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USER-EQUIPMENT COORDINATION SET BEAM SWEEPING

BACKGROUND

[0001] 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 served by the wireless network. The base station determines
configurations for the wireless connection, such as bandwidth, timing, and other parameters for the
wireless connection.

[0002] 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, these solutions fall short in
instances where the UE has limited reception or transmission signal quality due to signal interference,

distance from the base station, or attenuation from weather or objects such as buildings or trees.

SUMMARY

[0003] This document describes techniques and apparatuses for a user-equipment
coordination set beam sweeping. The techniques described herein overcome challenges in joint
transmission and reception of uplink and downlink data by a set of UEs forming a UE-coordination
set. These challenges arise from conventional beam sweeping procedures. In particular, the
techniques described herein enable coordinated beam sweeping by multiple UEs within the UE-
coordination set to improve link budget.

[0004] In aspects, a user equipment (UE) receives an indication to coordinate beam sweeping
with a user-equipment-coordination set (UECS). The UE directs each UE in the UECS to perform a

beam-training procedure by receiving a set of downlink beam transmissions, and forwards beam
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report information to a base station. In implementations, the UE receives an indication of one or more
beam identities and one or more assigned time slots, and directs at least two UEs in the UECS to use
specific beams indicated by the beam identities at specific time slots indicated by the assigned time
slots, such as by transmitting a respective beam identity and a respective time slot to each UE of the
at least two UEs.

[0005] In some aspects, a base station transmits, to a coordinating UE in a UECS, an
indication to coordinate beam sweeping with the UECS. The base station then transmits a set of
downlink beam transmissions that cover a spatial area according to pre-specified time intervals and
directions. In implementations, the base station receives, from the UECS beam report information
that indicates beam quality information for at least two UEs in the UECS, the beam quality
information based on the set of downlink beam transmissions. The base station then selects, based
on the beam report information, one or more beam identities that specify specific beams and one or
more time slots to be used by the at least two UEs. In implementations, the base station directs the at
least two UEs to use specific beams indicated by the one or more beam identities at specific time slots
indicated by the one or more assigned time slots, such as by transmitting an indication of the one or
more beam identities and the one or more time slots to the at least two UEs.

[0006] The details of one or more implementations are set forth in the accompanying
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.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The details of one or more aspects of techniques and apparatuses for UE-coordination
set beam sweeping 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 beam sweeping can be implemented.
FIG. 2 illustrates an example device diagram of a user equipment and a serving cell base
station.
FIG. 3 illustrates an example implementation of a UE-coordination set.
FIG. 4 describes a diagram showing a process of communications between a target UE, a
coordinating UE, and a base station for coordinating beam sweeping in a UE-coordination set.
FIG. 5 continues from FIG. 4 and illustrates a procedure for a base station coordinating beam
sweeping of the UE-coordination set.
FIG. 6 continues from FIG. 4 and illustrates a procedure for a coordinating UE coordinating
beam sweeping of the UE-coordination set.
FIG. 7 illustrates an example method that employs UE-coordination set beam sweeping in
accordance with aspects of the techniques described herein.
FIG. 8 illustrates an example method that employs UE-coordination set beam sweeping in

accordance with aspects of the techniques described herein.

DETAILED DESCRIPTION
Overview
[0008] 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
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or distance between the UE and the base station, resulting in slower and less-efficient data
transmission. To improve the signal quality, techniques for forming UE-coordination sets for joint
transmission and reception have been developed to facilitate faster and more-efficient data
transmission in comparison to conventional wireless communication systems. A UE-coordination set
is formed by multiple UEs assigned as a group to function together, similar to a distributed antenna,
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). By combining antennas and transmitters of multiple UEs in the UE-coordination
set, the effective transmission power of the particular UE is significantly increased and the effective
signal quality is greatly improved.

[0009]  Multiple UEs forming a UE-coordination set, which is 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 set to coordinate joint transmission of a particular UE’s uplink data.
Coordination of beam sweeping techniques performed by each of the UEs within the UE-coordination
set, however, can be challenging at least because different UEs in the UE-coordination set can
transmit or receive data on a variety of beams and time slots.

[0010] 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
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wireless environment (e.g., substantial signal attenuation due to noise bursts, concrete 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 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.

[0011] In aspects, a method performed by a UE for coordinating beam sweeping for a plurality
of user-equipments (UEs) is disclosed. The method includes receiving a request from a base station
to act as a coordinating UE for coordinating beam sweeping between UEs within a UE-coordination
set and the base station. The method also includes, responsive to an indication of uplink or downlink
data to be jointly transmitted or received by the UE-coordination set, providing a message to the UEs
within the UE-coordination set over a local wireless network connection, the message directing the
UEs to perform a beam-training procedure to identify a beam to use for communication with the base
station. The method further includes receiving information indicating usable beams for one or more
of the UEs within the UE-coordination set. In addition, the method includes specifying a beam
identity (ID) and an assigned time slot for each UE within the UE-coordination set. The method also
includes transmitting, over the local wireless network connection, beam IDs and assigned time slots
to corresponding UEs within the UE-coordination set, the beam IDs and the assigned time slots
effective to enable the UEs within the UE-coordination set to coordinate beam sweeping for joint

communication with the base station.
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[0012] In aspects, a method performed by a base station for coordinating beam sweeping for
a plurality of user-equipments (UEs) is disclosed. The method includes directing the plurality of UEs
to form a UE-coordination set for joint transmission or reception of data with the base station. The
method also includes determining usable beams for communication with one or more of the UEs
within the UE-coordination set. The method further includes specifying one or more time slots and
one or more beam identities (IDs) to be used by the UEs within the UE-coordination set for the joint
transmission or reception of the data, the one or more beam IDs each corresponding to a particular
beam direction for a particular UE to use to transmit data to, or receive data from, the base station.
In addition, the method includes transmitting an indication of the one or more time slots and the one
or more beam IDs to one or more of the UEs within the UE-coordination set to coordinate the beam
sweeping of the plurality of UEs for the joint transmission or reception of the data.

[0013] In aspects, a UE is disclosed that includes a processor and memory system. The
processor and memory system includes instructions that are executable to receive a message from a
coordinating UE of a UE-coordination set over a local wireless network connection, the message
directing the UE to perform a beam-training procedure to identify a beam to use for a joint
communication with a base station, the joint communication including a joint transmission of uplink
data for a target UE in the UE-coordination set or a joint reception of downlink data for the target UE.
The instructions are also executable to perform the beam-training procedure to identify the beam,
beam report results of the beam-training procedure to the coordinating UE over the local wireless
network connection, and receive, over the local wireless network connection, a beam identity (ID)
and an assigned time slot to use for communication with the base station. The instructions are further
executable to initiate uplink or downlink communications, using a beam corresponding to the beam
ID and the assigned time slot, to transmit the uplink data for the target UE in the UE-coordination set

or receive the downlink data for the target UE.
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[0014] In aspects, a UE is disclosed that includes a processor and memory system. The
processor and memory system includes instructions that are executable to provide a message to UEs
within a UE-coordination set over a local wireless network connection. In aspects, the message
directs the UEs to perform a beam-training procedure to identify a beam to use for communication
with the base station. The instructions are also executable to: receive information indicating usable
beams for the UEs within the UE-coordination set; and specify a beam identity (ID) and an assigned
time slot for each UE within the UE-coordination set. The instructions are further executable to
transmit, over the local wireless network connection, beam IDs and assigned time slots to
corresponding UEs within the UE-coordination set, the beam IDs and the assigned time slots effective
to enable the UEs within the UE-coordination set to coordinate beam sweeping for joint
communication with the base station.

[0015] In aspects, a base station is disclosed that includes at least a processor and memory
system. The processor and memory system includes instructions that are executable to: direct a
plurality of UEs to form a UE-coordination set; determine usable beams for communication with the
UEs within the UE-coordination set; and specify one or more time slots and one or more beam
identities (IDs) to be used by the UEs within the UE-coordination set for joint transmission or
reception of data. In some aspects, the one or more beam IDs each correspond to a particular beam
direction for a particular UE to use to transmit data to, or receive data from, the base station. The
instructions are further executable to transmit an indication of the one or more time slots and the one
or more beam IDs to one or more of the UEs within the UE-coordination set to coordinate the beam
sweeping of the plurality of UEs for the joint transmission or reception of the data.

[0016] In aspects, a user equipment (UE) receives an indication to coordinate beam sweeping
with a user-equipment-coordination set (UECS). The UE directs each UE in the UECS to perform a

beam-training procedure by receiving a set of downlink beam transmissions, and forwards beam
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report information to a base station. In implementations, the UE receives an indication of one or more
beam identities and one or more assigned time slots, and directs at least two UEs in the UECS to use
specific beams indicated by the beam identities at specific time slots indicated by the assigned time
slots, such as by transmitting a respective beam identity and a respective time slot to each UE of the
at least two UEs.

[0017] In some aspects, a base station transmits, to a coordinating UE in a UECS, an
indication to coordinate beam sweeping with the UECS. The base station then transmits a set of
downlink beam transmissions that cover a spatial area according to pre-specified time intervals and
directions. In implementations, the base station receives, from the UECS beam report information
that indicates beam quality information for at least two UEs in the UECS, the beam quality
information based on the set of downlink beam transmissions. The base station then selects, based
on the beam report information, one or more beam identities that specify specific beams and one or
more time slots to be used by the at least two UEs. In implementations, the base station directs the at
least two UEs to use specific beams indicated by the one or more beam identities at specific time slots
indicated by the one or more assigned time slots, such as by transmitting an indication of the one or

more beam identities and the one or more time slots to the at least two UEs.

Example Environments

[0018] 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.,
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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-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.

[0019] 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.
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[0020] 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
RANSs 140 are illustrated as an NR RAN 141 and an E-UTRAN 142. The base stations 121 and 123
in the NR RAN 141 are connected to a Fifth Generation Core 150 (SGC 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 SGC 150 and EPC 160
networks.

[0021] The base stations 121 and 123 connect, at 101 and 102 respectively, to the SGC 150
through an NG2 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 SGC 150 and EPC 160 networks, the base
station 122 connects to the SGC 150 using an NG2 interface for control-plane signaling and through
an NG3 interface for user-plane data communications, at 180.

[0022] 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.

[0023] The SGC 150 includes an Access and Mobility Management Function 152 (AMF 152),
which provides control-plane functions, such as registration and authentication of multiple UEs 110,

authorization, and mobility management in the SG NR network. The EPC 160 includes a Mobility
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Management Entity 162 (MME 162), which provides control-plane functions, such as registration
and authentication of multiple UEs 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 UEs 110, using the base stations 120.

Example Devices

[0024] 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 techniques for UE-coordination set beam sweeping. FIG. 2 shows the multiple UEs 110
and the base stations 120. The multiple UEs 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 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.

[0025] 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 SG NR transceiver
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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.
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.

[0026] 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.

[0027] 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.

[0028] CRM 216 also includes a beamforming manager 220. Alternately or additionally, the

beamforming manager 220 may be implemented in whole or part as hardware logic or circuitry
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integrated with or separate from other components of the UE 110. In at least some aspects, the
beamforming 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 UE-coordination set beam sweeping.

[0029] 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 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 bands
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 SG 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.

[0030] 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
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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
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.

[0031] CRM 262 also includes a base station manager 266. Alternately 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 SG 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.

[0032] In aspects, the user equipment 102 provides feedback to the base station 120 for
beamforming of the SG NR downlink. For example, beamforming for Massive MIMO uses closed-
loop or beam-index beamforming for the 5G NR downlink. The base station 120 and the UE 112
both have a copy of the codebook 222 that includes precoding matrices for beamforming with an
index value (e.g., a precoding matrix indicator or PMI) associated with each precoding matrix. The
codebook 222 can be stored in the CRM 216 of the user equipment 102 and in the CRM 262 of the

base station 120.
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UE-Coordination Set

[0033]  FIG. 3 illustrates an example implementation 300 for UE-coordination set beam
sweeping. 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. 3 may have limited
transmission signal quality, 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. 3 may also, or alternatively, have limited
reception signal quality, which may be affected by cell-edge transmission power of the base station
120, as well as multipath, signal interference from other transmitters or overhead electrical wires,
attenuation from weather or objects such as buildings, trees, etc.

[0034] 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 302) 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.
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[0035] 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 or beams that are close to each other. Some (or
even all) of the UEs within the UE-coordination set may be in different beams from one another.
Accordingly, each UE may have its own beam for communicating with the base station 120.

[0036] 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.

[0037] In the illustrated example 300 in FIG. 3, 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 302. 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) signal quality. 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
304, such as a PAN, NFC, Bluetooth, WiFi-Direct, local mmWave link, etc.

[0038] The UEs 111, 112, 113 each attempt to perform a beam-training procedure to identify
a usable UE-beam 306 for communicating with the base station 120. The usable beam may include
the “best” beam-pair for a UE reception (or transmission) beam with a base station transmission (or

reception) beam. The best beam-pair refers to a beam-pair having the greatest signal strength of all
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the potential beam-pairs between the UE and the base station. The beam-training procedure includes
covering a spatial area with a set of beams transmitted and received according to pre-specified
intervals and directions. In an example, each of the UEs 111, 112, 113 directionally transmit sounding
reference signals (SRS’s) in the mmWave bands in time-varying directions that continuously sweep
the angular space. The base station 120 scans its angular directions, monitoring the strength of the
received SRS’s and building a report table based on the channel quality of each receiving direction,
to capture the dynamics of the channel. Beam training also includes beam measurement (e.g.,
evaluation) of the quality of the received signal at the base station or at the UE.

[0039] Beam determination refers to the selection of the suitable beam(s) either at the base
station or at the UE, according to the measurements obtained with the beam measurement procedure.
For example, the entity performing the beam determination analyzes the beam measurements
representing signal quality in each angular direction and matches the beams of the transmitters and
the receivers to provide maximum performance.

[0040] Beam reporting refers to a procedure used by the UE to send beam-quality and beam-
decision information to the Radio Access Network (RAN). In one example, after beam determination,
the UE waits for the base station to schedule a random access channel (RACH) opportunity towards
the best direction that the UE just determined, for performing random access and implicitly informing
the selected serving infrastructure of the optimal direction (or set of directions) through which it has
to steer its beam, in order to be properly aligned. In other words, a UE may use a RACH transmission
to send beam decision information (i.e., an indication of the best beam) to the base station.

[0041] For a UE-initiated, dedicated beam search, the beam-training procedure may include
the coordinating UE 111 sending a beam search request to the base station 120, such as by transmitting
the request in a Radio Resource Control (RRC) connection, a Media Access Control (MAC) layer

Information Element (IE), or another suitable manner. In response to receiving the beam search
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request, the base station 120 schedules a time at which it can transmit reference signals for the
dedicated beam search. The base station 120 transmits a beam search notification to the coordinating
UE 111. The beam search notification includes the time at which the reference signals for the
dedicated beam search will be transmitted. At the time determined by the base station 120, the base
station 120 transmits the reference signals for the dedicated beam search and the coordinating UE 111
receives and evaluates the reference signals in the received beams. The coordinating UE 111 receives
and evaluates the reference signals in the received beams by estimating a channel condition for each
of the received reference signals. Based on the channel condition estimates, the coordinating UE 111
selects the best precoding matrix from the codebook for beamforming the SG NR communication link
with the base station 120 and beam reports (e.g., sends the PMI for that precoding matrix) to the base
station 120.

[0042]  For group beam-training (e.g., by multiple UEs in the UE-coordination set 302), each
UE in the group attempts to perform beam training, using time division multiplexing (TDM), when
the base station 120 only supports analog beamforming. If, however, the base station 120 can support
multiple transmit or receive beams at the same time, then multiple UEs can be beam-trained at the
same time.

[0043] Accordingly, through the beam-training procedure and beam-reporting procedure,
signals are transmitted between one or more of the UEs 111, 112, 113 and the base station 120 such
that the base station 120 can determine which UE-beam 306 is usable (or best) for at least one UE in
the UE-coordination set 302. Based on this information, the base station 120 can assign specific
beams and time slots for one or more UEs within the UE-coordination set 302. Alternatively or
additionally, the base station 120 can relay this information to the coordinating UE 111 to enable the
coordinating UE 111 to coordinate which beam is used by which UE at which time slot for the joint

transmission or reception by the UE-coordination set 302. As described in further detail below, this
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beam information is then used to coordinate beam sweeping by the various UEs 111, 112, 113 within

the UE-coordination set 302.

Joint Transmission

[0044] The UE-coordination set 302 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 302 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 120 coordinating the UE-coordination set 302. 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 302.

[0045] In an example, the target UE 112 uses its local wireless network transceiver 210 to
transmit uplink data to the coordinating UE 111 using the local wireless network connection 134. The
coordinating UE 111 uses its local wireless network transceiver 210 to distribute the data to the other
UEs in the UE-coordination set 302, using the local wireless network connections 134 and 135, to
combine the power from multiple UEs’ power amplifiers. In some instances, the target UE 112 may
act as the coordinating UE such that the target UE 112 uses the local wireless network connections
133 and 134 to distribute the data to the other UEs (UE 111 and UE 113) in the UE-coordination set
302. Then, all the UEs (or a subset of all the UEs) in the UE-coordination set 302 process and transmit
the uplink data to the base station 120 using the wireless link 130. In this way, the distributed
transmission provides for a better effective link budget given the channel impairments encountered
by the target UE 112.

[0046] Each UE in the UE-coordination set 302 synchronizes with the base station 120 for

timing information and its data transmission resource assignment. Then, the UEs jointly transmit the
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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.

Coordinated Beam sweeping

[0047] UEs within a UE-coordination set coordinate beam sweeping configurations for
downlink data and uplink data. In aspects, different UEs within the UE-coordination set can transmit
(or receive) on different time slots for beamforming. Here, the UEs coordinate with one another
regarding which beam and which time slot to use for a joint transmission. This coordination occurs
after each UE 111, 112, 113 in the UE-coordination set 302 has performed a beam-training procedure
and a beam-reporting procedure to identify one or more beams usable for communication with the
base station 120. By beam reporting to the base station 120, the UEs in the UE-coordination set 302
indicate to the base station 120 which beam is best, based on beam measurement. In one aspect, the
UEs beam report directly to the base station 120 using conventional methods of beam reporting. In
another aspect, the UEs beam report to the coordinating UE 111, which then either transmits the beam
reports of all the UEs in the UE-coordination set 302 in a lump (e.g., the coordinating UE 111
combines the beam reports of multiple UEs into a single beam report transmission to the base station
120, which may reduce signaling overhead) or forwards each beam report individually as a relay.
Because the beam-training and beam-reporting procedures have been executed by each UE 111, 112,
113, the base station 120 can determine which beam(s) each UE should use for communicating with
the base station 120.

[0048] In one example, the coordinating UE 111 performs beam sweeping coordination for
the UE-coordination set 302. The coordinating UE 111 determines which beam and which time slot

the UEs 112, 113 (including itself) in the UE-coordination set 302 should use for joint communication
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with the base station 120. The base station 120 can provide beam and time slot information for each
UE within the UE-coordination set 302 to the coordinating UE 111.

[0049] Alternatively, the base station 120 can coordinate the beam sweeping for the UE-
coordination set 302. In some aspects, the base station 120 can do this without the assistance of the
coordinating UE 111. For example, the base station 120 can transmit time slots and beam identities
(beam IDs) directly to corresponding UEs within the UE-coordination set 302. By specifying each
beam that each UE within the UE-coordination set 302 should use and the time slot that each UE
should use its specified beam, base station 120 or the coordinating UE 111 coordinates the beam
sweeping of the UE-coordination set 302 for joint communications with the base station 120 to
improve the link budget. In some instances, at least one of the UEs may be blocked such that no
beam is usable for that UE to communicate with the base station 120 (e.g., the available beams are
blocked by an object, such as a user’s body, a vehicle, a building, etc.). By using a UE-coordination
set, multiple other UEs can help to transmit or receive data for the blocked UE, and some of those
UEs may be able to communicate with the base station 120 using one or more different beams.

[0050] The beam ID may be a unique identifier for a particular beam for a particular UE
within the UE-coordination set 302. Further, the beam ID may be unique within the UE-coordination
set, such that other UE-coordination sets may use non-overlapping (sets of) beam IDs. In some
aspects, the beam ID may correspond to two or more UEs within the UE-coordination set that are
assigned different time slots. Two or more UEs in the UE-coordination set may, however, be assigned
the same time slot but have different beam IDs. The base station 120 can allocate the beam ID to the
particular UE. In some aspects, the base station 120 also provides the beam ID for the particular UE
to the coordinating UE 111 to enable the coordinating UE 111 to coordinate the beam sweeping within
the UE-coordination set 302. Alternatively, the coordinating UE 111 can allocate the beam IDs to the

UEs within the UE-coordination set 302.
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[0051] In an example, the UEs 111, 112, 113 within the UE-coordination set 302 can have a
copy of the same codebook that includes precoding matrices for beamforming with an index value
(e.g., a precoding matrix indicator or PMI) associated with each precoding matrix in the codebook.
In addition, the UEs 111, 112, 113 can share the same codebook index to beamform or uplink.
However, the beam ID can be unique and specific to each UE within the UE-coordination set 302.
Although multiple UEs share the same codebook index, they may be assigned different beam IDs,
which correspond to different time slots for that beam. For example, the UE 111 can use a first beam
310, identified by a first beam ID, to transmit at a first time slot using a first beam direction 312, and
the UE 113 can use a second beam 314, identified by a second, different beam ID, to transmit at a
second, different time slot using the first beam direction 312. Accordingly, multiple UEs can use the
same beam direction but transmit at different time slots.

[0052] In another example, the UE 112 can use a third beam 316, identified by a third beam
ID, to transmit in a different beam direction 318 for the transmission. Two UEs (e.g., UE 111 and UE
113) may be in a straight radial line relative to the base station 210 and in position to use the same
beam direction (e.g., the first beam direction 312) but one of the UEs (e.g., UE 113) may be blocked
by an object (e.g., dashed-line object 320), such as a building. If the first beam direction 312 is
blocked for the UE 113, the UE 113 may use a fourth beam 322, identified by a fourth beam ID, to
transmit in another beam direction 324 for the transmission. This fourth beam direction 324 may, in
some aspects, be the same direction as the third beam direction 318 but the UE 113 may use the fourth
beam direction 324, which may happen to reflect off another object (e.g., building 326) to reach the
base station 120, effectively going around the blocking object 320.

[0053] Within the UE-coordination set 302, the different UEs 111, 112, 113, having different
beam IDs and assigned time slots corresponding to the beam IDs, may carry the same or different

information. For instance, although the UEs may transmit data on different time slots with different
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beams (each beam ID has an assigned time slot), the UEs may transmit the same information.
Accordingly, if a UE (e.g., target UE 112) has data to transmit to the base station 120, multiple UEs
in the UE-coordination set 302 can repeat the same data at different time slots using different beams.
This coordinated transmission can greatly improve the link budget, e.g., through diversity and energy
combining. The link budget is also improved by the UEs carrying different information through
coding. For example, the multiple UEs can send redundant versions of particular coded information
to the base station 120.

[0054] In aspects, multiple UEs in the UE-coordination set can beam-sweep at the same time.
For example, the UEs may transmit simultaneously (at the same time slot) but each UE may have its
own beam direction. Accordingly, one beam ID may correspond to a set of UEs transmitting at the
same time where each UE transmits at a particular beam direction (e.g., a single beam ID
corresponding to both UE 111 and UE 112 where UE 111 transmits at beam direction 312 at the same
time slot as UE 112 transmitting at beam direction 316). Alternatively, a single beam ID may refer to
a set of multiple UE-beams having the same angular direction but different time slots (e.g., a single
beam ID corresponding to both UE 111 and UE 113 transmitting at beam direction 312, using beam
310 and beam 314, respectively, at different time slots).

[0055] In one example, the coordinating UE 111 can specify the set of UEs and their
associated beams used for the corresponding beam ID. Alternatively, the base station 120 can specify
the set of UEs and their associated beams. In these examples, the beam ID may correspond to a set
of pairs of UE IDs and corresponding beams. For instance, a particular beam ID may correspond to
a set of UEs within the UE-coordination set 302 transmitting at the same time (e.g., at the same time
slot), where each UE has its own associated beam.

[0056] Different UEs may use different beam directions to reach the base station based on

relative position or interfering objects. Operating together within the UE-coordination set 302 for
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joint transmission or reception provides diversity, improves link budget, and can help facilitate
communication between the base station and a blocked UE.

[0057] In addition, different UEs may have different beamforming capabilities. In one
example, a first UE within the UE-coordination set may support eight indices within the codebook
and a second UE within the UE-coordination set may support 64 indices within the same codebook.
In FIG. 3, for example, the coordinating UE 111 is illustrated with (a subset of) eight beams 306-1,
each with approximately a 45-degree beamwidth, that correspond to eight indices in a table in the
codebook. The UE 112, however, may include 64 indices and therefore includes 64 narrower beams
306-2, each with approximately a 360/64 degree beamwidth. In this example, the UE 112 is more
“capable” of beamforming than the coordinating UE 111 because the UE 112 has more beams 306-2
and those beams 306-2 have narrower beamwidths than the beams 306-1 of the coordinating UE 111.

[0058] Because different UEs within the UE-coordination set 302 may have different
beamforming capabilities, it is beneficial for the coordinating UE 111 and/or the base station 120 to
determine the specific beamforming capabilities of each UE in the UE-coordination set 302.
Beamforming capability information can be transmitted, at any suitable time and by any suitable
communication, to the base station 120 or to the coordinating UE 111, prior to the request for joint
transmission or reception, as part of the beam-training procedure, or as part of beam reporting. In
one example, one or more of the UEs may communicate beamforming capability information in the
“UE Capabilities”, as defined by 3GPP, to the base station 120. The UEs within the UE-coordination
set 302 can communicate their respective beamforming capabilities to the coordinating UE 111 over
the local wireless network 302 upon formation of the UE-coordination set 302 or at any suitable prior
to the coordinated beam sweeping. The coordinating UE 111 can relay the beamforming capability
information to the base station 120 using the wireless link 130. In some instances, at least some of

the UEs in the UE-coordination set 302 can communicate their respective beamforming capability
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information directly to the base station 120 using the wireless link 130 at any suitable time prior to
the coordinated beam sweeping. This beamforming capability information can enable the
coordinating UE or the base station to better coordinate the beamforming of the UEs within the UE-
coordination set for joint communication with the base station.

[0059] In an example, UEs transmitting at different time slots have independent beam IDs,
such that those UEs can transmit with different beamforming capabilities without constraining more-
capable UEs (e.g., UE 112 with a 64-beam capability) down to a lower-capability of another UE (e.g.,
UE 111 with an 8-beam capability) in the UE-coordination set 302.

[0060] When the UEs beamform at the same time slot, the beamforming capabilities of the
UEs are combined. Here, a beam ID may correspond to a pair of beams (e.g., beam 310 for the
coordinating UE 111 and beam 316 for the UE 112) for the group of UEs because they are assigned
the same time slot. So, combining the UE 112 with the 64-beam capability and the coordinating UE
111 with 8-beam capability results in 512 possible beam IDs if the UEs are transmitting during the
same time slot. In another example, the UE 112 with the capability of 64 may be on a narrower beam
or a better link budget beam than the coordinating UE 111, but the base station 120 may still have the
ability to add the transmitted samples together regardless of the beam. This is because the base station
120 processes the transmissions bit-by-bit or symbol-by-symbol.

[0061] When a UE in the UE-coordination set 302 leaves the UE-coordination set 302, that
UE may notify the coordinating UE 111, using the local wireless network connection, that it is about
to leave. This information enables the coordinating UE 111 to modify the coordination of the beam
sweeping by removing that UE from UE-coordination set 302. Alternatively, the coordinating UE
111 may direct a UE to leave the UE-coordination set 302. If another UE joins the UE-coordination
set 302, the coordinating UE may request that it perform a beam-training procedure to identify a beam

to use to join the joint communication with the base station 120. If there is an existing single beam
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ID for a set of UEs in the UE-coordination set 302 when the other UE joins, the coordinating UE 111
or the base station 120 may provide a new beam ID (after it performs its own beam-training procedure

and beam-reporting procedure) to the new UE that is unique to the new UE.

Example Procedures

[0062] FIG. 4 describes a signaling and transaction diagram 400 that illustrates example
communications between a target UE, a coordinating UE, and a base station for coordinating beam
sweeping in a UE-coordination set. The target UE may be UE 112 as previously described, the
coordinating UE may be UE 111 as previously described, the UE-coordination set may be UE-
coordination set 302 as previously described, and the base station may be the base station 120 as
previously described. At 405, the base station 120 sends a message to the coordinating UE 111
requesting the coordinating UE 111 to join a UE-coordination set. The base station 120 may also
send, at 410, similar messages to other UEs, such as the UE 112, to request those UEs to join the UE-
coordination set 302. In addition, the base station 120, at 415, directs the UE 111 to act as a
coordinating UE for coordinating beam sweeping for joint communications between UEs within the
UE-coordination set and the base station 120. 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.

[0063] The target UE 112 may send, at 420, uplink data, or an indication of uplink data, to the
coordinating UE 111 for joint transmission of the uplink data to the base station. The indication of
uplink data may include information associated with the uplink data sufficient to enable the
coordinating UE 111 to coordinate the joint transmission of the uplink data by the UEs in the UE-
coordination set 302, such as a size of the data, an identity of the target UE 112, encoding information,
and so forth. Alternatively, the base station 120 can send, at 425, an indication to the coordinating

UE 111 to coordinate joint reception of downlink data for the target UE 112. The indication of
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downlink data may include information including the identity of the target UE 112, the size of the
data, timing information, decoding information, and so forth.

[0064] At 430, the coordinating UE 111 provides a message to the other UEs within the UE-
coordination set 302 over the local wireless network connection directing the UEs to perform a beam-
training procedure to identify a beam to use for the joint communication with the base station 120.
The coordinating UE 111 can, using the messages to the other UEs, coordinate the timing of the beam-
training procedures based on time division multiplexing techniques. Each UE 111, 112, 113 in the
UE-coordination set 302 attempts to perform a beam-training procedure to determine usable (or best)
beams to use for transmitting to or receiving from the base station 120. However, some of the UEs
in the UE-coordination set 302 may be unable to reach the base station 120, e.g., due to low signal
quality or a blocking object. For instance, for joint transmission of uplink data, the target UE 112
attempts to perform a beam-training procedure 435 and the coordinating UE 111 also performs a
beam-training procedure 440, where each beam-training procedure includes directionally transmitting
sounding reference signals in the mmWave bands in time-varying directions that continuously sweep
the angular space. Alternatively, for joint reception of downlink data, the beam-training procedures
435 and 440 may include listening for and measuring the signal quality of signals transmitted by the
base station 120 (indicated by dashed lines).

[0065] At this point, the process branches to FIG. 5 or FIG. 6 based on which entity
coordinates the beam sweeping of the UE-coordination set 302. FIG. 5 describes beam sweeping
coordination by the base station 120. FIG. 6, however, describes beam sweeping coordination by the
coordinating UE 111.

[0066] Continuing the example process at FIG. 5, the UE 112 (the target UE 112 in this
example) and one or more other UEs in the UE-coordination set 302 beam reports, at 505, to the

coordinating UE 111. This may be beneficial in instances where the target UE 112 has no usable
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beam to communicate with the base station 120 due to low signal quality or blocking objects. The
coordinating UE 111 receives beam-reporting information from the target UE 112 (and one or more
other UEs within the UE-coordination set 302) over the local wireless network connection. The
information may include results of the beam-training procedures performed by the UEs. The results
may include the precoding matrices for each of the UEs for beamforming the 5G NR communication
link with the base station. Alternatively, the UE 112 may beam report, at 510, directly to the base
station 120.

[0067] The coordinating UE 111 beam reports, at 515, to the base station 120. In aspects, the
beam report includes a collection of beam-reporting information from all of the UEs in the UE-
coordination set that beam reported to the coordinated UE 111. If, however, the UEs in the UE-
coordination set 302 beam reported directly to the base station 120, then the coordinating UE 111
transmits, at 515, only its own beam report.

[0068] Based on the beam-reporting information received from the UE-coordination set 302,
the base station 120 determines, at 520, usable (or best) beams for communication with the UEs in
the UE-coordination set 302. The base station 120 then specifies, at 525, one or more beam IDs and
one or more time slots for each UE in the UE-coordination set 302 based on the determination of
usable beams to coordinate the beam sweeping of the UE-coordination set 302.

[0069] The base station 120 transmits, at 530, beam IDs and assigned time slots to the
coordinating UE 111 to coordinate beam sweeping of the UE-coordination set 302 and allow the
coordinating UE 111 to distribute the beam IDs and time slots to the other UEs in the UE-coordination
set 302. The base station 120 transmits, at 530, the coordinating UE’s beam ID and assigned time
slot to the coordinating UE 111. In some implementations, as illustrated at 535, the base station
separately transmits the target UE’s beam ID and assigned time slot directly to the target UE 112.

Alternatively, as illustrated at 540, the coordinating UE 111 distributes the beam IDs and assign time
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slots to the UE(s) 112, where the coordinating UE 111 receives the beam IDs and assign time slots
for the UE(s) at 535 (with the coordinating UE’s beam ID and assigned time slot).

[0070] After the UEs in the UE-coordination set 302 have their respective beam ID and
assigned time slot, those UEs can initiate uplink communications (e.g., transmission of the uplink
data). For example, the target UE 112 transmits, at 545, the UL data using a first beam corresponding
to the target UE’s beam ID and assigned time slot, and the coordinating UE 111 transmits, at 550, the
uplink data using a second beam corresponding to the coordinating UE’s beam ID and assigned time
slot. Alternatively, for joint reception of downlink data, the base station 120 transmits, at 555, the
downlink data to each UE in the UE-coordination set 302 that has a beam ID and assigned time slot,
using beams corresponding to the beam IDs and assigned time slots. Here, the coordinating UE 111
and the target UE 112 each perform downlink communications (e.g., reception of the downlink data).

[0071] Returning to the branch in FIG. 4, if the coordinating UE 111 coordinates the beam
sweeping for the UE-coordination set 302, then the process continues to FIG. 6. Similar to that
described with reference to FIG. 5, the UEs (including the target UE 112) beam report, at 505, to the
coordinating UE 111. The coordinating UE 111 beam reports, at 510, to the base station 120 the
beam-reporting information from the other UEs in the UE-coordination set 302 (including itself) to
enable the base station 120 to determine available time slots. The base station 120 transmits, at 605,
UE-coordination set beam information to the coordinating UE 111. This information includes
available time slots for communication with the UEs and usable beams for each UE.

[0072] The coordinating UE 111 coordinates, at 610, beams for the UE-coordination set 302
by specifying a beam ID and an assigned time slot for each UE within the UE-coordination set 302.
In aspects, the coordinating UE 111 determines the beam ID and assigned time slot for each UE based
on the information received from the base station 120 that indicates usable beams and available time

slots. The beam IDs and time slots direct each UE to use a specific beam at a specified time slot. As
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described above, at least two UEs can have different assigned time slots and/or at least two UEs can
be assigned the same time slot. Further as described above, a beam ID may be unique to an individual
UE within the UE-coordination set and/or a beam ID may correspond to two or more UEs within the
UE-coordination set that are assigned different time slots.

[0073] The coordinating UE 111 can transmit, at 615, coordinated beam information to the
base station 120 to inform the base station 120 of the beam IDs and assigned time slots for each UE
in the UE-coordination set 302. Similar to that described with reference to FIG. 5, the coordinating
UE 111 also transmits, at 540 and over the local wireless network connection, beam IDs and assigned
time slots to corresponding UEs (including the target UE 112) within the UE-coordination set to
coordinate the joint communication with the base station 120.

[0074] After each UE in the UE-coordination set 302 has their respective beam ID and
assigned time slot, each UE can initiate the joint transmission of the uplink data. For example, the
target UE 112 transmits, at 545, the UL data using a first beam corresponding to the target UE’s beam
ID and assigned time slot, and the coordinating UE 111 transmits, at 550, the uplink data using a
second beam corresponding to the coordinating UE’s beam ID and assigned time slot. Alternatively,
for joint reception of downlink data, the base station 120 transmits, at 555, the downlink data to each
UE in the UE-coordination set 302 that has a beam ID and assigned time slot, using beams

corresponding to each beam ID and assigned time slot.

Example Methods

[0075] Example methods 700 and 800 are described with reference to FIGs. 7 and 8 in
accordance with one or more aspects of user-equipment-coordination set beam sweeping. The order
in which the method blocks are described are not intended to be construed as a limitation, and any

number of the described method blocks can be skipped or combined in any order to implement a
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method or an alternative method. Generally, any of the components, modules, 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.

[0076] FIG. 7 illustrates an example method 700 that is in accordance with aspects of user-
equipment-coordination set beam sweeping. In implementations, a user equipment performs
operations included in the method 700, such as a coordinating UE (e.g., UE 111). as described in
various examples with reference to FIGs. 1-6.

[0077] At 705, a UE receives an indication to coordinate beam sweeping with a UECS. For
example, a coordinating UE (e.g., UE 111) receives an indication from a base station (e.g., the base
station 120) to coordinate joint reception of downlink data for a target UE as described at 425 of FIG.
4. In receiving the indication to coordinate joint reception, the coordinating UE implicitly identifies
this as an indication to coordinate beam sweeping. Alternatively or additionally, the coordinating UE
(e.g., UE 111) receives uplink data from the target UE (e.g., UE 112) for joint transmission as
described at 420 of FIG. 4, and identifies this as an implicit indication to coordinate joint
transmissions. Thus, the coordinating UE can receive an implicit indication to coordinate beam

sweeping by receiving indications to coordinate joint reception and/or to coordinate joint
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transmission. In implementations, the UE-coordination set includes multiple UEs, including the
coordinating UE.

[0078] At 710, the UE directs, over a local wireless network connection, each UE in the UECS
to perform a beam-training procedure that includes receiving, from the base station, a set of downlink
beam transmissions that cover a spatial area according to pre-specified time intervals and directions.
To illustrate, the coordinating UE (e.g., UE 111) directs each UE (e.g., UE 112, UE 113) to perform
a beam-training procedure as described at 430 of FIG. 4. The beam-training procedure can include
each UE receiving the set of downlink beam transmissions or a portion of the downlink transmissions,
and generating beam reports on the downlink beam transmissions. Alternatively or additionally, the
beam-training procedure can include each UE transmitting one or more uplink beam transmissions,
such as one or more sounding reference signals as described with reference to FIG. 3. Thus, in
directing each UE to perform the beam-training procedure, the coordinating UE directs each UE to
receive (and measure) a set of downlink transmissions and/or generate a set of uplink transmissions.

[0079] At 715, the UE forwards, to the base station, beam report information that includes
beam quality information based on the beam-training procedure. For instance, the coordinating UE
(e.g., UE 111) forwards a first beam report generated by the coordinating UE, such as that described
at 515 of FIG.5. In other words, the coordinating UE generates a coordinating-user-equipment beam
report based on at least one downlink beam transmission, and transmits the coordinating-user-
equipment beam report to the base station using the wireless network connection. Alternatively or
additionally, the coordinating UE forwards beam reports from other UE’s, such as that described at
505 of FIG. 5. For instance, the coordinating UE receives at least a second beam report based on the
set of downlink beam transmissions from another UE, and transmits the second beam report to the

base station over the wireless network connection.
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[0080] At 720, the UE receives, from the base station and over a wireless network connection,
an indication of one or more beam identities and one or more assigned time slots. For example, the
coordinating UE (e.g., UE 111) receives the beam identities and/or the assigned time slots as
described at 530 of FIG. 5.

[0081] At 725, the UE directs at least two UEs in the UECS to use specific beams indicated
by the one or more beam identities at specific time slots indicated by the one or more assigned time
slots, such as by transmitting, over the local wireless network connection, a respective beam identity
of the one or more beam identities and a respective time slot of the one or more assigned time slots
to each UE of the at least two UEs. For example, the coordinating UE (e.g., UE 111) directs the at
least two UEs (e.g., UE 112) to use specific beams by forwarding beam identities and assigned time
slots to each UE over a local wireless network as described at 540 of FIG. 5 and/or FIG. 6. In
forwarding the respective beam identity and respective assigned time slot, the coordinating UE directs
the UEs to perform joint reception and/or joint transmission, such as that described at 545 and/or at
555 of FIG. 5 and FIG. 6

[0082] FIG. 8 illustrates an example method 800 that is in accordance with aspects of UE-
coordination set beam sweeping. In implementations, a base station performs operations included in
the method 800, such as the base station (e.g., base station 120) as described in various examples with
reference to FIGs. 1-6.

[0083] At 805, the base station transmits, to a coordinating UE in a UECS, an indication to
coordinate beam sweeping with the UECS. For instance, the base station (e.g., base station 120)
transmits the indication to a coordinating UE (e.g., UE 111) as described at 425 of FIG. 4.

[0084] At 810, the base station transmits a set of downlink beam transmissions that cover a
spatial area according to pre-specified time intervals and directions. For example, the base station

(e.g., base station 120) transmits a set of downlink beam transmissions to the coordinating UE (e.g.,
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UE 111) and/or other UEs (e.g., UE 112) in the user-equipment-coordination set as described at 435
and at 440 of FIG. 4.

[0085] At 815, the base station receives, from the UECS, beam report information that
indicates beam quality information for at least two UEs in the UECS, the beam quality information
based on the set of downlink beam transmissions. For example, as described at 515 of FIG. 5, the
base station (e.g., base station 120) receives a beam report (e.g., a coordinated-user-equipment beam
report) from the coordinating UE (e.g., 111). Alternatively or additionally, the base station (e.g., base
station 120) receives a beam report from other UEs (e.g., UE 112) as described at 510 of FIG. 5.

[0086] At 820, the base station selects, based on the beam report information, one or more
beam identities that specify specific beams to be used by the at least two UEs. For instance, the base
station (e.g., base station 120) determines usable beams for the UEs (e.g., UE 111, UE 112) as
described at 525 of FIG. 5. Similarly, at 825, the base station selects, based on the beam report
information, one or more time slots that specify specific time slots to be used by the at least two UEs.
To illustrate, as described at 525 of FIG. 5, the base station (e.g., base station 120) determines time
slot(s) for the UEs (e.g., UE 111, UE 112). In some implementations, to determine the time slot(s)
and beam identities, the base station receives beamforming capability information of one or more user
equipments in the user-equipment-coordination set, such as from the coordinating user equipment,
and selecting the time slots and the beam identities based on the beamforming capability information.
For example, the base station can select time slots and beam identities that are compatible with the
beamforming capabilities of each UE in the user-equipment-coordination set.

[0087] The base station determines any combination of time slots and beam identities. For
example, the base station sometimes selects a first time slot for a first user equipment in the user-
equipment-coordination set and at least a second, different time slot for a second user equipment in

the user-equipment-coordination set. In selecting the beam identities, the base station sometimes
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selects a first beam identity for the first user equipment and at least a second beam identity for the
second user equipment, wherein the first beam identity corresponds to a first beam direction and the
second beam identity corresponds to a second beam direction. Other times, the base station selects a
same beam identity for each user equipment in the user-equipment-coordination set, wherein the same
beam identity corresponds to a same beam direction. As another example, the base station selects a
same time slot for at least two user equipments in the user-equipment-coordination set and selects
different beam identities for the at least two user equipments.

[0088] Alternatively or additionally, to determine the time slots and beam identities, the base
station receives a set of uplink beam transmissions from at least some user equipments in the user-
equipment-coordination set and generates uplink beam measurements for the set of uplink beam
transmissions. The base station then determines the one or more time slots and the one or more beam
identities based on the uplink beam measurements.

[0089] At 830, the base station directs the at least two UEs to use the specific beams at the
specific time slots by transmitting an indication of the one or more beam identities and the one or
more time slots to the at least two UEs. For example, as described at 530 of FIG. 5, the base station
(e.g., base station 120) transmits an indication of beam identities and time slots to the coordinating
UE (e.g., UE 111). Alternatively or additionally, the base station (e.g., base station 120) transmits,
directly to each UE in the AECS, a respective indication of a respective beam identity of the one or
more beam identities and a respective time slot of the one or more time slots as described at 535 of
FIG. 5.

[0090] 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
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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.

[0091] Although techniques and devices for UE-coordination set beam sweeping 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 enabling UE-coordination
set beam sweeping.

[0092] In the following, several examples are described:

[0093] Example 1: A method performed by a user equipment for beamformed joint
communication between a base station and multiple user equipments in a user-equipment-
coordination set, the method comprising: receiving an indication to coordinate beam sweeping with
the user-equipment-coordination set; in response to receiving the indication to coordinate beam
sweeping, directing, over a local wireless network connection, each user equipment in the user-
equipment-coordination set to perform a beam-training procedure that includes receiving, from the
base station, a set of downlink beam transmissions that cover a spatial area according to pre-specified
time intervals and directions; forwarding, to the base station and over a wireless network connection,
beam report information that indicates beam quality information based on the beam-training
procedure; in response to forwarding the beam report information, receiving, from the base station
and over the wireless network connection, an indication of one or more beam identities and one or

more assigned time slots; and directing at least two user equipments in the user-equipment-
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coordination set to use specific beams indicated by the one or more beam identities at specific time
slots indicated by the one or more assigned time slots by transmitting, over the local wireless network
connection, a respective beam identity of the one or more beam identities and a respective time slot
of the one or more assigned time slots to each user equipment of the at least two user equipments.

[0094] Example2: The method as recited in example 1, wherein transmitting the
respective beam identity comprises: transmitting a first beam identity to a first user equipment of the
at least two user equipments, and at least a second beam identity to a second user equipment of the at
least two user equipments, wherein the first beam identity corresponds to a first beam direction and
the second beam identity corresponds to a second beam direction; or transmitting a same beam
identity to each user equipment of the at least two user equipments, wherein the same beam identity
corresponds to a same beam direction.

[0095] Example 3: The method as recited in example 1 or example 2, wherein transmitting
the respective time slot to each user equipment of the at least two user equipments comprises:
transmitting a first assigned time slot to a first user equipment of the at least two user equipments,
and transmitting a second, different assigned time slot to a second user equipment of the at least two
user equipments; or transmitting a same time slot to each user equipment of the at least two user
equipments.

[0096] Example 4: The method as recited in any one of examples 1 to 3, wherein
forwarding the beam report information to the base station further comprises: selecting, by the user
equipment, a beam from the set of downlink beam transmissions; generating, by the user equipment,
a first beam report that includes an indication of the selected beam; and transmitting, over the wireless
network connection, the first beam report to the base station.

[0097] Example 5: The method as recited in example 4, further comprising: receiving, from

at least one user equipment in the user-equipment-coordination set, at least a second beam report
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based on the set of downlink beam transmissions; and transmitting, over the wireless network
connection and to the base station, the at least second beam report by: transmitting the second beam
report to the base station separately from the first beam report; or including the second beam report
in the first beam report transmitted to the base station.

[0098] Example 6:  The method as recited in any one of examples 1 to 5, where directing
each user equipment in the user-equipment-coordination set to perform the beam-training procedure
further comprises: directing each user equipment in the user-equipment-coordination set to transmit
uplink sounding reference signals in pre-specified time-varying directions that sweep the spatial area.

[0099] Example 7:  The method as recited in any one of examples 1 to 6, wherein the one
or more beam identities and the one or more assigned time slots correspond to one or more beam-
pairs, and the method further comprises: receiving, from a target user equipment in the user-
equipment-coordination set, a second indication to transmit an uplink communication to the base
station; and directing at least a subset of user equipments in the user-equipment-coordination set to
transmit the uplink communication to the base station using one or more uplink beams based on the
one or more beam-pairs.

[0100] Example 8: A method performed by a base station for configuring beamformed
joint communication between the base station and multiple user equipments in a user-equipment-
coordination set, the method comprising: transmitting, to a coordinating user equipment in the user-
equipment-coordination set, an indication to coordinate beam sweeping with the user-equipment-
coordination set; transmitting a set of downlink beam transmissions that cover a spatial area according
to pre-specified time intervals and directions; receiving, from the user-equipment-coordination set,
beam report information that indicates beam quality information for at least two user equipments in
the user-equipment-coordination set, the beam quality information based on the set of downlink beam

transmissions; selecting, based on the beam report information, one or more beam identities that
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specify specific beams to be used by the at least two user equipments; selecting, based on the beam
report information, one or more time slots that specify specific time slots to be used by the at least
two user equipments; and directing the at least two user equipments to use the specific beams at the
specific time slots by transmitting an indication of the one or more beam identities and the one or
more time slots to the at least two user equipments.

[0101] Example 9: The method as recited in example 8, further comprising: receiving,
from the coordinating user equipment, beamforming-capability information of one or more user
equipments in the user-equipment-coordination set, and wherein selecting the one or more beam
identities further comprises: selecting the one or more beam identities based on the beamforming-
capability information.

[0102] Example 10; The method as recited in example 8 or example 9, wherein selecting
the one or more time slots comprises: selecting a first time slot for a first user equipment of the at
least two user equipments and at least a second, different time slot for a second user equipment of the
at least two user equipments; or selecting a same time slot for the at least two user equipments.

[0103] Example 11: The method as recited in example 10, wherein selecting the one or more
beam identities comprises: selecting a first beam identity for the first user equipment and at least a
second beam identity for the second user equipment, wherein the first beam identity corresponds to a
first beam direction and the second beam identity corresponds to a second beam direction; or selecting
a same beam identity for the at least two user equipments, wherein the same beam identity
corresponds to a same beam direction.

[0104] Example 12: The method as recited in any one of examples 8 to 11, wherein selecting
the one or more beam identities and selecting the one or more time slots further comprise: receiving
a set of uplink beam transmissions from at least some user equipments in the user-equipment-

coordination set; generating uplink beam measurements for the set of uplink beam transmissions; and
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selecting the one or more beam identities and the one or more time slots based on the uplink beam
measurements.

[0105] Example 13: The method as recited in any one of examples 8 to 12, wherein directing
the at least two user equipments to use the specific beams at the specific time slots further comprises:
transmitting a respective beam identity of the one or more beam identities, and a respective time slot
of the one or more time slots, directly to each user equipment of the at least two user equipments; or
transmitting the indication of the selected one or more beam identities and the one or more time slots
to the coordinating user equipment for distribution to the at least two user equipments.

[0106] Example 14: A user equipment apparatus comprising: at least one 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 examples 1 to 7 using the at least one wireless transceiver.

[0107] Example 15: A base station apparatus comprising: at least one wireless transceiver;
a processor; and computer-readable storage media comprising instructions, responsive to execution
by the processor, for directing the base station apparatus to perform any one of the methods recited
in examples 8 to 13 using the at least one wireless transceiver.

[0108] Example 16: A method performed by a user equipment for beamformed joint
communications, between a base station and multiple user equipments in a user-equipment-
coordination set, the method comprising: receiving, over a local wireless network connection and
from a coordinating user equipment of the user-equipment-coordination set, a message directing the
user equipment to perform a beam-training procedure comprising: generating at least one uplink beam
transmission according to a pre-specified time slot and direction; or generating a beam report on at
least one downlink beam transmission and transmitting the beam report to the coordinating user

equipment or the base station; receiving a beam identity and an assigned time slot corresponding to a
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specific beam; and participating in the joint communications using the specific beam by: transmitting,
to the base station and using the specific beam, uplink communications for a target user equipment in
the user-equipment-coordination set; or receiving, from the base station and using the specific beam,
downlink communications for the target user equipment.

[0109] Example 17: The method as recited in example 16, wherein participating in the joint
communications further comprises: receiving uplink data from the coordinating user equipment over
the local wireless network connection; and transmitting the uplink data using the specific beam.

[0110] Example 18: The method as recited in example 16, wherein participating in the joint
communications further comprises: receiving, from the base station, downlink signals using the
specific beam; and transmitting, using the local wireless network connection, the downlink signals to
the coordinating user equipment.

[0111] Example 19: The method as recited in any one of examples 16 to 18, wherein the
beam-training procedure further comprises: transmitting the beam report to the coordinating user
equipment using the local wireless network connection; or transmitting the beam report to the base
station using a wireless network connection.

[0112] Example 20: The method as recited in any one of examples 8 to 12, further
comprising: receiving, directly from at least a second user equipment in the user-equipment-
coordination set, beamforming-capability information of at least the second user equipment, and
wherein selecting the one or more beam identities and selecting the one or more time slots further
comprise: selecting the one or more beam identities and the one or more time slots based on the
beamforming-capability information of the second user equipment.

[0113] Example 21: A method performed by a user equipment for coordinating joint
communications, between a base station and multiple user equipments in a user-equipment-

coordination set, the method comprising: receiving an indication to coordinate beam sweeping with

41



WO 2020/186097 PCT/US2020/022460

the user-equipment-coordination set; in response to receiving the indication to coordinate beam
sweeping, directing, over a local wireless network connection, each user equipment in the user-
equipment-coordination set to perform a beam-training procedure that includes receiving, from the
base station, a set of downlink beam transmissions that cover a spatial area according to pre-specified
time intervals and directions; forwarding, to the base station and over a wireless network connection,
beam report information based on the beam-training procedure; in response to forwarding the beam
report information, receiving, from the base station and over the wireless network connection, user-
equipment-coordination set beam information; selecting, based on the user-equipment-coordination
set beam information, one or more beam identities and one or more time slots that specify one or
more specific beams; and transmitting, over the local wireless network connection, a respective beam
identity of the one or more beam identities and a respective time slot of the one or more time slots to
at least one user equipment of the user-equipment-coordination set.

[0114] Example 22: The method as recited in example 21, further comprising: forwarding
the selected one or more beam identities and the selected one or more time slots to the base station.

[0115] Example 23: The method as recited in example 21 or example 22, further
comprising: directing each user equipment in the user-equipment-coordination set to transmit a set of
uplink beam transmissions that cover the spatial area according to the pre-specified time intervals and
directions as part of the beam-training procedure.

[0116] Example 24: A method performed by a base station for coordinating joint
communications between the base station and multiple user equipments in a user-equipment-
coordination set, the method comprising: indicating, to a coordinating user equipment in the user-
equipment-coordination set, to coordinate beam sweeping with the user-equipment-coordination set;
transmitting a set of downlink beam transmissions that cover a spatial area according to pre-specified

time intervals and directions; receiving, from one or more user equipments in the user-equipment-
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coordination set, beam report information based on the set of downlink beam transmissions; analyzing
the beam report information to identify one or more possible beam identities and one or more possible
time slots that define possible specific beams for the joint communications; forwarding a first
indication of the one or more possible beam identities and the one or more possible time slots to the
coordinating user equipment; receiving, from the coordinating user equipment, a second indication
of one or more selected beam identities and one or more selected time slots for the joint
communications; and processing the joint communications using one or more beams specified by the
one or more selected beam identities and the one or more selected time slots by: transmitting, using
the one or more beams, downlink communications for a target user equipment in the user-equipment-
coordination set; or receiving, using the one or more beams, uplink communications from the target
user equipment.

[0117] Example 25: The method as recited in example 3, wherein transmitting the
respective beam identity and the respective time slot further comprises: directing the first user
equipment to jointly receive downlink communications using a first specific beam identified by the
first beam identity and at a first specific time slot identified by the first assigned time slot; and
directing the second user equipment to jointly receive the downlink communications using a second
specific beam identified by the second beam identity and at second specific time slot identified by the
second assigned time slot.

[0118] Example 26: A computer-readable medium comprising instructions that, responsive
to execution by a processor, cause a method as recited in any one of examples 1 to 12 or examples 16

to 25 to be performed.
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CLAIMS

1. A method performed by a user equipment for beamformed joint communication
between a base station and multiple user equipments in a user-equipment-coordination set, the method
comprising:

receiving an indication to coordinate beam sweeping with the user-equipment-coordination
set;

in response to receiving the indication to coordinate beam sweeping, directing, over a local
wireless network connection, each user equipment in the user-equipment-coordination set to perform
a beam-training procedure that includes receiving, from the base station, a set of downlink beam
transmissions that cover a spatial area according to pre-specified time intervals and directions;

forwarding, to the base station and over a wireless network connection, beam report
information that indicates beam quality information based on the beam-training procedure;

in response to forwarding the beam report information, receiving, from the base station and
over the wireless network connection, an indication of one or more beam identities and one or more
assigned time slots; and

directing at least two user equipments in the user-equipment-coordination set to use specific
beams indicated by the one or more beam identities at specific time slots indicated by the one or more
assigned time slots by transmitting, over the local wireless network connection, a respective beam
identity of the one or more beam identities and a respective time slot of the one or more assigned time

slots to each user equipment of the at least two user equipments.
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2. The method as recited in claim 1, wherein transmitting the respective beam identity
comprises:

transmitting a first beam identity to a first user equipment of the at least two user equipments,
and at least a second beam identity to a second user equipment of the at least two user equipments,
wherein the first beam identity corresponds to a first beam direction and the second beam identity
corresponds to a second beam direction; or

transmitting a same beam identity to each user equipment of the at least two user equipments,

wherein the same beam identity corresponds to a same beam direction.

3. The method as recited in claim 1 or claim 2, wherein transmitting the respective time
slot to each user equipment of the at least two user equipments comprises:

transmitting a first assigned time slot to a first user equipment of the at least two user
equipments, and transmitting a second, different assigned time slot to a second user equipment of the
at least two user equipments; or

transmitting a same time slot to each user equipment of the at least two user equipments.

4. The method as recited in any one of claims 1 to 3, wherein forwarding the beam report
information to the base station further comprises:

selecting, by the user equipment, a beam from the set of downlink beam transmissions;

generating, by the user equipment, a first beam report that includes an indication of the
selected beam; and

transmitting, over the wireless network connection, the first beam report to the base station.
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5. The method as recited in claim 4, further comprising:
receiving, from at least one user equipment in the user-equipment-coordination set, at least a
second beam report based on the set of downlink beam transmissions; and
transmitting, over the wireless network connection and to the base station, the at least second
beam report by:
transmitting the second beam report to the base station separately from the first beam
report; or
including the second beam report in the first beam report transmitted to the base

station.

6. The method as recited in any one of claims 1 to 5, where directing each user equipment
in the user-equipment-coordination set to perform the beam-training procedure further comprises:
directing each user equipment in the user-equipment-coordination set to transmit uplink

sounding reference signals in pre-specified time-varying directions that sweep the spatial area.

7. The method as recited in any one of claims 1 to 6, wherein the one or more beam
identities and the one or more assigned time slots correspond to one or more beam-pairs, and the
method further comprises:

receiving, from a target user equipment in the user-equipment-coordination set, a second
indication to transmit an uplink communication to the base station; and

directing at least a subset of user equipments in the user-equipment-coordination set to
transmit the uplink communication to the base station using one or more uplink beams based on the

one or more beam-pairs.
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8. A method performed by a base station for configuring beamformed joint
communication between the base station and multiple user equipments in a user-equipment-
coordination set, the method comprising:

transmitting, to a coordinating user equipment in the user-equipment-coordination set, an
indication to coordinate beam sweeping with the user-equipment-coordination set;

transmitting a set of downlink beam transmissions that cover a spatial area according to pre-
specified time intervals and directions;

receiving, from the user-equipment-coordination set, beam report information that indicates
beam quality information for at least two user equipments in the user-equipment-coordination set, the
beam quality information based on the set of downlink beam transmissions;

selecting, based on the beam report information, one or more beam identities that specify
specific beams to be used by the at least two user equipments;

selecting, based on the beam report information, one or more time slots to be used by the at
least two user equipments; and

directing the at least two user equipments to use specific beams indicated by the one or more
beam identities at specific time slots indicated by the one or more assigned time slots by transmitting
an indication of the one or more beam identities and the one or more time slots to the at least two user

equipments.

9. The method as recited in claim 8, further comprising:

receiving, from the coordinating user equipment, beamforming-capability information of one
or more user equipments in the user-equipment-coordination set, and

wherein selecting the one or more beam identities further comprises:

selecting the one or more beam identities based on the beamforming-capability information.
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10. The method as recited in claim 8 or claim 9, wherein selecting the one or more time
slots comprises:

selecting a first time slot for a first user equipment of the at least two user equipments and at
least a second, different time slot for a second user equipment of the at least two user equipments; or

selecting a same time slot for the at least two user equipments.

11. The method as recited in claim 10, wherein selecting the one or more beam identities
comprises:

selecting a first beam identity for the first user equipment and at least a second beam identity
for the second user equipment, wherein the first beam identity corresponds to a first beam direction
and the second beam identity corresponds to a second beam direction; or

selecting a same beam identity for the at least two user equipments, wherein the same beam

identity corresponds to a same beam direction.

12.  The method as recited in any one of claims 8 to 11, wherein selecting the one or more
beam identities and selecting the one or more time slots further comprise:

receiving a set of uplink beam transmissions from at least some user equipments in the user-
equipment-coordination set;

generating uplink beam measurements for the set of uplink beam transmissions; and

selecting the one or more beam identities and the one or more time slots based on the uplink

beam measurements.
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13. The method as recited in any one of claims 8 to 12, wherein directing the at least two
user equipments to use the specific beams at the specific time slots further comprises:

transmitting a respective beam identity of the one or more beam identities, and a respective
time slot of the one or more time slots, directly to each user equipment of the at least two user
equipments; or

transmitting the indication of the selected one or more beam identities and the one or more

time slots to the coordinating user equipment for distribution to the at least two user equipments.

14. A user equipment apparatus comprising:

at least one 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 7 using the at least one wireless transceiver.

15. A base station apparatus comprising:

at least one wireless transceiver;

a processor; and

computer-readable storage media comprising instructions, responsive to execution by the
processor, for directing the base station apparatus to perform any one of the methods recited in claims

8 to 13 using the at least one wireless transceiver.

49



WO 2020/186097

PCT/US2020/022460

( 5G Core Network
150

Access and )
Mobility
Management
Function (AMF)

N

Evolved Packet h

Core Network
160

152

Mobility and

Management

Entity (MME)
162




WO 2020/186097 PCT/US2020/022460

2/8
200 ~
120

110~ ) ()

\
/ \
/ //

202~ ! ‘ 252

[ Radio Frequency Front End ] [ Radio Frequency Front End ]
L 204 k 254
( LTE Transceiver ) ( LTE Transceiver(s) ]
\ 206 ‘ 256
( 5G NR Transceiver ) [ 5GNR Transceiver(s) )
L 208 | 258
( Local Wireless ) ( Processor(s) )
Network Transceiver L 260
210 -
\ Computer-Readable
f Sensor(s) ) Storage Media
212 262
- N ( Device Data
Processor(s) 264
\ M > —
. \ [ Base Station Manager )
Computer-Readable 266
Storage Media \ m—
216 ( Codebook
( Device Data \ 222
k 218 ‘
- - [ Inter-Base Station Interface ]
Beamforming Manager ] 268
\ 220 ) —
r Codebook ] Core Netv;c;rcl; Interface
. 222 = —

Fig. 2



WO 2020/186097 PCT/US2020/022460

3/8

300
X

326

Fig. 3



WO 2020/186097 PCT/US2020/022460

4/8
400 ~y
UE Coordinating UE Base Station
12 111 120
410 405
- — g
Message to join UE-Coordination Set
415
Direct to Act as Coordinating UE
420 425
— — pPgt—————"————— — — — —
UL data for joint transmission Indication to coordinate joint reception
30 of DL data for target UE
< 4350
Request to perform beam-training
procedure
Beam-Training >
Procedure <4+ - ————-————-———fF - - ===
435 Beam-Training -
Procedure q———————— — — -
440
_____________ q=-t-———————————————
|
|
—_
r 71
To5 To 6

Fig. 4



WO 2020/186097 PCT/US2020/022460

5/8

From 4

UE Coordinating UE Base Station
12 111 120

505

L.

Beam report

510

_B -——— _rt —————————————————————————— >

eam repo 515
-
Beam report

Determine usable beams

220
1
Specify time slots and beam IDs
925
30
«_ 22 _ _ _________]| ~———————————— —
540 Beam IDs and assigned time slots
-t
Beam ID and assigned time slot
545
L
UL data
250
L
UL data
255
%t ————————— — — — — — e ———-—=-—=-—=-—=—=—=—=—=—=—=—4H
DL data

Fig. 5



WO 2020/186097 PCT/US2020/022460

6/8

From 4

UE Coordinating UE Base Station
12 111 120
505
-
Beam report 510
— P
Beam report
605
UE-Coordination Set Beam information

Coordinate beams for UE-
Coordination Set

610
615
- - - -
Coordinated beam information
240
Beam ID and assigned time slot
245
P
UL data
290
.
UL datfa
255
€t - ————————— — — — — P i
DL data

Fig. 6



WO 2020/186097 PCT/US2020/022460

718
700 —a

Receive an indication to coordinate beam sweeping with a UECS
705

Direct each UE in the UECS to perform a beam-training procedure that includes
receiving a set of downlink beam transmissions that cover a spatial area according
to pre-specified time intervals and directions
710

Forward, to a base station beam report information that indicates beam quality
information based on the beam-training procedure
715

'

Receive, from the base station, an indication of one or more beam identities and
one or more assigned time slots
720

Direct at least two UEs in the UECS to use specific beams
indicated by the one or more beam identities at specific time slots
indicated by the one or more assigned time slots
125

Fig. 7



WO 2020/186097 PCT/US2020/022460

8/8
800 —a

Transmit, to a coordinating UE in a UECS, an indication to coordinate
beam sweeping with the UECS
805

Transmit a set of downlink beam transmissions that cover a spatial
area according to pre-specified time intervals and directions
810

-
Receive, from the UECS, beam report information that indicates beam

quality information for at least two UEs in the UECS, the beam quality
information based on the set of downlink beam transmissions
815

Y

Select, based on the beam report information, one or more beam
identities that specify specific beams to be used by the at least two UEs
820

\\

r

Select, based on the beam report information, one or more time slots

that specify specific time slots to be used by the at least two UEs
825

Direct the at least two UEs to use the specific beams at the specific
time slots by transmitting an indication of the one or more beam
identities and the one or more time slots to the at least two UEs

830

Fig. 8



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/022460

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4B7/024 HO4B7/0452
ADD.

HO4B7/026

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

page 4, line 6 - Tine 31

page 14, line 6 - page 23, line 16

X WO 2018/010818 Al (ERICSSON TELEFON AB L M 1-15
[SE]) 18 January 2018 (2018-01-18)
page 2, line 15 - line 20; figures 1,2,4-6

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

14 May 2020

Date of mailing of the international search report

26/05/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bauer, Frédéric

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2020/022460
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2018010818 Al 18-01-2018 CN 110291725 A 27-09-2019
EP 3485580 Al 22-05-2019
US 2019312616 Al 10-10-2019
WO 2018010818 Al 18-01-2018

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - wo-search-report
	Page 61 - wo-search-report

