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(57) Abstract: This document describes techniques and apparatuses for joint-
transmission over an unlicensed frequency band using a user equipment (UE)-
coordination set. [naspects, a first UE (111) in a UE-coordination set (402) acts
as a coordinating UE. The coordinating UE receives, using a local wireless net-
work connection (404), uplink data from a second UE (112) in the UE-coordi-
nation set. The coordinating UE (111) distributes, using the local wireless net-
work connection, the uplink data to at least a third UE (113) in the UE- coor-
dination set. The coordinating UE (111) receives, from at least one UE in the
UE-coordination set, respective results of a clear channel assessment of the un-
licensed frequency band. The coordinating UE determines a specified time to
begin joint- transmission of the uplink data based on the results and coordinates
the joint-transmission by directing the at least one UE to initiate the joint-trans-
mission of the uplink data based on the specified time.
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USER-EQUIPMENT-COORDINATION SET FOR A WIRELESS NETWORK

USING AN UNLICENSED FREQUENCY BAND

BACKGROUND

[001] Generally, a provider of a wireless network manages wireless
communications over the wireless network. For example, a provider’s base station
manages a wireless connection with a user equipment (UE) that is connected to the wireless
network. The base station determines configurations for the wireless connection, such as
bandwidth, timing, and protocol for the wireless connection.

[002] The quality of service between the UE and the base station can be degraded
by a number of factors, such as obstacles that contribute to loss in signal strength,
bandwidth limitations, interfering signals, and so forth. A number of solutions have been
developed to improve signal quality issues occurring in certain wireless communication
systems. However, with recent advancements in wireless communication systems, such as
increased data-transmission speeds associated with Fifth Generation New Radio (5G NR),
at least some of those previous solutions have become less-efficient.

[003] Further inefficiencies arise when conventional systems that are configured to
operate within a licensed frequency band attempt to operate within an unlicensed frequency
band. For instance, 5G NR utilizes certain transmission rules, such as Clear Channel
Assessment (CCA) as part of Listen-Before-Talk (LBT), to allow different systems, such
as Wi-Fi and Cellular systems, to share an unlicensed frequency band with a contention-

oriented access while maintaining the performance of each individual system. Since the
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amount of available licensed spectrum is limited and monetarily costly, offloading of
cellular traffic through other forms of network, such as the unlicensed spectrum, has been
a useful solution. Delays caused by these transmission rules, however, present unique
challenges when attempting to coordinate multiple devices in joint-transmission or

reception of data.

SUMMARY

[004] This document describes techniques and apparatuses for a user-equipment-
coordination set for a wireless network using an unlicensed frequency band. The
techniques described herein overcome challenges in joint-transmission arising from listen-
before-talk (LBT) procedures that are required to be performed prior to transmitting on an
unlicensed frequency band. In particular, the techniques described herein enable a user
equipment (UE) in the UE-coordination set to coordinate timing information among the
other UEs in the UE-coordination set. This can allow the UEs to jointly transmit the uplink
data in such a way as to enable the base station to efficiently receive and process the joint-
transmission. In addition, the base station can specify policies to enable the UE-
coordination set to determine an order of UE data bearers when a transmit opportunity
presents itself.

[005] In aspects, a first UE in a UE-coordination set is configured as a coordinating
UE. The coordinating UE receives, using a local wireless network connection, uplink data
from a second user equipment in the user equipment-coordination set, the uplink data

intended for joint-transmission in an unlicensed frequency band to a base station. The
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coordinating UE then distributes, using the local wireless network connection, the uplink
data to at least a third UE in the UE-coordination set. Using the local wireless network
connection and from at least one UE in the UE-coordination set, the coordinating UE
receives respective results of a clear channel assessment of the unlicensed frequency band
performed by the at least one UE. In response to receiving the respective results, the
coordinating UE determines, based on the respective results, a specified time to begin joint-
transmission of the uplink data in the unlicensed frequency band. The coordinating UE
then coordinates the joint-transmission of the uplink data in the unlicensed frequency band
by directing the at least one UE to initiate the joint-transmission of the uplink data based
on the specified time.

[006] In aspects, a UE that is in a UE-coordination set receives, using a local
wireless network connection, uplink data from a coordinating UE in the UE-coordination
set. The UE performs, in response to receiving the uplink data, a clear channel assessment
on a channel in an unlicensed frequency band, where the clear channel assessment
generates results that include a backoff time for the UE. In implementations, the UE
transmits, using the local wireless network connection and to the coordinating UE, the
results. Then, the UE receives, over the local wireless network connection and from the
coordinating UE, an indication to initiate the joint-transmission of the uplink data at a
specified time that is a different duration of time than the backoff time. In response to
receiving the indication, the UE initiates the joint-transmission of the uplink data to the
base station based on the specified time.

[007] The details of one or more implementations are set forth in the accompanying
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drawings and the following description. Other features and advantages will be apparent
from the description and drawings, and from the claims. This summary is provided to
introduce subject matter that is further described in the Detailed Description and Drawings.
Accordingly, this summary should not be considered to describe essential features nor used

to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[008] The details of one or more aspects of a UE-coordination set for a wireless
network using an unlicensed frequency band are described below. The use of the same
reference numbers in different instances in the description and the figures indicate similar
elements:

FIG. 1 illustrates an example operating environment in which aspects of a UE-
coordination set for a wireless network using an unlicensed frequency band can be
implemented.

FIG. 2 illustrates an example device diagram of a user equipment and a serving
cell base station.

FIG. 3 illustrates an air interface resource that extends between a user equipment
and a base station and with which various aspects the described techniques can be
implemented.

FIG. 4 illustrates an example implementation of a UE-coordination set for a

wireless network using an unlicensed frequency band.
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FIG. 5 describes a method performed by a coordinating UE in a wireless
communications network.

FIG. 6 describes a method performed by a UE within a UE-coordination set in a
wireless communications network.

FIG. 7 describes a method performed by a coordinating UE within a UE-
coordination set in a wireless communications network.

FIG. 8 describes a method performed by a UE within a UE-coordination set in a
wireless communications network.

FIG. 9 describes a method performed by a coordinating UE within a UE-
coordination set in a wireless communications network.

FIG. 10 describes a method performed by a UE within a UE-coordination set in a

wireless communications network.

DETAILED DESCRIPTION

Overview

[009] In conventional wireless communication systems, a signal quality between a
user equipment (UE) and a base station can be degraded by a number of factors, such as
signal interference or distance between the UE and the base station, resulting in slower and
less-efficient data transmission.

[010] This document describes techniques and apparatuses for a UE-coordination
set for a wireless network using an unlicensed frequency band. These techniques facilitate

faster and more-efficient data transmission in comparison to conventional wireless
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communication systems. Multiple UEs assigned as a group to function together, similar to
a distributed antenna, form a UE-coordination set for the benefit of a particular UE. The
UE-coordination set includes a coordinating UE that coordinates joint-transmission and
reception of uplink and/or downlink data for the particular UE (e.g, target UE).
Combining antennas and transmitters of multiple UEs in the UE-coordination set
significantly increases the effective transmission power of the particular UE and greatly
improves the effective signal quality for the target UE.

[011] Multiple UEs forming a UE-coordination set, which 1s specified by the base
station, can be used to increase the link budget of a single UE in the UE-coordination set.
In one example, multiple UEs carried by a group of hikers in a low radio coverage area can
form a UE-coordination set to transmit a message to a base station at a higher effective
transmit power than would be possible for an individual UE in that area. Additionally,
those UEs can form a UE-coordination set to receive a message from the base station for
one of the UEs at a higher effective receive power than would be possible for that one UE
to individually receive. One of the multiple UEs acts as a coordinating UE for the UE-
coordination group to coordinate joint-transmission of a particular UE’s uplink data over
an unlicensed frequency band. Prior to an uplink transmission duration, each UE in the
UE-coordination set performs a listen-before-talk (LBT) procedure to determine a clear
transmission channel. According to the LBT rule, to access a wireless communication
channel, the UE first detects a status of the channel, such as by performing a Clear Channel

Assessment (CCA). If the channel is busy, the UE is not allowed to transmit a signal on
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that channel for a certain period of time. If, however, the channel is not busy, the UE can
transmit a signal on that channel.

[012] With multiple UEs within the UE-coordination set performing CCAs on
different channels in the unlicensed frequency band, different UEs may experience
different interference and thus require different transmission timing information (e.g.,
backoff times) for when transmission may begin. These required procedures present
challenges in coordinating joint-transmission over the unlicensed frequency band. To
address these issues, the coordinating UE communicates with each UE in the UE-
coordination set over the local wireless link to track each UE’s transmission timing
information associated with its LBT procedure. The coordinating UE then manages the
joint-transmission by coordinating (e.g., synchronizing) the transmission timing
information for all the UEs in the UE-coordination set. In this way, the coordinating UE
ensures that the joint-transmission is performed efficiently when using an unlicensed
frequency band.

[013] In another example, a single user may have multiple electronic devices, such
as a work smartphone, a personal smartphone, and a 5G-enabled watch (smartwatch).
These three devices may form a UE-coordination set for joint-transmission and reception
of data when they are in a challenging wireless environment (e.g., substantial signal
attenuation due to noise bursts, cinderblock walls, tall buildings, mountains, long distance
from a base station, and so forth). By forming the UE-coordination set, the work
smartphone, the personal smartphone, and the smartwatch can transmit messages to, or

receive messages from, the base station at a higher effective transmit or receive power than
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either of the smartphones or the smartwatch is capable of individually. The work
smartphone, the personal smartphone, and/or the smartwatch may also form a UE-
coordination set with one or more other devices (e.g., tablet, smart appliance, Internet-of-
things device) in the home to further increase the effective transmit and/or receive power
of the work smartphone, the personal smartphone, or the smartwatch.

[014] In aspects, a method performed by a UE for coordinating joint-transmission
by a UE-coordination set over an unlicensed frequency band is disclosed. The method
includes receiving uplink data, from another UE in a UE-coordination set over a local
wireless network connection. The UE may be configured to coordinate joint-transmission
of uplink data to a base station over the unlicensed frequency band. The method also
includes distributing the uplink data over the local wireless network connection to at least
one additional UE within the UE-coordination set. The UE-coordination set may include
the UE, the other UE, and at least one additional UE. In addition, the method includes
receiving messages from multiple UEs within the UE-coordination set over the local
wireless network connection that indicate results of respective listen-before-talk (LBT)
procedures performed by the multiple UEs on uplink channels of the unlicensed frequency
band. In aspects, the results include backoff times for the multiple UEs. The method
further includes determining, based on the respective backoff times, a specified time during
a channel occupancy time for the multiple UEs within the UE-coordination set to begin
joint-transmission of the uplink data. Also, the method includes controlling, based on the
specified time, when the joint-transmission begins by directing the multiple UEs to initiate

the joint-transmission of the uplink data based on the specified time.
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[015] In aspects, a method performed by a user equipment (UE) 1s disclosed. The
method includes receiving uplink data over a local wireless network connection from
another UE in a UE-coordination set for joint-transmission to a base station, performing a
listen-before-talk (LBT) procedure on a channel in an unlicensed frequency band to
determine if the channel is clear, and determining a result of the LBT procedure. In aspects,
the result includes a backoff time. The method also includes transmitting the result of the
LBT procedure to the other UE within the UE-coordination set over the local wireless
network connection, receiving a message from the other UE to wait until a specified time
that is different than the backoff time to initiate the joint-transmission of the uplink data,
and initiating the joint-transmission of the uplink data based on the specified time.

[016] In aspects, a UE is disclosed that includes a radio frequency (RF) transceiver
coupled to a processor and memory system. The processor and memory system includes
instructions that are executable to distribute uplink data from a target UE to multiple UEs
within a UE-coordination set over a local wireless network connection. In addition, the
instructions are executable to receive, over the local wireless network connection, results
of listen-before-talk (LBT) procedures performed by the multiple UEs on channels in an
unlicensed frequency band, the results including respective backoff times. The instructions
are also executable to determine a timing for the joint-transmission of the uplink data based
on the respective backoff times. Further, based on the timing for the joint-transmission,
the instructions are executable to transmit a message over the local wireless network
connection to the multiple UEs to direct the multiple UEs regarding a specified time to

initiate the joint-transmission of the uplink data to the base station over the unlicensed
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frequency band. In addition, the instructions are executable to transmit the uplink data,
using the RF transceiver, to the base station based on the specified time.

[017] In aspects, a first UE in a UE-coordination set is configured as a coordinating
UE. The coordinating UE receives, using a local wireless network connection, uplink data
from a second user equipment in the user equipment-coordination set, the uplink data
intended for joint-transmission in an unlicensed frequency band to a base station. The
coordinating UE then distributes, using the local wireless network connection, the uplink
data to at least a third UE in the UE-coordination set. Using the local wireless network
connection and from at least one UE in the UE-coordination set, the coordinating UE
receives respective results of a clear channel assessment of the unlicensed frequency band
performed by the at least one UE. In response to receiving the respective results, the
coordinating UE determines, based on the respective results, a specified time to begin joint-
transmission of the uplink data in the unlicensed frequency band. The coordinating UE
then coordinates the joint-transmission of the uplink data in the unlicensed frequency band
by directing the at least one UE to initiate the joint-transmission of the uplink data based
on the specified time.

[018] In aspects, a UE that is in a UE-coordination set receives, using a local
wireless network connection, uplink data from a coordinating UE in the UE-coordination
set. The UE performs, in response to receiving the uplink data, a clear channel assessment
on a channel in an unlicensed frequency band, where the clear channel assessment
generates results that include a backoff time for the UE. In implementations, the UE

transmits, using the local wireless network connection and to the coordinating UE, the
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results. Then, the UE receives, over the local wireless network connection and from the
coordinating UE, an indication to initiate the joint-transmission of the uplink data at a
specified time that is a different duration of time than the backoff time. In response to
receiving the indication, the UE initiates the joint-transmission of the uplink data to the

base station based on the specified time.

Example Environments

[019] FIG. 1 illustrates an example environment 100, which includes multiple user
equipment 110 (UE 110), illustrated as UE 111, UE 112, and UE 113. Each UE 110 can
communicate with base stations 120 (illustrated as base stations 121, 122, 123, and 124)
through wireless communication links 130 (wireless link 130), illustrated as wireless links
131 and 132. Each UE 110 in a UE-coordination set can communicate with a coordinating
UE of the UE-coordination set and/or a target UE in the UE-coordination set through one
or more local wireless network connections (e.g., personal area network, near-field
communication (NFC), Bluetooth™, sonar, radar, lidar, ZigBee™) such as local wireless
network connections 133, 134, and 135. For simplicity, the UE 110 is implemented as a
smartphone but may be implemented as any suitable computing or electronic device, such
as a smart watch, mobile communication device, modem, cellular phone, gaming device,
navigation device, media device, laptop computer, desktop computer, tablet computer,
smart appliance, vehicle-based communication system, an Internet-of-things (IoT) device
(e.g., sensor node, controller/actuator node, combination thereof), and the like. The base

stations 120 (e.g., an Evolved Universal Terrestrial Radio Access Network Node B, E-

11
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UTRAN Node B, evolved Node B, eNodeB, eNB, Next Generation Node B, gNode B,
gNB, or the like) may be implemented in a macrocell, microcell, small cell, picocell, or the
like, or any combination thereof.

[020] The base stations 120 communicate with the UE 110 through the wireless
links 131 and 132, which may be implemented as any suitable type of wireless link. The
wireless links 131 and 132 include control and data communication, such as downlink of
data and control information communicated from the base stations 120 to the UE 110,
uplink of other data and control information communicated from the UE 110 to the base
stations 120, or both. The wireless links 130 may include one or more wireless links (e.g.,
radio links) or bearers implemented using any suitable communication protocol or
standard, or combination of communication protocols or standards, such as 3rd Generation
Partnership Project Long-Term Evolution (3GPP LTE), Fifth Generation New Radio
(5G NR), and so forth. Multiple wireless links 130 may be aggregated in a carrier
aggregation to provide a higher data rate for the UE 110. Multiple wireless links 130 from
multiple base stations 120 may be configured for Coordinated Multipoint (CoMP)
communication with the UE 110. Additionally, multiple wireless links 130 may be
configured for single-RAT dual connectivity or multi-RAT dual connectivity (MR-DC).
Each of these various multiple-link situations tends to increase the power consumption of
the UE 110.

[021] The base stations 120 collectively form a Radio Access Network 140 (e.g.,
RAN, Evolved Universal Terrestrial Radio Access Network, E-UTRAN, 5G NR RAN or

NR RAN). The RANs 140 are illustrated as an NR RAN 141 and an E-UTRAN 142. The

12
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base stations 121 and 123 in the NR RAN 141 are connected to a Fifth Generation Core
150 (5GC 150) network. The base stations 122 and 124 in the E-UTRAN 142 connect to
an Evolved Packet Core 160 (EPC 160). Optionally or additionally, the base station 122
may connect to both the 5GC 150 and EPC 160 networks.

[022] The base stations 121 and 123 connect, at 101 and 102 respectively, to the
5GC 150 through an NG?2 interface for control-plane signaling and using an NG3 interface
for user-plane data communications. The base stations 122 and 124 connect, at 103 and
104 respectively, to the EPC 160 using an S1 interface for control-plane signaling and user-
plane data communications. Optionally or additionally, if the base station 122 connects to
the 5GC 150 and EPC 160 networks, the base station 122 connects to the SGC 150 using
an NG?2 interface for control-plane signaling and through an NG3 interface for user-plane
data communications, at 180.

[023] In addition to connections to core networks, the base stations 120 may
communicate with each other. For example, the base stations 121 and 123 communicate
through an Xn interface at 105 and the base stations 122 and 124 communicate through an
X2 interface at 106. At least one base station 120 (base station 121 and/or base station
123) in the NR RAN 141 can communicate with at least one base station 120 (base station
122 and/or base station 124) in the E-UTRAN 142 using an Xn interface 107. In aspects,
base stations 120 in different RANs (e.g, master base stations 120 of each RAN)
communicate with one another using an Xn interface such as Xn interface 107.

[024] The 5GC 150 includes an Access and Mobility Management Function 152

(AMF 152), which provides control-plane functions, such as registration and authentication

13
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of multiple UE 110, authorization, and mobility management in the 5G NR network. The
EPC 160 includes a Mobility Management Entity 162 (MME 162), which provides control-
plane functions, such as registration and authentication of multiple UE 110, authorization,
or mobility management in the E-UTRA network. The AMF 152 and the MME 162
communicate with the base stations 120 in the RANs 140 and also communicate with

multiple UE 110, using the base stations 120.

Example Devices

[025] FIG. 2 illustrates an example device diagram 200 of a user equipment and a
serving cell base station. In aspects, the device diagram 200 describes devices that can
implement various aspects of a UE-coordination set for a wireless network using an
unlicensed frequency band. FIG. 2 shows the multiple UEs 110 and the base stations 120.
The multiple UE 110 and the base stations 120 may include additional functions and
interfaces that are omitted from FIG. 2 for the sake of clarity. The UE 110 includes
antennas 202, a radio frequency front end 204 (RF front end 204), and radio-frequency
transceivers (e.g., an LTE transceiver 206 and a 5G NR transceiver 208) for
communicating with base stations 120 in the 5G RAN 141 and/or the E-UTRAN 142. The
UE 110 includes one or more additional transceivers (e.g., local wireless network
transceiver 210) for communicating over one or more local wireless networks (e.g.,
WLAN, Bluetooth, NFC, a personal area network (PAN), WiFi-Direct, IEEE 802.15 .4,
ZigBee, Thread, mmWave) with at least the coordinating UE, and/or the target UE, of the

UE-coordination set. The RF front end 204 of the UE 110 can couple or connect the LTE

14
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transceiver 206, the 5G NR transceiver 208, and the local wireless network transceiver 210
to the antennas 202 to facilitate various types of wireless communication.

[026] The antennas 202 of the UE 110 may include an array of multiple antennas
that are configured similar to or differently from each other. The antennas 202 and the RF
front end 204 can be tuned to, and/or be tunable to, one or more frequency bands defined
by the 3GPP LTE and 5G NR communication standards and implemented by the LTE
transceiver 206, and/or the 5G NR transceiver 208. Additionally, the antennas 202, the RF
front end 204, the LTE transceiver 206, and/or the 5G NR transceiver 208 may be
configured to support beamforming for the transmission and reception of communications
with the base stations 120. By way of example and not limitation, the antennas 202 and
the RF front end 204 can be implemented for operation in sub-gigahertz bands, sub-6 GHz
bands, and/or above 6 GHz bands that are defined by the 3GPP LTE and 5G NR
communication standards. Alternatively or additionally, the antennas 202 and the RF front
end 204 can be implemented for operation in portions of an unlicensed spectrum. In
addition, the RF front end 204 can be tuned to, and/or be tunable to, one or more frequency
bands defined and implemented by the local wireless network transceiver 210 to support
transmission and reception of communications with other UEs in the UE-coordination set
over a local wireless network.

[027] The UE 110 includes sensor(s) 212 can be implemented to detect various
properties such as temperature, supplied power, power usage, battery state, or the like. As
such, the sensors 212 may include any one or a combination of temperature sensors,

thermistors, battery sensors, and power usage sensors.

15



CA 03127384 2021-07-20

WO 2020/172022 PCT/US2020/017930

[028] The UE 110 also includes processor(s) 214 and computer-readable storage
media 216 (CRM 216). The processor 214 may be a single core processor or a multiple
core processor composed of a variety of materials, such as silicon, polysilicon, high-K
dielectric, copper, and so on. The computer-readable storage media described herein
excludes propagating signals. CRM 216 may include any suitable memory or storage
device such as random-access memory (RAM), static RAM (SRAM), dynamic RAM
(DRAM), non-volatile RAM (NVRAM), read-only memory (ROM), or Flash memory
useable to store device data 218 of the UE 110. The device data 218 includes user data,
multimedia data, beamforming codebooks, applications, and/or an operating system of the
UE 110, which are executable by processor(s) 214 to enable user-plane communication,
control-plane signaling, and user interaction with the UE 110.

[029] CRM 216 also includes a communication manager 220. Alternatively or
additionally, the communication manager 220 may be implemented in whole or part as
hardware logic or circuitry integrated with or separate from other components of the UE
110. In at least some aspects, the communication manager 220 configures the RF front end
204, the LTE transceiver 206, the 5G NR transceiver 208, and/or the local wireless network
transceiver 210 to implement the techniques described herein for a UE-coordination set for
a wireless network.

[030] The device diagram for the base stations 120, shown in FIG. 2, includes a
single network node (e.g., a gNode B). The functionality of the base stations 120 may be
distributed across multiple network nodes or devices and may be distributed in any fashion

suitable to perform the functions described herein. The base stations 120 include antennas
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252, a radio frequency front end 254 (RF front end 254), one or more LTE transceivers
256, and/or one or more 5G NR transceivers 258 for communicating with the UE 110. The
RF front end 254 of the base stations 120 can couple or connect the LTE transceivers 256
and the 5G NR transceivers 258 to the antennas 252 to facilitate various types of wireless
communication. The antennas 252 of the base stations 120 may include an array of
multiple antennas that are configured similar to or differently from each other. The
antennas 252 and the RF front end 254 can be tuned to, and/or be tunable to, one or more
frequency band defined by the 3GPP LTE and 5G NR communication standards, and
implemented by the LTE transceivers 256, and/or the 5G NR transceivers 258.
Additionally, the antennas 252, the RF front end 254, the LTE transceivers 256, and/or the
5G NR transceivers 258 may be configured to support beamforming, such as Massive-
MIMO, for the transmission and reception of communications with any UE 110 in a UE-
coordination set.

[031] The base stations 120 also include processor(s) 260 and computer-readable
storage media 262 (CRM 262). The processor 260 may be a single core processor or a
multiple core processor composed of a variety of materials, such as silicon, polysilicon,
high-K dielectric, copper, and so on. CRM 262 may include any suitable memory or
storage device such as random-access memory (RAM), static RAM (SRAM), dynamic
RAM (DRAM), non-volatile RAM (NVRAM), read-only memory (ROM), or Flash
memory useable to store device data 264 of the base stations 120. The device data 264

includes network scheduling data, radio resource management data, beamforming
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codebooks, applications, and/or an operating system of the base stations 120, which are
executable by processor(s) 260 to enable communication with the UE 110.

[032] CRM 262 also includes a base station manager 266. Alternatively or
additionally, the base station manager 266 may be implemented in whole or part as
hardware logic or circuitry integrated with or separate from other components of the base
stations 120. In at least some aspects, the base station manager 266 configures the LTE
transceivers 256 and the 5G NR transceivers 258 for communication with the UE 110, as
well as communication with a core network. The base stations 120 include an inter-base
station interface 268, such as an Xn and/or X2 interface, which the base station manager
266 configures to exchange user-plane and control-plane data between another base station
120, to manage the communication of the base stations 120 with the UE 110. The base
stations 120 include a core network interface 270 that the base station manager 266
configures to exchange user-plane and control-plane data with core network functions
and/or entities.

[033] FIG. 3 illustrates an air interface resource that extends between a user
equipment and a base station and with which various aspects of a UE-coordination set for
a wireless network using an unlicensed frequency band can be implemented. The air
interface resource 302 can be divided into resource units 304, each of which occupies some
intersection of frequency spectrum and elapsed time. A portion of the air interface resource
302 1s illustrated graphically in a grid or matrix having multiple resource blocks 310,
including example resource blocks 311, 312, 313, 314. An example of a resource unit 304

therefore includes at least one resource block 310. As shown, time is depicted along the

18



CA 03127384 2021-07-20

WO 2020/172022 PCT/US2020/017930

horizontal dimension as the abscissa axis, and frequency is depicted along the vertical
dimension as the ordinate axis. The air interface resource 302, as defined by a given
communication protocol or standard, may span any suitable specified frequency range,
and/or may be divided into intervals of any specified duration. Increments of time can
correspond to, for example, milliseconds (mSec). Increments of frequency can correspond
to, for example, megahertz (MHz).

[034] In example operations generally, the base stations 120 allocate portions (e.g.,
resource units 304) of the air interface resource 302 for uplink and downlink
communications. Each resource block 310 of network access resources may be allocated
to support respective wireless communication links 130 of multiple user equipment 110.
In the lower left corner of the grid, the resource block 311 may span, as defined by a given
communication protocol, a specified frequency range 306 and comprise multiple
subcarriers or frequency sub-bands. The resource block 311 may include any suitable
number of subcarriers (e.g., 12) that each correspond to a respective portion (e.g., 15 kHz)
of the specified frequency range 306 (e.g., 180 kHz). The resource block 311 may also
span, as defined by the given communication protocol, a specified time interval 308 or time
slot (e.g., lasting approximately one-half millisecond or 7 orthogonal frequency-division
multiplexing (OFDM) symbols). The time interval 308 includes subintervals that may each
correspond to a symbol, such as an OFDM symbol. As shown in FIG. 3, each resource
block 310 may include multiple resource elements 320 (REs) that correspond to, or are
defined by, a subcarrier of the frequency range 306 and a subinterval (or symbol) of the

time interval 308. Alternatively, a given resource element 320 may span more than one
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frequency subcarrier or symbol. Thus, a resource unit 304 may include at least one
resource block 310, at least one resource element 320, and so forth.

[035] In example implementations, multiple user equipment 110 (one of which is
shown) are communicating with the base stations 120 (one of which is shown) through
access provided by portions of the air interface resource 302. The joint communication
scheduler 268 (shown in FIG. 2) may determine a respective data-rate, type of information,
or amount of information (e.g., data or control information) to be communicated (e.g.,
transmitted) by the user equipment 110. For example, the joint communication scheduler
268 can determine that each user equipment 110 is to transmit at a different respective data
rate or transmit a different respective amount of information. The joint communication
scheduler 268 then allocates one or more resource blocks 310 to each user equipment 110
based on the determined data rate or amount of information.

[036] Additionally, or in the alternative to block-level resource grants, the joint
communication scheduler 268 may allocate resource units at an element-level. Thus, the
joint communication scheduler 268 may allocate one or more resource elements 320 or
individual subcarriers to different user equipment 110. By so doing, one resource block
310 can be allocated to facilitate network access for multiple user equipment 110.
Accordingly, the joint communication scheduler 268 may allocate, at various granularities,
one or up to all subcarriers or resource elements 320 of a resource block 310 to one user
equipment 110 or divided across multiple user equipment 110, thereby enabling higher

network utilization or increased spectrum efficiency.
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[037] The joint communication scheduler 268 can therefore allocate air interface
resource 302 by resource unit 304, resource block 310, frequency carrier, time interval,
resource element 320, frequency subcarrier, time subinterval, symbol, spreading code,
some combination thereof, and so forth. Based on respective allocations of resource units
304, the joint communication scheduler 268 can transmit respective messages to the
multiple user equipment 110 indicating the respective allocation of resource units 304 to
each user equipment 110. Fach message may enable a respective user equipment 110 to
queue the information or configure the LTE transceiver 206, the 5G NR transceiver 208,
and/or the local wireless network transceiver 210 to communicate via the allocated

resource units 304 of the air interface resource 302.

UE-Coordination Set

[038] FIG. 4 illustrates an example implementation 400 of a UE-coordination set
for a wireless network using an unlicensed frequency band. The illustrated example
includes a serving cell base station (base station 120), UE 111, UE 112, and UE 113. In an
example, each of the UEs illustrated in FIG. 4 may have limited transmission power, which
may cause difficulties in transmitting data to the base station 120. This may be due, at least
partially, to the UEs being proximate to a cell edge of the base station 120 or the UEs being
in a transmission-challenged location (e.g., a basement, urban canyon, etc.) that has a poor
link budget. Each of the UEs illustrated in FIG. 4 may also, or alternatively, have limited

reception power, which may be affected by cell-edge transmission power of the base station
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120, as well as multipath, signal interference from other transmitters or overhead electrical
wires, attenuation from weather or objects such as buildings, trees, etc.

[039] The base station 120 can specify a set of UEs (e.g., the UE 111, UE 112, and
UE 113) to form a UE-coordination set (e.g., UE-coordination set 402) for joint-
transmission and joint reception of data for a target UE (e.g., the UE 112). Based on a user
input or predefined setting, each of the UEs may opt in or out of participation in the UE-
coordination set. An effective transmit power of the target UE 112 can increase
significantly (e.g, linearly) with the number of UEs in the UE-coordination set, which can
greatly improve a link budget of the target UE 112. The base station 120 may determine a
UE-coordination set based on various factors, such as a location of each UE relative to the
base station 120, distance between the UEs (such as between each other, between each UE
and the target UE, or between each UE and a coordinating UE of the UE-coordination set)
or a combination thereof. In some aspects, UEs within a certain distance of each other can
more easily coordinate with one another to reduce signal interference when in close
proximity by using a local wireless network.

[040] In addition, UE coordination can be based on spatial beams or timing
advance, or both, associated with each UE. For example, for beamforming or Massive-
MIMO, it may be desirable that all the UEs within the UE-coordination set are able to
receive the same signal from the base station. Therefore, all the UEs within the UE-
coordination set may be geographically near one another, e.g., within a threshold distance
of a particular UE in the UE-coordination set. In this way, the UEs in the UE-coordination

set may each be in the same beam.
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[041] The coordinating UE can coordinate the messages and samples sent between
UEs within the UE-coordination set for joint-transmission and joint reception. The
coordinating UE communicates with the UEs in the UE-coordination set using a local
wireless network, such as mmWave, Bluetooth, and the like.

[042] In the 1llustrated example 400 in FIG. 4, the base station 120 may select UE
111 to act as the coordinating UE because the UE 111 is capable of communicating with
each of the other UEs 112 and 113 in the UE-coordination set 402. The base station 120
may select the coordinating UE for various reasons, examples of which are described
above. In this example, at least target UE 112 has a weak cellular transmission (and
reception) power. The base station 120 selects UE 111 to coordinate messages and samples
sent between the base station 120 and the UEs 111, 112, 113 for the target UE 112. Such
communication between the UEs can occur using a local wireless network 404, such as a
PAN, NFC, Bluetooth, WiFi-Direct, local mmWave link, etc. In general, the local wireless
network 404 may be an ad hoc network, e.g., a network that allows the UEs 111, 112, 113
to communicate directly with one another, without routing communications via the base
station 120. Here, all three of the UEs 111, 112, 113 receive RF signals from the base
station 120. The UE 112 and the UE 113 demodulate the RF signals to baseband I/Q analog
signals, sample the baseband I/Q analog signals to produce I/Q samples, and forward the
I/Q samples along with system timing information (e.g., system frame number (SFN)) to
the coordinating UE 111 using the local wireless network transceiver 210. The
coordinating UE 111 then uses the timing information to synchronize and combine the I/Q

samples and processes the combined signal to decode data packets for the target UE 112.
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The coordinating UE 111 then transmits the data packets to the target UE 112 using the

local wireless network 404.

Joint-transmission

[043] The UE-coordination set 402 enhances the target UE’s effective ability to
transmit data to the base station 120 and receive data from the base station 120 by generally
acting as a distributed antenna of the target UE 112. For example, multiple UEs in the UE-
coordination set 402 each use their respective antennas and transmitters to transmit uplink
data from the target UE 112 on air interface resources as directed by the base station
coordinating the UE-coordination set. In this way, the target UE’s uplink data can be
processed together and transmitted using the transmitters and the transmission antennas of
multiple (including all) UEs in the UE-coordination set 402. In an example, the target UE
112 uses its local wireless network transceiver 210 to transmit uplink data to the
coordinating UE 111. The coordinating UE 111 uses its local wireless network transceiver
210 to distribute the data to the other UEs in the UE-coordination set 402. Then, all the
UEs in the UE-coordination set 402 process and transmit the uplink data to the base station
120. In this way, the distributed transmission provides for a better effective link budget
given the channel impairments encountered by the target UE 112.

[044] In an example, the coordinating UE 111 distributes duplicate uplink signals
across the multiple UEs’ transmit antennas, which combines the power from multiple UEs’
power amplifiers. Distributing the signal across multiple UEs for joint-transmission

significantly increases the effective transmit power over any single UE’s transmit power.
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The coordinating UE 111 and the target UE 112 also each transmit the uplink signal. So,
the additional UEs in the UE-coordination set function as additional antennas for the target
UE 112. In aspects, the UEs in the UE-coordination set 402 communicate with each other
and with the coordinating UE 111 using the local wireless network connection (e.g., local
wireless network connections 133, 134, 135), such as Wi-Fi.

[045] UEs within the same UE-coordination set 402 can jointly send data packets
for the target UE 112 to the base station 120. For example, a subset of UEs in the UE-
coordination set 402 can perform joint-transmission for the target UE 112 (or a subset of
UEs) within the UE-coordination set 402. The target UE 112 can also send its data to the
rest of (or to the subset of) the UEs in the UE-coordination set 402 to enable those other
UEs to assist in the transmission of the data for the target UE 112 to the base station 120.

[046] Each UE in the UE-coordination set 402 synchronizes with the base station
120 for timing information and its data transmission resource assignment. Then, after all
three UEs in the UE-coordination set 402 have clear transmit channels, the UEs jointly
transmit the uplink data to the base station 120. The base station 120 receives the jointly-
transmitted uplink data from the UEs 111, 112, 113 and processes the combined signal to

decode the uplink data from the target UE 112.

Synchronous Joint-transmission on an Unlicensed Frequency Band
[047] As described above, when the target UE 112 has uplink data to send to the
base station 120, the target UE transmits the uplink data to the coordinating UE 111, which

uses the local wireless network 404 to distribute the uplink data to each UE in the UE-
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coordination set 402. At this point, each UE in the UE-coordination set 402 may transmit
its copy of the uplink data to the base station 120 either using licensed or unlicensed
frequency bands. Each UE in the UE-coordination set 402 that seeks to transmit using an
unlicensed frequency band performs a listen-before-talk (LBT) procedure before each
uplink transmission to assess whether a channel in the unlicensed frequency band is clear.
The base station 120 can provide different LBT settings and/or thresholds on a per user
basis (e.g., different UEs within the UE-coordination set 402 may have different settings
for the LBT procedure). These settings and thresholds can include values for backoff timer
settings, LBT power thresholds (e.g., energy detection threshold), and so forth.

[048] If, for example, a clear channel assessment of the LBT procedure of UE 113
fails, the UE 113 notifies the coordinating UE 111 over the local wireless network
connection 135 of the failure. The UE 113 may also indicate to the coordinating UE 111 a
backoff time corresponding to an amount of time that the UE 113 is required to wait until
the UE 113 can repeat the clear channel assessment. The coordinating UE 111 can track
each UE’s LBT-status to determine a backoff time usable for the entire UE-coordination
set 402.

[049] In aspects, if the clear channel assessment succeeds and the channel is clear,
the UE 113 notifies the coordinating UE 111 that the channel is clear and the UE 113 is
ready to initiate transmission of the uplink data to the base station 120. The UE 113 then
waits for a response from the coordinating UE 111 in order to synchronize the uplink
transmission with the other UEs in the UE-coordination set transmitting on an unlicensed

frequency band. Each UE in the UE-coordination set 402 notifies the coordinating UE 111
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of its LBT status, including the results of its clear channel assessment and corresponding
backoff time. In this way, each UE in the UE-coordination set 402 can adjust the timing
of when its uplink transmission begins (e.g., a UE can initiate the uplink transmission at a
time that is subsequent to expiration of its own backoft time) such that one or more of the
UEs in the UE-coordination set 402 begins the uplink transmission at similar times.

[050] In one example, each UE in the UE-coordination set 402 can wait for a
specified time period until a certain number (e.g., a subset or all) of the UEs in the UE-
coordination set 402 are allowed to transmit (e.g., have clear channels to use for the uplink
transmission). For synchronous joint-transmission, after all of the UEs in the UE-
coordination set 402 have clear channels (identified through clear channel assessments),
those UEs can begin the uplink transmission. In aspects, the coordinating UE can notify
each UE that the uplink transmission can begin. Alternatively, if each UE distributes its
clear channel assessment to each other UE in the UE-coordination set 402 (e.g., via group
messaging, local broadcast, etc.), then each UE can begin the uplink transmission in
response to all the UEs in the UE-coordination set 402 having a clear transmit channel. In
either case, the wait time 1s based on the maximum backoff time across the UEs in the UE-
coordination set 402. When the UE with the longest backoff time of all the UEs within the
UE-coordination set 402 has a clear channel, then each UE within the UE-coordination set
402 can begin transmitting the uplink data. Accordingly, after a successful clear channel
assessment, the UEs wait until they have permission to transmit.

[051] In at least some aspects, the UEs in the UE-coordination set 402 perform the

listen-before-talk procedure on a synchronized basis by initializing the procedure at the
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same time. The backoff time, however, can be fixed (e.g, as in frame-based LBT) or
random (e.g., as in load-based LBT). Further, different UEs may experience different
levels of interference at their antennas, which may also cause differences in the backoff
times of the UEs.

[052] The coordinating UE 111 can set the same uplink transmission duration for
all the UEs within the UE-coordination set 402. Accordingly, the coordinating UE 111 can
request or direct the UEs in the UE-coordination set 402 to transmit at the same time but
the uplink transmission duration for the UE-coordination set 402 can change dynamically
due to the backoff procedure of the unlicensed frequency band for individual UEs in the
UE-coordination set 402. For example, say normal transmit duration is 1 millisecond and
the LBT procedure and backoff for the UE-coordination set 402 takes 100 microseconds,
then the available transmission time becomes 900 microseconds.

[053] The coordinating UE 111 can coordinate timing information within the UE-
coordination set 402 with respect to the uplink transmission. One problem resulting from
the reduction in the available transmission time (e.g, from 1 millisecond to 900
microseconds) due to the backoff of the LBT procedures is that the available transmission
time may not be sufficient to transmit all the information that is scheduled for transmission.
Therefore, with a limited transmission duration, a policy can be applied that prioritizes

different UEs’ radio bearers, further description of which is provided below.
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Asynchronous Joint-transmission on an Unlicensed Frequency Band

[054] In at least one aspect, each UE within the UE-coordination set 402 can initiate
the uplink transmission when it has a clear channel, without waiting for the other UEs in
the UE-coordination set 402. In this case, the UEs do not all transmit at the same time. A
UE within the UE-coordination set 402 can distribute its transmit timing information to the
other UEs to notify them that it has initiated the uplink transmission. Alternatively, the UE
can notify the coordinating UE and the coordinating UE can track the transmit timing
information of the UE. The coordinating UE can then relay the transmit timing information
to the UEs in the UE-coordination set 402. The coordinating UE can track the transmit
timing information of at least a subset (or all) of the UEs within the UE-coordination set
402.

[055] Because different UEs in the UE-coordination set 402 may have different
backoff times, the uplink transmission duration can be different for different UEs within
the UE-coordination set 402. For example, if an uplink transmission duration is 1.0 ms, a
first UE’s backoff time is 100 ps, and a second UE’s backoff time is 30 ps, then the second
UE can initiate the uplink transmission without waiting for the first UEs backoff time to
expire.

[056] In aspects, if a particular UE delays its uplink transmission because of
medium contention, then when transmission is allowed on a clear channel such that the UE
can initiate the uplink transmission, the UE begins transmitting at an OFDM symbol
boundary that is based on the transmission timing of at least one other UE that started

transmitting at an earlier time. Alternatively, the UE can begin transmitting at an OFDM
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symbol that has a UE-reference tone. Accordingly, the UE aligns the boundary of the
OFDM symbol when initiating the transmission. The coordinating UE can inform the UE
of the OFDM symbol to be used for the transmission. The UE can also start transmitting
where the UE-reference symbol exists, e.g., the UE initiates its transmission on the symbol
where the particular UE started transmission earlier. Different UEs in the UE-coordination
set 402 may have different transmission timing. Fach UE transmission has its own
reference symbol, so the base station 120 can at least estimate the channel from a particular

UE when that UE starts transmitting to the base station 120.

Prioritization

[057] The base station 120 can set a policy on prioritizing different UEs’ radio
bearers within the UE-coordination set 402 when LBT protocols limit the transmit
opportunity. In an example, if only a limited set of data can be transmitted jointly by the
UE-coordination set 402 because the joint transmit opportunity is limited by LBT, the low
latency data bearers (e.g., higher Quality of Service (QoS) data bearers) from one or more
UEs in the UE-coordination set 402 can be prioritized to be transmitted first by the UE-
coordination set 402. The policy can assign other data bearers (e.g., higher-latency data
bearers or lower QoS data bearers) a lower priority to cause them to be transmitted
subsequent to the higher-priority data bearers.

[058] In aspects, the UEs in the UE-coordination set 402 can transmit the same data
for a particular UE, (e.g., the same data is repeated across multiple UEs’ antennas effective

to increase the link budget). When multiple UEs within a UE-coordination set 402 act as
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target UEs and thus seek to transmit their own particular data, the coordinating UE can
distribute or multiplex each target UE’s data to the other UEs in the UE-coordination set
402 over the local wireless network using mmWave or other local wireless link. In an
example, the coordinating UE can multiplex the data from the target UEs in the UE-
coordination set 402 on the same frequency resources. Alternatively, the coordinating UE
can multiplex the data from the target UEs on multiple different frequency resources. To
account for the limited transmit opportunity resulting from the LBT procedures, the
coordinating UE coordinates the radio bearers of the different UEs in the UE-coordination
set 402 based on the prioritization policy set by the base station 120. The coordination
includes determining the sequential order or prioritization across the different radio bearers
and notifying the UEs in the UE-coordination set 402 of the prioritization.

[059] By prioritizing the radio bearers effective to cause first data to be transmitted
first and second data to be transmitted subsequently, the maximum link budget is improved
because higher-priority data bearers are handled without competing with lower-priority
data bearers. Data bearer QoS requirements are also accounted for by setting a

prioritization order across different radio bearers.

Example Procedures

[060] FIG. 5 describes a method 500 performed by a coordinating UE for
coordinating joint-transmission of uplink data in a UE-coordination set over an unlicensed
frequency band. The coordinating UE may be UE 111 as previously described, and the

UE-coordination set may be UE-coordination set 402 as previously described. At 505, the
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coordinating UE receives uplink data from a target UE for joint-transmission by the UE-
coordination set to a base station over an unlicensed frequency band. The base station may
be base station 120 as previously described.

[061] At 510, the coordinating UE distributes the uplink data to multiple UEs in
the UE-coordination set for the joint-transmission of the uplink data. The UE-coordination
set includes the coordinating UE, the target UE (source of the uplink data), and optionally
may include at least one additional UE.

[062] At 515, the coordinating UE performs a listen-before-talk (LBT) procedure
on an uplink channel to determine channel availability for transmission of the uplink data.
The coordinating UE participates in the joint-transmission over the unlicensed frequency
band and therefore identifies a clear channel. By performing an LBT procedure, the
coordinating UE may also have an associated backoff time.

[063] At 520, the coordinating UE receives messages from one or more UEs in the
UE-coordination set over a local wireless network that indicate results of respective LBT
procedures performed by the one or more UEs. The results include backoff times for the
one or more UEs. As above, at least two different UEs may have different backoff times.

[064] At 525, the coordinating UE determines, based on the respective backoff
times, a specified time during a channel occupancy time for the multiple UEs within the
UE-coordination set to begin the joint-transmission. The UE compares the various backoff
times to determine a specified time that can be used to synchronize the joint-transmission
of the uplink data. In one aspect, the specified time may be the same time during the

channel occupancy time for all the UEs. Here, the specified time may be based on the

32



CA 03127384 2021-07-20

WO 2020/172022 PCT/US2020/017930

greatest (e.g., maximum) backoff time across the UEs within the UE-coordination set, such
that after all the UEs within the UE-coordination set have a clear channel, the UEs can
begin the joint-transmission. In another aspect, the specified time may be different for
different UEs in the UE-coordination set.

[065] At 530, the coordinating UE controls when the joint-transmission begins for
the UEs in the UE-coordination set by directing the one or more UEs to initiate the joint-
transmission of the uplink at a specified time during a channel occupancy time based at
least on the received backoff times. In this way, although the one or more UEs may have
a clear channel over which to transmit the uplink data, the UEs wait for the direction from
the coordinating UE to initiate the joint-transmission in a synchronous manner. In the
asynchronous joint-transmission, the coordinating UE allows one or more of the UEs to
begin transmitting when their transmit channel is clear and the transmitting UE sends a
message to the coordinating UE indicating that it has initiated the transmission. The
coordinating UE receives a similar local message from each individual UE when it begins
transmitting to the base station.

[066] At 535, the coordinating UE coordinates or controls a transmission order of
data bearers of the UEs in the UE-coordination set based on a prioritization policy set by
the base station. Using the policy, the coordinating UE can coordinate which portions of
the uplink data are transmitted first and by which UE(s) in the UE-coordination set.

[067] FIG. 6 describes a method 600 performed by a UE within a UE-coordination
set in a wireless communications network. This UE may be UE 113 within UE-

coordination set 402 as previously described. At 605, the UE 113 receives uplink data
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from a coordinating UE 111 of a UE-coordination set 402 for joint-transmission to a base
station 120 over an unlicensed frequency band. The uplink data may have been generated
by another UE (e.g., target UE 112) in the UE-coordination set 402 and relayed by the
coordinating UE 111 or may originate from the coordinating UE 111.

[068] At 610, the UE performs a clear channel assessment of an uplink transmit
channel in the unlicensed frequency band. At 615, the UE determines a result of the clear
channel assessment including a backoff time.

[069] At 620, the UE transmits the result of the clear channel assessment over a
local wireless network to the coordinating UE. The UE 113 can transmit the result to the
coordinating UE 111 using the local wireless network (e.g., local wireless link 135).
Alternatively, the UE 113 can distribute the result to other (including all) UEs (e.g., UE
111, UE 112) in the UE-coordination set 402 over the local wireless network. After 620,
the method 600 can branch to either of two different implementations, depending on
whether the joint-transmission on the unlicensed frequency band is synchronous (branch
to 625) or asynchronous (branch to 640).

[070] At 625, the UE waits for instructions from the coordinating UE for the
transmission. For example, if the backoff time expires, the UE 113 can perform another
clear channel assessment on the transmit channel. If the transmit channel is clear, the UE
113 still does not immediately initiate the uplink transmission. Rather, the UE 113 waits
for instructions from the coordinating UE 111. This enables the UEs in the UE-

coordination set 402 to initiate the transmission (joint-transmission) at approximately the
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same time, hence providing the base station with synchronized uplink data that the base
station 120 can efficiently receive and process.

[071] At 630, the UE receives a message from the coordinating UE indicating a
specified time to initiate the transmission of the uplink data. In aspects, the specified time
is different than the backoff time such that after expiration of the backoff time and after
identifying a clear channel, the UE 113 waits until the specified time to initiate
transmission of the uplink data. At 635, the UE initiates the transmission of the uplink data
to the base station based on the specified time.

[072] As an alternative to waiting for timing instructions per the branch to 625,
at 640, the UE autonomously initiates the transmission of the uplink data without waiting
for timing instructions from the coordinating UE.

[073] At 645, the UE transmits a notification over the local wireless network to the
coordinating UE (and possibly other UEs in the UE-coordination set) indicating that the
transmission has begun. This notification provides information to the other UEs within the
UE-coordination set 402 and/or the coordinating UE 111 that they can use to coordinate
transmissions of the other UEs within the UE-coordination set 402. For example,
transmission order of each UE’s data bearer(s) can be managed based on a prioritization
policy set by the base station 120, examples of which are described above.

[074] FIG. 7 describes a method 700 performed by a coordinating UE for
coordinating joint-transmission of uplink data in a UE-coordination set over an unlicensed

frequency band, such as through synchronous joint-transmission. The coordinating UE
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may be UE 111, and the UE-coordination set may be UE-coordination set 402 as previously
described.

[075] At 705, a coordinating UE that is a first UE in a user equipment-coordination
set (UE-coordination set) receives, using a local wireless network connection, uplink data
from a second UE in the UE-coordination set. For example, with reference to FIG. 4, the
coordinating UE (e.g., UE 111) receives uplink data from a second UE (e.g., UE 112) over
the local wireless network connection (e.g., local wireless network connection 134), where
the coordinating UE and the second UE are both in a same UE-coordination set (e.g., UE
coordination set 404). In implementations, the coordinating UE receives the uplink data
from the second UE for joint-transmission of the uplink data (by the UE-coordination set)
to a base station over an unlicensed frequency band, such as that described at 505 of FIG. 5.

[076] At 710, the coordinating UE distributes, using the local wireless network
connection, the uplink data to at least a third UE in the UE-coordination set. For example,
as described with reference to FIG. 4, the coordinating UE (e.g., UE 111) distributes the
uplink data to at least a third UE (e.g., UE 113) over the local wireless network connection
(e.g., local wireless network connection 135), where the coordinating UE and the third UE
are both in a same UE-coordination set (e.g., UE-coordination set 404). Further, as
described at 510 with reference to FIG. 5, the coordinating UE sometimes distributes the
uplink data to multiple UEs in the UE coordination set, such as by distributing duplicate
uplink signals to each UE in the UE-coordination set.

[077] At 715, the coordinating UE receives, using the local wireless network

connection and from at least one UE in the UE-coordination set, respective results of a
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clear channel assessment of the unlicensed frequency band performed by the at least one
UE. The coordinating UE (e.g., UE 111), for instance, receives results from a UE (e.g.,
UE 112, UE 113) over a local wireless network connection (e.g., local wireless connection
134, local wireless network connection 135) as described with reference to FIG. 4. In some
implementations, the coordinating UE receives multiple messages from multiple UEs,
where each message includes the respective results as described at 520 of FIG. 5. In some
implementations, the respective results are generated by the respective UE using a clear
channel assessment as described at 610 of FIG. 6.

[078] At 720, the coordinating UE determines, based on the respective results, a
specified time to begin joint-transmission of the uplink data in the unlicensed frequency
band. For example, as described at 525 with reference to FIG. 5, the coordinating UE (e.g.,
UE 111) determines a specified time to begin joint-transmission of the uplink data in the
unlicensed frequency band. This can include the coordinating UE obtaining, for each UE
(e.g., UE 112, UE 113) of the UE-coordination set (e.g., UE-coordination set 404), a
respective backoff time from the respective results. Using the respective backoff times,
the coordinating UE determines a maximum backoff time by comparing each respective
backoff time to one another. In response to determining the maximum backoff time, the
coordinating UE then uses the maximum backoff time to set the specified time.

[079] At 725, the coordinating UE coordinates the joint-transmission of the uplink
data in the unlicensed frequency band by directing the at least one UE to initiate the joint-
transmission of the uplink data based on the specified time. The coordinating UE e.g., UE

111), for instance, coordinates the joint-transmission of the uplink data in the unlicensed
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frequency band by directing the at least one user equipment (e.g., UE 112, UE 113) to
initiate the joint-transmission of the uplink data based on the specified time as describe at
530 of FIG. 5. Alternatively or additionally, the coordinating UE directs each UE in the
UE-coordination set to initiate the joint-transmission of the uplink data at the specified
time.

[080] In some implementations, the coordinating UE receives from a base station,
a message that includes a policy for prioritization of respective radio bearers of multiple
UE in the UE-coordination set. The coordinating UE then coordinates the joint-
transmission of the uplink data to the base station by coordinating a transmission order of
the respective radio bearers based on the policy as described at 535 of FIG. 5.

[081] In one or more implementations, the coordinating UE coordinates the joint-
transmission of the uplink data by directing a subset of UEs in the UE-coordination set to
begin transmission of the uplink data when each UE in the subset of UEs has a clear channel
for uplink transmission For example, as further described with reference to synchronous
joint-transmission, the UEs wait for a specified time period until a certain number of UEs
(e.g., the subset or all) in the UE-coordination set are allowed to transmit (e.g., have clear
channels to use for the uplink transmission).

[082] In some implementations, the coordinating UE participates in the joint-
transmission. As one example, the coordinating UE identifies a clear channel in the
unlicensed frequency band by performing a clear channel assessment as described at 515

of FIG. 5. In response to identifying the clear channel, the coordinating UE participates in
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the joint-transmission of the uplink data by transmitting the uplink data using the clear
channel as also described at 515 of FIG. 5.

[083] FIG. 8 describes a method 800 performed by a UE for coordinating joint-
transmission of uplink data in a UE-coordination set over an unlicensed frequency band.
For example, the UE 113 and/or the UE 112 within UE-coordination set 402 may perform
the method 800.

[084] At 805, a UE in a UE-coordination set receives, using a local wireless
network connection, uplink data from a coordinating UE in the UE-coordination set. For
example, the UE (e.g., UE 113) receives the uplink data from the coordinating UE (e.g.,
UE 111) using the local wireless network connection (e.g., local wireless network
connection 135), where the UE and the coordinating UE are included in the same UE-
coordination set (e.g., UE-coordination set 402). As described at 605 with reference to
FIG. 6, the UE receives the uplink data for joint-transmission (e.g., joint-transmission
using an unlicensed frequency band).

[085] At 810, the UE performs a clear channel assessment on a channel in the
unlicensed frequency band, where the clear channel assessment generates results that
include a backoff time for the UE. The UE (e.g., UE 113), for instance, performs the clear
channel assessment as described at 610 of FIG. 6.

[086] At 815, the UE transmits, using the local wireless network connection and to
the coordinating UE, the results. For example, the UE (e.g., UE 113) transmits the results
to the coordinating UE (e.g., UE 111) using the local wireless network connection (e.g.,

local wireless network connection 135) as described at 620 of FIG. 6. Alternatively or
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additionally, the UE generates results that indicate a successful clear channel assessment
of the channel in the unlicensed frequency band, and distributes the successful clear
channel assessment to one or more UEs in the UE-coordination set, such as through the
use of group messaging or a local broadcast as described with reference to synchronous
joint-transmission.

[087] At 820, the UE receives, over the local wireless network connection and from
the coordinating UE, an indication to initiate the joint-transmission of the uplink data at a
specified time that is a different duration of time than the backoff time. The UE (e.g., UE
113), for instance, receives the indication over the local wireless network connection (e.g.,
local wireless network connection 135), where the indication includes the specified time
as described at 630 of FIG. 6. As one example, the UE receives an indication of an
orthogonal frequency-division multiplexing symbol boundary as the specified time.

[088] At 825, the UE initiates the joint-transmission of uplink data in an unlicensed
frequency band and to a base station based on the specified time. For example, the UE
(e.g., UE 113) initiates the joint-transmission of the uplink data after waiting for the
specified time, where the specified time is longer than the backoff time of the UE. In some
implementations, the UE performs a second clear channel assessment on the channel in the
unlicensed frequency band while waiting the duration of time for the specified time.

[089] In some implementations, the UE waits for the UEs, in a subset of UEs in
the UE-coordinated set, to have a clear channel for the joint-transmission. At times, the
UE determines that each UE has the clear channel by receiving, from each UE in the subset

of UEs, an indication of the clear channel.
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[090] FIG. 9 describes a method 900 performed by a coordinating UE for
coordinating joint-transmission of uplink data in a UE-coordination set over an unlicensed
frequency band, such as through asynchronous joint-transmission. The coordinating UE
may be UE 111 and the UE-coordination set may be UE-coordination set 402 as previously
described.

[091] At 905, the coordinating UE receives, using a local wireless network
connection, uplink data from a target UE that is a second UE in a UE-coordination set,
where the coordinating UE is a first UE in the UE-coordination set. For example, the
coordinating UE (e.g., UE 111) receives the uplink data from the target UE (e.g., UE 112)
over the location wireless network connection (e.g., local wireless network connection
134) as described at 505 of FIG. 5.

[092] At 910, the coordinating UE distributes, using the local wireless network
connection, the uplink data to at least a third UE included in the UE-coordination set. The
coordinating UE (e.g., UE 111), for instance, distributes the uplink data to the UE (e.g.,
UE 113) using the local wireless network connection (e.g., local wireless network
connection 135) as described at 510 of FIG. 5. This can include the coordinating UE
distributing duplicate uplink signals to multiple UEs in the UE-coordination set.

[093] At 915, the coordinating UE determines that at least one UE in the UE-
coordination set has initiated transmission of the uplink data over the unlicensed frequency
band. For example, the coordinating UE (e.g., UE 111) determines that at least one UE
(e.g., UE 112, UE 113) in the UE-coordination set (e.g., UE-coordination set 402) has

initiated transmission of the uplink data as described with reference to asynchronous joint-
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transmission, such as by receiving, from the at least one UE, a notification of the
transmission as described at 645 of FIG. 6. In implementations, the notification includes
transmit timing information.

[094] At 920, the coordinating UE coordinates the joint-transmission of the uplink
data to a base station by relaying, to one or more other UEs in the UE-coordination set
other than the at least one UE, transmit timing information associated with the transmission
of the uplink data by the at least one UE. For example, the coordinating UE (e.g., UE 111)
coordinates the joint-transmission in an unlicensed frequency band by transmitting the
transmit timing information to other UEs in the UE-coordination set as described with
reference to asynchronous joint-transmission.

[095] In some implementations, the coordinating UE determines that a particular
UE, in the UE-coordination set, delays transmission of the uplink data relative to the at
least one UE due to medium contention, such as that described with reference to
asynchronous joint-transmission. In such scenarios, the coordinating UE sometimes
directs the particular UE to begin transmission of the uplink data at an orthogonal
frequency-division multiplexing symbol boundary based on the transmit timing
information.

[096] Alternatively or additionally, the coordinating UE receives, from the base
station, a message that includes a policy for prioritization of respective radio bearers of
UEs in the UE-coordination set. To coordinate the joint-transmission, the coordinating UE
sometimes coordinates a transmission order of the respective radio bearers of the UEs in

the UE-coordination set based on the policy.
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[097] At times, the coordinating UE participates in the coordinated joint-
transmission. To illustrate, the coordinating UE identifies a clear channel in the unlicensed
frequency band by performing clear channel assessment. In response to identifying the
clear channel, the coordinating UE then participates in the joint-transmission of the uplink
data by transmitting the uplink data using the clear channel.

[098] FIG. 10 describes a method 1000 performed by a UE for coordinating joint-
transmission of uplink data in a UE-coordination set over an unlicensed frequency band.
This UE may be UE 113 within UE-coordination set 402 as previously described.

[099] At 1005, a UE that is a first UE in a UE-coordination set receives, over a
local wireless network connection, uplink data from a coordinating UE that is a second
user equipment in the UE-coordination set. The UE (e.g., UE 113), as one example,
receives the uplink data over the local wireless network connection (e.g., local wireless
network connection 135) from the coordinating UE (e.g., UE 111) as described at 605 of
FIG. 6. At times, this includes receiving a duplicate signal that represents the uplink data.

[0100] At 1010, the UE performs a clear channel assessment on a channel in an
unlicensed frequency band, the clear channel assessment generating results that indicate
the channel is clear for the joint-transmission of the uplink data. For instance, the UE (e.g.,
UE 113) performs the clear channel assessment as described at 610 of FIG. 6.

[0101] At 1015, the UE initiates the joint-transmission of the uplink data. To
illustrate, the UE (e.g., UE 113) initiates the joint-transmission of the uplink data as
described at 640 of FIG. 6. In some implementations, the UE initiates the joint-

transmission without waiting for another UE in the UE-coordination set.
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[0102] At 1020, the UE transmits, over the local wireless network connection and
to the coordinating UE, an indication of the initiating the joint-transmission. For instance,
the UE (e.g., UE 113) transmits an indication of the initiating to the coordinating UE (e.g.,
UE 111) using the local wireless network connection (e.g., local wireless network
connection 135), where the indication includes, at times, transmit timing information
corresponding to the initiating by the UE. Alternatively or additionally, the UE transmits,
over the local wireless network connection and to at least a third UE in the UE-coordination
set, transmit timing information corresponding to the initiating.

[0103] Generally, any of the components, methods, and operations described herein
can be implemented using software, firmware, hardware (e.g., fixed logic circuitry),
manual processing, or any combination thereof. Some operations of the example methods
may be described in the general context of executable instructions stored on computer-
readable storage memory that is local and/or remote to a computer processing system, and
implementations can include software applications, programs, functions, and the like.
Alternatively or in addition, any of the functionality described herein can be performed, at
least in part, by one or more hardware logic components, such as, and without limitation,
Field-programmable Gate Arrays (FPGAs), Application-specific Integrated Circuits
(ASICs), Application-specific Standard Products (ASSPs), System-on-a-chip systems

(SoCs), Complex Programmable Logic Devices (CPLDs), and the like.
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Conclusion

[0104]  Although techniques and devices for a UE-coordination set for a wireless
network using an unlicensed frequency band have been described in language specific to
features and/or methods, it is to be understood that the subject of the appended claims is
not necessarily limited to the specific features or methods described. Rather, the specific
features and methods are disclosed as example implementations of a UE-coordination set
for a wireless network using an unlicensed frequency band.

[0105]  In the following, several examples are described:

[0106] Example 1: A method for coordinating joint-transmission of uplink data to
a base station by a first user equipment configured as a coordinating user equipment for a
user equipment-coordination set in an unlicensed frequency band, the method comprising
the coordinating user equipment: receiving, using a local wireless network connection, the
uplink data from a second user equipment in the user equipment-coordination set;
distributing, using the local wireless network connection, the uplink data to at least a third
user equipment in the user equipment-coordination set; receiving, using the local wireless
network connection and from at least one user equipment in the user equipment-
coordination set, respective results of a clear channel assessment of the unlicensed
frequency band performed by the at least one user equipment; determining, based on the
respective results, a specified time to begin joint-transmission of the uplink data in the
unlicensed frequency band; and coordinating the joint-transmission of the uplink data in
the unlicensed frequency band by directing the at least one user equipment to initiate the

joint-transmission of the uplink data based on the specified time.
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[0107]  Example 2: The method as recited in example 1, wherein the determining
the specified time comprises: obtaining, for each user equipment of the user equipment-
coordination set, a respective backoff time from the respective results; determining a
maximum backoff time by comparing each respective backoff time to one another; and
using the maximum backoff time to set the specified time.

[0108]  Example 3: The method as recited in example 1, wherein the coordinating
the joint-transmission comprises: directing each user equipment in the user equipment-
coordination set to initiate the joint-transmission of the uplink data at the specified time.

[0109] Example 4. The method as recited in any one of the preceding examples,
further comprising: identifying a clear channel in the unlicensed frequency band by
performing a clear channel assessment using the coordinating user equipment; and in
response to identifying the clear channel, participating in the joint-transmission of the
uplink data by transmitting the uplink data using the clear channel.

[0110] Example 5: The method as recited in any one of the preceding examples,
wherein distributing the uplink data to at least the one user equipment comprises
distributing duplicate uplink signals to each user equipment in the user equipment-
coordination set.

[0111]  Example 6: The method as recited in any one of the preceding examples,
further comprising: receiving, from the base station, a message that includes a policy for
prioritization of respective radio bearers of multiple user equipments in the user equipment-

coordination set, and wherein the coordinating the joint-transmission of the uplink data to
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the base station further comprises coordinating a transmission order of the respective radio
bearers based on the policy.

[0112] Example 7: The method as recited in example 1, wherein the coordinating
the joint-transmission of the uplink data further comprises: directing a subset of user
equipments in the user equipment-coordination set to begin transmission of the uplink data
when each user equipment in the subset of user equipments has a clear channel for uplink
transmission.

[0113]  Example 8: A method for coordinating joint-transmission of uplink data to
a base station over an unlicensed frequency band, the method comprising: receiving, using
a local wireless network connection and by a user equipment in a user equipment-
coordination set, uplink data from a coordinating user equipment in the user equipment-
coordination set; performing a clear channel assessment on a channel in the unlicensed
frequency band, the clear channel assessment generating results that include a backoff time
for the user equipment; transmitting, using the local wireless network connection and to
the coordinating user equipment, the results; receiving, over the local wireless network
connection and from the coordinating user equipment, an indication to initiate the joint-
transmission of the uplink data at a specified time that is a different duration of time than
the backoff time; and initiating the joint-transmission of the uplink data to the base station
based on the specified time.

[0114] Example 9: The method as recited in example 8, wherein receiving the
indication to initiate the joint-transmission further comprises: receiving an indication of an

orthogonal frequency-division multiplexing symbol boundary as the specified time.
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[0115]  Example 10: The method as recited in example 8 or example 9, wherein the
initiating the joint-transmission of the uplink data based on the specified time further
comprises: waiting for the specified time for longer than the backoff time.

[0116]  Example 11: The method as recited in example 10, wherein waiting for the
specified time further comprises: waiting for each user equipment, in a subset of user
equipments in the user equipment-coordination set, to have a clear channel for the joint-
transmission.

[0117]  Example 12: The method as recited in example 11, further comprising:
determining that each user equipment has the clear channel by receiving, from each user
equipment in the subset of user equipments an indication of the clear channel.

[0118]  Example 13: The method as recited in any one of examples 8 to 12, wherein
performing the clear channel assessment further comprises: generating results that indicate
a successful clear channel assessment of the channel in the unlicensed frequency band; and
distributing the successful clear channel assessment to one or more user equipments in the
user equipment-coordination set.

[0119]  Example 14: The method as recited in any one of examples 8 to 13, further
comprising: performing a second clear channel assessment on the channel in the unlicensed
frequency band while waiting the duration of time for the specified time.

[0120]  Example 15: A user equipment apparatus comprising: at least one wireless
transceiver; a local wireless transceiver; a processor; and computer-readable storage media

comprising instructions, responsive to execution by the processor, for directing the user
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equipment apparatus to perform any one of the methods recited in examples 1 to 14 using
at least the local wireless transceiver or the at least one wireless transceiver.

[0121]  Example 16: A method for coordinating joint-transmission of uplink data to
a base station by a first user equipment configured as a coordinating user equipment for a
user equipment-coordination set in an unlicensed frequency band, the method comprising
the coordinating user equipment: receiving, using a local wireless network connection,
uplink data from a target user equipment that is a second user equipment in the user
equipment-coordination set; distributing, using the local wireless network connection, the
uplink data to at least a third user equipment included in the user equipment-coordination
set; determining that at least one user equipment in the user equipment-coordination set
has initiated transmission of the uplink data over the unlicensed frequency band; and
coordinating the joint-transmission of the uplink data to the base station by relaying, to one
or more other user equipments in the user equipment-coordination set other than the at least
one user equipment, transmit timing information associated with the transmission of the
uplink data by the at least one user equipment.

[0122]  Example 17: The method as recited in example 16, wherein determining that
the at least one user equipment has initiated transmission of the uplink data further
comprises: receiving, from the at least one user equipment, a notification of the
transmission.

[0123]  Example 18: The method as recited in example 17, wherein receiving the
notification further comprises: receiving the transmit timing information with the

notification.
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[0124]  Example 19: The method as recited in any one of examples 16 to 18, further
comprising: identifying a clear channel in the unlicensed frequency band by performing
clear channel assessment; and in response to identifying the clear channel, participating in
the joint-transmission of the uplink data by transmitting the uplink data using the clear
channel.

[0125]  Example 20: The method as recited in any one of examples 16 to 19, wherein
distributing the uplink data to the at least third user equipment comprises distributing
duplicate uplink signals to multiple user equipments in the user equipment-coordination
set.

[0126]  Example 21: The method as recited in any one of examples 16 to 20, further
comprising: determining that a particular user equipment, in the user equipment-
coordination set, delays transmission of the uplink data relative to the at least one user
equipment due to medium contention; and directing the particular user equipment to begin
transmission of the uplink data at an orthogonal frequency-division multiplexing symbol
boundary based on the transmit timing information.

[0127]  Example 22: The method as recited in any one of examples 16 to 21, further
comprising: receiving, from the base station, a message that includes a policy for
prioritization of respective radio bearers of user equipments in the user equipment-
coordination set, and wherein the coordinating the joint-transmission of the uplink data to
the base station further comprises coordinating a transmission order of the respective radio

bearers based on the policy.
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[0128]  Example 23: A method performed by a first user equipment in a user
equipment-coordination set for coordinating joint-transmission of uplink data to a base
station over an unlicensed frequency band, the method comprising: receiving, over a local
wireless network connection, uplink data from a coordinating user equipment that is a
second user equipment in the user equipment-coordination set; performing a clear channel
assessment on a channel in the unlicensed frequency band, the clear channel assessment
generating results that indicate the channel is clear for the joint-transmission of the uplink
data; initiating the joint-transmission of the uplink data; and transmitting, over the local
wireless network connection and to the coordinating user equipment, an indication of the
initiating the joint-transmission.

[0129]  Example 24: The method as recited in example 23, further comprising:
transmitting, over the local wireless network connection and to the coordinating user
equipment, transmit timing information corresponding to the initiating the joint-
transmission.

[0130]  Example 25: The method as recited in example 23, further comprising:
transmitting, over the local wireless network connection and to at least a third user
equipment in the user equipment-coordination set, transmit timing information
corresponding to the initiating the joint-transmission.

[0131]  Example 26: The method as recited in example 23, wherein initiating the
joint-transmission of the uplink data further comprises: initiating the joint-transmission of
the uplink data without waiting for another user equipment in the user equipment-

coordination set.
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[0132] Example 27: A computer-readable medium comprising instructions that,

when executed by one or more processors, cause a device incorporating the one or more

processors to perform any one of the methods of examples 1 to 14 and 16 to 26.
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CLAIMS

What 1s claimed is:

1. A method for coordinating joint-transmission of uplink data to a base station
by a first user equipment configured as a coordinating user equipment for a user equipment-
coordination set in an unlicensed frequency band, the method comprising the coordinating
user equipment:

receiving, using a local wireless network connection, the uplink data from a second
user equipment in the user equipment-coordination set;

distributing, using the local wireless network connection, the uplink data to at least
a third user equipment in the user equipment-coordination set;

receiving, using the local wireless network connection and from at least one user
equipment in the user equipment-coordination set, respective results of a clear channel
assessment of the unlicensed frequency band performed by the at least one user equipment;

determining, based on the respective results, a specified time to begin joint-
transmission of the uplink data in the unlicensed frequency band; and

coordinating the joint-transmission of the uplink data in the unlicensed frequency
band by directing the at least one user equipment to initiate the joint-transmission of the

uplink data based on the specified time.
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2. The method as recited in claim 1, wherein the determining the specified time
comprises:

obtaining, for each user equipment of the user equipment-coordination set, a
respective backoff time from the respective results;

determining a maximum backoff time by comparing each respective backoff time
to one another; and

using the maximum backoff time to set the specified time.

3. The method as recited in claim 1 or claim 2, wherein the coordinating the
joint-transmission comprises:
directing each user equipment in the user equipment-coordination set to initiate the

joint-transmission of the uplink data at the specified time.

4, The method as recited in any one of the preceding claims, further comprising:

identifying a clear channel in the unlicensed frequency band by performing a clear
channel assessment using the coordinating user equipment; and

in response to identifying the clear channel, participating in the joint-transmission

of the uplink data by transmitting the uplink data using the clear channel.
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5. The method as recited in any one of the preceding claims, wherein
distributing the uplink data to at least the one user equipment comprises distributing

duplicate uplink signals to each user equipment in the user equipment-coordination set.

6. The method as recited in any one of the preceding claims, further comprising:

receiving, from the base station, a message that includes a policy for prioritization
of respective radio bearers of multiple user equipments in the user equipment-coordination
set, and

wherein the coordinating the joint-transmission of the uplink data to the base station
further comprises coordinating a transmission order of the respective radio bearers based

on the policy.

7. The method as recited in claim 1, wherein the coordinating the joint-
transmission of the uplink data further comprises:

directing a subset of user equipments in the user equipment-coordination set to
begin transmission of the uplink data when each user equipment in the subset of user

equipments has a clear channel for uplink transmission.
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8. A method for coordinating joint-transmission of uplink data to a base station
over an unlicensed frequency band, the method comprising:

receiving, using a local wireless network connection and by a user equipment in a
user equipment-coordination set, uplink data from a coordinating user equipment in the
user equipment-coordination set;

performing a clear channel assessment on a channel in the unlicensed frequency
band, the clear channel assessment generating results that include a backoff time for the
user equipment;

transmitting, using the local wireless network connection and to the coordinating
user equipment, the results;

receiving, over the local wireless network connection and from the coordinating
user equipment, an indication to initiate the joint-transmission of the uplink data at a
specified time that 1s a different duration of time than the backoff time; and

initiating the joint-transmission of the uplink data to the base station based on the

specified time.

9. The method as recited in claim 8, wherein receiving the indication to initiate
the joint-transmission further comprises:
receiving an indication of an orthogonal frequency-division multiplexing symbol

boundary as the specified time.
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10.  The method as recited in claim 8 or claim 9, wherein the initiating the joint-
transmission of the uplink data based on the specified time further comprises:

waiting for the specified time for longer than the backoff time.

11.  The method as recited in claim 10, wherein waiting for the specified time
further comprises:
waiting for each user equipment, in a subset of user equipments in the user

equipment-coordination set, to have a clear channel for the joint-transmission.

12.  The method as recited in claim 11, further comprising:
determining that each user equipment has the clear channel by receiving, from each

user equipment in the subset of user equipments an indication of the clear channel.

13.  The method as recited in any one of claims 8 to 12, wherein performing the
clear channel assessment further comprises:

generating results that indicate a successful clear channel assessment of the channel
in the unlicensed frequency band; and

distributing the successful clear channel assessment to one or more user equipments

in the user equipment-coordination set.
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14.  The method as recited in any one of claims 8 to 13, further comprising;:
performing a second clear channel assessment on the channel in the unlicensed

frequency band while waiting the duration of time for the specified time.

15. A user equipment apparatus comprising:

at least one wireless transceiver;

a local wireless transceiver;

a processor; and

computer-readable storage media comprising instructions, responsive to execution
by the processor, for directing the user equipment apparatus to perform any one of the
methods recited in claims 1 to 14 using at least the local wireless transceiver or the at least

one wireless transceiver.

16. A computer-readable storage medium comprising instructions which, when

executed by a processor, cause an apparatus incorporating the processor to perform any

one of the methods recited in claims 1 to 14.
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