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Example American Count X Systems and Services
U.S. Patent No. 11,032,000 (“’000 Patent” or “Asserted Patent”)

The Accused Systems and Services include without limitation American systems and services that utilize LTE functionality; all past,
current, and future systems and services that operate in the same or substantially similar manner as the specifically identified systems
and services; and all past, current, and future American systems and services that have the same or substantially similar features as the
specifically identified systems and services (“Example American Count X Systems and Services” or “American Systems and
Services”).!

Upon information and belief, American Systems and Services directly infringe the asserted claims of the Asserted Patent through at
least making and /or using its various systems. American also is a direct infringer through use via testing the claimed system. With
regards to making the accused system, American directs and controls and derives the beneficial use of making/using the claimed system.
On information and belief, American also directly infringes the asserted claims of the Asserted Patent by selling and offering to sell the
American Systems and Services through American’s various offering’s to its customers. On information and belief, American also
indirectly infringes the Asserted Patent through direct infringement of American customer’s infringement that utilize American’s
offerings and American Systems and Services. American induces the direct infringement through its customers use of American’s
Systems and Services. American provides instructions on how to use its various offerings, the use of which results in the performance
of the Asserted Patent claims.

! For the avoidance of doubt, Plaintiffs do not accuse American Systems and Services, to the extent such American Systems and Services
has a license to Plaintiffs’ patents that covers Defendant’s activities. Plaintiffs will provide relevant license agreements for LTE cellular
in discovery, to the extent any such license agreements exists and have not already been produced. To the extent any of these licenses
are relevant to Defendant’s activities, Plaintiffs will meet and confer with Defendant about the impact of such license(s).
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim Example American Count X Systems and Services
[1.pre]. A user equipment To the extent this preamble is limiting, on information and belief, the American Count X Systems and
(UE) comprising: Services include a user equipment (UE).

On information and belief, American airplanes are installed with an Aircraft Interface Device (AID)
that provides LTE ground connectivity and acts as a UE in an LTE network.

An Aircraft Interface Device (AID) is a hardware system that allows communication between an Electronic Flight
Bag (EFB) and an aircraft data bus. AID allows information about the aircraft's position and speed to be
obtained from its avionics by registering to the ARINC 717 and ARINC 429 data buses. This device offers certain
features, such as automatic update of flight planning and weather information updates on the flight.

Source: https://www.fortunebusinessinsights.com/aircraft-interface-device-market-108478.2

North America held the largest global aircraft interface device market share in the base year.
The North American market was valued at USD 13.17 million in 2023. The market’s growth is
attributed to the rise in aircraft fleet and airlines in the region. The presence of major airlines,
such as American Airlines, Delta Airlines, Southwest Airlines, and others will give a boost to
the market growth in the region.

Source: https://www.fortunebusinessinsights.com/aircraft-interface-device-market-108478.

Maintenance and safety data transmitted wirelessly from aircraft improves the predictability of operations

ANNAPOLIS, Md., April 26, 2023 /PRNewswire/ -- Raytheon Technologies' (NYSE: RTX) Collins Aerospace business is
partnering with American Airlines to bring the latest in aircraft data management technology to improve the airline's
safety, reliability and analytics.

Source: https://www.rtx.com/news/news-center/2023/04/26/raytheon-technologies-helping-power-
data-driven-decision-making-at-american-airli.

2 Unless otherwise noted, all sources cited in this document were publicly accessible as of the date of the Amended Complaint.
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim

Example American Count X Systems and Services

American Airlines in the process
of installing Collins Aerospace’s
aircraft interface device (AID) on
more than 500 aircraft to speed
its data-driven operational
decisions. It is installing the
device on its Boeing 737NGs,
most Airbus A320s and eventually
777s at seven of its locations.

Source: https://aviationweek.com/mro/american-airlines-installing-collins-device-aid-predictive-

maintenance.
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim

Example American Count X Systems and Services

AIRCRAFT INTERFACE DEVICE

EASIER MULTI-CHANNEL
DATA/COMMS ACCESS

Open-architecture design
with added functionality

KEY FEATURES AND BENEFITS
« Field-loadable software

+ ARINC 834 server

g + Communicates with preferred

The Collins Aircraft Interface Device (AID) SATCOM and ACARS providers

is an aircraft connectivity technology with
enhanced functionality, broader capabilities
and an open architecture. We integrated our
AID with services and software to create a
complete, ready-to-use solution for virtually
any commercial aircraft. + Qualified to DO-160G environments

+ Solid-state storage
(field removable/upgradable)

« Backward compatible with previous
generations of Collins AID

« Able to add hosted functions such

» Integrated Wi-Fi and cellular radios

Source: https://prd-sc102-cdn.rtx.com/-/media/ca/product-assets/marketing/a/aircraft-interface-

device/aircraft-interface-

device.pdf?rev=6310f16d4a07421b8b378f63dc9028f4&hash=4EAC48A3962B44A6FBF396B41567

6C8C.
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim

Example American Count X Systems and Services

Ground Air-to-ground ;
connectivity connectivity Aircraft
e
) »* x

End-to-end applications
- = ﬂ (&E))IZ
AiTing Ops Conter — Ka, Ku, SBB =
I ‘ Rockwell Collins F—7 “”‘ ——

ground infrastructure

‘ Back office integration

Contant mansgement —S . §
Popular FODA tools Cellular m 3 [aiinc 717 SR

Rockwell Collins’ robust portfolio of information-enabled flight deck router solutions, global communications networks, back-office applications
and airline data services will heip make a searnless, secure and integrated aviation ecosphere a reality for your airline.

Source: https://www.collinsaerospace.com/-/media/CA/product-assets/marketing/s/secure-server-

router-7000/ssr-eicu-7000 ds.pdf?rev=1116c10cc51543dfal591edcadcb70ba.

[1.a] a receiver and a
processor are configured to
receive resource allocation
information associated with
an uplink physical signal,
wherein the uplink physical
signal and a physical uplink
shared channel have different
resources,

On information and belief, the American Count X Systems and Services include a receiver and a
processor configured to receive resource allocation information associated with an uplink physical
signal, wherein the uplink physical signal and a physical uplink shared channel have different resources.

In LTE, a UE is configured to receive radioResourceConfigDedicated IE, which includes
PhysicalConfigDedicated IE that further includes SoundingRS-UL-Config IE. This configuration

indicates the UE’s SRS resources for transmission.
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7.2

RRC protocol states & state transitions
RRC_CONNECTED:
- UE has an E-UTRAN-REC connection;

- UE has context in E-UTRAN;

- E-UTEAN knows the cell which the UE belongs to;
- Network can transmit and/or receive data to/from UE;

- Network controlled mobility (handover and inter-RAT cell change order to GERAN with NACC),

- Neighbour cell measurements;

- At PDCP/RLC/MAC level:

- UE can transmit and/or receive data to/from network;

- UE monitors control signalling channel for shared data channel to see if any transmission over the shared

data channel has been allocated to the UE;

- UE also reports channel quality information and feedback information to eNB;

- DRX period can be configured according to UE activity level for UE power saving and efficient resource

utilization. This 15 under control of the eNB.

Source: 3GPP TS 36.300 V10.12.0 at 56.
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim Example American Count X Systems and Services

5.3.34 Reception of the RRCConnectionSetup by the UE
NOTE: Prior to this, lower layer signalling is used to allocate a C-RNTI. For turther details see TS 36321 [6];
The UE shall:

1> perform the radio resource configuration procedure in accordance with the received
radioResourceConfig Dedicated and as specified in 5.3.10;

1= if stored, discard the cell reselection priority information provided by the idleModeMobilityControllnfo or
inherited from another RAT;

1> stop timer T300;

1> stop timer T302, if running;

1> stop timer T303, if running;

1= stop timer T303, if running;

1> stop timer T306, if running;

1> perform the actions as specified in 5.3.3.7;
1> stop timer T320, if running;

1> enter RRC_CONNECTED;

Source: 3GPP TS 36.331 VV10.22.0 at 42.
- RadioResourceConfigDedicated

The IE RadioResourceCanfigDedicated is used to setup/'modify/release RBs, to modify the MAC main configuration, to
modi fy the SPS configuration and to modify dedicated physical configuration.

tcEUTRAZ
spa=Config S3pS=Config CPTIONAL, == Nead ON
physicalConfigbedicated PhysicalConfigbDedicated OPTIONAL, -= Nead ON
o
[ Eelf-TimersAndConstants-r9 RLF=-TimersAndConstants—c9 OPFTIONAL -= Keggd ON
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim Example American Count X Systems and Services

_ RadioResourceConfigDedicated field descriptions
logicalChannelConfig
For SRBs a choice is used to indicate whether the logical channel configuration is signalled explicitly or set to the
default logical channel configuration for SRB1 as specified in 9.2.1.1 or for SRB2 as specified in 9.2.1.2.
logicalChannelldentity
The logical channel identity for both UL and DL.
mac-MainConfig
Although the ASN.1 includes a choice that is used to indicate whether the mac-MainConfig is signalled explicitly or set
to the default MAC main configuration as specified in 9.2.2, EUTRAN does not apply "defauitValue".
measSubframePatternPCell
Time domain measurement resource restriction pattern for the PCell measurements (RSRP, RSRQ and the radio link
monitoring).
physicalConfigDedicated
The default dedicated physical configuration is specified in 9.2.4.

- PhysicalConfigDedicated

tpo-PRCCH-ContigPUSCH TPC-PRDOCH-Config OPTIONAL, -- Head ON
cgi=ReportConfiq OQI=ReportConfiyg OPFTIONAL, == Cond CQI=
-;a;

soundingRS-UL-ConfigDedicated SoundingRS-UL-Configbedicated OPTIONAL, -- Heed ON
antennalnfso CHOICE (

explicitValue Antennalnfoledicated,

defaultValue NULL
) OPTIONAL, -- Cond AL-TB
schedulingRequestConfig Schedul ingRequestConlig QFTIONAL, == Heed ON

SoundingRS-UL-Config information element

SoundingRS-UL-ConfigDaedi

release
saTup |
sra-Bandwidth ENUMERATED [(bw0, bw¥l, bw2, bw3),
sra=-HoppingRandwidth ENUMERATED {hbw0, hbwl, hbwZ, hbwd),
freghomainPosition INTESER (0..23),
duration BOOLEARN,
sra-Configindex INTEGER (0.,1023),
sTansmissionCond INTEGER (0..1),
cyciicShire ENUMERATED (cs0O, csl, cs2, cs3, csd, cs8, csé, cs7)
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim

Example American Count X Systems and Services

SoundingRS-UL-Config field descriptions

i Tr
P : Sii AN-and-SRAS, see TS 36.213 [23, 8.2]. For SCells this field is not applicable and the UE
shall ignore the value.
cyclicShift, cyclicShiftAp

Parameter: n_SRS for periodic and aperiodic sounding reference signal transmission respectively. See TS 36.211 [21,
5.5.3.1], where cs0 corresponds to 0 etc.
duration
Parameter: Duration for periodic sounding reference signal transmission. See TS 36.213 [21, 8.2]. FALSE
corresponds to "single” and value TRUE to "indefinite”.

q osition, freqDomainPositionAp
Parameter: ny, . for periodic and aperiodic sounding reference signal transmission respectively, see TS 36.211 [21,

5.5.32].

ort, srs- ortAp

Indicates the number of antenna ports used for periodic and aperiodic sounding reference signal transmission
respectively, see TS 36.211 [21, 5.5.3]. UE shall release srs-AntennaPort if SoundingRS-UL-ConfigDedicated is
released.

p
Parameter: Bsu for periodic and aperiodic sounding reference signal transmission respectively, see TS 36.211 [21,

tables 5.5.3.2-1, 5.5.3.2-2, 5.5.3.2-3 and 5.5.3.2-4].

srs-BandwidthConfig

Parameter: SRS Bandwidth Configuration. See TS 36.211, [21, table 5.5.3.2-1, 5.5.3.2-2, 5.5.3.2-3 and 5.5.3.2-4].
Actual configuration depends on UL bandwidth. bwQ corresponds to value 0, bw1 to value 1 and so on.
srs-ConfigApDCi-Format0 / srs-ConfigApDCi-Formatia2b2c / srs-Config ApDCI-Format4

Parameters indicate the resource configurations for aperiodic sounding reference signal transmissions triggered by
DCl formats 0, 1A, 2B, 2C, 4. See TS 36.213 [23, 8.2].

srs-Ci srs-Config| Ap

Parameter: lsgs for periodic and aperiadic sounding reference signal transmission respectively. See TS 36.213 [23,
table 8.2-1 and table 8.2-2] for periodic and TS 36.213 [23, table 8.2-4 and table 8.2-5] for aperiodic SRS
transmission.

srs-HoppingBandwidth
P: : SRS hopping i bM.rr € {0,1,2,3} for periodic sounding reference signal transmission, see TS
36.211 [21, 5.5.3.2] where hbw0 corresponds to value 0, hbw1 to value 1 and so on.

srs-MaxUpPts

Parameter: srsMaxUpPts, see TS 36.211 [21, 5.5.3.2]. If this field is present, reconfiguration of m::;:u applies for

UpPts, otherwise reconfiguration does not apply.

srs-SubframeConfig

Parameter: SRS SubframeConfiguration. See TS 36.211, [21, table 5.5.3.3-1] applies for FDD whereas TS 36.211,
[21, table 5.5.3.3-2] applies for TDD. sc0 corresponds to value 0, sc1 to value 1 and so on.

Ap
Parameter: k... € {0,1} for periodic and aperiodic sounding reference signal transmission respectively, see TS
36.211 [21, 5.5.3.2).

Source: 3GPP TS 36.331 V10.22.0 at 178, 188, 194.
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim

Example American Count X Systems and Services

8.2

UE sounding procedure

A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types:

- trigger type (: higher layer signalling

- trigger type 1: DCI formats 0/4/1A for FDD and TDD and DCI formats 2B/2C for TDD.

In case both trigger type 0 and trigger type 1 SRS transmissions would occur in the same subframe in the same serving
cell, the UE shall only transmit the trigger type 1 SRS transmission.

A UE may be configured with SRS parameters for trigger type 0 and trigger type 1 on each serving cell. The following
SRS parameters are serving cell specific and semi-statically configurable by higher layers for trigger type 0 and for
trigger type 1.

Source:

Transmission comb k

trigger type 1

rc » @s defined in Section 5.5.3.2 of [3] for trigger type 0 and each configuration of

Starting physical resource block assignment Mg . as defined in Section 5.5.3.2 of [3] for trigger type 0 and

each configuration of trigger type 1

duration: single or indefinite (until disabled), as defined in [11] for trigger type 0

srs-ConfigIndex Ig,s for SRS periodicity Ty, and SRS subframe offset To_ﬁ.’te.r

Table 8.2-2 for trigger type 0 and SRS periodicity T, and SRS subframe offset Toﬁe
8.2-4 and Table 8.2-5 trigger type 1

, as defined in Table 8.2-1 and

. 1 » as defined in Table

SRS bandwidth B, .as defined in Section 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger
type 1

Frequency hopping bandwidth, bh op + s defined in Section 5.5.3.2 of [3] for trigger type 0

Cyclic shift Rgy, , as defined in Section 5.5.3.1 of [3] for trigger type 0 and each configuration of trigger type
1

3GPP TS 36.331 V10.7.0 at 80.
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim

Example American Count X Systems and Services

9.2.4  Default physical channel configuration

Parameters
Name Value Semantics description Ver
PDSCH-ConfigDedicated
>p-a dB0
PUCCH-ConfigDedicated
= tdd-AckNackFeedbackMode bundling Only valid for TDD mode
>ackNackRepetition release
PUSCH-ConfigDedicated
=hetaOffset-ACK-Index 10
=hetaOffset-RI-Index 12
=hetaOffset-CQl-Index 15
UplinkPowerControlDedicated
>p0-UE-PUSCH 0
=>deltaMCS-Enabled en0 (disabled)
>accumulationEnabled TRUE
=>p0-UE-PUCCH 0
>pSRS-Offset 7
= filterCoefficient fcd
tpc-pdech-ConfigPUCCH release
tpe-pdech-ConfigPUSCH release
CQl-ReportConfig
= CQI-ReportPeriodic release
> cgi-ReportModeAperiodic MN/A
= nomPDSCH-RS-EFRE-Offset N/A
SoundingRS-UL-ConfigDedicated release
AntennalnfoDedicated
=transmissionMode tm1, tm2 If the number of PBCH antenna ports is
one, tm1 is used as default; otherwise
tm2 is used as default
>codebookSubsetRestriction N/A
=ue-TransmitAntennaSelection release
SchedulingRequestConfig release

Source: 3GPP TS 36.331 V10.22.0 at 263.
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim Example American Count X Systems and Services

The physical uplink shared channel (PUSCH) is transmitted by the UE with resources elements that
are different from SRS resources.

5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of Ny NF® subcarriers and N;;;';]b

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

min, UL UL max, UL
NRB < JWRB < NRB

where NV gﬁ"UL =6 and N, a“ﬁ“'u" =110 are the smallest and largest uplink bandwidths, 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 the higher layer
parameter [JL-CyclicPrefixLength and is given in Table 5.2.3-1.

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred
from the channel over which another symbol on the same antenna port is conveyed. There is one resource grid per
antenna port. The antenna ports used for transmission of a physical channel or signal depends on the number of antenna

ports configured for the physical channel or signal as shown in Table 5.2.1-1. The index p is used throughout Section
5 when a sequential numbering of the antenna ports is necessary.

13
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim

Example American Count X Systems and Services

One uplink slot T,

-

[

N SC-FOMA symbols
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Resource

/ elemant

[L)]
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L rp Subcarrier
Ny xNER >
NEB subcarrier

LI L] #eo

I=0 I=Njh -1

Figure 5.2.1-1: Uplink resource grid.

5.2.2 Resource elements

Each element in the resource grid is called a resource element and is uniquely defined by the index pair {ﬁ:,{} in a slot
where k = D,...,N]'{"é‘NzB =1 and I = D,...,N:;[;b —1 are the indices in the frequency and time domains, respectively.
Resource element {k,.{} on antenna port p corresponds to the complex value HE’.’} . When there is no risk for confusion,

or no particular antenna port is specified, the index p may be dropped. Quantities al? corresponding to resource

kd
elements not used for transmission of a physical channel or a physical signal in a slot shall be set to zero.
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim

Example American Count X Systems and Services

5.2.3 Resource blocks

A physical resource block is defined as N ULb consecutive SC-FDMA symbols in the time domain and

symi

N 2B consecutive subcarriers in the frequency domain, where ng:;b and NF® are given by Table 5.2.3-1. A physical

resource block in the uplink thus consists of N;J';ﬁ xN SRDB resource elements, corresponding to one slot in the time

domain and 180 kHz in the frequency domain.

Table 5.2.3-1: Resource block parameters.

Configuration N8 N
MNormal cyclic prefix 12 7
Extended cyclic prefix 12 3]

The relation between the physical resource block number #mpg, in the frequency domain and resource elements (k,[) in

a slot is given by

k
NERB

8¢

Hppp = l_

5.3 Physical uplink shared channel

534 Mapping to physical resources

15
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim Example American Count X Systems and Services

For ¢ach anténna port g used for transmssion of the PUSCH i a subframe the block of complex-valised svmbals
:Ei'][ﬂi ..... :'jﬂi M .';:nh —1) shall be multiplied with the amplitude scaling factor fFfppgey 0 order o conform o the
transmit power Py ooy specified in Section 5.1.1.1 in [4). and mapped in sequence starting with = P(0) 10 phiysical
resource blocks on antenna port o and assigned for transmission of PUSCH. The relation berween the index poand the
anfenna pori number p is given by Table 5.2.1-1. The mapping to resource clements (k,/) corresponding to the

physical resource blocks assigned for ransmission and

- mot used for transmission of reference signals, and

If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in
frequency, the set of physical resource blocks to be used for transmission is given by Hppg = Hygpg Where nypg is

obtained from the uplink scheduling grant as described in Section 8.1 in [4].

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for
transmission is given by Section 8§.4.1 in [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used
for transmission in slot n, is given by the scheduling grant together with a predefined pattern according to

fipgs (1) = (ivga + Fiop () N + (N —1)- 2(iygg mod N, ))- £, () Jmod W - N,,)

) [l_ng / 2J inter — subframe hopping
1=

1, infra and inter — subframe hopping
o (1 )=[ Tpgg (1.) N,=1
: 1ﬁm(ns)+’-N§I§/2 N, >1
) [ n N, =1
"VEE ™ iyms — N 2| N, 1

Source: 3GPP TS 36.211 V10.7.0 at 20-21.
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5.4 Physical uplink control channel

The physical uplink control channel, PUCCH, carries uplink control information. Simultaneous transmission of PUCCH

and PUSCH from the same UE 1s supported if enabled by higher layers. For frame structure type 2, the PUCCH is not
transmitted in the UpPTS field.

The physical resources used for PUCCH depends on two parameters, N 1%; and N, C(;) , given by higher layers. The
variable N% 20 denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats
2/2a/2b transmission in each slot. The variable Nc(sl) denotes the number of cyclic shift used for PUCCH formats
1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b. The value of Nc(sl) is an integer multiple of
APUCCH

i Within the range of {0, 1, ..., 7}, where AﬂfifctCH is provided by higher layers. No mixed resource block is

present if Nc(sl) =0 . At most one resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b. Resources
used for transmission of PUCCH formats 1/1a/1b, 2/2a/2b and 3 are represented by the non-negative indices niL2)

PUCCH »

. N N
2.,p) (2) A7RB RB (0 3.p) :
npiten < NraNse _{_;s “(Ngew = N5’ =2), and npfey , respectively.

541 PUCCH formats 1, 1aand 1b

For PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH from the UE. In the
remainder of this section, d(0) =1 shall be assumed for PUCCH format 1.

The resource indices within the two resource blocks in the two slots of a subframe to which the PUCCH is mapped are

given by
) (L) _A7(1) / APUCCH
ns(n) = Mpuccn if npgicen <€ Nes / Aghife
s (L.p) (1) / \PUCCH RB / A\PUCCH -
(nPUCCH —C N /Ashift )mOd(C'Nsc /Ashift ) otherwise
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54.3 Mapping to physical resources

The block of complex-valued symbols Pl (#) shall be multiplied with the amplitude scaling factor fpyccy in order to
conform to the transmit power Ppypey Specified in Section 5.1.2.1 in [4], and mapped in sequence starting with

ztﬁj (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 ztﬁ]{f) to resource elements I[k,{] on antenna port p
and not used for transmission of reference signals shall be in increasing order of first & , then !/ and finally the slot
number, starting with the first slot in the subframe. The relation between the index p and the antenna port number p is
given by Table 5.2.1-1.

Source: 3GPP TS 36.211 V10.7.0 at 12-13, 20-21, 26.

5.5.3  Sounding reference signal

5.56.31 Sequence generation

The sounding reference signal sequence r_;.[ﬂ, (n)= rtfff,'_“}{n} is defined by Section 5.5.1, where 1 is the PUCCH
sequence-group number defined in Section 5.5.1.3 and v is the base sequence number defined in Section 5.5.1.4. The
cyclic shift @; of the sounding reference signal is given as

cs p

HSRS

ﬂ' =27 ===

5 —\ s+l \mods

pe {(].1,..., _lp - l}

where ng =10,1,2,3,4,5,6,7} is configured separately for periodic and each configuration of aperiodic sounding by the
higher-layer parameters cyclicShift and cyclicShift-ap, respectively, for each UE and N, is the number of antenna

ports used for sounding reference signal transmission.

18

AA/SWA Ex. 1009, p.18 of 138
American Airlines, et. al. v. Intellectual Ventures, et. al.
IPR2025-01509



U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim

Example American Count X Systems and Services

55.3.2 Mapping to physical resources

For all subframes other than special subframes, the sounding reference signal shall be transmitted in the last symbol of
the subframe.

Source: 3GPP TS 36.211 V10.7.0 at 35-36.
8.7.2 Sounding Reference Signal

The mobile usually sends the sounding reference signal in the last symbol of the
subframe, as shown in Figure 8.11. In TDD maode, it can also send the signal in the

Sounding bandwidth (4 to 96 resource blocks)

»
v

INNENNINNE N AN ncn:r NS NGNS xn:nr:x.u-n:: EEIEEIEEINE N
. max me . o

1st siot in
subframe
rmaa —— ::i::f:::i:;
2nd slot in +H+- ISR IR RS WEamuIR
subffame E"'"'f'—:":f"'::"“,c“ff“,”x"" :r:::' B ‘5"!'!1 ‘1‘1:":1!:-(111?!::
.aa.o !! AABP\'\AA
Frequency
8 Example SRS transmission
Time ,
@ Not used by this UE

Figure 8.11 Example resource element mapping for the sounding reference signal, using a normal
cyclie prefix.

Source: C. Cox, “An Introduction to LTE” (Wiley 2012), § 8.7.2 at 144.

[1.b] a transmitter and the
processor are configured to
send, over the physical
uplink shared channel, data
in assigned time intervals;

On information and belief, the American Count X Systems and Services include a transmitter and the
processor configured to send, over the physical uplink shared channel, data in assigned time intervals.

The UE transmits data on PUSCH in form of subframes in each TTI interval.
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5.2.2  Uplink shared channel

Figure 5.2.2-1 shows the processing structure for the UL-SCH transport channel on one UL cell. Data arrives to the
coding unit im the form of 2 maximum of two transport blocks every transmission time interval (TTI) per UL cell. The
following coding steps can be identified for cach transport block of an UL cell:

Source: 3GPP TS 36.212 \V10.9.0 at 22.
) Physical Layer for E-UTRA

Downlink and uplink tansmissions are ofganized into radio frames with 10 ms duration. Two radio frame strciires are
anppomed.

- Type L. applicable o FDL.

= Type 2, applicable 1o TIXD

Frame structure Type 1 is sllustrated i Figure 5.1-1. Each 10 ms radio frame is divided into ten equally sized sub-
frames. Each sub-frame consists of two equally sazed slots. For FDD. 10 subframes are available for downliak
mranstis4ion and 10 sobframes are available for vplink ransmissions n each 10 ms interval Uplink and downlink

transiissions are separated o the frequensy doman

#0 # . ---------‘ #18 ‘ 9 ‘
.-l siot » -
4 Sub frame »
< One radio frame = 10ms >

The physical channels of E-UTRA are:
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Physical uplink control channel (PUCCH)
- Carrnes Hybrid ARQ ACK/NAKS in response to downlink transmission;
- Carries Scheduling Request (5R);
- Carries CQI reports.
Physical uplink shared channel (PUSCH)
- Carries the UL-SCH.
Source: 3GPP TS 36.300 V10.12.0 at 38-39.

11.1.2  Uplink Scheduling

I thee uplink, E-UTRAN can dynamically allocate resources (PRBs and MOS) to UEs at each TTI via the C-RNTI on
PIHCCH{s), A UE always momiors the PIMCCH(s) in order to fnd possible allocation for uplink transmission when 1ts

downlink reception is enabled (activity govemed by DREX when configured). When CA is configured, the same C-RNTI
applies to all serving eells.

Source: 3GPP TS 36.300 V10.12.0 at 93.

5.3 Physical uplink shared channel
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534 Mapping to physical resources

For each antenna port p used for transmission of the PUSCH in a subframe the block of complex-valued symbols
2P (0),....2 P (M ;ﬁmb —1) shall be multiplied with the amplitude scaling factor Spygcy in order to conform to the
transmit power Fpygep specified in Section 5.1.1.1 in [4], and mapped in sequence starting with z22(0) to physical

resource blocks on antenna port p and assigned for transmission of PUSCH. The relation between the index p and the

antenna port number p is given by Table 5.2.1-1. The mapping to resource elements (k,!’ } corresponding to the
physical resource blocks assigned for transmission and

If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in
frequency. the set of physical resource blocks to be used for transmission is given by Hpgg = Hygg Where Rygg is

obtained from the uplink scheduling grant as described in Section 8.1 in [4].

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for
transmission is given by Section 8.4.1 in [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks fo be used
for transmission in slot n_ is given by the scheduling grant together with a predefined pattern according to

Tiogs (1) = (ygg + Fiop () N + (N —1)- 2(iyg mod N, ))- £, () Jmod (N - N,,)
: [Lns / EJ inter — subframe hopping
1=+

|n, intra and inter — subframe hopping
[ Tipgg (1) N,=1
Tors () = s (1) + [ NES /2] N, 51
N [ n N, =1
"V rms N2 N, >1

Source: 3GPP TS 36.211 V10.7.0 at 20-21.
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[1.c] the transmitter and the
processor are further
configured, in a time interval
that it is not sending
information over the physical
uplink shared channel, to
send the uplink physical
signal based on the received
resource allocation
information, wherein the
uplink physical signal is used
to determine channel
conditions by a base station
and in the same time interval
that the uplink physical
signal is sent, a plurality of
UEs transmit uplink physical
signals in the same time
interval; and

On information and belief, the American Count X Systems and Services include the transmitter and the
processor further configured, in a time interval that it is not sending information over the physical uplink
shared channel, to send the uplink physical signal based on the received resource allocation information,
wherein the uplink physical signal is used to determine channel conditions by a base station and in the
same time interval that the uplink physical signal is sent, a plurality of UEs transmit uplink physical
signals in the same time interval.

The UE transmits the sounding reference signal in different resource elements and symbols than those
used for PUSCH transmission.

8.2 UE sounding procedure

A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types:

Source: 3GPP TS 36.213 V10.13.0 at 82.
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5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of Ny NF® subcarriers and N;;;';]b

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

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

where N"" =6 and NJg*U" =110 are the smallest and largest uplink bandwidths, 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 the higher layer
parameter UL-CyelicPrefixLength and is given in Table 5.2.3-1.

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred
from the channel over which another symbol on the same antenna port is conveyed. There is one resource grid per
antenna port. The antenna ports used for transmission of a physical channel or signal depends on the number of antenna

ports configured for the physical channel or signal as shown in Table 5.2.1-1. The index p is used throughout Section
5 when a sequential numbering of the antenna ports is necessary.
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One uplink slot T,
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Ny SC-FDMA symbols

[T T emwne

Resource

bigek
gn FESOUTCEe
/ Ny % Ny alements

Resource
alemeant

(k.

. ke Subcamier
XNy

s
NED subcarrier

uL
N
L3

k=0

[T
|

I=Ng -1

=0

Figure 5.2.1-1: Uplink resource grid.

5.2.2 Resource elements

Each element in the resource grid is called a resource element and is uniquely defined by the index pair (ﬁ:,{) in a slot

where k = D,,..,N]'{"é‘NiB =1 and I = [I,..,,N:;[j';b —1 are the indices in the frequency and time domains, respectively.

Resource element I[k,i } on antenna port p corresponds to the complex value ai’:’f} . When there is no risk for confusion,

or no particular antenna port is specified, the index p may be dropped. Quantities ai’jj corresponding to resource

elements not used for transmission of a physical channel or a physical signal in a slot shall be set to zero.
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5.2.3 Resource blocks

A physical resource block is defined as N ULb consecutive SC-FDMA symbols in the time domain and

symi

N 2B consecutive subcarriers in the frequency domain, where ng:;b and NF® are given by Table 5.2.3-1. A physical

resource block in the uplink thus consists of N;J';ﬁ xN SRDB resource elements, corresponding to one slot in the time

domain and 180 kHz in the frequency domain.

Table 5.2.3-1: Resource block parameters.

Configuration N8 N
MNormal cyclic prefix 12 7
Extended cyclic prefix 12 3]

The relation between the physical resource block number #mpg, in the frequency domain and resource elements (k,[) in

a slot is given by

k
NERB

8¢

Hppp = l_

5.3 Physical uplink shared channel

534 Mapping to physical resources
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For ¢ach anténna port g used for transmssion of the PUSCH i a subframe the block of complex-valised svmbals
:Ei'][ﬂi ..... :'jﬂi M .';:nh —1) shall be multiplied with the amplitude scaling factor fFfppgey 0 order o conform o the
transmit power Py ooy specified in Section 5.1.1.1 in [4). and mapped in sequence starting with = P(0) 10 phiysical
resource blocks on antenna port o and assigned for transmission of PUSCH. The relation berween the index poand the
anfenna pori number p is given by Table 5.2.1-1. The mapping to resource clements (k,/) corresponding to the

physical resource blocks assigned for ransmission and

- mot used for transmission of reference signals, and

If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in
frequency, the set of physical resource blocks to be used for transmission is given by Hppg = Hygpg Where nypg is

obtained from the uplink scheduling grant as described in Section 8.1 in [4].

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for
transmission is given by Section 8§.4.1 in [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used
for transmission in slot n, is given by the scheduling grant together with a predefined pattern according to

fipgs (1) = (ivga + Fiop () N + (N —1)- 2(iygg mod N, ))- £, () Jmod W - N,,)

) [l_ng / 2J inter — subframe hopping
1=

1, infra and inter — subframe hopping
o (1 )=[ Tpgg (1.) N,=1
: 1ﬁm(ns)+’-N§I§/2 N, >1
) [ n N, =1
"VEE ™ iyms — N 2| N, 1

Source: 3GPP TS 36.211 V10.7.0 at 20-21.
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5.4 Physical uplink control channel

The physical uplink control channel, PUCCH, carries uplink control information. Simultaneous transmission of PUCCH

and PUSCH from the same UE 1s supported if enabled by higher layers. For frame structure type 2, the PUCCH is not
transmitted in the UpPTS field.

The physical resources used for PUCCH depends on two parameters, N 1%; and N, C(;) , given by higher layers. The
variable N% 20 denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats
2/2a/2b transmission in each slot. The variable Nc(sl) denotes the number of cyclic shift used for PUCCH formats
1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b. The value of Nc(sl) is an integer multiple of
APUCCH

i Within the range of {0, 1, ..., 7}, where AﬂfifctCH is provided by higher layers. No mixed resource block is

present if Nc(sl) =0 . At most one resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b. Resources
used for transmission of PUCCH formats 1/1a/1b, 2/2a/2b and 3 are represented by the non-negative indices niL2)

PUCCH »

. N N
2.,p) (2) A7RB RB (0 3.p) :
npiten < NraNse _{_;s “(Ngew = N5’ =2), and npfey , respectively.

541 PUCCH formats 1, 1aand 1b

For PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH from the UE. In the
remainder of this section, d(0) =1 shall be assumed for PUCCH format 1.

The resource indices within the two resource blocks in the two slots of a subframe to which the PUCCH is mapped are

given by
) (L) _A7(1) / APUCCH
ns(n) = Mpuccn if npgicen <€ Nes / Aghife
s (L.p) (1) / \PUCCH RB / A\PUCCH -
(nPUCCH —C N /Ashift )mOd(C'Nsc /Ashift ) otherwise
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54.3 Mapping to physical resources

The block of complex-valued symbols Pl (#) shall be multiplied with the amplitude scaling factor fpyccy in order to

conform to the transmit power Ppypey Specified in Section 5.1.2.1 in [4], and mapped in sequence starting with
ztﬁj (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 ztﬁ]{r’} to resource elements I[k,{] on antenna port p
and not used for transmission of reference signals shall be in increasing order of first & , then !/ and finally the slot
number, starting with the first slot in the subframe. The relation between the index p and the antenna port number p is
given by Table 5.2.1-1.

Source: 3GPP TS 36.211 V10.7.0 at 12-13, 20-21, 26.
5.5 Reference signals

553 Sounding reference signal

5532 Mapping to physical resources

For all sublrames other than special subfromes, the sounding reference signal shall be transminted i the last symbol of
the subframe.

Source: 3GPP TS 36.211 VV10.7.0 at 27, 35, 37.

Signaled parameters from the network, for example srs-Bandwidth, are used to characterize the uplink
Sounding Reference Signals.

5.5.3 Sounding reference signal
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5532 Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor fope in order to conform to the wansmit power
Fegs specified in Section 5.1.3.1 1n [4]. and mapped in sequence starting with rj:{{.;'(ﬁ) 10 resource elements (&, /) on
antenna port p according o

0 otherwise

Bens B (K K=0L.... M, -1

i.
LRI
LY |
where N, is the number of antenna ports used for sounding reference signal transmission and the relation between the
index p and the antenna port p s given by Table 5.2.1-1, The set of antenna ponts used for sounding reference signal

transmission is configured independently for periodic and each configuration of aperiodic sounding. The quantity &%

. - . o 0is . o A s = T I -
is the frequency=-domain starting position of the sounding reference signal and for b= B, and .\!f_b 18 the length of

the sounding reference signal sequence defined as

RS o :RB (4
M) = Mggs W N /-

where Mgz, is given by Table 5.5.3.2-1 through Table §.5.3.2-4 for each uplink bandwidth Vi . The cell-specitic
pavameter srs-BandwidihConfig, Cyqe 0,1.2.3456.7) and the UE-specific parameter ses-Bamdwidih, B = (0,1.2.3) are
given by higher layers. For UpPTS, myq, shall be reconfigured to mge ) = max_ {m;h_"}s (\;uj, 6N, | if this

Table 5.5.3.2-1: m., and ¥,, b=01.23, values for the uplink bandwidth of 6< Vi <40,

SRS bandwidth Sﬁszm-”olldlh SRS-BBang:lidlh SRszan:’:Idth SRS-BBan:l:lMlh
conrmmm 5 xS R = SRy T
Cons Mggs o No Meps | N Mepe 2 N2 Megs 3 N;
Q 38 1 12 3 4 3 4 1
1 32 1 16 2 8 2 4 2
2 24 1 4 6 & 1 4 1
3 20 1 S “ 1 B 1
& 16 4 “ 4 - 1
£l 12 4 3 4 E i
& & 4 2 4 E 1
T 4 1 4 4 i 4 1

Source: 3GPP TS 36.211 V10.7.0 at 35-38.
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The SRS signal is used to estimate the uplink channel conditions. The UE transmits uplink physical
signals in the same subframe(s) of a radio frame sent in a single TTI.

7.2.2 SOUNDING REFERENCE SIGNALS

In contrast, SRS are transmitted on the uplink to allow for the base station to estimate the
uplink channel state at different frequencies. The channel-state estimates can then, for

7.2.2.1 Periodic SRS Transmission

Similar to DM-RS, different phase rotations, also for SRS referred 1o as “cyclic shifts™ in
the LTE specifications, can be used to generate different SRS that are orthogonal to each
other. By assigning different phase rotations to different devices, multiple SRS can thus be
transmitted in parallel in the same subframe, as illustrated by devices #1 and #2 in the upper
part of Figure 7.17. However, it is then required that the reference signals span the same
frequency range.

Source: “4G, LTE-Advanced Pro and The Road to 5G” (Academic Press 3d Ed. 2016) at 185, 187,

188.
Eegounte Blath Mombet
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Source: https://howltestuffworks.blogspot.com/2014/07/sounding-reference-signal-procedure.html.
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[1.d] the receiver and the
processor are further
configured to receive, on a
physical control channel,
control information, wherein
the control information is
based on the determined
channel conditions, wherein
physical control channels are
transmitted in a same time
slot with other physical
channels in a plurality of
predetermined time slots in a
downlink frame, wherein
other time slots of the
downlink frame do not
include a physical control
channel, wherein a number
of bits sent over the physical
control channel is based on a
number of fields of control
information to be sent to the
UE.

On information and belief, the American Count X Systems and Services include the receiver and the
processor further configured to receive, on a physical control channel, control information, wherein the
control information is based on the determined channel conditions, wherein physical control channels
are transmitted in a same time slot with other physical channels in a plurality of predetermined time
slots in a downlink frame, wherein other time slots of the downlink frame do not include a physical
control channel, wherein a number of bits sent over the physical control channel is based on a number
of fields of control information to be sent to the UE.

The UE receives downlink control information (DCI) via PDCCH. The DCI includes uplink scheduling
assignments based on the channel conditions measured using the received SRS.

9.1.1 PDCCH Assignment Procedure

subclause 6.8.1 in [3], where Necp ¢ 18 the total number of CCEs in the control region of subframe & . The UE shall

monitor a set of PDCCH candidates on one or more activated serving cells as configured by higher layer signalling for
control information in every non-DRX subframe, where monitoring implies attempting to decode each of the PDCCHs
in the set according to all the monitored DCI formats.

Source: 3GPP TS 36.213 V10.13.0 at 94.

32

AA/SWA Ex. 1009, p.32 of 138
American Airlines, et. al. v. Intellectual Ventures, et. al.
IPR2025-01509




6.8 Physical downlink control channel

6.8.1 PDCCH formats

The physical downlink control channel carmies scheduling assignments and other control information. A physical control
channel is transmitted on an ageregation of one or several consecufive confrol channel elements (CCEs), where a
confrol channe] element cormresponds to 9 resource element groups. The number of resource-element groups not
assigned to PCFICH or PHICH is Nggg . The CCEs available in the system are numbered from 0 to Ng —1 , where

Nees = LNREG ! 9J . The PDXCCH supports multiple formats as listed in Table 6.8 1-1. A PDCCH consisting of n

consecutive CCEs may only start on a CCE fulfilling i mod n =0, where i is the CCE mumber.

Multiple PDXCCHs can be fransmitted in a subframe.

Table 6.8.1-1: Supported PDCCH formats.

FDCCH Number of MNumber of resource- Number of
format CCEs element groups PDCCH bits
0 1 ie
1 2 18 144
2 4 36 288
3 8 72 576
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Patent Claim Example American Count X Systems and Services

6.8.2 PDCCH multiplexing and scrambling

The block of bits 5@ (0),....6" (M2 —1) on each of the control channels to be transmitted in a subframe, where M )

is the number of bits in one subframe to be transmitted on physical downlink control channel number i , shall be
multiplexed, resulting in a block of bits
b (0),...6° M ~1),60(0),...60 (MD 1), "o (@) e (pg B 1y where nppeey is the

number of PDCCHs transmitted in the subframe.

The block of bits 5 (0),....6 M -1),6%(0),....60 M) —1),... p"reecs™ (), pWercca (pg {mevcer ™D _1) ghall be
scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits
5(0),4..,1’;(Mtol —1) according to

b (i) = (b(i) +c(i))mod 2

where the scrambling sequence c(i) is given by Section 7.2. The scrambling sequence generator shall be initialised

with ¢, =|n, / 2% + N at the start of each subframe.

CCE number n corresponds to bits b(72n),b(72n+1),...,0(72n+71) . If necessary, <NIL> elements shall be inserted in
the block of bits prior to scrambling to ensure that the PDCCHs starts at the CCE positions as described in [4] and to

-1 .
ensure that the length M, =8Nggg = Z’_IPECCH M t(:n) of the scrambled block of bits matches the amount of resource-
i=

element groups not assigned to PCFICH or PHICH.
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6.8.5 Mapping to resource elements

The mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. Let
2P )= <y(P) (40), y P (4i+1),yP (4i +2), yP (4i + 3)> denote symbol quadruplet i for antenna port p .

The block of quadruplets 7’ (0),...,z"" (M _ . —1) , where M M gy, /4 . shall be permuted resulting in

quad quad =

w(P) (O),.4.,w(” ) (M .4 —1) . The permutation shall be according to the sub-block interleaver in Section 5.1.4.2.1 of [3]

quad
with the following exceptions:

- the input and output to the interleaver is defined by symbol quadruplets instead of bits

- interleaving is performed on symbol quadruplets instead of bits by substituting the terms 'bit', 'bits' and 'bit
sequence' in Section 5.1.4.2.1 of [3] by 'symbol quadruplet', 'symbol quadruplets' and 'symbol-quadruplet
sequence', respectively

<NULL> elements at the output of the interleaver in [3] shall be removed when forming w? (0),..4,w(p ) (M gyaq =1 -

Note that the removal of <NULL> elements does not affect any <NIL> elements inserted in Section 6.8.2.

The block of quadruplets w'?’(0),...,w (M

—1) where w'? (I) =w® ((f + NICSH) mod M ;,q ) .

quad —1) shall be cyclically shifted, resulting in

W (0),.... WP (M gy

Mapping of the block of quadruplets w?(0),...,w? (M

specified in Section 6.2.4, according to steps 1-10 below:

quad —1) 1s defined in terms of resource-element groups,

1) Initialize m" =0 (resource-element group number)

2) Initialize k'=0
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3) Initialize I'=0

4) 1If the resource element (k”./") represents a resource-element group and the resource-element group is not
assigned to PCFICH or PHICH then perform step 5 and 6, else go to step 7

5) Map symbol-quadruplet w'?’(m') to the resource-element group represented by (k”,") for each

antenna port p

6) Increase m’ by 1
7) Increase ' by 1

8) Repeat from step 4 if /'< L , where L corresponds to the number of OFDM symbols used for PDCCH
transmission as indicated by the sequence transmitted on the PCFICH

9) Increase k' by 1
10) Repeat from step 3 if k'< Ny - NXB
Source: 3GPP TS 36.211 V10.7.0 at 67-69.

6.10  Reference signals

Five types of downlink reference signals are defined:
- Cell-specific reference signals (CRS)
- MBSEN reference signals
- UE-specific reference signals (DM-RS)
- Positioning reference signals (PRS)
- CSIreference signals (CSI-RS)

There is one reference signal transmitted per downlink antenna port.
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6.10.1.2 Mapping to resource elements

Figures 6.10.1.2-1 and 6.10.1.2-2 illustrate the resource elements used for reference signal transmission according to the
above definition. The notation R, is used to denote a resource element used for reference signal transmission on

antenna port p .
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R Fo
g Ro Ry
s ko Ro
Ry Ry
1=0 i I=61=0 =6
Resource element (%,/)
4
) ko KA Ro B R b
é Ry R & R Not used for transmission on this antenna port
e L) R R R ><“ Ref symbols on this antenna port
Ry Ry ) s
1=0 I1=61=0 1=6 1=0 1=61=0 1=6
[Ro Ry R R R, Ry
g ko Ko L5 L Ry Ry
E Ry Ry Ry Ry R, &
Ry R R Ry Ry
=0 i I=61=0 i =6 1=0 i I=61=0 i =6 1=0 i 1=61=0 i =6 1=0 i 1=61=0 i =6
even-numbered slots _ odd-nuimbered slots even-numbered slots _ odd-numbered slots even-numbered slots _ odd-numbered slots even-numbered slots  _ odd-numbered slots,
Antenna port 0 Antenna port | Antenna port 2 Antenna port 3
Figure 6.10.1.2-1. Mapping of downlink reference signals (normal cyclic prefix).
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)
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Ro Ry
Ry Ro

Ro Ry
Rn Rn
1=0 1=51=0 =5

Resource element (&, /)
A

& Ry R AR
R 6 Ry L Ry Not used for transmission on this antenna port

o o & il Reference symbols on this antenna port
RD Rl 1
1=0 1=51=0 =5 =0 1=51=0 =5

Ry Ro R B Ry Ry
Ry Ry R it Ry L

Ry Ro & R R, L5}

Rﬂ Rl Rl RZ R}
1=0 | 1=51=0 =5 =0 | I=51=0 1=5 1=0 | 1=51=0 =5 =0 | I=51=0 1=5
even-numbered slots odd-numbered slots cven-numbered slots odd-numbered slots even-numbered slots  odd-numbered slots cven-numbered slots odd-numbered slots
-~ > > -~
Antenna port Antenna port 1 Antenna port 2 Antenna port 3
Figure 6.10.1.2-2. Mapping of downlink reference signals (extended cyclic prefix).
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6.10.3 UE-specific reference signals

UE-specific reference signals are supported for transmission of PDSCH and are transmitted on antenna port(s) p =5,
p=T,p=8or p=T78,...,0+6,where v is the number of layers used for transmission of the PDSCH. UE-specific

reference signals are present and are a valid reference for PDSCH demodulation only if the PDSCH transmission is
associated with the corresponding antenna port according to Section 7.1 of [4]. UE-specific reference signals are
transmitted only on the resource blocks upon which the corresponding PDSCH is mapped. The UE-specific reference

signal is not transmitted in resource elements (k,l ) in which one of the physical channels or physical signals other than
UE-specific reference signal defined in 6.1 are transmitted using resource elements with the same index pair (k,l )
regardless of their antenna port p .

6.10.3.2 Mapping to resource elements

For antenna port 5, in a physical resource block with frequency-domain index npgpp assigned for the corresponding

PDSCH transmission, the reference signal sequence 7, (m) shall be mapped to complex-valued modulation symbols

a]((f}) with p =5 in a subframe according to:

R Rs
Ry Rs

& Ry
w0 e
. |Rs) IBs|
B[]

=0 I=61=0 =6

_ even-numbered slots _ _ odd-numbered slots

Antenna port 5

Figure 6.10.3.2-1: Mapping of UE-specific reference signals, antenna port 5 (normal cyclic prefix).
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RS
= i
Rs
. EEEEN
Rs
Rs Rs
LE]
Rs s
1=0 1=51=0 =5

even-numbered odd-numbered slots

Antenna port 5

Figure 6.10.3.2-2: Mapping of UE-specific reference signals, antenna port 5 (extended cyclic prefix).

Source: 3GPP TS 36.211 V10.7.0 at 73-82.
7.2.2 SOUNDING REFERENCE SIGNALS

The DM-RS discussed in Section 7.2.1 are intended to be used by the base station for channel
estimation to allow for coherent demodulation of uplink physical channels (PUSCH or
PUCCH). A DM-RS is always transmitted together with and spanning the same frequency
range as the corresponding physical channel.

In contrast, SRS are transmitted on the uplink to allow for the base station to estimate the
uplink channel state at different frequencies. The channel-state estimates can then, for
example, be used by the base-station scheduler to assign resource blocks of instantaneously
good quality for uplink PUSCH transmission from the specific device (uplink channel-
dependent scheduling). They can also be used to select different transmission parameters

Source: “4G, LTE-Advanced Pro and The Road to 5G,” (Academic Press 3d Ed. 2016) at 185.

PDCCH is transmitted in the first symbols of a first time slot of a subframe, where a physical downlink
shared channel is transmitted in the remaining symbols of the first slot and in a second slot of the

subframe.
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W PSCH (Primary Synchronization Channel)

[[] SSCH (Secondary Synchronization Channel)
[[] PBCH (Physical Broadcast Channel)

M RS (cell-specific Reference Signal) for selected Tx antenna port

W PCFICH (Physical Control Format Indicator Channel)

W PHICH (Physical Hybrid ARQ (Automatic Repeal reQuest) Indicator Channel)

Bl PDCCH (Physical Downlink Conlrol Channel)

Available for POSCH (Physical Downlink Shared Channel)

Source: https://www.sharetechnote.com/html/FrameStructure DL.html.

Subframe 0 Subframe 1 Sublframe 2
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> s 2fo s efo s oo sm sle sm e0 s ofo
njip. sy : :
3 . ® ; (I B
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4 : : :
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1 * 13
“@ B y
Tl ’ 3
- aiw - " Es wil Sl -
PRB 3 . 1 ™ .
3 . - .
il 2 D )
1 |
® B - 2
1 3% 12 : 2

The second slot of each downlink subframe does not include PDCCH.
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W PSCH (Primary Synchronization Channel)

[[] SSCH (Secondary Synchronization Channel)

[[] PBCH (Physical Broadcast Channel)

M RS (cell-specific Reference Signal) for selected Tx antenna port

W PCFICH (Physical Control Format Indicator Channel)
B PHICH (Physical Hybrid ARQ (Automatic Repeat reQuest) Indicator Channel)

Source: https://www.sharetechnote.com/html/FrameStructure DL.html.

DCI Format 0 contains different fields and a different number of bits (45 bits in this example) than DCI
Format 4 (53 bits in this example).
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£.4.3 PHYSICAL DOWNLINK CONTROL CHANNEL

The PDCCH is used to carry downlink control information (DCI) such as scheduling de-
cisions and power-control commands. More specifically, the DCI can include:

Uplink

Downlink

Special

Table 6.4 DCI Formats

DCI Format Example Size (Bits) Usage

0 45 Uplink scheduling grant

R 53 Uplink scheduling grant with spatial multiplexing

6-0A. 6-0B 46, 36 Uplink scheduling grant for eMTC devices (see
Chapter 20)

1C 3l Special purpose compact assignment

1A 45 Contiguous allocations only

1B 46 Codebook-based beam-forming using CRS

1D 46 MU-MIMO using CRS

1 55 Flexible allocations

2A 64 Open-loop spatial multiplexing using CRS

2B 64 Dual-layer transmission using DM-RS (TMS)

2C 66 Multi-layer transmission using DM-RS (TM9)

2D 68 Mult-layer transmission using DM-RS (TM10)

2 67 Closed-loop spatial multiplexing using CRS

6-1A,6-1B 46, 36 Downlink scheduling grants for eMTC devices (see
Chapter 20)

3, 3A 45 Power control commands

5 Sidelink operation (see Chapter 21)

6-2 Paging/direct indication for eMTC devices (see
Chapter 20)

Source: “4G, LTE-Advanced Pro and The Road to 5G,” (Academic Press 3d Ed. 2016) at 138.

The number of bits sent over the PDCCH depends on the number of fields in the DCI. In the example
of FDD single-carrier with SRS request and 100 RBs, the DCI Format 0 message includes the fields

shown and 45 bits.
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53.3.11 Format 0
DCT format 0 is used for the scheduling of PUSCH 1in one UL cell.

The following information is transmitted by means of the DCI format 0

- Flag for format0/formatl A differentiation ~ 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A

- Frequency hopping flag ~ 1 bt as defined in section 8.4 of [3]. This field is used as the MSB of the corresponding
resource allocation field for resource allocation type |

- -

- Resource block assignment and hopping resource allocation — [log. (Vg (Vg +1)/2) | bits

- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]

= New data indicator — | bt

- TPC command for scheduled PUSCH — 2 bits as defined in section 5.1.1.1 of [3]

= Cyclic shuft for DM RS and OCC index — 3 bits as defined in section $.5.2.1.1 of [2]

- CSl request - 1 or 2 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to UEs that are configured with
more than one DL ¢ell and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI as defined in [3); otherwise the 1-bit field applies

- SRS request — 0 or | bit. This field can only be present in DCI formats scheduling PUSCH which are mapped onto

the UE specific search space given by the C-RNTI as defined in [3]. The interpretation of this field 1s provided in
section 8.2 of [3]

- Resource allocation type — 1 bit. This field is only present if N < Vi . The interpretation of this field is
provided in section 8.1 of [3]

Source: 3GPP TS 36.212 VV10.9.0 at 57-58.

For the same example of FDD single-carrier with 100 RBs, DCI Format 4 includes the shown fields
and 53 bits.
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533.18 Format 4
DCT format 4 15 used for the scheduling of PUSCH i one UL cell with multi-antenna port transmission mode,

The followng informarion is tansnutied by means of the DCT format 4:

- Resource block assignment - nmx]! l’log:( \;; ( .\';; +1) 2)1| { |Og',

T are INY
[-\u P'l]”’ ' bits, where P is the
4 /)

UL RBG size as defined mn section 8.1.2 of [3]
- TPC command for scheduled PUSCH - 2 bits as defined in section 5.1.1.1 of [3]
- Cyclic shift for DM RS and OCC index — 3 bits as defined in section 5.5.2.1.1 of [2]

« CSI request - | or 2 bits as defined in section 7.2.1 of [3] The 2-bit field apphes to UEs that are configured with
more than one DL cell: otherwise the 1-bit field applies

- SRS request — 2 bits as defined i section 8.2 of [3]
- Resowrce allocation type — 1 bit as defined in section 8.1 of [3]

In addition, for ranspost block 1
- Modulation and coding scheme and redundancy version — S bits as defined in section 8.6 of 3]
- New data indicator - 1 bit

In addition. for transport block 2
- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]
« New data mdicator ~ 1 bit

Precoding information and number of layers: number of bits as specified in Table $.3.3.1.8-1. Bit field as shown in
Table $.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports mndscates which codebook index is to be
used in Table 5.3.3A 2-1 of [2]. and TPMI for 4 antenna ports indicates which codebook index is to be used m Table
§3.3A.2-2, Table 5.3.3A.2-3, Table 5.3 3A.2-4 and Table 5.3.3A 2.5 of [2]. If both transport blocks are enabled.
transport block 1 1s mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport
blocks is disabled. the mransport block to codeword mapping is specified according o Table 5.3.3.1.5-2. For a single
enabled codeword. indices 24 to 39 1 Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding
transport block if that transport block has previously been transnutted using two lavers.

Source: 3GPP TS 36.212 VV10.9.0 at 72-73.

For the same example of FDD single-carrier with 100 RBs, DCI Format 4 includes the shown fields
and 53 bits.
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Tabde 5.2.3.1.8-1: Mumber of bits for precoding infermation.

HWumzar of antenna ports st UE

HEm bar of bits for precoding Infermathon

z

]

&

=]

Table 3.3.3.1.8-2: Content of precoding information field for 2 antenna ports

One codeword: TW0o codsworde:
Codeward 0 snabled Codeword 0 anabled
Codswdrd 1 digsblad Codewoerd 1 ensbled
Bt fleld mapped to ndsx ECHERD Bt Tleld mappad to Index CEETET

i 1 layer: TFMI=0 o £ layers: TR Wll=0
1 1 ayer: TPMI=1 17 reseryen
I 1 layer: TRMI=Z2
3 1 layer: TPMI=5

BT iy

Table 5.%.3.1.8-3: Content of precoding imfarmation field for 4 antenna ports

Oma padsword: Two codewords:
Codeword 0 anabbsd Codawiord 0 enabled
Codeword 1 disabisd Codaword 1 enablad
Elt fleld mapped te Index Massga Bit fleld mappad to Index Meezage
1] 1 Layar: TPRAI=0 1] 2 Layare: TPRAI=A
1 1 layer: TPMI=1 1 2 layers: TPMI=1
Fh] 1layer TRRI=Z3 1o 2 fapere: TRMI=1E
24 2 laysrs: TPMI=0 16 3 bayers: TPMI=
a5 2 lagers: TPMI=1 [kJ 1 Layers: TPMI=1
g 2 layers: TPMI=18 aT 3 Bayers: TPMI=11
L0683 [Tt IE 4 Laympe: TR =]
FE -6 Fommssruyici

Source: 3GPP TS 36.212 VV10.9.0 at 72-73.
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[2] The UE of claim 1, On information and belief, the American Count X Systems and Services practice claim 1. See claim 1.
wherein the receiver and the | On information and belief, the American Count X Systems and Services further practice the receiver
processor are further and the processor are further configured to receive data on a physical downlink shared channel.

configured to receive data on
a physical downlink shared
channel.

For example, the UE includes components for processing relating to transmitting and receiving
signals.

American Airlines in the process
of installing Collins Aerospace’s
aircraft interface device (AID) on
more than 500 aircraft to speed
its data-driven operational
decisions. It is installing the
device on its Boeing 737NGs,
most Airbus A320s and eventually
777s at seven of its locations.

Source: https://aviationweek.com/mro/american-airlines-installing-collins-device-aid-predictive-
maintenance.
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AIRCRAFT INTERFACE DEVICE

EASIER MULTI-CHANNEL
DATA/COMMS ACCESS

Open-architecture design
with added functionality

KEY FEATURES AND BENEFITS
« Field-loadable software

+ ARINC 834 server

+ Communicates with preferred

The Collins Aircraft Interface Device (AID) SATCOM and ACARS providers

is an aircraft connectivity technology with
enhanced functionality, broader capabilities
and an open architecture. We integrated our
AID with services and software to create a
complete, ready-to-use solution for virtually
any commercial aircraft.

+ Solid-state storage
(field removable/upgradable)

« Backward compatible with previous
generations of Collins AID

* Qualified to DO-160G environments

« Able to add hosted functions such

+ Integrated Wi-Fi and cellular radios

Source: https://prd-sc102-cdn.rtx.com/-/media/ca/product-assets/marketing/a/aircraft-interface-

device/aircraft-interface-

device.pdf?rev=6310f16d4a07421b8b378f63dc9028f4&hash=4EAC48A3962B44A6FBF396B41567
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6C8C.
Ground Air-to-ground :
connectivity conne%tivity Aircraft
A ¢” x

End-to-end applications
[ ] __ 3 ) 8
— = BB “2
s } e gy e o mza M H e
[ Rockwell Collins — \_‘“*-7, & g i
€3 =

Airline Ops Center
— - ground infrastructure (20

ATC

— ATG —

Apps and services

Back office integration
Contant mansgement ~—~G
4‘ Ground Wi-F,
N Cellular
Popolar FODA toois

Rockwell Collins’ robust portfolio of information-enabled flight deck router solutions, global comrmunications networks, back-office applications
and airline data services will help make a searnless, secure and integrated aviation ecosphere a reality for your airline.

Source: https://www.collinsaerospace.com/-/media/CA/product-assets/marketing/s/secure-server-
router-7000/ssr-eicu-7000 ds.pdf?rev=1116c10cc51543dfal591edcadcb70ba.

The UE receives data on a physical downlink shared channel.
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4.2 Downlink

Table 4.2-1 specifies the mapping of the downlinl: transport channels to their corresponding physical channels. Table
4.2-2 zpecifies the mapping of the downlink control channel information to itz corresponding physical channel.

Table 4.2-1
TrCH Physical Channel
DL-SCH PDSCH
BCH PBCH
PCH FPDSCH
MCH FMCH

Source: 3GPP TS 36.212 VV10.9.0 at 8.

9.3.2 Downlink shared channel, Paging channel and Multicast channel

Figure 5.3 2-1 shows the processing structure for each transport bleck for the DL-SCH, PCH and MCH transport
channels. Data arrives to the coding unit in the form of a2 maximum of two transport blocks every transmission time
interval {TTI) per DL cell The following coding steps can be identified for each transport block of a DL cell:

—  Add CRC to the transport block

— Code block segmentation and code block CRC attachment

—  Channel coding

— Rate matching

— Code block concatenation

Source: 3GPP TS 36.212 VV10.9.0 at 54.
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6.2 Slot structure and physical resource elements

6.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of Ny NA® subcarriers and N S];;b

OFDM symbols. The resource grid structure is illustrated in Figure 6.2.2-1. The quantity N % depends on the
downlink transmission bandwidth configured in the cell and shall fulfil

One downlink slot Ty,
-

-

N1 OFDM symbols
- -

k=NRENEE 1

Resource

""" ; .{’.H‘HF"X\,M resource
. r——) "7 elements

ri Subcarrier

xNR

s
_rp Subcarrier

NE

Resource
element

&

k.0

Neg
LY -

(DL

v k=0

i=0 1=NDo -1

Figure 6.2.2-1: Downlink resource grid.
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6.3.5 Mapping to resource elements

For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols

yP(0),....y P (M smb — 1) shall conform to the downlink power allocation specified in Section 5.2 in [4] and be

mapped in sequence starting with y?’(0) to resource elements (k.1 ) which meet all of the following criteria:

If the DCI associated with the downlink transmission uses the C-RNTT or semi-persistent C-RNTI and transmit
diversity according to section 6.3.4.3 is used, resource elements in an OFDM symbol assumed by the UE to contain
CSI-RS shall be used in the mapping above if and only if all of the following criteria are fulfilled:

- there is an even number of resource elements for the OFDM symbol in each resource block assigned for
transmission, and

- the complex-valued symbols y‘?’(7) and y‘”’(i+1), where i is an even number, can be mapped to resource
elements (k7 ) and (k +n,l ) in the same OFDM symbol with n<3 .

The mapping to resource elements (k,/ ) on antenna port p not reserved for other purposes shall be in increasing order

of first the index & over the assigned physical resource blocks and then the index !/ , starting with the first slot in a
subframe.
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6.4 Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in Section 6.3
with the following exceptions:

- Inresource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on
the same set of antenna ports as the PBCH, which is one of {0} R {0,1} ,or {0,1 2?}

- Inresource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on

antenna port(s) {5},{7}.{8},or pe{78....0+6}, where v is the number of layers used for transmission of the
PDSCH.

- IfPDSCH is transmitted in MBSFN subframes as defined in [4], the PDSCH shall be transmitted on one or

several of antenna port(s) pe {7 ,8,...,U+6} , where v is the number of layers used for transmission of the
PDSCH.

Source: 3GPP TS 36.211 VV10.7.0 at 52-64.

PDSCH (Physical Downlink Shared Channel)

PDSCH is a physical channel that carries user data.

» Carries user specific data (DL Payload).
» Carries Random Access Response Message in case of PDSCH mapped to RACH channel.

+ It is using AMC with QPSK, 16 QAM and 64 QAM. The modulation scheme for each PDSCH for each user is
determined by MCS wvalue in DCI.

Source: https://www.sharetechnote.com/html/Handbook LTE PDSCH.html.
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[3] The UE of claim 2,
wherein the physical control
channel and the physical
downlink shared channel are
time multiplexed.

On information and belief, the American Count X Systems and Services practice claim 2. See claim 2.
On information and belief, the American Count X Systems and Services further practice the physical
control channel and the physical downlink shared channel are time multiplexed.

For example, the PDCCH and PDSCH may be transmitted using a time-multiplexing approach.

6.2

6.2.1

The transmitted signal in each slot is described by one or several resource grids of Ngg

OFDM symbols. The resource grid structure is illustrated in Figure 6.2.2-1. The quantity N % depends on the
downlink transmission bandwidth configured in the cell and shall fulfil

Slot structure and physical resource elements

Resource grid

DL 5;RB . DL
N~ subcarriers and N g,
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Figure 6.2.2-1: Downlink resource grid.

6.3.5 Mapping to resource elements

For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols

yP(0),....y P (M symb — 1) shall conform to the downlink power allocation specified in Section 5.2 in [4] and be

mapped in sequence starting with y?’(0) to resource elements (k,l ) which meet all of the following criteria:
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If the DCT associated with the downlink transmission uses the C-RNTT or semi-persistent C-RNTI and transmit
diversity according to section 6.3 .4.3 is used, resource elements in an OFDM symbol assumed by the UE to contain
CSI-RS shall be used in the mapping above if and only if all of the following criteria are fulfilled:

- there is an even number of resource elements for the OFDM symbol in each resource block assigned for
transmission, and

- the complex-valued symbols y”’ (i) and y‘?’(i+1), where i is an even number, can be mapped to resource
elements (k./) and (k+7.!) in the same OFDM symbol with 7 <3 .

The mapping to resource elements (k,l ) on antenna port p not reserved for other purposes shall be in increasing order

of first the index & over the assigned physical resource blocks and then the index / , starting with the first slot in a
subframe.

6.4 Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in Section 6.3
with the following exceptions:

- Inresource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on
the same set of antenna ports as the PBCH, which is one of {0} R {0,1}, or {0,1 2?}

- Inresource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on
antenna port(s) {5},{7},{8}, or pe{78,...,v+6}, where v is the number of layers used for transmission of the

PDSCH.

- If PDSCH is transmitted in MBSEN subframes as defined in [4], the PDSCH shall be transmitted on one or
several of antenna port(s) pe {7 ,8,...,v+6} , where v is the number of layers used for transmission of the

PDSCH.

Source: 3GPP TS 36.211 V10.7.0 at 52-64.
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6.8 Physical downlink control channel

6.8.1 PDCCH formats

The physical downlink control channel carries scheduling assignments and other control information. A physical control
channel is transmitted on an aggregation of one or several consecutive control channel elements (CCEs), where a
control channel element corresponds to 9 resource element groups. The number of resource-element groups not
assigned to PCFICH or PHICH is Nyyg, - The CCEs available in the system are numbered from 0 to N —1, where

Neeg = LNREG / 9J . The PDCCH supports multiple formats as listed in Table 6.8.1-1. A PDCCH consisting of n
consecutive CCEs may only start on a CCE fulfillingi mod n =0, where i is the CCE number.

Multiple PDCCHs can be transmitted in a subframe.

Table 6.8.1-1: Supported PDCCH formats.

PDCCH Number of Number of resource- Number of
format CCEs element groups PDCCH bits
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576
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6.8.2 PDCCH multiplexing and scrambling

The block of bits 5@ (0),....6" (M2 —1) on each of the control channels to be transmitted in a subframe, where M )

is the number of bits in one subframe to be transmitted on physical downlink control channel number i , shall be
multiplexed, resulting in a block of bits
b (0),...6° M ~1),60(0),...60 (MD 1), "o (@) e (pg B 1y where nppeey is the

number of PDCCHs transmitted in the subframe.

The block of bits 5 (0),....6 M -1),6%(0),....60 M) —1),... p"reecs™ (), pWercca (pg {mevcer ™D _1) ghall be
scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits
5(0),4..,1’;(Mtol —1) according to

b (i) = (b(i) +c(i))mod 2

where the scrambling sequence c(i) is given by Section 7.2. The scrambling sequence generator shall be initialised

with ¢, =|n, / 2% + N at the start of each subframe.

CCE number n corresponds to bits b(72n),b(72n+1),...,0(72n+71) . If necessary, <NIL> elements shall be inserted in
the block of bits prior to scrambling to ensure that the PDCCHs starts at the CCE positions as described in [4] and to

-1 .
ensure that the length M, =8Nggg = Z’_IPECCH M t(:n) of the scrambled block of bits matches the amount of resource-
i=

element groups not assigned to PCFICH or PHICH.
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6.8.5 Mapping to resource elements

The mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. Let
2P )= <y(P) (40), y P (4i+1),yP (4i +2), yP (4i + 3)> denote symbol quadruplet i for antenna port p .

The block of quadruplets 7’ (0),...,z"" (M _ . —1) , where M M gy, /4 . shall be permuted resulting in

quad quad =

w(P) (O),.4.,w(” ) (M .4 —1) . The permutation shall be according to the sub-block interleaver in Section 5.1.4.2.1 of [3]

quad
with the following exceptions:

- the input and output to the interleaver is defined by symbol quadruplets instead of bits

- interleaving is performed on symbol quadruplets instead of bits by substituting the terms 'bit', 'bits' and 'bit
sequence' in Section 5.1.4.2.1 of [3] by 'symbol quadruplet', 'symbol quadruplets' and 'symbol-quadruplet
sequence', respectively

<NULL> elements at the output of the interleaver in [3] shall be removed when forming w? (0),..4,w(p ) (M gyaq =1 -

Note that the removal of <NULL> elements does not affect any <NIL> elements inserted in Section 6.8.2.

The block of quadruplets w'?’(0),...,w (M

—1) where w'? (I) =w® ((f + NICSH) mod M ;,q ) .

quad —1) shall be cyclically shifted, resulting in

W (0),.... WP (M gy

Mapping of the block of quadruplets w?(0),...,w? (M

specified in Section 6.2.4, according to steps 1-10 below:

quad —1) 1s defined in terms of resource-element groups,

1) Initialize m" =0 (resource-element group number)

2) Initialize k'=0
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3) Initialize I'=0

4) 1If the resource element (k”./") represents a resource-element group and the resource-element group is not
assigned to PCFICH or PHICH then perform step 5 and 6, else go to step 7

5) Map symbol-quadruplet w'?’(m') to the resource-element group represented by (k”,") for each

antenna port p

6) Increase m’ by 1
7) Increase ' by 1

8) Repeat from step 4 if /'< L , where L corresponds to the number of OFDM symbols used for PDCCH
transmission as indicated by the sequence transmitted on the PCFICH

9) Increase k' by 1
10) Repeat from step 3 if k'< Ny - NXB

Source: 3GPP TS 36.211 V10.7.0 at 67-69.

61

AA/SWA Ex. 1009, p.61 of 138
American Airlines, et. al. v. Intellectual Ventures, et. al.
IPR2025-01509



U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)

Patent Claim

Example American Count X Systems and Services

PDSCH (Physical Data Shared Channel) in a Nutshell

PDSCH is a downlink physical channel that deliver user data from ghNB to UE. It has characterstics summarized
as below.

Resource Grid: PDSCH occupies a time-frequency grid of Resource Blocks (RBs) within a slot. Maximum number
of PDSCH OFDM symbol within a slot is 14, but in most case it use less than 14 because usually one or more
OFDM symbols are used for PDCCH.

Scheduling: The gNB schedules PDSCH rescurces for UEs based on their channel quality, data requirements,
and fairness considerations.

Modulation: PDSCH supports various modulation schemes such as QPSK, 16QAM, 64QAM, and 256QAM to
accommodate different channel conditions and data rates.

Channel Coding: PDSCH uses LDPC {Low-Density Parity-Check) coding to provide forward error correction,
enhancing the robustness of data transmission over the wireless channel.

Layer Mapping : In MIMO {(Multiple Input Multiple Output) systems, a PDSCH is distributed among multiple
layers.

Rate Matching: PDSCH employs rate matching to adjust the coded data rate to match the allocated resources,
accommodating different UE requirements and channel conditions.

DMRS (Demodulation Reference Signals): PDSCH includes DMRS to assist the UE in channel estimation and
demaodulation, ensuring accurate data reception === DMRS is explain in further detail in another note here.

Source: https://www.sharetechnote.com/html/5G/5G PDSCH.html.

TDD frame type 2

In TDD mode, the uplink and downlink subframes are transmitted on the same frequency and are multiplexed in the time
domain. The locations of the uplink, downlink, and special subframes are determined by the uplink-downlink configuration.
There are seven possible configurations given in the standard. The following is an illustration of a TDD frame with uplink-
downlink configuration set to 2 and special subframe configuration set to 6.

Source: https://helpfiles.keysight.com/csg/89600B/Webhelp/Subsystems/Ite-

a/content/lte overview.htm.
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[4] The UE of claim 1, On information and belief, the American Count X Systems and Services practice claim 1. See claim 1.
wherein the receiver and the | On information and belief, the American Count X Systems and Services further practice the receiver
processor are further and the processor are further configured to receive, on the physical control channel, power control

configured to receive, on the | information.

physical control channel, For example, the UE is configured to receive power control commands on physical downlink control
power control information. channel PDCCH

5 Power control

Downlink power control determines the energy per resource element (EPRE). The term resource element energy
denotes the energy prior to CP insertion. The term resource element energy also denotes the average energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

5.1 Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.

For PUSCH, the transmit power ﬁPUSCH’ (1) defined in section 5.1.1, is first scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power PPUCCH (i) , defined in Section 5.1.1.1, or IA’SRS’C (i) is split equally across

the configured antenna ports for PUCCH or SRS. ﬁSRS,c (i) is the linear value of Fypg . (7) defined in Section 5.1.3.

A cell wide overload indicator (OI) and a High Interference Indicator (HII) to control UL interference are defined in [9].
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5.1.1 Physical uplink shared channel

5.1.1.1 UE behaviour

The setting of the UE Transmit power for a physical uplink shared channel (PUSCH) transmission is defined as follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Ppysch (i) for PUSCH transmission in subframe 7 for the serving cell cis given by

Femax e (1),

. ‘ ‘ . . [dBm]
10log, o (M pyscu e (D) + Fo_puscue () + & (J) - PL, + Arp (D) + f. (D)

Poyscr (i) = mjn{

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power
Ppyscu (i) for the PUSCH transmission in subframe i for the serving cell ¢ is given by

101log, |2 ) — P, ),
Pouscrs (i) = min Ogl()( cMaXx,c (1) . PUCCH (1)) | | . | [dBny
10log; o (M pysch.c () + Fo_pusc.c () +(J) - PL. + Ap () + f. (1)

If the UE is not transmitting PUSCH for the serving cell ¢, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power Ppygcy (i) for the PUSCH transmission in

subframe i for the serving cell ¢ is computed by

Peysc . () = min {PCMAX,c (1), Fo_puscuc W +a. () PL. + f. (D) } [dBm]

*  Jpyscu, 1s a correction value, also referred to as a TPC command and is included in PDCCH with DCI

format 0/4 for serving cell cor jointly coded with other TPC commands in PDCCH with DCI format 3/3A
whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. The current PUSCH power control adjustment
state for serving cell cis given by f.. (i) which is defined by:
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Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated
dpuscuc Vvalues.

Accumulated
TPC Command Fieldin | 5 Absolute Jpyscr,c [dBI
DCI format 0/3/4 PE;SBC]H “ only DCI format 0/4
0 -1 4
1 0 -1
2 1 1
3 3 4

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated Jpygcy,. Vvalues.

TPC Command Field in Accumulated Spyscp ¢
DCI format 3A [dB]
0 -1
1 1

Source: 3GPP TS 36.213 VV10.7.0 at 10-14.

The PDCCH carries essential control information such as resource allocation,
scheduling assignments, power control commands, and other system-specific
control messages. It operates in the downlink direction, meaning it's transmitted

from the base station to the user equipment.

Source: https://www.linkedin.com/pulse/lte-pdcch-part-1-dci-rnti-malaka-dahanayake-hrjnc.
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Patent Claim Example American Count X Systems and Services
[5] The UE of claim 4, On information and belief, the American Count X Systems and Services practice claim 4. See claim 4.
wherein the physical control | On information and belief, the American Count X Systems and Services further practice the physical
channel includes power control channel includes power control information for a plurality of UEs using different bits.
control information for a
plurality of UEs using 5 Power control

different bits.

Downlink power control determines the energy per resource element (EPRE). The term resource element energy
denotes the energy prior to CP insertion. The term resource element energy also denotes the average energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

9.1 Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.

For PUSCH, the transmit power PPUSCH, ¢ (i) defined in section 5.1.1, is first scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power ISPUCCH (i) , defined in Section 5.1.1.1, or ﬁSRS,c (1) is split equally across

the configured antenna ports for PUCCH or SRS. PSRS,c (1) 1s the linear value of Pypg . (i) defined in Section 5.1.3.

A cell wide overload indicator (OI) and a High Interference Indicator (HII) to control UL interference are defined in [9].

511 Physical uplink shared channel

5111 UE behaviour

The setting of the UE Transmit power for a physical uplink shared channel (PUSCH) transmission is defined as follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Ppyscy.c () for PUSCH transmission in subframe i for the serving cell cis given by
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If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power

If the UE is not transmitting PUSCH for the serving cell c, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power Ppygcy (i) for the PUSCH transmission in

subframe i for the serving cell ¢ is computed by

Femax ¢ (D).

. . . . ) [dBm]
10logy o (M pyscr e (D)) + Fo_puscue () + 0 (J) PL, + Arp (D) + [.(0)

Poyscu,c (i) = mjn{

Ppyscr ¢ (i) for the PUSCH transmission in subframe i for the serving cell ¢ is given by

. |10log, (A (i) = Bpycen (@)
PP[ISCHHC (1) = min 10( CMAX,C . PUCCH ) . . . ) dBm]
10log; o (M pysch.c () + Fo_pusch.c(J) + % (J) - PL, + Ap (D) + [, (i)

Poysce (1) = min {PCMAX,C (1), Fo puscuc W +a.(1)-PL. + . (D) } [dBm]

Opuscic 18 a correction value, also referred to as a TPC command and is included in PDCCH with DCI

format 0/4 for serving cell ¢ or jointly coded with other TPC commands in PDCCH with DCT format 3/3A
whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. The current PUSCH power control adjustment
state for serving cell cis given by f.(7) which is defined by:
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Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated
dpuscuc Vvalues.

Accumulated
TPC Command Fieldin | 5 Absolute Jpyscr,c [dBI
DCI format 0/3/4 PE dB] “ only DCI format 0/4
0 -1 4
1 0 -1
2 1 1
3 3 4

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated Jpygcy,. Vvalues.

TPC Command Field in Accumulated Spyscp ¢

DCI format 3A [dB]
0 -1
1 1

Source: 3GPP TS 36.213 VV10.7.0 at 10-14.

[6] The UE of claim 1,
wherein in the time interval
that the uplink physical
signal is sent by the UE, a
plurality of UEs each
transmit on respective uplink
physical control channels in
the time interval.

On information and belief, the American Count X Systems and Services practice claim 1. See claim 1.
On information and belief, the American Count X Systems and Services further practice wherein in the
time interval that the uplink physical signal is sent by the UE, a plurality of UEs each transmit on
respective uplink physical control channels in the time interval.

As described in claim 1, the UE transmits a sounding reference signal using resource elements and
symbols. Multiple UEs may transmit a sounding reference signal in the time interval.

8.2
A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types:

Source: 3GPP TS 36.213 V10.13.0 at 82.

UE sounding procedure
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5.3 Physical uplink shared channel
534 Mapping to physical resources

For cach antenna port g ised Tor transmassion of the PUSCH i a subframe the block of complex-valued symibols
=)L P M rty — 1) shall be multiplicd with the amplitude scaling factor Spygey in order to conform to the
tFansmit power Py ooy specified in Section 5.1.1.1 in [4). and mapped in sequence starting with = P0) 10 phiysical
resenrce blecks on antenna port p and assigned for transmission of PUSCH. The relation between the index P and the

antenna port number p is given by Table 5.2.1-1. The mapping to resource clements (k,1) corresponding to the
physical resource blocks assigned for ransmission and

- not used for transmission of reference signals, and
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If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in
frequency, the set of physical resource blocks to be used for transmission is given by npgg = Hygg Where nygg is

obtained from the uplink scheduling grant as described in Section 8.1 in [4].

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for

transmission is given by Section 8.4.1 in [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used
for transmission in slot n_ is given by the scheduling grant together with a predefined pattern according to

Tiogs (1) = (ygs + fuop (1) N2 + (V32 —1)— 20fiimp mod N3 ) £, ) Jmod (N - N,p)

: [Lns / 2J inter — subframe hopping
1=+

\n, intra and inter — subframe hopping
P, [ Tipgg (1) N, =1
n n. )=+
PRB [ﬁm(ng)Jr’-N%’/Z Ny >1
N [ n N, =1
Hyre = [

Rygs — N,?g/z] N, >1
Source: 3GPP TS 36.211 VV10.7.0 at 20-21.
5.5 Reference signals

5.5.3 Sounding reference signal

5532 Mapping to physical resources

For all subframes other than special subframes, the sounding reference signal shall be transmined m the last symbol of

the subframe.

Source: 3GPP TS 36.211 V10.7.0 at 27, 35, 37.
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[13.pre] A method performed | To the extent this preamble is limiting, on information and belief, the American Count X Systems and
by user equipment (UE), the | Services include a user equipment (UE) that practices the method recited in the limitations of claim 13.
method comprising:

On information and belief, American airplanes are installed with an Aircraft Interface Device (AID)
that provides LTE ground connectivity and acts as a UE in an LTE network.

An Aircraft Interface Device (AID) is a hardware system that allows communication between an Electronic Flight
Bag (EFB) and an aircraft data bus. AID allows information about the aircraft's position and speed to be
obtained from its avionics by registering to the ARINC 717 and ARINC 429 data buses. This device offers certain
features, such as automatic update of flight planning and weather information updates on the flight.

Source: https://www.fortunebusinessinsights.com/aircraft-interface-device-market-108478.°

North America held the largest global aircraft interface device market share in the base year.
The North American market was valued at USD 13.17 million in 2023. The market’s growth is
attributed to the rise in aircraft fleet and airlines in the region. The presence of major airlines,
such as American Airlines, Delta Airlines, Southwest Airlines, and others will give a boost to
the market growth in the region.

Source: https://www.fortunebusinessinsights.com/aircraft-interface-device-market-108478.

Maintenance and safety data transmitted wirelessly from aircraft improves the predictability of operations

ANNAPOLIS, Md., April 26, 2023 /PRNewswire/ -- Raytheon Technologies' (NYSE: RTX) Collins Aerospace business is
partnering with American Airlines to bring the latest in aircraft data management technology to improve the airline's
safety, reliability and analytics.

Source: https://www.rtx.com/news/news-center/2023/04/26/raytheon-technologies-helping-power-
data-driven-decision-making-at-american-airli.

3 All sources cited in this document were publicly accessible as of the filing date of the Complaint.
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American Airlines in the process
of installing Collins Aerospace’s
aircraft interface device (AID) on
more than 500 aircraft to speed
its data-driven operational
decisions. It is installing the
device on its Boeing 737NGs,
most Airbus A320s and eventually
777s at seven of its locations.

Source: https://aviationweek.com/mro/american-airlines-installing-collins-device-aid-predictive-

maintenance.
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AIRCRAFT INTERFACE DEVICE

EASIER MULTI-CHANNEL
DATA/COMMS ACCESS

Open-architecture design
with added functionality

KEY FEATURES AND BENEFITS
« Field-loadable software

+ ARINC 834 server

+ Communicates with preferred

The Collins Aircraft Interface Device (AID) SATCOM and ACARS providers

is an aircraft connectivity technology with
enhanced functionality, broader capabilities
and an open architecture. We integrated our
AID with services and software to create a
complete, ready-to-use solution for virtually
any commercial aircraft.

+ Solid-state storage
(field removable/upgradable)

« Backward compatible with previous
generations of Collins AID

* Qualified to DO-160G environments

« Able to add hosted functions such

+ Integrated Wi-Fi and cellular radios

Source: https://prd-sc102-cdn.rtx.com/-/media/ca/product-assets/marketing/a/aircraft-interface-

device/aircraft-interface-

device.pdf?rev=6310f16d4a07421b8b378f63dc9028f4&hash=4EAC48A3962B44A6FBF396B41567
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6C8C.
Ground Air-to-ground :
connectivity conne%tivity Aircraft
A ¢” x

End-to-end applications
[ ] __ 3 ) 8
— = BB “2
s } e gy e o mza M H e
[ Rockwell Collins — \_‘“*-7, & g i
€3 =

Airline Ops Center
— - ground infrastructure (20

ATC

— ATG —

Apps and services

Back office integration
Contant mansgement ~—~G
4‘ Ground Wi-F,
N Cellular
Popolar FODA toois

Rockwell Collins’ robust portfolio of information-enabled flight deck router solutions, global comrmunications networks, back-office applications
and airline data services will help make a searnless, secure and integrated aviation ecosphere a reality for your airline.

Source: https://www.collinsaerospace.com/-/media/CA/product-assets/marketing/s/secure-server-
router-7000/ssr-eicu-7000 ds.pdf?rev=1116c10cc51543dfal591edcadcb70ba.

See also claim preamble [1.a].
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[13.a] receiving resource On information and belief, the American Count X Systems and Services practice receiving resource
allocation information allocation information associated with an uplink physical signal, wherein the uplink physical signal and
associated with an uplink a physical uplink shared channel have different resources.

physical signal, wherein the
uplink physical signal and a
physical uplink shared
channel have different
resources; 7.2 RRC protocol states & state transitions

In LTE, a UE is configured to receive radioResourceConfigDedicated IE, which includes
PhysicalConfigDedicated IE that further includes SoundingRS-UL-Config IE. This configuration
indicates the UE’s SRS resources for transmission.

- RRC_CONNECTED:
- UE has an E-UTRAN-REC connection;
- UE has context in E-UTRAN;
- E-UTRAN knows the cell which the UE belongs to;
- Network can transmit and/or receive data to/from UE;
- Network controlled mobility (handover and inter-RAT cell change order to GERAN with NACC);
- NMeighbour cell measurements;
- At PDCP/RLC/MAC level:
- UE can transmit and/or receive data to/from network;

- UE monitors control signalling channel for shared data channel to see if any transmission over the shared
data channel has been allocated to the UE;

- UE also reports channel quality information and feedback information to eNB;

- DRX period can be configured according to UE activity level for UE power saving and efficient resource
utilization. This is under control of the eNB.

Source: 3GPP TS 36.300 V10.12.0 at 56.
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5.3.34 Reception of the RRCConnectionSetup by the UE
NOTE: Prior to this, lower layer signalling is used to allocate a C-RNTI. For turther details see TS 36321 [6];
The UE shall:

1> perform the radio resource configuration procedure in accordance with the received
radioResourceConfig Dedicated and as specified in 5.3.10;

1= if stored, discard the cell reselection priority information provided by the idleModeMobilityControllnfo or
inherited from another RAT;

1> stop timer T300;

1> stop timer T302, if running;

1> stop timer T303, if running;

1= stop timer T303, if running;

1> stop timer T306, if running;

1> perform the actions as specified in 5.3.3.7;
1> stop timer T320, if running;

1> enter RRC_CONNECTED;

Source: 3GPP TS 36.331 VV10.22.0 at 42.
- RadioResourceConfigDedicated

The IE RadioResourceCanfigDedicated is used to setup/'modify/release RBs, to modify the MAC main configuration, to
modi fy the SPS configuration and to modify dedicated physical configuration.

tcEUTRAZ
spa=Config S3pS=Config CPTIONAL, == Nead ON
physicalConfigbedicated PhysicalConfigbDedicated OPTIONAL, -= Nead ON
o
[ Eelf-TimersAndConstants-r9 RLF=-TimersAndConstants—c9 OPFTIONAL -= Keggd ON
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_ RadioResourceConfigDedicated field descriptions
logicalChannelConfig
For SRBs a choice is used to indicate whether the logical channel configuration is signalled explicitly or set to the
default logical channel configuration for SRB1 as specified in 9.2.1.1 or for SRB2 as specified in 9.2.1.2.
logicalChannelldentity
The logical channel identity for both UL and DL.
mac-MainConfig
Although the ASN.1 includes a choice that is used to indicate whether the mac-MainConfig is signalled explicitly or set
to the default MAC main configuration as specified in 9.2.2, EUTRAN does not apply "defauitValue".
measSubframePatternPCell
Time domain measurement resource restriction pattern for the PCell measurements (RSRP, RSRQ and the radio link
monitoring).
physicalConfigDedicated
The default dedicated physical configuration is specified in 9.2.4.

- PhysicalConfigDedicated

tpo-PRCCH-ContigPUSCH TPC-PRDOCH-Config OPTIONAL, -- Head ON
cgi=ReportConfiq OQI=ReportConfiyg OPFTIONAL, == Cond CQI=
-;a;

soundingRS-UL-ConfigDedicated SoundingRS-UL-Configbedicated OPTIONAL, -- Heed ON
antennalnfso CHOICE (

explicitValue Antennalnfoledicated,

defaultValue NULL
) OPTIONAL, -- Cond AL-TB
schedulingRequestConfig Schedul ingRequestConlig QFTIONAL, == Heed ON

SoundingRS-UL-Config information element

SoundingRS-UL-ConfigDaedi

release
saTup |
sra-Bandwidth ENUMERATED [(bw0, bw¥l, bw2, bw3),
sra=-HoppingRandwidth ENUMERATED {hbw0, hbwl, hbwZ, hbwd),
freghomainPosition INTESER (0..23),
duration BOOLEARN,
sra-Configindex INTEGER (0.,1023),
sTansmissionCond INTEGER (0..1),
cyciicShire ENUMERATED (cs0O, csl, cs2, cs3, csd, cs8, csé, cs7)
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SoundingRS-UL-Config field descriptions

i Tr
P : Sii AN-and-SRAS, see TS 36.213 [23, 8.2]. For SCells this field is not applicable and the UE
shall ignore the value.
cyclicShift, cyclicShiftAp

Parameter: n_SRS for periodic and aperiodic sounding reference signal transmission respectively. See TS 36.211 [21,
5.5.3.1], where cs0 corresponds to 0 etc.
duration
Parameter: Duration for periodic sounding reference signal transmission. See TS 36.213 [21, 8.2]. FALSE
corresponds to "single” and value TRUE to "indefinite”.

q osition, freqDomainPositionAp
Parameter: ny, . for periodic and aperiodic sounding reference signal transmission respectively, see TS 36.211 [21,

5.5.32].

ort, srs- ortAp

Indicates the number of antenna ports used for periodic and aperiodic sounding reference signal transmission
respectively, see TS 36.211 [21, 5.5.3]. UE shall release srs-AntennaPort if SoundingRS-UL-ConfigDedicated is
released.

p
Parameter: Bsu for periodic and aperiodic sounding reference signal transmission respectively, see TS 36.211 [21,

tables 5.5.3.2-1, 5.5.3.2-2, 5.5.3.2-3 and 5.5.3.2-4].

srs-BandwidthConfig

Parameter: SRS Bandwidth Configuration. See TS 36.211, [21, table 5.5.3.2-1, 5.5.3.2-2, 5.5.3.2-3 and 5.5.3.2-4].
Actual configuration depends on UL bandwidth. bwQ corresponds to value 0, bw1 to value 1 and so on.
srs-ConfigApDCi-Format0 / srs-ConfigApDCi-Formatia2b2c / srs-Config ApDCI-Format4

Parameters indicate the resource configurations for aperiodic sounding reference signal transmissions triggered by
DCl formats 0, 1A, 2B, 2C, 4. See TS 36.213 [23, 8.2].

srs-Ci srs-Config| Ap

Parameter: lsgs for periodic and aperiadic sounding reference signal transmission respectively. See TS 36.213 [23,
table 8.2-1 and table 8.2-2] for periodic and TS 36.213 [23, table 8.2-4 and table 8.2-5] for aperiodic SRS
transmission.

srs-HoppingBandwidth
P: : SRS hopping i bM.rr € {0,1,2,3} for periodic sounding reference signal transmission, see TS
36.211 [21, 5.5.3.2] where hbw0 corresponds to value 0, hbw1 to value 1 and so on.

srs-MaxUpPts

Parameter: srsMaxUpPts, see TS 36.211 [21, 5.5.3.2]. If this field is present, reconfiguration of m::;:u applies for

UpPts, otherwise reconfiguration does not apply.

srs-SubframeConfig

Parameter: SRS SubframeConfiguration. See TS 36.211, [21, table 5.5.3.3-1] applies for FDD whereas TS 36.211,
[21, table 5.5.3.3-2] applies for TDD. sc0 corresponds to value 0, sc1 to value 1 and so on.

Ap
Parameter: k... € {0,1} for periodic and aperiodic sounding reference signal transmission respectively, see TS
36.211 [21, 5.5.3.2).

Source: 3GPP TS 36.331 V10.22.0 at 178, 188, 194.
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8.2

UE sounding procedure

A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types:

- trigger type (: higher layer signalling

- trigger type 1: DCI formats 0/4/1A for FDD and TDD and DCI formats 2B/2C for TDD.

In case both trigger type 0 and trigger type 1 SRS transmissions would occur in the same subframe in the same serving
cell, the UE shall only transmit the trigger type 1 SRS transmission.

A UE may be configured with SRS parameters for trigger type 0 and trigger type 1 on each serving cell. The following
SRS parameters are serving cell specific and semi-statically configurable by higher layers for trigger type 0 and for
trigger type 1.

Source:

Transmission comb k

trigger type 1

rc » @s defined in Section 5.5.3.2 of [3] for trigger type 0 and each configuration of

Starting physical resource block assignment Mg . as defined in Section 5.5.3.2 of [3] for trigger type 0 and

each configuration of trigger type 1

duration: single or indefinite (until disabled), as defined in [11] for trigger type 0

srs-ConfigIndex Ig,s for SRS periodicity Ty, and SRS subframe offset To_ﬁ.’te.r

Table 8.2-2 for trigger type 0 and SRS periodicity T, and SRS subframe offset Toﬁe
8.2-4 and Table 8.2-5 trigger type 1

, as defined in Table 8.2-1 and

. 1 » as defined in Table

SRS bandwidth B, .as defined in Section 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger
type 1

Frequency hopping bandwidth, bh op + s defined in Section 5.5.3.2 of [3] for trigger type 0

Cyclic shift Rgy, , as defined in Section 5.5.3.1 of [3] for trigger type 0 and each configuration of trigger type
1

3GPP TS 36.331 VV10.7.0 at 80.
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9.2.4  Default physical channel configuration

Parameters
Name Value Semantics description Ver
PDSCH-ConfigDedicated
>p-a dB0
PUCCH-ConfigDedicated
= tdd-AckNackFeedbackMode bundling Only valid for TDD mode
>ackNackRepetition release
PUSCH-ConfigDedicated
=hetaOffset-ACK-Index 10
=hetaOffset-RI-Index 12
=hetaOffset-CQl-Index 15
UplinkPowerControlDedicated
>p0-UE-PUSCH 0
=>deltaMCS-Enabled en0 (disabled)
>accumulationEnabled TRUE
=>p0-UE-PUCCH 0
>pSRS-Offset 7
= filterCoefficient fcd
tpc-pdech-ConfigPUCCH release
tpe-pdech-ConfigPUSCH release
CQl-ReportConfig
= CQI-ReportPeriodic release
> cgi-ReportModeAperiodic MN/A
= nomPDSCH-RS-EFRE-Offset N/A
SoundingRS-UL-ConfigDedicated release
AntennalnfoDedicated
=transmissionMode tm1, tm2 If the number of PBCH antenna ports is
one, tm1 is used as default; otherwise
tm2 is used as default
>codebookSubsetRestriction N/A
=ue-TransmitAntennaSelection release
SchedulingRequestConfig release

Source: 3GPP TS 36.331 V10.22.0 at 263.
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The physical uplink shared channel (PUSCH) is transmitted by the UE with resources elements that are
different from SRS resources.

5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of Ny NF® subcarriers and N;;;';]b

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

min, UL UL max, UL
NRB < JWRB < NRB

where NV gﬁ"UL =6 and N, a“ﬁ“'u" =110 are the smallest and largest uplink bandwidths, 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 the higher layer
parameter [JL-CyclicPrefixLength and is given in Table 5.2.3-1.

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred
from the channel over which another symbol on the same antenna port is conveyed. There is one resource grid per
antenna port. The antenna ports used for transmission of a physical channel or signal depends on the number of antenna

ports configured for the physical channel or signal as shown in Table 5.2.1-1. The index p is used throughout Section
5 when a sequential numbering of the antenna ports is necessary.
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Figure 5.2.1-1: Uplink resource grid.

5.2.2 Resource elements

Each element in the resource grid is called a resource element and is uniquely defined by the index pair (ﬁ:,{) in a slot

where k = D,,..,N]'{"é‘NiB =1 and I = [I,..,,N:;[j';b —1 are the indices in the frequency and time domains, respectively.

Resource element I[k,i } on antenna port p corresponds to the complex value ai’:’f} . When there is no risk for confusion,

or no particular antenna port is specified, the index p may be dropped. Quantities ai’jj corresponding to resource

elements not used for transmission of a physical channel or a physical signal in a slot shall be set to zero.
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5.2.3 Resource blocks

A physical resource block is defined as N ULb consecutive SC-FDMA symbols in the time domain and

symi

N 2B consecutive subcarriers in the frequency domain, where ng:;b and NF® are given by Table 5.2.3-1. A physical

resource block in the uplink thus consists of N;J';ﬁ xN SRDB resource elements, corresponding to one slot in the time

domain and 180 kHz in the frequency domain.

Table 5.2.3-1: Resource block parameters.

Configuration N8 N
MNormal cyclic prefix 12 7
Extended cyclic prefix 12 3]

The relation between the physical resource block number #mpg, in the frequency domain and resource elements (k,[) in

a slot is given by

k
NERB

8¢

Hppp = l_

5.3 Physical uplink shared channel

534 Mapping to physical resources
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For ¢ach anténna port g used for transmssion of the PUSCH i a subframe the block of complex-valised svmbals
:Ei'][ﬂi ..... :'jﬂi M .';:nh —1) shall be multiplied with the amplitude scaling factor fFfppgey 0 order o conform o the
transmit power Py ooy specified in Section 5.1.1.1 in [4). and mapped in sequence starting with = P(0) 10 phiysical
resource blocks on antenna port o and assigned for transmission of PUSCH. The relation berween the index poand the
anfenna pori number p is given by Table 5.2.1-1. The mapping to resource clements (k,/) corresponding to the

physical resource blocks assigned for ransmission and

- mot used for transmission of reference signals, and

If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in
frequency, the set of physical resource blocks to be used for transmission is given by Hppg = Hygpg Where nypg is

obtained from the uplink scheduling grant as described in Section 8.1 in [4].

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for
transmission is given by Section 8§.4.1 in [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used
for transmission in slot n, is given by the scheduling grant together with a predefined pattern according to

fipgs (1) = (ivga + Fiop () N + (N —1)- 2(iygg mod N, ))- £, () Jmod W - N,,)

) [l_ng / 2J inter — subframe hopping
1=

1, infra and inter — subframe hopping
o (1 )=[ Tpgg (1.) N,=1
: 1ﬁm(ns)+’-N§I§/2 N, >1
) [ n N, =1
"VEE ™ iyms — N 2| N, 1

Source: 3GPP TS 36.211 V10.7.0 at 20-21.
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5.4 Physical uplink control channel

The physical uplink control channel, PUCCH, carries uplink control information. Simultaneous transmission of PUCCH

and PUSCH from the same UE 1s supported if enabled by higher layers. For frame structure type 2, the PUCCH is not
transmitted in the UpPTS field.

The physical resources used for PUCCH depends on two parameters, N 1%; and N, C(;) , given by higher layers. The
variable N% 20 denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats
2/2a/2b transmission in each slot. The variable Nc(sl) denotes the number of cyclic shift used for PUCCH formats
1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b. The value of Nc(sl) is an integer multiple of
APUCCH

i Within the range of {0, 1, ..., 7}, where AﬂfifctCH is provided by higher layers. No mixed resource block is

present if Nc(sl) =0 . At most one resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b. Resources
used for transmission of PUCCH formats 1/1a/1b, 2/2a/2b and 3 are represented by the non-negative indices niL2)

PUCCH »

. N N
2.,p) (2) A7RB RB (0 3.p) :
npiten < NraNse _{_;s “(Ngew = N5’ =2), and npfey , respectively.

541 PUCCH formats 1, 1aand 1b

For PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH from the UE. In the
remainder of this section, d(0) =1 shall be assumed for PUCCH format 1.

The resource indices within the two resource blocks in the two slots of a subframe to which the PUCCH is mapped are

given by
) (L) _A7(1) / APUCCH
ns(n) = Mpuccn if npgicen <€ Nes / Aghife
s (L.p) (1) / \PUCCH RB / A\PUCCH -
(nPUCCH —C N /Ashift )mOd(C'Nsc /Ashift ) otherwise
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54.3 Mapping to physical resources

The block of complex-valued symbols Pl (#) shall be multiplied with the amplitude scaling factor fpyccy in order to
conform to the transmit power Ppypey Specified in Section 5.1.2.1 in [4], and mapped in sequence starting with

ztﬁj (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 ztﬁ]{f) to resource elements I[k,{] on antenna port p
and not used for transmission of reference signals shall be in increasing order of first & , then !/ and finally the slot
number, starting with the first slot in the subframe. The relation between the index p and the antenna port number p is
given by Table 5.2.1-1.

Source: 3GPP TS 36.211 V10.7.0 at 12-13, 20-21, 26.

5.5.3  Sounding reference signal

5.56.31 Sequence generation

The sounding reference signal sequence r_;.[ﬂ, (n)= rtfff,'_“}{n} is defined by Section 5.5.1, where 1 is the PUCCH
sequence-group number defined in Section 5.5.1.3 and v is the base sequence number defined in Section 5.5.1.4. The
cyclic shift @; of the sounding reference signal is given as

cs p

HSRS

ﬂ' =27 ===

5 —\ s+l \mods

pe {(].1,..., _lp - l}

where ng =10,1,2,3,4,5,6,7} is configured separately for periodic and each configuration of aperiodic sounding by the
higher-layer parameters cyclicShift and cyclicShift-ap, respectively, for each UE and N, is the number of antenna

ports used for sounding reference signal transmission.
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5.5.3.2 Mapping to physical resources

For all subframes other than special subframes, the sounding reference signal shall be transmitted in the last symbol of

the subframe.
Source: 3GPP TS 36.211 V10.7.0 at 35-36.
8.7.2 Sounding Reference Signal

The mobile usually sends the sounding reference signal in the last symbol of the
subframe, as shown in Figure 8.11. In TDD maode, it can also send the signal in the

Sounding bandwidth (4 to 96 resource blocks)

1st siot in
subframe

2nd slot in
subframe

4 l—‘ 8 Example SRS transmission a] “
ime

@ Not used by this UE | DRS

Figure 8.11 Example resource element mapping for the sounding reference signal. using a normal
cyclie prefix.

Source: C. Cox, “An Introduction to LTE” (Wiley 2012), 8 8.7.2 at 144.
See also claim limitation [1.a].
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[13.b] sending, over the On information and belief, the American Count X Systems and Services practice sending, over the
physical uplink shared physical uplink shared channel, data in assigned time intervals.

channel, data in assigned

L The UE transmits data on PUSCH in form of subframes in each TTI interval.
time intervals;

5.2.2  Uplink shared channel

Figure 5.2.2-1 shows the processing structure for the UL-SCH transport channel on one UL cell. Data arrives to the
coding unit im the form of 2 maximum of two transport blocks every transmission time interval (TTI) per UL cell. The
following coding steps can be identified for each transport block of an UL cell:

Source: 3GPP TS 36.212 VV10.9.0 at 22.
5 Physical Layer for E-UTRA

Dovwnlink and uplink tansmissions are organized into radio frames with 10 ms duration. Two radio frame strsciires are
suppomed.

= Type L. applicable to FDMD.
= Tvpe 1, applicable 1o TDD

Frame structure Type | s illustated in Figwre 5.1-1. Each 10 ms radio frame is divided into ten equally sized sub-
frames. Each sitb-frane consists of mwo equally sized slots. For FDD. 10 subfranes ane available for downlink
ansnssion and 10 sobframes are available for vplink ransmissions in each 10 ms imterval. Uplink and dovwnlink
transmissions are separated in the frequency domain

#0 #1 2 - 31 #19
4 slot w | |
4 Sub-frame »
“ Ome radio frama = 10ms -

The physical channels of E-UTRA are:
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Physical uplink control channel (PUCCH)
- Carries Hybrid ARQ ACK/NAKSs in response to downlink transmission;
- Carries Scheduling Request (SR);
- Carries CQ)I reports.
Physical uplink shared channel (PUSCH)
- Carries the UL-SCH.

Source: 3GPP TS 36.300 V10.12.0 at 38-39.
11.1.2 Uplink Scheduling

Inthe uplink, E-UTRAN can dynamscally allocate resources (PRBs and MOS) to UEs at each TTI via the C-ENTI on
PIMCCH(s). A UE always momiors the PIMCCH(s ) in order o Tind possible allocation for uplink transmission when its

downlink reception s enabled (activity govemed by DEX when configured). When CA 15 configured, the same C-RNT1
applies to all serving eells.

Source: 3GPP TS 36.300 V10.12.0 at 93.

5.3 Physical uplink shared channel
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534 Mapping to physical resources

For each antenna port p used for transmission of the PUSCH in a subframe the block of complex-valued symbols

2P (0),....2 P (M ;ﬁmb —1) shall be multiplied with the amplitude scaling factor Spygcy in order to conform to the
transmit power Fpygep specified in Section 5.1.1.1 in [4], and mapped in sequence starting with z22(0) to physical
resource blocks on antenna port p and assigned for transmission of PUSCH. The relation between the index p and the

antenna port number p is given by Table 5.2.1-1. The mapping to resource elements (k,!’ } corresponding to the
physical resource blocks assigned for transmission and

If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in
frequency. the set of physical resource blocks to be used for transmission is given by Hpgg = Hygg Where Rygg is

obtained from the uplink scheduling grant as described in Section 8.1 in [4].

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for
transmission is given by Section 8.4.1 in [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks fo be used
for transmission in slot n_ is given by the scheduling grant together with a predefined pattern according to

Tiogs (1) = (ygg + Fiop () N + (N —1)- 2(iyg mod N, ))- £, () Jmod (N - N,,)
: [Lns / EJ inter — subframe hopping
1=+

|n, intra and inter — subframe hopping
) [ Tipgg (1) N,=1
n . )=+
PRB s [ﬁm(ng)+’-N§I§/2 Ny >1
N [ n N, =1
Nyrg = [

Mygs — N,E‘,?/z] N, >1

Source: 3GPP TS 36.211 VV10.7.0 at 20-21.
See also claim limitation [1.b].
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[13.c] sending, in a time
interval that it is not sending
information over the physical
uplink shared channel, the
uplink physical signal based
on the received resource
allocation information,
wherein the uplink physical
signal is used to determine
channel conditions by a base
station and in the same time
interval that the uplink
physical signal is sent, a
plurality of UEs transmit
uplink physical signals in the
same time interval; and

On information and belief, the American Count X Systems and Services practice sending, in a time
interval that it is not sending information over the physical uplink shared channel, the uplink physical
signal based on the received resource allocation information, wherein the uplink physical signal is used
to determine channel conditions by a base station and in the same time interval that the uplink physical
signal is sent, a plurality of UEs transmit uplink physical signals in the same time interval.

The UE transmits the sounding reference signal in different resource elements and symbols than those
used for PUSCH transmission.

8.2 UE sounding procedure
A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types:

Source: 3GPP TS 36.213 VV10.13.0 at 82.
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5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of Ny NF® subcarriers and N;;;';]b

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

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

where N"" =6 and NJg*U" =110 are the smallest and largest uplink bandwidths, 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 the higher layer
parameter UL-CyelicPrefixLength and is given in Table 5.2.3-1.

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred
from the channel over which another symbol on the same antenna port is conveyed. There is one resource grid per
antenna port. The antenna ports used for transmission of a physical channel or signal depends on the number of antenna

ports configured for the physical channel or signal as shown in Table 5.2.1-1. The index p is used throughout Section
5 when a sequential numbering of the antenna ports is necessary.
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Figure 5.2.1-1: Uplink resource grid.

5.2.2 Resource elements

Each element in the resource grid is called a resource element and is uniquely defined by the index pair (ﬁ:,{) in a slot

where k = D,,..,N]'{"é‘NiB =1 and I = [I,..,,N:;[j';b —1 are the indices in the frequency and time domains, respectively.

Resource element I[k,i } on antenna port p corresponds to the complex value ai’:’f} . When there is no risk for confusion,

or no particular antenna port is specified, the index p may be dropped. Quantities ai’jj corresponding to resource

elements not used for transmission of a physical channel or a physical signal in a slot shall be set to zero.
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5.2.3 Resource blocks

A physical resource block is defined as N ULb consecutive SC-FDMA symbols in the time domain and

symi

N 2B consecutive subcarriers in the frequency domain, where ng:;b and NF® are given by Table 5.2.3-1. A physical

resource block in the uplink thus consists of N;J';ﬁ xN SRDB resource elements, corresponding to one slot in the time

domain and 180 kHz in the frequency domain.

Table 5.2.3-1: Resource block parameters.

Configuration N8 N
MNormal cyclic prefix 12 7
Extended cyclic prefix 12 3]

The relation between the physical resource block number #mpg, in the frequency domain and resource elements (k,[) in

a slot is given by

k
NERB

8¢

Hppp = l_

5.3 Physical uplink shared channel

534 Mapping to physical resources
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For ¢ach anténna port g used for transmssion of the PUSCH i a subframe the block of complex-valised svmbals
:Ei'][ﬂi ..... :'jﬂi M .';:nh —1) shall be multiplied with the amplitude scaling factor fFfppgey 0 order o conform o the
transmit power Py ooy specified in Section 5.1.1.1 in [4). and mapped in sequence starting with = P(0) 10 phiysical
resource blocks on antenna port o and assigned for transmission of PUSCH. The relation berween the index poand the
anfenna pori number p is given by Table 5.2.1-1. The mapping to resource clements (k,/) corresponding to the

physical resource blocks assigned for ransmission and

- mot used for transmission of reference signals, and

If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in
frequency, the set of physical resource blocks to be used for transmission is given by Hppg = Hygpg Where nypg is

obtained from the uplink scheduling grant as described in Section 8.1 in [4].

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for
transmission is given by Section 8§.4.1 in [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used
for transmission in slot n, is given by the scheduling grant together with a predefined pattern according to

fipgs (1) = (ivga + Fiop () N + (N —1)- 2(iygg mod N, ))- £, () Jmod W - N,,)

) [l_ng / 2J inter — subframe hopping
1=

1, infra and inter — subframe hopping
o (1 )=[ Tpgg (1.) N,=1
: 1ﬁm(ns)+’-N§I§/2 N, >1
) [ n N, =1
"VEE ™ iyms — N 2| N, 1

Source: 3GPP TS 36.211 V10.7.0 at 20-21.
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5.4 Physical uplink control channel

The physical uplink control channel, PUCCH, carries uplink control information. Simultaneous transmission of PUCCH

and PUSCH from the same UE 1s supported if enabled by higher layers. For frame structure type 2, the PUCCH is not
transmitted in the UpPTS field.

The physical resources used for PUCCH depends on two parameters, N 1%; and N, C(;) , given by higher layers. The
variable N% 20 denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats
2/2a/2b transmission in each slot. The variable Nc(sl) denotes the number of cyclic shift used for PUCCH formats
1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b. The value of Nc(sl) is an integer multiple of
APUCCH

i Within the range of {0, 1, ..., 7}, where AﬂfifctCH is provided by higher layers. No mixed resource block is

present if Nc(sl) =0 . At most one resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b. Resources
used for transmission of PUCCH formats 1/1a/1b, 2/2a/2b and 3 are represented by the non-negative indices niL2)

PUCCH »

. N N
2.,p) (2) A7RB RB (0 3.p) :
npiten < NraNse _{_;s “(Ngew = N5’ =2), and npfey , respectively.

541 PUCCH formats 1, 1aand 1b

For PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH from the UE. In the
remainder of this section, d(0) =1 shall be assumed for PUCCH format 1.

The resource indices within the two resource blocks in the two slots of a subframe to which the PUCCH is mapped are

given by
) (L) _A7(1) / APUCCH
ns(n) = Mpuccn if npgicen <€ Nes / Aghife
s (L.p) (1) / \PUCCH RB / A\PUCCH -
(nPUCCH —C N /Ashift )mOd(C'Nsc /Ashift ) otherwise
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54.3 Mapping to physical resources

The block of complex-valued symbols Pl (#) shall be multiplied with the amplitude scaling factor fpyccy in order to

conform to the transmit power Ppypey Specified in Section 5.1.2.1 in [4], and mapped in sequence starting with
ztﬁj (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 ztﬁ]{r’} to resource elements I[k,{] on antenna port p
and not used for transmission of reference signals shall be in increasing order of first & , then !/ and finally the slot
number, starting with the first slot in the subframe. The relation between the index p and the antenna port number p is
given by Table 5.2.1-1.

Source: 3GPP TS 36.211 V10.7.0 at 12-13, 20-21, 26.
5.5 Reference signals

553 Sounding reference signal

5532 Mapping to physical resources

For all sublrames other than special subfromes, the sounding reference signal shall be transminted i the last symbol of
the subframe.

Source: 3GPP TS 36.211 V10.7.0 at 27, 35, 37.

Signaled parameters from the network, for example srs-Bandwidth, are used to characterize the uplink
Sounding Reference Signals.

5.5.3 Sounding reference signal
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5532 Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor fope in order to conform to the wansmit power
Fegs specified in Section 5.1.3.1 1n [4]. and mapped in sequence starting with rj:{{.;'(ﬁ) 10 resource elements (&, /) on
antenna port p according o

0 otherwise

Bens B (K K=0L.... M, -1

i.
LRI
LY |
where N, is the number of antenna ports used for sounding reference signal transmission and the relation between the
index p and the antenna port p s given by Table 5.2.1-1, The set of antenna ponts used for sounding reference signal

transmission is configured independently for periodic and each configuration of aperiodic sounding. The quantity &%

. - . o 0is . o A s = T I -
is the frequency=-domain starting position of the sounding reference signal and for b= B, and .\!f_b 18 the length of

the sounding reference signal sequence defined as

RS o :RB (4
M) = Mggs W N /-

where Mgz, is given by Table 5.5.3.2-1 through Table §.5.3.2-4 for each uplink bandwidth Vi . The cell-specitic
pavameter srs-BandwidihConfig, Cyqe 0,1.2.3456.7) and the UE-specific parameter ses-Bamdwidih, B = (0,1.2.3) are
given by higher layers. For UpPTS, myq, shall be reconfigured to mge ) = max_ {m;h_"}s (\;uj, 6N, | if this

Table 5.5.3.2-1: m., and ¥,, b=01.23, values for the uplink bandwidth of 6< Vi <40,

SRS bandwidth Sﬁszm-”olldlh SRS-BBang:lidlh SRszan:’:Idth SRS-BBan:l:lMlh
conrmmm 5 xS R = SRy T
Cons Mggs o No Meps | N Mepe 2 N2 Megs 3 N;
Q 38 1 12 3 4 3 4 1
1 32 1 16 2 8 2 4 2
2 24 1 4 6 & 1 4 1
3 20 1 S “ 1 B 1
& 16 4 “ 4 - 1
£l 12 4 3 4 E i
& & 4 2 4 E 1
T 4 1 4 4 i 4 1

Source: 3GPP TS 36.211 V10.7.0 at 35-38.
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The SRS signal is used to estimate the uplink channel conditions. The UE transmits uplink physical

signals in the same subframe(s) of a radio frame sent in a single TTI.
7.2.2 SOUNDING REFERENCE SIGNALS

In contrast, SRS are transmitted on the uplink to allow for the base station to estimate the
uplink channel state at different frequencies. The channel-state estimates can then, for

7.2.2.1 Periodic SRS Transmission

Similar to DM-RS, different phase rotations, also for SRS referred 1o as “cyclic shifts™ in
the LTE specifications, can be used to generate different SRS that are orthogonal to each
other. By assigning different phase rotations to different devices, multiple SRS can thus be
transmitted in parallel in the same subframe, as illustrated by devices #1 and #2 in the upper
part of Figure 7.17. However, it is then required that the reference signals span the same

frequency range.

Source: “4G, LTE-Advanced Pro and The Road to 5G” (Academic Press 3d Ed. 2016) at 185, 187, 188.

Brssunss Blask Koy
Uibidublenmel s [§ |3 ]8 [ (8 [6 % |8 |8 [18]i0)3505% J5a | i8] ia)am]ae |58 ] sa] 33 3558 5a [6 |38 ]y |58 =5 | [ s s Jus | sa) eu]nafuy Jus | sh)enfai [43] 28 24 |25 ]sa |2y 28 |2
Bk
0.8
14 | _—
16 I I
18 —
0 |
R | T

i

Source: https://howltestuffworks.blogspot.com/2014/07/sounding-reference-signal-procedure.html.

See also claim limitation [1.c].
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[13.d] receiving, on a
physical control channel,
control information, wherein
the control information is
based on the determined
channel conditions, wherein
physical control channels are
transmitted in a same time
slot with other physical
channels in a plurality of
predetermined time slots in a
downlink frame, wherein
other time slots of the
downlink frame do not
include a physical control
channel, wherein a number
of bits sent over the physical
control channel is based on a
number of fields of control
information to be sent to the
UE.

On information and belief, the American Count X Systems and Services practice receiving, on a
physical control channel, control information, wherein the control information is based on the
determined channel conditions, wherein physical control channels are transmitted in a same time slot
with other physical channels in a plurality of predetermined time slots in a downlink frame, wherein
other time slots of the downlink frame do not include a physical control channel, wherein a number of

bits sent over the physical control channel is based on a number of fields of control information to be
sent to the UE.

The UE receives downlink control information (DCI) via PDCCH. The DCI includes uplink scheduling
assignments based on the channel conditions measured using the received SRS.

9.1.1 PDCCH Assignment Procedure

subclause 6.8.1 in [3], where Necp ¢ 18 the total number of CCEs in the control region of subframe & . The UE shall

monitor a set of PDCCH candidates on one or more activated serving cells as configured by higher layer signalling for
control information in every non-DRX subframe, where monitoring implies attempting to decode each of the PDCCHs
in the set according to all the monitored DCI formats.

Source: 3GPP TS 36.213 V10.13.0 at 94.
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6.8 Physical downlink control channel

6.8.1 PDCCH formats

The physical downlink control channel carmies scheduling assignments and other control information. A physical control
channel is transmitted on an ageregation of one or several consecufive confrol channel elements (CCEs), where a
confrol channe] element cormresponds to 9 resource element groups. The number of resource-element groups not
assigned to PCFICH or PHICH is Nggg . The CCEs available in the system are numbered from 0 to Ng —1 , where

Nees = LNREG ! 9J . The PDXCCH supports multiple formats as listed in Table 6.8 1-1. A PDCCH consisting of n

consecutive CCEs may only start on a CCE fulfilling i mod n =0, where i is the CCE mumber.

Multiple PDXCCHs can be fransmitted in a subframe.

Table 6.8.1-1: Supported PDCCH formats.

FDCCH Number of MNumber of resource- Number of
format CCEs element groups PDCCH bits
0 1 ie
1 2 18 144
2 4 36 288
3 8 72 576
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6.8.2 PDCCH multiplexing and scrambling

The block of bits 5@ (0),....6" (M2 —1) on each of the control channels to be transmitted in a subframe, where M )

is the number of bits in one subframe to be transmitted on physical downlink control channel number i , shall be
multiplexed, resulting in a block of bits
b (0),...6° M ~1),60(0),...60 (MD 1), "o (@) e (pg B 1y where nppeey is the

number of PDCCHs transmitted in the subframe.

The block of bits 5 (0),....6 M -1),6%(0),....60 M) —1),... p"reecs™ (), pWercca (pg {mevcer ™D _1) ghall be
scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits
5(0),4..,1’;(Mtol —1) according to

b (i) = (b(i) +c(i))mod 2

where the scrambling sequence c(i) is given by Section 7.2. The scrambling sequence generator shall be initialised

with ¢, =|n, / 2% + N at the start of each subframe.

CCE number n corresponds to bits b(72n),b(72n+1),...,0(72n+71) . If necessary, <NIL> elements shall be inserted in
the block of bits prior to scrambling to ensure that the PDCCHs starts at the CCE positions as described in [4] and to

-1 .
ensure that the length M, =8Nggg = Z’_IPECCH M t(:n) of the scrambled block of bits matches the amount of resource-
i=

element groups not assigned to PCFICH or PHICH.
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6.8.5 Mapping to resource elements

The mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. Let
2P )= <y(P) (40), y P (4i+1),yP (4i +2), yP (4i + 3)> denote symbol quadruplet i for antenna port p .

The block of quadruplets 7’ (0),...,z"" (M _ . —1) , where M M gy, /4 . shall be permuted resulting in

quad quad =

w(P) (O),.4.,w(” ) (M .4 —1) . The permutation shall be according to the sub-block interleaver in Section 5.1.4.2.1 of [3]

quad
with the following exceptions:

- the input and output to the interleaver is defined by symbol quadruplets instead of bits

- interleaving is performed on symbol quadruplets instead of bits by substituting the terms 'bit', 'bits' and 'bit
sequence' in Section 5.1.4.2.1 of [3] by 'symbol quadruplet', 'symbol quadruplets' and 'symbol-quadruplet
sequence', respectively

<NULL> elements at the output of the interleaver in [3] shall be removed when forming w? (0),..4,w(p ) (M gyaq =1 -

Note that the removal of <NULL> elements does not affect any <NIL> elements inserted in Section 6.8.2.

The block of quadruplets w'?’(0),...,w (M

—1) where w'? (I) =w® ((f + NICSH) mod M ;,q ) .

quad —1) shall be cyclically shifted, resulting in

W (0),.... WP (M gy

Mapping of the block of quadruplets w?(0),...,w? (M

specified in Section 6.2.4, according to steps 1-10 below:

quad —1) 1s defined in terms of resource-element groups,

1) Initialize m" =0 (resource-element group number)

2) Initialize k'=0
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3) Initialize I'=0

4) 1If the resource element (k”./") represents a resource-element group and the resource-element group is not
assigned to PCFICH or PHICH then perform step 5 and 6, else go to step 7

5) Map symbol-quadruplet w'?’(m') to the resource-element group represented by (k”,") for each

antenna port p

6) Increase m’ by 1

7) Increase ' by 1

8) Repeat from step 4 if /'< L , where L corresponds to the number of OFDM symbols used for PDCCH

transmission as indicated by the sequence transmitted on the PCFICH

9) Increase k' by 1
10) Repeat from step 3 if k'< Ny - NXB
Source: 3GPP TS 36.211 V10.7.0 at 67-69.

6.10  Reference signals

Five types of downlink reference signals are defined:
- Cell-specific reference signals (CRS)
- MBSEN reference signals
- UE-specific reference signals (DM-RS)
- Positioning reference signals (PRS)
- CSIreference signals (CSI-RS)

There is one reference signal transmitted per downlink antenna port.
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6.10.1.2 Mapping to resource elements

Figures 6.10.1.2-1 and 6.10.1.2-2 illustrate the resource elements used for reference signal transmission according to the
above definition. The notation R, is used to denote a resource element used for reference signal transmission on

antenna port p .
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R Fo
g Ro Ry
s ko Ro
Ry Ry
1=0 i I=61=0 =6
Resource element (%,/)
4
) ko KA Ro B R b
é Ry R & R Not used for transmission on this antenna port
e L) R R R ><“ Ref symbols on this antenna port
Ry Ry ) s
1=0 I1=61=0 1=6 1=0 1=61=0 1=6
[Ro Ry R R R, Ry
g ko Ko L5 L Ry Ry
E Ry Ry Ry Ry R, &
Ry R R Ry Ry
=0 i I=61=0 i =6 1=0 i I=61=0 i =6 1=0 i 1=61=0 i =6 1=0 i 1=61=0 i =6
even-numbered slots _ odd-nuimbered slots even-numbered slots _ odd-numbered slots even-numbered slots _ odd-numbered slots even-numbered slots  _ odd-numbered slots,
Antenna port 0 Antenna port | Antenna port 2 Antenna port 3
Figure 6.10.1.2-1. Mapping of downlink reference signals (normal cyclic prefix).
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U.S. Patent No. 11,032,000 (Claims 1-6, 13-18)
Example American Count X Systems and Services

Ro Ry
Ry Ro

Ro Ry
Rn Rn
1=0 1=51=0 =5

Resource element (&, /)
A

& Ry R AR
R 6 Ry L Ry Not used for transmission on this antenna port

o o & il Reference symbols on this antenna port
RD Rl 1
1=0 1=51=0 =5 =0 1=51=0 =5

Ry Ro R B Ry Ry
Ry Ry R it Ry L

Ry Ro & R R, L5}

Rﬂ Rl Rl RZ R}
1=0 | 1=51=0 =5 =0 | I=51=0 1=5 1=0 | 1=51=0 =5 =0 | I=51=0 1=5
even-numbered slots odd-numbered slots cven-numbered slots odd-numbered slots even-numbered slots  odd-numbered slots cven-numbered slots odd-numbered slots
-~ > > -~
Antenna port Antenna port 1 Antenna port 2 Antenna port 3
Figure 6.10.1.2-2. Mapping of downlink reference signals (extended cyclic prefix).
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6.10.3 UE-specific reference signals

UE-specific reference signals are supported for transmission of PDSCH and are transmitted on antenna port(s) p =5,
p=T,p=8or p=T78,...,0+6,where v is the number of layers used for transmission of the PDSCH. UE-specific

reference signals are present and are a valid reference for PDSCH demodulation only if the PDSCH transmission is
associated with the corresponding antenna port according to Section 7.1 of [4]. UE-specific reference signals are
transmitted only on the resource blocks upon which the corresponding PDSCH is mapped. The UE-specific reference

signal is not transmitted in resource elements (k,l ) in which one of the physical channels or physical signals other than
UE-specific reference signal defined in 6.1 are transmitted using resource elements with the same index pair (k,l )
regardless of their antenna port p .

6.10.3.2 Mapping to resource elements

For antenna port 5, in a physical resource block with frequency-domain index npgpp assigned for the corresponding

PDSCH transmission, the reference signal sequence 7, (m) shall be mapped to complex-valued modulation symbols

a]((f}) with p =5 in a subframe according to:

R Rs
Ry Rs

& Ry
w0 e
. |Rs) IBs|
B[]

=0 I=61=0 =6

_ even-numbered slots _ _ odd-numbered slots

Antenna port 5

Figure 6.10.3.2-1: Mapping of UE-specific reference signals, antenna port 5 (normal cyclic prefix).
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RS
= i
Rs
. EEEEN
Rs
Rs Rs
LE]
Rs s
1=0 1=51=0 =5

even-numbered odd-numbered slots

Antenna port 5

Figure 6.10.3.2-2: Mapping of UE-specific reference signals, antenna port 5 (extended cyclic prefix).

Source: 3GPP TS 36.211 V10.7.0 at 73-82.
7.2.2 SOUNDING REFERENCE SIGNALS

The DM-RS discussed in Section 7.2.1 are intended to be used by the base station for channel
estimation to allow for coherent demodulation of uplink physical channels (PUSCH or
PUCCH). A DM-RS is always transmitted together with and spanning the same frequency
range as the corresponding physical channel.

In contrast, SRS are transmitted on the uplink to allow for the base station to estimate the
uplink channel state at different frequencies. The channel-state estimates can then, for
example, be used by the base-station scheduler to assign resource blocks of instantaneously
good quality for uplink PUSCH transmission from the specific device (uplink channel-
dependent scheduling). They can also be used to select different transmission parameters

Source: “4G, LTE-Advanced Pro and The Road to 5G,” (Academic Press 3d Ed. 2016) at 185.

PDCCH is transmitted in the first symbols of a first time slot of a subframe, where a physical downlink
shared channel is transmitted in the remaining symbols of the first slot and in a second slot of the

subframe.
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W PSCH (Primary Synchronization Channel)

[[] SSCH (Secondary Synchronization Channel)
[[] PBCH (Physical Broadcast Channel)

M RS (cell-specific Reference Signal) for selected Tx antenna port

W PCFICH (Physical Control Format Indicator Channel)

W PHICH (Physical Hybrid ARQ (Automatic Repeal reQuest) Indicator Channel)

Bl PDCCH (Physical Downlink Conlrol Channel)

Available for POSCH (Physical Downlink Shared Channel)

Source: https://www.sharetechnote.com/html/FrameStructure DL.html.

Subframe 0 Subframe 1 Sublframe 2
Siot0 | Siot1 | SlotO | Siot1 | Siot0  Slott
> s 2fo s efo s oo sm sle sm e0 s ofo
njip. sy : :
3 . ® ; (I B
F’:B § . = (O T " p wx wh
:’: w O TR B ; CRE RN
” : — . 'l y
“ B - : : '
E Bl . 2 1% - =
PRB ‘5 o= s - R - =
4 : : :
1 o = DL B -
1 * 13
“@ B y
Tl ’ 3
- aiw - " Es wil Sl -
PRB 3 . 1 ™ .
3 . - .
il 2 D )
1 |
® B - 2
1 3% 12 : 2

The second slot of each downlink subframe does not include PDCCH.
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W PSCH (Primary Synchronization Channel)

[[] SSCH (Secondary Synchronization Channel)

[[] PBCH (Physical Broadcast Channel)

M RS (cell-specific Reference Signal) for selected Tx antenna port

W PCFICH (Physical Control Format Indicator Channel)
B PHICH (Physical Hybrid ARQ (Automatic Repeat reQuest) Indicator Channel)

Source: https://www.sharetechnote.com/html/FrameStructure DL.html.

DCI Format 0 contains different fields and a different number of bits (45 bits in this example) than DCI
Format 4 (53 bits in this example).
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£.4.3 PHYSICAL DOWNLINK CONTROL CHANNEL

The PDCCH is used to carry downlink control information (DCI) such as scheduling de-
cisions and power-control commands. More specifically, the DCI can include:

Uplink

Downlink

Special

Table 6.4 DCI Formats

DCI Format Example Size (Bits) Usage

0 45 Uplink scheduling grant

R 53 Uplink scheduling grant with spatial multiplexing

6-0A. 6-0B 46, 36 Uplink scheduling grant for eMTC devices (see
Chapter 20)

IC 3l Special purpose compact assignment

1A 45 Contiguous allocations only

1B 46 Codebook-based beam-forming using CRS

1D 46 MU-MIMO using CRS

1 55 Flexible allocations

2A 64 Open-loop spatial multiplexing using CRS

2B 64 Dual-layer transmission using DM-RS (TMS)

2C 66 Multi-layer transmission using DM-RS (TM9)

2D 68 Mult-layer transmission using DM-RS (TM10)

2 67 Closed-loop spatial multiplexing using CRS

6-1A,6-1B 46, 36 Downlink scheduling grants for eMTC devices (see
Chapter 20)

3, 3A 45 Power control commands

5 Sidelink operation (see Chapter 21)

6-2 Paging/direct indication for eMTC devices (see
Chapter 20)

Source: “4G, LTE-Advanced Pro and The Road to 5G,” (Academic Press 3d Ed. 2016) at 138.

The number of bits sent over the PDCCH depends on the number of fields in the DCI. In the example
of FDD single-carrier with SRS request and 100 RBs, the DCI Format 0 message includes the fields

shown and 45 bits.
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53.3.11 Format 0
DCT format 0 is used for the scheduling of PUSCH 1in one UL cell.

The following information is transmitted by means of the DCI format 0

- Flag for format0/formatl A differentiation ~ 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A

- Frequency hopping flag ~ 1 bt as defined in section 8.4 of [3]. This field is used as the MSB of the corresponding
resource allocation field for resource allocation type |

- -

- Resource block assignment and hopping resource allocation — [log. (Vg (Vg +1)/2) | bits

- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]

= New data indicator — | bt

- TPC command for scheduled PUSCH — 2 bits as defined in section 5.1.1.1 of [3]

= Cyclic shuft for DM RS and OCC index — 3 bits as defined in section $.5.2.1.1 of [2]

- CSl request - 1 or 2 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to UEs that are configured with
more than one DL ¢ell and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI as defined in [3); otherwise the 1-bit field applies

- SRS request — 0 or | bit. This field can only be present in DCI formats scheduling PUSCH which are mapped onto

the UE specific search space given by the C-RNTI as defined in [3]. The interpretation of this field 1s provided in
section 8.2 of [3]

- Resource allocation type — 1 bit. This field is only present if N < Vi . The interpretation of this field is
provided in section 8.1 of [3]

Source: 3GPP TS 36.212 VV10.9.0 at 57-58.

For the same example of FDD single-carrier with 100 RBs, DCI Format 4 includes the shown fields
and 53 bits.
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533.18 Format 4
DCT format 4 15 used for the scheduling of PUSCH i one UL cell with multi-antenna port transmission mode,

The followng informarion is tansnutied by means of the DCT format 4:

- Resource block assignment - nmx]! l’log:( \;; ( .\';; +1) 2)1| { |Og',

T are INY
[-\u P'l]”’ ' bits, where P is the
4 /)

UL RBG size as defined mn section 8.1.2 of [3]
- TPC command for scheduled PUSCH - 2 bits as defined in section 5.1.1.1 of [3]
- Cyclic shift for DM RS and OCC index — 3 bits as defined in section 5.5.2.1.1 of [2]

« CSI request - | or 2 bits as defined in section 7.2.1 of [3] The 2-bit field apphes to UEs that are configured with
more than one DL cell: otherwise the 1-bit field applies

- SRS request — 2 bits as defined i section 8.2 of [3]
- Resowrce allocation type — 1 bit as defined in section 8.1 of [3]

In addition, for ranspost block 1
- Modulation and coding scheme and redundancy version — S bits as defined in section 8.6 of 3]
- New data indicator - 1 bit

In addition. for transport block 2
- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]
« New data mdicator ~ 1 bit

Precoding information and number of layers: number of bits as specified in Table $.3.3.1.8-1. Bit field as shown in
Table $.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports mndscates which codebook index is to be
used in Table 5.3.3A 2-1 of [2]. and TPMI for 4 antenna ports indicates which codebook index is to be used m Table
§3.3A.2-2, Table 5.3.3A.2-3, Table 5.3 3A.2-4 and Table 5.3.3A 2.5 of [2]. If both transport blocks are enabled.
transport block 1 1s mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport
blocks is disabled. the mransport block to codeword mapping is specified according o Table 5.3.3.1.5-2. For a single
enabled codeword. indices 24 to 39 1 Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding
transport block if that transport block has previously been transnutted using two lavers.

Source: 3GPP TS 36.212 VV10.9.0 at 72-73.

For the same example of FDD single-carrier with 100 RBs, DCI Format 4 includes the shown fields
and 53 bits.
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Tabde 5.2.3.1.8-1: Mumber of bits for precoding infermation.

HWumzar of antenna ports st UE

HEm bar of bits for precoding Infermathon

z

]

&

=]

Table 3.3.3.1.8-2: Content of precoding information field for 2 antenna ports

One codeword: TW0o codsworde:
Codeward 0 snabled Codeword 0 anabled
Codswdrd 1 digsblad Codewoerd 1 ensbled
Bt fleld mapped to ndsx ECHERD Bt Tleld mappad to Index CEETET

i 1 layer: TFMI=0 o £ layers: TR Wll=0
1 1 ayer: TPMI=1 17 reseryen
I 1 layer: TRMI=Z2
3 1 layer: TPMI=5

BT iy

Table 5.%.3.1.8-3: Content of precoding imfarmation field for 4 antenna ports

Ong oodsword:
Codeword 0 snsblad
Codawerd 1 digablad

Two codeworda:
Codaword 0 enablad
Codaword 1 enablad

Elt fleld mapped te Index Massga Bit fleld mappad to Index Meezage
1] 1 Layar: TPRAI=0 1] 2 Layare: TPRAI=A
1 1 layer: TPMI=1 1 2 layers: TPMI=1
Fh] 1layer TRRI=Z3 1o 2 fapere: TRMI=1E
24 2 laysrs: TPMI=0 16 3 bayers: TPMI=
a5 2 lagers: TPMI=1 [kJ 1 Layers: TPMI=1
g 2 layers: TPMI=18 aT 3 Bayers: TPMI=11
L0683 [Tt IE 4 Laympe: TR =]
FE -6 Fommssruyici

Source: 3GPP TS 36.212 VV10.9.0 at 72-73.
See also claim limitation [1.d].
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[14] The method of claim On information and belief, the American Count X Systems and Services practice the method of claim
13 further comprising 13. See claim 13. On information and belief, the American Count X Systems and Services further

receiving data on a physical | practice receiving data on a physical downlink shared channel.

downlink shared channel. For example, the UE includes components for processing relating to transmitting and receiving

signals.

American Airlines in the process
of installing Collins Aerospace’s
aircraft interface device (AID) on
more than 500 aircraft to speed
its data-driven operational
decisions. It is installing the
device on its Boeing 737NGs,
most Airbus A320s and eventually
777s at seven of its locations.

Source: https://aviationweek.com/mro/american-airlines-installing-collins-device-aid-predictive-
maintenance.
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AIRCRAFT INTERFACE DEVICE

EASIER MULTI-CHANNEL
DATA/COMMS ACCESS

Open-architecture design
with added functionality

KEY FEATURES AND BENEFITS
« Field-loadable software

+ ARINC 834 server

+ Communicates with preferred

The Collins Aircraft Interface Device (AID) SATCOM and ACARS providers

is an aircraft connectivity technology with
enhanced functionality, broader capabilities
and an open architecture. We integrated our
AID with services and software to create a
complete, ready-to-use solution for virtually
any commercial aircraft.

+ Solid-state storage
(field removable/upgradable)

« Backward compatible with previous
generations of Collins AID

* Qualified to DO-160G environments

« Able to add hosted functions such

+ Integrated Wi-Fi and cellular radios

Source: https://prd-sc102-cdn.rtx.com/-/media/ca/product-assets/marketing/a/aircraft-interface-

device/aircraft-interface-

device.pdf?rev=6310f16d4a07421b8b378f63dc9028f4&hash=4EAC48A3962B44A6FBF396B41567
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6C8C.
Ground Air-to-ground :
connectivity conne%tivity Aircraft
A ¢” x

End-to-end applications
[ ] __ 3 ) 8
— = BB “2
s } e gy e o mza M H e
[ Rockwell Collins — \_‘“*-7, & g i
€3 =

Airline Ops Center
— - ground infrastructure (20

ATC

— ATG —

Apps and services

Back office integration
Contant mansgement ~—~G
4‘ Ground Wi-F,
N Cellular
Popolar FODA toois

Rockwell Collins’ robust portfolio of information-enabled flight deck router solutions, global comrmunications networks, back-office applications
and airline data services will help make a searnless, secure and integrated aviation ecosphere a reality for your airline.

Source: https://www.collinsaerospace.com/-/media/CA/product-assets/marketing/s/secure-server-
router-7000/ssr-eicu-7000 ds.pdf?rev=1116c10cc51543dfal591edcadcb70ba.

The UE receives data on a physical downlink shared channel.
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4.2 Downlink

Table 4.2-1 specifies the mapping of the downlinl: transport channels to their corresponding physical channels. Table
4.2-2 zpecifies the mapping of the downlink control channel information to itz corresponding physical channel.

Table 4.2-1
TrCH Physical Channel
DL-SCH PDSCH
BCH PBCH
PCH FPDSCH
MCH FMCH

Source: 3GPP TS 36.212 VV10.9.0 at 8.

9.3.2 Downlink shared channel, Paging channel and Multicast channel

Figure 5.3 2-1 shows the processing structure for each transport bleck for the DL-SCH, PCH and MCH transport
channels. Data arrives to the coding unit in the form of a2 maximum of two transport blocks every transmission time
interval {TTI) per DL cell The following coding steps can be identified for each transport block of a DL cell:

—  Add CRC to the transport block

— Code block segmentation and code block CRC attachment

—  Channel coding

— Rate matching

— Code block concatenation

Source: 3GPP TS 36.212 VV10.9.0 at 54.
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6.2 Slot structure and physical resource elements

6.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of Ny NA® subcarriers and N S];;b

OFDM symbols. The resource grid structure is illustrated in Figure 6.2.2-1. The quantity N % depends on the
downlink transmission bandwidth configured in the cell and shall fulfil

One downlink slot Ty,
-

-

N1 OFDM symbols
- -

k=NRENEE 1

Resource

""" ; .{’.H‘HF"X\,M resource
. r——) "7 elements

ri Subcarrier

xNR

s
_rp Subcarrier

NE

Resource
element

&

k.0

Neg
LY -

(DL

v k=0

i=0 1=NDo -1

Figure 6.2.2-1: Downlink resource grid.
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6.3.5 Mapping to resource elements

For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols

yP(0),....y P (M smb — 1) shall conform to the downlink power allocation specified in Section 5.2 in [4] and be

mapped in sequence starting with y?’(0) to resource elements (k.1 ) which meet all of the following criteria:

If the DCI associated with the downlink transmission uses the C-RNTT or semi-persistent C-RNTI and transmit
diversity according to section 6.3.4.3 is used, resource elements in an OFDM symbol assumed by the UE to contain
CSI-RS shall be used in the mapping above if and only if all of the following criteria are fulfilled:

- there is an even number of resource elements for the OFDM symbol in each resource block assigned for
transmission, and

- the complex-valued symbols y‘?’(7) and y‘”’(i+1), where i is an even number, can be mapped to resource
elements (k7 ) and (k +n,l ) in the same OFDM symbol with n<3 .

The mapping to resource elements (k,/ ) on antenna port p not reserved for other purposes shall be in increasing order

of first the index & over the assigned physical resource blocks and then the index !/ , starting with the first slot in a
subframe.
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6.4 Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in Section 6.3
with the following exceptions:

- Inresource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on
the same set of antenna ports as the PBCH, which is one of {0} R {0,1} ,or {0,1 2?}

- Inresource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on
antenna port(s) {5},{7}.{8},or pe{78....0+6}, where v is the number of layers used for transmission of the
PDSCH.

- IfPDSCH is transmitted in MBSFN subframes as defined in [4], the PDSCH shall be transmitted on one or
several of antenna port(s) pe {7 ,8,...,v+6} , where v is the number of layers used for transmission of the
PDSCH.

Source: 3GPP TS 36.211 V10.7.0 at 52-64.

PDSCH (Physical Downlink Shared Channel)

PDSCH is a physical channel that carries user data.
» Carries user specific data (DL Payload).

» Carries Random Access Response Message in case of PDSCH mapped to RACH channel.

+ It is using AMC with QPSK, 16 QAM and 64 QAM. The modulation scheme for each PDSCH for each user is
determined by MCS wvalue in DCI.

Source: https://www.sharetechnote.com/html/Handbook LTE PDSCH.html.
See also claim 2.
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[15] The method of claim 14, | On information and belief, the American Count X Systems and Services practice the method of claim
wherein the physical control | 14. See claim 14. On information and belief, the American Count X Systems and Services further
channel and the physical practice the physical control channel and the physical downlink shared channel are time multiplexed.

o!ownlmk_shared channel are For example, the PDCCH and PDSCH may be transmitted using a time-multiplexing approach.
time multiplexed.

6.2 Slot structure and physical resource elements

6.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of Npg NSP subcarriers and N2>

symb

OFDM symbols. The resource grid structure is illustrated in Figure 6.2.2-1. The quantity N % depends on the
downlink transmission bandwidth configured in the cell and shall fulfil
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Figure 6.2.2-1: Downlink resource grid.

6.3.5 Mapping to resource elements

For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols

yP(0),....y P (M symb — 1) shall conform to the downlink power allocation specified in Section 5.2 in [4] and be

mapped in sequence starting with y?’(0) to resource elements (k.1 ) which meet all of the following criteria:
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If the DCT associated with the downlink transmission uses the C-RNTT or semi-persistent C-RNTI and transmit
diversity according to section 6.3 .4.3 is used, resource elements in an OFDM symbol assumed by the UE to contain
CSI-RS shall be used in the mapping above if and only if all of the following criteria are fulfilled:

- there is an even number of resource elements for the OFDM symbol in each resource block assigned for
transmission, and

- the complex-valued symbols y”’ (i) and y‘?’(i+1), where i is an even number, can be mapped to resource
elements (k./) and (k+7.!) in the same OFDM symbol with 7 <3 .

The mapping to resource elements (k,/ ) on antenna port p not reserved for other purposes shall be in increasing order

of first the index & over the assigned physical resource blocks and then the index / , starting with the first slot in a
subframe.

6.4 Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in Section 6.3
with the following exceptions:

- Inresource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on
the same set of antenna ports as the PBCH, which is one of {0} R {0,1}, or {0,1 2’%}

- Inresource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on
antenna port(s) {5},{7},{8}, or pe{78,...,v+6}, where v is the number of layers used for transmission of the

PDSCH.

- If PDSCH is transmitted in MBSEN subframes as defined in [4], the PDSCH shall be transmitted on one or
several of antenna port(s) pe {7 ,8,...,v+6} , where v is the number of layers used for transmission of the

PDSCH.

Source: 3GPP TS 36.211 V10.7.0 at 52-64.
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6.8 Physical downlink control channel

6.8.1 PDCCH formats

The physical downlink control channel carries scheduling assignments and other control information. A physical control
channel is transmitted on an aggregation of one or several consecutive control channel elements (CCEs), where a
control channel element corresponds to 9 resource element groups. The number of resource-element groups not
assigned to PCFICH or PHICH is Nyyg, - The CCEs available in the system are numbered from 0 to N —1, where

Neeg = LNREG / 9J . The PDCCH supports multiple formats as listed in Table 6.8.1-1. A PDCCH consisting of n
consecutive CCEs may only start on a CCE fulfillingi mod n =0, where i is the CCE number.

Multiple PDCCHs can be transmitted in a subframe.

Table 6.8.1-1: Supported PDCCH formats.

PDCCH Number of Number of resource- Number of
format CCEs element groups PDCCH bits
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576
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6.8.2 PDCCH multiplexing and scrambling

The block of bits 5@ (0),....6" (M2 —1) on each of the control channels to be transmitted in a subframe, where M )

is the number of bits in one subframe to be transmitted on physical downlink control channel number i , shall be
multiplexed, resulting in a block of bits
b (0),...6° M ~1),60(0),...60 (MD 1), "o (@) e (pg B 1y where nppeey is the

number of PDCCHs transmitted in the subframe.

The block of bits 5 (0),....6 M -1),6%(0),....60 M) —1),... p"reecs™ (), pWercca (pg {mevcer ™D _1) ghall be
scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits
5(0),4..,1’;(Mtol —1) according to

b (i) = (b(i) +c(i))mod 2

where the scrambling sequence c(i) is given by Section 7.2. The scrambling sequence generator shall be initialised

with ¢, =|n, / 2% + N at the start of each subframe.

CCE number n corresponds to bits b(72n),b(72n+1),...,0(72n+71) . If necessary, <NIL> elements shall be inserted in
the block of bits prior to scrambling to ensure that the PDCCHs starts at the CCE positions as described in [4] and to

-1 .
ensure that the length M, =8Nggg = Z’_IPECCH M t(:n) of the scrambled block of bits matches the amount of resource-
i=

element groups not assigned to PCFICH or PHICH.
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6.8.5 Mapping to resource elements

The mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. Let
2P )= <y(P) (40), y P (4i+1),yP (4i +2), yP (4i + 3)> denote symbol quadruplet i for antenna port p .

The block of quadruplets 7’ (0),...,z"" (M _ . —1) , where M M gy, /4 . shall be permuted resulting in

quad quad =

w(P) (O),.4.,w(” ) (M .4 —1) . The permutation shall be according to the sub-block interleaver in Section 5.1.4.2.1 of [3]

quad
with the following exceptions:

- the input and output to the interleaver is defined by symbol quadruplets instead of bits

- interleaving is performed on symbol quadruplets instead of bits by substituting the terms 'bit', 'bits' and 'bit
sequence' in Section 5.1.4.2.1 of [3] by 'symbol quadruplet', 'symbol quadruplets' and 'symbol-quadruplet
sequence', respectively

<NULL> elements at the output of the interleaver in [3] shall be removed when forming w? (0),..4,w(p ) (M gyaq =1 -

Note that the removal of <NULL> elements does not affect any <NIL> elements inserted in Section 6.8.2.

The block of quadruplets w'?’(0),...,w (M

—1) where w'? (I) =w® ((f + NICSH) mod M ;,q ) .

quad —1) shall be cyclically shifted, resulting in

W (0),.... WP (M gy

Mapping of the block of quadruplets w?(0),...,w? (M

specified in Section 6.2.4, according to steps 1-10 below:

quad —1) 1s defined in terms of resource-element groups,

1) Initialize m" =0 (resource-element group number)

2) Initialize k'=0
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3) Initialize I'=0

4) 1If the resource element (k”./") represents a resource-element group and the resource-element group is not
assigned to PCFICH or PHICH then perform step 5 and 6, else go to step 7

5) Map symbol-quadruplet w'?’(m') to the resource-element group represented by (k”,") for each

antenna port p

6) Increase m’ by 1
7) Increase ' by 1

8) Repeat from step 4 if /'< L , where L corresponds to the number of OFDM symbols used for PDCCH
transmission as indicated by the sequence transmitted on the PCFICH

9) Increase k' by 1
10) Repeat from step 3 if k'< Ny - NXB

Source: 3GPP TS 36.211 V10.7.0 at 67-69.
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PDSCH (Physical Data Shared Channel) in a Nutshell

*» PDSCH is a downlink physical channel that deliver user data from ghNB to UE. It has characterstics summarized
as below.

+ Resource Grid: PDSCH occupies a time-frequency grid of Resource Blocks (RBs) within a slot. Maximum number
of PDSCH OFDM symbol within a slot is 14, but in most case it use less than 14 because usually one or more
OFDM symbols are used for PDCCH.

» Scheduling: The gMBE schedules PDSCH rescurces for UEs based on their channel quality, data requirements,
and fairness considerations.

» Modulation: PDSCH supports various modulation schemes such as QPSK, 16QAM, 64QAM, and 256QAM to
accommodate different channel conditions and data rates.

* Channel Coding: PDSCH uses LDPC (Low-Density Parity-Check) coding to provide forward error correction,
enhancing the robustness of data transmission over the wireless channel.

s Layer Mapping : In MIMO {Multiple Input Multiple Output) systems, a PDSCH is distributed among multiple
layers.

» Rate Matching: PDSCH employs rate matching to adjust the coded data rate to match the allocated resources,
accommodating different UE requirements and channel conditions.

« DMRS (Demodulation Reference Signals): PDSCH includes DMRS to assist the UE in channel estimation and
demaodulation, ensuring accurate data reception === DMRS is explain in further detail in another note here.

Source: https://www.sharetechnote.com/html/5G/5G PDSCH.html.

TDD frame type 2

In TDD mode, the uplink and downlink subframes are transmitted on the same frequency and are multiplexed in the time
domain. The locations of the uplink, downlink, and special subframes are determined by the uplink-downlink configuration.
There are seven possible configurations given in the standard. The following is an illustration of a TDD frame with uplink-
downlink configuration set to 2 and special subframe configuration set to 6.

Source: https://helpfiles.keysight.com/csg/89600B/Webhelp/Subsystems/Ite-
a/content/lte overview.htm.

See also claim 3.
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[16] The method of claim
13 further comprising
receiving, on the physical
control channel, power
control information.

On information and belief, the American Count X Systems and Services practice the method of claim
13. See claim 13. On information and belief, the American Count X Systems and Services further
practice receiving, on the physical control channel, power control information.

For example, the UE is configured to receive power control commands on physical downlink control

channel PDCCH.

5 Power control

Downlink power control determines the energy per resource element (EPRE). The term resource element energy
denotes the energy prior to CP insertion. The term resource element energy also denotes the average energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines the average power over a

SC-FDMA symbol in which the physical channel is transmitted.

9.1 Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.

For PUSCH, the transmit power PPUSCH, ¢ (i) defined in section 5.1.1, is first scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is

transmitted.

For PUCCH or SRS, the transmit power ﬁPUCCH (i) , defined in Section 5.1.1.1, or ﬁSRS,c (1) is split equally across

the configured antenna ports for PUCCH or SRS. ﬁSRS,c (1) 1s the linear value of Pypg . (i) defined in Section 5.1.3.

A cell wide overload indicator (OI) and a High Interference Indicator (HII) to control UL interference are defined in [9].
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5.1.1 Physical uplink shared channel

5.1.1.1 UE behaviour

The setting of the UE Transmit power for a physical uplink shared channel (PUSCH) transmission is defined as follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Ppysch (i) for PUSCH transmission in subframe 7 for the serving cell cis given by

Femax e (1),

. ‘ ‘ . . [dBm]
10log, o (M pyscu e (D) + Fo_puscue () + & (J) - PL, + Arp (D) + f. (D)

Poyscr (i) = mjn{

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power
Ppyscu (i) for the PUSCH transmission in subframe i for the serving cell ¢ is given by

101log, |2 ) — P, ),
Pouscrs (i) = min Ogl()( cMaXx,c (1) . PUCCH (1)) | | . | [dBny
10log; o (M pysch.c () + Fo_pusc.c () +(J) - PL. + Ap () + f. (1)

If the UE is not transmitting PUSCH for the serving cell ¢, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power Ppygcy (i) for the PUSCH transmission in

subframe i for the serving cell ¢ is computed by

Peysc . () = min {PCMAX,c (1), Fo_puscuc W +a. () PL. + f. (D) } [dBm]

*  Jpyscu, 1s a correction value, also referred to as a TPC command and is included in PDCCH with DCI

format 0/4 for serving cell cor jointly coded with other TPC commands in PDCCH with DCI format 3/3A
whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. The current PUSCH power control adjustment
state for serving cell cis given by f.. (i) which is defined by:
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Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated
dpuscuc Vvalues.

Accumulated
TPC Command Fieldin | 5 Absolute Jpyscr,c [dBI
DCI format 0/3/4 PE;SBC]H “ only DCI format 0/4
0 -1 4
1 0 -1
2 1 1
3 3 4

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated Jpygcy,. Vvalues.

TPC Command Field in Accumulated Spyscp ¢
DCI format 3A [dB]
0 -1
1 1

Source: 3GPP TS 36.213 VV10.7.0 at 10-14.

The PDCCH carries essential control information such as resource allocation,
scheduling assignments, power control commands, and other system-specific
control messages. It operates in the downlink direction, meaning it's transmitted

from the base station to the user equipment.

Source: https://www.linkedin.com/pulse/lte-pdcch-part-1-dci-rnti-malaka-dahanayake-hrjnc.

See also claim 4.
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[17] The method of claim 16, | On information and belief, the American Count X Systems and Services practice the method of claim
wherein the physical control | 16. See claim 16. On information and belief, the American Count X Systems and Services further

channel includes power practice the physical control channel includes power control information for a plurality of UEs using
control information for a different bits.

plurality of UEs using

different bits. 5 Power control

Downlink power control determines the energy per resource element (EPRE). The term resource element energy
denotes the energy prior to CP insertion. The term resource element energy also denotes the average energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

5.1 Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.

For PUSCH, the transmit power ﬁPUSCH’ (1) defined in section 5.1.1, is first scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power PPUCCH (i) , defined in Section 5.1.1.1, or IA’SRS’C (i) is split equally across

the configured antenna ports for PUCCH or SRS. ﬁSRS,c (i) is the linear value of Fygg . (7) defined in Section 5.1.3.

A cell wide overload indicator (OI) and a High Interference Indicator (HII) to control UL interference are defined in [9].
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5.1.1 Physical uplink shared channel

5.1.1.1 UE behaviour

The setting of the UE Transmit power for a physical uplink shared channel (PUSCH) transmission is defined as follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Ppysch (i) for PUSCH transmission in subframe 7 for the serving cell cis given by

Femax e (1),

. ‘ ‘ . . [dBm]
10log, o (M pyscu e (D) + Fo_puscue () + & (J) - PL, + Arp (D) + f. (D)

Poyscr (i) = mjn{

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power
Ppyscu (i) for the PUSCH transmission in subframe i for the serving cell ¢ is given by

101log, |2 ) — P, ),
Pouscrs (i) = min Ogl()( cMaXx,c (1) . PUCCH (1)) | | . | [dBny
10log; o (M pysch.c () + Fo_pusc.c () +(J) - PL. + Ap () + f. (1)

If the UE is not transmitting PUSCH for the serving cell ¢, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power Ppygcy (i) for the PUSCH transmission in

subframe i for the serving cell ¢ is computed by

Peysc . () = min {PCMAX,c (1), Fo_puscuc W +a. () PL. + f. (D) } [dBm]

*  Jpyscu, 1s a correction value, also referred to as a TPC command and is included in PDCCH with DCI

format 0/4 for serving cell cor jointly coded with other TPC commands in PDCCH with DCI format 3/3A
whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. The current PUSCH power control adjustment
state for serving cell cis given by f.. (i) which is defined by:
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Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated

dpuscuc Vvalues.

Accumulated
TPC Command Fieldin | 5 Absolute Jpyscr,c [dBI
DCI format 0/3/4 PE dB] “ only DCI format 0/4
0 -1 4
1 0 -1
2 1 1
3 3 4

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated Jpygcy,. Vvalues.

DCI format 3A

TPC Command Field in Accumulated Spyscp ¢

[dB]

0

-1

1

1

Source: 3GPP TS 36.213 VV10.7.0 at 10-14.

See also claim 5.
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[18] The method of claim 13, | On information and belief, the American Count X Systems and Services practice the method of claim
wherein in the time interval 13. See claim 13. On information and belief, the American Count X Systems and Services further
that the uplink physical practice in the time interval that the uplink physical signal is sent by the UE, a plurality of UEs each
signal is sent by the UE, a transmit on respective uplink physical control channels in the time interval.

plurality of UEs each
transmit on respective uplink
physical control channels in
the time interval. 8.2 UE sounding procedure

As described in claims 1 and 13, the UE transmits a sounding reference signal using resource elements
and symbols. Multiple UEs may transmit a sounding reference signal in the time interval.

A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types:

Source: 3GPP TS 36.213 V10.13.0 at 82.

53 Physical uplink shared channel

534 Mapping to physical resources

For cach antenna port g used Tor transmiassion of the PUSCH in a subframe the block of complex-valued symbols
0L 2P .li’\'f_ﬁr| —1) shall be multipled wath the amplitude scaling factor Fppgey i order to conform o the
transmil power Fpypoey specified in Section 5.1.1.01 in [4). and mapped in sequence starting with ='P0) 1o physical
resenrce blocks on antenna port p and assigned for transmission of PUSCH. The relation between the index P and the
anienna port number p is given by Table 5.2.1-1. The mapping o resource elemenis (k,/) corresponding io the

physical resource blocks assigned for transmission and

nid wsed for transmission of reference signals, and
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If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in
frequency, the set of physical resource blocks to be used for transmission is given by npgg = Hygg Where nygg is

obtained from the uplink scheduling grant as described in Section 8.1 in [4].

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for

transmission is given by Section 8.4.1 in [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used
for transmission in slot n_ is given by the scheduling grant together with a predefined pattern according to

Tiogs (1) = (ygs + fuop (1) N2 + (V32 —1)— 20fiimp mod N3 ) £, ) Jmod (N - N,p)

: [Lns / 2J inter — subframe hopping
1=+

\n, intra and inter — subframe hopping
P, [ Tipgg (1) N, =1
n n. )=+
PRB [ﬁm(ng)Jr’-N%’/Z Ny >1
N [ n N, =1
Hyre = [

Rygs — N,?g/z] N, >1
Source: 3GPP TS 36.211 VV10.7.0 at 20-21.
5.5 Reference signals

5.5.3 Sounding reference signal

5532 Mapping to physical resources

For all subframes other than special subframes, the sounding reference signal shall be transmined m the last symbol of

the subframe.

Source: 3GPP TS 36.211 VV10.7.0 at 27, 35, 37.
See also claim 6.
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