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400
o~
Transmit a first OFDMA communications signal to a wireless
node in a licensed spectrum \
405
Y
Transmit, concurrently with the transmission of the first OFDMA
communications signal, a second OFDMA communications \
signal to the wireless node in an unlicensed spectrum 410
FIG. 4A
400-a
o~
Receive a first SC-FDMA communications signal from a wireless
node in a licensed spectrum \
415
Y
Receive, concurrently with the reception of the first SC-FDMA
communications signal, a second SC-FDMA communications \
signal from the wireless node in an unlicensed spectrum 420

FIG. 4B
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500
o~
Receive a first OFDMA communications signal from a wireless
node in a licensed spectrum \
505
Y
Receive, concurrently with the reception of the first OFDMA
communications signal, a second OFDMA communications \
signal from the wireless node in an unlicensed spectrum 510
FIG. 5SA
500-a
o~
Transmit a first SC-FDMA communications signal to a wireless
node in a licensed spectrum \
515
A 4
Transmit, concurrently with the transmission of the first SC-
FDMA communications signal, a second SC-FDMA
communications signal to the wireless node in an unlicensed \
spectrum 520

FIG. 5B
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800

Generate a periodic gating interval for a downlink in an
unlicensed spectrum \
805
Y
Synchronize at least one boundary of the periodic gating interval
with at least one boundary of a periodic frame structure
associated with a primary component carrier (PCC) of the \
downlink 810

FIG. 8
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1100
e~
Perform CCA for an unlicensed spectrum in a current gating
interval to determine whether the unlicensed spectrum is
available for a transmission in a next transmission interval \
1105
A 4
Gate OFF the transmission in the unlicensed spectrum for the
next transmission interval when the determination is that the \
unlicensed spectrum is unavailable 1115

FIG. 11
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1200
o~
Synchronize CCA slots across a plurality of base stations to
determine availability of an unlicensed spectrum for downlink \
transmissions in a next transmission interval
1205
FIG. 12A
1200-a
o~
Synchronize CCA slots across a plurality of base stations to
determine availability of an unlicensed spectrum for
transmissions in a next transmission interval \
1215

Y

Identify one of the CCA slots in which to determine the
availability of the unlicensed spectrum, where the CCA slot is \
identified based at least in part on a pseudo-random selection 1220

sequence driven by a randomization seed

FIG. 12B
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1300
o~
Perform CCA during one of a plurality of CCA slots
synchronized across a plurality of eNBs to determine availability
of an unlicensed spectrum for transmissions in a next \
transmission interval 1305
FIG. 13A
1300-a
o~
Identify a CCA slot from among a plurality of CCA slots
synchronized across a plurality of eNBs based at least in part on a
pseudo-random selection sequence generated from a \
randomization seed 1315
A 4
Perform CCA during the identified CCA slot to determine
availability of an unlicensed spectrum for transmissions in a next \
transmission interval 1320

FIG. 13B
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1500
e~
Perform CCA during one of a plurality of CCA slots
synchronized across a plurality of eNBs to determine availability
of an unlicensed spectrum for transmissions in a next \
transmission interval 1505
A 4
Transmit, when the unlicensed spectrum is determined to be
available, one or more signals before the next transmission
interval to reserve the unlicensed spectrum during the next \
transmission interval 1510

FIG. 15
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1700
Jo~v
Receive feedback information from a UE via a PPC uplink in a
licensed spectrum, where the feedback information addresses
signals transmitted to the UE via a downlink in an unlicensed \
spectrum 1705
FIG. 17A
1700-a
o~
Transmit feedback information from a UE to an eNB via a PPC
uplink in a licensed spectrum, where the feedback information
addresses signals transmitted to the UE via a downlink in an \
unlicensed spectrum 1715

FIG. 17B
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1900
o~
Broadcast beacon signals in an unlicensed spectrum at
predetermined times from an eNB, where the beacon signals
including downlink signals that identify the eNB and at least one \
associated attribute of the eNB 1905
FIG. 19A
1900-a
o~
Identify an eNB deployment in which downlink signals from the
eNBs in the eNB deployment are synchronized and concurrently
transmitted by the eNBs of the eNB deployment in an unlicensed \
spectrum and in a licensed spectrum 1915
Y
Broadcast beacon signals in the unlicensed spectrum at
predetermined times from one of the eNBs in the eNB
deployment, where the beacon signals that identify the eNB and \
the eNB deployment 1920

FIG. 19B
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2100
o~
Perform CCA to determine availability of an unlicensed spectrum \
2105
Y
Transmit an RTS signal to a set of UEs using the unlicensed
spectrum when a determination is made that the unlicensed \
spectrum is available 2110
Y
Receive, in the unlicensed spectrum, a common CTS signal and
an individual CTS signal from one or more of the UEs in \
response to the RTS signal 2115

FIG. 21



PCT/US2014/038761

WO 2014/189908

35/46

VT DOIAd
%mnzm Q h Sd1d
/ SLO"A
S1TT
/] SID-A
SITC HEH
/ SLO-A
S1TT —
/] SID-A
S1TT
< 3 FE
ooo |D HDSAd + HDDAd(®) HDSAd + HDDAd(®) Ll|L
\4 o) H ki
/ 7/ / NN
0€2T $TTT 0TTT 012z S0CT
~X

00¢tC

00O

tHn

“an

N

gN°



PCT/US2014/038761

WO 2014/189908

36/46

00O

tHn

“an

N

gN°

d7C DIA
SAIS p h sdId
7] sLoa
e-C12C
7l sioa
e-C12T
7] s1o-a
e-C12T
/1 sio-a
e-C12T
9
000 HOSAd + HOOdd
/ 7 \
7T 0222 0122
SI¥-A
/
€T

©-00¢¢



WO 2014/189908 PCT/US2014/038761

37/46

2300
o~
Transmit an RTS signal in an unlicensed spectrum or a virtual
RTS signal in a licensed spectrum, addressed to a set of UEs \
2305
Y
Transmit a CTS-to-self signal in the unlicensed spectrum along
with the transmission of the virtual RTS signal \
2310

FIG. 23
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2400
o~
Transmit an RTS signal in an unlicensed spectrum or a virtual
RTS signal in a licensed spectrum, addressed to a set of UEs \
2405
Y
Transmit a CTS-to-self signal in an unlicensed spectrum along
with the transmission of the virtual RTS signal \
2410
Y
Receive in the licensed spectrum a virtual CTS signal from each
UE in the set in response to the RTS signal or the virtual RTS \
Signal 2415
Y
Schedule, after receiving the virtual CTS signal, traffic based on
current channel knowledge of a remainder of a subframe \
2420

FIG. 24
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2600

Compare past transmission activity on an unlicensed spectrum to \
an activity threshold 2605

Transmit a first subframe type in the unlicensed spectrum during
a next active transmission when the past transmission activity is \
greater than the activity threshold 2610

Transmit a second subframe type in the unlicensed spectrum
during a next active transmission when the past transmission \
activity is lesser than the activity threshold, the second subframe | 5¢15
type including a more robust subframe type than the first
subframe type

FIG. 26
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2800
o~
Generate one or both of PUCCH signals and PUSCH signals

based on interleaved signals that increase nominal bandwidth \

occupancCy 2805
Y

Transmit the generated signals in an unlicensed spectrum \

2810

FIG. 28
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115-d
3010 —~ 3020
/ f
Memory
Processor ] Module
Module W 3035
3060
3030
/ UE Modes Module
Communications
Management — LTE 3061
Module
LTE
Unlicensed
3040 00T 3062
J —
Unlicensed
Transceiver | 3063
Modules
=~ <V 3050
J
Antennas

FIG. 30
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3100
K-./
130-a
/

Core Network

105-d
3}1 70 3)120
Network 1T Memory
Communications Module
Module SW 3125
3110 3190
S )]
Base Station Modes
P;/?Czsior Module
odule LTE 3191
3150 LTE
S 3105 Unlicensed
3192
Communications
Management Unlicensed
Module 3193
3;1 60 3/1 30
Transceiver
Base station Module
Communications
Module
3140 N
— Antennas
105-¢ 105-f
Base station Base station

FIG. 31
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