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An apparatus for
communicationina
wireless network,
comprising:

The Samsung Galaxy S22 (“Galaxy
S22”)is a non-limiting example of
an apparatus for communication
in a wireless communication
network (e.g., 5G network).

As shown to the right, the Galaxy
S22 is a 5G device, and adheres to
the 5G specification.

Network
2G GSM

GSM850,G5SM900,DCS1800,PC
51900

4GTDD LTE
B38(2600),839(1900),840(230
0),B41(2500),B46(5200),B48(3
600)

Galaxy S22, 128GB (Unlocked)

* Kk k%

3G UMTS
B1(2100),B2(1900),B4(AWS),BS
(850),B8(900)

4G FDD LTE
B1(2100),B2(1900),83(1800),B
4(AWS),B5(850),B7(2600),B8(9
00),812(700),813(700),B14(70
0),818(800),B19(800),820(800
),825(1900),826(850),828(700)
,B29(700),B30(2300),B66(AWS
-3),B71(600)

5G FDD Subé
N1(2100),N3(1800),N5(850),N7
(2600),N8(900),N20(800),N28
(700),N66(AWS-3),N71(600)

5G TDD Subé
N260(39GHz),N261(28GHz)

Source: https://www.samsung.com/us/business/mobile/phones/galaxy-s/galaxy-s22-128gb-

unlocked-sm-s901uzkaxaa/#specs (GC0007293-94; GC0007311)

" This chart applies to all Samsung devices, including those listed in Appendix A and identified in the Complaint at paragraph 31. Other Samsung 5G-enabled devices,
including any recently discontinued 5G-enabled devices, infringe this patent in a substantially similar, if not identical, manner.
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at least one processor;
and

at least one non-
transitory computer-
readable memory in
electronic
communication with the
at least one processor,
wherein instructions
stored in the at least one
non-transitory computer-
readable memory are
executable by the at
least one processor for:

The Galaxy S22 includes a
Qualcomm Snapdragon 8 Gen 1
chipset with processor.

The Galaxy S22 has at least one
non-transitory computer-readable
memory in communication with
the processor. The memory stores
executable instructions for using
the 5G cellular network.

PLATFORM ©S Android 12, upgradable to Android 14, One Ul 6.1
Chipset Exynos 2200 (4 nm) - Europe
Qualcomm SM8450 Snapdragon 8 Gen 1 (4 nm) - ROW
CPU Octa-core (1x2.8 GHz Cortex-X2 & 3x2.50 GHz Cortex-A710 & 4x1.8 GHz Cortex-
A510) - Europe
Octa-core (1x3.00 GHz Cortex-X2 & 3x2.50 GHz Cortex-A710 & 4x1.80 GHz
Cortex-A510) - ROW
GPU Xclipse 920 - Europe
Adreno 730 - ROW
MEMORY Card slot No
Internal 128GB 8GB RAM, 256GB 8GB RAM
UFS 3.1

Source: https://www.gsmarena.com/samsung_galaxy_s22_5g-11253.php (GC0007380)

Ground-breaking innovations in Al, photography, gaming, and connectivity—for the premium
experiences your devices deserve.

The Snapdragon® 8 Gen 1 Mobile Platform is our most advanced 5G platform ever, with our Snapdragon® X65 5G Modem-RF System
ushering in unprecedented speeds up to 10 Gbps while supp...

Memory
Speed: 3200 MHz*
Type: LPDDRS

* k k%

Source: https://www.qualcomm.com/products/mobile/snapdragon/smartphones/snapdragon-8-

series-mobile-platforms/snapdragon-8-gen-1-mobile-platform (GC0007688)
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producing a set of
subcarrier values that
equals a product of a
complex-valued code
matrix with a matrix of
data symbols;

The Galaxy S22 produces
subcarrier values during the
transform precoding step required
by the 5G specification.

6.3.1.4 Transform precoding

If transform precoding is not enabled according to 6.1.3 of [6, TS38.214], y(ﬂ) @(i)= x(}')(i) for each layer
A=01,...,0-1.

If transform precoding is enabled according to 6.1.3 of [6, TS38.214], v =1 and #9@) depends on the configuration
of phase-tracking reference signals.

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are not being used, the block of

complex-valued symbols x® (0),...,x @ (M Sl;fnet: —1) for the single layer 4 =0 shall be divided into M laye‘ / MEUSCH

sets, each corresponding to one OFDM symbol and % (i) = x© (i) .

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used, the block of complex-
valued symbols x© (0),...,x® (M ™ 1) shall be divided into sets, each set corresponding to one OFDM symbol, and

symb

where set [ contains M 5™ — g NEWWN,

wony Symbols and is mapped to the complex-valued symbols £ (IM ;> +i)

grouj

,MP PUSCH __

corresponding to OFDM symbol [ prior to transform precoding, with i’ e {0,1 } and i’ # m . The index

m of PT-RS samples in set I, the number of samples per PT-RS group NZo? , and the number of PT-RS groups N7
are defined in clause 6.4.1.2.2.2. The quantity & =1 when OFDM symbol ! contains one or more PT-RS samples,
otherwise & =0.

* k* k%

Transform precoding shall be applied according to

MFUSCH 1 _ . 2mik

y(o) (I'Ms[;USCH +k)= Z #0q- MPUSCH +i)e T arosch

M PUSCH
k=0,.,M" PUSCH _ |
Mlayer / M PUSCH __

symb

resulting in a block of complex-valued symbols y©@(0),...,y @ (M S';‘,ﬁfg —1) . The variable M PUSCH =Mgg PUSCH NSIEB s

where MES™ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MII;ESCH =2% ‘3(13 .5(15
where @,,0;,05 is a set of non-negative integers.
Source:

https://www.etsi.org/deliver/etsi_ts/138200_138299/138211/15.02.00_60/ts_138211v150200p.pdf
(GC0004373)
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A person of ordinary skillin the art
at the time of the invention would
understand that the DFT used for
transform precoding can be
depicted as a complex matrix
transform.

Values are calculated by
multiplying a matrix of complex-
valued codes with a matrix of data
symbols.

In the equation at right, x(N-17)
corresponds to the x variable in the
5G transform precoding equation
shown above.

The DFT consists of inner products of the input signal = with sampled complex sinusoidal sections s;, :
N-1
(w.s,) 2 Y z(n)e RN g =0,1,2,...,N —1

n=0

By collecting the DFT output samples into a column vector, we have

X (wo) 50(0) so(1) z(0)
X(w) 51(0) s1(1) z(1)
X(wz) ] s2(0) s2(1) r(2)
X(wn-1) sn-1(0) sy_1(1) -+ sy (N—1) z(N —1)
X . z
X 5
* k* k %

A r—kn A _oxkn/N .
where S denotes the DFT matrix S'y[k,n] = W NS e 2N g

* A *
Sy = [ Sy 5 SN-1 ]
[ sp(0) so(l) - so(N —1)
s1(0) s1(1) s1(N —1)
2 s52(0) so(1)  +++ so(N —1)
L .s‘A\r,l(l'J‘) sn-1(1) snN—1(N — l)
M1 1 1 e 1
1 e—J2m/IN e—i4m /N e~ I2m(N-1)/N
N 1 e—dam/N e—i8m/N e—J2m2AN-1)/N
i e—J2ml N 1)/N (—_;'.‘.*r'.l(.‘\"—l].,v"‘\" e—d2m N-1 J(N—1)/N

Source: https://ccrma.stanford.edu/~jos/st/Matrix_Formulation_DFT.html (GC0007076-77)
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selecting a set of

subcarriers assigned for
use by a user device; and

The Galaxy S22 selects a set of
subcarriers assigned for the device
(e.g., 12 consecutive subcarriers
per resource block).

As shown to the right, 5G
introduced variable subcarrier
spacing (numerology) to
accommodate different usage
scenarios. 5G allows for subcarrier
spacings of 15, 30, 60, 120 and
240kHz.

442 Resource grid

For each numerology and carrier, a resource grid of N q%'N, 2B subcarriers and N, :;,’:;ame’” OFDM symbols is defined,

starting at common resource block N, ;?:’” indicated by higher-layer signalling. There is one set of resource grids per

transmission direction (uplink or downlink) with the subscript x set to DL and UL for downlink and uplink,
respectively. When there is no risk for confusion, the subscript X may be dropped. There is one resource grid for a
given antenna port p , subcarrier spacing configuration ( , and transmission direction (downlink or uplink).

* k Kk %

444 Resource blocks
4441 General

A resource block is defined as NS%B =12 consecutive subcarriers in the frequency domain.

* k k%

4.2 Numerologies

Multiple OFDM numerologies are supported as given by Table 4.2-1 where 4 and the cyclic prefix for a bandwidth
part are obtained from the higher-layer parameter subcarrierSpacing and cyclicPrefix, respectively.

Table 4.2-1: Supported transmission numerologies.

u Af =2 .15[kHz] Cyclic prefix
0 15 Normal

1 30 Normal

2 60 Normal, Extended
3 120 Normal

4 240 Normal

Source:

https://www.etsi.org/deliver/etsi_ts/138200_138299/138211/15.02.00_60/ts_138211v150200p.pdf

(GC0004361, GC0004362, GC0004359)

The very simple defination of Numerology based on the usage of the term in 3GPP specification would be 'subcarrier
spacing type', also often called as SCS. In LTE, we don't need any specific terminology to indicate the subcarrier
spacing since there is only one subcarrier spacing, but in NR there are several different types of subcarrier spacing

Source:
https://www.sharetechnote.com/html/5G/5G_Phy_Numerology.html#:~:text=Numerology%20in%205

G%2FNR%20refers,%2C%20480%2C%20960%20Khz (GC0005162)
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The actual number of subcarriers ¢ In lower frequency bands, like Sub-3GHz, Sub-6 GHz, we don’t have wider spectrum. So to get

selected and used varies as many subcarriers as possible in these limited spectrum, we need to use subcarrier spacing

depending on a number of factors, as small as possible. That’'s why we use small subcarrier spacing like 15 Khz, 30 Khz, 60 Khz

such as scheduled bandwidth, in lower bands

carrier frequency, delay spread, e When operating in very high frequency like mmWave, as carrier frequency gets higher, the

Doppler spread, or phase noise. degree of frequency drift by moving transmitter or reciever gets higher i.e, Doppler spread
gets wider as carrier frequency gets higher. To tolerate this kind of wide range of frequency drift
(or shift), we need to use wider subcarrier spacing. So 3GPP provided option to use very wide
subcarrier spacing like 120 Khz or 240 Khz

e AS frequency goes higner, the degree of phase noise would ncrease. So we need o
implement more sophisticated mechanism for phase noise estimation and correction. It is
easier to implement this kind mechanism with wider subcarrier spacing

Source: https://www.techplayon.com/5g-nr-numerology-subcarrier-spcaing-scs/ (GC0005132)
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modulating the
subcarrier values onto
the set of subcarriers to
produce a plurality of
modulated subcarriers;
and

producing a time-domain
waveform from a
superposition of the
plurality of modulated
subcarriers, the time-
domain waveform to be
transmitted in the
wireless network by the
user device;

The Galaxy S22 modulates
subcarrier values on the
subcarriers during OFDM
baseband signal generation
required by the 5G specification.
Baseband signal generation
converts frequency-domain values
from transform precoding into
time-domain values (waveforms)
used during transmission.

A person of ordinary skill in the art
at the time of the invention would
understand that an OFDM signal is
a superposition of subcarriers. The
OFMD baseband generation step
uses an IFFT for transforming from
the frequency-domain to the time-
domain. Each input symbol to an
IFFT is modulated onto a particular
subcarrier frequency, and the
output of the IFFT is a discrete-
time signal.

If multiple ones of the subcarrier
values are input to the IFFT at the
same time, the output discrete-
time signalis a sum (i.e.,
superposition) of the subcarrier
frequencies modulated with their
corresponding symbols such that
the signal resembles a single
carrier.

531 OFDM baseband signal generation for all channels except PRACH

(

The time-continuous signal &, PH) (t ) on antenna port p and subcarrier spacing configuration // for OFDM symbol

le {0,1,...,N;‘:’“‘"‘” N —1} in a subframe for any physical channel or signal except PRACH is defined by

NpmfNE -1

0=y

k=0

| J2(kH NN [2) A (1~ Ny T~ )
a'" e

uo_ St i sizzy [4) \jRB Lt Ly sizep, (A AJRB A, -1
ko _(Ngn'd.l +N§iix -)Nsc _(Ng:id.x +N§i¢z ')Nsc -
where 1f 1 <thn, +(N,‘,’ +N&, b‘c is the time within the subframe,

NE =2048k.27*

l 512k-27# extended cyclic prefix
N§p, =1144x-27# +16x normal cyclic prefix, /=0or/=7-2*
‘ 144K -27# normal cyclic prefix, / #0and/ # 7-2¥

Af 1s given by clause 42, 4 is the subcarrier spacing configuration, and i, is the largest y value among the subcarrier

spacing configurations provided to the UE for this carrer. The starting position of OFDM symbol / for subcarrier
spacing configuration // in a subframe is given by

Source:
https://www.etsi.org/deliver/etsi_ts/138200_138299/138211/15.02.00_60/ts_138211v150200p.pdf
(GC0004368)

A key enabler for OFDM is the use of the Inverse Fast Fourier Transform (IFFT) to efficiently create the
time domain waveform from the array of modulated subcarriers. The resulting OFDM signal is in digital

Source: https://www.5gtechnologyworld.com/the-basics-of-5gs-modulation-ofdm/ (GC0007083)
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wherein producing the
set of subcarrier values
employs a plurality of
complex-valued codes
that shapes interference
patterns of the
superposition to produce
a plurality of cyclic-
shifted waveforms that
each have one of the
data symbols modulated
thereon.

The set of subcarrier values is
generated using a DFT during the
transform precoding step. The DFT
used for transform precoding
includes an exponential term that
corresponds to complex-valued
codes that impart a cyclic shift to
the encoded symbols and resulting
waveforms.

A person of ordinary skill in the art
at the time of the invention would
understand that an OFDM signalis
a superposition of subcarriers. The
5G specification’s SC-FDMA
baseband generation step uses an
IFFT for transforming from the
frequency-domain to the time-
domain. Each input symbol to an
IFFT is modulated onto a particular
subcarrier frequency, and the
output of the IFFT is a discrete-
time signal.

If multiple symbols are input to the
IFFT at the same time, the output
discrete-time signalis a sum (i.e.,
superposition) of the subcarrier
frequencies modulated with their
corresponding symbols.

The amplitudes of the various
subcarrier frequencies at a given
time will not be the same;
summing waveforms will result in
either constructive or destructive
interference. Thus, the transform
precoding step shapes
interference patterns.

6.3.1.4 Transform precoding

If transform precoding is not enabled according to 6.1.3 of [6, TS38.214], y(ﬂ) @(i)= x(}')(i) for each layer
A=01,...,0-1.

If transform precoding is enabled according to 6.1.3 of [6, TS38.214], v =1 and ¥ (i) depends on the configuration
of phase-tracking reference signals.

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are not being used, the block of

complex-valued symbols x® (0),...,x @ (M Sl;fnet: —1) for the single layer 4 =0 shall be divided into M laye‘ / MEUSCH

sets, each corresponding to one OFDM symbol and % (i) = x© (i) .

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used, the block of complex-
valued symbols x© (0),...,x® (M ™ 1) shall be divided into sets, each set corresponding to one OFDM symbol, and

symb

where set [ contains M 5™ — g NEw? N[ symbols and is mapped to the complex-valued symbols £ (IM ;> +i)

grouj

,MP PUSCH __

corresponding to OFDM symbol [ prior to transform precoding, with i’ e {0,1 } and i’ # m . The index

m of PT-RS samples in set I, the number of samples per PT-RS group NZo? , and the number of PT-RS groups N7
are defined in clause 6.4.1.2.2.2. The quantity & =1 when OFDM symbol ! contains one or more PT-RS samples,
otherwise & =0.

* k* k%

Transform precoding shall be applied according to

MPUSCH 1 . 2mik

y(o) (I'M;USCH +k)= Z #0q- MPUSCH +i)e T arosch

M PUSCH
k=0,.,M" PUSCH _ |
Mlayer / M PUSCH __

symb

resulting in a block of complex-valued symbols y©@(0),...,y @ (M Sl;:g —1) . The variable M PUSCH =Mgg PUSCH NSIEB s

where MES™ represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MII;ESCH =2% ‘3(13 .5(15
where @,,0;,05 is a set of non-negative integers.
Source:

https://www.etsi.org/deliver/etsi_ts/138200_138299/138211/15.02.00_60/ts_138211v150200p.pdf
(GC0004373)
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The apparatus of claim ) As discussed above, the Galaxy 5.3.1  OFDM baseband signal generation for all channels except PRACH
13, wherein modulating S22 generates an OFDM baseband
and producing the time- signalin accordance with the 5G The time-continuous signal S,(”"l) (l) on antenna port p and subcarrier spacing configuration # for OFDM symbol
domain waveform is specification. The baseband signal N . . . .
. . . . 1€40.1,.. N} HNEE -1 ubfr: f hysical channel PRACH 1s defined b
performed using an is generated using an inverse DFT. < { et = } 10 @ subTrame for any physieat e or signal except ls v
inverse discrete Fourier NeEANTD_| _
transform. o= afP- o NN () e e s
k=0
K= (N NGt [2) N2 (N + Nzt [2) NP2

Source:

)sumz-ﬂ

Il44x. 2#

where 4y, St<thy, +(N§ + N&, [T, is the time within the subframe,

NY =2048x-27

Af 1s given by clause 4.2, y is the subcarrier spacing configuration, and i is

extended cyclic prefix
NEp, =1144x-27# +16x normal cyclic prefix, /=0orl#7-2*
normal cyclic prefix, / # Qandfl = 7-2#

largest y value among the subcarrier

spacing configurations provided to the UE for this carrer. The starting position of fOFDM symbol / for subcarrier
spacing configuration // in a subframe is given by

https://www.etsi.org/deliver/etsi_ts/138200_138299/138211/1%.02.00_60/ts_138211v150200p.pdf

(GC0004368)

< CP-OFDM >

|—> t Sub-Carrier

JE>{ e J | croin |

NORE

< DFT-s-OFDM >

QL'““"“ Jd> t::::.:;';“ = J

Qtp tmserton |25

Source: https://www.sharetechnote.com/html/5G/5G_Waveform.html (GC0005136)
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Claim 19

Analysis

Select Evidence

The apparatus of claim
13, wherein selecting the

set of subcarriers

comprises selecting one

of a plurality of

selectable subcarrier

spacings.

The 5G standard supports multiple
OFDM numerologies. The 5G
standard specifies that subcarrier
spacings can be selected from
15kHz, 30kHz, 60kHz, 120kHz and
240kHz.

4.2 Numerologies

Multiple OFDM numerologies are supported as given by Table 4.2-1 where 4 and the cyclic prefix for a bandwidth

part are obtained from the higher-layer parameter subcarrierSpacing and cyclicPrefix, respectively.

Table 4.2-1: Supported transmission numerologies.

u Af =2*# .15[kHz] Cyclic prefix
0 15 Normal
1 30 Normal
2 60 Normal, Extended
3 120 Normal
4 240 Normal
* % k% %
Af Subcarrier spacing
* k k *x
U Subcarrier spacing configuration, Af = 2# -15[kHz]

Source:

https://www.etsi.org/deliver/etsi_ts/138200_138299/138211/15.02.00_60/ts_138211v150200p.pdf

(GC0004359, GC0004357)
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