMA (Orthogonal Frequency Division Multiple Access) and in combination with
higher order modulation (up to 64QAM), large bandwidths (up to 20 MHz) and spatial multiplexing in the downlink (up to 4x4)
high data rates can be achieved. The highest theoretical peak data rate on the transport channel is 75 Mbpsin the uplink, and in

the downlink, using spatial multiplexing, the rate can be as high as 300 Mbps.

Source: https://www.3qgpp.org/technologies/keywords-acronyms/98-Ite

5.3.3  Transform precoding

The block of complex-valued symbols d(0).....d (M, —1) is divided into M .\, / MEUSCH gets, each corresponding

to ongl SC-FDMA kymbol. Transform precoding shall be applied according to

1 M PUSCH —j 2mik
i MPUSCH
_— E d(l-MEUSCH 4 jye M
M PUSCH
VM se =

k=0 MPUSCH _;
=0, My [MEPSCH -1

- MESH 4 =

resulting in a block of complex-valued symbols z(0),...,2(M gy, —1) . The variable M ;USCH = M{SSC" "N, :ZB , where

M ,}:ESCH represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MESSCH —g® 3 505 < UL

where o, ,0;5,05 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v0
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The apparatus recited in claim 1,
wherein the signal generator is

operable to perform an inverse fast

Fourier transform.

Samsung devices includes an
OFDM transmitter described in
claim 1 wherein the OFDM
modulator comprises an inverse
fast Fourier transform.

As shown to the right, to comply
with LTE standards, the OFDM
modulator in Samsung devices
must comprise an inverse DFT to
produce the time-continuous
signal S;(t) in SC-FDMA as
described in section 5.6 of the
LTE Standard. The inverse fast
Fourier transform is an
algorithmically efficient way of
performing the inverse DFT, and
it is used universally in OFDM
modulators.

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s, (r) in SC-FDMA symbol [ in an uplink slot is defined by

[ r2] el o )
5, (l): a0, _ejlz(kH-Q}Af t—~Nep,T,

k:—LNﬁ%NEBJZJ

for0<t< (NCP‘, +N)xT_‘ where k) =k+ LN;’%N}?/ZJ, N =2048, Af =15kHz and a, is the content of resource
element (k,l) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of / , starting with [ =0, where SC-FDMA
-1
symbol [ >0 starts at time E [,_D(NCP‘,' + N)T, within the slot.

Table 5.6-1lists the values of Np, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v0
80700p.pdf
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The apparatus recited in claim 1,
further comprising a modulator
configured to form each of the
plurality of data symbols from a
plurality of data bits.

Samsung devices includes a
modulator for forming the plurality
of data symbols from a plurality of
data bits.

As shown to the right, the LTE
specification requires modulating
“the block of scrambled
bits...resulting in a block complex-
valued symbols....”

5.3.2 Modulation

aaaaa

complex-valued symbols d(0)....,d (M —1). Table 5.3.2-1 specifies the modulation mappings applicable for the

symb

physical uplink shared channel.
Table 5.3.2-1: Uplink modulation schemes

Modulation schemes
QPSK, 16QAM, 64QAM

Physical channel
PUSCH

Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v0

80700p.pdf
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The apparatus recited in claim 7,
further comprising a pseudo-noise
scrambler configured to encode the
plurality of data bits with a pseudo-
noise code.

Samsung devices includes a
pseudo-noise scrambler.

As shown to the right, the LTE
specification require scrambling a
block of bits using “a UE-specific
scrambling sequence...resulting in
a block of scrambled
bits...according to the following
pseudo code....”

5.3.1 Scrambling

The block of bits b(0),....b(M,, —1) , where M, is the number of bits transmitted on the physical uplink shared

channel in one subframe, shall be scrambled with a UE-specific scrambling sequence prior to modulation, resulting in a

block of scrambled bitsl;(O),..,,b\(MM, —1) according to the following pseudo code

Seti=0
while i < My;

if b(i)=x /I ACK/NAK or Rank Indication placeholder bits
b(i)=1

else

if b(i)=y // ACK/NAK or Rank Indication repetition placeholder bits
b)=b(i-1)

Else // Data or channel quality coded bits, Rank Indication coded bits or ACK/NAK coded bits

b(i) = (b)) +c(i)) mod 2
* ok ok K
end if
end if
i=i+1l
end while

where x and y are tags defined in [3] section 5.2.2.6 and where the scrambling sequence ¢(7) is given by Section 7.2.
The scrambling sequence generator shall be initialised with ¢, ; = ngyyy - 2% +LnS /! ZJ» 2% 4N, ﬁ;" at the start of each

subframe where 71g\; corresponds to the RNTI associated with the PUSCH transmission as described in Section 8[4].

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v0
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U.S. Patent No. 10,200,227: Samsung LTE-enabled devices?

Claim 1

Analysis

Select Evidence

A non-transitory
computer-readable
medium including
computer-readable
program code stored
thereon, the computer-
readable program code
configured to be
executed by at least one
processor to implement
a method for generating
an Orthogonal
Frequency Division
Multiplexing (OFDM)
transmission signal, the
method comprising:

Samsung LTE-enabled devices
(“Samsung devices”) include non-
transitory computer-readable
medium including computer-
readable program code stored
thereon, the computer-readable
program code configured to be
executed by at least one
processor to implement each and
every step of claim 1 for
generating an Orthogonal
Frequency Division Multiplexing
(OFDM) transmission signal which
provides LTE capability.

(Continued on next page)

Galaxy S20 FE5G | S20 5G | S20+5G | 520 Ultra 5G From §10.84/mo for

HIGHLIGHTS DESIGN CAMERA MODELS S20FESG SPECS

ACCESSORIES COMPARE

LTE

Enhanced 4x4 MIMO, Up to 7CA, LTE Cat.20
Up to 2.0Gbps Download / Up to 150Mbps Upload

Galaxy Tab A 8.4 (... $279.99 |Save up to an extra $21.00 with Samsung Discount Program

Network
Number of SIM SIM Slot Type
Single-5IM 5IM 1+ MicroSD

Network/Bearer (S/W Enabled)
3G UMTS

B1(2100),B2(1200),
B5(850),88(900)

4G FDD LTE
B2(1900),B3(1800), B4(AWS),
B5(850),B7(26001,B13(7001,
LB20(800) BAA(AWS3) |

Galaxy Tab A 8.4" (... $279.99|Save up to an extra $21.00 with Samsung Discount Program

Network/Bearer (S/W Enabled)
3G UMTS

B1(2100),B2(1200),
B5(850),B8(900)

4G FDD LTE
B2(1900),B3(1800),B4(AWS),
B5(850),B7(2600),813(700),
B20(800),B&6(AWS-3)

Galaxy Book S
GALAXYBOOKS DESIGN PERFORMANCE CONNECTIVITY ~ ACCESSORIES  SPECS
Network LTE Cat18
Nano SIM

*May differ by region, country, market and mobile operator.

Source: https://www.samsung.com/us/mobile/galaxy-s20-5g/specs/;
https://www.samsung.com/us/mobile/tablets/galaxy-tab-a/galaxy-tab-a-8-4-verizon-sm-
t307uznavzw/#specs; https://www.samsung.com/us/mobile/wearables/smartwatches/qgalaxy-
watch3-45mm-mystic-silver-lte-sm-r845uzsaxar/#specs;
https://www.samsung.com/global/galaxy/galaxy-book-s/specs/

L This chart applies to all Samsung LTE-enabled devices, including, but not limited to, Samsung Galaxy S 20, Galaxy Tab A, Galaxy Watch3 and Galaxy Book S.

Other Samsung LTE-enabled devices, including any recently discontinued LTE-enabled phone, watch, laptop and tablet, infringegrg‘i%{)atent ina

similar, if not identical, manner.
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As shown to the right, LTE “is
based on OFDMA (Orthogonal
Frequency Division Multiple
Access),” such that Samsung
devices must include an OFDM
(orthogonal frequency division
multiplexing) transmitter.

GSM was developed to carry real time services, in a circuit switched manner (blue in figure 1), with data services only possible
over a circuit switched modem connection, with very low data rates. The first step towards an IP based packet switched (green
in figure 1) solution was taken with the evolution of GSM to GPRS, using the same air interface and access method, TDMA
(Time Division Multiple Access).

To reach higher data rates in UMTS (Universal Mobile Terrestrial System) a new access technology WCDMA (Wideband Code
Division Multiple Access) was developed. The access network in UMTS emulates a circuit switched connection for real time
services and a packet switched connection for datacom services (black in figure 1). In UMTS the IP address is allocated to the
UE when a datacom service is established and released when the service is released. Incoming datacom services are therefore
still relying upon the circuit switched core for paging.

The Evolved Packet System (EPS) is purely IP based. Both real time services and datacom services will be carried by the IP
protocol. The IP address is allocated when the mobile is switched on and released when switched off.
The new access solution, LTE, is based on OFDMA (Orthogonal Frequency Division Multiple Access) and in combination with

higher order modulation (up to 64QAM), large bandwidths (up to 20 MHz) and spatial multiplexing in the downlink (up to 4x4)

high data rates can be achieved. The highest theoretical peak data rate on the transport channel is 75 Mbpsin the uplink, and in
the downlink, using spatial multiplexing, the rate can be as high as 300 Mbps.

The LTE access network is simply a network of base stations, evolved NodeB (eNB), generating a flat architecture (figure 2).
There is no centralized intelligent controller, and the eNBs are normally inter-connected viathe X2-interface and towards the
core network by the S1-interface (figure 2). The reason for distributing the intelligence amongst the base-stations in LTE is to
speed up the connection set-up and reduce the time required for a handover. For an end-user the connection set-up time for a
real time data session is in many cases crucial, especially in on-line gaming. The time for a handover is essential for real-time
services where end-users tend to end calls if the handover takes too long.

Source: https://www.3gpp.org/technologies/keywords-acronyms/98-Ite
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employing an invertible
transform to spread a
plurality of data symbols
with complex-valued
coefficients to generate
a plurality of spread data
symbols;

The transmitter in Samsung
devices employs an invertible
transform to spread a plurality of
data symbols with complex-valued
coefficients to generate a plurality
of spread symbols.

As shown to the right, the LTE
specification requires transform
precoding that is applied using
invertible transform (e.g., a
Fourier transform).

Application of the precoding
transform (e.g., using Samsung
devices’ transmitter) “resulf[s] in a
block of complex-valued symbols”
to be spread onto an uplink
resource (shown below).

5.3

Physical uplink shared channel

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:

5.3.3

scrambling

modulation of scrambled bits to generate complex-valued symbols

transform precoding to generate complex-valued symbols

mapping of complex-valued symbols to resource elements

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

Scrambling

Transform
precoder

Modulation
mapper

| element mapper

Resource

| SC-FDMA

"| signal gen.

Figure 5.3-1: Overview of uplink physical channel processing.

* k ok k

Transform precoding

The block of complex-valued symbols d(0).....d (M g —1) is divided into M, / M PUSH gets, each corresponding

to one SC-FDMA symbol. Transform precoding shall be a

resulting in a block of complex-valued symbols z(0),...

lied accordin

MP’[ SCH _1

([ MPUSCH +k)—

k=0,.,MPUSCH _

1=0,.

symh

\/m "Z d(l-MEUSCH 4 e

/ M PUSCH -1

j 2k

N M PUSCH

vZ(M aunb

Mgp>" represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

PUSCH
MRB

where @, ,a;,05 is a set of non-negative integers.

Source:

=2%.3% .5% < NJ&

—1) . The variable M V5"

PUSCH a7RB
=MRgSC ‘N, , where
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mapping the spread data
symbols to a plurality of
OFDM subcarriers; and

The transmitter in Samsung
devices maps the spread data
symbols to a plurality of OFDM
subcarriers.

As shown to the right, to comply
with LTE standards, the OFDM
transmitter in Samsung devices
must be able to map the DFT-
spread data signals (e.g., the
complex-valued symbols
discussed above) to multiple
subcarriers.

5.3 Physical uplink shared channel

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- transform precoding to generate complex-valued symbols

- mapping of complex-valued symbols to resource elements

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

. Modulation Transform Resource SC-FDMA
— Scrambling > > - . > —
mapper precoder element mapper signal gen.

Figure 5.3-1: Overview of uplink physical channel processing.

* k ok k

5.3.4  Mapping to physical resources

The block of complex-valued symbols z(0),...,z(M symp — 1) shall be multiplied with the amplitude scaling factor

Bpuscn in order to conform to the transmit power P, specified in Section 5.1.1.1 in [4], and mapped in sequence
starting with z(0) to physical resource blocks assigned for transmission of PUSCH. The mapping to resource elements
(k,I) corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals and not reserved for possible SRS transmission shall be in increasing order of first the index k , then
the index/ , starting with the first slot in the subframe.

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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As shown to the right, the LTE-
defined uplink resource grid
includes “SC-FDMA symbols”
generated using the DFT
discussed above.

The symbols are mapped to the
resource elements within a
resource block, with each
resource block including multiple
subcarriers.

One uplink slot Tj,,
- -

N SC-FDMA symbols
-

-

k=NggNE® -1

Resource
blgck .o resource
7 Ny X Ny elements

') g
&
E &
g |2
o =
58
L% =] Resource
PR (k,D)
2y ® 0 -~ element
Z| By
X| =
=F ’

A

=

\J

Y . [ [ [ | [ [ k=0
UL
1=0 [=Nu -1

Figure 5.2.1-1: Uplink resource grid.

Source:
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responsive to the
mapping, modulating the
spread data symbols
onto the plurality of
OFDM subcarriers to
produce the OFDM
transmission signal
comprising a
superposition of the
OFDM subcarriers,

The transmitter in Samsung
devices modulates the spread
data symbols onto the plurality of
OFDM subcarriers to produce the
OFDM transmission signal
comprising a superposition of the
OFDM subcarriers.

As shown to the right, to comply
with LTE standards, the OFDM
transmitter in Samsung devices
must be able to modulate the
DFT-spread data signals (e.g., the
complex-valued symbols

2(0), ..., 2(Mgymp — 1) discussed
above) onto multiple subcarriers
to produce an OFDM transmission
signal (e.g., SC-FDMA baseband
signal as described in section 5.6
of LTE standard) for each antenna
port.

During SC-FDMA baseband
signal generation, the DFT-spread
data signals are modulated onto
the OFDM subcarriers for each
uplink slot to produce the time-
domain OFDM signal represented
by the time-continuous signal
equation shown to the right.

5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by a resource grid of NygN2P subcarriers and N}j;b SC-FDMA

symbols. The resource grid is illustrated in Figure 5.2.1-1. The quantity N5 depends on the uplink transmission
bandwidth configured in the cell and shall fulfil

NppUt < Ny < Ngget™
where Ngp" =6 and Ngg»" =110 is the smallest and largest uplink bandwidth, respectively, supported by the
current version of this specification. The set of allowed values for ¥ 11{,]; is given by [7].

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by higher layers and is
given in Table 5.2.3-1.

* % % %

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s,(¢) in SC-FDMA symbol  in an uplink slot is defined by

(N,‘{,';Niﬂ fﬂ -1
Sl(f): Z ak(f)'{’e
k=—LN§{; N;“fzj

jar(k+1/2)Af ((~Nep, T,)

for0<r< (NCP,, +N)><Ts where k' =k + \_NgéNfg /ZJ, N =2048, Af =15kHz and a, is the content of resource
element (k,f) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with [ =0, where SC-FDMA

-1
symbol [ >0 starts at time zx'—u(NCP-" + N)T, within the slot.

Table 5.6-1lists the values of Np, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

Source:
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wherein employing the | The transmitter in Samsung Performance evaluation of PAPR in OFDM for UMTS-LTE system

invertible transform is devices employing the invertible

configured to provide the | transform is configured to provide Publisher: IEEE PDF

superposition with a the superposition with a reduced

reduced peak-to- . peak-to-average power ratio. M. Ismail ; Ridza Fauzi ; Jamil Sultan ; N. Misran ; H. Mohamad ; Waheb A. Jabbar ~ All Authors

average power ratio.
As shown to the right, research ;aper 2 490 @ = © a
has shown that the use of SC- Citation Citations Text Views

FDMA, as discussed above, by
the LTE specification reduces
peak to average power ratio as
compared to other uplink

Abstract Abstract:
Next generation mobile telecommunication networks will provide high data rates needed for multimedia rich

. Document Sections applications as the demand in mobile broadband services is expected to increase in the coming years.
strategies (e.g., OFDMA). Orthogonal Frequency Division Multiplexing (OFDM) technique has been increasing its popularity as a
I Introduction transmission scheme for several radio technologies. One of the challenging issues in OFDM technique is
ThUS, Samsung devices, which Il. PAPR and its high peak-to-average power ratio (PAPR). This paper studies the performance of PAPR in long term
utilize the LTE standard’s SC- Constellation Shaping evolution (LTE) of universal mobile telecommunications system (UMTS). The implementation will be based
FDMA, will show reduced peak—to— Technique on specifications and protocols from 3rd Generation Partnership Project (3GPP) work groups. The

simulator used to simulate UMTS-LTE environment has been developed in Matlab which follows the
. Simulation Model standard according to UMTS-LTE physical layer transmission scheme. Evaluation results show that
o reduction of PAPR can be seen in UMTS-LTE model compared to conventional OFDM model.

SE)u?ce: https://ieeexplore.ieee.org/document/6362555

OFDMA vs. SC-FDMA

average power ratio. |

* Multi-carrier OFDM signal exhibits high

PAPR (Peak to Average Power Ratio)
due to in-phase addition of subcarriers. /\ /\ [\

* Power Amplifiers (PAs) must VAR / _\/p N \/
accommodate occasional peaks and this \/“\ [m \ /
results low efficiency of PAs, typically \/ \/
only 15-20% efficient. Low PA efficiency In-phase
significantly shortens battery life. addition of sub-

carriers creates

*| To minimize PAPR, LTE has adapted SC- peaks in the
FDMA (single carrier frequency division OFDM signal
multiple access) in the uplink. SC-FDMA
exhibits 3-6 dB less PAPR than OFDMA. O

w techonline
EETimes
Source:
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The non-transitory
computer-readable
medium recited in claim
1, wherein the
modulating comprises
performing an inverse
fast Fourier transform.

Samsung devices perform the
modulation comprises performing
an inverse fast Fourier transform.

As shown to the right, to comply
with LTE standards, the OFDM
modulator in Samsung devices
must comprise an inverse DFT to
produce the time-continuous
signal S;(t) in SC-FDMA as
described in section 5.6 of the
LTE Standard. The inverse fast
Fourier transform is an
algorithmically efficient way of
performing the inverse DFT, and
it is used universally in OFDM
modulators.

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s (r) in SC-FDMA symbol [ in an uplink slot is defined by

(NﬂjNiB /ﬂ -1
s,(t)= e
k:-[N%N&“fzj

727k 2)8F (t-Nep 7, )

for0<r< (NCPJ +1\.’)><Ts where k' =k+ LN%NJ’:F /2J, N =2048, Af =15kHz and a,, is the content of resource
element (k,[ ) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with / =0, where SC-FDMA
-1
symbol ! >0 starts at time E ":D(NCPJ' +N)T, within the slot.

Table 5.6-1lists the values of Ncp, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.
Source:
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The non-transitory
computer-readable
medium recited in claim
1, further comprising
computer-readable
program code
configured to append at
least one of a cyclic
prefix, a postfix, and a
guard interval to the
OFDM transmission
signal.

Samsung devices comprising
computer-readable program code
are configured to append at least
one of a cyclic prefix to the OFDM
transmission signal.

As shown to the right, to comply
with LTE standards, the OFDM
transmitter in Samsung devices
must include a cyclic prefix
appender configured to append at
least a cyclic prefix as described
in section 5.2 of the LTE
Standard.

Table 4.2-1: Configuration of special subframe (lengths of DwPTS/GP/UpPTS).

Special subframe Normalgyclic prefixin downlink Exte ink
configuration DWPTS UpPTS DWPTS UpPTS
Normal Extended Normal eyclic Extended cyclic
cyclic prefix cyclic prefix prefix in uplink prefix in uplink
in uplink in uplink
0 6592-T, 7680-T,
1 19760-T, 204807,
2192-T, 2560-T,
2 21952-T, 2192-T, 2560-T, 23040-T,
3 24144-T, 25600 T,
4 26336-T, 7680-T,
5 6592-T, 20480 -7, 4384.T, 5120-T,
6 19760-T, 23040-T,
4384-T, 5120-7,
7 21952-T, - - -
8 24144-T, - - -
* * ok x
5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by a resource grid of Nﬂ;N :EB subcarriers and N, :j,';b SC-FDMA

symbols. The resource grid is illustrated in Figure 5.2.1-1. The quantity N 55 depends on the uplink transmission
bandwidth configured in the cell and shall fulfil

min, UL UL max,UL
Ngg' < Ngg €Ngg

where NV =6 and Npa*U" =110 is the smallest and largest uplink bandwidth, respectively, supported by the

current version of this specification. The set of allowed values for Ng& is given by [7].

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by higher layers and is
given in Table 5.2.3-1.

* * k% %
Table 5.2.3-1: Resource block parameters.
Configuration Nﬁn N:;;b
Normal cyclic prefix 12 7
Extended cyclic prefix 12 6
Source:
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The non-transitory
computer-readable
medium recited in claim
1, further comprising
computer-readable
program code to provide
channel precoding.

Samsung devices further include
computer-readable program code
to provide channel precoding.

As shown to the right, SC-FDMA
signal generation includes a
transform precoding step.

5.3 Physical uplink shared channel

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols

- transform precoding to generate complex-valued symbols

- mapping of complex-valued symbols to resource elements

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

. Modulation Transform Resource SC-FDMA
— Scrambling > - > . -
mapper precoder element mapper signal gen.

Figure 5.3-1: Overview of uplink physical channel processing.

* % % %

5.3.3  Transform precoding

The block of complex-valued symbols d(0),...,d(M ., —1) is divided into M, /M S sets, each corresponding

to one SC-FDMA symbol. Transform precoding shall be applied according to

1 MEUSCH ) —j 2mik
h PUSCH

—_— Y dU-M M e M
PUSCH .

A4Sc i=0

k=0 MPUSCH -1
=0,..M"

_ PUSCH
1=0,.,M gy /M2 -1

Z(l'M;USCH +k) —

resulting in a block of complex-valued symbols z(0),...,z(M p —1) . The variable M o> = Mg - N5 | where

M }Q};SC“ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MPUSCH =2% 3% .50 < NUL
RB T 27 7 = VRB

where a,,0;,05 is a set of non-negative integers.

Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00_60/ts_136211v080700p.pdf
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Network
Number of SIM

Single-SIM

3G UMTS
B1(2100),B2(1900),
B5(850),B8(900)

3G UMTS
B1(2100),B2(19200),
B5(850),B8(900)

Network

Nano SIM

Network/Bearer (S/W Enabled)

Network/Bearer (S/W Enabled)

GALAXY BOOK S

Claim 11 Analysis Select Evidence
A method, comprising: Samsung devices include at least | Galaxy S20 FESG | S20 5G | S20+ 5G | 520 Ultra 56 From $10.84/mo for
one OFDM transmitter which
prOVideS LTE Capablllty performs HIGHLIGHTS DESIGN CAMERA S20 FESG ﬁ ACCESSORIES COMPARE
each and every step of claim 11. LTE

Enhanced 4x4 MIMQ, Up to 7CA, LTE Cat.20
Up to 2.0Gbps Download / Up to 150Mbps Upload

Galaxy Tab A 8.4" (... $279.99 |Save up to an extra $21.00 with Samsung Discount Program

SIM Slot Type
5IM 1+ MicroSD

4G FDD LTE
B2(1900),B3(1800), B4(AWS),
B5(850),87(2600),B13(700),
L B20(300) BaG(AWS:Z) |
Galaxy Tab A 8.4" (... $279.99|Save up to an extra $21.00 with Samsung Discount Program

4G FDD LTE
B2(1900),B3(1800),B4(AWS),
B5(850),B7(2600),B13(700),
B20(800),B66(AWS-3)

Galaxy Book S

DESIGN  PERFORMANCE  CONNECTIVITY  ACCESSORIES  SPECS

*May differ by region, country, market and mobile operator.

Source: https://www.samsung.com/us/mobile/galaxy-s20-5g/specs/;

https://www.samsung.com/us/mobile/tablets/galaxy-tab-a/galaxy-tab-a-8-4-verizon-sm-

t307uznavzw/#specs; https://www.samsung.com/us/mobile/wearables/smartwatches/galaxy-

(Continued on next page) watch3-45mm-mystic-silver-lte-sm-r845uzsaxar/#specs;
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As shown to the right, LTE “is
based on OFDMA (Orthogonal
Frequency Division Multiple
Access),” such that Samsung
devices must include an OFDM
(orthogonal frequency division
multiplexing) transmitter.

GSM was developed to carry real time services, in a circuit switched manner (blue in figure 1), with data services only possible
over a circuit switched modem connection, with very low data rates. The first step towards an IP based packet switched (green
in figure 1) solution was taken with the evolution of GSM to GPRS, using the same air interface and access method, TDMA
(Time Division Multiple Access).

To reach higher data rates in UMTS (Universal Mobile Terrestrial System) a new access technology WCDMA (Wideband Code
Division Multiple Access) was developed. The access network in UMTS emulates a circuit switched connection for real time
services and a packet switched connection for datacom services (black in figure 1). In UMTS the IP address is allocated to the
UE when a datacom service is established and released when the service is released. Incoming datacom services are therefore
still relying upon the circuit switched core for paging.

The Evolved Packet System (EPS) is purely IP based. Both real time services and datacom services will be carried by the IP
protocol. The IP address is allocated when the mobile is switched on and released when switched off.

The new access solution, LTE, is based on OFDMA (Orthogonal Frequency Division Multiple Access) and in combination with
higher order modulation (up to 64QAM), large bandwidths (up to 20 MHz) and spatial multiplexing in the downlink (up to 4x4)
high data rates can be achieved. The highest theoretical peak data rate on the transport channel is 75 Mbpsin the uplink, and in
the downlink, using spatial multiplexing, the rate can be as high as 300 Mbps.

The LTE access network is simply a network of base stations, evolved NodeB (eNB), generating a flat architecture (figure 2).
There is no centralized intelligent controller, and the eNBs are normally inter-connected viathe X2-interface and towards the
core network by the S1-interface (figure 2). The reason for distributing the intelligence amongst the base-stations in LTE is to
speed up the connection set-up and reduce the time required for a handover. For an end-user the connection set-up time for a
real time data session is in many cases crucial, especially in on-line gaming. The time for a handover is essential for real-time
services where end-users tend to end calls if the handover takes too long.

Source: https://www.3gpp.org/technologies/keywords-acronyms/98-Ite
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performing an invertible
transform, comprising
multiplying a plurality of
data symbols by a
complex-valued
spreading matrix to
produce a plurality of
spread symbols;

The transmitter in Samsung
devices performs an invertible
transform, comprising multiplying
a plurality of data symbols by a
complex-valued spreading matrix
to produce a plurality of spread
symbols.

As shown to the right, the LTE
specification requires transform
precoding that is applied using
invertible transform (e.g., a
Fourier transform).

Application of the precoding
transform (e.g., using a Samsung
devices’ transmitter) “result[s] in a

block of complex-valued symbols”

to be spread onto an uplink
resource (shown below).

5.3

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:

Physical uplink shared channel

- scrambling
- modulation of scrambled bits to generate complex-valued symbols

- transform precoding to generate complex-valued symbols

- mapping of complex-valued symbols to resource elements

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

Transform
precoder

Resource

_| Modulation
- | element mapper

mapper

[sc-FDMA
| signal gen.

—| Scrambling

Figure 5.3-1: Overview of uplink physical channel processing.

* % k%

5.3.3

The block of complex-valued symbols d(0),...,d (M, —1) is divided into M.\, / M ;USCH sets, each corresponding

Transform precoding

to one SC-FDMA symbol. Transform precoding shall be applied according to

MP‘l‘i(‘ll 1 . 2mk
~J7 puscH
Z dd- MPUSCH +i)e ME
PUSCH
U sc

k=0,.,M"SH 1

PUSCH
=0, M, [MESCH 1

2(1-MPUSCH 4

resulting in a block of complex-valued symbols z(0),....2(M, —1) . The variable M > = MgL>" - N3P | where

M5 represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

MEUSCH — g 3% 505 < UL
where @, ,@;,a;5 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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ey | el hanuny | 53  Physical uplink shared channel
Elrtél:tljlzlg; %:f/r:;g?]nal gﬁ:ﬁgg osr)]/;]] ltz(r)lesqtjoeﬁcr;luljrill:go%f The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:

Multiplexing (OFDM) Multiplexing (OFDM) subcarriers. - scrambling
subcarriers;
As shown to the right, to comply - modulation of scrambled bits to generate complex-valued symbols
with LTE standards, the OFDM
transmitter in Samsung devices
must be able to map the DFT- - mapping of complex-valued symbols to resource elements
spread data signals (e.g., the
complex-valued symbols
discussed above) to multiple
subcarriers.

- transform precoding to generate complex-valued symbols

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

. Modulation Transform Resource SC-FDMA
— Scrambling > > > eme . > "
mapper precoder element mapper signal gen.

Figure 5.3-1: Overview of uplink physical channel processing.

* % k%

5.3.4 Mapping to physical resources

The block of complex-valued symbols z(0),...,z(M symb — 1) shall be multiplied with the amplitude scaling factor

Brusen in order to conform to the transmit power Pp;q-, specified in Section 5.1.1.1 in [4], and mapped in sequence

starting with z(0) to physical resource blocks assigned for transmission of PUSCH. The mapping to resource elements

!k,l ! corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals and not reserved for possible SRS transmission shall be in increasing order of first the index k , then
the index / , starting with the first slot in the subframe.

Source:
https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v080700p.pdf
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As shown to the right, the LTE-
defined uplink resource grid
includes “SC-FDMA symbols”
generated using the DFT
discussed above.

The symbols are mapped to the
resource elements within a
resource block, with each
resource block including multiple
subcarriers.

One uplink slot T,
-y -

N- SC-FDMA symbols
- »-

k=NigNEB 1

Resource
ﬁla?kx NRB fesource
symb = 7Tse - alements
A -
.
Q2
E &
8 |
5183
[ =1 Resource
o | 73w (k,1)
2y - element
= 23
X =
58 -
A
=
v
Y | [ [ [ [ k=0

1=0 I=NJu—1

Figure 5.2.1-1: Uplink resource grid.

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf

Samsung v. GenghisComm

Us Pat. 10,200 BR2)23:007805 9,768,842
Page 77 GC EX2001



https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v080700p.pdf

Confidential; disclosure pursuant to FRE 408 ~
Non-limiting example of infringement based on information presently available (draft/subject to revision) 7/ 3
Claim preamble may not serve as a limitation.

GLOBALIP LAWGROUP

Claim 11

Analysis

Select Evidence

modulating the plurality
of spread symbols onto
the plurality of OFDM
subcarriers to produce a
spread OFDM signal to
be transmitted into a
wireless channel,

The transmitter in Samsung
devices modulates the plurality of
spread symbols onto the plurality
of OFDM subcarriers to produce a
spread OFDM signal to be
transmitted into a wireless
channel.

As shown to the right, to comply
with LTE standards, the OFDM
transmitter in Samsung devices
must be able to modulate the
DFT-spread data signals (e.g.,
the complex-valued symbols
2(0), ..., 3(Mgymp — 1) discussed
above) onto multiple subcarriers
to produce an OFDM
transmission signal (e.g., SC-
FDMA baseband signal as
described in section 5.6 of LTE
standard) for each antenna port.

During SC-FDMA baseband
signal generation, the DFT-
spread data signals are
modulated onto the OFDM
subcarriers for each uplink slot to
produce the time-domain OFDM
signal represented by the time-
continuous signal equation shown
to the right.

5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by a resource grid of Ngg N® subcarriers and N:;I,;,b SC-FDMA

symbols. The resource grid is illustrated in Figure 5.2.1-1. The quantity Nl%

bandwidth configured in the cell and shall fulfil

depends on the uplink transmission

NpinUL < NI < N UL
where NIimUE =6 and N32Y™ =110 is the smallest and largest uplink bandwidth, respectively, supported by the
current version of this specification. The set of allowed values for N 1%'; is given by [7].

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by higher layers and is
given in Table 5.2.3-1.

* Kk ok k

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s, (r) in SC-FDMA symbol [ in an uplink slot is defined by

[N,‘{EN&B IZ.I -1

si(t)=

727 (k+1/2)87 =Ny T,)
Gory”

k:—[i\q%{; NEB 2J

for0<t< (NCP,.!' +N)><T,i where k7 =k+ \_Ng;N_:is /ZJ, N =2048, Af =15kHz and a,  is the content of resource
element (k,l) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with [ =0, where SC-FDMA

I-1
symbol [ >0 starts at time Z:‘—U(NCPJ' + N)T, within the slot.

Table 5.6-1lists the values of Ncp, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

Source:
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wherein the spread
OFDM signal comprises
a superposition of the
OFDM subcarriers, and

The spread OFDM signal in the
transmitter in Samsung devices
comprises a superposition of the
OFDM subcarriers.

As is known in the art, the
superposition of subcarriers is the
complex-valued time-domain
OFDM signal, which is the sum of
OFDM subcarriers.

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s, (t) in SC-FDMA symbol [ in an uplink slot is defined by

fN.%,';NE fﬂ -1
5 (I)= Z A e
k=—LN§%N§“f2J

27 (k+1/2)Af t-Nep,T,)

for0<t< (NC” +N)><T,i where k7 =k + \_N%‘Nf /ZJ, N =2048, Af =15kHz and a, is the content of resource
element (k,t) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with [ =0, where SC-FDMA

I-1
symbol / >0 starts at time ZI'—U(NCP »+N)T within the slot.

Table 5.6-1lists the values of N(p, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

Source:
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wherein the complex-
valued spreading matrix
is configured to provide
the superposition with a
reduced peak-to-
average power ratio
(PAPR).

As shown to the right, research
has shown that the use of SC-
FDMA, as discussed above, by
the LTE specification reduces
peak to average power ratio as
compared to other uplink
strategies (e.g., OFDMA).

Thus, Samsung devices, which
utilize the LTE standard’s SC-
FDMA, will show reduced peak-
to-average power ratio.

Performance evaluation of PAPR in OFDM for UMTS-LTE system

Publisher: IEEE PDF

M. Ismail ; Ridza Fauzi ; Jamil Sultan ; N. Misran ; H. Mohamad ; Waheb A. Jabbar All Authors

1 2 493
Paper Patent Full o = © ‘.'
Citation Citations Text Views
Abstract Abstract:

Next generation mobile telecommunication networks will provide high data rates needed for multimedia rich
Document Sections applications as the demand in mobile broadband services is expected to increase in the coming years.

Orthogonal Frequency Division Multiplexing (OFDM) technique has been increasing its popularity as a

I Introduction transmission scheme for several radio technologies. One of the challenging issues in OFDM technique is
Il. PAPR and its high peak-to-average power ratio (PAPR). This paper studies the performance of PAPR in long term
Constellation Shaping evolution (LTE) of universal mobile telecommunications system (UMTS). The implementation will be based
Technique on specifications and protocols from 3rd Generation Partnership Project (3GPP) work groups. The
simulator used to simulate UMTS-LTE environment has been developed in Matiab which follows the
I Simulation Model standard according to UMTS-LTE physical layer transmission scheme. Evaluation results show that

e reduction of PAPR can be seen in UMTS-LTE model compared to conventional OFDM model.
Source: https://ieeexplore.ieee.org/document/6362555

OFDMA vs. SC-FDMA

* Multi-carrier OFDM signal exhibits high

PAPR (Peak to Average Power Ratio)
due to in-phase addition of subcarriers. /\ /\ (\

* Power Amplifiers (PAs) must VAW / \Vp ,[\/ &
accommodate occasional peaks and this \/“\ f‘“ \ /
results low efficiency of PAs, typically \/ \
only 15-20% efficient. Low PA efficiency In-phase
significantly shortens battery life. addition of sub-

carriers creates

*| To minimize PAPR, LTE has adapted SC- peaks in the
FDMA (single carrier frequency division OFDM signal
multiple access) in the uplink. SC-FDMA
exhibits 3-6 dB less PAPR than OFDMA. O

EETimés”
Source:

http://www.octoscope.com/English/Collaterals/Presentations/octoScope 4GPHYTest 20091201.p
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The method recited Samsung devices further Table 4.2-1: Configuration of special subframe (lengths of DWPTS/GP/UpPTS).
in cla|r_n_11, further_ comprising a_ppend_mg at least Special subframe Normal cucic orefix A Exter -
comprising appen(_:hng at | one of a cyclic p_reflx onto the configuration DWPTS UpPTS DWPTS UpPTS
least one of a cyclic spread OFDM signal. Normal Extended Normalcyclic ~ Extended cyclic
prefix a postfix and a cyclic prefix cyclic prefix prefix in uplink prefix in uplink
', ! . in uplink in uplink

guard interval onto the As shown to the right, to comply ° 6592-T. 7680-T,
spread OFDM signal. with LT_E standards, the OFDM ; 19760-T, 1480 T,

transmitter in Samsung devices , 210527 02T 5607 73040.T 2192-T, 2560-T,

must include a cyclic prefix : : : :

appender configured to append at 3 241447, 256007,

least a cyclic prefix as described 4 26336-T, 7680-T,

in section 5.2 of the LTE 5 6592-T, 204807, 4384.-T, 5120-T,

Standard. 6 19760-T, 230407,

4384.7, 5120-T,
7 21952-T, - . B
8 24144-T, - . .
* k k *

5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by a resource grid of Nﬂ;N :EB subcarriers and N, :j,';b SC-FDMA

symbols. The resource grid is illustrated in Figure 5.2.1-1. The quantity N 55 depends on the uplink transmission
bandwidth configured in the cell and shall fulfil

min, UL UL max,UL
Ngg' < Ngg €Ngg

where NV =6 and Npa*U" =110 is the smallest and largest uplink bandwidth, respectively, supported by the

current version of this specification. The set of allowed values for Ng& is given by [7].

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by higher layers and is
given in Table 5.2.3-1.

* * k% %
Table 5.2.3-1: Resource block parameters.
Configuration Nﬁn N:;;b
Normal cyclic prefix 12 7
Extended cyclic prefix 12 6

Source:
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A User Equipment
configured to perform
the method recited

in claim 11.

Samsung devices are user
equipment configured to perform
the method recited in claim 11.

Galaxy S20 FE5G | S20 5G | S20+5G | 520 Ultra 5G From $10.84/mo for
HIGHLIGHTS DESIGN CAMERA MODELS 520 FE5G SPECS ACCESSORIES COMPARE
LTE

Enhanced 4x4 MIMQ, Up to 7CA, LTE Cat.20
Up to 2.0Gbps Download / Up to 150Mbps Upload

Galaxy Tab A 8.4"(... $279.99 |Save up to an extra $21.00 with Samsung Discount Program

Network

Number of SIM SIM Slot Type

Single-SIM SIM 1+ MicroSD

Network/Bearer (S/W Enabled)

3G UMTS 4G FDD LTE

B1(2100),B2(1900), B2(1900),B3(1800) BA{AWS),

B5(850),B8(200) B5(850),B7(2600),B13(700),
LB20(3001 BEAAWS3)

Galaxy Tab A 8.4" (... $279.99|Save up to an extra $21.00 with Samsung Discount Program

Netwaork/Bearer (S/W Enabled)

3G UMTS 4G FDD LTE
B1(2100),B2(1900), B2(1900),B3(1800),BAAWS),
B5(850),B&(900) B5(850),B7(2600),B13(700),

B20(800),B66(AWS-3)

Galaxy Book S

GALAXYBOOKS DESIGN PERFORMANCE CONNECTIVITY  ACCESSORIES  SPECS

Network

Nano SIM

*May differ by region, country, market and mobile operator.
Source: https://www.samsung.com/us/mobile/galaxy-s20-5q/specs/;
https://www.samsung.com/us/mobile/tablets/galaxy-tab-a/galaxy-tab-a-8-4-verizon-sm-
t307uznavzw/#specs; https://www.samsung.com/us/mobile/wearables/smartwatches/galaxy-
watch3-45mm-mystic-silver-lte-sm-r845uzsaxar/#specs;
https://www.samsung.com/global/galaxy/galaxy-book-s/specs/
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U.S. Patent No. 10,389,568: Samsung LTE-enabled devices!?

Claim 1

Analysis

Select Evidence

A method comprising:

Samsung LTE-enabled devices
(“Samsung devices”), as non-
limiting examples, perform the
method described below by virtue
of their compliance with the LTE
specification for physical channel
uplink precoding of signals.

Galaxy 520 FE5G | S20 5G | S20+ 5G | 520 Ultra 5G From $10.84/mo for
HIGHLIGHTS DESIGN CAMERA MODELS S20 FESG SPECS ACCESSORIES COMPARE
LTE

Enhanced 4x4 MIMQ, Up to 7CA, LTE Cat.20
Up to 2.0Gbps Download / Up to 150Mbps Upload

Galaxy Tab A 8.4" (... $279.99 |Save up to an extra $21.00 with Samsung Discount Program

Network
Number of SIM SIM Slot Type
Single-5IM SIM 1+ MicroSD

Network/Bearer (5/W Enabled)

3G UMTS 4G FDD LTE

B1(2100),82(1900), B2(1900),B3(1800), BA(AWS),

B5(850),88(900) B5(850),87(2600),B813(700),
LB20(200)BeslAWSS) |

Galaxy Tab A 8.4" (... $279.99|Save up to an extra $21.00 with Samsung Discount Program

Network/Bearer (S/W Enabled)

3G UMTs 4G FDD LTE
B1(2100),B2(1900), B2(1900),B3(1800),BH{AWS),
B5(850),B8(900) B5(850),B7(2600),B13(700),

B20(800),B66(AWS-3)

Galaxy Book S

GALAXYBOOKS DESIGN PERFORMANCE CONNECTIVITY  ACCESSORIES  SPECS

Network

Nano SIM

*May differ by region, country, market and mobile operator.
Source: https://www.samsung.com/us/mobile/galaxy-s20-5q/specs/;
https://www.samsung.com/us/mobile/tablets/galaxy-tab-a/galaxy-tab-a-8-4-verizon-sm-
t307uznavzw/#specs; https://www.samsung.com/us/mobile/wearables/smartwatches/galaxy-
watch3-45mm-mystic-silver-lte-sm-r845uzsaxar/#specs;
https://www.samsung.com/global/galaxy/galaxy-book-s/specs/

L This chart applies to all Samsung LTE-enabled devices, including, but not limited to, Samsung Galaxy S 20, Galaxy Tab A, Galaxy Watch3 and Galaxy Book S.
Other Samsung LTE-enabled devices, including any recently discontinued LTE-enabled phone, watch, laptop and tablet, infringeghi%{)atent in a sybstantiall
similar, if not identical, manner. a
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dividing a block of
complex-valued symbols
into a plurality of sets of
complex-valued
symbols;

transform precoding
each of the plurality of
sets of complex-valued
symbols into a block of
transform-precoded
complex-valued
symbols; and

Samsung devices must perform
transform precoding to comply
with the specification.

As shown to the right, transform
precoding includes dividing a
block of complex-valued symbols
into a plurality of sets of complex-
valued symbols.

Transform precoding further
results in each set of complex-
valued symbols being transform
precoded into a block of complex-
valued symbols.

533  Transform precoding

The block of complex-valued symbols d(0).....d (M, —1) is divided into M / M f;U SCH sets, each corresponding

to one SC-FDMA symbol. Transform precoding shall be applied according to

. 2mk

MPUSCH _ _
E 7 M FUSCH
sC

;Z

1
2U-MEFH k) = d(l-ME5H v iye

resulting in a block of complex-valued symbols z(0),...,2(M gy, —1) - The variable M SI,:U SCH _ EESCH . NS]EB , where

MESSCE represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MEPC =2% .3% 5% < NRE

where o, ,0,,05 is a set of non-negative integers.

Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 1
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generating an
Orthogonal Frequency
Division Multiplex
(OFDM) signal
comprising a plurality of
OFDM subcarriers
modulated by the
transform-precoded
complex-valued
symbols,

Samsung devices must generate
an OFDM signal comprising a
plurality of OFDM subcarriers

modulated by the transform

precoded-complex symbol values
to comply with the specification.

As shown to the right, the LTE
specification requires transform
precoding that is applied using a

Fourier transform.

Transform precoding (e.g., using
a Samsung devices’ transmitter)
“result[s] in a block of complex-
valued symbols” to be spread

onto an uplink resource.

5.1.1 Physical channels

An uplink physical channel corresponds to a set of resource elements carrying information originating from higher
layers and is the interface defined between 36.212 and 36.211. The following uplink physical channels are defined:

- Physical Uplink Shared Channel, PUSCH
- Physical Uplink Control Channel, PUCCH
- Physical Random Access Channel, PRACH
Xk % %
5.1.2  Physical signals

An uplink physical signal is used by the physical layer but does not carry information originating from higher layers.
The following uplink physical signals are defined:

- Reference signal
5.3.3  Transform precoding

The block of complex-valued symbols d(0),...,d (M, —1) is divided into M, . / MFUSCH gets, each corresponding

to one SC-FDMA symbol. Transform precoding shall be applied according to

PUSCH _ . 2mk

1 M"Z ! ~d 7y PUscH
PUSCH

VM, i=0

k=0,..,MPSH 1
[=0,0 My, [MESH -1

2(0-MESM 4 k)= d(l-MESM e

resulting in a block of complex-valued symbols z(0),...,z(M ..., —1) . The variable M PS5 = p FUSCH . N R where

Mgp*" represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MEUSCH — 9@ 305 5a5 < Ny UL

where o, ,a;,a;5 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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As shown to the right, transform . .
precoding maps Comp|ex-va|ued 5.3 PhyS|Ca| Up|lnk Shared Channel
signals to physical resource

elements. The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling

- modulation of scrambled bits to generate complex-valued symbols
- transform precoding to generate complex-valued symbols

- mapping of complex-valued symbols to resource elements

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

. Modulation Transform Resource SC-FDMA
— Scrambling > > > —
mapper precoder element mapper signal gen.

Figure 5.3-1: Overview of uplink physical channel processing.

* % k%

5.3.4 Mapping to physical resources

The block of complex-valued symbols z(0),...,z(M symh — 1) shall be multiplied with the amplitude scaling factor

Brusen in order to conform to the transmit power Pp;q-, specified in Section 5.1.1.1 in [4], and mapped in sequence

starting with z(0) to physical resource blocks assigned for transmission of PUSCH. The mapping to resource elements

!k,l ! corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals and not reserved for possible SRS transmission shall be in increasing order of first the index k , then
the index [, starting with the first slot in the subframe.

Source:
https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v080700p.pdf
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Claim 1
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Select Evidence

As shown to the right, the
complex-valued symbols are
mapped to the resource elements
within a resource block, with each
resource block including multiple
subcarriers.

One uplink slot T,
-y -

N- SC-FDMA symbols
- »-

k=NigNEB 1

Resource
black & resource
7 Noymy XNe elements
A -
K
E &
o |2
(8] =
5183
D ua Resource
o | @ w (k,1)
2y - element
= 23
X =
58 -
A
=
v
Y | [ [ [ [ [ k=0
1=0 1=NYt

symb -1

Figure 5.2.1-1: Uplink resource grid.

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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As shown to the right, mapping to
multiple subcarriers uses the
modulated and transform
precoded complex-valued
symbols.

5.3 Physical uplink shared channel
The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling

- modulation of scrambled bits to generate complex-valued symbols

- transform precoding to generate complex-valued symbols
- mapping of complex-valued symbols to resource elements

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

——| Scramblin Modulation Transform | Resource _| SC-FDMA _
& mapper precoder element mapper signal gen.

Figure 5.3-1: Overview of uplink physical channel processing.

* % % %

5.3.2 Modulation

The block of scrambled bits g 0,... 5 (M bit —1) shall be modulated as described in Section 7.1, resulting in a block of
complex-valued symbols d(0),...,d(M symb —1) —1) . Table 5.3.2-1 specifies the modulation mappings applicable for the

physical uplink shared channel.
Table 5.3.2-1: Uplink modulation schemes

Physical channel Modulation schemes
PUSCH QPSK, 16QAM, 64QAM

* %k k%

5.4.3 Mapping to physical resources

The block of complex-valued symbols z(i) shall be multiplied with the amplitude scaling factor Bpccy in order to

conform to the transmit power P, ..., specified in Section 5.1.2.1 in [4], and mapped in sequence starting with z(0)

to resource elements. PUCCH uses one resource block in each of the two slots in a subframe. Within the physical
resource block used for transmission, the mapping of z(i) to resource elements (k,/) not used for transmission of

reference signals shall be in increasing order of first k ,then [ and finally the slot number, starting with the first slot in
the subframe.

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08){ 90 SNk +1 3624 hyPROLOOR R

US Pat. 101?&33&%5&&%80 %@:&42
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The mapping results in an OFDM
signal (e.g., SC-FDMA baseband
signal) for each antenna port.

During SC-FDMA baseband
signal generation, the complex-
valued symbols are modulated
onto the OFDM subcarriers for
each uplink slot to produce the
time-domain OFDM signal
represented by the time-
continuous signal equation shown
to the right.

5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by a resource grid of Ngg N® subcarriers and ngln‘,b SC-FDMA

symbols. The resource grid is illustrated in Figure 5.2.1-1. The quantity Ny

bandwidth configured in the cell and shall fulfil

depends on the uplink transmission

NpinUL < NI < N UL
where NIimUE =6 and N32Y™ =110 is the smallest and largest uplink bandwidth, respectively, supported by the
current version of this specification. The set of allowed values for N E]'; is given by [7].

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by higher layers and is
given in Table 5.2.3-1.

* Kk ok k

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s, (t) in SC-FDMA symbol / in an uplink slot is defined by

[N,%;N,‘?’fﬂ -1
s,(t): Z A e
k:-LN,;J,;N,‘];"fzJ

j2mlk+1/2)af (t-Nep T, )

for0<t< (NCPJ +N)><TS where k' =k + \_N%Nﬁ,‘g/ﬂ, N =2048, Af =15kHz and a,, is the content of resource
element (k,l) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of !, starting with / =0, where SC-FDMA

I-1
symbol [ >0 starts at time 2{,_0(1\’(:[,,,— + N)T, within the slot.

Table 5.6-1lists the values of Ncp, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 1
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wherein the transform
precoding generates a
plurality of orthogonal
spreading codes to
provide a superposition
of the plurality of OFDM
subcarriers with a
reduced peak-to-
average-power ratio.

As shown to the right, and as
discussed above, baseband
signal generation uses the
complex-valued symbols that are
generated during transform
precoding.

The transform precoded complex-
valued symbols are used to
orthogonally spread the symbols
onto the subcarriers during
baseband signal generation.

As is known in the art, the
superposition of subcarriers is the
complex-valued time-domain
OFDM signal, which is the sum of
OFDM subcarriers.

5.3.3

The block of complex-valued symbols d(0).....d (M —1) is divided into M.y / MEPUSCH gets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

Transform precoding

MPUSCH ) 2mik

E d(l-MPUSCH )_JMPUSC"
\/m
SC

k=0,..,MPSH 1

PUSCH
[=0, My, [MEUSCH -1

2(1- MEUSCH

—1) . The variable ME"5H = p U5 . NRP

s« »Where

resulting in a block of complex-valued symbols z(0),...,2(M .,

Mgs™ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

PUSCH _ At 105  ca: UL
MRB —2"3‘55SNRB

where o, ,a;,a;5 is a set of non-negative integers.
* Kk Kk K

5.6 SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.

The time-continuous signal s, (t) in SC-FDMA symbol / in an uplink slot is defined by

[N,%Nﬁ“ fﬂ -1

s;(t)= Z Ay e
k:—LN,%NQ"fz

j2mlk+1/2)af (t=Ngp T, )

for0<t<(NCP_,+N)xT where &k )—k+\_Ng§N /2J N =2048, Af =15kHz and a, , is the content of resource
element (k,l) .

The SC-FDMA symbols in a slot shall be transmitted in increasing order of /, starting with /=0, where SC-FDMA

-1
symbol [ >0 starts at time Zr'—o(NCPJ' + N)T, within the slot.

Table 5.6-1lists the values of Ncp, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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As shown to the right, research Performance evaluation of PAPR in OFDM for UMTS-LTE system
has shown that the use of SC- )

Publisher: IEEE i i 5
FDMA, as discussed above, by e

the LTE specification reduces

peak to average power ratio as M. Ismail ; Ridza Fauzi ; Jamil Sultan ; N. Misran ; H. Mohamad ; Waheb A. Jabbar All Authors
g;)rr:tga_red to othgr uplink 1 2 a3 ® = © a
gies (e' g. FD MA) ) Cilzsl;n Cil;:;:ms T:xl Views
Thus, Samsung devices, which
utilize the LTE standard’s SC- Abstract Abstract:
FDMA, will show reduced peak- Next generation mobile telecommunication networks will provide high data rates needed for multimedia rich
to-average power ratio. Document Sections applications as the demand in mobile broadband services is expected to increase in the coming years.
Orthogonal Frequency Division Multiplexing (OFDM) technique has been increasing its popularity as a
I Introduction transmission scheme for several radio technologies. One of the challenging issues in OFDM technique is
Il. PAPR and its high peak-to-average power ratio (PAPR). This paper studies the performance of PAPR in long term
Constellation Shaping evolution (LTE) of universal mobile telecommunications system (UMTS). The implementation will be based
Technique on specifications and protocols from 3rd Generation Partnership Project (3GPP) work groups. The
simulator used to simulate UMTS-LTE environment has been developed in Matlab which follows the
I Simulation Model standard according to UMTS-LTE physical layer transmission scheme. Evaluation results show that

e reduction of PAPR can be seen in UMTS-LTE model compared to conventional OFDM model.
Source: https://ieeexplore.ieee.org/document/6362555

OFDMA vs. SC-FDMA

* Multi-carrier OFDM signal exhibits high

PAPR (Peak to Average Power Ratio)
due to in-phase addition of subcarriers. /\ /\

* Power Amplifiers (PAs) must ) \ [V _\/p_ f\/ &
accommodate occasional peaks and this \/“\ ‘f‘“ \ / /
results low efficiency of PAs, typically \/ \
only 15-20% efficient. Low PA efficiency In-phase
significantly shortens battery life. addition of sub-

carriers creates

*| To minimize PAPR, LTE has adapted SC- peaks in the
FDMA (single carrier frequency division OFDM signal
multiple access) in the uplink. SC-FDMA
exhibits 3-6 dB less PAPR than OFDMA. O

EETimeés”
Source:

http://www.octoscope.com/English/Collaterals/Presentations/octoScope 4GPHYTest 20091201.p
df
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The method of claim 1,
wherein the transform
precoding spreads the
block of complex-valued
symbols with a plurality
of orthogonal spreading
codes comprising
complex-valued
coefficients of a discrete
Fourier transform (DFT)
to produce the block of
transform-precoded
complex-valued
symbols.

As discussed above, baseband
signal generation uses the
transform precoded complex-
valued symbols to orthogonally
spread the symbols onto the
subcarriers during baseband
signal generation.

As known in the art, one property
of the DFT matrix? is that it is an
orthogonal matrix, thus the
symbols will be orthogonally
spread.

Generation of transform precoded
complex-valued symbols entails
application of a discrete Fourier
transform.®

511

An uplink physical channel corresponds to a set of resource elements carrying information originating from higher
layers and is the interface defined between 36.212 and 36.211. The following uplink physical channels are defined:

Physical channels

- Physical Uplink Shared Channel, PUSCH
- Physical Uplink Control Channel, PUCCH

- Physical Random Access Channel, PRACH

* k ok k

5.1.2

An uplink physical signal is used by the physical layer but does not carry information originating from higher layers.
Wyh\g ||:\|in|{ :\hvcir\nl dgnalc are defined:

Physical signals

- Reference signal
* %k k%

5.3.3  Transform precoding

The block of complex-valued symbols d(0),...,d (M, —1) is divided into M, . / M PUSH gets, each corresponding

to one SC-FDMA symbol. Transform precoding shall be applied according to

MAP“'SC" a . 2mk

1 I rusci
20 d(l-MPUH e M«

7. MPUSCH |y _
z( s¢ ) ’—Msf;USCH
k=0,.,MSH _1

PUSCH
=0, M, [MESCH 1

resulting in a block of complex-valued symbols z(0),....z(M ., —1) . The variable M ;> = Mg>" - N3P | where

Mgg®™ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MEUSCH — 9% 3% 5% < Ny UL
where @, ,a;,a;5 is a set of non-negative integers.

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf

2 See e.g., https://www2.math.uconn.edu/~olshevsky/classes/2018 Spring/math3511/FFT.pdf for a general description of DFT rrgtrix.
3 See e.g., http://www.cs.cmu.edu/afs/andrew/scs/cs/15-463/2001/pub/www/notes/fourier/fourier.pdf for a general equation for a
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Claim 3

Analysis

Select Evidence

The method of claim 2,

wherein the DFT is a
fast Fourier transform
(FFT).

The DFT used to transform
precode complex-valued symbols
is a fast Fourier transform.

In digital signal processing, a fast
Fourier transform is
algorithmically efficient way of
performing a DFT.

5.3.3  Transform precoding

The block of complex-valued symbols d(0).....d (M —1) is divided into M.y / MEPUSCH gets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

MPUSCH ) - 2k
2(1- MPUSCH . E d(l-MEUSH 4y, MIOSCH
PUSCH
SC
k=0,..,MPSH 1
[=0, My, [MEUSCH -1
resulting in a block of complex-valued symbols z(0),...,z(M .. —1) . The variable M P75 = p PUSCH . NRE ' where

Mgs™ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MPUSCH — g 32 505 < N UL

where o, ,a;,a;5 is a set of non-negative integers.

Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 4

Analysis

Select Evidence

The method of claim 2,
wherein:

MPUSCH * NRB

PUSCH _
Msc sc 1

MEYSCH is a scheduled
bandwidth for uplink
transmission expressed
as a number of resource
blocks; and

NZEB is a resource block
size in the frequency
domain expressed as a
number of subcarriers.

As shown to the right, “[t]he
variable MFYSCH = MPUSCH « NRB,

As shown to the right, MEYSCH is
“scheduled bandwidth for uplink
transmission, expressed as a
number of resource blocks.”

As shown to the right, NR? is
“resource block size in the
frequency domain, expressed as
a number of subcarriers.”

5.3.3

The block of complex-valued symbols d(0),...,d (M gy, 1) is divided into M, / M PUSCH gets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

Transform precoding

MPUSCH ) 2mik

E d(l-MPUSCH )_JMPUSC"
\/m
SC

k=0,..,MPSH 1

PUSCH
[=0, My, [MEUSCH -1

2(1- MEUSCH

—1) | The variable M PUSH = p PUSCH . N RB

s |} where

resulting in a block of complex-valued symbols z(0),...,z(M

symb

Mgs> represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

PUSCH _ At 105  ca: UL
MRB —2"3‘55SNRB

where o, ,a;,a;5 is a set of non-negative integers.

* k k k
M SP;USCH Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers
M ]EIBJSCH Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks
g
NSEB Resource block size in the frequency domain, expressed as a number of subcarriers
Source:
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Claim 5

Analysis

Select Evidence

The method of claim 4,
wherein:

PUSCH UL.
MRB = NRB ’

NYE is an uplink
bandwidth configuration
expressed in multiples of
NEEB,

As shown to the right, the LTE
specification requires that

PUSCH UL
Mg < Ngg.

As shown to the right, N is an
“uplink bandwidth configuration
expressed in multiples of NRB ”

5.3.3  Transform precoding

The block of complex-valued symbols d(0),...,d (M gy, 1) is divided into M, / MEPUSCH gets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

MPUSCH ) - 2mik
2(1- MPUSCH . E d(l-MEUSH 4y, MIOSCH
PUSCH
SC
k=0,..,MPSH 1
PUSCH
[=0, My, [MEUSCH -1
resulting in a block of complex-valued symbols z(0),...,2(M y, —1) . The variable M 35" = M > NP | where

Mgs™ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

PUSCH |_ Ao, s | g UL
MRB —2"3‘ 5 SNRB

where o, ,a;,a;5 is a set of non-negative integers.
* Kk k ok

N- % Uplink bandwidth configuration, expressed in multiples of N SIEB

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 6

Analysis

Select Evidence

The method of claim 1,
comprising:

mapping the block of
transform-precoded
complex-valued symbols
to physical resource
blocks assigned for
transmission of a
physical uplink shared
channel.

As shown to the right, during

mapping of complex-valued

symbols to resource elements,
the transform precoded complex-
valued symbols are mapped to

physical resource blocks

assigned for transmission of a
physical uplink shared channel

(PUSCH).

5.3 Physical uplink shared channel

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:

- scrambling

- modulation of scrambled bits to generate complex-valued symbols

- transform precoding to generate complex-valued symbols

- mapping of complex-valued symbols to resource elements

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

_| Modulation
| mapper

—| Scrambling

Transform Resource

_| sc-FbmMA

precoder "~ | element mapper | signal gen.

Figure 5.3-1: Overview of uplink physical channel processing.

5.3.4

The block of complex-valued symbols z(0),...,z(M

* % k%

Mapping to physical resources

symb — 1) shall be multiplied with the amplitude scaling factor

Brusen in order to conform to the transmit power Pp;q-, specified in Section 5.1.1.1 in [4], and mapped in sequence

starting with z(0) to physical resource blocks assigned for transmission of PUSCH. The mapping to resource elements

!k,l ! corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals and not reserved for possible SRS transmission shall be in increasing order of first the index k , then

the index / , starting with the first slot in the subframe.

Source:

https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 9

Analysis

Select Evidence

The method of claim 6,
wherein the mapping is
configured to select the
plurality of OFDM
subcarriers according to
at least one of a
frequency division
multiple access scheme,
a time division multiple
access scheme, a space
division multiple access
scheme, a code division
multiple access scheme,
and a frequency-hoping
scheme.

As shown to the right, LTE “is
based on OFDMA (Orthogonal
Frequency Division Multiple
Access),” such that the mapping
is configured to select from the
plurality of OFDM subcarriers
according to at least a frequency
division multiple access scheme.

SC-FDMA stands for single
carrier frequency division
multiple access.

The Evolved Packet System (EPS) is purely IP based. Both real time services and datacom services will be carried by the IP
protocol. The IP address is allocated when the mobile is switched on and released when switched off.

The new access solution, LTE, is based on OFDMA (Orthogonal Frequency Division Multiple Access) and in combination with
higher order modulation (up to 64QAM), large bandwidths (up to 20 MHz) and spatial multiplexing in the downlink (up to 4x4)
high data rates can be achieved. The highest theoretical peak data rate on the transport channel is 75 Mbpsin the uplink, and in
the downlink, using spatial multiplexing, the rate can be as high as 300 Mbps.

Source: https://www.3gpp.org/technologies/keywords-acronyms/98-Ite

5.3.3  Transform precoding

The block of complex-valued symbols d(0),...,d (M g, —1) is divided into M, / M iUSCH sets, each corresponding
to ongl SC-FDMA kymbol. Transform precoding shall be applied according to

MIUSCH

—_—
g PUSCH _—
sC 8=
PUSCH
k=0,..,MFPUSCH _1
=0, My [MEUSH -1

| 27k
PUSCH PUSCH , ~ "M resci
2(1-MPUSCH 4 )y = d(l-MEUSCH 4y, ME

—1) . The variable M 25 = MESH - N 2B where

resulting in a block of complex-valued symbols z(0),...,z(M se 0

symb
Mg represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

PUSCH _ nat 0, <o UL
Mgy =2%.3%.5% < Ngg

where a, ,@;,05 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v080700p.pdf

Samsung v. GenghisComm

us Pat. 10,380 R202:3r007 8059, 68,842

Page 97 GC EX2001



https://www.3gpp.org/technologies/keywords-acronyms/98-lte
https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v080700p.pdf

Confidential; disclosure pursuant to FRE 408
Non-limiting example of infringement based on information presently available (draft/subject to revision) 7/ 3
Claim preamble may not serve as a limitation.

GLOBALIP LAWGROUP

Claim 10

Analysis

Select Evidence

The method of claim 1,
comprising:

scrambling a block of
bits of one subframe of a
physical uplink shared
channel resulting in a
block of scrambled bits;
and

modulating the block of
scrambled bits resulting
in the block of complex-
valued symbols.

As shown to the right, the LTE
specification requires scrambling
as part of the baseband signal
generation.

Scrambling entails scrambling the
block of bits b(0),...b(Mbit — 1),
with the bits from one subframe,
resulting in a block of scrambled
bits.

As shown to the right, the LTE
specification also requires
modulating the scrambled bits to
generate complex-valued
symbols.

5.3

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:

Physical uplink shared channel

- | scrambling

- | modulation of scrambled bits to generate complex-valued symbols

- transform precoding to generate complex-valued symbols
- mapping of complex-valued symbols to resource elements

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

Transform
precoder

Modulation
mapper

Resource
element mapper

_| SC-FDMA
signal gen.

Scrambling

Figure 5.3-1: Overview of uplink physical channel processing.

5.3.1 Scrambling

The block of bits b(0),...,b(M bit —1), where M bit is the number of bits transmitted on the physical uplink shared

channel in one subframe, shall be scrambled with a UE-specific scrambling sequence prior to modulation, resulting in a
block of scrambled bits b (0),....b (M - 1) according to the following pseudo code

* % % %

53.2 Modulation

The block of scrambled bits l; (0),...,!; (M bit —1) shall be modulated as described in Section 7.1, resulting in a block of
complex-valued symbols d(0)....,d(M ., —1) . Table 5.3.2-1 specifies the modulation mappings applicable for the

physical uplink shared channel.
Table 5.3.2-1: Uplink modulation schemes

Modulation schemes
QPSK, 16QAM, 64QAM

Physical channel
PUSCH

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 11

Analysis

Select Evidence

The method of claim 10,
wherein the scrambling
is configured to
scramble the block of
bits into a block of
scrambled bits with at
least one pseudo-noise
code.

As shown to the right, the
scrambling of the block of bits is
accomplished using pseudo-noise
code.

5.3.1 Scrambling

The block of bits b(0),...,b(M; —1) , where M, is the number of bits transmitted on the physical uplink shared
channel in one subframe, shall be scrambled with a UE-specific scrambling sequence prior to modulation, resulting in a
block of scrambled bits b (0)....,b (M, —1) according to the following pseudo code

Seti=0
while 7 < My;
if b(i)=x /I ACK/NAK or Rank Indication placeholder bits
b@)=1
else
if b(i)= V // ACK/NAK or Rank Indication repetition placeholder bits
b(i)=b(i-1)
Else // Data or channel quality coded bits, Rank Indication coded bits or ACK/NAK coded bits

b (i) = (b(i) +c(i)) mod 2

* K ok ok
end if
end if
i=i+1
end while

where x and y are tags defined in [3] section 5.2.2.6 and where the scrambling sequence ¢(7) is given by Section 7.2.
The scrambling sequence generator shall be initialised with ¢, ; = ngnpy g +|_ns / 2J- 2% + N5t at the start of each
subframe where Ngnpp corresponds to the RNTI associated with the PUSCH transmission as described in Section 8[4].

Source:
https://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 12

Analysis

Select Evidence

The method of claim 1,
wherein the transform
precoding is applied
according to

2(1 x MEUSCH 4 k)

MEUSCH_q

1
=7 PUSCH Z G
M i=0

j 2mik

+e ~IuEUSCH

wherein:

the block of complex-
valued symbols and the
block of transform-
precoded complex-
valued symbol
comprises a plurality of
resource elements;

As shown to the right, the
transform precoding according to
the LTE specification is applied
using the equation as shown.

As shown to the right, the
complex-valued symbols (both
pre-transform precoding and post-
transform pre-coding) correspond
to SC-FDMA symbols.

5.3.3

The block of complex-valued symbols d(0),...,d(M —1) is divided into M M, PUSCH gets, each correspondin
p. Y symb symb P! g

Transform precoding

to one SC-FDMA symbol. Transform precoding shall be applied according to

PUSCH 2k
My -k
Z d(l- MPUSCH +i)e MEPUsCH
f PUSCH
M,

k=0,..,MPSH 1

PUSCH
[=0, My, [MEUSCH -1

2(1- MEUSCH

resulting in a block of complex-valued symbols z(0),...,z(M .., —1) . The variable M 75! = g PUSCH . NRB where

Mgs™ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

PUSCH _ At 105  ca: UL
MRB —2"3‘55SNRB

where o, ,a;,a;5 is a set of non-negative integers.

Source:
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Claim 12

Analysis

Select Evidence

As shown to the right, resource
blocks are composed of SC-
FDMA symbols corresponding to
resource elements.

One uplink slot T,
- -

‘N:j;hSC-FDMA symhols.

k=NgENEE 1

Resource
black .o resource
7 Noyuy XN elements

A s
k3
E &
q | =
Q =
3.8
[ <1 Resource
2 Ba . (k,0)
3 -~ element
=z 2y
Xz
53 -

A

=

\J

v | | | | | | k=0
=0 I=Ngk —1

Figure 5.2.1-1: Uplink resource grid.

Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 12

Analysis

Select Evidence

| represents a time-
domain index of each of
the plurality of resource
elements;

Kk represents a
frequency-domain index
of each of the plurality of
resource elements;

MEUSCH is a scheduled
bandwidth for uplink
transmission expressed
as a number of
subcarriers;

d(l * MFVSCH 4 )
represents resource
elements of the block of
complex-valued
symbols; and

z(l * MEUSCH + k)
represents resource
elements of the block of
transform precoded
complex-valued
symbols.

As shown to the right, | and k
make up an index pair that
uniquely defines each resource
element, where | is a time domain
index and k is a frequency
domain index.

As shown to the right, MEVSC¢H is a

“scheduled bandwidth for uplink
transmission, expressed as a
number of subcarriers.”

As shown to the right, d(I *
MEYSCH + 1) corresponds to
elements of a block of complex-
valued symbols.

As shown to the right, z(l *
MEYSCH 4 ) corresponds to
elements of a block of transform
precoded complex-valued
symbols.

(k.0)

Resource element with frequency-domain index k and time-domain index [

* Kk ok k

522 Resource elements

Each element in the resource grid is called a resource element and is uniquely defined by the index pair (k,/) in a slot

where k = 0,...,N%N§B —land /= 0,...,N:‘}{"jm —1 are the indices in the frequency and time domain, respectively.

Resource element (k,/) corresponds to the complex value a s - Quantities a; , corresponding to resource elements not
used for transmission of a physical channel or a physical signal in a slot shall be set to zero.

M SI;USCH Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers
* k k k
5.3.3  Transform precoding

The block of complex-valued symbols d(0).....d (M g, —1) is divided into M, / M :;USCH sets, each corresponding

to one SC-FDMA symbol. Transform precoding shall be applied according to

. 2mk

~J7 puscH
PUSCH |, . M
s +i)e

M-m:sr'n -1

1
= PUSCH '(z d(l M
VM, i=0
k=0,..,MPUSH 1
PUSCH
=0, My [MEUSCH -1

Z(1- M2 4

resulting in a block of complex-valued symbols z(0),...,z(M,, —1) . The variable M S‘ZUSCH =M ggSCH -NQEB , Where

Mg represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MEUSCH — o 3o 505 < yUL

where &, ,a;,0;5 is a set of non-negative integers.
Source:
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Claim 13

Analysis

Select Evidence

The method of claim 12,
wherein:

the transform precoding
spreads the block of
complex-valued symbols
with a plurality of
orthogonal spreading
codes comprising
complex-valued
coefficients of a discrete
Fourier transform (DFT)
to produce the block of
transform precoded
complex-valued
symbols; and

As shown to the right, the LTE
specification requires transform
precoding that is applied using a
Fourier transform.

Application of the precoding
transform (e.g., using Samsung
devices’ transmitter) “resulf[s] in a

block of complex-valued symbols”

to be spread onto an uplink
resource (shown below).

5.3.3  Transform precoding

The block of complex-valued symbols d(0).....d (M —1) is divided into M.y / MEPUSCH gets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

M! FUSCH _ 2mik

M SE;USCH
k=0.. !MPUSCH -1

[=0.... .;ymh/MPUSCH 1

2(1- MEUSCH

P H RB
M

s« »Where

resulting in a block of complex-valued symbols z(0),...,z(M . —1) . The variable M 275 =

Mgs™ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MPUSCH — g 32 505 < N UL
where o, ,a;,a;5 is a set of non-negative integers.

Source:
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Claim 13

Analysis

Select Evidence

MPEUSCH s a length of the
DFT corresponding to
the plurality of
orthogonal spreading
codes.

As shown to the right and as
discussed above, MFYS¢H s used
in the DFT to generate SC-FDMA
symbols, and is the scheduled
bandwidth for uplink transmission,
expressed as a number of
subcarriers.

MPEUSCH represents the DFT length
corresponding to the plurality of
orthogonal spreading codes.

PUSCH
Msc

Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers

* % % %

5.3.3  Transform precoding

The block of complex-valued symbols d(0).....d (M gy, —1) is divided into M, / M ;USCH sets, each corresponding
to one SC-FDMA symbol. Transform precoding shall be applied according to

MPUSCH 27k
N PUSCH

1 -J
d(l-MEBSH L he M

MSFC’USCH 0
PUSCH
k=0,.,MPVUSCH _1

PUSCH
=0, My, [MEUSH -1

2(1-MESH 4y =

resulting in a block of complex-valued symbols z(0),...,z(M,;, —1) . The variable M "V5H = M FUSCH . NRB where

symb

Mgy™™ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

PUSCH _ A& a: &, UL
MEUSCH — 922 305 505 < N UL

where a, ,@;,05 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00_60/ts_136211v080700p.pdf

Samsung v. GenghisComm

us Pat. 10,380 R202:3r007 805 9,768,842
Page 104 GC EX2001



https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/08.07.00_60/ts_136211v080700p.pdf

Confidential; disclosure pursuant to FRE 408
Non-limiting example of infringement based on information presently available (draft/subject to revision)
Claim preamble may not serve as a limitation.

GLOBALIP LAWGROUP

Claim 20 Analysis Select Evidence

The method of claim 1, As shown to the right, the 5.3.3 Transform precoding
wherein each of the complex-valued symbols are
plurality of sets of divided into multiple ;ets, with The block of complex-valued symbols d(0),...,d (M .., —1) is divided into M /M PUSCH gets, each corresponding
i(:sog];lre]é(l-(\ala(‘:lgﬁi(:a[‘symbo's g%ii;?\;'gz;?g;ndmg to one to one SC-FDMA symbol. Transform precoding shall be applied according to
frequency division MEUSeH _j_ 2k
multiple access (SC- 2(-MEVSH gy = I S d(l-MEBH 4 e msen
FDMA) symbol. mEseR i

k=0,.,M" PUSCH _¢

, . qyrnb /MPUSCH

resulting in a block of complex-valued symbols z(0),...,z(M —1) . The variable M :;USCH My PUSCH -NFB  where

symb sc ?

Mg represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MEUSCH = @ 3@ gas < pUL

where , 03,5 is a set of non-negative integers.
Source:
https://www.etsi.org/deliver/etsi ts/136200_136299/136211/08.07.00 60/ts_136211v080700p.pdf
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Claim 21

Analysis

Select Evidence

The method of claim 1,
comprising generating a
time-continuous signal
defined by:

I
sl = i) g
k= [vilmiE )

wherein:

NZREB is a resource block
size in a frequency
domain express as a
number of subcarriers;

NYE is an uplink
bandwidth configuration
express in multiples of
NEB:

a,(—),; is avalue of a
resource element;

Af is subcarrier spacing;

N¢p,; is a downlink cyclic
prefix length for OFDM
symbol | in a slot; and

T is a basic time unit.

ei:nku":nr[r NepaTs)

As shown to the right, the LTE
specification’s SC-FDMA
baseband signal generation
generates a time-continuous
signal according to the claimed
equation.

As shown to the right, Nk is a
“resource block size in the
frequency domain, expressed as
a number of subcarriers.”

As shown to the right, NV} is an
“uplink bandwidth configuration,
expressed in multiples of NRB”

As shown to the right, a,(—),; is
the value of resource element (K,

).

As shown to the right, Af is
“subcarrier spacing.”

As shown to the right, N¢p,; is a
“downlink cyclic prefix length for
OFDM symbol | in a slot.”

As shown to the right, T is a
“basic time unit.”

5.6

This section applies to all uplink physical signals and physical channels except the physical random access channel.

SC-FDMA baseband signal generation

The time-continuous signal s, (t) in SC-FDMA symbol [ in an uplink slot is defined by

[N%Nﬁ“fﬂ -1
5 (t)= ak(,,‘l
k:{N,&’éij“ fzJ

. esz(k+1:‘2)N(f*NC|*:Ts)

for0<z< (NCPJ -h?\")x?t‘"s where k') =k + LN%N?/ZJ, N =2048, Af =15kHz and a, is the content of resource
element (lc,l).

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with [ =0, where SC-FDMA
-1
symbol [ >0 starts at time E r'—o(NCPJ' + N)T, within the slot.

Table 5.6-1lists the values of Ncp that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

* k k k
N:;B Resource block size in the frequency domain, expressed as a number of subcarriers
* % k%
Nl% Uplink bandwidth configuration, expressed in multiples of NEEB
* % k%
ag}) Value of resource element (k./) [for antenna port p ]
* k k k
Af Subcarrier spacing
* % k%
Nep, Downlink cyclic prefix length for OFDM symbol [ in a slot
* % k%
T, Basic time unit
Source:

https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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Claim 22 Analysis Select Evidence
The method of claim 21, | As shown to the right, the time- _ : ;
wherein the time- continuous signal is generated in 5.6 SC-FDMA baseband Slgnal generatlon
COI”ItII’]UOUS- S|gnql IS an SC-FDMA symbol. This section applies to all uplink physical signals and physical channels except the physical random access channel.
generated in a single
carrier frequency The time-continuous signal s, (t) in SC-FDMA symbol [ in an uplink slot is defined by
division multiple access
(SC-FDMA) symbol. [warnm® 2]

5 (t)= Z a.o 'ejz”(Hl"szw(’_Nc"‘Ts)
k= NEENEE 2

for0<t< (Ncp,z +N)><Ts where k7 =k+\_N%N.?/2j, N =2048, Af =15kHz and q is the content of resource
element (k,l).

The SC-FDMA symbols in a slot shall be transmitted in increasing order of [, starting with ! =0, where SC-FDMA
-1
symbol [ >0 starts at time Zz’—o(NCPJ' + N)T, within the slot.

Table 5.6-1lists the values of Np, that shall be used. Note that different SC-FDMA symbols within a slot may have
different cyclic prefix lengths.

Source:
https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00 60/ts 136211v080700p.pdf
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