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CLOSED LOOP CARRIER SENSE MULTIPLE
ACCESS WITH MULTIUSER REQUEST TO
SEND AND CLEAR TO SEND
HANDSHAKING IN AN ADVANCED
WIRELESS NETWORK

RELATED APPLICATIONS

[0001] The subject patent application is a continuation of,
and claims priority to each of, U.S. patent application Ser.
No. 17/065,247, filed Oct. 7, 2020, and entitled “CLOSED
LOOP CARRIER SENSE MULTIPLE ACCESS WITH
MULTIUSER REQUEST TO SEND AND CLEAR TO
SEND HANDSHAKING IN AN ADVANCED WIRELESS
NETWORK,” which is a continuation of U.S. patent appli-
cation Ser. No. 16/138,132 (now U.S. Pat. No. 10,834,781),
filed Sep. 21, 2018, and entitled “CLOSED LOOP CAR-
RIER SENSE MULTIPLE ACCESS WITH MULTIUSER
REQUEST TO SEND AND CLEAR TO SEND HAND-
SHAKING IN AN ADVANCED WIRELESS NETWORK,”
the entireties of which priority applications are hereby
incorporated by reference herein.

TECHNICAL FIELD

[0002] The present application relates generally to the
field of mobile communication and, more specifically, to
implementing closed loop carrier sense multiple access
(CSMA) and multiuser request to send (RTS) and clear to
send (CTS) handshaking in a next generation wireless
communications network.

BACKGROUND

[0003] To meet the huge demand for data centric applica-
tions, Third Generation Partnership Project (3GPP) systems
and systems that employ one or more aspects of the speci-
fications of the Fourth Generation (4G) standard for wireless
communications will be extended to a Fifth Generation (5G)
standard for wireless communications. Unique challenges
exist to provide levels of service associated with forthcom-
ing 5G and other next generation network standards.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Non-limiting and non-exhaustive embodiments of
the subject disclosure are described with reference to the
following figures, wherein like reference numerals refer to
like parts throughout the various views unless otherwise
specified.

[0005] FIG. 1 illustrates an example wireless communi-
cation system in accordance with various aspects and
embodiments of the subject disclosure.

[0006] FIG. 2 illustrates another example wireless com-
munication system in accordance with various aspects and
embodiments of the subject disclosure.

[0007] FIG. 3 illustrates an example block diagram show-
ing a message sequence chart in accordance with various
aspects and embodiments of the subject disclosure.

[0008] FIG. 4 illustrates an example block diagram show-
ing a message sequence chart in accordance with various
aspects and embodiments of the subject disclosure.

[0009] FIG. 5 illustrates an example method for perform-
ing closed loop CSMA with multiuser RTS and CTS hand-
shaking in accordance with various aspects and embodi-
ments of the subject disclosure.
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[0010] FIG. 6 illustrates an example method for perform-
ing closed loop CSMA with multiuser RTS and CTS hand-
shaking in accordance with various aspects and embodi-
ments of the subject disclosure.

[0011] FIG. 7 illustrates an example method for perform-
ing closed loop CSMA with multiuser RTS and CTS hand-
shaking in accordance with various aspects and embodi-
ments of the subject disclosure.

[0012] FIG. 8 illustrates an example block diagram of a
non-limiting embodiment of a mobile network platform in
accordance with various aspects described herein.

[0013] FIG. 9 illustrates an example block diagram of an
example user equipment that can be a mobile handset
operable to provide a format indicator in accordance with
various aspects and embodiments of the subject disclosure.
[0014] FIG. 10 illustrates an example block diagram of a
computer that can be operable to execute processes and
methods in accordance with various aspects and embodi-
ments of the subject disclosure.

DETAILED DESCRIPTION

[0015] One or more embodiments are now described with
reference to the drawings, wherein like reference numerals
are used to refer to like elements throughout. In the follow-
ing description, for purposes of explanation, numerous spe-
cific details are set forth in order to provide a thorough
understanding of the various embodiments. It is evident,
however, that the various embodiments can be practiced
without these specific details (and without applying to any
particular networked environment or standard).

[0016] Various embodiments disclosed herein provide for
a closed loop carrier sense multiple access multiuser request
to send and clear to send handshaking procedure to effi-
ciently allocate licensed and unlicensed spectrum for a
plurality of mobile devices and across different base stations
and mobile network operators. A user equipment device can
be connected to a base station device via a first frequency in
licensed spectrum, and a second frequency in unlicensed
spectrum. The air interface on the first frequency can then be
used to coordinate physical and virtual carrier sensing on a
second frequency among a plurality of user equipment
devices. Moreover, carrier sensing results at a plurality of
user equipment devices (UEs) on a second frequency in
unlicensed spectrum can be reported to a base station device
via the first frequency in licensed spectrum. Based on these
reports, the base station device can schedule multiple user
multiple input, multiple output (MU-MIMO) transmission to
a plurality of UEs on a second frequency in unlicensed
spectrum.

[0017] By coordinating the carrier sensing at a plurality of
UEs and by reporting the outcomes of the carrier sensing
procedure back to the base station, the base station can use
this information to jointly optimize the transmissions to a
plurality of UEs whereby this is not possible in current
carrier sensing mechanisms that operate independently at
each device. Said joint optimization of transmissions to
multiple devices increases the spectral efficiency of the
overall system as well as the perceived user throughput and
latency via the air interface between a base station and a
mobile station.

[0018] In various embodiments, a base station device can
comprise a processor and a memory that stores executable
instructions that, when executed by the processor facilitate
performance of operations. The operations can comprise
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facilitating transmitting a request to send signal to a mobile
device, wherein the request to send signal facilitates initia-
tion of a first clear channel assessment of a channel at a
defined time. The operations can also include performing a
second clear channel assessment of the channel at the
defined time. The operations can also include in response to
a first result of the second clear channel assessment indi-
cating that the channel is clear, transmitting a waveform
signal on the second channel, wherein the waveform signal
indicates the channel is reserved.

[0019] In various embodiments, a user equipment device
can comprise a processor and a memory that stores execut-
able instructions that, when executed by the processor
facilitate performance of operations. The operations can
comprise performing a clear channel assessment of a first
channel at a first frequency, wherein the first frequency is
part of a first frequency spectrum, and wherein performing
the clear channel assessment is in response to receiving a
request to send signal from a base station device. The
operations can also comprise facilitating transmitting a
control channel transmission comprising a result of the clear
channel assessment to the base station device via a second
channel at a second frequency, wherein the second fre-
quency is part of a second frequency spectrum that is
different from and does not overlap the first frequency
spectrum. The operations can also comprise in response to
the result of the clear channel assessment indicating that
there is no activity on the first channel, transmitting a clear
to send signal on the first channel, wherein the clear to send
signal indicates that the channel is reserved for the base
station device.

[0020] In another embodiment, a first base station device
can comprise a processor and a memory that stores execut-
able instructions that, when executed by the processor
facilitate performance of operations. The operations can
comprise receiving, from a first user equipment device, an
indication that the first user equipment device received a
signal at a first frequency, wherein the signal indicates that
a second base station device has reserved the first frequency
for a first transmission. The operations can also comprise
determining a group of transmission parameters for a second
transmission to a second user equipment device, wherein the
second transmission will not interfere with the first trans-
mission. The operations can also comprise transmitting the
group of transmission parameters to the second user equip-
ment device on a control channel.

[0021] As used in this disclosure, in some embodiments,
the terms “component,” “system” and the like are intended
to refer to, or comprise, a computer-related entity or an
entity related to an operational apparatus with one or more
specific functionalities, wherein the entity can be either
hardware, a combination of hardware and software, soft-
ware, or software in execution. As an example, a component
may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of
execution, computer-executable instructions, a program,
and/or a computer. By way of illustration and not limitation,
both an application running on a server and the server can be
a component.

[0022] One or more components may reside within a
process and/or thread of execution and a component may be
localized on one computer and/or distributed between two or
more computers. In addition, these components can execute
from various computer readable media having various data
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structures stored thereon. The components may communi-
cate via local and/or remote processes such as in accordance
with a signal having one or more data packets (e.g., data
from one component interacting with another component in
a local system, distributed system, and/or across a network
such as the Internet with other systems via the signal). As
another example, a component can be an apparatus with
specific functionality provided by mechanical parts operated
by electric or electronic circuitry, which is operated by a
software application or firmware application executed by a
processor, wherein the processor can be internal or external
to the apparatus and executes at least a part of the software
or firmware application. As yet another example, a compo-
nent can be an apparatus that provides specific functionality
through electronic components without mechanical parts,
the electronic components can comprise a processor therein
to execute software or firmware that confers at least in part
the functionality of the electronic components. While vari-
ous components have been illustrated as separate compo-
nents, it will be appreciated that multiple components can be
implemented as a single component, or a single component
can be implemented as multiple components, without
departing from example embodiments.

[0023] Further, the various embodiments can be imple-
mented as a method, apparatus or article of manufacture
using standard programming and/or engineering techniques
to produce software, firmware, hardware or any combination
thereof to control a computer to implement the disclosed
subject matter. The term “article of manufacture” as used
herein is intended to encompass a computer program acces-
sible from any computer-readable (or machine-readable)
device or computer-readable (or machine-readable) storage/
communications media. For example, computer readable
storage media can comprise, but are not limited to, magnetic
storage devices (e.g., hard disk, floppy disk, magnetic
strips), optical disks (e.g., compact disk (CD), digital ver-
satile disk (DVD)), smart cards, and flash memory devices
(e.g., card, stick, key drive). Of course, those skilled in the
art will recognize many modifications can be made to this
configuration without departing from the scope or spirit of
the various embodiments.

[0024] In addition, the words “example” and “exemplary”
are used herein to mean serving as an instance or illustration.
Any embodiment or design described herein as “example”
or “exemplary” is not necessarily to be construed as pre-
ferred or advantageous over other embodiments or designs.
Rather, use of the word example or exemplary is intended to
present concepts in a concrete fashion. As used in this
application, the term “or” is intended to mean an inclusive
“or” rather than an exclusive “or”. That is, unless specified
otherwise or clear from context, “X employs A or B” is
intended to mean any of the natural inclusive permutations.
That is, if X employs A; X employs B; or X employs both
A and B, then “X employs A or B” is satisfied under any of
the foregoing instances. In addition, the articles “a” and “an”
as used in this application and the appended claims should
generally be construed to mean “one or more” unless
specified otherwise or clear from context to be directed to a
singular form.

[0025] Moreover, terms such as “mobile device equip-
ment,” “mobile station,” “mobile,” subscriber station,”
“access terminal,” “terminal,” “handset,” “communication
device,” “mobile device” (and/or terms representing similar
terminology) can refer to a wireless device utilized by a
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subscriber or mobile device of a wireless communication
service to receive or convey data, control, voice, video,
sound, gaming or substantially any data-stream or signaling-
stream. The foregoing terms are utilized interchangeably
herein and with reference to the related drawings. Likewise,
the terms “access point (AP),” “Base Station (BS),” BS
transceiver, BS device, cell site, cell site device, “Node B
(NB),” “evolved Node B (eNode B),” “home Node B
(HNB)” and the like, are utilized interchangeably in the
application, and refer to a wireless network component or
appliance that transmits and/or receives data, control, voice,
video, sound, gaming or substantially any data-stream or
signaling-stream from one or more subscriber stations. Data
and signaling streams can be packetized or frame-based
flows.

[0026] Furthermore, the terms “device,” “communication
device,” “mobile device,” “subscriber,” “customer entity,”
“consumer,” “customer entity,” “entity” and the like are

employed interchangeably throughout, unless context war-
rants particular distinctions among the terms. It should be
appreciated that such terms can refer to human entities or
automated components supported through artificial intelli-
gence (e.g., a capacity to make inference based on complex
mathematical formalisms), which can provide simulated
vision, sound recognition and so forth.

[0027] Embodiments described herein can be exploited in
substantially any wireless communication technology, com-
prising, but not limited to, wireless fidelity (Wi-Fi), global
system for mobile communications (GSM), universal
mobile telecommunications system (UMTS), worldwide
interoperability for microwave access (WiMAX), enhanced
general packet radio service (enhanced GPRS), third gen-
eration partnership project (3GPP) long term evolution
(LTE), third generation partnership project 2 (3GPP2) ultra
mobile broadband (UMB), high speed packet access
(HSPA), Z-Wave, Zigbee and other 802.XX wireless tech-
nologies and/or legacy telecommunication technologies.
[0028] FIG. 1 illustrates an example wireless communi-
cation system 100 in accordance with various aspects and
embodiments of the subject disclosure. In one or more
embodiments, system 100 can comprise one or more user
equipment UEs 104 and 102, which can have one or more
antenna panels having vertical and horizontal elements. A
UE 102 can be a mobile device such as a cellular phone, a
smartphone, a tablet computer, a wearable device, a virtual
reality (VR) device, a heads-up display (HUD) device, a
smart car, a machine-type communication (MTC) device,
and the like. UE 102 can also refer to any type of wireless
device that communicates with a radio network node in a
cellular or mobile communication system. Examples of UE
102 are target device, device to device (D2D) UE, machine
type UE or UE capable of machine to machine (M2M)
communication, PDA, Tablet, mobile terminals, smart
phone, laptop embedded equipped (LEE), laptop mounted
equipment (LME), USB dongles etc. User equipment UE
102 can also comprise IOT devices that communicate wire-
lessly. In various embodiments, system 100 is or comprises
a wireless communication network serviced by one or more
wireless communication network providers. In example
embodiments, a UE 102 can be communicatively coupled to
the wireless communication network via a network node
106.

[0029] The non-limiting term network node (or radio
network node) is used herein to refer to any type of network
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node serving a UE 102 and UE 104 and/or connected to
other network node, network element, or another network
node from which the UE 102 or 104 can receive a radio
signal. Network nodes can also have multiple antennas for
performing various transmission operations (e.g., MIMO
operations). A network node can have a cabinet and other
protected enclosures, an antenna mast, and actual antennas.
Network nodes can serve several cells, also called sectors,
depending on the configuration and type of antenna.
Examples of network nodes (e.g., network node 106) can
comprise but are not limited to: NodeB devices, base station
(BS) devices, access point (AP) devices, and radio access
network (RAN) devices. The network node 106 can also
comprise multi-standard radio (MSR) radio node devices,
including but not limited to: an MSR BS, an eNode B, a
network controller, a radio network controller (RNC), a base
station controller (BSC), a relay, a donor node controlling
relay, a base transceiver station (BTS), a transmission point,
a transmission node, an RRU, an RRH, nodes in distributed
antenna system (DAS), and the like. In 5G terminology, the
node 106 can be referred to as a gNodeB device.

[0030] Wireless communication system 100 can employ
various cellular technologies and modulation schemes to
facilitate wireless radio communications between devices
(e.g., the UE 102 and 104 and the network node 106). For
example, system 100 can operate in accordance with a
UMTS, long term evolution (LLTE), high speed packet access
(HSPA), code division multiple access (CDMA), time divi-
sion multiple access (TDMA), frequency division multiple
access (FDMA), multi-carrier code division multiple access
(MC-CDMA), single-carrier code division multiple access
(SC-CDMA), single-carrier FDMA (SC-FDMA), OFDM,
(DFT)-spread OFDM or SC-FDMA)), FBMC, ZT DFT-s-
OFDM, GFDM, UFMC, UW DFT-Spread-OFDM, UW-
OFDM, CP-OFDM, resource-block-filtered OFDM, and
UFMC. However, various features and functionalities of
system 100 are particularly described wherein the devices
(e.g., the UEs 102 and 104 and the network device 106) of
system 100 are configured to communicate wireless signals
using one or more multi carrier modulation schemes,
wherein data symbols can be transmitted simultaneously
over multiple {frequency subcarriers (e.g., OFDM,
CP-OFDM, DFT-spread OFMD, UFMC, FMBC, etc.).

[0031] In various embodiments, system 100 can be con-
figured to provide and employ 5G wireless networking
features and functionalities. 5G wireless communication
networks are expected to fulfill the demand of exponentially
increasing data traffic and to allow people and machines to
enjoy gigabit data rates with virtually zero latency. Com-
pared to 4G, 5G supports more diverse traffic scenarios. For
example, in addition to the various types of data communi-
cation between conventional UEs (e.g., phones, smart-
phones, tablets, PCs, televisions, Internet enabled televi-
sions, etc.) supported by 4G networks, 5G networks can be
employed to support data communication between smart
cars in association with driverless car environments, as well
as machine type communications (MTCs).

[0032] In an embodiment, network node 106 or UE 102
and UE 104 can perform clear channel assessments (CCA)
on channels to avoid sending a transmission on a physical
resource that already has activity on the channel. In an
embodiment, the network node 106 can send a Request to
Send trigger to the UE 104 and/or the UE 102 in order to
coordinate the LBT process which comprises a clear channel
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assessment and then reporting the results of the clear chan-
nel assessment back to the network node 106. If the network
node determines that there is no activity on the channel at
both the transmitter and receiver side, the network node 106
can schedule a transmission on the channel.

[0033] Listen Before Talk (LBT) is a coexistence mecha-
nism used by wireless technologies, such as 3G, 4G, 5G,
Wi-Fi, and other advanced networks to access unlicensed
shared spectrum, such as the ISM UNII (Unlicensed
National Information Infrastructure) bands (5 GHz). A form
of LBT is required by regulation in some countries and
regions, such as Europe and Japan. In the US although LBT
is not required by regulation, it is used by Wi-Fi and LTE
License Assisted Access (LAA) for coexistence purposes. In
an embodiment, in LAA, the data channel can use the
unlicensed channel for improved throughput, but the control
signaling can be performed using the licensed carriers for
improved robustness and low latency since those resources
are dedicated for the operator and not subject to coexistence
requirements. However, the data channel, on which the LBT
is being performed can be an unlicensed carrier that is
typically used for offloading data transmissions from the
licensed carriers due to the large available bandwidth.

[0034] As part of the LBT procedure the devices perform
spectrum sensing also known as Clear Channel Assessment
(CCA), where multiple time/frequency slots are measured
with respect to a configured energy detection (ED) thresh-
old. While LBT performed independently at a transmitting
node can be used to avoid collisions of transmissions at a
target receiver, the performance may suffer from so-called
“hidden node problems” if the interfering transmitting nodes
are outside the sensing range of the transmitting node. Due
to the challenges of hidden nodes and associated latency
incurred by LBT procedures on unlicensed carriers, it is
beneficial to utilize the licensed (NR-L) and unlicensed
(NR-U) carriers in LAA deployments jointly to perform
LBT procedures. Various embodiments herein describe uti-
lizing the licensed carrier to provide LBT configuration,
feedback, and coordination in networks utilizing LAA.

[0035] In one or more embodiments, NR (“New Radio”
e.g., 5G) may operate in sub 6 GHz or above 6 GHz
spectrum, including licensed and unlicensed spectrum.
Especially in higher frequency bands, the performance of
LBT may be improved significantly with transmit and
receive beamforming. 5G systems, especially for mmWave
spectrum, will have a large number of antenna elements
which could be used for analog, digital or hybrid beamform-
ing. With Time Division Duplex (TDD) transmission, every
transmit beam has a corresponding receive beam with iden-
tical characteristics. Using this property, a transceiver can
sense during LBT if other users are active on some beams
but not on other beams. This allows the transceiver to use the
inactive beams for its transmissions, thus increasing channel
reuse efficiency without causing interference.

[0036] In an embodiment, existing carrier sense multiple
access CSMA schemes are performed but the LBT process
is performed at each node independently Hence, it is chal-
lenging for a base station device to schedule two users
simultaneously because traditionally the RTS/CTS hand-
shaking procedure is performed between one transmitter and
a single receiver. Various embodiments herein propose
closed-loop CSMA with multi-user RTS/ CTS handshaking
to enable MU-MIMO transmissions between one base sta-
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tion device e.g., network node 106 and a plurality of mobile
stations, e.g., UE 102 and 104 in unlicensed spectrum.
[0037] Turning now to FIG. 2, illustrates another example
wireless communication system in accordance with various
aspects and embodiments of the subject disclosure.

[0038] In an embodiment, base station device 204 can
perform a CSMA process to establish communications in an
unlicensed spectrum with one or more of mobile device 206,
208, and 210 in service area 202. The base station device can
use the multiuser Request to Send and Clear to Send signals
in order to establish the service.

[0039] In an embodiment, the base station device 204 can
send an RTS signal to devices 206, 208, and 210, requesting
that they perform a LBT procedure to detect energy on a
specified unlicensed frequency. In an embodiment, the RTS
can be sent via a downlink control information on a single
Physical Downlink Control Channel (PDCCH). In this
embodiment, the transmission can be encoded with a single
Radio Network Temporary Identifier (RNTI) to each of the
mobile devices 206, 208, and 210 so that any of them can
decode the transmission. In other embodiments, separate
PDCCH transmissions can be sent to each of mobile devices
206, 208, and 210 with separate RNTIs, so that each mobile
device decodes their respective control information. The
mobile devices can determine which frequency to perform
the LBT in based on one or more characteristics of the
waveform transmission, or based on information encoded in
the transmission. It is to be appreciated that the PDDCH
channels and waveform transmissions can be transmitted on
a frequency band other than the frequency band being tested.
As an example, the PDCCH and waveform transmission can
be transmitted on a licensed frequency band that does not
require LBT.

[0040] Each of the mobile devices 206, 208, and 210 can
then perform a CCA on the designated unlicensed channel,
performing an LBT and then reporting the results back to the
base station device 204. Simultaneously, or concurrently, the
base station device 204 can also perform a CCA on the
designated unlicensed channel. The LBT procedure is per-
formed at each of the devices as sometimes the frequency
band being tested may have energy detected at different
locations in the cell area 202, based on where the transmis-
sion is originating. For example, a transmitter near device
210 transmitting energy on the unlicensed frequency band
(e.g., base station 214 or device 216) may be detected by
mobile device 210, and not base station device 204.
[0041] In response to the base station device 204 deter-
mining that the unlicensed channel is empty, or otherwise
unoccupied by another transmitter, the base station device
204 can emit a waveform transmission to reserve the chan-
nel. In an embodiment, said waveform does not carry any
information and simple signals to other UEs that the channel
is now busy. For example, UE 216 may receive said wave-
form. It detects its energy and thus decides to not transmit
hence leaving the channel to base station 204. The waveform
can also contain information that facilitates automatic gain
control or time/frequency synchronization of a receiver of
devices 206, 208, or 210 with base station 204. In yet other
embodiments, the waveform can be used to facilitate
advanced measurements e.g., for radio link monitoring
(RLM), radio resource management (RRM), channel state
information (CSI), or beam management (BM). In yet other
embodiments, the waveform can be a signal that encodes
information by means of a specified bit sequence or can
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carry information that can be used by receivers for coexis-
tence (i.e., receivers 0f802.11 can decode channel for pur-
pose of coexisting with base station device 204).

[0042] In an embodiment, after the UEs 210, 206, and or
208 perform the CCA on the unlicensed channel, they can
prepare respective control channel transmissions to be sent
via the licensed channel on a licensed uplink control channel
to base station device 204 informing the base station device
204 of the results of the CCA. In an embodiment, the control
channel transmission from the mobile devices 206, 208, and
210 can also inform the base station device 204 about any
results of measurements the UE performed based on the
waveform transmitted by the base station device 204,
including but not limited to, RLM, RRM, CSI, BM mea-
surement reports and etc.

[0043] The UEs, 206, 208, and 210, if they determine that
no energy is detected on the unlicensed channel, can then
transmit a Clear to Send waveform on the unlicensed
channel to inform both the base station device 204 that it can
schedule a transmission on the unlicensed channel, but also
can inform other devices (e.g., 216) operating in other cell
areas (e.g., 212) or by other mobile network operators that
there will be a transmission on the unlicensed channel
shortly.

[0044] In an embodiment, the CTS waveform can be sent
in a Time Division Multiplexing (TDM) manner, where a
first signal is sent on a first Orthogonal Frequency Division
Multiplexing (OFDM) symbol, and a second signal on a
second OFDM signal. In other embodiments, the CTS
waveform can be sent in a Frequency Division Multiplexing
(FDM) manner, where a first signal is sent on a first group
physical resource blocks (PRB), and a second signal is sent
on a second group of PRB. FDM may also be based on
subcarriers (REs) or bandwidth parts. In another embodi-
ment, the CTS waveform can be sent in a Code Division
Multiplexing (CDM) manner In an embodiment, the CTS
waveforms can convey information between mobile devices
210, 206, and 208 as well as with the base station 204. The
CTS waveforms can be sent by either a signal like the
waveform transmitted by the base station, or via a control
channel.

[0045] In an embodiment, the base station device 204 uses
the CTS waveforms received from device 206, 208, and 210
and any information conveyed by the CTS waveforms to
determine transmission parameters for multi-user transmis-
sion to mobile devices 206, 208, and/or 210 based on
information received from the mobile devices. The param-
eters can be transmitted to the mobile device on the unli-
censed frequency or can be transmitted via a PDCCH in a
licensed channel as an example of cross carrier scheduling.
[0046] In an embodiment, the mobile device 216 can
receive either of the waveform transmitted by the base
station device 204 reserving the unlicensed channel, or can
receive the CTS waveform transmitted by the mobile device
210. Mobile device can transmit information about the CTS
waveform to base station device 214 which can then use the
information to schedule transmissions to devices 216 and
218. As an example, if device 216 detects the CTS wave-
form, and 218 detects no energy on the unlicensed channel,
base station device 214 can then schedule a transmission to
device 216 in such a way that the transmission does not
interfere with the transmission being scheduled by base
station device 204, while scheduling a transmission on the
unlicensed channel to device 218.
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[0047] In an embodiment, the device 216 can report
receiving an RTS signal from another mobile device to base
station 214. Base station device 214 can treat the RTS
similar to a CTS. In an embodiment, the mobile device 216
can be configured to report CTS and/or RTS receptions to
the base station device 214.

[0048] It is to be appreciated that in an embodiment, base
station device 204 and 214 can belong to the same mobile
network or can be operated by different mobile network
operators, or can even correspond to different mobile access
technologies (e.g., base station 204 is a 4G/5G device, while
base station 214 can utilize a different access technology,
e.g., 802.11) Using the CTS/RTS handshaking, can enable
base stations and mobile devices on different networks to
coexist using licensed and unlicensed frequencies/channels.
[0049] Turning now to FIG. 3, illustrated is an example
block diagram showing a message sequence chart 300 in
accordance with various aspects and embodiments of the
subject disclosure. It is to be appreciated that while FIG. 3
depicts base station 204 (from FIG. 2) communicating with
a single mobile device 210, in other embodiments, the base
station 204 can be communicating with a plurality of mobile
devices (e.g., device 206 and 208).

[0050] A base station 204 can first determine which
mobile devices or mobile stations will participate in the
multi-user handshaking procedure. Once it identifies mobile
device 210, the base station device 204 can prepare control
channel transmissions to each mobile station participating in
the procedure. At 306, the control channel transmissions are
sent to mobile device 210 on a first frequency. The first
frequency can be in licensed spectrum and the correspond-
ing communications links have been established to normal
control channel establishment procedures.

[0051] In an embodiment, the base station device 204 can
send the control channel transmission at 306 to a plurality of
mobile devices using the same PDCCH, and each of the
mobile devices can be configured with the same RNTI that
scrambles cyclic redundancy check bits of a PDCCH.
Hence, all UEs can successfully decode the same PDCCH
transmitted at 306. In other embodiments, each of the mobile
devices can be configured with separate RNTIs, and thus the
downlink control information can be sent via separate
PDCCHs. In yet another embodiment, a new signal/channel/
waveform is used different from the existing PDCCH. For
example, said new signal/channel/waveform may be
designed to minimize the power consumption at the UE
when receiving the new signal/channel/waveform. Said new
signal/channel/waveform can be considered the RTS part of
the multi-user handshaking procedure. Each mobile station
participating in the procedure decodes the RTS like signal/
channel/waveform which is transmitted on a first frequency
in licensed spectrum.

[0052] According to the information conveyed by the
RTS-like signal/channel/waveform, all mobile stations par-
ticipating in the procedure perform a clear channel assess-
ment (CCA) procedure on a second frequency in unlicensed
spectrum (e.g., mobile device 210 at 310). The CCA pro-
cedure can be based on energy detection and can use LBT
procedures. The base station 204 performs the CCA at 308
at the same time as the mobile device 210 performs the CCA
at 310.

[0053] In response to performing the CCA procedure at
308, and determining that the air interface on the second
frequency in unlicensed spectrum is idle, the base station
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204 can transmit a waveform at 312 to reserve the channel.
In one embodiment, said waveform does not carry any
information and simply signals to other UEs (e.g., mobile
device 210) that the channel is now busy.

[0054] Mobile device 210 can receive the waveform 312,
and in the case of the waveform carrying information, the
mobile device 210 can use the waveform for automatic gain
control (AGC) or time and/or frequency synchronization of
its own receiver with the base station. In yet another
embodiment, mobile device 210 may use said waveform to
perform advanced measurements, e.g., for the purpose of
radio link monitoring (RLM), radio resource management
(RRM), channel state information (CSI) acquisition, or
beam management (BM).

[0055] In an embodiment, the waveform 312 can be a
signal that does encode information by means of a specified
bit sequence. In another embodiment, said waveform can be
a channel carrying a payload. The channel can convey
information that can be used by receivers for the purpose of
coexistence. For example, receivers of another radio access
technology (RAT) such as those based on the IEEE 802.11
standard, can decode said channel for the purpose of coex-
istence with the transmitter sending the channel.

[0056] After performing the CCA procedure on a second
frequency in unlicensed spectrum, mobile device 210 can
report the results of the CCA and the measurements per-
formed on the waveform at 314 back to the base station
device 204. The mobile device 210 can prepare a control
channel transmission to base station 204.

[0057] At 316, in order to allow for collision avoidance by
means of virtual carrier sensing, mobile device 210 send a
CTS message on the second frequency in unlicensed spec-
trum. For example, another mobile device on a different
network, or further away from the base station device (e.g.,
mobile device 216) may not be able to receive the waveform
sent by base station 204 at 312. Hence, mobile device 216
may decide to commence a transmission on its own wrong-
fully assuming that the channel is idle. Said transmission
would then create interference with those from base station
204. Consequently, due to said interference, mobile device
210 may not be able to receive transmissions from base
station device 204. The CTS signal transmitted by mobile
device 210 indicates to mobile device 216 that the channel
is busy, thereby avoiding the collisions.

[0058] Due to the multi-user nature of the proposed RTS/
CTS handshaking procedure, in one embodiment, mobile
device 210 send the CTS messages in at 316 in a time-
division multiplexing (TDM) manner For example, 316 may
be sent on a first orthogonal frequency-division multiplexing
(OFDM) symbol from device 210 and on another OFDM
symbol from another mobile device. In another embodiment,
the waveform 316 can also be received by mobile device 216
which is part of another network. In another embodiment,
mobile device 210, and another mobile device, may send the
CTS messages in a frequency-division multiplexing (FDM)
manner.

[0059] In yet another embodiment, mobile device 210 can
send the CTS messages in a code-division multiplexing
(CDM) manner For example, a first message may be sent
using a first sequence of pseudo-random symbols and a
second message sent using a second sequence of pseudo-
random symbols. In other words, CTS messages may be
transmitted by using the same pseudo-random sequence
generator, however, a first message is initializing said
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pseudo-random sequence generator using a first value and a
second message using a second value. In an embodiment,
the CTS message at 316 can be transmitted by a waveform
signal, or can be transmitted via a control channel.

[0060] Finally, the procedure concludes at 318 when the
base station device 204 determines transmission parameters
for a multi-user transmission to mobile device 210 (and
devices 206 and 208) based on the information received
from the mobile stations at the base stations based on the
embodiments herein. Said transmission parameters are
informed to the mobile stations mobile device 206, 208, and
210 via a control channel transmission, which the base
station device 204 prepares at 318. Said control channel
transmissions convey the necessary downlink control infor-
mation (DCI) to the mobile stations to receive a multi-user
data transmission. Said DCI schedules data transmissions to
the mobile stations on the second frequency in unlicensed
spectrum. Hence, the embodiments herein enable
MU-MIMO in unlicensed spectrum.

[0061] Turning now to FIG. 4, illustrated an example
block diagram showing a message sequence chart in accor-
dance with various aspects and embodiments of the subject
disclosure.

[0062] In an embodiment, base station 214 may not
receive the CTS message 408 sent by mobile device 210 that
the mobile device broadcasts, and instead is received by
mobile device 216. If base station 214 transmitted to mobile
station 216, its transmission would collide with that of base
station 204. Base station 214 thus configures mobile station
216 to report received CTS messages in a control channel
transmission 412. In an embodiment, the mobile device 216
can detect the CTS message in a CCA performed at 410. In
other embodiments, it receives the CTS message 408 with-
out performing the CCA 410. A first mobile station 216 that
received a CTS message 408 reports said CTS message in a
control channel transmission 412 to base station 214. A
second mobile station (e.g., mobile device 218) that was also
configured by base station 214 to report CTS messages via
a control channel transmission does not receive the CTS
messages 408 and hence does not report a CTS message in
a control channel transmission. Alternatively, device 218
may send a control channel transmission to report that no
CTS message was received.

[0063] Hence, the base station 214 can conclude that a
transmission to mobile station 216 would result in a collision
with another transmission whereas a transmission to mobile
station 218 would not result in a collision since no CTS
message was reported by mobile station 323. Consequently,
in at 414, base station 214 determines transmission param-
eters for a non-interfering transmission to mobile station
218. In 416 it transmits a control channel transmission
scheduling a data transmission according to the determined
transmission parameters. Next, the base station 216 prepares
the corresponding data channel transmission and sends it to
mobile station 218 in 418.

[0064] In one embodiment, base station 204 and 214
belong to the same mobile network operator. In another
embodiment, base station 204 and 214 belong to different
mobile network operators. In yet another embodiment, the
control channel transmission 412 is sent on the second
frequency in unlicensed spectrum. In still another embodi-
ment, the control channel transmission 412 is sent on the
third frequency in licensed spectrum.
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[0065] In yet another embodiment, mobile station 216,
instead of reporting a CTS message in 412, may report an
RTS message from another mobile station to base station
214. For example, a mobile station may send an RTS
message/waveform/signal before an uplink (UL) transmis-
sion to a base station or, alternatively, before a sidelink (SL)
transmission to another mobile station device. If mobile
station 216 reports an RTS message and mobile station 218
was also configured to report an RTS message but did not
report one, base station 214 can conclude that it can schedule
mobile station 218 as it did not receive an RTS message
whereas it cannot schedule mobile station 216 as this would
result in a collision with the transmission by the mobile
station that sent the RTS.

[0066] FIGS. 5-7 illustrates a process in connection with
the aforementioned systems. The processes in FIGS. 5-7 can
be implemented for example by the systems and methods
described in FIGS. 1-4 respectively. While for purposes of
simplicity of explanation, the methods are shown and
described as a series of blocks, it is to be understood and
appreciated that the claimed subject matter is not limited by
the order of the blocks, as some blocks may occur in
different orders and/or concurrently with other blocks from
what is depicted and described herein. Moreover, not all
illustrated blocks may be required to implement the methods
described hereinafter.

[0067] FIG. 5 illustrates an example method 500 for
performing closed loop CSMA with multiuser RTS and CTS
handshaking in accordance with various aspects and
embodiments of the subject disclosure.

[0068] Method 500 can begin at 502 where the method
includes facilitating transmitting a request to send signal to
a mobile device, wherein the request to send signal facili-
tates initiation of a first clear channel assessment of a
channel at a defined time.

[0069] At 504, the method includes performing a second
clear channel assessment of the channel at the defined time.

[0070] At 506, the method includes in response to a first
result of the second clear channel assessment indicating that
the channel is clear, transmitting a waveform signal on the
channel, wherein the waveform signal indicates the channel
is reserved.

[0071] FIG. 6 illustrates an example method 600 for
performing closed loop CSMA with multiuser RTS and CTS
handshaking in accordance with various aspects and
embodiments of the subject disclosure.

[0072] Method 600 can begin at 602 where the method
includes performing a clear channel assessment of a first
channel at a first frequency, wherein the first frequency is
part of a first frequency spectrum, and wherein the perform-
ing the clear channel assessment is in response to receiving
a request to send signal from a base station device.

[0073] At 604, the method includes facilitating transmit-
ting a control channel transmission comprising a result of
the clear channel assessment to the base station device via a
second channel at a second frequency, wherein the second
frequency is part of a second frequency spectrum that is
different from and does not overlap the first frequency
spectrum.

[0074] At 606, the method includes in response to the
result of the clear channel assessment indicating that there is
no activity on the first channel, transmitting a clear to send
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signal on the first channel, wherein the clear to send signal
indicates that the channel is reserved for the base station
device.

[0075] FIG. 7 illustrates an example method 700 for
performing closed loop CSMA with multiuser RTS and CTS
handshaking in accordance with various aspects and
embodiments of the subject disclosure.

[0076] Method 700 can begin at 702 where the method
includes receiving, from a first user equipment device, an
indication that the first user equipment device received a
signal at a first frequency, wherein the signal indicates that
a second base station device has reserved the first frequency
for a first transmission.

[0077] At 704, the method includes determining a group
of transmission parameters for a second transmission to a
second user equipment device, wherein the second trans-
mission will not interfere with the first transmission.
[0078] At 706, the method includes transmitting the group
of transmission parameters to the second user equipment
device on a control channel.

[0079] FIG. 8 presents an example embodiment 800 of a
mobile network platform 810 that can implement and exploit
one or more aspects of the disclosed subject matter
described herein. Generally, wireless network platform 810
can include components, e.g., nodes, gateways, interfaces,
servers, or disparate platforms, that facilitate both packet-
switched (PS) (e.g., internet protocol (IP), frame relay,
asynchronous transfer mode (ATM) and circuit-switched
(CS) traffic (e.g., voice and data), as well as control gen-
eration for networked wireless telecommunication. As a
non-limiting example, wireless network platform 810 can be
included in telecommunications carrier networks, and can be
considered carrier-side components as discussed elsewhere
herein. Mobile network platform 810 includes CS gateway
node(s) 812 which can interface CS traffic received from
legacy networks like telephony network(s) 840 (e.g., public
switched telephone network (PSTN), or public land mobile
network (PLMN)) or a signaling system #7 (SS7) network
860. Circuit switched gateway node(s) 812 can authorize
and authenticate traffic (e.g., voice) arising from such net-
works. Additionally, CS gateway node(s) 812 can access
mobility, or roaming, data generated through SS7 network
860; for instance, mobility data stored in a visited location
register (VLR), which can reside in memory 830. Moreover,
CS gateway node(s) 812 interfaces CS-based traffic and
signaling and PS gateway node(s) 818. As an example, in a
3GPP UMTS network, CS gateway node(s) 812 can be
realized at least in part in gateway GPRS support node(s)
(GGSN). It should be appreciated that functionality and
specific operation of CS gateway node(s) 812, PS gateway
node(s) 818, and serving node(s) 816, is provided and
dictated by radio technology(ies) utilized by mobile network
platform 810 for telecommunication. Mobile network plat-
form 810 can also include the MMEs, HSS/PCRFs, SGWs,
and PGWs disclosed herein.

[0080] In addition to receiving and processing
CS-switched traffic and signaling, PS gateway node(s) 818
can authorize and authenticate PS-based data sessions with
served mobile devices. Data sessions can include traffic, or
content(s), exchanged with networks external to the wireless
network platform 810, like wide area network(s) (WANs)
850, enterprise network(s) 870, and service network(s) 880,
which can be embodied in local area network(s) (LANs), can
also be interfaced with mobile network platform 810
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through PS gateway node(s) 818. It is to be noted that WAN's
850 and enterprise network(s) 870 can embody, at least in
part, a service network(s) like IP multimedia subsystem
(IMS). Based on radio technology layer(s) available in
technology resource(s) 817, packet-switched gateway node
(s) 818 can generate packet data protocol contexts when a
data session is established; other data structures that facili-
tate routing of packetized data also can be generated. To that
end, in an aspect, PS gateway node(s) 818 can include a
tunnel interface (e.g., tunnel termination gateway (TTG) in
3GPP UMTS network(s) (not shown)) which can facilitate
packetized communication with disparate wireless network
(s), such as Wi-Fi networks.

[0081] Inembodiment 800, wireless network platform 810
also includes serving node(s) 816 that, based upon available
radio technology layer(s) within technology resource(s) 817,
convey the various packetized flows of data streams
received through PS gateway node(s) 818. It is to be noted
that for technology resource(s) 817 that rely primarily on CS
communication, server node(s) can deliver traffic without
reliance on PS gateway node(s) 818; for example, server
node(s) can embody at least in part a mobile switching
center. As an example, in a 3GPP UMTS network, serving
node(s) 816 can be embodied in serving GPRS support
node(s) (SGSN).

[0082] For radio technologies that exploit packetized com-
munication, server(s) 814 in wireless network platform 810
can execute numerous applications that can generate mul-
tiple disparate packetized data streams or flows, and manage
(e.g., schedule, queue, format . . . ) such flows. Such
application(s) can include add-on features to standard ser-
vices (for example, provisioning, billing, customer support
. . . ) provided by wireless network platform 810. Data
streams (e.g., content(s) that are part of a voice call or data
session) can be conveyed to PS gateway node(s) 818 for
authorization/authentication and initiation of a data session,
and to serving node(s) 816 for communication thereafter. In
addition to application server, server(s) 814 can include
utility server(s), a utility server can include a provisioning
server, an operations and maintenance server, a security
server that can implement at least in part a certificate
authority and firewalls as well as other security mechanisms,
and the like. In an aspect, security server(s) secure commu-
nication served through wireless network platform 810 to
ensure network’s operation and data integrity in addition to
authorization and authentication procedures that CS gate-
way node(s) 812 and PS gateway node(s) 818 can enact.
Moreover, provisioning server(s) can provision services
from external network(s) like networks operated by a dis-
parate service provider; for instance, WAN 850 or Global
Positioning System (GPS) network(s) (not shown). Provi-
sioning server(s) can also provision coverage through net-
works associated to wireless network platform 810 (e.g.,
deployed and operated by the same service provider), such
as femto-cell network(s) (not shown) that enhance wireless
service coverage within indoor confined spaces and offload
RAN resources in order to enhance subscriber service expe-
rience within a home or business environment by way of UE
875.

[0083] It is to be noted that server(s) 814 can include one
or more processors configured to confer at least in part the
functionality of macro network platform 810. To that end,
the one or more processor can execute code instructions
stored in memory 830, for example. It should be appreciated
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that server(s) 814 can include a content manager 815, which
operates in substantially the same manner as described
hereinbefore.

[0084] In example embodiment 800, memory 830 can
store information related to operation of wireless network
platform 810. Other operational information can include
provisioning information of mobile devices served through
wireless platform network 810, subscriber databases; appli-
cation intelligence, pricing schemes, e.g., promotional rates,
flat-rate programs, couponing campaigns; technical specifi-
cation(s) consistent with telecommunication protocols for
operation of disparate radio, or wireless, technology layers;
and so forth. Memory 830 can also store information from
at least one of telephony network(s) 840, WAN 850, enter-
prise network(s) 870, or SS7 network 860. In an aspect,
memory 830 can be, for example, accessed as part of a data
store component or as a remotely connected memory store.

[0085] Referring now to FIG. 9, illustrated is a schematic
block diagram of an example end-user device such as a user
equipment) that can be a mobile device 900 capable of
connecting to a network in accordance with some embodi-
ments described herein. Although a mobile handset 900 is
illustrated herein, it will be understood that other devices can
be a mobile device, and that the mobile handset 900 is
merely illustrated to provide context for the embodiments of
the various embodiments described herein. The following
discussion is intended to provide a brief, general description
of an example of a suitable environment 900 in which the
various embodiments can be implemented. While the
description includes a general context of computer-execut-
able instructions embodied on a machine-readable storage
medium, those skilled in the art will recognize that the
various embodiments also can be implemented in combina-
tion with other program modules and/or as a combination of
hardware and software.

[0086] Generally, applications (e.g., program modules)
can include routines, programs, components, data structures,
etc., that perform particular tasks or implement particular
abstract data types. Moreover, those skilled in the art will
appreciate that the methods described herein can be prac-
ticed with other system configurations, including single-
processor or multiprocessor systems, minicomputers, main-
frame computers, as well as personal computers, hand-held
computing devices, microprocessor-based or programmable
consumer electronics, and the like, each of which can be
operatively coupled to one or more associated devices.

[0087] A computing device can typically include a variety
of machine-readable media. Machine-readable media can be
any available media that can be accessed by the computer
and includes both volatile and non-volatile media, remov-
able and non-removable media. By way of example and not
limitation, computer-readable media can comprise computer
storage media and communication media. Computer storage
media can include volatile and/or non-volatile media,
removable and/or non-removable media implemented in any
method or technology for storage of information, such as
computer-readable instructions, data structures, program
modules or other data. Computer storage media can include,
but is not limited to, RAM, ROM, EEPROM, flash memory
or other memory technology, CD ROM, digital video disk
(DVD) or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic



US 2023/0086340 Al

storage devices, or any other medium which can be used to
store the desired information and which can be accessed by
the computer.

[0088] Communication media typically embodies com-
puter-readable instructions, data structures, program mod-
ules or other data in a modulated data signal such as a carrier
wave or other transport mechanism, and includes any infor-
mation delivery media. The term “modulated data signal”
means a signal that has one or more of its characteristics set
or changed in such a manner as to encode information in the
signal. By way of example, and not limitation, communi-
cation media includes wired media such as a wired network
or direct-wired connection, and wireless media such as
acoustic, RF, infrared and other wireless media. Combina-
tions of the any of the above should also be included within
the scope of computer-readable media.

[0089] The handset 900 includes a processor 902 for
controlling and processing all onboard operations and func-
tions. A memory 904 interfaces to the processor 902 for
storage of data and one or more applications 906 (e.g., a
video player software, user feedback component software,
etc.). Other applications can include voice recognition of
predetermined voice commands that facilitate initiation of
the user feedback signals. The applications 906 can be stored
in the memory 904 and/or in a firmware 908, and executed
by the processor 902 from either or both the memory 904
or/and the firmware 908. The firmware 908 can also store
startup code for execution in initializing the handset 900. A
communications component 910 interfaces to the processor
902 to facilitate wired/wireless communication with exter-
nal systems, e.g., cellular networks, VoIP networks, and so
on. Here, the communications component 910 can also
include a suitable cellular transceiver 911 (e.g., a GSM
transceiver) and/or an unlicensed transceiver 913 (e.g., Wi-
Fi, WiMax) for corresponding signal communications. The
handset 900 can be a device such as a cellular telephone, a
PDA with mobile communications capabilities, and messag-
ing-centric devices. The communications component 910
also facilitates communications reception from terrestrial
radio networks (e.g., broadcast), digital satellite radio net-
works, and Internet-based radio services networks.

[0090] The handset 900 includes a display 912 for dis-
playing text, images, video, telephony functions (e.g., a
Caller ID function), setup functions, and for user input. For
example, the display 912 can also be referred to as a
“screen” that can accommodate the presentation of multi-
media content (e.g., music metadata, messages, wallpaper,
graphics, etc.). The display 912 can also display videos and
can facilitate the generation, editing and sharing of video
quotes. A serial /O interface 914 is provided in communi-
cation with the processor 902 to facilitate wired and/or
wireless serial communications (e.g., USB, and/or IEEE
1394) through a hardwire connection, and other serial input
devices (e.g., a keyboard, keypad, and mouse). This supports
updating and troubleshooting the handset 900, for example.
Audio capabilities are provided with an audio I/O compo-
nent 916, which can include a speaker for the output of audio
signals related to, for example, indication that the user
pressed the proper key or key combination to initiate the user
feedback signal. The audio I/O component 916 also facili-
tates the input of audio signals through a microphone to
record data and/or telephony voice data, and for inputting
voice signals for telephone conversations.
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[0091] The handset 900 can include a slot interface 918 for
accommodating a SIC (Subscriber Identity Component) in
the form factor of a card Subscriber Identity Module (SIM)
or universal SIM 920, and interfacing the SIM card 920 with
the processor 902. However, it is to be appreciated that the
SIM card 920 can be manufactured into the handset 900, and
updated by downloading data and software.

[0092] The handset 900 can process IP data traffic through
the communication component 910 to accommodate IP
traffic from an IP network such as, for example, the Internet,
a corporate intranet, a home network, a person area network,
etc., through an ISP or broadband cable provider. Thus, VoIP
traffic can be utilized by the handset 800 and IP-based
multimedia content can be received in either an encoded or
decoded format.

[0093] A video processing component 922 (e.g., a camera)
can be provided for decoding encoded multimedia content.
The video processing component 922 can aid in facilitating
the generation, editing and sharing of video quotes. The
handset 900 also includes a power source 924 in the form of
batteries and/or an AC power subsystem, which power
source 924 can interface to an external power system or
charging equipment (not shown) by a power I/O component
926.

[0094] The handset 900 can also include a video compo-
nent 930 for processing video content received and, for
recording and transmitting video content. For example, the
video component 930 can facilitate the generation, editing
and sharing of video quotes. A location tracking component
932 facilitates geographically locating the handset 900. As
described hereinabove, this can occur when the user initiates
the feedback signal automatically or manually. A user input
component 934 facilitates the user initiating the quality
feedback signal. The user input component 934 can also
facilitate the generation, editing and sharing of video quotes.
The user input component 934 can include such conven-
tional input device technologies such as a keypad, keyboard,
mouse, stylus pen, and/or touch screen, for example.
[0095] Referring again to the applications 906, a hyster-
esis component 936 facilitates the analysis and processing of
hysteresis data, which is utilized to determine when to
associate with the access point. A software trigger compo-
nent 938 can be provided that facilitates triggering of the
hysteresis component 938 when the Wi-Fi transceiver 913
detects the beacon of the access point. A SIP client 940
enables the handset 900 to support SIP protocols and register
the subscriber with the SIP registrar server. The applications
906 can also include a client 942 that provides at least the
capability of discovery, play and store of multimedia con-
tent, for example, music.

[0096] The handset 900, as indicated above related to the
communications component 810, includes an indoor net-
work radio transceiver 913 (e.g., Wi-Fi transceiver). This
function supports the indoor radio link, such as IEEE
802.11, for the dual-mode GSM handset 900. The handset
900 can accommodate at least satellite radio services
through a handset that can combine wireless voice and
digital radio chipsets into a single handheld device.

[0097] Referring now to FIG. 10, there is illustrated a
block diagram of a computer 1000 operable to execute the
functions and operations performed in the described
example embodiments. For example, a network node (e.g.,
network node 214, 204 etc.,) may contain components as
described in FIG. 10. The computer 1000 can provide
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networking and communication capabilities between a
wired or wireless communication network and a server
and/or communication device. In order to provide additional
context for various aspects thereof, FIG.10 and the follow-
ing discussion are intended to provide a brief, general
description of a suitable computing environment in which
the various aspects of the embodiments can be implemented
to facilitate the establishment of a transaction between an
entity and a third party. While the description above is in the
general context of computer-executable instructions that can
run on one or more computers, those skilled in the art will
recognize that the various embodiments also can be imple-
mented in combination with other program modules and/or
as a combination of hardware and software.

[0098] Generally, program modules include routines, pro-
grams, components, data structures, etc., that perform par-
ticular tasks or implement particular abstract data types.
Moreover, those skilled in the art will appreciate that the
various methods can be practiced with other computer
system configurations, including single-processor or multi-
processor computer systems, minicomputers, mainframe
computers, as well as personal computers, hand-held com-
puting devices, microprocessor-based or programmable con-
sumer electronics, and the like, each of which can be
operatively coupled to one or more associated devices.
[0099] The illustrated aspects of the various embodiments
can also be practiced in distributed computing environments
where certain tasks are performed by remote processing
devices that are linked through a communications network.
In a distributed computing environment, program modules
can be located in both local and remote memory storage
devices.

[0100] Computing devices typically include a variety of
media, which can include computer-readable storage media
or communications media, which two terms are used herein
differently from one another as follows.

[0101] Computer-readable storage media can be any avail-
able storage media that can be accessed by the computer and
includes both volatile and nonvolatile media, removable and
non-removable media. By way of example, and not limita-
tion, computer-readable storage media can be implemented
in connection with any method or technology for storage of
information such as computer-readable instructions, pro-
gram modules, structured data, or unstructured data. Com-
puter-readable storage media can include, but are not limited
to, RAM, ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile disk (DVD) or other
optical disk storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or
other tangible and/or non-transitory media which can be
used to store desired information. Computer-readable stor-
age media can be accessed by one or more local or remote
computing devices, e.g., via access requests, queries or other
data retrieval protocols, for a variety of operations with
respect to the information stored by the medium.

[0102] Communications media can embody computer-
readable instructions, data structures, program modules or
other structured or unstructured data in a data signal such as
a modulated data signal, e.g., a carrier wave or other
transport mechanism, and includes any information delivery
or transport media. The term “modulated data signal” or
signals refers to a signal that has one or more of its
characteristics set or changed in such a manner as to encode
information in one or more signals. By way of example, and
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not limitation, communication media include wired media,
such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared and other
wireless media.

[0103] With reference to FIG. 10, implementing various
aspects described herein with regards to the end-user device
can include a computer 1000, the computer 1000 including
a processing unit 1004, a system memory 1006 and a system
bus 1008. The system bus 1008 couples system components
including, but not limited to, the system memory 1006 to the
processing unit 1004. The processing unit 1004 can be any
of various commercially available processors. Dual micro-
processors and other multi-processor architectures can also
be employed as the processing unit 1004.

[0104] The system bus 1008 can be any of several types of
bus structure that can further interconnect to a memory bus
(with or without a memory controller), a peripheral bus, and
a local bus using any of a variety of commercially available
bus architectures. The system memory 1006 includes read-
only memory (ROM) 1027 and random access memory
(RAM) 1012. A basic input/output system (BIOS) is stored
in a non-volatile memory 1027 such as ROM, EPROM,
EEPROM, which BIOS contains the basic routines that help
to transfer information between elements within the com-
puter 1000, such as during start-up. The RAM 1012 can also
include a high-speed RAM such as static RAM for caching
data.

[0105] The computer 1000 further includes an internal
hard disk drive (HDD) 1014 (e.g., EIDE, SATA), which
internal hard disk drive 1014 can also be configured for
external use in a suitable chassis (not shown), a magnetic
floppy disk drive (FDD) 1016, (e.g., to read from or write to
a removable diskette 1018) and an optical disk drive 1020,
(e.g., reading a CD-ROM disk 1022 or, to read from or write
to other high capacity optical media such as the DVD). The
hard disk drive 1014, magnetic disk drive 1016 and optical
disk drive 1020 can be connected to the system bus 1008 by
a hard disk drive interface 1024, a magnetic disk drive
interface 1026 and an optical drive interface 1028, respec-
tively. The interface 1024 for external drive implementations
includes at least one or both of Universal Serial Bus (USB)
and IEEE 1394 interface technologies. Other external drive
connection technologies are within contemplation of the
subject embodiments.

[0106] The drives and their associated computer-readable
media provide nonvolatile storage of data, data structures,
computer-executable instructions, and so forth. For the
computer 1000 the drives and media accommodate the
storage of any data in a suitable digital format. Although the
description of computer-readable media above refers to a
HDD, a removable magnetic diskette, and a removable
optical media such as a CD or DVD, it should be appreciated
by those skilled in the art that other types of media which are
readable by a computer 1000, such as zip drives, magnetic
cassettes, flash memory cards, cartridges, and the like, can
also be used in the example operating environment, and
further, that any such media can contain computer-execut-
able instructions for performing the methods of the disclosed
embodiments.

[0107] A number of program modules can be stored in the
drives and RAM 1012, including an operating system 1030,
one or more application programs 1032, other program
modules 1034 and program data 1036. All or portions of the
operating system, applications, modules, and/or data can
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also be cached in the RAM 1012. It is to be appreciated that
the various embodiments can be implemented with various
commercially available operating systems or combinations
of operating systems.

[0108] A user can enter commands and information into
the computer 1000 through one or more wired/wireless input
devices, e.g., a keyboard 1038 and a pointing device, such
as a mouse 1040. Other input devices (not shown) may
include a microphone, an IR remote control, a joystick, a
game pad, a stylus pen, touch screen, or the like. These and
other input devices are often connected to the processing
unit 1004 through an input device interface 1042 that is
coupled to the system bus 1008, but can be connected by
other interfaces, such as a parallel port, an IEEE 1394 serial
port, a game port, a USB port, an IR interface, etc.

[0109] A monitor 1044 or other type of display device is
also connected to the system bus 1008 through an interface,
such as a video adapter 1046. In addition to the monitor
1044, a computer 1000 typically includes other peripheral
output devices (not shown), such as speakers, printers, etc.
[0110] The computer 1000 can operate in a networked
environment using logical connections by wired and/or
wireless communications to one or more remote computers,
such as a remote computer(s) 1048. The remote computer(s)
1048 can be a workstation, a server computer, a router, a
personal computer, portable computer, microprocessor-
based entertainment device, a peer device or other common
network node, and typically includes many or all of the
elements described relative to the computer, although, for
purposes of brevity, only a memory/storage device 1050 is
illustrated. The logical connections depicted include wired/
wireless connectivity to a local area network (LAN) 1052
and/or larger networks, e.g., a wide area network (WAN)
1054. Such LAN and WAN networking environments are
commonplace in offices and companies, and facilitate enter-
prise-wide computer networks, such as intranets, all of
which may connect to a global communications network,
e.g., the Internet.

[0111] When used in a LAN networking environment, the
computer 1000 is connected to the local network 1052
through a wired and/or wireless communication network
interface or adapter 1056. The adapter 1056 may facilitate
wired or wireless communication to the LAN 1052, which
may also include a wireless access point disposed thereon
for communicating with the wireless adapter 1056.

[0112] When used in a WAN networking environment, the
computer 1000 can include a modem 1058, or is connected
to a communications server on the WAN 1054, or has other
means for establishing communications over the WAN
1054, such as by way of the Internet. The modem 1058,
which can be internal or external and a wired or wireless
device, is connected to the system bus 1008 through the
input device interface 1042. In a networked environment,
program modules depicted relative to the computer, or
portions thereof, can be stored in the remote memory/
storage device 1050. It will be appreciated that the network
connections shown are exemplary and other means of estab-
lishing a communications link between the computers can be
used.

[0113] The computer is operable to communicate with any
wireless devices or entities operatively disposed in wireless
communication, e.g., a printer, scanner, desktop and/or
portable computer, portable data assistant, communications
satellite, any piece of equipment or location associated with
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a wirelessly detectable tag (e.g., a kiosk, news stand, rest-
room), and telephone. This includes at least Wi-Fi and
BluetoothTM wireless technologies. Thus, the communica-
tion can be a predefined structure as with a conventional
network or simply an ad hoc communication between at
least two devices.

[0114] Wi-Fi, or Wireless Fidelity, allows connection to
the Internet from a couch at home, a bed in a hotel room, or
a conference room at work, without wires. Wi-Fi is a
wireless technology similar to that used in a cell phone that
enables such devices, e.g., computers, to send and receive
data indoors and out; anywhere within the range of a base
station. Wi-Fi networks use radio technologies called
IEEE802.11 (a, b, g, n, etc.) to provide secure, reliable, fast
wireless connectivity. A Wi-Fi network can be used to
connect computers to each other, to the Internet, and to wired
networks (which use IEEE802.3 or Ethernet). Wi-Fi net-
works operate in the unlicensed 2.4 and 5 GHz radio bands,
atan 11 Mbps (802.11b) or 54 Mbps (802.11a) data rate, for
example, or with products that contain both bands (dual
band), so the networks can provide real-world performance
similar to the basic “10BaseT” wired Ethernet networks
used in many offices.

[0115] As used in this application, the terms “system,”
“component,” “interface,” and the like are generally
intended to refer to a computer-related entity or an entity
related to an operational machine with one or more specific
functionalities. The entities disclosed herein can be either
hardware, a combination of hardware and software, soft-
ware, or software in execution. For example, a component
may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of
execution, a program, and/or a computer. By way of illus-
tration, both an application running on a server and the
server can be a component. One or more components may
reside within a process and/or thread of execution and a
component may be localized on one computer and/or dis-
tributed between two or more computers. These components
also can execute from various computer readable storage
media having various data structures stored thereon. The
components may communicate via local and/or remote
processes such as in accordance with a signal having one or
more data packets (e.g., data from one component interact-
ing with another component in a local system, distributed
system, and/or across a network such as the Internet with
other systems via the signal). As another example, a com-
ponent can be an apparatus with specific functionality pro-
vided by mechanical parts operated by electric or electronic
circuitry that is operated by software or firmware application
(s) executed by a processor, wherein the processor can be
internal or external to the apparatus and executes at least a
part of the software or firmware application. As yet another
example, a component can be an apparatus that provides
specific functionality through electronic components with-
out mechanical parts, the electronic components can com-
prise a processor therein to execute software or firmware
that confers at least in part the functionality of the electronic
components. An interface can comprise input/output (1/O)
components as well as associated processor, application,
and/or API components.

[0116] Furthermore, the disclosed subject matter may be
implemented as a method, apparatus, or article of manufac-
ture using standard programming and/or engineering tech-
niques to produce software, firmware, hardware, or any
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combination thereof to control a computer to implement the
disclosed subject matter. The term “article of manufacture”
as used herein is intended to encompass a computer program
accessible from any computer-readable device, computer-
readable carrier, or computer-readable media. For example,
computer-readable media can include, but are not limited to,
a magnetic storage device, e.g., hard disk; floppy disk;
magnetic strip(s); an optical disk (e.g., compact disk (CD),
a digital video disc (DVD), a Blu-ray Disc™ (BD)); a smart
card; a flash memory device (e.g., card, stick, key drive);
and/or a virtual device that emulates a storage device and/or
any of the above computer-readable media.

[0117] As it employed in the subject specification, the
term “processor” can refer to substantially any computing
processing unit or device comprising, but not limited to
comprising, single-core processors; single-processors with
software multithread execution capability; multi-core pro-
cessors; multi-core processors with software multithread
execution capability; multi-core processors with hardware
multithread technology; parallel platforms; and parallel plat-
forms with distributed shared memory. Additionally, a pro-
cessor can refer to an integrated circuit, an application
specific integrated circuit (ASIC), a digital signal processor
(DSP), a field programmable gate array (FPGA), a program-
mable logic controller (PLC), a complex programmable
logic device (CPLD), a discrete gate or transistor logic,
discrete hardware components, or any combination thereof
designed to perform the functions described herein. Proces-
sors can exploit nano-scale architectures such as, but not
limited to, molecular and quantum-dot based transistors,
switches and gates, in order to optimize space usage or
enhance performance of user equipment. A processor also
can be implemented as a combination of computing pro-
cessing units.

[0118] In the subject specification, terms such as “store,”
“data store,” “data storage,” “‘database,” “repository,”
“queue”, and substantially any other information storage
component relevant to operation and functionality of a
component, refer to “memory components,” or entities
embodied in a “memory” or components comprising the
memory. It will be appreciated that the memory components
described herein can be either volatile memory or nonvola-
tile memory, or can comprise both volatile and nonvolatile
memory. In addition, memory components or memory ele-
ments can be removable or stationary. Moreover, memory
can be internal or external to a device or component, or
removable or stationary. Memory can comprise various
types of media that are readable by a computer, such as
hard-disc drives, zip drives, magnetic cassettes, flash
memory cards or other types of memory cards, cartridges, or
the like.

[0119] By way of illustration, and not limitation, nonvola-
tile memory can comprise read only memory (ROM), pro-
grammable ROM (PROM), electrically programmable
ROM (EPROM), electrically erasable ROM (EEPROM), or
flash memory. Volatile memory can comprise random access
memory (RAM), which acts as external cache memory. By
way of illustration and not limitation, RAM is available in
many forms such as synchronous RAM (SRAM), dynamic
RAM (DRAM), synchronous DRAM (SDRAM), double
data rate SDRAM (DDR SDRAM), enhanced SDRAM
(ESDRAM), Synchlink DRAM (SLDRAM), and direct
Rambus RAM (DRRAM). Additionally, the disclosed
memory components of systems or methods herein are
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intended to comprise, without being limited to comprising,
these and any other suitable types of memory.

[0120] In particular and in regard to the various functions
performed by the above described components, devices,
circuits, systems and the like, the terms (including a refer-
ence to a “means”) used to describe such components are
intended to correspond, unless otherwise indicated, to any
component which performs the specified function of the
described component (e.g., a functional equivalent), even
though not structurally equivalent to the disclosed structure,
which performs the function in the herein illustrated
example aspects of the embodiments. In this regard, it will
also be recognized that the embodiments comprise a system
as well as a computer-readable medium having computer-
executable instructions for performing the acts and/or events
of the various methods.

[0121] Computing devices typically comprise a variety of
media, which can comprise computer-readable storage
media and/or communications media, which two terms are
used herein differently from one another as follows. Com-
puter-readable storage media can be any available storage
media that can be accessed by the computer and comprises
both volatile and nonvolatile media, removable and non-
removable media. By way of example, and not limitation,
computer-readable storage media can be implemented in
connection with any method or technology for storage of
information such as computer-readable instructions, pro-
gram modules, structured data, or unstructured data.

[0122] Computer-readable storage media can include, but
are not limited to, random access memory (RAM), read only
memory (ROM), electrically erasable programmable read
only memory (EEPROM), flash memory or other memory
technology, solid state drive (SSD) or other solid-state
storage technology, compact disk read only memory (CD
ROM), digital versatile disk (DVD), Blu-ray disc or other
optical disk storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices or
other tangible and/or non-transitory media which can be
used to store desired information.

[0123] In this regard, the terms “tangible” or “non-transi-
tory” herein as applied to storage, memory or computer-
readable media, are to be understood to exclude only propa-
gating transitory signals per se as modifiers and do not
relinquish rights to all standard storage, memory or com-
puter-readable media that are not only propagating transitory
signals per se. Computer-readable storage media can be
accessed by one or more local or remote computing devices,
e.g., via access requests, queries or other data retrieval
protocols, for a variety of operations with respect to the
information stored by the medium.

[0124] On the other hand, communications media typi-
cally embody computer-readable instructions, data struc-
tures, program modules or other structured or unstructured
data in a data signal such as a modulated data signal, e.g., a
carrier wave or other transport mechanism, and comprises
any information delivery or transport media. The term
“modulated data signal” or signals refers to a signal that has
one or more of its characteristics set or changed in such a
manner as to encode information in one or more signals. By
way of example, and not limitation, communications media
comprise wired media, such as a wired network or direct-
wired connection, and wireless media such as acoustic, RF,
infrared and other wireless media
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[0125] Further, terms like “user equipment,” “user
device,” “mobile device,” “mobile,” station,” “access ter-
minal,” “terminal,” “handset,” and similar terminology, gen-
erally refer to a wireless device utilized by a subscriber or
user of a wireless communication network or service to
receive or convey data, control, voice, video, sound, gaming,
or substantially any data-stream or signaling-stream. The
foregoing terms are utilized interchangeably in the subject
specification and related drawings. Likewise, the terms
“access point,” “node B,” “base station,” “evolved Node B,”
“cell,” “cell site,” and the like, can be utilized interchange-
ably in the subject application, and refer to a wireless
network component or appliance that serves and receives
data, control, voice, video, sound, gaming, or substantially
any data-stream or signaling-stream from a set of subscriber
stations. Data and signaling streams can be packetized or
frame-based flows. It is noted that in the subject specifica-
tion and drawings, context or explicit distinction provides
differentiation with respect to access points or base stations
that serve and receive data from a mobile device in an
outdoor environment, and access points or base stations that
operate in a confined, primarily indoor environment overlaid
in an outdoor coverage area. Data and signaling streams can
be packetized or frame-based flows.

[0126] Furthermore, the terms “user,” “subscriber,” “cus-
tomer,” “consumer,” and the like are employed interchange-
ably throughout the subject specification, unless context
warrants particular distinction(s) among the terms. It should
be appreciated that such terms can refer to human entities,
associated devices, or automated components supported
through artificial intelligence (e.g., a capacity to make
inference based on complex mathematical formalisms)
which can provide simulated vision, sound recognition and
so forth. In addition, the terms “wireless network™ and
“network” are used interchangeable in the subject applica-
tion, when context wherein the term is utilized warrants
distinction for clarity purposes such distinction is made
explicit.

[0127] Moreover, the word “exemplary” is used herein to
mean serving as an example, instance, or illustration. Any
aspect or design described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous
over other aspects or designs. Rather, use of the word
exemplary is intended to present concepts in a concrete
fashion. As used in this application, the term “or” is intended
to mean an inclusive “or” rather than an exclusive “or”. That
is, unless specified otherwise, or clear from context, “X
employs A or B” is intended to mean any of the natural
inclusive permutations. That is, if X employs A; X employs
B; or X employs both A and B, then “X employs A or B” is
satisfied under any of the foregoing instances. In addition,
the articles “a” and “an” as used in this application and the
appended claims should generally be construed to mean
“one or more” unless specified otherwise or clear from
context to be directed to a singular form.

[0128] In addition, while a particular feature may have
been disclosed with respect to only one of several imple-
mentations, such feature may be combined with one or more
other features of the other implementations as may be
desired and advantageous for any given or particular appli-
cation. Furthermore, to the extent that the terms “includes”
and “including” and variants thereof are used in either the
detailed description or the claims, these terms are intended
to be inclusive in a manner similar to the term “comprising.”
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[0129] The above descriptions of various embodiments of
the subject disclosure and corresponding figures and what is
described in the Abstract, are described herein for illustrative
purposes, and are not intended to be exhaustive or to limit
the disclosed embodiments to the precise forms disclosed. It
is to be understood that one of ordinary skill in the art may
recognize that other embodiments having modifications,
permutations, combinations, and additions can be imple-
mented for performing the same, similar, alternative, or
substitute functions of the disclosed subject matter, and are
therefore considered within the scope of this disclosure.
Therefore, the disclosed subject matter should not be limited
to any single embodiment described herein, but rather
should be construed in breadth and scope in accordance with
the claims below.

What is claimed is:

1. Network equipment, comprising:

a processor; and

a memory that stores executable instructions that, when

executed by the processor, facilitate performance of

operations, comprising:

determining a group of user equipment for participation
in a multi-user handshaking communication process
comprising receiving and transmitting control chan-
nel transmission data;

generating the control channel transmission data for a
user equipment in the group of user equipment; and

transmitting, using a frequency in a defined frequency
spectrum, the control channel transmission data to
the user equipment of the group of user equipment.

2. The network equipment of claim 1, wherein the user
equipment is first user equipment, and wherein the fre-
quency in the defined frequency spectrum comprises a
physical downlink control channel and the first user equip-
ment and a second user equipment are configured to encode
cyclic redundancy check bits of the physical downlink
control channel using a radio network temporary identifier
value.

3. The network equipment of claim 1, wherein the user
equipment is first user equipment, wherein the frequency in
the defined frequency spectrum comprises a first physical
downlink control channel and a second physical downlink
control channel, and the first user equipment is configured to
encode first cyclic redundancy check bits of the first physical
downlink control channel using a first radio network tem-
porary identifier value, and a second user equipment is
configured to encode second cyclic redundancy check bits of
the second physical downlink control channel using a sec-
ond radio network temporary identifier value.

4. The network equipment of claim 1, wherein the fre-
quency is a first frequency of a licensed frequency spectrum,
and wherein the operations further comprise initiating a
clear channel assessment process using a second frequency
in an unlicensed frequency spectrum.

5. The network of claim 4, wherein the clear channel
assessment process is a first clear channel assessment pro-
cess, and wherein the transmitting of the control channel
transmission data enables the group of user equipment to
initiate a second clear channel assessment process using the
second frequency, to generate clear channel assessment data
based on the second clear channel assessment process, and
transmit the clear channel assessment data to the network
equipment using the first frequency.
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6. The network equipment of claim 5, wherein the opera-
tions further comprise, based on a result of the first clear
channel assessment process indicating that the second fre-
quency is in an idle state and the clear channel assessment
data indicating that the second frequency is in the idle state,
transmitting a waveform that reserves the second frequency.

7. The network equipment of claim 6, wherein the opera-
tions further comprise, based on the second frequency being
in the idle state, transmitting clear to send data using the
second frequency, and wherein the clear to send data is sent
using a orthogonal frequency-division multiplexing symbol.

8. The network equipment of claim 6, wherein the opera-
tions further comprise, based on the second frequency being
in the idle state, transmitting clear to send data using the
second frequency, and wherein the clear to send data is sent
using a sequence of pseudo-random symbols.

9. A method, comprising:

facilitating, by a device comprising a processor, receiving

clear channel assessment data from a group of user
equipment regarding a frequency in a specified fre-
quency spectrum;

initiating, by the device, a clear channel assessment

process on the frequency;

based on the clear channel assessment data and a result of

the clear channel assessment process, determining, by
the device, that an air interface associated with the
frequency is in an idle state; and

based on the air interface being in the idle state, facili-

tating, by the device, transmitting a waveform on the
frequency to the group of user equipment.

10. The method of claim 9, wherein, in a case where the
waveform is not carrying data, the group of user equipment
is to identify the frequency as being in an active state.

11. The method of claim 9, wherein, in a case where the
waveform is carrying data representing a defined bit
sequence, the group of user equipment, based on the defined
bit sequence, performs an automatic gain control, performs
a time synchronization of a receiver associated with a user
equipment of the group of user equipment in communication
with the device, and performs a frequency synchronization
of the receiver associated with the user equipment in com-
munication with the device.

12. The method of claim 9, further comprising:

after the transmitting of the waveform, facilitating, by the

device, receiving, from the group of user equipment,
clear to send data on the frequency.

13. The method of claim 12, wherein the receiving of the
clear to send data comprises receiving the clear to send data
using an orthogonal frequency-division multiplexing sym-
bol.

14. The method of claim 12, wherein the receiving of the
clear to send data comprises receiving the clear to send data
using a sequence of pseudo-random symbols generated by a
pseudo-random sequence generator using a value that is
shared among the group of user equipment.

15. The method of claim 12, wherein the receiving of the
clear to send data comprises receiving the clear to send data
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using a first sequence of pseudo-random symbols generated
by a first pseudo-random sequence generator associated with
a first user equipment of the group of user equipment and a
second sequence of pseudo-random symbols generated by a
second pseudo-random sequence generator associated with a
second user equipment of the group of user equipment.

16. The method of claim 9, wherein the group of user
equipment comprises a first user equipment and a second
user equipment, and wherein, responsive to the transmitting
of the waveform, the first user equipment is to transmit clear
to send data on the frequency to the second user equipment
and the device is to receive the clear to send data from the
first user equipment on the frequency.

17. A non-transitory machine-readable medium, compris-
ing executable instructions that, when executed by a pro-
cessor, facilitate performance of operations, comprising:

receiving clear channel assessment data from a group of

user equipment associated with a frequency in a pre-
defined frequency spectrum;

initiating a clear channel assessment process that uses the

frequency;

based on the clear channel assessment data and a result of

the clear channel assessment process, determining that
an air interface associated with the frequency is in an
idle state; and

based on the air interface being determined to be in the

idle state, transmitting, to the group of user equipment,
a waveform that uses the frequency.

18. The non-transitory machine-readable medium of
claim 17, wherein, as a result of the waveform carrying data
representing a defined bit sequence, the group of user
equipment is configured to, based on the defined bit
sequence, perform an automatic gain control, perform a time
synchronization of a receiver associated with a user equip-
ment of the group of user equipment in communication with
the processor, and perform a frequency synchronization of
the receiver associated with the user equipment of the group
of user equipment in communication with the processor.

19. The non-transitory machine-readable medium of
claim 17, wherein the group of user equipment comprises a
first user equipment and a second user equipment, and
wherein, as a result of the transmitting of the waveform, the
first user equipment is configured to transmit clear to send
data to the second user equipment and the processor using
the frequency.

20. The non-transitory machine-readable medium of
claim 17, wherein the processor receives, from the group of
user equipment, as a result of the transmitting of the wave-
form, clear to send data using the frequency, wherein the
clear to send data is decodable by the processor using a first
sequence of pseudo-random symbols generated by a first
pseudo-random sequence generator associated with a first
user equipment of the group of user equipment and a second
sequence of pseudo-random symbols generated by a second
pseudo-random sequence generator associated with a second
user equipment of the group of user equipment.
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