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UPLINK CONTROL INFORMATION MULTIPLEXING RULE FOR
SIMULTANEQUS UPLINK CONTROL CHANNEL AND UPLINK SHARED
CHANNEL TRANSMISSION

FIELD OF TECHNGLOGY

{0061} The following relates generally to wireless commumnications and more specifically
to an uplink control information (UCT) multiplexing rule for simultaneous uplink control

channel and uplink shared channel transmission.

BACKGROUND

10602} Wireless communications systems are widely deploved to provide various types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be capable of supporting communication with multiple users by shanng
the available system resources {e.g., time, frequency, and power). Examples of such multiple-
access systems include fourth generation (4G) systems such as Long Term Evolution (L TE)
systems, LTE-Advanced (ETE-A) syvstems, or LTE-A Pro systems, and fifth generation (5G}
systems which mav be referred to as New Radio (NR) systems. These systems may employ
technologies such as code division multiple access {(CDMA), time division multiple access
{TDMA), frequency division multiple access (FDMA), orthogonal FOMA (OFDMA), or
discrete Fourter transform spread orthogonal frequency division multiplexing (DFT-S-
OFDM). A wireless multiple-access communications system may include one or more base
stations or one or more network access nodes, cach simultancously supporting
communication for maltiple communication devices, which may be otherwise known as user

equipment {(UE).
SUMMARY

EEIRY The described technigues relate to mproved methods, systems, devices, and
apparatuses that support an upliok control information (UCT) multiplexing rule for
simultancous uplink control channcl and uplink shared chaone! transmission. Generally, the
described techmigues provide for a user equipment (UE) to determine a capability to support a
mode of UCH transmission corresponding to transmitting the UCE on an uplink control
channel {¢.g., a physical uplink control channel (PUCCH)) and an uphink signal on an uplink

shared chanocl {¢.g., a physical uplink shared channel (PUSCH)}) when the resources of the
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PUCCH and the resources of the PUSCH are at least partially overlapping. In some cases, the
UE may be capable of performing one or more modes of UCH transmission. For example, in a
first UCT transmission mode, the UE may transmit UCHon a PUCCH with rescurces (e.g.,
time-frequency resources) that overlap with a PUSCH. In another UCH transmission mode,
the UE may multiplex the UCI in the PUSCH and, in some cases, may drop the PUCCH. In
some cases, the UE may transmit an mndication of the capability to a base station. In some
exarnples, the base station may transont a configuration indicating to the UE to use a UCI
transmission mode. The UE may transmit UCT on the PUCCH and uplink signal on the
PUSCH based on the configuration from the base station, which may improve reliability

{¢.g., coverage) at the UE.

(004} A method of wireless communications at a UE 1s described. The method may
melude determining a capability of the UE to perform at least a first mode of UCI
transmission and a second mode of UCT transmission, the first mode corresponding to
transmission of UCK on an uphink control channel that overlaps in time at least in part with an
uplink shared channel, and the second mode corresponding to transmission of the UCH
multiplexed on the uplink shared chanwvel, receiving, from a base station, a configuration
mdicating that the UE is to use the first mode of UL transmission, and transmitting, based on
the received configuration, the UCT on the uplink control channcl and an uplink signal on the

uplink shared channel.

[0603] An apparatus for wireless communications at a UE is described. The apparatus
may include a processor, memory coupled with the processor, and mstructions stored in the
memory. The mstructions may be executable by the processor to cause the apparatus to
determine a capability of the UE to perfoum at least a first mode of UCH transmission and a
second mode of UCT transmission, the first mode corresponding to transnussion of UCT on an
uplink control channel that overlaps in time at least in part with an uplink shared channel, and
the second mode corresponding to transmission of the UCH multipiexed on the uplink shared
channel, receive, from a base station, a configuration mdicating that the UE is to use the first
mode of UCT transmission, and transmit, based on the received configuration, the UCK on the

uplink controi channel and an uplink signal on the uplink shared channel.

{00056] Another apparatus for wireless commanications at a UE 1s described. The

apparatus may nchide means for determining a capability of the UE to perform at least a first
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mode of UCH transmission and a second mode of UCH transmission, the first mode
corresponding to transmission of UCT on an uplink control channel that overlaps in time at
least in part with an uplink shared channel, and the second mode corresponding to
transmssion of the UCT multiplexed on the uplink shared channel, receiving, from a base
station, a configuration indicating that the UE 1s to use the first mode of UCH transmission,
and transnutting, based on the received configuration, the UCK on the uphink control channel

and an uplink signal oo the uplink shared channel.

16607] A non-transitory computer-readable medium storing code for wireless
communications at a UE s described. The code may include instrauctions executable by a
processor to determing a capability of the UE o perform at least a first mode of UCH
transmission and a second mode of UCH transnussion, the first mode corresponding to
transmission of UCH on an uplink control channel that overlaps in time at least in part with an
uplink shared channel, and the second mode corresponding to transmission of the UCT
multiplexed on the uplink shared channel, receive, from a base station, a configuration
mdicating that the UE 15 to use the first mode of UCH transmission, and transmit, based on the
received configuration, the UCT on the uplink control channel and an aplink signal on the

uplink shared chanpel.

[3008] Some examples of the method, apparatuses, and non-transitory computer-readable
mediam described herein may further include operations, features, means, or instructions for

transmitting, to the base station, an indication of the determined capability,

{0609 Some examples of the method, apparatuses, and non-transiiory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that the uplink control channel and the uplink shared channel may be configured
on a same serving cell, where the capability of the UE may be deteronuned based on the uplink

control channel and the uplink shared channel being configured on the same serving cell.

{8014} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that the uplink control channel may be configured on a first serving cell and the
uplink shared channel may be configured on a second serving cell different than the first
serving cell, where the capability of the UE may be determined based on the uplink countrol

channel being configured on a different serving cell than the uplink shared chanoel.
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{0011} Some examples of the method, apparatuses, and non-transitorv computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that the uplink control channel overlaps in time at least in part with the uplink
shared channel during a time penod, where the uplink control channel and the uplink shared

channel may be configured on the same serving cell.

[6012] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
dropping a scheduling request based on the uplink control channel ovedapping with the

uplink shared channel during the time period.

013} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for

determining an absence of a second type of channel state information (USI) reporting during

the time period, and multiplexing a first type of CSI reporting based on the absence of the

second type of TSI reporting,.

[6014] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining the uplink control channel does not overlap in time with the uplink shared
channel during a time pericd, and transmitting, to the base station, a scheduling request based
on the uplink control channel not overlapping v time with the uplink shared channel dunng

the time period.

01 5] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for

receiving the configuration via radio resource control {RRC) signaling.

08016} A method of wirgless communications at a base station is described. The method
may include determining a capability of a UE to perform at least a first mode of UCE
transmission and a second mode of UCH transnussion, the first mode corresponding to
transmission of UCT on an uplink control channel that overlaps at least in part an uplink
shared channel, and the second mode corresponding to transmission of the UCT mudtiplexed
on the uplink shared channel, transmitting, to the UE, a configuration ndicating that the UE

1s to use the first mode of UCK transmission, and receiving, based on the transmitted
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configuration, the UCH on the uplink control channel and an uplink signal on the uplink

shared channel.

{0617} An apparatus for wireless communications at a base station 1s described. The
apparatus may include a processor, memory coupled with the processor, and instructions
stored in the memory. The instructions may be executable by the processor to cause the
apparatus to determine a capability of a UE to perform at least 3 first mode of UCH
transmission and a second mode of UCH transmission, the first mode corresponding to
transmission of UCH on an uplink control channel that overlaps at least in part an uphink
shared channel, and the second mode corresponding to transmission of the UCT multiplexed
on the uplink shared channel, transmit, o the UE, a configuration mndicating that the UE (s to
use the first mode of UCT transmission, and receive, based on the transmitted configuration,

the UCT on the uplink control channel and an uphink signal on the uplink shared channel.

{0018] Another apparatus for wircless communications at a base station is described. The
apparatus may include means for determining a capabihity of a UE to perform at least a first
mode of UCH transmission and a second mode of UCT transmission, the first mode
corresponding to transmission of UCH on an uplink control channel that overlaps at least in
part an uplink shared channel, and the second mode corresponding to transmassion of the UCT
multiplexed on the uplink shared channel, transmitting, to the UE, a configuration indicating
that the UE is to use the first mode of UCH transmission, and receiving, based on the
transmitted configuration, the UCH on the uplink control channel and an uplink signal on the

uplink shared channel.

{6019} A non-transitory computer-readable medium storing code for wireless
communications at a base station is described. The code may include mstructions executable
by a processor to determine a capability of a UE 1o perform at least a first mode of UCH
transmission and a second mode of UCT transmission, the first mode corresponding to
transmission of UCH on an uplink control channel that overlaps at least in part an uphink
shared channel, and the second mode corresponding to transmission of the UCHE multiplexed
on the uplink shared channel, transmit, to the UE, a configuration mndicating that the UE (s to
use the first mode of UCT transmission, and receive, based on the transmitted configuration,

the UCT on the uplink control channel and an uphink signal on the uphink shared channel.
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{0020] Some examples of the method, apparatuses, and non-transitorv computer-readable
medium described herein may further include operations, features, means, or instructions for

recetving, from the UE, an indication of the determmed capability.

{0021} In some exampies of the method, apparatuses, and non-transitory computer-
readable medium described herein, the configuration may be transmitted based on the uplink

control channel lacking a beam configuration.

{6622} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that the uplink countrol channel and the uplink shared channel may be configured
on a same serving cell, where the capability of the UE may be determined based on the uplink

control channel and the uplink shared channel being configuired on the same serving ecll.

{6623} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or mstractions for
determining that the uplink control channel may be configured on a first serving cell and the
uplink shared channel may be configured on a sccond serving ccll different than the first
serving cell, where the capabilitv of the UE may be determined based on the uplink control

channel being configured on a different serving cell than the uplink shared channel.

{6624} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that the uplink control channel overlaps in time af least in part with the uplink
shared channel during a time period, where the uplink control channel and the uphink shared

channel may be configured on the same serving cell.

{8625} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
recetving, from the UE, a multiplexed transmission mclading a first type of CSI reporting

o0

based on an absence of a second type of CSI reporting.
06026} In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, the first tvpe of US1 reporting may be penodic and the

second type of CSI may be apeniodic or semi-persisient.
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[6627] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
receiving, from the UE, a scheduling request based on the uplink controel channel not

overlapping in time with the uplink shared channel during a time period.

6028} Some examples of the method, apparatuses, and non-transitory computer-readable
mediam described herein may further include operations, features, means, or instructions for

transmitting the configuration via RRC signaling.
BRIEF DESCRIPTION OF THE DRAWINGS

[6029] FiGs. 1 and 2 illustrate examples of wireless communications systems that support
an uplink control information (UCH multiplexing rule for simulianeous uplink control
channel and uplink shared channel transmission 1n accordance with aspects of the present

disclosure.

{0030} FIGs. 3 and 4 illustrate examples of processing timelines that support a UCH
multiplexing rule for simultaneous uplink control channel and uplink shared channel
transmission in accordance with aspects of the present disclosure.

3

16631} FIG. § illustrates an example of a process flow that supports a UCE multiplexing
rule for simultanecus aplink control channel and uplink shared channel transmission in

accordance with aspects of the present disclosure.

{0032} FIGs. 6 and 7 show block diagrams of devices that support a UCT multiplexing
rule for simultancous uplink control channel and uplink shared channel transmission in

accordance with aspects of the present disclosure.

{6633} FIG. 8 shows a block diagram of a commumnications manager that supports a UCI

multiplexing rule for simultancous uplink control channel and uplink shared channel

transmission in accordance with aspects of the present disclosure.

{0034] FIG. 9 shows a diagram of a system including a device that supports a UCH
multiplexing rule for simultaneous uplink control channel and uphink shared channel

transnussion in accordance with aspects of the present disclosure.
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{0035] FIGs. 10 and 11 show block diagrars of devices that support a UCT multiplexing
rule for simultancous uplink control chanunel and uplink shared channel transmission in

accordance with aspects of the present disclosure.

{0036] FIG. 12 shows a block diagram of a coramunications manager that supports a UCH
multiplexing role for simultancous uplink control channel and uplink shared channel

transmission in accordance with aspects of the present disclosure.

{8637} FIG. 13 shows a diagram of a system including a device that supports a UCH
multiplexing rule for simultancous uplink control channel and uplink shared channel

transmission in accordance with aspects of the present disclosure.

{3038} Fi(s. 14 through 17 show flowcharts tHustrating methods that support a UCI
multiplexing rule for simultancous uplink control channetl and uplink shared channel

transmussion in accordance with aspects of the present disclosure.
DETAILED DESCRIPTION

{039] In some examples, a user equipment {UE) may receive one or more downlink
control mformation (DCI) messages from a base station. For example, the UE may receive
DI associated with an uplink shared channel (¢.g., a physical uplink shared channel
(PUSCH)) transmission and DCI associated with a downhink shared channel {¢.g., a physical
downlink shared channel (PDSCH)) transmission. The UE may attempt to transot uplink
control mformation (UCT) (e.g., a feedback message, a scheduling request, a channel state
mformation {CSI) report, or the like) i response to the PDSCH transmission on an uphink
control channel {¢.g., a physical uplink control channel (PUCCH)) and an uphink signal (e.g.,
mcluding control imformation or data) on the PUSCH. In some cases, the UE may multiplex
at least a portion of the UCT and the uphink signal on the PUSCH when resources, such as
tme-froquency resources, associated with the PUCCH overlap with resources associated with
the PUSCH. In some other cases, the resources associated with the PUCCH may not overlap
with the resources associated with the PUSCH. However, the UE may multiplex
acknowledgement fecdback information, CSL or both i the PUSCH, and may drop the
PUCCH, including any other UCH that would have been transmitted on the PUCCH, which

may cause inefficient communication (e.g.. due to retransmission of UCH.

PCT/CN2020/098294
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{06040] As described herein, a UE may determine a capability to support a mode of UCI
transmission corresponding to transmitting the UCT on a PUCCH and an uplink signal on a
PUSCH concurrently when the resources of the PUCCH and the resources of the PUSCH are
at least partially overlapping in time, which may mmprove reliability {¢.g., coverage) at the
UE. In some cases, the UE may be capable of performing one or more modes of UCH
transmission. For example, in a UCT transnmussion mode, the UE may transmit UCIon g
PUCCH with resources {e.g.. time-frequency rescurces) that overlap with a PUSCH and may
also transmit the overlapped PUSCH. In another UCH transoussion mode, the UE may

multiplex the UCH in the overlapped PUSCH and, 1n some cases, may drop the PUCCH.

[6041] In some cases, the UE may transmit an indication of the capability to a base
station. fn some examples, the base station may transmit a configuration indicating to the UE
to use a UCT transmission mode. The UE may transnut UCH on the PUCCH and uplink signal
on the PUSCH based on the configuration of the UCT transmission mode from the base
station. In some cases, the base station may transmit the configuration to the UE via RRC
signaling. In some examples, the UE may receive an RRC configuration from the base station
if a serving cell of the PUCCH 1s not configured with a tranamission control information
(TCY) state (e.g., the PUCCH may lack a beam configuration). In some cases, the PUCCH
and the PUSCH may be associated with the same serving cell. In some other cases, the

PUCCH and the PUSCH may be associated with different serving cells,

[6642] Aspects of the disclosure are initially described in the context of wireless
communications svstems. Additional aspects of the disclosure are described with reference 1o
processing timelines and a process flow. Aspects of the disclosure are further ilhustrated by
and described with reference o apparatus diagrams, system diagrams, and flowcharts that
relate to a UCT multiplexing rule for simultaneous uplink control channel and uplink shared

channel transmission.

[6643] FIG. 1 tllustrates an example of a wireless commumications svstem 100 that
supports UCT multiplexing rule for simultaneous uplink control channel and uphink shared
channel transmission in accordance with aspects of the present disclosure. The wireless
coramunications system 100 may include one or more base stations 105, one or more UEs
113, and a core network 130. In some examples, the wireless communications system 100

may be a Long Term Evolution (LTE) network, an LTE-Advanced (L TE-A) network, an
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LTE-A Pronetwork, or a New Radio (NR) actwork. In some examples, the wirgless
communications system 100 may support enhanced broadband commumications, ultra-
reliable {e.g., mission critical} communications, low latency communications,

ot

communications with low-cost and low-complexity devices, or any combination thereof.

0044} The base stations 105 may be dispersed throughout a geographic area to form the
wireless communications system 100 and may be devices in differont forms or having
different capabilitics. The base stations 105 and the UEs 115 may wirclessly conmmunicate
via one or more communication links 125, Each base station 105 may provide a coverage
area 110 over which the UEs 115 and the base station 105 may establish one or more
communication links 125. The coverage arca 110 may be an example of a geographic area
over which a base station 105 and a UE 1135 may support the communication of signals

according to one or more radio access technologies.

{0045} The UEs 115 may be dispersed throughout a coverage arca 110 of the wircless
communications svstem 100, and each UE 115 may be stationary, or mobile, or both at
different times. The UEs 115 may be devices in different forms or having different
capabilitics. Some example UEs 1135 are illustrated in FIG. 1. The UEs 115 described herein
may be able to communicate with varous types of devices, such as other Uls 115, the base
stations 103, or network equipment (¢.g., core network nodes, relay devices, mtegrated access

and backhaul (JAB) nodes, or other network equipment), as shown 1o FIG. 1.

{6046} The base stations 105 may communicate with the core network 130, or with one
another, or both. For example, the base stations 105 may interface with the core network 130
through one or more backhaul links 120 (e.g., via an 81, N2, N3, or other mmterface). The base
stations 105 mav communicate with one another over the backhaul links 120 (e.g., via an X2,
Xn, or gther interface) either directly (e.g., directly between base stations 103}, or indirectly
{¢.g., via core network 130), or both. In some examples, the backbaul hinks 120 may be or

mchude one or more wireless inks.

{0047} One or more of the base stations 105 described herein may include or may be
referred to by a person having ordinary skill in the art as a base transceiver station, a radio
base station, an access point, a radio transceiver, a NodeB, an eNodeB (eNB), a next-
generation NodeB or a giga-NodeB {either of which may be referred to as a gNB), a Home

MNodeB, a Home cNodeB, or other suitable terminology.

10
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{0048} A UE 115 may include or may be referred to as a mobile device, a wireless
device, a remote device, a handheld device, or a subscriber device, or some other suitable
terminology, where the “device” may also be referred {0 as a unit, a station, a termunal, or a
client, among other examples. A UE 115 may also include or may be referred to as a personal

5 clectronic device such as a cellular phone, a personal digital assistant (PDA), a tablet
computer, a laptop computer, or a personal computer. In some examples, a UE 115 may
mnclude or be referred to as a wircless local loop (WLL) station, an Internet of Things (o)
device, an Interoet of Everything (IoE) device, or a machine type communications (MTC)
device, among other examples, which may be implemented in various objects such as

10 appliances, or vehicles, meters, among other examples.

(30349} The UEs 115 described herein may be able to communicate with various tvpes of
devices, such as other UEs 115 that mav sometimes act as relays as well as the base stations
1035 and the network equipment including macro ¢NBs or gNBs, small celi ¢eNBs or gNBs, or

relay base stations, among other examples, as shown in FIG. 1.

ot
(v

HE ! The UEs 115 and the base stations 105 may wirelessly communicate with one
another via one or more communication links 125 over one or more carriers. The term
“carrier” may refer to a set of radio frequency spectrum resources having a defined physical
layer structare for supporting the communication links 125, For example, a carrier used for a
commumnication link 125 may mchude a portion of a radio frequency spectrum band {e.g., a
20 bandwidth part (BWP)) that is operated according to one or more physical layer channels for
a given radio access technology {e.g., LTE, LTE-A, LTE-A Pro, NR). Fach physical laver
channel may carry acquisition signaling {e.g., synchromzation signals, svstem mformation),
control signaling that coordinates operation for the carrier, user data, or other signaling. The

wireless communications system 100 may support communication with a UE 115 using

N2
(]

carrier aggregation or multi-carrier operation. A UE 115 may be configured with multiple
downlink component carriers and one or more uplink component carriers according to a
carrier aggregation configuration. Carrier aggregation may be used with both frequency

division duplexing (FDD) and time division duplexing (TDD) component camiers.

{0051 In some examples {c.g., in a carrier aggregation configuration), a carrier may also
30 have acquisition signaling or control signaling that coordinates operations for other carners.

A carrier may be associated with a frequency channel (e.g., an evolved universal mobile
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telecommunication system terrestrial radio access (E-UTRA} absolute radio frequency
channel mnber (EARFCN)) and may be positioned according 1o a channel raster for
discovery by the UEs 115, A carrier may be operated in a standalone mode where initial
acquisition and connection may be conducied by the UEs 115 via the carrier, or the carrier
may be operated in a non-standalone mode where a connection is anchored using a differcnt

carnier {¢.g., of the same or a different radio access technology).

[6052] The communication links 125 shown in the wireless communications system 100
may include uplink transmissions from a UE 115 to a base station 105, or downlmk
transmisstons from a base station 105 to a UE 115, Carriers may carry downlink or aplink
communications (¢.g., in an FBD mode) or may be configured to carry downlink and uplink

communications {¢.g., in a TDD mode).

[6053] A carrier may be associated with a particular bandwidth of the radio frequency
spectrum, and in some cxarples the carrier bandwidth may be referred 1o as a “system
bandwidth” of the carner or the wireless communications system 100. For example, the
carrier bandwidth may be one of a number of determined bandwidths for casriers of a
particular radio access technology {e.g., 1.4, 3, 5, 10, 15, 20, 40, or 30 megahertz (MHz)).
Devices of the wireless communications system 100 (e.g., the base stations 105, the UEs 113,
or both) may have hardware configurations that support commuications over a particular
carricr bandwidth or may be configurable t¢ support communications over one of a set of
carrier bandwidths. fn some examples, the wircless communications system 100 may include
base stations 103 or UEs 115 that support simuitaneous commumications via carers
associated with multiple carrier bandwidths. In some examples, gach served UE 115 may be

configured for operating over portions {¢.g., a sub-band, a BWP) or all of a carrier bandwidth.

[8054] Signal waveforms transmitted over a carrier may be made up of muitiple
subcarriers {¢.g., using multi-carrier modulation (MCM) techniques such as orthogonal
frequency division multiplexing (OFDM) or discrete Fourter transtorm spread OFDM (DFT-
S-OFDM}). In a system emploving MCM techniques, a resource element may consist of one
symbol period {¢.g., a duration of one modulation symbol) and one subcarrier, where the
symbol period and subcarricr spacing are mversely related. The number of bits carried by
cach resource element may depend on the modulation scheme {e.g., the order of the

modulation scheme, the coding rate of the modulation scheme, or both}. Thus, the more
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resource clements that a UE 115 receives and the higher the order of the modulation scheme,
the higher the data rate may be for the UE 113, A wircless comnumications resource may
refer to a combination of a radio frequency spectrum resource, a time resource, and a spatial
resource {¢.g., spatial lavers or beams), and the use of muiltiple spatial layers may further

merease the data rate or data mtegrity for communications with a UE 115,

[055] {One or more numerologies for a carrier may be supported, where a numerology
may include a subcarrier spacing {(4f} and a cvclic prefix. A carrier may be divided into one
or more BWPs having the same or different numerologics. In some examples, a UE 115 may
be configured with multiple BWPs. In some exampies, a single BWP for a carrier may be
active at a given time and communications for the UE 115 may be restricted to one or more

active BWPs.

[003s6] The time intervals for the base stations 105 or the UEs 115 may be expressed in
multiples of a basic time onit which may, for example, refer to a samphing period of T, =
1/ (A frnax Nf) seconds, where Af,, may represent the maximim supported subcarrier
spacing, and N, may represent the maximum supported discrete Fourier transform (DFT)
size. Time intervals of a communications resource may be organized according to radio
frames cach having a specified duration {e.g., 10 nulliseconds (ms}). Fach radio frame may

be identified by a system frame number (SFN) {¢.g., ranging from 0 to 1023}

[6057] Each frame may mnclude multiple consecutively numbered subframes or slots, and
cach subframe or slot may have the same duration. In some examples, a frame may be
divided {¢.g., in the time domain} nto subframes, and each subframe may be further divided
mwto a number of stots. Alternatively, cach frame may include a vanable number of slots, and
the number of slots may depend on subcarrier spacing. Each slot may include a number of
symbol pertods {¢.g., depending on the length of the cvclic prefix prepended to cach symbol
period). In some wirgless communications systems 100, a slot may further be divided into
multiple mini-slots contaiming one or more symbols. Excluding the cyclic prefix, each symbaol
period may contain one or more {¢.g., Ny} sampling periods. The duration of a symbol period

may depend on the subcarrier spacing or frequency band of operation.

{0058} A subframe, a slot, a mmi-slot, or a svmbol may be the smallest schedubing unit
{¢.g., in the time domain) of the wircless communications system: 100 and may be referred to

as a transmission time mterval (TT1). In some examples, the TTT duration (¢.g., the number of
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symbol periods m a TTI) may be vanable. Additionally or alternatively, the smallest
scheduling unit of the wircless communications systern 100 may be dynamically sclected

{¢.g., in bursts of shortened TTIs (sTTs)).

[0059] Physical channels mav be multiplexed on a carrier according to various
techniques. A physical control channel and a physical data channel may be multiplexed on a
downlink carrier, for example, using onc or more of time division mudtiplexing (TDM)

cchniques, frequency division multiplexing (FDM) techniques, or hvbrid TDM-FDM

channel may be defined by a number of symbol perods and may extend across the system
bandwidth or a subset of the system bandwidth of the carrier. One or more control regions
{c.g., CORESETs) may be configured for a set of the UEs 115, For example, one or more of
the UEs 115 may monitor or search control regions for control information according to one
or more scarch space sets, and each search space set may inchude one or multiple control
channel candidates in one or more aggregation levels arranged in a cascaded manner. An
aggregation level for a control channel candidate may refer to a number of control channel
resources {¢.g., control channel elements (CCEs}) associated with encoded mformation for a
control information format having a given payicad size. Search space sets may include
coramon search space sets configured for sending control information to multiple UEs 115

and UE-specific search space sets for sending control mformation to a specific UE 115,

{8664} Each base station 105 may provide communication coverage via one or more
cells, for example a macro cell, a small cell, a hot spot, or other types of cells, or any
combination thercof. The term “cell” may refer to a logical commuumication entity used for
communication with a base station 105 {e.g., over a carrier) and may be associated with an
wdentifier for distinguishing neighboring cells {e.g., a physical cell identifier (PCID), a virtual
cell identifier (VCID), or others). In some examples, a cell may also refer to a geographic
coverage area 110 or a portion of a geographic coverage arca 110 (e.g.. a sector) over which
the logical communication entity operates. Such celis may range from smaller areas {c.g., a
structure, a subsct of structure) to larger areas depending on varntous factors such as the
capabilities of the base station 105, For example, a cell may be or include a building, a subsat
of a building, or exterior spaces between or overlapping with geographic coverage arcas 110,

among other examples.
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{0061} A macro cell generally covers a relativelv large geographic area (e.g., several
kilometers in radius) and may allow unrestricted access by the UEs 115 with service
subscriptions with the network provider supporting the macro cell. A small cell may be
associated with a fower-powered base station 103, as compared with a macro cell, and a small

5 cell may operate in the same or different (¢.g., licensed, unlicensed) frequency bands as
macro cells. Small cells may provide unrestricted access to the UEs 113 with service
subscriptions with the network provider or may provide restricted access to the UEs 115
having an association with the small celi (e.g., the UEs 115 in a closed subscriber group
{C8G), the UEs 113 associated with users in g home or office). A base station 105 may

10 support one or multiple cells and may also support communications over the one or more

cells using one or multiple component carriers,
[8062] In some examples, a carrier may support multiple cells, and different cells may be

configured according to different protocol types (e.g.. MTC, narrowband loT (NB-Io'h),

enhanced mobile broadband (¢MBB)) that may provide access for different types of devices.

[
(v

{0063} In some examples, a base station 105 may be movable and therefore provide
coramunication coverage for a moving geographic coverage area 110, In some examples,
different geographic coverage arcas 110 associated with different technologies may overlap,
but the different geographic coverage arcas 110 may be supported by the same base station
103, In other examples, the overlapping geographic coverage arcas 110 associated with

20 different technologics mav be supported by different base stations 105, The wireless
communications system 100 may include, for example, a heterogeneous network in which
different types of the base stations 105 provide coverage for various geographic coverage

arcas 110 using the same or different radio access technologies.

j3064] The wireless communications system 100 may support svanchronous or

25  asynchronous operation. For synchronous operation, the hase stations 1035 may have similar
frame timings, and transmissions from different base stations 105 may be approximately
aligned in time. For asynchronous operation, the base stations 105 may have different frame
timings, and transmissions from different base stations 105 may, in some examples, not be
aligned in time. The tochniques described herein may be used for cither synchronous or

30 asynchronous operations.

15



10

20

WO 2021/258378

[06065] Some UEs 115, such as MTC or loT devices, may be low cost or low complexity
devices and may provide for automated communication between machines (c.g.. via
Machine-to-Maching (M2ZM} communication). M2ZM commanication or MTC may refer to
data communication technologies that allow devices to communicate with one anctherora
base station 105 without human imtervention. In some examples, M2M commumnication or
MTC may include communications from devices that integrate sensors or meters to measure
or capture information and relay such information to a central server or application program
that aakes use of the mformation or presents the information to humans interacting with the
application program. Some UEs 115 may be designed to collect information or enable
automated behavior of machines or other devices. Examples of applications for MTC devices
imchide smart metering, inveniory monitoring, water level monitoring, equipment monitoring,
healthcare monttoring, wildlife monitoring, weather and geological cvent monitoring, flect
management and tracking, remote security sensing, physical access control, and transaction-

based business charging.

{6666} Some UHs 115 mav be configured to employ operating modes that reduce power
consumption, such as half-duplex communications (e.g., a mode that supports ong-way
communication via transmission or reception, but not transmission and reception
simuitaneously). In some examples, half-duplex communications may be performed at a
reduced peak rate. Other power conservation technigues for the UEs 115 include entering a
power saving deep sleep mode when not engaging in active communications, operating over
a limited bandwidth (¢.g., according to narrowband commumnications), or a combination of
these techniques. For example, some UEs 115 may be configured for operation using a
narrowband protocol type that 1s associated with a defined portion or range {e.g., set of
subcarriers or resource blocks (RBs)) within a carrier, within a guard-band of a carrigr, or

outside of a camner.

[6067] The wireless communications system 100 may be configared to suppost altra-
reliable communications or low-latency communications, or various combinations thereof,
For example, the wireless communications system 100 may be configured to support ultra-
reliable fow-latency commaunications {URLLC) or mission critical communications. The UEs
115 may be designed to support ultra-reliable, low-latency, or critical functions (¢.g., mission
critical functions). Ultra-reliable communications may include private communication or

group communication and may be supported by one or more mission eritical services such as
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mission critical push-to-talk (MCPTT), mission critical video (MU Video), or mission critical
data (MCData). Support for maission critical functions may include prioritization of services,
and mission critical services may be ased for poblic safety or general commercial
applications. The terms ultra-reliable, low-latency, mission critical, and ulira-reliable low-

5 latency may be used interchangeably berein.

[6068] In some examples, a UE 115 may also be able to communicate directly with other
UEs 115 over a device-to~-device (D2D) communication link 135 {¢.g., using a peer-to-peer
{P2P} or B2 protocol). One or more Ulls 115 utilizing D2D commumications may be within
the geographic coverage area 110 of a base station 103, Other UEs 115 in such a group may

10 be outside the geographic coverage area 110 of a base station 105 or be otherwise unable to
receive transmissions from a base station 103, In some examples, groups of the UHs 115
coromunicating via D2D communications may utilize a one-to-many (1:M) system in which
gach UE 115 transmits to every other UE 115 in the group. In some examples, a base station
103 facilitates the scheduling of resources for D20 communications. fn other cases, D2D

15 communications are carried out between the UEs 115 without the mvolvement of a base

station 105,

[3369] In some systems, the D2 communication link 135 may be an example of a
communication channel, such as a sidelink communication channel, between vehicles {e.g.,
UEs 115}, In some examples, vehicles may communicate using vehicle-to-everything (V2X)

20 communications, vehicle~to-vehicle (V2V) communications, or some combination of these, A
vehicle may signal information related to traffic conditions, signal scheduling, weather,
safety, emergencies, or any other information relevant to a V2X system. In some examples,
vehicles in a VX system may communicate with roadside infrastructure, such as roadside
units, or with the network via one or more network nodes (e.g., base stations 103) using

25 vehicle-to-network (V2ZN) communications, or with both,

10074] The core network 130 may provide user authentication, access anthorization,

tracking, Internet Protocol (IP) connectivity, and other access, routing, or mobility fumctions,

The core network 130 may be an evolved packet core (EPC) or 5G core (3GC), which may

include at least one control plane entity that manages access and mobility (¢ g., a mobility
36 management entity (MME), an access and mobility management function (AMF)) and at

least one user plane entity that routes packets or interconnects to external networks (e.g., a
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serving gateway (S-GW), a Packet Data Network (PDN) gateway (P-GW), or a user plane
function {(UPF)). The control plane entity may manage non-access stratum (NAS) fimctions
such as mobility, authentication, and bearer management for the UEs 1135 served by the base
stations 105 associated with the core network 130, User IP packets may be transferred
through the user plane cutity, which may provide 1P address allocation as well as other
functions. The user plane entity may be connected to the network operators IP services 130.
The operators 1P services 150 may mchude access to the Internet, Intranct(s), an [P

Multimedia Subsystem (IMS}, or a Packet-Switched Streaming Service.

{8071} Some of the network devices, such as a base station 105, may imclude
subcomponents such as an access network entity 140, which may be an example of an access
node controller (ANC). Each access network entity 140 may communicate with the UEs 115
through one or more other access network transmission entities 145, which may be referred to
as radic heads, smart radio heads, or transmission/reception pomts {TRPg). Hach access
network transmission entity 143 may include one or more antenna pancls. In some
contigurations, various functions of cach access network entity 140 or base station 105 may
be distributed across various network devices (e.g., radio heads and ANCs) or consolidated

mto a single network device {e.g., a base station 105},

[6672] The wireless communications system 100 may operate using one or morg
frequency bands, typically in the range of 300 megahertz (MHz} to 300 gigahertz (GHz).
Generally, the region from 300 MHz to 3 GHz is known as the ultra-high frequency (UHF)
region or decimeter band becaunse the wavelengths range from approximately one decimeter
to one meter i length. The UHF waves may be blocked or redirected by buildings and
environmental features, but the waves may penetrate structures sufficiently for a macro cell to
provide service to the Uls 115 located indoors. The transmission of UHF waves may be
assoctated with smaller antennas and shorter ranges {¢.g., less than 100 kilometers) compared
to transmission using the smaller frequencies and fonger waves of the high frequency (HF) or

very high frequency (VHF) portion of the spectrum below 300 MHz.

{8073} The wireless communications system 100 may also operate in a super high
frequency (SHF) region using frequency bands from 3 GHz to 30 GHz, also known as the
centimeter band, or in an extremely high frequency (EHF) region of the spectrum (e.g., from

30 GHz to 300 GHz), also known as the millimeter band. In some examples, the wircless
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communications system 100 may support millimeter wave (mmW} communications between
the UEs 115 and the base stations 105, and EHF antennas of the respective devices may be
smaller and more closely spaced than UHF antennas. In some examples, this may facilitate
use of antenna arrays within a device. The propagation of EHF transmissions, however, may
be subject to cven greater atmosphernic attenuation and shorter range than SHF or UHF
transmissions. The technigues disclosed herein may be emploved across transmissions that
use one or morg different frequency regions, and designated use of bands acrogs these

frequency regions may ditfer by country or regulating body.

{8074} The wirgless commumications system 100 may utilize both licensed and
unlicensed radio frequency spectram bands. For example, the wireless communications
systern 100 may employ License Assisted Access (LAA), LTE-Unhcensed (LTE-U) radio
access technology, or NR technology in an unlicensed band such as the 5 GHz industrial,
scientific, and medical (18M) band. When operating in unlicensed radio frequency spectrum
bands, devices such as the base stations 105 and the Uks 115 may cmaploy carrier sensing for
collision detection and avoidance. In some examples, operations in unlicensed bands may be
based on a carmer aggregation configuration in conjunction with component carrigrs
operating in a licensed band (e.g.. LAA). Operations in unlicensed spectrum may include
downlink transmissions, uplink transmissions, PZP transmissions, or D2D transmissions,

among other examples.

106075] A base station 105 or a UE 115 may be equipped with multiple antennas, which
may be used to employ techniques such as transmit diversity, receive diversity, multiple-input
multiple~-cutput (MIMO)} commumications, or beamforming. The antennas of a base station
105 ora UE 115 may be located within one or more antenna arrays or antenna panels, which
may support MIMO operations or transmit or receive beamforming. For example, one or
more base station antennas or antenna arrays may be co-located at an antenna assembly, such
as an antenna tower. In some examples, antennas or antenna arrays associated with a base
station 105 may be located in diverse geographic locations. A base station 105 may have an
antenna array with a number of rows and columns of antenna ports that the base station 105
may use to support beamforming of communications with a UE 115, Likewise, a UE 115
may have onc or more antenna arrays that may support various MIMO or beamforming
operations. Additionally or alternativelv, an antenna panel may support radio frequency

beamforming for a signal transmitted via an antenna port.
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{6676} The base stations 105 or the UEs 115 may use MIMO communications to exploit
multipath signal propagation and increasc the spectral efficieney by transmitting or receiving
multiple signals via different spatial layers. Such techniques may be referred to as spatial
multiplexing. The multiple signals may, for example, be transmitted by the transmitting
device via different andennas or different combinations of antennas. Likewise, the multiple
signals may be received by the receiving device via different antennas or different
combinations of antennas. Each of the multiple signals may be referred to as a separate
spatial stream and may carry bits associated with the same data stream {¢.g., the same
codeword) or different data streams {c.g., different codewords). Different spatial layers may
be associated with different antenna ports used for channel measurement and reporting.
MIMO technigues include single-user MIMO (SU-MIMO), where multiple spatial layers are
transmitied to the same receiving device, and multiple-user MIMO (MU-MIMO), where

multiple spatial layers are transmitted to multiple devices.

{6677] Beamforming, which may also be referred to as spatial filtering, directional
transmission, or directional reception, is a signal processing technigue that may be used at a
transmtting device or a recetving device (e.g., a base station 105, 3 UE 115} to shape or steer
an antenna beam (e.g., a transmit beam, a receive beam) along a spatial path between the
transmitting device and the receiving device. Beamforming may be aclueved by combining
the signals communicated via antenna elements of an antenna array such that some signalg
propagating at particular orientations with respect to an antenna array experience constructive
mterference while others experience destructive mterference. The adjustment of signals
communicated via the antenna elements may include a transmitting device or a receiving
device applying amplitude offscts, phase offsets, or both to signals carried via the antenna
clements associated with the device. The adjustments agsociated with cach of the antenna
clements may be defined by a beamforming weight set associated with a particular
orientation {e.g., with respect to the antenna array of the transmitting device or receiving

device, or with respect to some other origntation).

[8078] A base station 105 or a UE 115 may use beam sweeping technigues as part of
beam forming operations. For example, a base station 105 may use multiple antennas or
antenna arrays {¢.g., antenna pancls) to conduct beamforming operations for directional
coromunications with a UE 115, Some signals (e.g., synchronization signals, reference

signals, beam selection signals, or other control signals) may be transmitted by a base station
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105 multiple times in different directions. For exarple, the base station 103 may transmit a
signal according to different beamforming weight sets associated with ditferent directions of
transmission. Transmissions in different beam directions may be used to identify (e.g., by a
transomitting device, such as a base station 105, or by a receiving device, suchasa UE 115} a

5 beam direction for later transmission or reception by the base station 105,

[6679] Some signals, such as data signals associated with a particular receiving device,
may be transmitied by a base station 105 n a single beam direction {e.g., a dircction
associated with the receiving device, such as a UE 115}, In some examples, the beam
direction associated with transmissions along a single beam direction may be determined
10 based on a signal that was transmitted in one or more beam directions. For example, a UE
115 may receive one or more of the signals transmitted by the base station 105 in different
directions and may report to the base station 103 an ndication of the signal that the UE 113

received with a highest signal quality or an otherwise acceptable signal quality.

{6684} In some examples, transmissions by a device {e.g., by a base station 105 ora UE

[
(v

115} may be performed using multiple beam directions, and the device may use a
cormbination of digital precoding or radio fregueney beamforming to generate a combined
beam tor transmission {¢.g., from a base station 105 to a UE 1153}, The UE 115 may report
fecdback that indicates precoding weights for one or more beam directions, and the feedback
may correspond to a configured mumber of beams across a system bandwidth or one or more
20 sub-bands. The base station 105 may transmit a reference signal {¢.g., a cell-specific
reference signal (CRS), a TSI reference signal (CSI-RS)), which may be precoded or
unprecoded. The UE 115 may provide feedback for beam selection, whichmay be a
precoding matrix mdicator (PM1) or codebook-based feedback (o.g., a multi-panel type

codebook, a lingar combiation type codebook, a port selection type codebook). Although

N2
(]

these techniques are described with reference to signals transmitted in one or more directions
bv a base station 105, a UE 115 mav employ similar techniques for transmitting signals
multiple times in different directions {(e.g., for wdentifying a beam direction for subsequent
transmission or reception by the UE 115} or for transmitting a signal in a single direction

{c.g., for transmitting data to a receiving deviee).

30 [0081] A recetving device {e.g., a UE 115} may trv multiple receive configurations {e.g.,

directional listening) when receiving various signals from the base station 105, such as
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synchronization signals, reference signals, beam selection signals, or other control signals.
For example, a recciving device may try multiple recetve directions by receiving via different
antenma subarrays, by processing reccived signals according to different antenna subarrays,
by receiving according to different receive beamforming weight sets {e.g., different
directional listening weight scts) applied to signals received at multiple antenna clements of
an antenna array, or by processing received signals according to different receive
beamforming weight sets apphied to signals received at multiple antenna clements of an
antenna array, any of which may be referred 1o as “listening” according to ditferent recetve
configurations or receive directions. In some examples, a receiving device may use a single
recetve configuration to receive along a single beam direction {e.g., when recetving a data
signal). The single receive configuration may be aligned in a beam direction determuined
based on listening according to different receive configuration directions (e.g., a beam
direction determined to have a highest signal strength, lighest signal-to-noise ratio (SNR), or

otherwise acceptable signal quahity based on listening according to multiple beam directions).

10082} The wircless communications system 100 may be a packet-based network that
operates according to a lavered protocol stack. In the user plane, commuumications at the
bearer or Packet Data Convergence Protocol (PDCP) layer may be IP-based. A Radio Link
Control (RLC) layer may perform packet segmentation and reassembly to communicate over
logical channels. A Medium Access Control (MAC) layer may perform prionty handling and
multiplexing of logical channels into transport channels. The MAC laver may also use error
detection techniques, crror correction technigues, or both to support retransmissions at the
MAC layer to improve link efficiency. In the control plane, the Radio Resource Control
{RRC) protocol layer may provide establishment, configuration, and maintenance of an RRC
connection between a UE 115 and a base station 105 or a core network 130 supporting radio
bearers for user plane data. At the physical laver, transport channels may be mapped to

physical channels.

{6683} The UEs 1135 and the base stations 1035 may suppoit retransnussions of data to
merease the ikebihood that data is received successfully. Hybrid automatic repeat request
{HARQ) feedback 1s one technique for increasing the hikelihood that data is received
correctly over a communication link 125, HARQ may include a combination of error
detection {e.g., using a cyclic redundancy check (CRC), forward error correction (FEC), and

refransmission {¢.g., automatic repeat request (AR(Q)). HARO may mmprove throughput at the

22



10

]

WO 2021/258378 PCT/CN2020/098294

MAC layer in poor radio conditions {e.g., low signal-to-noise conditions). In some examples,
a device may support same-siot HAR( teedback, where the device may provide HARQ
feedback mn a specific slot for data received in a previous symbol in the slot. In other cases,
the device may provide HARQ feedback 1n a subsequent slot, or according to some other

time interval.

[(6084] In some examples, a UE 115 may receive one or more DCI messages from a base
station 105 via one or more component carriers, or serving cclis. For exaraple, the UE 115
may receive DCI associated with an uplink shared channel (e.g., a PUSCH) transmuission and
BT associated with a downlink shared channel (e.g., a PDSCH) transmission. The UE 115
may attempt to transnut UL {e g, a feedback message in response to the PDSCH
transimission, a scheduling request, a CS{ report, or the like) on an uplink countrol channel
{¢.g., a PUCCH) and an uplink signal {¢.g., ncluding control information or data) on the
PUSCH. In some cases, the UE 115 may mwltiplex at least a portion of the UCH and the
uplink signal on the PUSCH when resources, such as time-frequency resources, associated
with the PUCCH overlap with resources associated with the PUSCH. In some cases, the UE
115 may multiplex feedback information {¢.g., a HARQ acknowledgement (ACK)} from the
UL in the PUSCH transmission. Additionally or altematively, the UE 115 may multiplex a

CSI report in the PUSCH transmission,

(6085] In some other cases, the resources associated with the PUCCH may not overlap
with the resources associated with the PUSCH. The UE 115 may multiplex feedback
mformation {¢.g., with or without a schedubing reqguest) and one or more C5I reports in a
same PUCCH based on a configuration indication from a base station 105, Thus, the UE 115
may multiplex UC] associated with a PUCCH in a PUSCH when resources associated with
the PUCCH overlap with the resources associated with the PUSCH or may multiplex UCLin
a same PUCCH if the resources associated with the PUCCH do not overlap with the
resources associated with the PUSCH. However, the capability of the UE 115 to multiplex
the UCT in the PUSCH may be limited. For example, the UE 115 may multiplex
acknowledgement feedback information, C51, or both in the PUSCH, and may drop the
PUCCH, including any other UCT that would have been transmitted on the PUCCH, which

may cause mefficient communication {¢.g., due to retransmission of UCT).
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{06086] The wircless communications systera 100 may support the use of techniques that
enable a UE 115 to determine a capability to support a mode of UCH transmission
corresponding to transmitting the UCH on a PUCCH and an uplink signal on 3 PUSCH when
the resources of the PUCCH and the resources of the PUSCH are at keast partially
overlapping, which may mmprove reliability (¢ g., coverage) at the UE 115, In some cases, the
UE 115 may be capable of performing one or more modes of UCH transmission. For example,
i a UCH transmission mode, the UE 115 may transmit UCH on a PUCCH with resources (g3,
ume-frequency resources) that overlap with a PUSCH. 1o another UCT transmission mode,

the UE 115 may multiplex the UCH in the PUSCH and, in some cases, may drop the PUCCH.

[B087] In some cases, the UE 115 may transmit an indication of the capability to a base
station 105, In some examples, the base station 105 may transmit a configuration indicating
to the UE 115 10 use a UCT transmission mode. The UE 115 may transmit UCT on the
PUCCH and uplink signal on the PUSCH based on the configuration from the base station
1035, In some cascs, the base station 105 may transmit the configuration to the UE 115 via
RRC signaling. In some examples, the UE 115 may receive an RRC configuration from the
base station 105 if a serving cell of the PUCCH is not configured with a TCH state (e.g., the
PUCCH may lack a beam configuration). In some cases, the PUCCH and the PUSCH may be
associated with the same serving cell. In some other cases, the PUCCH and the PUSCH may

be associated with different serving cells,

{0688} FIG. 2 tllustrates an example of a wireless commumnications system 200 that
supports UCT multiplexing rule for simultaneous uplink control channel and uphink shared
channel transmission in accordance with aspects of the present disclosure. In some examples,
wircless communications system 200 may implement aspects of wireless communication
gystern 100 and may include UE 115-a, base station 105-a with coverage area 110-a, and
communication link 125-a, which may be examples of a UE 1135, a base station 105, and a
communication link 125 as described with reference to FIG. 1. As described herein, a UE 113
may determine a capability associated with a transmission of UCH 203 to a base station 103,
which may improve reliability at the UE 115 {e.g., due to increased coverage related to

frequency and less dropping of U8 reports) at the UE 115,

[089] In some examples, a UE 113 may receive one or more DCImessages from a base

station 105 via one or more component carriers, or serving cells. For example, UE 115-a may
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receive DCH associated with an aplink shared channpel transmission and DCI associated with a
downlink shared channel {¢.g., a PI3SCH) transoussion. The DCI messages may be
associated with different cells or the same cell. The UE 115 may attempt to transmit UCI 205
{¢.g., a feedback message in response to the PDSCH transmission, a scheduling request. a
CS1 report, or the like) on an uphink control channel {c.g., a PUCCH 210) and an uplink
gignal 215 {e.g., mcluding control information or data) on an uplink shared channel (e g, a
PUSCH 220) based on ong of the one or more DCI messages. In some cases, the UE 115 may
multiplex at least a portion of the UCT 205 and the uplink signal 215 on an uplink chanoel
{c.g., the PUSCH 220} due to minimum processing times associated with the PUCCH

transmussion and PUSCH transmission.

(090} In some cases, a UE 115 may muluplex UCE 205 when resources, such as time~
frequency resources, associated with an uplink control channel {e.g., a PUCCH 210} overlap
with resources associated with an uplink shared channel {¢.g., a PUSCH 220). For example,
the UE 115 may multiplex UCI 205 in a PUCCH transmission that overlaps with a PUSCH
transmission. In some cases, the UE 115 may multiplex feedback information (¢ .g., a HARQ
ACK) from the UCE 205 in the PUSCH transmission. Additionally or alternatively, the UE
115 may muitipiex a CS1 report in the PUSCH transmission. [n some cases, the U5 report
may be a periodic 51 report, an aperiodic TSI report, or a semi-persistent C81 report. In
some cases, such as if the UE 115 muitiplexes UCT 205 in the PUSCH transmission, the UE
115 may not transmit on the PUCCH 210, The UE 115 may not transmit a scheduling request
if feedback information and one or more CS1 reports are multipiexed in the PUSCH

{ransmssion.

{6031 In some other cases, the resources associated with the PUCCH 210 may not
overlap with the resources associated with the PUSCH 220, The UE 115 may multiplex
feedback information {¢.g., with or without a scheduling request) and one or more €Sl
reports in a same PUCCH 210 based on a configuration indication {e.g., stmmutancousHARQ-
ACK-CS81}. In some exanmples, the UE 115 may be configured with, or may deternune to use,
one or more PUCCH resources 1n a slot to transmit the one or more CS1 reports. For example,
the base station 105 may not provide the UE 115 with a multiple TSI report configuration
ndication {¢.g., multi-CSi-PUCCH-Resourcelist), or the PUCCH resources fora
transmission of CSI reports may not overlap in a slot, so the UE 115 may use a resource

corrgsponding to a CSI report with the highest priority relative to the other CSI reports of the
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one or more C81 reports. In some other exarples, the base station 105 may provide the UE
1135 with a multiple CSI report configuration mdication, or the PUCCH resources for the
transmisston of CS1 reports may overlap in the slot, the UE 115 may multiplex the one or
more {8 reports in a resource from the resource provided by the indication. In some cases,

the UE 113 may not transmit more than one PUCCH 210 with feedback information per slot.

[092] Thus, the UE 115 may multiplex UCH 205 associated with a PUCCH 210 in a
PUSCH 2206 when resources associated with the PUCCH 210 overlap with the resources
associated with the PUSCH 220 or may multiplex UCH 205 in a same PUCCH 210 if the
resources assoctated with the PUCCH 210 do not overlap with the resources associated with
the PUSCH 220. However, the capability of the UE 115 to multiplex the UCT 205 in the
PUSCH 220 may be limited. For example, the UE 115 may multiplex acknowledgement
feedback information, €SI or both in the PUSCH 220, and may drop the PUCCH 210,
mchuding any other UCH 205 that would have been transmitted on the PUCCH 210, which

may cause inefficicnt communication {e.g., due to retransmission of UCI 205).

{86093} The wircless communications system: 200 may support the use of techniques that
cnable a UE 115 to detemmine a capability to support a mode of UCT transmission
corresponding to transmitting the UCIE 205 on a PUCCH 210 and an uplink signal 215 on a
PUSCH 220 when the resources of the PUCCH 210 and the resources of the PUSCH 220 are
at least partially overlapping in time, which may improve reliability {e.g, coverage) at the UE
1135, In some cascs, UE 115-a may be capable of performing one or more modes of UCH
transmission. For example, in a UCT transmission mode, UE 113-a may transmit UCT 205 on
a PUCCH 210 with resources {¢.g., ime-frequency resources} that overlap with a PUSCH
220 and may also transmit the overlapped PUSCH 220. In another UCT transmission mode,
UE 115-a may multiplex the UCI 205 in the PUSCH 220 and, m some cases, may drop the
PUCCH 210.

{8624} In some cases, UE 115-a may transmui an indication of the capability 225 to base
station 105-a via communication link 125-a. For example, UE 115-a may transmit the
capability 225 as a parameter {e.g., sim-PUCCH-PUSCH-UL} in a UE capability report. The
parameter may be tncluded as a bit in the UK capability report or may be reported with
another UE capability. In some examples, base station 105-a may transmit a configuration

230 mndicating to UE 115-a to use a UCT transmission mode via communication link 125-a.
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For example, UE 115-a may transmit the UCHE 205 on PUCCH 210 and upliok signal 215 on
PUSCH 220 based on the configuration 230 of the UCT transmission mode from base station
105-a. In some cases, base station 105-a may transmut the configuration 230 to UE 115-a via
RRC signaling. Additionally or alternatively, base station 105-a may transmit the
configuration 230 to UE 115-3 via a MAC-control element (MAC-CE) or DCIL Base station
103-a may include a parameter 1o the RRC signahng (e.g., sim-PUCCH-PUSCH) and may
enable a transmission mode at UE 115-a based on adjusting the parameter. That is, if the
configuration is sct to enabled, UE 115-a may transmit the UCL 205 on the PUCCH 210 and
the uplink signal 215 on the PUSCH 220 concurrently when the PUCCH 210 and the PUSCH
220 are overlapping at least partially i time. However, if the configuration is disabled, or the
RRC parameter is not configured by base station 105-a, UE 115-a may multiplex the U 205
i the PUSCH 220 and, in some cases, may drop the PUCCH 210, Tn some examples, UE
113-a may recetve an RRC configuration from base station 105-a if a serving cell of the
PUCCH 210 13 not configured with a TCI state €¢.2., the PUCCH 210 may lack a beam

configuration).

[8095] In some cases, the PUCCH 210 and the PUSCH 220 may be associated with the
same serving cell, which is described in further detail with respect to FIG. 3. In some other
cases, the PUCCH 210 and the PUSCH 220 may be associated with ditterent serving cells,
which is described in further detail with respect to FIG. 4. In some cases, the serving cell of
the PUCCH 210 may be associated with Frequency Range 1 (FR1) and the serving cell of the
PUSCH 220 may be associated with Frequency Range 2 (FRZ). In some examples,
transmissions on FR1 may have improved coverage and reliability when compared with
transmussions on FR2 {¢.g, because FRI may have better coverage and may be more robust
than FRZ2). For example, transmitting the UL 205 on the PUCCH 210 1nstead of transmitting
the UCI 205 on the PUSCH 220 may improve signaling rebiability at UE 115-a. Additionally
or alternatively, when a periodic TS report or a semi-periodic CSI report on the PUCCH 210
is triggered for a serving cell {g.g., a serving cell associated with the PUCCH 210} and an
aperiodic CS1 report on the PUSCH 220 1s triggered for another serving cell (e.g., a scrving
cell associated with the PUSCH 220), transmitting the UCT 205 on the PUCCH 210 instead of
transmutting the UCE 205 on the PUSCH 220 may avoid dropping the CS1 report on the
PUCCH 210. Thus, transmitting the UCH 205 on the PUCCH 210 may improve signaling

overhead {e.g., due to fower retransmissions of CS1 reports).
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{6096] FIG. 3 illustrates an example of a processing timeline 300 that supports UCI
multiplexing rule for simultancous uplink control channel and uplink shared channel
transmission 1n accordance with aspects of the present disclosure. In some examples,
processing timeline 300 may implement aspects of wircless communication system 100,
wircless communications system 200, or both and may include PUCCH 210-a, PUSCH
220-a, and PUSCH 220-b, which may be examples of a PUCCH 210 and PUSCHs 220 as
described with reference to FIG. 2. The process illustrated by processing timehine 300 may be
mplemented at a UE 115 or a base station 105 as described with reference to FI1Gs. | and 2.
For example, the processing timeline 300 may illustrate a method in which a UE 115 may
transmit one or more uplink fransmissions during a PUCCH 210, a PUSCH 220, or both. In
some cases, processing timeline 300 may be associated with a single serving cell 305-a (e.g.,

a single component carrier).

16697] In some examples, a UE 115 may receive one or more messages including DCL
310 from a base station 103 via onc or more component carricrs, or serving cells, as desenbed
with reference to FIG. 2. For example, the UE 115 may receive DCI 310-a through DCI
310-d, which may be associated with cell 305-a. In some examples, DCI 310-a and DI
310-¢ may be associated with a transmission on a downlink shared channel {e.g., PDSCH
313-a and PDSCH 315-b respectively). The UE 115 may transout a feedback message, such
as an ACK or a negative acknowledgement (NACK), to the base station 103 in response to
receiving the PDSCH 313, The UE 115 may transmit the foedback message as a portion of
UCH 2035, which may be an example of UCHE 205 as described with reference to FIG. 2, mm an
uplink control channel (c.g., PUCCH 210-a). In some cases, the UE 115 may also transnut a
O8] report, a scheduling request, or both as a portion of the UCT 205 in PUCCH 210-a. In
some cases, DCE 310-b and B 310-d may be associated with an uplink signal (¢.g., control
mformation or data) to be transmitted 1 PUSCH 220-a and PUSCH 220-b respectively. The
UE 115 may wait for a processing time after recetving PDSCH 315-a and BCI 310-b.
However, in some cases, resources assoctated with PUCCH 210-a and PUSCH 220-3 may
overlap. For example, PUCCH 210-a and PUSCH 220-a mav overlap in time, which may

capse the UE 115 to fail to meet timing conditions associated with uplink transmussion.

[0098] In some cases, the UE 1135 may multiplex the UCE 205, such as teedback
mformation and CSI reports, on PUSCH 220-b based on determuning a PUCCH 210 and

PUSCH 220-b overlap in time. In some cases, the UE 115 may drop a scheduling request
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associated with the UCH 205 based on the overlapping PUSCH 220-b. In some examples, the
UE 115 may multiplex CS reports from the UCT 205 associated with a PUCCH 210 on
PUSCH 220-b if PUSCH 220-b has no aperiodic US1 report or semi-persistent CS1 report.
Gtherwise, if PUSCH 220-b has an aperniodic CSI report or a semi-persistent C51 report, the
UE 115 may drop onc or more CS reports from the UCE 205 associated with the PUCCH
210 and may multiplex feedback information from the UCT 203 associated with the PUCCH
210 on PUSCH 220-b. A UE may not expect to multiplex the UL 205 i a PUSCH
transmission in one shot with subcarrier spacing configuration of the same type that the UE
115 would transmit in PUCCHs in different slots with a difterent subcarrier spacing. In some
cases, the UE 115 may transmit a PUCCH 210 and a PUSCH 220 1f the resources do not
overlap on the same cell 305, which may improve latency associated with processing times,

as described in further detail with respect to FiG. 4.

|6099] FI$, 4 illustrates an example of a processing timeline 400 that supports a UCI
multiplexing rule for simultancous uplink control channel and uplink shared channel
transmission in accordance with aspects of the present disclosure. In some examples,
processing timeline 400 may implement aspects of wircless communication system 100,
wircless communications system 200, or both as well as processing timeline 300. Processing
timeling 400 may mclude PUCCH 210-b, PUCCH 210-~¢, PUSCH 220-¢c, PUSCH 220-d,
which may be examples of PUCCHs 210 and PUSCHSs 220 as deseribed with reference to
FIG. 2. The process illustrated by processing timeline 400 may be implemented at a UE 113
or a base station 105 as described with reference to FIGs. 1 and 2. For example, the
processing timeline 400 may illustrate a method in which a UE 113 may transmif ong or more
oplink transmissions during a PUCCH 210, a PUSCH 220, or both. In some cases, processing
timeline 300 may be associated with multiple serving cells {e.g., serving cell 405-a and

serving cell 405-b).

13160} In some examples, a UE 115 may receive one or more messages including DCL
410 from a base station 105 via one or more component carriers, or serving cells, as described
with reference to FlGs. 2 and 3. For example, the UE 115 may recerve DCI 410-a through
BT 410-d from the base station 105, In some cases, DCI 410-a3 and DC1 410-¢ may be
associated with celi 405-a and DCI 410-b and DCY 410-d may be associated with cell 405-b.
In some examples, DCE 410-a and DCI 410-¢ may be associated with a transmission on a

downlink shared channel {¢c.g., PDSCH 4152 and PDSCH 415-b respectively). The UE 113
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may transmit a feedback message, such as an ACK or a NACK, to the base station 105
response to receiving the PDSCH 415 The UE 115 may transout the feedback message as a
portion of UCT 203, which may be an example of UCT 205 as descrnibed with reference to
FIG. 2, i an uplink control chanuel (e.g., a PUCCH 210}. In some cases, the UE 115 may
also transmit a CSI report, a scheduling request, or both as a portion of the UCI 205 inthe
PUCCH 210. In some cases, DCI 410-b and DCI 410-d may be associated with an uphnk
signal (e.g., control information or data) to be transmitted  PUSCH 220-¢ and PUSCH

220-d respectively.

[0101] The UE 115 may watt for a processing time after receiving PDSCH 415-a and
BT 410-b. In some cases, the resources associated with PUCCH 210-b may ovedap in time
with the resources associated with PUSCH 220-c on another serving cell. For example, the
resources associated with PUCCH 210-b and PUCCH 210-¢ corresponding to cell 405-a may
overlap m time with resources associated with PUSCH 220-¢ and PUSCH 220-d
corresponding to cell 405-b. In some cases, the UE 115 may transmit UCH {c.g., including
feedback information such as a HARQ ACK, one or more CS1 reports, a scheduling request,
or a combination} on PUCCH 210-b or PUCCH 210-c and may transmit an uplink signal on
PUSCH 220-c or PUSCH 220-d. In some cases, for example if a PUCCH 210 overdaps in
time with another PUSCH transmission, the UE 115 may refrain from transmitting the
scheduling request. That i3, if a transmission on PUSCH 220-d overlaps in time with PUCCH
210-c, the UE 115 may transmit PUSCH 220-d and PUCCH 210-¢ concurrenily. In some
exaraples, the UE 113 may not transmit a scheduling request on PUCCH 210-c. fn some
cases, the UE 113 may transmit an aperiodic CST report or semi-persistent C51 report on
PUCCH 210-c¢ regardless of whether PUSCH 220-d has an aperiodic CS1 report or semi-

persisient {81 report,

{3162} FIG. 5 illustrates an example of a process flow 500 that supports UCI
multiplexing rule for simultancous uplink control channel and uplink shared chanuel
transmission in accordance with aspects of the present disclosure. In some examples, process
flow 500 may implement aspects of wircless commumications aystems 100 and 200, The
process flow 500 may illustrate an example of a UE 115, such as UE 115-b, determining a
capability to perform a mode of UCH transmission and transmitting an uplink transmission to
a base station 105, such as base station 103-b, based on the capabilitv. Alternative examples

of the following may be implemented, where some processes are performed in a different
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order than described or are not performed. In some cases, processes may include additional

features not mentioned below, or further processes may be added.

[0103] At 505, UE 115-b may determine a capability of the UE 115-b to perform at least
a first mode of UCT transmission and a second mode of UCT transmission. In some cases, the
first mode may corrgspond to transmitting UCT on an uplink control channel (e.g., a PUCCH)
and transmitting an vplink signal on an upliok shared channel (¢.g., a PUSCH) concurrently
such that the PUCCH overlaps at least partially m time with the PUSCH. In some examples,
the second mode may correspond to transmitting UCT from a PUCCH and an uplink signal on
a PUSCH when the PUCCH overlaps at least partially in time with the PUSCH. In some
cases, the UCE may include a feedback mformation (e.g.. a HARQ ACK), aCSl report {e.g., a
periodic CS1 report, an aperiodic TSI report, or a semi-persistent TSI report), a scheduling

request, or a combination.

{3104} At 510, UE 115-b may determne the PUCCH and the PUSCH are configured on a
same serving cell. In some cases, UE 115-b may determine the capability at 503 based on the
PUCCH and the PUSCH on the same serving ccll. In some cases, UE 115-b may determine
the PUCCH and the PUSCH overlap at least partially during a time penod, where the
PUCCH and the PUSCH are on the same serving cell. In some examples, UE 115-b may drop
a scheduling request based on the PUCCH overlapping with the PUSCH during the time
period. Additionally or altematively, UE 115-b may determine an absence of a type of {61
reporting on the PUSCH during the time period (e.g., an aperiodic TSI report or a semi-
persistent CSI report). UE 115-b may multiplex a CSI report {¢.g., another type of CSI report,

such as a periodic CSI report) based on the absence.

[3105] At 515, UE 115-b may deternune the PUCCH and the PUSCH are configured on
different serving cells {e.g., a first serving cell and a second serving cell different than the
first). In some cases, UE 115-b may determine the capability at 505 based on the PUCCH and
PUSCH on different serving cells. In some cases, UE 113-b may determine the PUCCH does
not overlap in time with the PUSCH during a time period. UE 115-b may transmit a
scheduling request based on the PUCCH not overlapping with the PUSCH dunng the time

period.

13186} At 520, UE 115-b may transmit an indication of the determined capability to base

station 105-b. At 525, base station 105-b mayv determine the capability of the UE 115-bto
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perform at least the first mode of ULT transmission and the second mode of UCH

TransISSion.

[6167] At 530, base station 105-b may transmit a configuration to UE 115-b, the

configuration indicating that UE 115-b is to use the first mode of UCH transmission. In some

(]

cases, UE 1135-b may recetve the configuration based on the PUCCH lacking a beam
configuration (1.¢., a TCH state}. For example, the serving ccl with PUCCH may be
configured on FR1. In some cases, base station 105-b may transmit the configuration via

RRC signaling, a MAC-CE, or DCL

o

[6108] At 535, UE 115-b may transmit the UCH on the PUCCH and an uplink signal on
10 the PUSCH based on receiving the configuration. In some examples, the uplink signal may

mclade control mformation, data or both.

{0109} FIG. 6 shows a block diagram 600 of a device 605 that supports a UCH
multiplexing rule for simultancous uplink control channel and uplink shared channel
transmission 1 accordance with aspects of the present disclosure. The device 605 may be an
15 example of aspects of a UE 115 as deseribed herein. The device 603 may include a receiver
610, a communications manager 615, and a transmitier 620, The device 605 may also include
one or more processors, memory coupled with the one or more processors, and instructions
stored m the memory that are cxecutable by the one or more processors to enable the one or
more processors to perform the UCT multiplexing rule uplink transmission features discussed
20 herein. Each of these components may be in compmnmication with one another {e.g., via one

or more buses).

3110} The receiver 610 may receive information such as packets, user data, or control
mformation associated with various information channels {e.g., control channels, data
channels, and information related to UCE multiplexing rule for simultancous uplink control
25 channel and uplink shared channel transmission, etc.). Information may be passed on to other
components of the device 605, The receiver 610 may be an example of aspects of the
transceiver 920 descenbed with reference to FIG. 9. The receiver 610 may utilize a single

anienna or a set of antennas.

0111} The commumnications manager 615 may determine a capability of the UE o
30 perform at least a first mode of UCT transnussion and a second mode of UCH transnussion,

the first mode corresponding to transmission of UCH on an uplink control channel that
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overlaps in time at least in part with an uplink shared channel, and the second mode
corresponding to transmission of the UCH multipiexed on the uplink shared channel, recetve,
from a base station, a configuration indicating that the UE 1s to use the first mode of UCI
transimission, and transmit, based on the received configuration, the UCK on the uplink control
channel and an uplink signal on the uplink shared channel. The communications manager 615

may be an example of aspects of the communications manager 910 described hercin.

{0112} The actions performed by the communications manager 515 as described herein
may be implemented to realize one or more potential advantages. One implementation may
enable a UE to determine a capability for transmitting UCT on a PUCCH and an oplink signal
on a PUSCH. The UE may transmit the UCH on the PUCCH, which may result in tmproved

signaling reliability (c.g., better coverage) at the UE, among other advantages.

[0113] Based on implementing the UCH transmission capability as described hergin, a
processor of a UE or base station {¢.g., a processor controlling the receiver 610, the
communications manager 615, the transmitter 620, or a combmation thereof) may reduce the
impact or likelihood of unnecessary monttoring while ensaring relatively efficient
communications. For example, the capability based UCH transmission as described herein
may leverage a PUCCH and a PUSCH that overlap at least partially in time to transmit a UCI
and an uplink signal respectively, wiich may realize reduced signaling overhead (c.g., due to

less dropping of CSI reports), among other bencfits.

{6114} The communications manager 615, or its sab-components, may be implemented in
hardware, code (e.g., scftware or firmware) executed by a processor, or any contbination
thercof. If implemented m code exccuted by a processor, the functions of the communications
manager 615, or its sub-components may be executed by a general-purpose processor, a
digital signal processor (DSP), an application-specific tntegrated circuit (ASICY, a field-
programmable gatc-array (FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed to

perform the functions described in the present disclosure.

[3115] The commumications manager 615, or its sub-components, may be physically
located at various positions, including being distributed such that portions of functions are
mnplemented at different physical locations by one or more physical components. In some

examples, the communications manager 615, or its sub-components, may be a separate and

33



10

[
(v

[
L

30

WO 2021/258378 PCT/CN2020/098294

distinct component in accordance with various aspects of the present disclosure. In some
exaraples, the communications manager 615, or its sub-components, ray be combined with
one or more other hardware components, including but not hmted to an mput/output (1/0)
component, a transceiver, a network server, another computing device, one or more other
components described in the present disclosure, or a combination thereof in accordance with

various aspects of the present disclosure.

{0116} The transmitter 620 may transmit signals generated by other components of the
device 603, In some examples, the transmitter 620 may be collocated with a receiver 610 na
transceiver module. For example, the transmitter 620 may be an example of aspects of the
transceiver 920 described with reference to FiG. 9. The transmitter 620 may utilize a single

antenna or a set of antennas.

{0117] FiG. 7 shows a block diagram 700 of a device 705 that supports UCH multiplexing
rule for simultancous uplink control chanunel and uplink shared channel transmission in
accordance with aspects of the present disclosure. The device 705 may be an example of
aspects of a device 603, or a UE 115 as described herein. The device 705 may include a
receiver 710, a communications manager 7135, and a transmitter 735, The device 705 may
also include a processor. Each of these components may be in communication with one

anocther {¢.g., via one or more buses).

{6118} The recerver 710 may receive information such as packets, user data, or control
mformation associated with varicus information channels {¢.g., control channels, data
channels, and information related to UCTE multiplexing rale for simultancous uplink control
channel and uplink shared channel transmission, ¢tc.). Information may be passed on to other
coraponents ot the device 703, The receiver 710 may be an example of aspects of the
transceiver 920 described with reference to FIG. 8. The recetver 710 may utilize a single

antenna or a set of antennas.

[8119] The communications manager 715 may be an example of aspects of the
communications manager 615 as described herein. The communications manager 715 may
melude a capability component 720, a configuration component 725, and an uplink
transmission component 730. The communications manager 715 may be an example of

aspects of the communications manager 910 descnibed hercin.
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0129} The capability component 720 may determine a capability of the UE to perform at
feast a first mode of UCT transmussion and a second mode of UCT transmission, the first mode
corresponding to transmission of UCH on an uplink control channel that overlaps in time at
least in part with an uplink shared channel, and the second meode corresponding to
transmission of the UCT multiplexed on the uplink shared channel. The configuration
coraponent 725 may receive, from a base station, a configuration indicating that the UE is to
use the first mode of UCT transmission. The uplink transmission component 730 may
transmit, based on the received configuration, the UCK on the uplink control chamncel and an

uplink signal on the uplink shared channel.

{0121} The transmitter 735 may transmit signals generated by other components of the
device 7035, In some examples, the transmitter 733 may be collocated with a receiver 710 in a
transceiver module. For example, the transmitter 735 may be an example of aspects of the
transceiver 920 described with reference to FIG. 9. The transmitter 735 may utihize a single

antenna or a set of antennas.

{6122} In some cases, the capability component 720, the configuration component 725,
and the uplink transmission component 730, may cach be or be at least a part of a processor
{c.g., a transceiver Processor, or a radio processor, or a transmitier processor, or a receiver
processor). The processor may be coupled with memory and execute mstructions stored in the
memory that enable the processor to perform or facilitate the features of the capability
component 720, the configuration component 725, and the uplink transmission component
730 discussed herein. A transceiver processor may be collocated with and/or comamunicate
with (2.g., direct the operations of) a transcetver of the device. A radio processor may be
collocated with and/or conununicate with (e.g., direct the operations of) aradio {(¢.g., an NR
radio, an L'TE radio, a Wi-Fi radio) of the device. A transmitter processor may be collocated
with and/or communicate with {¢.g., direct the operations of} a transmitter of the device. A
receiver processor may be collocated with and/or communicate with {¢.g., direct the

operations of) a receiver of the device.

{6123} FiG. 8 shows a block diagram 800 of a communications manager %03 that
supports UCT multiplexing rule for simuitancous uplink control channel and uplink shared
channel transmission in accordance with aspects of the present disclosure. The

commumnications manager 805 may be an example of aspects of a communications manager

35



10

[
(v

[
L

30

WO 2021/258378 PCT/CN2020/098294

613, a communications manager 715, or a communications manager 910 described herein.
The communications manager 805 may include a capabihity component 810, a configuration
component 315, an uplink transmission component 820, a resource component 825, and a
CSI component 830. Each of these modules may communicate, directly or indirectly, with

one another {¢.g., via ong or more buses).

{3124} The capability component 810 may determine a capability of the UE to perform at
feast a first mode of UCT transmussion and a second mode of UCT transmission, the first mode
corresponding to transmission of UCT on an uplink control channel that overlaps in time at
least in part with an uplink shared channel, and the second mode corresponding to
transmmission of the UCT multiplexed on the uplink shared channel. In some examples, the
capability component 810 may transmit, to the base station, an indication of the determined

capability.

01258} in some cxamples, the capability component 810 may determine that the uplink
control channel and the uplink shared channel are configured on a same serving cell, where
the capability of the UE is determined based on the uplink control channel and the uplink
shared chanocl being configured on the same serving cell. In some examples, the capability
coraponent 810 may determine that the uplink control channel is configured on a first serving
cell and the uphink shared channel 1s configured on a second serving cell different than the
first serving ccll. where the capability of the UE is determined based on the uphink control

channel being configured on a different serving cell than the uplink shared chanoel.

{0126} The configuration component 815 may recetve, from a base station, a
configuration indicating that the UE is to use the first mode of UCH transnuission. In some
cases, the configuration component 815 may receive the configuration based on the uplink
control channel lacking a beam configuration. In some examples, the configuration
component %15 may receive the configuration via RRC signaling. The uplink transmission
component 320 may transmit, based on the received configuration, the UCT on the uplink

control channel and an uplink signal on the aplink shared channel.

{3127} The resource component 825 may determine that the uplink control channel
overlaps in time at least in part with the uplink shared channel during a time period, where

the aplink controf channel and the uplink shared chanuel are configured on the same serving
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cell. In some examples, the resource component 825 may drop a scheduling request based on
the uplink control channel overlapping with the uplink shared channetl during the time period.
{0128} The 51 compounent 830 may determine an absence of a second type of €SI

reporting during the time period. fn some examples, the CSI component 830 may multiplex a

(]

first type of CS1 reporting based on the absenee of the second type of CSI reporting. In some
cases, the first type of CSI reporting 1s periodic and the second type of U851 is aperiodic or

seri~persistent.

{0129} In some examples, the resource component 825 may determine the uplink control
channel does not overlap in time with the uplink shared channoel during a time period. In

10 some examples, the resource component 823 may transmii, o the base station, a scheduling
request based on the uplink control channel not overlapping in time with the wplink shared

channel during the time period.

{6136} In some cases, the capability component 810, the configuration component 8135,
the uplink transmission component 820, the resource component 825, and the C51 component
15 830 may cach be or be at least a part of a processor {¢.g., a transceiver processor, or a radio
PTOCEssor, OF a transmitter processor, or a receiver processor). The processor may be coupled
with memory and exgcute instructions stored in the memory that enable the processor to
perform or facilitate the features of the capability component 810, the configuration
component 815, the uplink transmission component 820, the resource coraponent 825, and

20 the CSI component 830 discussed herem.

{03131} FiG. 9 shows a diagram of a system 900 including a device 903 that supports UCE
multiplexing role for simultancous uplink control channel and uplink shared channel
transmission in accordance with aspects of the present disclosure. The device 905 may be an
exarmaple of or include the components of deviee 603, device 705, ora UK 115 as described
25 herein. The device 9035 may include components for bi-directional voice and data
communications including components for transmitting and receiving communications,
mchiding a communications manager 910, an VO controller 915, a transceiver 920, an
antenna 9235, memory 930, and a processor 940, These components may be i electronic

communication via ong or more buses {¢.g., bus 943).

Vg

30 j6132) The communications manager 910 may determine a capability of the UE to

perform at least a first mode of UCT transmission and a second mode of UCT transmission,
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the first mode corresponding to transmission of UL on an uplink control channe! that
overlaps in time at least in part with an uplink shared channel, and the second mode
corresponding to transmission of the UCT musttiplexed on the uplink shared channel, recetve,
from a base station, a configuration indicating that the UE is to use the first mode of UCH
transmission, and tfransmit, based on the received configuration, the UCK on the uplink control

channel and an aplink signal on the uplink shared channel.

0133} The VO controller 915 may manage input and output signals for the device 903,
The VO controlier 915 mav also manage peripherals not mitegrated into the device 905. In
some cases, the /O controller 915 may represent a physical connection or port to an external
peripheral. In some cases, the /O controller 915 may vtikize an operating system such as
10S®, ANDROID®, MS-DOS®, MS-WINDOWS®, 08/2®, UNIX®, LINUX®, or another
known operating system. In other cases, the /O controller 915 may represent or mteract with
amodem, a keyboard, a mouse, a touchscreen, or a similar device. In some cases, the VO
controller 915 may be implemented as part of a processor. In some cases, a user maay interact
with the device 903 via the /O controller 9135 or via hardware components controlled by the

/0 controller 915.

[0134] The transcerver 920 may communicate bi-directionally, via one or more antennas,
wired, or wireless links as descrnibed above. For example, the transceiver 920 may represent a
wireless transceiver and may communicate bi-directionally with another wireless transceiver.
The transceiver 920 may also include a modem to modulate the packets and provide the

modulated packets to the antennas for transmission, and to demodulate packets recetved from

the antennas.

[B135] In some cases, the wireless device may include a single antenna 9235, However, in
some cases the device may have more than one antenna 925, which may be capable of

concurrently transmitting or receiving multiple wircless transmissions.

{8136} The memory 930 may include random-access memory (RAM} and read-only
memory {(ROM). The memory 930 may store computer-readable, computer-executable code
933 mcluding mstructions that, when executed, cause the processor to perform various
functions described herein. In some cases, the memory 930 may contain, among other things,
a basic V0 system {BIOS) which may control basic hardware or software operation such as

the nieraction with peripheral components or devices.
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{0137} The processor 940 may include an intelligent hardware device, (c.g., a general-
purpose processor, a ISP, a central processing unit (CPU), a microcontrolier, an ASIC, an
FPGA, a programmable logic device, a diserete gate or transistor logic component, a discrete
hardware component, or any combination thereof). In some cases, the processor 940 may be
5  configured to operate a memory array using a memory controller. In other cases, a memory
controller may be integrated mto the processor 940. The processor 940 may be configured to
execute computer-readable instructions stored n a memory {e.g., the memory 930} to cause
the device 905 to perform various functions (¢.g., functions or tasks supporting UCH
multiplexing rule for simultancous uplink control channel and uplink shared channel

10 transmussion).

4138} The code 935 may include instructions to implement aspects of the present

disclosure, meluding mstructions to support wireless communications. The code 935 mav be

stored in a non-transitory computer-readable medium such as system memory or other type of

memory. In some cases, the code 935 may not be directly executable by the processor 940 but
15 mayv cause a computer {e.g., when compiled and executed) to perform functions described

herein.

[0139] Fi(. 18 shows a block diagram 1000 of a device 1005 that supports UCT
multiplexing role for simultancous uplink control channel and uplink shared channel
transmission in accordance with aspects of the present disclosure. The device 1005 mayv be an
20 example of aspects of a base station 1035 as described herein. The device 1005 may include a
recerver 1010, a commumications manager 1015, and a transmitter 1020. The device 1005
may also include a processor. Each of these components may be in communication with one

another {e.g., via one or more buses).

3140} The recetver 1010 may receive information such as packets, user data, or control
25  information associated with various information channels {¢.g., control channels, data
channels, and information related to UCT multiplexing rule for simultaneous uplink control
channel and uplink shared channel transmission, ete ). Information may be passed on to other
components of the device 1005, The receiver 1010 may be an example of aspects of the
transceiver 1320 described with reference to FIG. 13, The receiver 1010 may utilize a single

30 antenna or a set of antennas.
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{0141} The communications manager 1015 may determine a capability of a UE to
perform at least a first mode of UCH transmission and a second mode of UCH transnussion,
the first mode corresponding to transmission of UCE on an uplink control channel that
overlaps at least in part an uplink shared channel, and the second mode corresponding to

5 transnussion of the UCTE multiplexed on the uplink shared channel, transmit, to the UE, a
configuration indicating that the UE is to use the first mode of UCT transmission, and receive,
based on the transmitied configuration, the UCH on the uplink coutrol channel and an uplink
signal on the uplink shared channel. The communications manager 1015 may be an example

of aspects of the communications manager 1310 descenibed herem.

10 {0142 The communications manager 1015, or its sub-components, may be implemented
in hardware, code (¢.g., software or firmware) executed by a processor, or any combination
thereof. If implemented in code executed by a processor, the functions of the communications
manager 1013, or its sub-components may be executed by a general-purpose processor, a
DSP, an ASIC, a FPGA or other programmable logic device, discrete gate or transistor logic,

15 discrete hardware components, or any combination thereof designed to perform the functions

described 1n the present disclosure.

(4143} The commumications manager 1015, or its sub-components, mayv be physically
located at various positions, including being distributed such that portions of functions are
implemented at different physical locations by one or more physical components. fn some

20 examples, the communications manager 1015, or its sub-components, may be a separate and
distinct component in accordance with various aspects of the present disclosure. In some
examples, the communications manager 1015, or its sub-components, may be combined with
one or more other hardware componeuts, including but not mited to an input/output (/0)

component, a transceiver, a network server, another computing device, ong or more other

N2
(]

components described in the present disclosure, or a combination thereof i accordance with

various aspects of the present disclosure.

[8144] The transnutter 1020 may transmit signals gencrated by other components of the

device 1005. In some examples, the {ransmitter 1020 may be collocated with a receiver 1010

in a transceiver module. For example, the transmitter 1020 may be an example of aspects of
30 the transceiver 1320 described with reference to FIG. 13, The transmitter 1020 may utilize a

single antenna or a set of antennas.
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[0145] FIG. 11 shows a block diagram 1100 of a device 1105 that supports UCH
multiplexing rule for simultancous uplink control channetl and uplink shared channel
transmussion in accordance with aspects of the present disclosure. The device 1105 may be an
example of aspects of a device 1003, or a base station 105 as described herein. The device

5 1105 may include a recetver 1110, a communications manager 1115, and a transnutter 1135,
The device 1105 may also include a processor. Each of these components may be in

communication with one another {¢.g., via one or more busgs).

[8146] The recerver 1110 may receive information such as packets, user data, or control
mformation associated with varicus information channels {¢.g., control channels, data

10 channels, and information related to UCTE multiplexing rale for simultancous uplink control
channel and uplink shared channel transmission, ete.). Information may be passed on to other
components of the device 1103, The receiver 1110 may be an example of aspects of the
transceiver 1320 described with reference to FIG. 13, The receiver 1110 may utilize a single

antenna or a set of antennas.

[
(v

{0147} The communications manager 1115 may be an example of aspects of the
communications manager 1015 as described hercin. The communications manager 1115 may
melude a capability component 1120, a configuration component 1125, and an uplink
transmission component 1130. The communications manager 1115 may be an example of

aspects of the communications manager 1310 described herein.

20 [0148] The capability component 1120 may determine a capability of a UE to perform at
least a first mode of UCT transmission and a second mode of UCH transnussion, the first mode
corresponding to transmission of UCT on an uplink control channel that overlaps at least in
part an uplink shared channel, and the sccond mode corvesponding to transmussion of the UCT
multiplexed on the uplink shared channel. The configuration component 1125 may transmit,

25 1o the UE, a configuration indicating that the UE is to use the first mode of UCH transmission.
The uplmk transmission component 1130 may receive, based on the transmutied
configuration, the UCT on the uplink control channel and an uphink signal on the uphink

shared channel.

[(3149] The transmitter 1135 may transmit signals generated by other components of the
36 device 1105. In some examples, the transmitter 1135 may be collocated with a receiver 1116

i a transceiver module. For example, the transmitter 1135 may be an example of aspects of

41



(]

10

[
(v

[
L

30

WO 2021/258378

the transceiver 1320 described with reference to FIG. 13, The transoutter 1135 may utilize a

single antenna or a sot of antennas.

{8154] FiG, 12 shows a block diagram 1200 of a communications manager 1205 that
supports UCT multiplexing rule for simuitancous uplink control channel and uplink shared
channel transmission in accordance with aspects of the present disclosure, The
commumnications manager 1205 may be an example of aspects of a communications manager
1015, a communications manager 1113, or a commumnications manager 1310 described
herein. The commumications manager 1205 may include a capability component 1218, a
configuration component 1215, an uplink transmission component 1220, a resource
component 1225, and a CSI component 1230, Each of these modules may communicate,

directly or mmdirectly, with one another {e.g., via one or more buses).

{3151} The capability component 1210 may determine a capability of a UE to perform at
least a first mode of UCH transmission and a second mode of UCT transmission, the first mode
corresponding to transmission of UCT on an uplink control channel that overlaps at least in
part an uplink shared channel, and the second mode corresponding to transmission of the UCH
multiplexed on the uplink shared channel. In some examplies, the capability component 1210

may receive, from the UE, an indication of the determined capability,

[0152] In some cxamples, the capability component 1210 may determing that the uphink
control channel and the uplink shared channel are configured on a same serving cell, where
the capability of the UE is determined based on the uplink control channel and the uplink
shared channel being configured on the same serving cell. In some examples, the capability
coraponent 1210 may determine that the uplink control chanuel 1s configured on a first
serving cell and the uplink shared channel 1s configured on a second serving cell different
than the first serving cell, where the capabibity of the UE is determined based on the uplink

control channel being configured on a different serving cell than the uplink shared channel.

{8153} The configuration component 1215 may transmit, to the UE, a configuration
imdicating that the UE is to use the first mode of UCT transmission. In some cases, the
configuration component 1215 may transmit the configuration based on the uplink control
channel lacking a beam configuration. In some examples, the configuration component 1215

may transmit the configuration via RRC signaling.
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[0154] The uplink transmission component 1220 may receive, based on the transmitted
configuration, the UCH on the uplink control channel and an uplink signal on the uplink

shared channel.

{0155] The resource component 1225 may determine that the uplink control chanuel
overlaps in time at least in part with the uplink shared channel during a time period, where
the aplink controf channel and the uplink shared chanuel are configured on the same serving
cell. The CSY Component 1230 may reccive, from the UE, a multiplexed transmission
meluding a first tvpe of TSI reporting based on an absence of a second type of CSI reporting,
In some cases, the first type of CSI reporting 18 periodic and the second type of €51 is

aperiodic or semi-persistent.

31 56] In some examples, the resource component 1225 may receive, from the UE, a
scheduling request based on the uplink control channel not overlapping in time with the

uplink shared channpel during a time period.

{8157} FiG. 13 shows a diagram of a system 1300 imchuding a device 1305 that supports
UCT multiplexing rule for simultancous uplink control channel and uplink shared channel
transmission in accordance with aspects of the present disciosure. The device 1305 may be an
example of or include the components of device 1003, device 1103, or a base station 105 as
descnbed herein. The device 1305 may include components for bi-directional voice and data
communications including components for transmitting and receiving communications,
mehiding a communications manager 1310, a network compmunications manager 1315, a3
transceiver 1320, an antenna 1325, memory 1330, a processor 1340, and an inter-station
coramunications manager 1345 These components may be in electronic communication via

one or more buses {¢.g., bus 1350},

[0158] The communications manager 1310 may determine a capability of a UE to
perform at least a first mode of UCT transmission and a second mode of UCT transmission,
the first mode corresponding to transmission of UCI on an uplink control channel that
overlaps at least in part an uplink shared channel, and the second mode corresponding to
transmission of the UCT multiplexed on the uplink shared channel, transmit, to the UE, a
configuration indicating that the UE is to use the first mode of UCT transmission, and receive,
based on the transmitted configuration, the U on the uplink coutrol channel and an uplink

signal on the uplink shared channcl.
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[0159] The network communications manager 1315 may manage communications with
the core network (e.g., via one or more wired backhaul links}. For example, the network
communications manager 1315 may manage the transfer of data communications for chient

devices, such as one or more UEs 115,

(]

{3160} The transceiver 1320 may communicate bi-directionally, via one or more
antennas, wired, or wircless links as described above. For example, the transceiver 1320 may
represent a wireless transceiver and may communicate bi-directionally with another wireless
transceiver. The transeciver 1320 may also include a modem to modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodalate packets

10 received from the antennas.

4161} In some cases, the wireless device may inchude a single antenna 1325, However,
i some cases the device may have more than one antenna 1325, which may be capable of

concurrently transmitting or receiving multiple wircless transmissions.

{0162} The memory 1336 may include RAM, ROM, or a combination thereof. The
15 memory 1330 may store computer-readable code 1335 mchuding instructions that, when
executed by a processor {e.g., the processor 1340) cause the device to perform varnious
functions described herein. In some cases, the memory 1330 may contain, among other
things, a BIOS which may control basic hardwarc or software operation such as the

mteraction with peripheral components or devices.

20 {0163 The processor 1340 may include an intelligent hardware device, {e.g., a general-
purpose processor, a DSP, a CPU, a microcontroller, an ASIC, an FPGA, a programmable
logic device, a discrete gate or transistor logic component, a discrete hardware component, or
any combination thereof). In some cases, the processor 1340 may be configured to operate a
mMemory array using a memory controlier. In some cases, a memory controlicr may be

25 integrated into processor 1340, The processor 1340 may be configured to execute computer-
readable instructions stored in a memory {¢.g., the memory 1330} to cause the device 1305 to
perform varicus functions {(¢.g., functions or tasks supporting UCH multplexing rule for

simuitaneous uplink control channel and uplink shared channel transmission).

{3164 The inter-station communications manager 1345 may manage communications
30 with other base station 105, and may include a controller or scheduler for controliing

communications with UEs 115 i cooperation with other base stations 103. For example, the
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mter-station communications manager 1345 may coordinate scheduling for transmissions to
UEs 1135 for various mterference mitigation techniques such as beamforming or joint
transmission. In some examples, the inter-station comprunications manager 1345 may
provide an X2 mterface within an LTE/LTE-A wireless communication network technology

to provide communication between base stations 105,

18165] The code 1335 may include mstructions to implement aspects of the present
disclosure, mcluding instructions to support wireless comnwnications. The code 1335 may be
stored in a non-transitory computer-readable medium such as aystem memory or other type of
memory. In some cases, the code 1335 may not be directly execatable by the processor 1340
but may cause a computer {¢.g., when compiled and executed) to perform functions described

berein.

13166} FI$, 14 shows a flowchart illusteating a method 1400 that supports UCT
multiplexing rule for simultancous uplink control channetl and uplink shared channel
transmission in accordance with aspects of the present disclosure. The operations of method
1400 may be implemented by a UE 113 or its componenis as described herein. For exarple,
the operations of method 1400 may be performed by a communications manager as described
with reference to FIGs. 6 through 9. In some examples, a UE may execute a set of
mstructions to control the functional elements of the UE to perform the functions described
below. Additionally or alternatively, a UE may perform aspects of the functions described

below using special-purpose hardware.

{8167} At 1405, the UE may determine a capability of the UE to perform at least a first
mode of UCH transmission and a second mode of UCH transmission, the first mode
corresponding to transmission of UCT on an uplink control channel that overlaps in time at
least in part with an aplink shared channel, and the second mode corresponding to
transmission of the UCH multiplexed on the uplink shared channel. The operations of 1405
may be performed according to the methods described herein. In some examples, aspects of
the operations of 1405 may be performed by a capability component as described with

reference to FIGs. 6 through 9.

(4168} At 1410, the UE may recetve, from a base station, a configuration mdicating that
the UE is to use the first mode of UCH transmigsion. The operations of 1410 may be

performed according to the methods described herein. In some examples, aspects of the
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operations of 1410 may be performed by a configuration component as described with

reference to FiGs. 6 through 9.

[0169] At 1415, the UE may transmit, based on the received configuration, the UCE on
the uplink control channe! and an uplink signal on the uplink shared channel. The operations
of 1413 may be performed according to the methods described herein. In some examples,
aspects of the operations of 1415 may be performed by an uplink transmission component as

descnbed with reference to FilGs. 6 through 9.

{0178] FiG. 15 shows a flowchart llustrating a method 1500 that supports UCE
multiplexing rule for simultancous uplink control channel and uplink shared channel
transmission 1n accordance with aspects of the present disclosure. The operations of method
1500 may be implemented by a UE 115 or its components as described herein. For example,
the operations of method 1500 may be performed by a communications manager as described
with reference to FIGs. 6 through 9. fn some examples, a UE may execute a sct of
mstructions to control the functional elements of the UE to perform the functions described
below. Additionally or alternatively, a UE may perform aspects of the functions described

below using special-purpose hardware.

171} At 1305, the UE may determine a capability of the UE to perform at least a first
mode of UCT transmassion and a second mode of UCT transmission, the first mode
corresponding to transmission of UCT on an uplink control channel that overlaps in time at
least in part with an uplink shared channel, and the second mode corresponding to
transmission of the UCT multiplexed on the uplink shared channel. The operations of 1505
may be performed according to the methods described herein. In some exarples, aspects of
the operations of 1505 may be performed by a capability component as described with

reference to FiGs. 6 through 9.

{6172} At 1510, the UE may transmit, to the base station, an indication of the determined
capability. The operations of 1510 may be performed according to the methods described
herein. In some examples, aspects of the operations of 1510 may be performad by a

capability component as described with reference to FIGs. 6 through 9.

10173] At 1515, the UE may receive, from a base station, a configuration mdicating that
the UFE is to use the first mode of UCH transmission. The operations of 1515 may be

performed according to the methods described herein. In some examples, aspects of the
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operations of 1515 may be performed by a configuration component as described with

reference to FiGs. 6 through 9.

{8174} At 1520, the UE may transmit, based on the received configuration, the UCE on

the uplink control channe! and an uplink signal on the uplink shared channel. The operations

(]

of 1520 may be performed according to the methods described herein. In some examples,
aspects of the operations of 1520 may be performed by an uplink transmission component as

descnbed with reference to FilGs. 6 through 9.

{0175] FiG. 16 shows a flowchart lustrating a method 1600 that supports UCE
multiplexing rule for simultancous uplink control channel and uplink shared channel

10 transmission in accordance with aspects of the present disclosure. The operations of method
1600 may be implemented by a base station 105 or its components as described herein. For
example, the operations of method 1600 may be performed by 2 communications manager as
descnbed with reference to FiGs. 10 through 13, In some examples, a base station may

execute a set of instractions to control the fumctional elements of the base station to perform

[
(v

the functions described below. Additionally or alternatively, a base station may perform

aspects of the functions described below using special-purpose hardware.

3176} At 16035, the base station may determine a capability of a UE to perform at least a
first mode of UCT transmission and a second mode of UCH transnussion, the first mode
corresponding to transmission of UCT on an uplink control channel that overlaps at least in
20 part an aplink shared channel, and the second mode corresponding to transmission of the UCIH
multiplexed on the uplink shared channel. The operations of 1605 may be performed
according to the methods described herein. In some examples, aspects of the operations of
16035 may be performed by a capability component as described with reference to FIGs. 10

through 13.

25 j6177) At 1610, the base station may transmit, to the UE, a configuration indicating that
the UE is to use the first mode of UCT transmission. The operations of 1610 may be
performed according to the methods described herein. In some examples, aspeocts of the
operations of 1610 may be performed by a configuration component as described with

reference to FiGs. 10 through 13,

36 ]6178] At 16135, the base station may receive, based on the transmitted configuration, the

UCT on the uplink control channel and an uplink signal on the uplink shared channel. The
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operations of 1615 may be performed according to the methods described herein. In some
exaraples, aspects of the operations of 1615 may be performed by an uplink transmission

component as described with reference to FIGs. 10 throagh 13.

[0179] FiG, 17 shows a flowchart tllustrating a method 1700 that supports UCH

(]

multiplexing role for simultancous uplink control channel and uplink shared channel
transmission in accordance with aspects of the present disclosure. The operations of method
1700 may be implemented by a basc station 105 or its components as described hercin. For
example, the operations of method 1700 may be performed by a communications manager as
described with reference to FIGs. 10 through 13, In some examples, a base station may

10 execute a set of instructions to control the functional elements of the base station to perform
the functions described below. Additionally or alternatively, a base station may perform

aspects of the functions described below using special-purpose hardware.

{3180} At 1705, the base station may determing a capability of a UE to perform at least a

first mode of UCT transmussion and a second mode of UCT transnussion, the first mode

[
(v

corresponding to transmission of UCH on an uplink control channel that overlaps at least in
part an uplink shared channel, and the second mode corresponding to transmission of the UCH
multiplexed on the uplink shared channel. The operations of 1705 mayv be performed
according to the methods described herein. In some examples, aspects of the operations of
1705 may be performed by a capability component as described with reference to FiGs. 10

20 through 13,

{0181} At 1710, the base station may receive, from the UE, an indication of the
determined capability. The operations of 1710 may be performed according to the methods
described herein. In some examples, aspects of the operations of 1710 may be pertormed by a

capability component as descnbed with reference to FIGs. 10 through 13,

25 [6182] At 1715, the base station may transmit, to the UE, a configuration mdicating that
the UE is to use the first mode of U transmission. The operations of 1715 may be
performed according to the methods described herein. In some examples, aspects of the
operations of 1715 may be performed by a configuration component as described with

reference to FiGs. 10 through 13,

36 [6183) At 1720, the base station may receive, based on the transmitted configuration, the

UCT on the uplink control channel and an uplink signal on the uplink shared channel. The
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operations of 1720 may be performed according to the methods described herein. In some
examples, aspects of the operations of 1720 may be performed by an uplink transmission

component as described with reference to FIGs. 10 throagh 13.

[3184] it should be noted that the methods described herein describe possible
mmplementations, and that the operations and the steps may be rearranged or otherwise
modified and that other implementations are possible. Further, aspects from two or more of

the methods may be combined.

{0185] Although aspects of an LTE, LTE-A, LTE-A Pro, or NR system may be described
for purposes of example, and LTE, LTE-A, LTE-A Pro, or NR termunoclogy may be used in
much of the description, the technigues described herein are applicable beyond LTE, LTE-A,
LTE-A Pro, or NR networks. For example, the described technigues may be apphicable to
varigus other wireless communications systems such as Ultra Mobile Broadband (UMB),
Institute of Electrical and Electronics Enginecrs (IEEE) 802 11 (Wi-F1), IEEE 802.16
{WiMAX), IEEE 802.20, Flash-OFDM, as well as other systems and radio technologies not

explicitly mentioned herein.

[3186] Information and signals described herein may be represented using any of a
variety of different technologies and techniques. For example, data, instructions, commands,
mformation, signals, bits, symbaols, and chips that may be referenced throughout the
description may be represented by voltages, currents, electromagnetic waves, magnetic ficlds

or particles, optical fields or particles, or any combination thereof,

(1187} The various itlustrative blocks and components described in connection with the
disclosure herein may be mplemented or performed with a general-purpose processor, a
DSP, an ASIC, a CPU, an FPGA or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed to
perform the functions described herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may be any processor, controller,
microcontrolier, or state machine. A processor may also be implemented as a combination of
coraputing devices {¢.g., a combination of a DSP and a microprocessor, multiple
MICTOPTOCEasOrs, ONe OF MOFC MICTOProcessors in conjunction with a DSP core, or any other

such configuration).
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13188} The functions described hercin may be implemented in hardware, sottware
exccuted by a processor, firmware, or any combination thereof. If implemented in software
executed by a processor, the functions may be stored on or transmitted over as one or more
mstructions or code on a computer-readable medium. Other examples and implementations
arc within the scope of the disclosure and appended claims. For example, due to the nature of
software, functions described herein may be implemented using software executed by a
processor, hardware, firmware, hardwiring, or combinations of any of these. Features
mplementing functions may also be physically located at various positions, including being

distributed such that portions of functions are implemented at different physical locations.

[3189] Computer-readable media includes both non-transitory computer storage media
and communication media inchuding any medmum that facilitates transter of a computer
program from one place to another. A non-transitory storage medium may be any available
mediam that may be accessed by a general-purpose or special purpose computer. By way of
example, and not limitation, non-transitory compuicr-readable media may include RAM,
ROM, electrically erasable programmable ROM (EEPROM), flash memory, compact disk
{CD} ROM or other optical disk storage, magnetic disk storage or other magnetic storage
devices, or any other non-transitory medium that may be used to carry or store desired
program code means in the form of nstructions or data structures and that may be accessed
by a general-purpose or special-purpose computer, or a general-purpose or special-purpose
processor. Also, any conngction is properly termed a computer-readable medium. For
example, if the software is transmitted from a website, server, or other remote source using a
coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic cable,
twisted pair, BSL, or wireless technologies such as infrared, radio, and microwave are
meluded n the defimition of computer-readable medium. Disk and disc, as used herem,
mclude CD, laser disc, optical dise, digital versatile disc (DVD), floppy disk and Blu-ray disc
where disks usually reprodace data magnetically, while discs reproduce data optically with
lasers. Combinations of the above are also included within the scope of computer-readable

media.

{3130} As used herein, including n the claims, “or” as used in a list of items (¢ g., a list
of items prefaced by a phrase such as “at least one of” or “one or more of ) indicates an

inclusive list such that, for example, alistof at least one of A, B,or Cmeans AorBor Cor
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ABor ACor BCor ABC {ic, Aand B and C}. Also, as used herein, the phrase “based on™

shall not be construed as a reference to a closed set of conditions. For example, an example

step that 1s described as “based on condition A” may be based on both a condition A and a

condition B without departing fron: the scope of the present disclosure. In other words, as
5 used herein, the phrase “based on” shall be construed in the same manner as the phrase

“based at least i part on.”

{0191} in the appended figures, similar components or features may have the same
reference label. Further, varous components of the same type may be distinguished by
followmg the reference label by a dash and a second label that distinguishes among the

10 similar components. If just the first reference label is used in the specification, the description
is apphicable to any one of the similar components having the same first reference label

irrespective of the second reference label, or other subsequent reference label.

[6192] The description set forth herein, in connection with the appended drawings,

describes example configurations and does not represent all the examples that may be

[
(v

implemented or that are within the scope of the claims. The term “example” used herein
means “serving as an example, instance, or illustration,” and not “preferred” or
“advantageous over other examples.” The detailed description includes specific details for the
purpose of providing an understanding of the described techniques. These technigues,
however, may be practiced withowt these specific details. In some instances, known structures
20 and devices are shown in block diagram form in order to avoid obscuring the concepts of the

described examples.
[3193] The description herein is provided to enable a person having ordinary skill in the
art to make or use the disclosure. Various modifications to the disclosure will be apparent to a

person having ordinary skill in the art, and the generic principles defined herein may be

[
L

applied to other variations without departing from the scope of the disclosure. Thus, the
disclosure ts not himited 1o the examples and designs described herein, but is to be accorded

the broadest scope consistent with the principles and novel features disclosed herein.
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CLAIMS

What is claimed is:
1 I A method for wircless commumications at a user equipment (UE),
2 comprising:
3 determining a capabtlity of the UK to perform at least a first mode of uplink
4 control information transmission and a second mode of uplink control information
5 trensmission, the first mode corresponding to transmission of uplink countrol information on
¢ anuphink control channel that overlaps in time at least in part with an uplink shared channel,
7 and the second mode corresponding to transmuission of the uplink control information
8  multiplexed on the uplink shared channel;
O receiving, from a base station, a configuration indicating that the UE isto use

1 the first mode of uplink control information transmission; and
18 transmitting, based at least in part on the recetved configuration, the uplink
12 control information on the uplink control chanoe!l and an uplink signal on the uplink shared

{3 chaonel.

1 2. The method of claim 1, further comprising:

e

transmitting, to the base station, an indication of the determmned capability.

1 3. The method of claim 1, wherein the configuration is reccived based at

2 leastin part on the uplink control channel lacking a beam configuration.

1 4, The method of claim 1, further comprising:
2 determining that the uplink control channel and the uplink shared channel are
3 configured on a same serving cell, wherein the capability of the UE 1s determined based at

4 least in part on the uplink control channel and the uplink shared channel being configured on

5 the same serving cell.

1 5 The method of claim 1, further comprising:

2 determimng that the uplink control channel is configured on a first serving cell
3 and the uplink shared channel is configured on a second serving cell different than the first

4 serving cell, wherein the capability of the UE is determined based at least in part on the
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uplink controi channel being configured on a different serving cell than the uplink shared

channel.

6. The method of clain 1, further comprising:
determining that the uplink control channel overlaps in time at least in part
with the uplink shared channel daring a time period, wherein the uplink control channel and

the uplink shared channel are configured on the same serving cell.

7. The method of ¢lainy 6, further comprising:
dropping a scheduling request based at least in part on the uplink control

channel overlapping with the uplink shared channel during the time perniod.

8. The method of claim 6, further comprising:

determinmng an absence of a second type of channel state information
reporting during the time period; and

muftiplexing a first type of chaonel state information reporting based at least

in part on the absence of the second type of channel state information reporting.

9. The method of claim 8, wherein the first type of channel state
mformation reporting is periodic and the second type of channel state information is

aperiodic or semi-persistent.

10 The method of claim 1, further comprising:

determining the uplink control channel does not overlap in time with the
uplink shared channel during a time period; and

transmitting, to the base station, a scheduling request based at least in part on
the uplink control channel not overlapping in time with the uplink shared channel during the

time period.

It The method of claim 1, further comprising:

recetving the configuration via radio resource control signaling.

12, A method for wireless communications at a base station, comprising;
determining a capability of a user equipment (UE) to perform at least a tirst
mode of uplink control information transmission and a second mode of uplink control

information transmission, the first mode corresponding to transmission of uplink control
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mformation on an uphink control channel that overlaps at least in part an uplink shared
channel, and the sccond mode corresponding to transnuission of the uplink control
mformation multiplexed on the uplink shared channel;

transmitting, to the UE. a configuration indicating that the UE is to use the
first mode of uplink control information transmission; and

receiving, based at least in part on the transmitted configuration, the uplink
control mformation on the aplink control channel and an uplink signal on the uplink shared

channel.

3. The method of ¢laim 12, further comprising:

receiving, from the UE, an indication of the determined capability.

14, The method of claim 12, wherein the configuration is transmitted

based at least in part on the uplink control channel lacking a beam configuration.

15. The method of claim 12, further comprising:

determuining that the uphink control channel and the uplink shared chamnel are
configared on a same serving cell, wherein the capability of the UE is determined based at
lcast in part on the uplink control channcl and the uplink shared channcl being configured on

the same serving cell.

16.  The method of claim 12, further comprising:

determining that the uplink control channel 1s configured on a first serving cell
and the uplink shared channel is configured on a sceond serving cell different than the first
serving cell, wherein the capability of the UE 1s determined based at least in part on the
uplink control channel being configured on a different serving cell than the uplink shared

channel.

17 The method of claim 12, further comprising:
determining that the aplink control channel overlaps in time at least in part
with the uplink shared channel during a time period, wherein the uplink control channel and

the uplink shared channel are configured on the same serving cell.
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18. The method of claim 17, further comprising:
recerving, from the UE, a multiplexed transmission comprising a first type of
channel state information reporting based at least in part on an absence of a second tvpe of

channel state mformation reporting,

19, The method of claim 18, whercin the furst type of channel state
mformation reporting is periodic and the second type of chamnel state information is

aperiodic or semi-persistent.

20, The method of claim 12, further comprising:
receiving, from the UE, a scheduling request based at least in part on the

uplink control channel not overlappimg in time with the uplink shared channel during a time

period.

21 The method of claim 12, further comprising:

transmitting the configuration via radio resource control signaling.

22, An apparatus for wireless commumications at a user equipment (UE),
comprising:

a processor,
memory coupled with the processor; and
instructions stored in the memory and executable by the processor to cause the
apparatus to:
determine a capability of the UE to perform at least a first mode of
aplink control information transmission and a second mode of uplink control
information transmission, the first mode corresponding to transmission of uplink
control information on an uplink control channel that overlaps in time at least i part
with an uplink shared channel, and the second mode corresponding to transmission of
the aplink control information multiplexed on the uphink shared channel;
receive, from a base station, a configuration indicating that the UE isto
use the first mode of uplink control information transmission; and
transmit, based at least in part on the received configuration, the uplink
control information on the uplink control channel and an uplink signal on the uplink

shared channel.
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23, The apparatus of clamm 22, wherein the instructions are firther
executable by the processor to cause the apparatus to;

transmit, to the base station, an indication of the determined capability.

24, 'The apparatus of claim 22, wherein the configuration is received based

at least in part on the uplink controd channel lacking a beam counfiguration.

25, The apparatus of claim 22, wherein the instructions are further
executable by the processor to cause the apparatus to:

determine that the uplink control channel and the uplink shared channel are
contigured on a same serving cell, wherein the capability of the UE s determined based at
least 1n part on the uplink control channel and the uplink shared channel being configured on

the same serving cell.

26, The apparatus of claim 22, wherein the mstructions are turther
executable by the processor (o cause the apparatus to:

determine that the uplink control chamnel is configured on a first serving cell
and the uplink shared channel 1s configured on a second serving cell different than the first
serving cell, wherein the capability of the UE 1s determined based at least in part on the
aplink control channel being configured on a different serving ccll than the uplink shared

channel.

27, The apparatus of claim 22, wherein the instructions are further
executable by the processor to cause the apparatus to:

determine that the uplink control channel overlaps in time at least in part with
the uplink shared channel during a time period, wherein the uplink control channel and the

uplink shared channel are configured on the same serving cell.

28 The apparatus of claim 27, wherein the instructions are further
executable by the processor to cause the apparatus to:
drop a schedubing request based at least in part on the uplink control channel

overlapping with the uplink shared channel during the time period.

29, The apparatas of claim 27, wherein the instractions are further

executable by the processor to cause the apparatus to:
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determine an absence of a second type of channel state information reporting
during the time pertod; and
multiplex a first type of channel state information reporting based at least in

part on the absence of the second type of channel state information reporting.

30.  The apparatas of claim 29, wherein the first type of channel state
mformation reporting is periodic and the second tvpe of channel state information is

aperiodic or semi-persistent.

31, The apparatus of claim 22, wherein the mstructions are further
executable by the processor to cause the apparatus to:

determine the uplink control channel does not overlap in time with the uplink
shared channcl duning a time period; and

transmit, to the base station, a scheduling request based at least in part on the
aplink control channel not overlapping in time with the uplink shared channel doring the time

period.

32.  The apparatas of claim 22 wherein the instractions are further
oxecutable by the processor to cause the apparatus to:

recetve the configuration via radio resource control signaling.

33, An apparatus for wireless conmmunications at a base station,
comprising;
a Processor,
memory coupled with the processor; and
instructions stored 1n the memory and executable by the processor to cause the
apparatus to:
determing a capability of a user equipment {UE) to perform at least a
first mode of uplink control information transmission and a second mode of uplink
control information transmission, the first mode corresponding to transmission of
uplink control information on an uplink control channel that overlaps at least in part
an uphink shared channel, and the second mode corresponding to transmission of the

uplink control information multiplexed on the uplink shared channel;
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transmit, to the UE, a configuration ndicating that the UE is to use the
first mode of uplink control information transmission; and

receive, based at least in part on the transmitted configuration, the
uplink control information on the uplink control channel and an uplink signal on the

uplink shared channel.

34, The apparatus of claim 33, wherein the instructions are further
executable by the processor to cause the apparatus to:

receive, from the UE, an indication of the deternined capability.

35, The apparatus of claim 33, wherein the configuration is transmitted

based at least in part on the uplink control channel lacking a beam configuration.

36.  The apparatus of claim 33, wherein the mstructions are further
executable by the processor to cause the apparatus 1o;

determing that the uplink control channel and the uplink sharcd channel are
configured on a same serving cell, wherein the capability of the UE 15 determined based at
least in part on the uplink control channel and the uplink shared chanmnel being configured on

the same serving cell.

37.  The apparatus of claim 33, wherein the imstructions are further
executable by the processor to cause the apparatus to:

determine that the uplink control channel 1s configured on a first serving cell
and the uplink shared channel is configured on a second serving cell different than the first
serving cell, wherein the capability of the UFE is determined based at least in part on the
uplink control channel being configured on a different serving cell than the uplink shared

channel.

38, The apparatus of claim 33, wherein the mstructions are turther
executable by the processor to cause the apparatus to:

determinge that the uplink control channel overlaps i time at least in part with
the uplink shared channel during a time period, wherein the uplink control channel and the

aplink shared channel are configured on the same serving cell.
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39, The apparatus of claim 38, wherein the instructions are firther
executable by the processor to cause the apparatus to;

recetve, from the UE, a multiplexed transmission comprsing a first type of
channel state information reporting based at least in part on an absence of a second {ype of

channel state information reporting,

40.  The apparatus of claim 39, wherein the first type of channel state
information reporting is periodic and the second type of channel state information is

aperiodic or semi~persistent.

41, The apparatus of claim 33, wherein the instructions are further
executable by the processor to cause the apparatus to:
receive, from the UE, a scheduling reguest based at least m part on the uplink

control channel not overapping in time with the uplink shared channel during a time period.

42, The apparatus of claim 33, wherein the instructions are further
executable by the processor to cause the apparatus to:

transmit the configuration via radio resource control signaling.

43, An apparatus for wireless communications at a user cquipment (UE),
comprising:

means for determining a capability of the UE to perform at least a first mode
of uplink control information transmission and a second mode of uplink control information
transmission, the first mode corresponding to transmission of uplink control mformation on
an uplink control channel that overlaps in time at least in part with an aplink shared channel,
and the second mode corresponding to transmission of the uplink control nformation
ouwidtiplexed on the uplink shared channel;

means for receiving, from a base station, a configuration mdicating that the
UE 15 to use the first mode of uplink control information transmission; and

means for transmitting, based at least in part on the reccived configuration, the
uplink control information on the uplink control channel and an uplink signal on the uplink

shared channel.

44.  The apparatus of claim 43, further comprising:

59



]

g 23

(]

dm W RN e

It

3

b

w3

(v

WO 2021/258378 PCT/CN2020/098294

means for transmitting, o the base station, an mdication of the determined

capability.

45, The apparatus of claim 43, wheremn the configuration is received based

at least in part on the uplink control channel lacking a beam configuration.

46. The apparatus of claim 43, further comprising:

means for determining that the uplink control channel and the uplink shared
channel are configured on a same serving cell, wherein the capability of the UE is deternuned
based at least in part on the uplink control channoel and the uplink shared channel being

configured on the same serving cell.

47. The apparatus of claim 43, further comprising:

means for determining that the uphink control channel is configured on a first
serving cell and the uplink shared channcl is configured on a second serving cell different
than the first serving cell, wherein the capability of the UE is determined based at least in part
on the uplink control channel being configured on a different serving cell than the uplink

shared channel.

48.  The apparatus of clam 43, further comprising:
means for determining that the uplink control chanpel overlaps in time at least
in part with the uplink shared channel during a time period, wherein the uplink control

channel and the uplink shared channel are configured on the same serving cell.

49, The apparatus of claim 48, further comprising:
means for dropping a scheduling request based at least in part on the uplink

control channel overlapping with the uplink shared channel during the time period.

50. The apparatos of claim 48, further comprising:

means for determining an absence of a second type of channel state
mformation reporting during the time period; and

means for multiplexing a first type of channel state information reporting

based at least in part on the absence of the second type of channel state information reporting.
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1 51, The apparatus of claim 30, wherem the first type of channel state
2 information reporting is periodic and the second type of channel state information is

3 aperiodic or semi-persistent.

1 52. The apparatus of claim 43, further comprising:

b

means for determining the uplink control channel does not overlap in time

3

with the uplink shared channel during a time period; and
4 means for transmitting, to the base station, a scheduling request based at least
5 inpart on the uplink control channel not overlapping in time with the uplink shared channcl

6 dunng the time period.

i 33. The apparatus of claim 43, further comprising:

2 means for recetving the configuration via radio resource control signaling.
i 54, An apparatus for wireless communications at a base station,

2 comprising:

3 means for determining a capability of a user equipment (UE) to perform at
4 least a first mode of uplink control information transmission and a sccond mode of uplink
5 control information transmission, the first mode corresponding to transmission of uplink
6 control information on an uplink control channel that overlaps at least in part an uplink

7 sharcd channel, and the second mode corresponding to transmission of the uplink control
8 nformation multiplexed on the uplink shared channel;

9 means for transmitting, to the UE, a configuration indicating that the UE 18 to

10 use the first mode of uplink control information transmission; and
il means for receiving, based at least in part on the transmutted configuration, the
12 uplink control mformation on the uplink control channel and an aplink signal on the uplink

~

3 shared channel.

i 55. The apparatos of claim 54, further comprising:

b

means for receiving, from the UE, an indication of the determined capability.

1 36.  The apparatus of claim 34, wherein the configuration is transmitied

7 based at least in part on the uplink control channel lacking a beam configuration.

1 57. The apparatus of claim 54, further comprising:
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means for determining that the uphink control channel and the vplink shared
chamnel are configured on a same serving cell, wherein the capability of the UE 15 determined
based at least in part on the uplink control channel and the uplink shared channel being

configured on the same serving cell.

58.  The apparatos of claim 54, further comprising:

means for determining that the uphink control channel i1s configured on a first
serving cell and the uplink shared channel 1s configured on a second serving cell different
than the first serving cell, wherein the capability of the UE is determined based at least in part
on the uplink control channel being configured on a different serving cell than the uplink

shared chanoel.

59, The apparatus of claim 34, further comprising:
means for determining that the uplink control channel overlaps n time at least
i part with the oplink shared channel during a time period, wherein the uplink control

channel and the uphnk shared channel are configured on the same serving el

60. The apparatos of claim 59, further comprising:
means for receiving, from the UK, a multiplexed transmission comprising a
first tvpe of channel state imformation reporting based at least in part on an absence of a

second type of channel state information reporting.

61.  The apparatus of claim 60, wherem the first type of channel state
wnformation reporting is periodic and the scoond type of channel state information is

aperiodic or semi-persistent.

62. The apparatus of claim 54, further comprising:
means for receiving, from the UE, a scheduling request based at least in part
on the uplink control channel not overlappmg in time with the uplink shared channel during a

time period.

62



S A

(v

0 -3 N

1
I
12
13

e

3

6

]

9
10
I3
12
i3
14

WO 2021/258378 PCT/CN2020/098294

63.  The apparatus of claim 34, further compnising:

means for transmitting the configuration via radio resource control signaling.

64. A non-transitory compuater-readable medium storing code for wircless
communications at a user equuipment {UE), the code comprising instructions executable by a
Processor o

determine a capability of the UE to perform at least a first mode of uplink
conirol information transmission and a second mode of uplink control information
transmission, the first mode corresponding to transmission of uplink control information on
an uplink control channel that overlaps in time at least 10 part with an uplink sharcd channel,
and the second mode corresponding to transmission of the uplink control information
multiplexed on the uplink shared chanunel;

receive, from a base station, a configuration indicating that the UE 1s to use the
first mode of uplink control information transmission; and

transmit, based at least in pait on the received configuration, the uplink control

information on the uplink control channel and an uplink signal on the uplink shared channel.

65. A non-transitory computer-readable medium storing code for wireless
comimunications af a base station, the code compnsing instructions executable by a processor
o

determine a capability of a user equipment (UE) to perform at least a first
mode of uplink control mformation transmission and a sccond mode of uplink control
information transmission, the first mode corresponding to transmission of uplink control
information on an uplink control channel that overlaps at least in part an uplink shared
channel, and the sccond mode corresponding to transmission of the uplink control
mformation multiplexed on the uplink shared channel;

transmit, to the UE, a configuration indicating that the UE is to use the first
mode of uphink control mformation transmission; and

receive, based at keast in part on the transmitted configuration, the uplink
control mformation on the uplink control channel and an uplink signal on the uphink shared

channel.
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AMENDED CLAIMS
received by the International Bureau on 22.10.2021

1. A method for wireless communications at a user equipment (UE),
comprising:

determining a capability of the UE to perform at least a first mode of uplink
control information transmission and a second mode of uplink control information
transmission, the first mode corresponding to transmission of uplink control information on
an uplink control channel that overlaps in time at least in part with an uplink shared channel,
and the second mode corresponding to transmission of the uplink control information
multiplexed on the uplink shared channel;

receiving, from a base station, a configuration indicating that the UE is to use
the first mode of uplink control information transmission; and

transmitting, based at least in part on the received configuration, the uplink
control information on the uplink control channel and an uplink signal on the uplink shared

channel.

2. The method of claim 1, further comprising:

transmitting, to the base station, an indication of the determined capability.

3. The method of claim 1, wherein the configuration is received based at

least in part on the uplink control channel lacking a beam configuration.

4. The method of claim 1, further comprising:

determining that the uplink control channel and the uplink shared channel are
configured on a same serving cell, wherein the capability of the UE is determined based at
least in part on the uplink control channel and the uplink shared channel being configured on

the same serving cell.

5. The method of claim 1, further comprising:

determining that the uplink control channel is configured on a first serving cell
and the uplink shared channel is configured on a second serving cell different than the first
serving cell, wherein the capability of the UE is determined based at least in part on the
uplink control channel being configured on a different serving cell than the uplink shared

channel.

64
AMENDED SHEET (ARTICLE 19)



WO 2021/258378 PCT/CN2020/098294

6. The method of claim 1, further comprising:
determining that the uplink control channel overlaps in time at least in part
with the uplink shared channel during a time period, wherein the uplink control channel and

the uplink shared channel are configured on the same serving cell.

7. The method of claim 6, further comprising:
dropping a scheduling request based at least in part on the uplink control

channel overlapping with the uplink shared channel during the time period.

8. The method of claim 6, further comprising:

determining an absence of a second type of channel state information
reporting during the time period; and

multiplexing a first type of channel state information reporting based at least

in part on the absence of the second type of channel state information reporting.

9. The method of claim 8, wherein the first type of channel state
information reporting is periodic and the second type of channel state information is

aperiodic or semi-persistent.

10. The method of claim 1, further comprising:

determining the uplink control channel does not overlap in time with the
uplink shared channel during a time period; and

transmitting, to the base station, a scheduling request based at least in part on
the uplink control channel not overlapping in time with the uplink shared channel during the

time period.

11. The method of claim 1, further comprising:

receiving the configuration via radio resource control signaling.

12. A method for wireless communications at a base station, comprising:

determining a capability of a user equipment (UE) to perform at least a first
mode of uplink control information transmission and a second mode of uplink control
information transmission, the first mode corresponding to transmission of uplink control

information on an uplink control channel that overlaps at least in part an uplink shared
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channel, and the second mode corresponding to transmission of the uplink control
information multiplexed on the uplink shared channel;

transmitting, to the UE, a configuration indicating that the UE is to use the
first mode of uplink control information transmission; and

receiving, based at least in part on the transmitted configuration, the uplink
control information on the uplink control channel and an uplink signal on the uplink shared

channel.

13. The method of claim 12, further comprising:

receiving, from the UE, an indication of the determined capability.

14. The method of claim 12, wherein the configuration is transmitted

based at least in part on the uplink control channel lacking a beam configuration.

15. The method of claim 12, further comprising:

determining that the uplink control channel and the uplink shared channel are
configured on a same serving cell, wherein the capability of the UE is determined based at
least in part on the uplink control channel and the uplink shared channel being configured on

the same serving cell.

16. The method of claim 12, further comprising:

determining that the uplink control channel is configured on a first serving cell
and the uplink shared channel is configured on a second serving cell different than the first
serving cell, wherein the capability of the UE is determined based at least in part on the
uplink control channel being configured on a different serving cell than the uplink shared

channel.

17. The method of claim 12, further comprising:
determining that the uplink control channel overlaps in time at least in part
with the uplink shared channel during a time period, wherein the uplink control channel and

the uplink shared channel are configured on the same serving cell.

18. The method of claim 17, further comprising:
receiving, from the UE, a multiplexed transmission comprising a first type of

channel state information reporting based at least in part on an absence of a second type of
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channel state information reporting, wherein the first type of channel state information
reporting is periodic and the second type of channel state information is aperiodic or semi-

persistent.

19. The method of claim 12, further comprising:
receiving, from the UE, a scheduling request based at least in part on the
uplink control channel not overlapping in time with the uplink shared channel during a time

period.

20. An apparatus for wireless communications at a user equipment (UE),
comprising:
a processor,
memory coupled with the processor; and
instructions stored in the memory and executable by the processor to cause the
apparatus to:
determine a capability of the UE to perform at least a first mode of
uplink control information transmission and a second mode of uplink control
information transmission, the first mode corresponding to transmission of uplink
control information on an uplink control channel that overlaps in time at least in part
with an uplink shared channel, and the second mode corresponding to transmission of
the uplink control information multiplexed on the uplink shared channel;
receive, from a base station, a configuration indicating that the UE is to
use the first mode of uplink control information transmission; and
transmit, based at least in part on the received configuration, the uplink
control information on the uplink control channel and an uplink signal on the uplink

shared channel.

21. The apparatus of claim 20, wherein the instructions are further
executable by the processor to cause the apparatus to:

transmit, to the base station, an indication of the determined capability.

22. The apparatus of claim 20, wherein the configuration is received based

at least in part on the uplink control channel lacking a beam configuration.
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23. The apparatus of claim 20, wherein the instructions are further
executable by the processor to cause the apparatus to:

determine that the uplink control channel and the uplink shared channel are
configured on a same serving cell, wherein the capability of the UE is determined based at
least in part on the uplink control channel and the uplink shared channel being configured on

the same serving cell.

24. The apparatus of claim 20, wherein the instructions are further
executable by the processor to cause the apparatus to:

determine that the uplink control channel is configured on a first serving cell
and the uplink shared channel is configured on a second serving cell different than the first
serving cell, wherein the capability of the UE is determined based at least in part on the
uplink control channel being configured on a different serving cell than the uplink shared

channel.

25. The apparatus of claim 20, wherein the instructions are further
executable by the processor to cause the apparatus to:

determine that the uplink control channel overlaps in time at least in part with
the uplink shared channel during a time period, wherein the uplink control channel and the

uplink shared channel are configured on the same serving cell.

26. The apparatus of claim 25, wherein the instructions are further
executable by the processor to cause the apparatus to:
drop a scheduling request based at least in part on the uplink control channel

overlapping with the uplink shared channel during the time period.

27. The apparatus of claim 25, wherein the instructions are further
executable by the processor to cause the apparatus to:

determine an absence of a second type of channel state information reporting
during the time period; and

multiplex a first type of channel state information reporting based at least in

part on the absence of the second type of channel state information reporting.
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28. The apparatus of claim 27, wherein the first type of channel state
information reporting is periodic and the second type of channel state information is

aperiodic or semi-persistent.

29. The apparatus of claim 20, wherein the instructions are further
executable by the processor to cause the apparatus to:

determine the uplink control channel does not overlap in time with the uplink
shared channel during a time period; and

transmit, to the base station, a scheduling request based at least in part on the
uplink control channel not overlapping in time with the uplink shared channel during the time

period.

30. An apparatus for wireless communications at a base station,
comprising:
a processor,
memory coupled with the processor; and
instructions stored in the memory and executable by the processor to cause the
apparatus to:
determine a capability of a user equipment (UE) to perform at least a
first mode of uplink control information transmission and a second mode of uplink
control information transmission, the first mode corresponding to transmission of
uplink control information on an uplink control channel that overlaps at least in part
an uplink shared channel, and the second mode corresponding to transmission of the
uplink control information multiplexed on the uplink shared channel;
transmit, to the UE, a configuration indicating that the UE is to use the
first mode of uplink control information transmission; and
receive, based at least in part on the transmitted configuration, the
uplink control information on the uplink control channel and an uplink signal on the

uplink shared channel.
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