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(57) Abstract: This document generally relates to wireless com-
munication involving a user device that determines to perform an
uplink (UL) transmitter (Tx) switching with a first Tx and a second
Tx, where, after the UL Tx switching, the first Tx is a used Tx and
the second Tx is an unused Tx. The UL Tx switching is performed
according to a pre-configuration or a signaling that indicates how
to perform the UL Tx switching for the unused Tx. Also, a network
device determines a band pair pattern or a band pair for a user de-
vice to perform UL Tx switching. The network device transmits a
MAC-CE, DCI, RRC signaling to indicate or configure the band
pair pattern or band pair. A user device receives the band pair pat-
tern or band pair, and transmits an UL transmission using the UL
Tx switching according to the band pair pattern or the band pair.
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TRANSMITTER SWITCHING AND BAND PAIR PATTERNS FOR

WIRELESS COMMUNICATIONS

TECHNICAL FIFLD
This document is directed generally to transmitter switching and band pair patterns in

wireless communication.,

BACKGROUND

In wireless communication, a user device may perform uplink (UL} transmitter (Tx)
switching within up to two bands. In addition, for multi-carrier operation, a user device that
transmits with two transmitters {also called a 2Tx user device), may transmit in at most two UL bands.
Which two bands that are used may only be changed by radic resource control (RRC) recontiguration.
In addition, a 2Tx user device may only perform UL Tx switching between two UL bands.
However, current UL Tx switching schemes may not allow a user device to perform UL Tx switching
with three or four bands and simultanecus transmission with two transmitters, to enable more
configured UL bands than its simultaneous transmission capability, and/or to support dynamic Tx
carrier switching across configured bands. UL Tx switching schemes that overcome these

deficiencies may be desirable.

SUMMARY

This document relates to methods, systems, apparatuses and devices for wireless
communication. In some i1mplementations, a method for wireless communication includes:
determining, by the user device, to perform uplink (UL} transmitter (Tx) switching with a first Tx
and a second Tx, where, after the UL Tx switching, the first Tx 13 a used Tx for an UL transmission
and the second Tx is an unused Tx for the UL transmission, wherein the UL Tx switching is
performed according to a pre-configuration or a signaling that indicates how to perform the UL Tx
switching for the unused Tx; and transmitting, by the user device, the UL transmission after the UL

Tx switching.
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In some other implementations, a method for wireless communication includes:
determining, by a network device, a band pair pattern or a band pair for one or more user devices to
perform an uplink (UL) transmitter (Tx) switching; and transmitting, by the network device, a
medium access control contro} element (MAC-CE), a downlink control information (BCI), or radio

resource control (RRC) signaling to indicate or configure the band pair pattern or the band pair.

In some other implementations, a method for wireless communication includes: receiving,
by a user device, a medium access control control element (MAC-CE), a downlink control
information (DCI), or radio resource control (RRC) signaling indicating or configuring a band pair
pattern ot a band pair for an uplink (UL) transmitter (Tx} switching; and transmitting, by the user
device, an UL transmission using the UL Tx switching according to the band pair pattern or the band

pair.

In some other implementations, a device, such as a network device, 1s disclosed.  The
device may include one or more processors and one or more memories, wherein the one or more
processors are configured to read computer code from the one or more memories to implement any

af the methods gbove.

In vet some other implementations, a computer program product is disclosed.  The
computer program product may include a non-transitory computer-readable program medium with
computer code stored thereupon, the computer code, when executed by one or more processors,

causing the one or more processors to implement any of the methods above.
The above and other aspects and their implementations are described in greater detail in
the drawings, the descriptions, and the claims.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a block diagram of an example of a wireless communication system.

FIG. 2 shows a block diagram of an example configuration of transceiver and antenna

components of a user device of FIG. 1.
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Fi(s. 3 shows a block diagram tHustrating relationships between carriers, bands, and

cells.
FIG. 4 shows a diagram of transmitter (Tx) switching between cells on bands.

FiG. 5 shows a flow chart of an example method of wireless communication related to

uplink (UL} Tx switching.
FIG. 6 shows a diagram of an example slot frame structure for three bands.
FIG. 7 shows a diagram of an example slot frame structure for four bands.

FIG. 8 shows a flow chart of an example method of wireless communication related to

band pairs and/or band pair patterns.

FIG. 9 shows a flow chart of another example method of wireless communication

related to band pairs and/or band pair patterns.

FIG. 10 shows a diagrar of another example slot frame structure for four bands.

DETAILED DESCRIPTION
The present description describes various erabodiments of systems, apparatuses, devices,
and methods for wireless communications related to uplink (UL) transmitter (Tx) switching and band

pair patterns.

Fig. 1 shows a diagram of an example wireless communication system 100 including a
plurality of communication nodes (or just nodes) that are configured to wirelessly communicate with
each other. In general, the communication nodes include at least one user device 102 and at least
one network device 104.  The example wireless communication system 100 in Fig. 1 is shown as
including two user devices 102, including a first user device 102(1) and a second user device 102(2},
and one device 104. However, various other examples of the wireless communication system 100
that include any of various combinations of one or more user devices 102 and/or one or more network

devices 104 may be possible.
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In general, a user device as described herein, such as the user device 102, may include a
single electronic device or apparatus, or multiple (e.g, a network of) electronic devices or
apparatuses, capable of communicating wirelessly over a network. A user device may comprise or
otherwise be referred to as a user terminal, a user terminal device, or a user equipment (UE}
Additionally, a user device may be or include, but not limited to, a mobile device (such as a mobile
phone, a smait phone, a smart watch, a tablet, a laptop computer, vehicle or other vessel (human,
motor, or engine-powered, such as an automobile, a plane, a train, a ship, or a bicycle as non-limiting
examples) or a fixed or stationary device, {(such as a desktop computer or other computing device
that is not ordinarily moved for long periods of time, such as appliances, other relatively heavy
devices ncluding Internet of things (IoT), or computing devices used in commercial or industrial
environments, as non-limiting examples). In various embodiments, a user device 102 may include
transceiver circuitry 106 coupled to an antenna 108 to effect wireless communication with the
network device 104, The transceiver circuitry 106 may also be coupled to a processor 110, which
may also be coupled to a memory 112 or other storage device. The memory 112 may store therein
instructions or code that, when read and executed by the processor 110, cause the processor 110 to

iraplement various ones of the methods described herein.

Additionally, in general, a network device as described herein, such as the network device
104, may include a single electronic device or apparatus, or multiple (e.g., a network of) electronic
devices or apparatuses, and may comprise one or more wireless access nodes, base stations, or other
wireless network access points capable of communicating wirelessly over a network with one or
more user devices and/or with one or more other network devices 104, For example, the network
device 104 may comprise a 4G LTE base station, a 5G NR base station, a 5G central-unit base station,
a 5(r distributed-unit base station, a next generation Node B (gNB), an enhanced Node B (eNB), or
other similar or next-generation (e.g., 6G) base stations, in various embodiments. A network device
104 may include transceiver circuitry 114 coupled to an antenna 116, which may include an antenna
tower 118 in various approaches, 1o effect wireless communication with the user device 102 or
another network device 104. The transceiver circuitry 114 may also be coupled to one or more
processors 120, which may also be coupled to a memory 122 or other storage device. The memory
122 may store therein instructions or code that, when read and executed by the processor 120, cause
the processor 120 to implement one or more of the methods described herein.

4
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In various embodiments, two communication nodes in the wireless system 100-—such as
a user device 102 and a network device 104, two user devices 102 without a network device 104, or
two network devices 104 without a user device 102—may be configured to wirelessly communicate
with each other in or over a mobile network and/or a wireless access network according to one or
more standards and/or specifications.  In general, the standards and/or specifications may define the
rules or procedures under which the communication nodes can wirelessly communicate, which, in
vartous embodiments, may include those for communicating in millimeter (mm)-Wave bands, and/or
with multi-antenna schemes and beamtorming functions.  In addition or alternatively, the standards
and/or specifications are those that define a radic access technology and/or a cellular technology,
such as Fourth Generation (4G) Long Term Evolution (LTE), Fifth Generation (5G) New Radio

(NR)}, or New Radio Unlicensed (NR-U), as non-limiting examples.

Additionally, in the wireless systern 100, the communication nodes are configured to
wirelessly communicate signals between each other.  In general, a communication in the wireless
system 100 between two communication nodes can be or include a transmission or a reception, and
is generally both simultaneously, depending on the perspective of a particular node in the
communication. For example, for a given communication between a first node and a second node
where the first node is transmitiing a signal to the second node and the second node ts receiving the
signal from the first node, the first node may be referred to as a source or transmitting node or device,
the second node may be referred to as a destination or receiving node or device, and the
communication may be considered a transmission for the first node and a reception for the second
node.  Of course, since commuunication nodes in a wireless system 100 can both send and receive
signals, a single communication node may be both a transmitting/source node and a
receiving/destination node simultaneously or switch between being a source/transmitting node and a

destination/receiving node.

Also, particular signais can be characterized or defined as either an uplink (UL) signal, a
downlink (DL} signal, or a sidelink (SL) signal.  An uplink signal 1s a signal transnutted from a user
device 102 to a network device 104, A downlink signal is a signal transmitted from a network
device 104 to a user device 102, A sidelink signal is a signal transmitted from a one user device

102 to another user device 102, or a signal transmitted from one network device 104 to a another
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network device 104, Also, for sidelink transmissions, a first/source user device 102 directly
transmits a sidelink signal to a second/destination user device 102 without any forwarding of the

sidelink signal to a network device 104.

Additionally, signals communicated between communication nodes in the system 100
may be characterized or defined as a data signal or a control signal.  In general, a data signal is a
signal that includes or carries data, such multimedia data (e.g., voice and/or image data), and a control
signal 15 a signal that carries control information that configures the communication nodes in certain
ways in order to communicate with each other, or otherwise controls how the communication nodes
communicate data signals with each other.  Also, certain signals may be defined or characterized
by combinations of data/control and uplink/downlink/sidelink, including uplink control signals,
uplink data signals, downlink control signals, downlink data signals, sidelink control signals, and

sidelink data signals.

For at least some specifications, such as 5G NR, data and control signals are transmitted
and/or carried on physical channels.  Generally, a physical channel corresponds to a set of time-
frequency resources used for transmission of a signal.  Different tvpes of physical channels may be
used to transmit different types of signals. For example, physical data channels {(or just data
channels), also herein called traffic channels, are used to transmit data signals, and physical control
channels (or just control channels) are used to transmit control signals.  Example types of traffic
channels {or physical data channels) include, but are not limited to, a physical downlink shared
channel (PDSCH) used to communicate downlink data signals, a physical uplink shared channel
(PUSCH) used to communicate uplink data signals, and a physical sidelink shared channel (PSSCH)
used to communicate sidelink data signals.  In addition, example types of physical control channels
include, but are not limited to, a physical downlink control channel (PDCCH) used to communicate
downlink control signals, a physical uplink control channel (PUCCH) used to communicate uplink
control signals, and a physical sidelink control channel (PSCCH) used to communicate sidelink
control signals.  As used herein for simplicity, unless specified otherwise, a particular type of
physical channel 1s also used to refer to a signal that is transmitted on that particular type of physical

channel, and/or a transmission on that particular type of transmission.  As an example illustration,

a PDSCH refers to the physical downlink shared channel itself], a downlink data signal transmitted
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on the PBSCH, or a downlink data transmission.  Accordingly, a communication node transmitting
or recetving a PDSCH means that the commumication node 13 transmitting or receiving a signal on a

PDSCH.

Additionally, for at jeast some specifications, such as SG NR, and/or for at least some
types of control signals, a control signal that a communication node transmits may include control
information comprising the information necessary to enable transmission of one or more data signals
between communication nodes, and/or to schedule one or more data channels (or one or more
transmissions on data channels).  For example, such control information may include the
information necessary for proper reception, decoding, and demodulation of a data signals received
on physical data channels during a data transmission, and/or for uplink scheduling grants that inform
the user device about the resources and transport format to use for uplink data transmissions. In
some embodiments, the control information includes dowunlink control intormation (DCI) that 1s
transmitted in the downlink direction from a network device 104 to a user device 102.  In other
embodiments, the control information includes uplink control information (UCT) that is transmitted
in the uplink direction from a user device 102 to a network device 104, or sidelink control information
(SCI) that 1s transmiited in the sidelink direction from one user device 102(1) to another user device

102(2).

In addition, in some embodiments, a user device 102 may be configured to support at
least one simultaneous UL transmission mode across a band pair for UL transmissions.  In a first
simultaneous UL transmission mode (also called a switchedUL mode), the user device 102 does not
support simultanecus UL transmission across a band pair.  Accordingly, when the user device 102
transmits an UL transmission in the first simultaneous UL transmission mode, the user device 102
transmits the UL transmuission without simultaneously transmitting across a band pair.  In addition,
in a second simultaneous UL transmission mode (also calied a dualUL mode), the user device 102
supports simuitaneous UL transmission across a band patr.  Accordingly, when the user device 102
transmits an UL transmission in the second simultaneous UL transmission mode, the user device 102

may transmit the UL transmission by simultaneously transmitting across a band pair.

Also, for at least some embodiments, as used herein, the first and second UL simultaneous

transmission modes may be referred to as, or otherwise correspond to, carrier aggregation (CA)
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options. For example, the first simultaneous UL transmission (or switchedUL) mode may also be
referred to, or correspound to, a first CA option or a switchedUL CA option.  The second
stmultanecus UL transmission {or dualUL) mode may also be referred to, or correspond to, a second
CA option or a dualUL CA option.  Correspondingly, when a user device 102 operates with the
switchedUL CA option, the user device 102 does not support and/or perform simultaneous UL
transmission across a band pair.  When a user device 102 operates with the dualUL CA option, the

user device 102 supports and/or performs simultaneous UL transnussion across a band pair.

Also, in some embodiments, the user device 102 may report the simultanecus UL
transmisston mode(s) to the network device 104, That is, the user device 102 may report, to the
network device 104, that it supports simultaneous UL transmission across a band pair, that it does
not support simultaneous UL transmission across a band pair, or that it both supports and does not
support simultaneous UL transmission across a band pair.  In particular of these embodiments, the
user device 102 may report whether or not it supports simultaneous UL transmission across a band
pair per Band Combination (BC).  Also, the network device 104 may configured the simultaneous
UL transmission mode {e.g., switchedUL or dualUL) per cell group, which may be considered as per
BC or per band pair in embodiments where a 2Tx user device supports only two bands.  That is,

one available band pair in a Band Combination may support one simultaneous UL transmission mode.

Additionally, in general as used herein, a Band Combination may include a plurality of
bands {e.g., five bands}. In addition, as used herein, a band group may inchude up to three or four
bands. A given band group may be included in or part of a Band Combination.  Also, a Band
Combination and/or a band group may include at least one band pair, where a band pair includes two

bands.

Fig. 2 shows a block diagram of an example configuration of the transceiver 106 and the
antenna 108  In particular, the transceiver 106 includes a first transmitter circuit 202(1) and a
second transmitter circuit 202(2). In addition, the antenna 108 may include a first antenna
component 204(1) and a second antenna component 204(2). In general, the first transmitter circuit
2021} and the first antenna component 204(1 ) may form a first transmitter channel or chain, and the
second transmitter circuit 202(2) and the second antenna component 204(2) may form a second

transmitter channel or chain. A user device 102, with the configuration in Fig. 2, may be configured
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to transmit a first UL transmission {or a first part of an UL transmission) using the first transmitter
channel, and may be configured to transmit a second UL transmussion {or a second part of a UL
transmission) using the first transmitter channel.  Also, as used herein, and unless specified
otherwise, the term “transmitter” is used to refer to a transmitter circuit alone, an antenna component
alone, or a combination of a transmitter circuit and an antenna component (i.¢., a transmitter channel

or chain).

Additionally, 1n various embodiments, the user device 102 may use the two transmitter
channels to transmit on one or two bands or carriers. The user device 102 may do so in any of
various ways. Forexample, the user device 102 may transmit on a single carrier using both the first
transmit channel and the second transmit channel.  As another example, the user device 102 may
transmit on a first carrier using the first transmit channel and on a second carrier using the second
transmit channel.  Asused herein, the terms “1 Tx” and “17T” refer to use of one channel to transmit
on one carrier, and the terms “2 Tx” and “2T” refer to the use of two transmit channels to transmit

on one carrier.

In addition, as used herein, the phrase “UL transmit case” refers to a particular
configuration of the transmit channels used for an UL transmission on one or more carriers.  Also,
as described in further detail below, the user device 102 may switch between UL transmit cases
during an UL Tx switching operation. Table 1 below lists two example UL transmit cases, Case 1

and Case 2.

Case 1 1 Txon carrier 1 and 1 Tx on carrier 2

Case 2 0 Tx on carrier 1 and 2 Tx on carrier 2

Table 1: Example of UL Transmit Cases

Table 1 shows that for a first UL transmit case (Case 1), the user device 102 transmits
an UL transmission on two carriers, using one transmit channel {1 Tx) for each carrier, such as by
using a first transmitter to transmit on a first carrier {carrier 1) and a second fransmitter to transmit
on a second carrier (carrier 2).  In addition, Table | shows that for a second UL transmit case

{Case 2), the user device 102 transmits an UL transmission on only one carrier, using two
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transmiiters (2 Tx) to transmit on the second carrier.  For this second case, the user device 102

does not use any transmit channels to transmit on the first carrier.

In addition, tn various embodiments, the user device 102 may perform UL transmitter
{Tx) switching to perform UL transmissions. o general, the user device 102 may perform UL Tx
switching by switching from one UL transmit case to another UL transmit case.  In operation, the
user device 102 may transmit an UL transmission according to a first UL transmit case, and then
may switch from the first UL transmit case to a second UL transmit case, and transmit an UL
transmission according to the second UL transmit case.  To illustrate, using Table 1 for example,
the user device may transmit an UL transmission according to Case 1, such as by transmitting on
the first carrier using the first transmitter and transmitting on the second carrier using the second
transmitter. Then, the user device 102 may switch from Case 1 to Case 2, and then transmit an
UL transmission according to Case 2, such as by transmitting on the second carrier using both the

first and second transmitiers.

In various embodiments, such as with reference to Table 1, the type of UL Tx switching
that the user device 102 performs may be referred to as 1Tx-2Tx switching. For 1Tx-2Tx
switching, the user device 102 may switch from using one transmitter to transmit on a carrier 1o
using two transmitters to transnut on a carrier, or may switch from using two transmitters to one

transmitter to transmit on a channel.

In addition, in various embodiments, UL transroit cases may also identify numbers of
antenna ports corresponding to the carriers. The identification may be in the form of a mapping
between carriers and respective numbers of antenna ports.  For at least some of these
embodiments, the nurabers of antennas roay depend on whether or not the user device 102 supports
stmultanecus transmission across a band pair.  Table 2 shows example UL transmit cases when
stmultanecus transmission across a band pair is not supported, and further when the user device

102 applies carrier aggregation including a supplementary UL (SUL) band.

Number of Tx chains in WID | Number of antenna ports for UL transmussion
{camer 1 + carrier 2) {carrier 1 + carrier 2}
Case 1 IT+HIT 1P+HP
Case 2 07T+27 OP+2P, OP+HIP

10
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Table 2: Example of UL Transmit Cases with Antenna Port Number Mapping where UE

does not support simultaneous transmission across a band pair

In the example iHustrated in Table 2, for a first UL transmit case (Case 1), the user device
102 transnuts on the first carrier using the first transmitter, and transmits on the second carrier using
the second transmitter. Also, based on that the user device 102 does not support simultaneous
transmission across a band pair, the number of antenna ports for the UL transmission on the first
carrier is one, and the number of antenna ports for the UL transmission on the second carrier is zero
{(1P+0P). Additionally, in the example illustrated in Table 2, for a second UL transmit case {Case
2}, the user device 102 transmits on the second carrier using both the first and second transmitters.
Also, based on that the user device 102 does not support simultaneous transmission across a band
pair, the numbers of antenna ports for the two carriers can be one of two options.  In a first option,
the number of antenna ports for the first carrier is zero, and the number of antenna ports for the
second carrier is two.  In a second option, the number of antenna ports for the first carrier is zero,

and the number of antenna ports for the second carrier is one.

Table 3 shows example UL transmit cases when simultaneous transmission across a band

pair is supported.

MNumber of Tx chains m WID | Number of antenna ports for UL transmission
{carrier 1 + carrier 2) {carrier 1 + camer 2)
Case | 1T+H1T 1P+0P, 1P+1P, OP+1P
Case 2 0T+27 OP+2P, OP+1P

Table 3: Example of UL Transmit Cases with Antenna Port Number Mapping where UE

supports simultancous transmission across a band pair

In the example illustrated in Table 3, for a first UL transmit case {Case 1), the user device
102 transmits on the first carrier using the first transmitter, and transmits on the second carrier using
the second transmitter. Also, based on that the user device 102 does support simultaneous
transmission across a band pair, the number of antenna ports for the UL transmission can be one of
three options. In a first option, the number of antenna ports for the first carrier is one, and the
number of antenna ports for the second carrier is zero. In a second option, the numbers of antenna

ports for the first and second carriers are each one.  In a third option, the number of antenna ports

11
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for the first carrier is zero, and the number of antenna ports for the second carrierisone.  In asecond
UL transmit case, the user device 102 does not transmit on the first carrier with any transmitters, and
transmits on the second carrier with two transmitters.  Also, based on that the user device 102 does
support simultaneous transmission across a band pair, the number of antenna ports for the UL
transmission can be one of two options.  In a first option, the number of antenna ports for the first
carrier is zero, and the number of antenna ports for the second carrier is two. In a second option, the
number of antenna ports for the first carrier is zero, and the number of antenna ports for the second

carrier is one.

As mentioned above, the user device 102 may perform 1Tx-2Tx UL Tx switching, where
the user device 102 switches between one and two transmitters for transnutting on a channel.
Angther type of UL Tx switching may include 2Tx-2Tx switching, where the user device 102
switches from using two transmutters to transmit on a carrier to using two transmitters o transmit on

another carrier.  Tables 4 and 5 below illustrate examples of 2Tx-2Tx UL Tx switching.

Number of Tx chains in WID {carrier 1 + carrier 2}
Case 1 0T+2T
Case 2 2T+H0T

Table 4: First Example of UL Transmit Cases for 2Tx-2Tx Switching

Number of Tx chains in WID {carrier 1 + carvier 2)

Case 1 IT+HIT
Case 2 OT+27
Case 3 2T+0T

Table 5: Example of UL Transmit Cases combining 1Tx-2Tx and 2Tx-2Tx Switching

With reference to Table 4, in the first example of 2Tx-2Tx UL Tx switching, in a first
transmit case (Case 1), the user device 102 transmits on a second carrier using two transmitters,
and does not transmit on a first carrier with any transmitters.  In a second transmit case {Case 2},
the user device 102 transmits on the first carrier using two transmitters, and does not transmit on

the second carrier with any transmitters.  For the 2Tx-2Tx UL Tx switching, the user device 102
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may switch from the first transmit case to the second transmit case, or may switch from the second

transmit case to the first transmit case.

With reference to Table 3, the user device 102 may use a combination of 1Tx-2Tx
switching and 2Tx-2Tx switching. For example, in Table 5, Case 1 corresponds to Case 1in
Table 2, and Cases 2 and 3 correspond to Cases 1 and 2 in Table 4, respectively. The user device
102 may perform 1Tx-2Tx switching by switching between Cases 1 and 2 and/or Cases 1 and 3,

and may pertorm 2Tx-2Tx switching by switching between Cases 2 and 3.

Also, in vartous embodiments, UL transmit cases may also identify numbers of antenna
ports corresponding to the carriers for 2Tx-2Tx switching, such as in the form of mapping between
carriers and respective numbers of antenna ports, similar to Tables 2 and 3 above, which shows
mapping between carriers and numbers of antenna ports for 1Tx-2Tx switching.  The mappings
may depend on whether the user device 102 supports or does not support simultaneous switching
across a band pair.  Table 6, below, shows example UL transmit cases with numbers of antenna
ports mapping for 2Tx-2Tx switching where the user device 102 does not support siraultaneous
transmission across a band pair.  Table 7, below, shows example UL transmit cases with numbers
of antenna port mapping for 2Tx-2Tx switching where the user device 102 supports simultaneous

transmission across a band pair.

Number of Tx chains m WID | Number of antenna ports for UL transmission
(carrier 1 + carrier 2) {carrier 1 + carrier 2)
Case 2 oT-+27T OP+2P, 0P+1P
Case 3 2T+0T 2P+0P, 1P+H0P

Table 6: Example of UL Transmit Cases with Antenna Port Number Mapping for 2Tx-2Tx

switching, where UL does not support simultanecus transmission acress a band pair

Number of Tx chains in WID | Number of antenna ports for UL transnussion

¢

{(camrier 1 + carrier 2) carrier 1 + carrier 2}

Case 1 PT+HIT 1P+OP, 1P+1P, OP+1P
Case 2 0T+27T OP+2P, OP+iP
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Case 3 2T+0T ZP+0P, 1P+0P

Table 7: Example of UL Transmit Cases with Antenna Port Number Mapping for
combination of 1 Tx-2Tx and 2Tx-2Tx switching, where UE supports simultaneous

transmission across a band pair

Additionally, in various embodiments, the user device 102 may perform 1Tx-2Tx
and/or 2Tx-2Tx UL Tx switching with respect to bands.  For example, one carrier may be on one
band (e.g, a Band A), and two carriers, such as two contiguous carriers, may be on another band
{e.g.,aBand B). For atleast some of these embodiments, the band with the one carrier may be a
supplementary UL (SUL) band, and the band with the two contiguous carriers may be a non-SUL
or a normal UL (NUL) band.  For at least some of these examples, the user device 102 may
perform UL Tx switching between any two or three of the following cases for a first Band And a

second band {(1.e., Band A +Band B): Case 1. 1T + 1T, Case 2: 0T + 2T; Case 3: 2T + 0T,

Additionally, for embodiments where the user device 102 performs UL Tx switching
with respect to bands, the UL transmit cases may identify numbers of antenna ports tor the carriers
of the bands, similar to Tables 2, 3, 6 and 7 above. Tables 8-11 show various UL transmit cases
with of antenna port number mapping for two bands including three carriers, where a first band
(Band A) includes one carrier and a second band (Band B) includes two contiguous carriers.

Table 8 shows example UL transmit cases for 1Tx-2Tx UL Tx switching where the user device 102
does not support simnultaneous transmission across a band pair.  Table 9 shows example UL
transmit cases for 1Tx-2Tx UL Tx switching where the user device 102 supports simultaneous
transmission across a band pair.  Table 10 shows example UL transmit cases for 2Tx-2Tx UL Tx
switching where the user device 102 does not support simultaneous transmission across a band
pair. Table 11 shows example UL transmit cases for 2Tx-2Tx UL Tx switching where the user

device 102 supports simultaneous transmission across a band pair.

Number of Tx chaing in WID (Band Number of antenna ports for UL transmmssion (Band A
A+ Band B) {cartrier 1) + Band B (carrier 2 + carrier 3))
Case 1 1T+17T 1P-HOP+HOP)
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Case 2 o127

OP+(2P+0P), OP-HOPH2P), OPH2P+2P), OP+(1P+0P),
GP+HOP+P), OP+(IP+1P), OP-+{1P+2P), OP+{2P+1P)

Table 8: Example UL transmit cases with Antenna Port Number Mapping for 1Tx-2Tx

switching where UE does not support simultaneous transmission across a band pair

Number of Tx chains 10 WD (Band Number of antenna ports for UL transmission (Band A
A + Band B) (carrier 1) + Band B (carner 2 + carngr 3))

) 1P+(0P+0P), 1P+(1P+0P), 1PHOP+1P), 1P+(1P+1P),

Case 1 1T+17T o ) 4 ‘

OP+(1P+0P), OP+(0P+1P), OP+(1P+1P)
OP+(2P+0P), OP+(OP+2F), OP+(2P+2P), 0P+(1P+0P),

Case 2 01+27 , , ]

OPH(OP+1P), 0P+(1P+1P), OP+H{(1P+2P), OP+(2P+1P)

Table 9: Example UL transmit cases with Antenna Port Number Mapping for 1Tx-2Tx

switching where UE supports simultaneous transmission across a band pair

Number of Tx chains 10 WD (Band Number of antenna ports for UL transmission (Band A
A + Band B) (carrier 1) + Band B (carner 2 + carngr 3))
) OP+(2P+0P), OP+(OP+2F), OP+(2P+2P), 0P+(1P+0P),
Case 2 01+27T - ‘ )
OP+H(OP+1P), OP+(1P+1P), OP+{(1P+2P), OP+(2P+1P)
Case 3 2T+H0T 2PHOPHOP), 1PHOP+OP)

Table 10: Example UL transmit cases with Antenng Port Number Mapping for 2Tx-2Tx

switching where UE does not support simultaneous transmission across a band pair

Number of Tx chains 10 WD (Band Number of antenna ports for UL transmission (Band A
A + Band B) (carrier 1) + Band B {carnicr 2 + carrier 3))
1PHOPHOP), 1P+(1P+0P), 1P+OP+1P), 1P+(1P+1P),
Case 1 1T+17 , 7
OP+(1P+0P), OPHOP+1P), OP+(1P+1P)
OP+2P+0P), OPHOP+2P), OP+(2P+2P), OP+{1P+0P),
Case 2 01+27 , , ]
OPH(OP+1P), 0P+(1P+1P), OP+H{(1P+2P), OP+(2P+1P)
Case 3 2T+H0T 2PHOP+0P), 1PHOP+0P)

Table 11: Example UL transmit cases with Antenna Port Number Mapping for 2Tx-2Tx

switching where UE supports simultaneous transmission across a band pair
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Also, in various embodiments, the user device 102 may be configured with three bands
for which to perform UL Tx switching and within which to transmit UL transmissions.  The three
bands may include a first band (Band A}, a second band (Band B}, and a third band (Band C).  For
at least some of these embodiments, the user device 102 may dynamically select any two of these
three bands to perform UL Tx switching. In various of these embodiments, the three bands may
include various combination of SUL bands and normal or non-SUL (NUL) bands, examples of two

scenarios are as follows.

In a first scenaric {Scenario 1): Band A is a SUL band or a non-SUL band, Band Bis a
non-SUL band, and Band C is a SUL band or a non-SUL band. That s, Band C is similar as Band
A. In one example of Scenario 1, Band A includes a first carrier {(carrier 1), Band B includes a
second carrier (carrier 2}, and Band C includes a third carrier (carrier 3).  In a second example of
Scenarto 1, Band A includes carrter 1, Band B includes carriers 2 and 3, and Band C includes a fourth

carrier (carrier 4).

In a second scenario (Scenario 2), Band A 1s a SUL Band or a non-SUL Baud, Band B 1s
a non-SUL Band, and Band C is a non-SUL Band. That 1s, Band C is similar as Band B. In one
example of Scenaric 2, Band A includes carrier 1, Band B includes carrier 2, and Band C includes
carriers 3 and 4. In a second example of Scenario 2, Band A includes carrier 1, Band B includes

carriers 2 and 3, and Band C includes carrier 4 and a fifth carrier (carrier 5).

Additionally, 1n various other embodiments, the user device 102 may be configured with
four bands, including a first band (Band A), a second band (Band B), a third band (Band C), and a
fourth band (Band D)}, for which to perform UL Tx switching and within which to transmit UL
transmissions.  Similar to the three-Band Configurations, the user device 102 may dynamically
select any two of the four bands to perform UL Tx switching.  In various of these embodiments, the
four bands may tnclude various combinations of SUL and NUL bands, examples of two scenarios

are as follows.

In a first scenario (Scenario 1), Band A i1s a SUL band or a non-SUL band, Band B isa
non-SUL band, and Band C is a SUL band or a non-SUL band. That is, Band C is similar as Band
A, In a first example of Scenario 1, band includes a first carrier {carrier 1), Band B includes a
second carrier {carrier 2), Band C includes a third carrier (carrier 3}, and Band D includes a fourth
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carrier {carrier 43, In a second example of Scenario 1, Band A includes carrier 1, Band B includes
carrier 2, Baond C includes carrier 3, and Band D includes carrier 4 and a fifth carrier {carrier §).  In
a third example of Scenario 1, Band A includes carrier 1, Band B includes carriers 2 and 3, Band C
includes carrier 4, and Band D includes carrier 5. In a fourth example of Scenaric 1, Band A
includes carrier 1, Band B includes carriers 2 and 3, Band C includes carrier 4, and Band D includes

carrier 5 and a sixth carrier {carrier 6).

In a second scenario {Scenario 2), Band A is a SUL band or a non-SUL band, Band B is
a non-SUL band, and Band C is a non-SUL band. That is Band C is similar as Band B. In a first
example of Scenario 2, Band A includes carrier 1, Band B includes carrier 2, Band C includes carriers
3 and 4, and band D includes carrier 5. In a second example of Scenario 2, Band A includes carrier
1, Band B includes carrier 2, Band C includes carriers 3 and 4, and band D includes carriers 5 and 6.
In a third example of Scenario 2, Band A includes carrier 1, Band B includes carriers 2 and 3, Band
C includes carriers 4 and 5, and band D includes carrier 6. In a fourth example of Scenario 2, Band
A includes carrier 1, Band B includes carriers 2 and 3, Band C includes carriers 4 and 5, and band D

includes carriers 6 and 7.

Also, for embodiments where the user device 102 performs dynamic Tx carrier switching
across the configured bands, at least one of the following options.  In a first option, the user device
102 may perform dynamic Tx carrier switching across all the supported UL transmission cases
supported by the UE and based on UL scheduling, 1.e., via UL grant and/or RRC configuration for
UL transmission.  In a second option, the network device 104 may indicate two bands out of the
configured bands (3 or 4 bands) via DCI or medium access control (MAC) control element (CE).
In a third option, the user device 102 may select one anchor Band Among the configured bands (3 or
4 bands), and may pertorm dynamic Tx carrier switching only from the anchor band to a non-anchor

Band And/or from a non-anchor band to the anchor band.

Table 12 shows an example set of ten UL transmit cases for four bands with antenna port
number mapping. The second column in Table 12 indicates the antenna port numbers for when the
user device 102 does not support simultaneous transmission across multiple carriers, and the third
column indicates the antenna port numbers for when the user device 102 supports simultaneous

transmission across up to two carriers,
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Number of Tx | Number of antenna ports in Band A, B, C | Number of antenna ports in Band A, B,
chamas i Band | and D (no sumultancous transnussion | € and D (simultancous iransmission
A, B, Cand 3 | across multiple carriers) across up to 2 carricrs)
Case 1 | ITHITHOTHIT | w/a 1P+OP+GP+OP, 1P+IP+HOPHOP,
0P+ PH+OP+HOP
Case 2 | O0T+2THOTHOT | OP+2P+0P+0P, OP+1P+0P+0P OP+2P+0P+0P, OP+1P+0P+0P
Case 3 | 2THOTHOTHOT | 2P+0P+0P+0P, 1P+OP+0P+0P 2P+0P+0P+0P, 1P+OP+OP+0P
Case 4 | 1ITHOTHITHIT | n/a 1P+OP+OPHIP, 1PHOP+1P+H0P,
OP+OP+IPHOP
Case 5 | ITHOTHOTHIT | wa 1P+OP+GP+OP, 1P+HOP+OP+IP,
OP+HOP+HOPHIP
Case 6 | OTHITHITHOY | w/a 0P+ PHOP+OP, OP+1 P+ PHOP,
OP+OP+HIPHOP
Case 7 | OTHITHOTHIT | n/a OP+1P+0P+0P, OP+1P+0P+1P,
OP+OPHOPHIP
Case 8 | OTHOTHITHIT | n/a OP-+HOP+H1PHOP, OPHOP+HIP+HIP,
OP-+OP+OP+1P
Case 9 | OTHOTH2THOT | OP+HOPH2P+OP, OPHOP+IP+0OP OP+HOPR2PHOP, OPHOPHIPHOP
Case OT+0THOTH2T | OP+OP+0P+2P, OP-HOP+HOP+1P OP+0P+0P+2P, OP+0P+0P+1P
10

Table 12: Example UL Transmit Cases for 4 bands with antenna port number mapping,
where the UE does not support simultaneous fransmission across multiple carriers and does

support simultaneous fransmission across up to twe carriers

For embodiments where the user device 102 supports all UL transmit cases {e.g., all ten
UL transmit cases in Table 12) in accordance with the first option above, the user device 102 may
switch between any two UL transmit cases without any additional restrictions. For example,
suppose a current transmit state of the user device 102 is to transroit on two carriers on two bands
using one transmitter to transmit on each band, and the user device 102 is to switch two different
carrigrs on two different bands but still using one transmitter to transmit on each band.  For example,
the user device 102 may switch from Case 1 to Case 8. Corresponding to Cases | and 8 in Table
12, the user device 102 may transmit a first transmission on carrier 1 in cell 1 and on carrier 2 in cell
2 {Case 1), and then swiich and transmit a second transmission on carrier 3 in cell 3 and carrier 4 in

]

cell 4 (Case 8). Correspondingly, Fig 3 shows a one-to-one relationship between four bands, four

carriers, and four cells.

Also, for at east some embodiments incorporating the second option above, where the
network device 104 indicates a band pair out of the configured bands (3 or 4 bands}, there may be
no additional restrictions as to which band pairs are selected.  For example, suppose there are six
band pairs corresponding to a Band Combination having four bands.  After the network device 104
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selects a band pair and indicates them to the user device 102, the user device 102 may perform UL
Tx switching to switch to the a band pair indicated by the network device 102, Any subsequent UL
Tx switching may be within the indicated a band pair until a next indication from the network device
104, Fig. 4 illustrates an example.  With reference to Fig. 4, a currently available band pair may
include bands 1Tand 2. Any UL Tx switching is performed within bands 1 and 2, e.g., between cell
1 onband 1 and cell 2 on band 2. At the network side, the network device 104 may select a band
pair out of the four bands. For example, the network device 104 may select bands 3 and 4, and
indicate the selected bands 3 and 4 to the user device 102, such as by way of a DClor MAC CE.  In
response to the indication, the user device 102 may switch from bands 1 and 2 to bands 3 and 4.
Thereafter, any switching by the user device 102 is within bands 3 and 4, e.g , between cell 3 onband

3 and cell 4 on band 4, until a next indication 18 received from the network device 104

The tollowing describes various embodiments related to performing UL Tx switching
with an unused transmitter, and/or ways to reduce an amount of times band pair switching is indicated
when there are one or more time division duplex (TDD) bands within a configured number (e.g.,

three or four) bands.

Fig. 5 ts a flow chart of an example method 500 for wireless communication related to
UL Tx switching. At block 502, a user device 102 may determine to perform uplink (UL)
transmitter {Tx) switching with a first Tx and a second Tx, where, after the UL Tx switching, the
first Tx is aused Tx for an UL transmission and a second Tx is an unused Tx for the UL transmission.
The UL Tx switching 15 performed according to a pre-configuration or a signaling that indicates how
to perform the UL Tx switching for the unused Tx. At block 504, the user device transmits the UL

transmission using the UL Tx switching.
Embodiment |

In further detail, in some embodiments for the method SO0, a user device 102 may perform
a previous UL transmission in a first transmit case.  Then, the user device 102 may perform an UL
Tx switching tnstance to switch from the first transmit case to a second transmit case.  After the UL
Tx switching instance is performed, the user device 102 may perform an UL transmission in the
second transmit case. In a transmit case, each of the two transmitters of the user device 102 may
be a used transmitter or an unused transioitter. A transmitter is a used transmitter when it transmits
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on an antenna port during a transmission instance.  Also, a transmitter is an unused transmitter when
it does not transroit on an antenna port during a transmission instance.  Accordingly, after the user
device 102 performs the UL Tx switching instance and is in the second transmit case, one of the
transmitters of the user device 102 may be an unused transmitter, either in swiichedUL or dualtJL.
For atleast some embodiments, including those where the user device 102 is able to perform dynamic
UL Tx switching across all supported UL transmit cases and based on UL scheduled, such as via UL
grant and/or radio resource control (RRC) configuration for UL transmission, the user device 102
may determine how to configure, move, switch, or operate an unused transmitter during UL Tx
switching according to a pre-configuration {(or predefined rule} or a signaling that indicates how to

perform the UL Tx switching for the unused transmitter.

In addition, in varicus embodiments, a user device 102 performs UL Tx switching
according to a UL Tx switching scheme across up to three or four bands, and/or with a restriction
that it can perform up to 2 Tx simultaneous transmission.  Suppose for example, that the user device
102 performs UL Tx switching across three bands, including a Band A, a Band B, and a Band C.
Correspondingly, the user device 102 may perform UL Tx swiiching between six possible UL

transmit cases, as indicated below in Table 13.

UL Transmit Cascs Number of Tx Chains
(Band A+ Band B + Band C)
Case 1-1 ITHT+HOT
Case 1-2 OT+1T+1T
Case 1-3 ITHTHT
Case 2-1 2T+HIT+OT
Case 2-2 O0T+2T+0T
Casc 2-3 O0THIT+H2T

Table 13: UL Transmit Cases within the scenario of up to 2 Tx on each band

As shown in Table 13, for UL Transmit Case 1-1, the user device 102 uses a first
transmitter to transmit on Band A, a second transmitter to transmit on Band B, and no transmitters
to transmit on Band C, for UL Transmit Case 1-2, the user device 102 uses a first transmitter to
transmit on Band B, a second transmitter to transmit on Band C, and no transmitters o transmit on
Band A, and so on.  Correspoundingly, for each UL transmit case, the two transmitters of the user

device 102 are assigned to transmit on only one band (i e, two transmitters on one band, such as in
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transmit cases 2-1, 2-2, 2-3) or on two bands (1.¢., ong transmitter on each of two bands, such as in

transmit cases 1-1, 1-2, 1-3).
Embodiment 1-1

Additionally, in various embodiment, the number of transmitters up to on which a given
band may used may be specified and/or limited. For example, a given band may be limited to

having only one or up to two transmitters transmit on it.

In one example, suppose three bands have a transmitter limit configuration of: 1T-1T-27T,
that 1s a maximum number of supported Tx on three bands, Bands A, B, and C, are 1Tx, 1Tx and
2Tx, respectively, with one carrier on each band. In other embodiments, one or more bands may be
also supported with two or more carriers. That is, both Band A and Band B are limited to have at
most one transmitter, and Band C is limited to have at most two transmitiers. The transmission
switching option parameter, 1.e. uplink TxSwitchingOption, may be set to ‘switchedUUL’, can be also
named as CA option 1 as previously described, which means that the user device 102 does not support
simultaneous transmission between or across two bands. Under the “switchedUL’ operation, the user
device 102 may perform an UL transmission on one band of bands A, B, or C. Under this condition,
the possible combinations of numbers of antenna ports for UL transmission for at least some of the
entries in Table 13 are listed below in Tables 14-17.  Also, in various embodiments, the switched
UL can be regarded as not including the normal CA mode or including the normal CA mode. The
normal CA mode means the maximum nurober of supported Tx on two bands A-+B are 1Tx and 1 Tx,

then at least one of one port (1P) on Band A, 1P on Band B, and 1P+1P on band pair A+B can be

supported.
Transmit Number of Tx Chains | Number of antenna ports for UL transmission
cases (Band A+ Band B + Band A(Carrier 1)+Band B(Carrier 2)+
Band C) Band C{Carrier 3)
Case 1-3 TTHIT+HIT IPHOP+HOP,
Case 1-2 OT+HITHIT OP+H1P+HOP
Case 2-3 OT+OT+2T OPHOPH2P, OPHOP+HIP

Table 14: Example mapping for three bands with 1 T-1T-27T in the SwitchedUL mode
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Transmit Number of Tx Chains | Number of antenna ports for UL transmission
cases (Band A+ Band B + Band A(Carrier 1 +Band B(Carrier 2)+
Band C) Band C(Carrier 3)
Case 1-1 PTHIT+HOT IP+OP+0OP, 0P+1P+HOP
Case 1-2 OT+HIT+HIT OP-+1P+0P
Case 1-3 PT+HOT+IT 1P+OP+0P
Cage 2-3 OT+H0TH2T OP+OP+2P, O0P-+0P+1P

Table 15: Example mapping for three bands with 1T-1T-2T in the SwiichedUL mode

Transmit Number of Tx Chains | Number of antenna ports for UL transmission
cases (Band A+ Band B + Band A(Carrier | y+Band B(Carrier 2)+
Band C) Band C(Carrier 3)
Case 1-1 PE+HT+H0T IP+OP+OF, 0P-+1P+0P
Case 1-2 OT-+HIT+HIT OP+1P+0P, OP-+0P+1P
Case 1-3 IT+HOT+HIT IP+OP+0P, 0P+0P+1P
Case 2-3 0T+H0T+H2T OP+OP+2P, O0P-+0P+1P

Table 16: Example mapping for three bands with 1T-1T-2T in the SwiichedUL mode

Switching Number of Tx Chains | Number of antenna ports for UL transmission
cases (Band A+ Band B + Band A(Carrier 1 +Band B(Carrier 2)+
Band C) Band C(Carrier 3)
Case 1-1 PTH1T+0T 1P+OP+OP, OP+1P+0P, 1P+1P+OP
Case 1-2 OTHT+HIT OP-+1P+0P
Case 1-3 PT+HOT+IT 1P+OP+0P
Case 2-3 0T+H0T+2T OP+OP+2P, O0P-+0P+1P

Tabie 17: Example mapping for three bands with ' T-1T-27T in the switchedUL mode

For example, for at least some of the entries in Tables 14-17, Band A s a frequency
division duplex (FDD) band, while Band B and Band C are each time division duplex (TDD} bands.
To further illustrate, Fig. © shows a slot frame structure diagram illustrating ten slots for the three
bands A, B, and C. Each slot is desigoed as “D” for dowunlink, “U” for uplink, or “8” for special.
Each “D” represents a downlink slot designated or configured for one or more DL transmissions, and
gach “U” represents an uplink slot designated or configured for one or more UL transmissions. Also,

each “S” represents a “special” slot that partially includes D symbols and partially includes U
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symbols. In addition, an S slot is designated or configured for one or more DL transmissions on

the D symbols, and is designated or configured for one or more UL transmissions on the U symbols.

Referring particularly to the example Fig 6, the frame structure for bands C and B are:
‘SUDDSUUDDD’ and ‘DDDDDDDSUU’, respectively.  Also, for at least some embodiments, the
frame structures uses a radio frame with a subcarrier spacing (SCS} of 15 kHz. In addition, for at
feast some embodiments, the switching period is reported for each band pair A+B, band pair B+,
and band pair A+C respectively.  The switching periods for the three band pairs may be the same
value as, or different values from, each other. For example, two switching periads may be the same
and a third may be different from the other two, all three may be the same as each other, or all three

may be different from each other.

Referring particularly to Table 14, the transmit cases provide a unique operation state for
I-port transmission on each band. Correspondingly, no ambiguity issues occur when switching
between the transmit cases in Table 14. However, when switching between the transmit cases in
Table 14, a user device 102 may use additional, or an undesirably high amount of, switching periods.
To illustrate, with reference to Fig. 6, the user device 102 may perform a I-port UL transmission on
Slet 6 on Band C, and then on Slot 7 on Band A, and ther on Slot 8 on Band B. Following Table 14,
the user device 102 may switch 1Tx on Band C to Band A to support the [-port transmission on Band
A (i.e, from Case 2-3 to Case 1-3). Then, the user device 102 may switch 1Tx on Band A to Band

B to support the T-port transmission on Band B (i.e., from Case 1-3 to Case 1-2).

In contrast to the transmit cases in Table 14, the transmit cases in Tables 15-17 provide
more than one operation state for the 1-port transmission on some specific bands or all of the bands.
In these cases, ambiguity issues roay occur. To tllustrate using the slot frame structure in Fig. 6, the
user device 102 may perform a 1-port UL transmission on Slot 6 on Band C, and then on Slot 7 on
Band A, and then on Slot 8 on Band B. Using the transmit cases in Table 15 with the frame structure
in Fig. 6 as an example, an ambiguity issue may occur when the user device 102 performs a preceding
UL transmission on Slot 6 on Band C in transmit Case 2-3, and then is to perform a 1-port
transmission on Band A. The ambiguity issue may arise since the user device 102, configured with
switchedUL, with or without supporting normal CA mode, may not know if it should switch from

transmit Case 2-3 to transmit Case 1-3 or to transmit Case 1-1 in order to transmit on Band A on Slot
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7, based on Table 14 alone, as both transmit Case 1-3 and transmit Case 1-1 provide 1Tx on Band A,
In transmit Case 2-3, before switching, the user device 102 has both of its first and second
transmitters (2Tx) on Band C, corresponding to the 0T+0T+2T configuration of transmit Case 2-3.
In a first example, suppose that the user device 102 switches to transmit Case 1-3.  In doing so, the
user device 102 may ultimately perform two switching steps since it has to transmit on Band B on
Slet & In further detail, according to a first switching step from transmit Case 2-3 to transmit Case
1-3, the first transmitter (1Tx} on Band C may switch to Band A and the second transmitter (1Tx}
may still be on Band C after the switching.  Also, in transnut Case 1-3, the user device 102 may
have the port configuration of 1P+0P+0P.  Correspondingly, when transmitting on Band A on Slot
7, the first transmitter 1s a used transmitier since 1118 fransmitting on a port on Band A, and the second
transmitter is an unused transmitter since it 1s not transnutting on any port on Band C, corresponding
to the 1P+0OP+0P port configuration associated with transmit Case 1-3.  Then, in order for the user
device 102 to transmit on Band B on Slot 8, the user device 102 may perform a second switching
step to switch from transmit Case 1-3 to transmit Case 1-1.  In doing so, the second transmutter on
Band C may swiich to Band B, such that the two transmitters of the user device 102, having the
transmitter configuration 1Tx+1Tx, are located on Band A and Band B. For this switching situation
with two steps, the user device 102 performs two UL Tx switching instances over two switching
periods, including a first swiiching period for band pair A+C (i.e., for the user device 102 to swiich
the first transmitter from Band C to Band A), and a second switching period for band pair B+C (i e,

for the user device 102 to switch one transmitter from Band C to Band B).

Stili referning to Table 1S and Fig. 6, in a second example, the user device 102 may switch
from transmit Case 2-3 directly to transmit Case 1-1 (i.e., without first switching to transmit Case 1-
33 When the user device 102 switches from transmit Case 2-3 to transmit Case 1-1, the user device
102 may use only one switching instance with one switching period in order to be configured to have
the first transmitter transmit on Band A on Slot 7 and to have the second transmitter transmit on Band
B on Slot 8. ln particular, when switching from transmit Case 2-3 to transmit Case 1-1, the two
transmitters (2Tx) of the user device 102 on Band C may switch to 1Tx on Band A and 1Tx on Band
B. As a result, the user device 102 may complete the switching for UL transmissions on Slots 7 and
8 by performing only one UL Tx switching 1ustance in one switching period.  For at least some
embodiments, the switching period for the one switching instance may be the maximum value of a
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first switching period of band pair A+C (e.g., for a first transmitter to switch from Band C to Band
A) and second switching period of band pair B+C (e.g., for a second transmitter to switch from Band
C to Band B). Also, in transmit Case 1-1 on Slot 7, the user device 102 may have the port
configuration 1P+0P-+0P, such that the first transmitter is a used transmitier on Band A and the
second transmitter 18 an unused transmitter on Band B, Then, on Slot &, the user device 102, still
in transmit Case 1-1, may have the port configuration 0P+1P+0P, such that the first transmitter is an

unused transmitier on Band A and the second transmitier is a used transmitter on Band B.

Similar switching may also be performed for embodiments where the wireless access
node 104 indicates two bands (or a band pair) out of a certain configured number of bands (e.g., three
or four), and the user device 102 may perform dynamic Tx switching between the indicated bands.
For such embodiments, the user device 102 may switch both transmitters (2Tx) on Band C to a
ITx+1Tx configuration on Band A and Band B using ove Tx swiiching instance having one
switching period, that is from band pair A+C or B+C to band pair A+B. For such embodiments, the
switching period to perform one switching period involving multiple band pairs, such as to switch
from a preceding band pair A+C or B+C to a target band pair A+B as ilustrated, may be, or may be

determined by or based on, one of the following:

(1) the switching period for the preceding band pair,

{2} the switching period for the target band pair;

(3) the larger of the switching period for the preceding band pair and the switching period
for the target band pair,

{(4) a single value, or multiple values for different band pairs for different switching
instances, reported by the user device 102;

(5) a maximum value of a switching period of one preceding band pair (e.g., band pair
A+C in the above example) and switching period of a second preceding band pair {e.g., band pair

B-+C in the above example), such as in a switching case from 2Tx on one band {e.g, Band C} to

1Tx+1Tx on two other bands (e.g., Band A and Band B).

In order to resolve the above ambiguity issue (i.e., so that the user device 102 operates
without the ambiguity}, the user device 102 may operate according to one of the following methods.
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In a first method (Method 1}, the user device 102 performs UL Tx switching according
to a pre~configured or predefined rule (or default behavior). In a first example of Method 1, the
default behavior is to keep the unused Tx in the previous band during an initial or first switching
period. The user device 102 may then switch the unused Tx to a different band during another or a
second switching period.  To illustrate, using the example above also with reference to Fig. 6, over
Slots 6-8, the user device 102 is to transmit on Slot 6 on Band C, then on Slot 7 on Band A and then
on Slot & on Band B, as previously deseribed. To do so, after transmitting on slot 6, the user device
102 may move one transmitter on Band C to Band A in order to transnut on Slot 7. According to
the first option, during a first switching period, the user device 102 moves a used transmitter from
Band C to Band A so0 that the used transmitter can transmit on Slot 7 on Band A, During the first
switching period, the user device 102 keeps the unused transmitter on Band C, according to the first
example of the predefined rule or default behavior (Method 1}, According to the above Tables 14-
17, during the first switching period, the user device 102 switches from transmit Case 2-3 to transmit
Case 1-3.  Then, during a second switching period, the user device 102 moves the unused
transmitter from Band C to Band B for the UL transmission on Slot 8 on Band B, According to the
above Tables 14-17, during the second switching period, the user device 102 moves from transmit

Case 1-3 to transmit Case 1-1.

In a second exarople of Method 1, the default behavior is to move the unused Tx from the
previous band to a third or different band during the same switching period that the used Tx is moved
from the previous band to a second band, or to the band on which the preceding transmission is
located. In particular embodiments of the second method, the user device 102 moves the unused
Tx from the previous band to the third band if one or more downlink siots or symbols on the previcus
band follow after the slot on which the user device 102 performed an UL transmission on the previous
band. In other embodiments, the user device 102 moves the unused Tx from the previous band to the
third band if only the third band and the second band (or up to two bands within three or more bands)
which 1s not the previous band have the one or more uplink slots or symbols after the slot on which
the user device 102 performed an UL transmission on the previous band. For example, with
reference to Fig. 6, the user device 102 performs an UL transmission on Slot 6 on Band C. Further,
as indicated in Fig. 6, the slots or symbols following Slot 6 (e, Slots 7, 8 and 9) are downlink slots.
On Slot 7, the transmitter transnutting on Band A 1s a used transmitter, and the transmitter not
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transmitting on Band A is an unused transmitter.  According to the second example of Method 1,
the user device 102 moves the unused transmitter from Band C to Band B during the same switching
period that the user device 102 moves the used transmitter from Band C to Band A, In this way,
according to the second example, the user device 102 uses only one switching period to switch a first
transmitter from Band C to Band A and a second transmutter from Band C to Band B, According
to Tables 14-17, the user device 102 may switching direction from transmit Case 2-3 to transmit

Case 1-1 using ouly one swiiching period.

In a second method (Method 2), the user device 102 may use additional signaling
indication to indicate how to perform UL Tx switching for the unused transmitter. The signaling may

indicate one of two possible ways to do the switching.

In a first example of Method 2, the user device 102 may use radio resource conirol {(RRC)
signaling to configure one of two possible ways to perform the switching. In particular
embodiments, the user device 102 may perform the switching according to the way indicated by the
signaling for each dynamic UL Tx switching involving an unused Tx.  In various embodiments, the
RRC signaling could be configured for different switching cases involving a certain number of {e.g.,
three or four) bands and for certain maximum numbers of supported Tx chains for the different bands.
To illustrate as an example, with reference to Tables 14-17, candidate values of the RRC signaling
may comprise: { 1Tx+1Tx on Band A+C, 1 Tx+1Tx on Band A+B}. In other embodiments, the RRC
stgnaling may be configured for all scenarios of a certain number (e.g., 3 or 4) bands with different
supported maximum Tx chains. That s, the candidate values of the RRC signaling may comprise:
funused Tx on previous band, unused Tx switched to the third band}. In various embodiments, the

RRC parameter can be set to indicate that it is configured or not configured to represent the two ways.

In a second example of Method 2, the user device 102 may use a downlink control
information (BCI) or a medium access control control element (MAC-CE} to indicate one of two
possible ways to do the switching.  That 1s, for each dynamic UL Tx switching involving an unused
Tx, the DCI or MAC-CE may indicate a way to do the switching, and the ways to do the switching
may be different depending on use of dynamic indication by the DCI or MAC-CE.  This second
example of Method 2 is similar to using a DCI to indicate a band pair to which the 2Tx may be

switched, such as when switching from one band pair to another band pair. An advantage may be
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that allowing different switching ways may allow the network to reduce the number of switching

periods depending on the sequence of UL transmissions allocated to the user device.

Accordingly, through use of a pre-configuration, predefined rules, default behavior, or an
additional signaling indication, a total number of switching periods may be reduced if the uoused Tx
can be switched to a third band, including situations where downlink slots/symbols on the previcus

band follow the slot on which an UL transmission was performed on the previous band.

In addition or alternatively, for UL Tx switching involving the transmit cases in Table 15,
a similar ambiguity issue may arise for the case when a 1-port transmission is to be transmitted on
Band B, and the user device 102 performed the preceding transmission using transmit Case 2-3.
When the user device 102 does not support simultaneous transmission on two bands, the user device
102 may not know if it should switch from transmit Case 2-3 to transmit Case 1-2 or transmit Case
1-1. The ambiguity may be even more complex when switching between the transmit cases in Table
16, since the ambiguity may arise for I-port transmission in all bands A, B, C. To avoid the
ambiguity 1ssue, the user device 102 may use a predefined rule or default bebavior, or additional

signaling indication, as described above.

In addition or alternatively, in view of the transmit cases in Table 17, suppose transmit
Case 1-1 1s considered or regarded as comprising all possible antenna ports for UL transmission of a
normal carrier aggregation (CA) case.  When the user device 102 performs UL Tx switching from
another transmit case to transmit Case 1-1, the user device 102 may switch 1Tx or 2Tx to one band
of band pair A+B or two bands of band pair A+B. For example, the user device 102 may switch 1Tx
on Band C to Band A when switching from Case 1-2 to Case 1-1, 1Tx on Band C to Band B when
switching from Case 1-3 to Case 1-1, and 2Tx on Band C to 1Tx on Band A and 1Tx on Band B
when switching from Case 2-3 to Case 1-1. Such switching operations to transmit Case 1-1 may be

regarded as a fallback to the normal CA case, or to transmit Case 1-1.

For at least some of these embodiments involving switching between the transmit cases
in at least of Tables 15, 16, and 17, there may not be a switching period within the band pair A+B
(that i3 switching period = Ous for the band pair). Also, in various of these embodiments, the user

device 102 may support simultaneous transmission on the band pair A+B.
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Embodiment 1-2

In other embodiments, the user device 102 may transmit on three bands, with maximum
number of transmitters per band being: 1T-1T-1T, with one carrier on each band. That is, all bands
are limited to have at most one transmission chain. When a user device 102 operates in the switchUL
mode {i.e., the user device 102 does not support simultanecus transmission on two bands}, the user
device 102 may perform an UL transmission one band of the three bands, Bands A, B, or C. Under

these conditions, some example possible combinations of nurbers of antenna ports for UL

PCT/CN2022/113711

transmisstons for provided below in Tables 18-21.

Transmit Nuraber of Tx Chains | Number of antenna ports for UL transmission
cases (Band A+ Band B + Band A(Carrier 1y+Band B(Carrier 2)+
Band ) Band C(Carrier 3)
Case 1-1 IT+HTHT 1P+HOP+HOP
Case 1-2 O0T+1T+1IT OP+HIP+HOP
Case 1-3 ITHT+HIT OP+HOP+1P

Table 18: Example mapping for three bands with 1T-1T-17T in the SwitchedUL mode

Transmit Number of Tx Chams | Namber of antenna ports for UL transmission
cases (Band A -+ Band B + Band A(Carrier 1)+Band B(Carrier 2)+
Band C) Band C{Carrier 3)
Case 1-1 FFHT+HOT [P+OP+0P, 6P+ 1P+0P
Case 1-2 OT+HIT+HIT GP+1p+OF
Case 1-3 ITHOTHIT GPIOPILP

Table 19: Example mapping for three bands with 1T-1'T-17T in the SwitchedUL mode

Transmit Number of Tx Chams | Namber of antenna ports for UL transmission
cases (Band A+ Band B + Band A(Carrier 1)y+Band B(Carrier 23+
Band €} Band C{Carrier 3)
Case 1-1 ITHTHT 1P+OP+OP, 0P+1P+0P
Case 1-2 OTHT+HIT 0P+ P+OP.OPHOP+IP
Case 1-3 PTHOTHIT I P+OP+OP, OP+0P+1P

Table 26: Example mapping for three bands with 1T-1'T-17T in the SwitchedUL mode

Transmit

Number of Tx Chams

Number of antenna ports for UL transmission
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cases {(Band A+Band B + Band A{Carmer 1 y+Band B(Carmer 23+
Band C) Band C(Carrier 3)
Case 1-1 ITHTHOT {P+OP+OP, OP+1P+OP, 1P+1P+OP
Case 1-2 OT+IT+IT OP+IPLOP
Casc 1-3 ITHITHT OP+OP+1P

Table 21: Example mapping for three bands with 1T-1T-17 in the SwitchedUL mode with

pormal CA

For some embodiments involving UL Tx switching using the transmit cases in Tables 18-
21, Band A 1s a FDD band, and Band B and Band C are TDD bands. Example UL Tx switching
between the transnut cases in Tables 18-21 are described with reference to the slot frame structure of
Fig. 6. As previously described, 1n the example slot frame structure, Bands C and B may have the
following slot designations, respectively: ‘SUDDSUUDDD’ and ‘DDDDDDDSUU’. For at least
some of these embodiments, a radio frame may have a subcartier spacing (SCS) of 15 kHz. In
addition or alternatively, the switching period is reported for each of band pair A+B, band pair B+C,
and band pair A+C. Any two switching periods for these band pairs may be the same as or different

from each other.

Additionally, similar to UL Tx switching according to the transmit cases in Tables 14-17,
UL Tx switching according to the transmit cases in Table 18 may not create any ambiguity issues for
unused transmitters.  However, ambiguity issues may arise when performing UL Tx switching

between transmit cases in Tables 19-21.

Reterring to Table 19, as an example, an ambiguity issue may occur when, for example, the
user device 102 is to perform a 1-port transruission on band B, and the user device 102 performed a
preceding transmission using transmit Case 1-3 to transmit on Band C. The ambiguity 1ssue may
arise since the user device 102 may not know whether to switch to transmit Case 1-1 or to transmit
Case 1-2, since both transmit cases provide for transmission on Band B. In a first way, the user device
102 may decide to switch from transmit Case 1-3 to transmit Case 1-2.  However, transmit Case 1-
2 does not provide for transmission on Band A, As such, if the user device 102 switches to transmit
Case 1-2, and in event the user device 102 has to transmit on both Band B and Band A in one or more
next slots or symbols, the user device 102 may perform two switching instances in two swiiching

periods.  In further detail, when transmitting on Band C in transmit Case 1-3, a first transmitter on
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Band A 1s unused and a second transmitter on Band C is used. Then, in a first switching instance
to transmit Case 1-2, the user device 102 may switch the first, unused Tx on Band Ato Band B, while
the second transmitter stays on Band €. In transmit Case 1-2, the first transmitter 15 a used
transmitter on Band B and the second transmitter 18 an unused transmitter on Band C.  Then, the
user device 102 may perform second switching from transmit Case 1-2 to transmit Case 1-1 by
switching the second, unused transmutter on Band C will to Band A, After the second switching
instance, the user device 102 may have the transmitter configuration 1Tx+1Tx located on band A
and band B. In this way, the user device 102 performs two UL Tx switching instances in two
switching periods, 1.¢, a first switching period of band pair A+B, and a second switching period of

band pair A+C.

In a second way, the user device 102 may decide to switch from transmit Case 1-3 directly
to transmit Case 1-1, without first switching to transmit Case 1-2.  Tn doing so, the user device 102
may perform only one switching step in one switching period, which includes switching 1Tx on Band
C to 1Tx on Band B while leaving the other 1Tx on Band A, After the swiiching, the user device

102 has a transmitter configuration of 1Tx+1Tx located on band pair A+B.

For such situations, the user device 102 may use a pre-configuration, predefined rules,
default behavior, and/or additional signaling indication that indicates to the user device 102 how to
perform switching for the unused transmitter.

Embodiment 1-3

In other embodiments, a user device 102 may perform UL transmissions on four bands,
including Bands A, B, C and D, Table 22, below, provides ten example cases transnut, with the

condition that the number of Tx per band can be up to two.

Transmit Cases MNumber of Tx Chains
(Band A+ Band B + Band C)
Case 1-1 ITHITHOTHOT
Case 1-2 OT+HITHIT+HOT
Case 1-3 OT+HOT+HIT+HIT
Case 1-4 1TH0THOT+IT
Casc 1-3 1THOT+HITHOT
Case 1-6 OT+HITHOT+HIT
Case 2-1 2TH+0THOTHOT
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in one embodiment, the number of Tx per band, for four bands, are 1T-1T-1T-17T, with
one carrier on each band. That 1s, all bands are limited to have at most one transmission chain. The
transmission swiiching option parameter, i.e. uplinkTxSwitchingOption, may ts set to “switchUL’.
When operating in the switchUL mode, the user device 102 may perform an uplink transmission on
one band of Bands A, B, C or . Under this condition, example possible combinations of numbers

of antenna ports for uplink transmission for some of the entries in Table 22 are listed in Tables 23-

26, below.

PCT/CN2022/113711
Case 2-2 OT+2T-+HOTHOT
Case 2-3 OT+HTH2T4+0T
Case 2-4 OT+HTHOTH2T

Table 22: Example Transmit Cases for Four Bands

Transmit Nurmber of Tx Chains Number of antenna ports for UL transmission
cases (Band A+ Band B + Band A{Carrier 1y+Band B{Carrier 2)+
Band C +Band [} Band C(Carrier 3) + Band D(Carrier 4)
Casc 1-1 ITHT+0T+H0T 1PHOPHOPHOP
Case 1-2 O0T+HIT+IT+0T 0P+ PHOPHOP
Casc 1-3 OT+HOT+ITHIT OP+HOP+HIPHOP
Case 1-4 ITHTHOT+IT OP+HOPHOP+IP

Table 23: Example mapping for four bands with 1T-1T-1T-17T in the SwitchedUL mode

Transmit Number of Tx Chains Number of antenna ports for UL ransmission
cases {(Band A+ Band B + Band A(Carrier 1)+Band B(Carrier 2)+
Band C +Band D) Band C(Carner 3) + Band D(Carrier 4)
Case 1-1 FFHITHOTHOT I P+OP-+0P-+0P
Case 1-2 OTHITHTHOT OP-+1P+0P-+0P, OP+OP+1P+OP
Case 1-3 OT+HOT+HIT+HIT OGP0+ PHOP
Case 1-4 ITHOTHOT+HIT OP+OP+0P+1P

Table 24: Example mapping for four bands with 1T-1T-1T-17T in the SwitchedUL mode

Transmit Number of Tx Chains Number of antenna ports for UL transmission
cases (Band A+ Band B + Band A(Carrier 1)y+Band B(Carrier 2)+
Band C +Band D) Band C(Carrier 3) + Band D(Carrier 4)
Case 1-1 FT-HTHOTHOT 1P+HOP+HOPHOPR, OP+1PHOP+HOP
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Case 1-2 OTHTHTHOT OP-+1P+OP+0P, OP+OP+1P+0P
Case 13 OTHOTHITHIT OP-+0P+1P-+0P, OP+OP+0P+1P
Case 1-4 PTHOTHOTHIT 1P-+0P+0P+0P, OP+OP+OP+1P
Case 1-5 PTHOTHITHOT 1P+HOP+HOP+OPOP+OP+1 P+OP
Case 1-6 OT+HT+HOTHT OP-+1P+OPHOP, OP-+0P+0OP+1P

Table 25: Example mapping for four bands with 1T-1T-1T-17T in the SwitchedUL mode

Transmit Number of Tx Chains Number of antenna ports tor UL transmission
cases (Band A+ Band B + Band A(Carrier 1)+Band B{Carrier 2)+
Band C +Band I} Band C(Carrier 3) + Band D(Carrier 4)
Casc 1-1 PTHTHOT+HOT IPHOP+HOP+OP
Case 1-2 OT+HIT+H1T+HOT OP+HPHOPHOP, OPHOP+IPHOP, OPHOPHIPHIP
Case 1-3 OT+HOT+H1IT+HIT OP+OP+1P+OP
Case 14 IT+HOT+HOT+IT OP+OP+OP+1P

Table 26: Example mapping for four bands with 1'T-1'T-1F-17T in the SwitchedUL mode

Example UL Tx switching across four bands using the transmit cases in Tables 23-26 are
now described.  In some examples, Bands A and C are FDD bands, and Bands B and D are TDD
bands. To supplement the UL Tx swiiching, examples are described with reference to Fig. 7, which
shows an example slot frame structure including ten slots on the four Bands A, B, C, and B.  The
slot designations for the slots on Bands D and B, respectively, are: ‘SUDDSUUDDID’ and
‘DDDDDDDSUU.  For at least some embodiments, a radio frame may have a subcarrier spacing
(8CS) of 15 kHz. In addition or alternatively, the switching periods may be reported for each of band
pair A+B, band pair B+C, band pair C+D and band pair A+D.  Any two of the switching periods
may be the same or different from each other, in any of various embodiments. respectively with same
or different value. Also, when switching according to the transmit cases in Table 25, an additional

switching periods may be reported for band pairs A+C and B+D.

Referring to Table 23, no ambiguity issues may arise for the transmit cases in Table 23
due to their unique operation states for I-port transmission on each band. However, switching
between these transmit cases may create additional, or undesirably high amounts of, switching
periods. To illustrate with reference to Fig. 7, the user deice 102 may perform a 1-port transmission
ont Slot 6 on Band D, and then on Slot 7 on Band C, and then on Slot 8 on band B. Following Table

23, the user device 102 may switch 1Tx on Band A to band C to support the 1-port transmission on
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band C on Slot 7 (corresponding to switching from transmit Case 1-4 to transmit Case 1-3).  Then,
the user device 102 may switch 1Tx on Band D to Band B to support the [-port transmission on Band

B on Slot 8 {corresponding to switching from transmit Case 1-3 to transmit Case 1-2).

However, for Tables 24-26, more than one transmit case for one-port transmission may
be used on a specific band or all bands. Tn these cases, ambiguity issues may occur. To illustrate with
reference to Fig. 7, the user device 102 may perform a one-port transmission on Slot 6 on Band D,
and then on Slot 7 on Band C, and then on Slot § on Band B. Referring particularly to Table 24, one
ambiguity 1ssue may occur when the user device 102 is to perform a 1-port transmission on Band C
on Slot 7, and performs a preceding transmission on Band D on Slot 6 using transmit Case 1-4 If'the
user device 102 is in switchedUL, with or without normal CA mode, the user device 102 may not
know, from the transmit cases in Table 24 alone, if 1t should switch from transmit Case 1-4 to transmit
Case 1-3 or transmit Case 1-2, as both transmit cases allow the user device 102 to transmit on Band

C . There could be two possible ways to do the switching.

In a first way, the user device 102 may switch from transmit Case 1-4 to transmit Case |-
3. However, transmit Case 1-3 does not allow for transmitting oo Band B, As such, if the user
device 102 is to also transmit on Band B, such as on Slot 8, the user device 102 may perform two
switching instances, from transmit Case 1-4 fo transmit Case 1-3, and then from transmit Case 1-3
to transmit Case 1-2.  In further detail, in transmit Case 1-4, the user device 102 has first transmitter
as a used transmitter on Band D and a second transmitter as an unused transmitter on Band A, Then,
when the user device 102 first switches from transmit Case 1-4 to transmit Case 1-3, the user device
102 may switch the first transmitter on Band A to Band C, while keeping the second transmutter on
band D.  In transmit Case 1-3, the first transmitter, transmitting on Band C, is a used transmitter,
and the second transmitter, not transnutting on Band D, is an unused transmitter.  The user device
102 may then perform a second UL Tx switching from transmit Case 1-3 to transmit Case 1-2, which
switches the second, unused 1Tx from Band D to Band B, At the end of the second switching, the
user device 102, in transmit Case 1-2, may have a transmitter configuration of 1'Tx+17Tx located on
Band B and Band C.  The user device 102, in transmit Case 1-2, can then use the second transmitter
to transmit on Band B, In this first way, the user device 102 performs two UL Tx switching
instances involving two switching periods, including a first switching period for band pair A+C (i.e.,
a switching period during which the user device 102 switches 1Tx from Band A to Band C), and a
second switching period for band pair DHB (i.¢, a switching period during which the user device

102 switches 1Tx from Band D to Band B).
A second way to perform switching is for the user device 102 to perform a single
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switching instance from transmit Case 1-4 to transmit Case 1-2 (without first switching to transmit
Case 1-3).  Thatis, the user device 102 may switch 1Tx from Band A and 1Tx onband D to 1Tx on
Band B and 1Tx on Band C during one switching period. As such, the user device performs one UL
Tx switching instance. The switching period for the one switching instance may be the maximum
value of the switching period of band pair A+C and the switching period of band pair B+D. This
single-instance switching and corresponding switching period may also be used where the network
indicates two bands (or a band pair) out of a certain number of configured bands {e.g., three or four
bands) via a DCI or MAC-CE, and the user device 102 performs dynamic Tx switching between
indicated bands. The user device 102 may switch from a transmitter configuration of TT+17T on
Band A and Band D to a 1T+1T transmitter configuration on Band B and Band C in one switching

instance using a single switching period, that 1s, from band pair A+D to band pair B+C.

Another example, referring to Table 25, the user device 102 may be in transmit Case 1-4,
where it has one antenna port on band D, Accordingly, on transmit Case 1-4, the user device 102
has a first transmitter as a used transmitter on band D, and a second transmitter as an unused
transmitter on band A, To have a transmitter on band C, the user device 102 may switch to transmit
Case 1-5 or to transmit Case 1-2.  To switch from transmit Case 1-4 o transmit Case 1-5, the first,
used Tx is switched from band D to band C while the second, unused Tx staysonband A, To switch
from transmit Case 1-4 to transmit Case 1-2, the first, used Tx switches from band D to band C, and
the second, unused Tx on band A is switched to a fourth band, i.e, band B. In this scenario, the
fourth band (i.e., band B), is not the band for the UL transnussion after switching, it 1s not the band
for the preceding UL transmisstion before switching, and it is not the band with the unused Tx before
the switching.

For such embodiments involving UL Tx switching with four bands, such as illustrated
with respect to Figs. 22-26, the user device 102 may perform the UL Tx switching according to a
pre-configuration, predefined rules, default behavior, or additional signaling indicating that indicates

how to switch an unused transmitter, such as previcusly described.

Embodiment 1-4

In another embodiment where the user device 102 performs UL transmissions on four
bands, including Bands A, B, C, and I, a transmitter configuration for the four bands indicating the
nuraber Tx per band may be: 1T-1T-1T-2T, with one carrier on each band.  According to this
transmitter contiguration, only of the bands (e.g, Band D) can support more than one transmitter

chain., In  some embodiments, the {ransmission switching option parameter, 1e
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uplinkTxSwitchingOption, is set to “switchUL’, such that the user device 102 transmits without
supporting simultaneous transmission on two bands. Accordingly, when operating in the switchUL
mode, the user device 102 performs an UL uplink transmission on one band of Bands A, B, Cor D,
Under these conditions, possible combinations of numbers of antenna ports for uplink transmit cases

in Table 22 sbove are histed below in the Tables 27-.30

Transmit Number of Tx Chains Number of antenna ports for UL transmission
cases (Band A+ Band B + Band A(Carrier 1)+Band B{Carrier 2)+
Band C +Band I Band C(Carrier 3) + Band D(Carrier 4)
Casc 1-4 PTHTHOT+HET IP+HOPHOP+0P
Case 1-6 OT+HIT+OT+T 0P+ 1PIOPAOP
Case 1-3 OT+HOT+HIT+HIT OP+OP+HP+OP
Casc 2-4 OT+HOT+HOT-2T OP+OP+OP+2P, OPHOPHOP+HIP

Table 27: Example mapping for four bands with 1'T-1'T-1T-27 in the SwitchedUL mode

Transmit Number of Tx Chains Number of antenna ports tor UL transmission
cases (Band A+ Band B + Band A{Carrier 1 y+Band B(Carrier 2)+
Band C +Band I} Band C(Carrier 3) + Band D(Carrier 4)
Case 1-1 FT-HITHOTHOT IPHOP+HIPHOP
Case 1-2 OT+HIT+HITH0T OP+1P+OPHOP, OP+OP+HI PGP
Case 1-3 OT+HOTHITHIT SP+OP+IP+OP
Case 2-4 OT+OT+OTR2T OP+OP+HOPH2P, OPHOPHOP+H]P

Table 28: Example mapping for four bands with 1'T-1T-1T-27 in the SwitchedUL mode

Transmit Number of Tx Chains Number of antenna ports tor UL transmission
cases {(Band A+ Band B + Band A(Carrier 1)+Band B(Carrier 2)+
Band C +Band D)) Band C(Carrier 3) + Band D(Carrier 4)
Case 1-1 FT-HITHOTHOT 1P+OP+OP+OP, OP-+1PHOPHOP
Case 1-2 OTHT+HITH0T OP+1P-+0P+OP, 0PHOP+IPHOP
Case 1-3 OT-HOT+HIT+IT OP+HOP+{P+OP, 0P+OPHOP+IP
Casc 1-4 TT-HOT-HOTHET IPHOP+OPHOP, OPHOPHOPHIP
Case 1-3 TT-HOT-+H1TH0T 1P+OP+HOPHOP OP+OP+H PHOP
Casc 1-6 OT-+H1T+HOT+1T OP+1P+HOPHIP, OPHOPHOP+H]P
Case 2-4 O0T+0T-+0T+2T OP+0P-+0P+2P, OP+0P+0P+1P
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Table 29: Example mapping for four bands with 1'T-1'T-1T-27 in the SwitchedUL mode

Table 6-4 another mapping for Band A+B+CA4D with 1T-1T-1T-2T i “switchedUL including normmal CA case

Transmit Number of Tx Chains MNumber of antenna ports for UL transmission
cases (Band A+ Band B + Band A(Carrier 1)+Band B(Carrier 2)+
Band C +Band D) Band C(Carrier 3) + Band D(Carrier 4)
Case 1-1 ITHTHTHOT 1PHOPHIPHOP
Case 1-2 O0T+HITHITHOT OP+1PHOPHOP, §P+OP+1P+OP, 0P+ P+IP+0P
Case 1-3 O0T+HOT+HIT+IT GP+OP+1P+HOP
Case 2-4 O0T+0T+OT+2T UP+0P+-0P+2P, 0P+OP+OP+IP

Table 30: Example mapping for four bands with 1T-1T-1T-27T in the SwitchedUL mode
including normal CA

In some UL Tx switching using the transmit cases in Tables 27-30, Bands A and C are
FDD bands, and Bands B and D are TDD bands.  Further examples of UL Tx switching using the

transmit cases in Tables 27-30 are described with reference to the slot frame structure of Fig. 7.

Referring particularly to Table 27, the transmit cases are each unigue to each other for -
port transmission, and therefore do not create any ambiguity issues for UL Tx switching. However,
switching between transmit cases in Table 27 may use additional, or an undesirably high amount of,
switching periods. To tllustrate using Fig. 7, the user device 102 may perform a 1-port transmission
on Slot 6 on Band D, and then on Slot 7 on Band C, and then on Slot 8 on Band B. Following Table
27, the user device 102 may switch 1Tx from Band D to Band C to support the 1-port transmission
on Band C on Slot 7 (e.g., switch from transmit Case 2-4 to transmit Case 1-3). Then, the user device
102 may switch 1Tx from Band C to Band B to support the 1-port transmission on Band B on Slot 8

{e.g., switch from transmut Case 1-3 to transmit Case 1-6).

However, for Tables 28-30, more than one transmit case for one-port transmission may
be used on a specific band or all bands. In these cases, ambiguity issues may occur. Using the
example in Fig. 7 to illustrate, the user device 102 may perform a 1-port transmission on Slot 6 on
Band D, and then on Slot 7 on Band C, and then on Slot 8 on Band B. Following Table 28, one
ambiguity issue may happen when the user device 102 is to perform a 1-port transmission on Band
C on Slot 7, and the user device 102 performed a preceding transmission on Band D on Slot 6 using
transmit Case 2-4. In such a situation, the user device 102, if in switchedUL mode, may not know,
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based on Table 28 alone, whether to switch from transmit Case 2-4 to transmit Case -3 or to transmit
Case 1-2, as both transmit cases support transmitting on Band C. There could be two possible ways

to do the switching.

In a first way, the user device 102 may first switch from transmit Case 2-4 to transmit
Case 1-3.  When transmitting on Band D using transmit Case 2-4, the first device 102 may have a
first transmitter as a used transmitter on Band D and a second transmitter as an unused transmitter
also on Band . To switch from transmit Case 2-4 to transmit Case 1-3, the user device 102 may
switch the first transmitter on Band D to Band C, while keeping the second, unused transmitter still
on band D In transmit Case 1-3, the first transmitter 1s still a used transmitter and the second
transmitter is still an unused transmitter.  Then, in order to be able to transmit on Band B, such as
on Slot 8, the user device 102 may perform a second switching from transmit Case 1-3 to transmit
Case 1-2, where the user device 102 switches the second, unused transmitter on Band D to Band B,
while keeping the first transmitter on Band €. At the end of the second switching instance, the user
device 102 may have a transmitter configuration of 1Tx+1Tx located on Band B and Band C. In this
first, way, the user device 102 performs two UL Tx switching instances using two switching periods,
including a first switching period for band pair B+C {(e.g., a first switching period to switch 1Tx from
Band D to Band (), and a second switching period for band pair D+B (e.g., a second switching period

to switch 1Tx from Band D to Band B).

In a second way, the user device 102, in transmit Case 2-4, may switch using only one
switching instance with only one switching period and still being able to transmit on Band C Slot on
Slot 7 and on Band B on Slot 8. In particular, the user device 102 may perform a single switching
instance that switches from transmit Case 2-4 to transmit Case 1-2Z. During the single switching
instance, the user device 102 has 2Tx on Band D, and switches 1Tx from Band D to Band B and 17Tx
from Band C to Band B. In this way, the user device 102 performs one UL Tx switching instance.
For this single UL Tx switching instance, the switching period may be a maximum value of a
switching period of band pair D+C {e.g , a switching period to switch between Bands D and C), and
a switching period of band pair D+B (e.g, a switching period to switch between Bands D and B).
This single-instance switching and corresponding switching period may also used where the network
indicates two bands (or a band pair) out of a certain number of configured bands {e.g., three or four
bands) via a DCI or MAC-CE, and the user device 102 performs dynamic Tx switching between
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indicated bands. The user device 102 may switch from both Tx on Band D to a transmitter
configuration of 1T+17T on Band B and Band C in one switching instance during a single switching

period.

For such embodiments involving UL Tx switching with four bands, such as illustrated
with respect to Figs. 27-30, the user device 102 may perform the UL Tx switching according to a
pre-configuration, predefined rules, default behavior, or additional signaling indicating that indicates

how to switch an unused transmitter, such as previously described.
Embodiment 1-5

In another embodiment where the user device 102 performs UL transmissions on four
bands, including Bands A, B, C, and D, a transmitter configuration for the four bands indicating the
number of Tx per band may be: 1T-1T-2T-2T, with one carrier on each band. According to this
transmitter configuration, only one transmission chain can be configured for Band A and Band B,
while up to 2 transmission chains can be configured for Band C and Band D, In some of these
embodiments, the transmission switching option parameter, i.¢. uplinkTxSwitchingOption, is set to
‘switchUL’, such that the user device 102 transmits without supporting simultaneous transmission
on two bands.  Accordingly, when operating in the switchUL mode, the user device 102 performs
an UL transnussion on one band of Bands A, B, C or D. Under these conditions, possible
combinations of numbers of antenna ports for uplink transmit cases in Table 22 above are listed

below in Tables 31-34,

Transnut Number of Tx Chains Number of antenna ports tor UL transmission
cases {(Band A+ Band B + Band A(Carrier 1)y+Band B(Carrier 2)+
Band C +Band D) Band C{Carrier 3) + Band D(Carrier 4)
Casc A FPHOT+HOT/ET+HET/0T IPHOPHIPHOP
Casc B OT+HITHITOTHOTAT OP+1PHOP+HOP
Case 2-3 OT+HOTH2TH0T OP+OP+2P+HOB OP+OP+1PHOP
Casc 2-4 OT+OT+OT-+2T OP+OP+HOPH2P, OPHOPHOP+H]P

Table 31: Example mapping for four bands with 1'T-1'T-2T-27 in the SwitchedUL mode
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Transmit Number of Tx Chains Number of antenna ports for UL transmission
cases {Band A + Band B + Band A(Carrier | y+Band B(Carrier 2)+
Baad C +Baad 1Y) Band C(Carrier 3) + Band D(Carrier 4)
Casc 1-1 PFH1ITHOTHOT IP+OP+HOP+OP
Case 1-2 OT+HIT+HITHOT (P+1P+OP+0F, O0P+0P+1P+OP
Case 2-3 OT+0T-H2T+H0T OP+OP+2P-+0P 0P+OP+1P+0P
Case 2-4 OT+0T+0TH2T OP+0P+0P+2P, 0P+0P+OP+IP

Table 32: Example mapping for four bands with 1 T-1T-2T-27T in the SwiichedUL mode

Transmit Number of Tx Chains MNumber of antenna ports for UL transmigsion
cases {(Band A + Band B + Band A(Carrier 1y+Band B(Carrier 2)+
Band € +Band D) Band C(Carrier 3) + Band D{(Carrier 4)
Case 1-1 FTHTHTHOT 1P+HOP+OP+HOF, OP+1PHOP+0P
Case 1-2 OT+HIT+HIT+H0T 0P-+1P+0P+HOF, 0P+OP+IP+HOP
Case 1-3 O0T+HOT+HIT+IT 0P+0P+1P+OF, OP+HOP+HOPHIP
Case 14 ITHOTHOT+HIT 1P+HOP+OP+HOF, OP+HOPHOP+IP
Case 1-5 ITH0T+HITHOT 1PHOP+HOP+HOP OP+HOP+IPHOP
Case -6 O0T+HITHOT+IT UP+1P+0P+0P, 0P+OP+OP+IP
Case 2-3 ITHOTHOT+HIT UP+0P+2P+0P, 0P+OP+1 P+HOP
Case 2-4 O0T+OTHOT+H2T UP+0P+-0P+2P, 0P+OP+OP+IP

Table 33: Example mapping for four bands with 1T-1T-2T-27T in the SwitchedUL mode

Transmit MNumber of Tx Chaing Number of antenna ports for UL ransmission
cases {Band A + Band B + Band A(Carrier 1)+Band B{Carrier 2)+
Band C +Band D) Band C(Carnier 3) + Band D{Carnier 4)
Case 1-1 FTHTHOTHOT IPHOPHIPHOP,
Case 1-2 OT+HITHITHOT OP+1P+HIP+HOP, OP+0P+1P+0OPR, OP+1P+1P+0P
Case 2-3 O0T+0T+2T-+0T (OP+GP+2P+0F, §P+OP+1P+OP
Case 2-4 OT+HOTHOT-H2T OP+0P+0P+2P, O0P+OP+0P+1P

Table 34: Example mapping for four bands with 1T-1T-2T-2T in the SwitchedUL mode
including normal CA

In some UL Tx switching using the transmits cases in Tables 31-34, Bands A and B are
FDD bands, and Bands C and D are TDD bands.  Further examples of UL Tx switching using the
transinit cases in Tables 31-34 are described with reference to the slot frame structure of Fig. 7.
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Referring particularly to Table 31, the transmit cases are each unique to each other for 1-
port transmission, and therefore do not create any ambiguity issues for UL Tx switching. However,
switching between transmit cases in Table 31 may use additional, or an undesirably high amount of|
switching periods.  Toillustrate using Fig. 7, the user device 102 may perform a 1-port transmission
on Slot 6 on Band D, and then on Slot 7 on Band C, and then on Slot 8 on Band B. Following Table
31, the user device 102 may switch 2Tx on Band D to Band C to support the 1-port transmission on
Band C {e.g., switch from transmit Case 2-4 to transmit Case 2-3). Then, the user device 102 may
switch 1Tx on Band C to Band B to support the 1-port transmission on Band B (e.g., swiich from
transmit Case 2-3 to transmit Case B}, tn which Case B here should be Case 1-2 (1.e., OT+1T+1T+0T).
In another example, if the user device 102 s to transmit a I-port transmission on Band B, and the
user device 102 performed a preceding transmission using transmit Case 2-4, the user device 102
may switch 1Tx on Band D to Band C. That is, the user device 102 may switch from transmit Case

2-4 to transmit Case B, in which Case B here is Case 1-6 (i.e, OT+HIT+OT+1T).

However, for Tables 31-34, more than one transmit case for 1-port transmission may be
used a specific band or all bands. In these cases, ambiguity 1ssues may occur. Same example in Fig.
7 to illustrate, the user device 102 may perform a 1-port transmission on Slot 6 on Band D, and then
on Slot 7 on Band C, and then on Slot 8 on Band B. Following Table 32, one ambiguity issue may
happen when the user device 102 is to perform a 1-port transmission on Band C on Slot 7, and the
user device 102 performs a preceding transmission on Band D on Slot 6 using transmit Case 2-4.
In such a situation, the user device, if in switchedUL, may not know whether to switch from transmit
Case 2-4 to transmit Case 2-3 or to fransmit Case 1-2, as both transmit cases allow the user device

102 to transmit on Band C. There could be two possible ways to do the switching.

In a first way, the user device 102 may first switch from transmit Case 2-4 to transmit
Case 2-3, that is, may switch 2Tx on Band D to 2Tx Band C. Then, the user device 102 may
perform a second switching from transmit Case 2-3 to transmit Case 1-2, where the user device 102
switches 1Tx on Band C to Band B, while keeping the other 1Tx on Band C. At the end of the
second switching instance, the user device 102 may have a transmitter configuration of 1Tx+1Tx
located on Band B and Band C. In this first way, the user device 102 performs two UL Tx switching
instances using two switching periods, including a first switching period for band pair D+C (e.g., a
first switching period to switch 2Tx from Band D to Band (), and a second switching period for
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band pair C+B {e.g., a second switching period to switch 1Tx from Band C to Band B).

in a second way, the user device 102 may switch using only one switching instance with
only one switching period. In particular, the user device 102 may perform a single switching
instance that switches from transmit Case 2-4 to transmit Case 1-2.  During the single switching
instance, the user device 102 has 2Tx on Band D, and switches 1Tx on Band D to Band B and the
second 1Tx on Band D to Band C. In this way, the user device 102 performs one UL Tx switching
instance, and in doing so, 1s still able to transmit on Band C on Slot 7 and on Band B on Siot 8. For
this single UL Tx switching instance, the switching period may be a maximurm value of a switching
period of band pair B+ (e.g. a switching period to switch from Band D to Band C), and a switching
period of band pair D+B (e.g., a switching period to switch from Band D to Band B).

In another example with reference to Table 34, the user device 102 may be in transmit
Case 1-1, such that it has a first transmitter as a used Tx on one port (1P) on band A and a second
transmitter as an unused Tx on band B, In order to transmit on band C, the user device 102 may
switch from transmit Case 1-1 to transmit Case 1-2 or to transmit Case 2-3.  If the user device 102
switches to transmit Case 1-2, the user device 102 may switch the first, used Tx on 1P from band A
to band C, while the second, unused Tx on band B stays on band B.  Also, if the user device 102
switches from transmit Case 1-1 to transmit Case 2-3, the user device 102 may switch the first, used
Tx on band A and the second, unused Tx on band B both to band C for the UL transmission after

switching.

For such embodiments involving UL Tx switching with four bands, such as illustrated
with respect to Figs. 31-34, the user device 102 may perform the UL Tx switching according to a
pre-configuration, predefined rules, default behavior, or additional signaling indicating that indicates

how to switch an unused transmitter, such as previously described.

Also, in the various embodiments described above, there is only one carrier per band.
Similar UL Tx switching may be performed across bands as described above, where at least one of

the bands includes at least two carriers {e.g., at least two continuous carriers).
Embodiment 2

Fig. 8 shows a flow chart of an exarople method 800 for wireless communication related

to band pairs and/or band pair patterns. At block 802, a network device 104 determines a band pair
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pattern or a band pair for one or more user devices to perform uplink (UL) transmitter {Tx) switching.
At block 804, the network device 104 transmits a MAC-CE, a DCL or RRC signaling to indicate or

configure the band pair pattern or the band pair.

Fig. 9 shows a flow chart of another example method 900 for wireless communication
related to band pairs and/or band pair patterns. At block 902, a user device 102 receives a MAC-CE,
a DCI, or RRC signaling indicating or configuring a band pair pattern or a band pair for uphink (UL}
transmitter {Tx) switching. At block 904, the user device 102 transmits an UL transmission using

the UL Tx switching according to the band pair pattern or the band pair.

In further detail, in various embodiments of the method 800 and/or the method 900, the
network device 104 indicates two bands out a certain configured number of' bands {e.g , three or four
bands}, any two of the configured bands may be a band pair, and in case there are no additional
restrictions for band pairs, there may be a total of six band pairs within 4 bands of a band combination
(BC). After the network device 104 selects and/or indicates two bands, then the user device 102 may
perform UL Tx switching according to the indicated two bands.  For exaruple, if currently available
two bands are band 1 and band 2, after the network device 104 indicates the selected the two bands
are band 3 and band 4, such as by a DCI or MAC CE, the user device 102 may performn UL Tx
switching within band 3 and band 4. For example, referring back to Fig. 4, the user device 102 may
currently perform UL Tx in cell 1 and cell 2 from band 1 and band 2. Then, if cell 3 and cell 4 from
band 3 and band 4 are selected out from among four cells configured in four bands (e.g., by network
indication, and/or by a cells or bands switching signaling}, then the user device 102 may perform UL
Tx switching within band 3 and band 4 for a subsequent UL transmission until a next indication by

the network device 104,

In addition or alternatively, for embodiments where there are one or more TDD bands

within the configured three or four bands, band pair switching may be frequent and band pair

o

configurations, carrier frequencies, and system bandwidths.  One carrier on each band is assumed.

Band index Band A Band B Band C Band D
Carmier Frequency 4.9GHz 2.6GHz TO0MHz 2GHz7
System Bandwidih 100MHz H0O0MHz 2OMHz 20MHz

Frame configuration DDDSUDDSUU DDDDDDDSUU FDD FDD
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{unaligned frame boundary:
SUDDSUUDDD)
S(DL:UL) 105:2G:2U 6D:4G:4U - -
Sub-carrier Spacing 30KHz 30KHz 30KHz= 30K Hz

Table 35: Band configuration for four bands

if only one band pair is indicated by the MAC-CE or the DCIL, band pair switching
signaling based on the DCI may be sent frequently, while band pair switching signaling based on the

MAC-CE may be unworkable due to, e g, about 3 milliseconds of, MAC-CE processing time.

Fig. 10 shows a frame structure for four bands, with each slot designed as downlink (I3},
uplink (U}, or special (5), similar to Figs. 6 and 7 above. As shown in Fig. 10, assume there are
five possibie band pairs: A+C, B+D, A+D, B+C and C+D. Band pair switching signaling may be
sent up to 6 times in a radio frame. Correspondingly, band pair switching signaling may include:
an indication of switching to band pair A+C in slot 1, an indication of switching to band pair C+D in
slots 2 to 4, an indication of switching to band pair A+C in slots 5 to 6, an indication of switching to
band pair C+D in slot 7, an indication of switching to band pair B+D 1n slots 8 to 9, and indication

of switching to band pair C+D in slot 0.

In order to avoid indicating the band pair switching by MAC-CE or DCI frequently, the
user device 102 and/or the network device 104 may employ or apply one or more of the following

schemes.

In a first scheme (Scheme 1): the network device 104 and/or the user device 102 may use
a MAC-CE or a DCI to indicate one band pair pattern.  The band pair pattern that is indicated may
be from among a plurality of band pair patterns.  For at least some embodiments, all, or at least
some, of the plurality of band pair patterns may be configured by RRC. In some embodiments, the
band pair pattern is configured within a period, e.g. a radio frame, one or multiple TDD frame
structure periodicities (e.g., TDD DL/UL configuration periodicity), or a configured period. Further,
the period comprising a plurality of slots using the SCS of one cell or carrier of one band among the
configured 3 or 4 bands, may include one of the following: (1) a minimum SCS of one cell or carrier
of one band among the configured 3 or 4 bands; (2) a maximum SCS of one cell or carrier of one
band among the configured 3 or 4 bands; or (3} a configured or anchor or predetined cell or carrier
of one band among the configured 3 or 4 bands. In case the SCS of two or more bands are the same,
the network device 104 may use the RRC signaling of a cell group to configure the band pair pattern,

44



WO 2024/036624 PCT/CN2022/113711

or using one of the cells to configured the band pair pattern, such as the cell with the lowest cell
index. For example, a SCS of the UL BWP of the carrier or cell on band A 1s 15kHz, and the other
SCSs are 30KHz, 30Khz, 60Khz.  The network device 104 may use the 15khz on band A to
configure the band pair pattern.  For example, the network device 104 may determine that band pair
A+B is to occupy one slot with SCS=15Khz on band A, and s to occupy two slots with SCS=30khz

on band B.

To further illustrate, suppose a period for the band pair pattern is ten slots, such as the ten
slots shown in Fig. 10 for example.  In addition, suppose a tirst band pair pattern is: {C+D, A+C,
C+D, C+D, C+D, A+C, A+C, C+D, B+C, B+C} on each slot, and a second band pair patiern 1s:
{CH+D, A+D, C+D, C+D, C+D, A+D, A+D, C+D, B+D, B+D} on each slot. In some embodiments,
the two band pair patterns may be contfigured by RRC.  The band pair pattern may be used based
on the indication of the MAC-CE or the DCIL.  Also, for at least some embodiments, the user device
102 may use a band pair pattern indicated by a DCI or a MAC-CE until a next band pair pattern is
indicated by a MAC-CE or BCE Also, in some embodiments, the band pair pattern may inchude band
pairs for less than all of the slots in a period.  In particular of these embodiments, U slots/symbols
are located only on up to two bands. For example, using the example ten-slot period as above, in
some embodiments, a band pair patiern may include band pairs for less than all ten slots. For
example, a first band pair may be: {A+C, A+C, A+C, B+C, B+C} on slots 1/5/6/8/9, the a second

band pair pattern may be: {A+D, A+D, A+D, B+D, B+D} on slots 1/5/6/8/9.

In a second scheme (Scheme 2}, the user device 102 and/or the network device 104 may
use a MAC-CE to indicate up to N band pairs with a duration for each of the N band pairs within a
period. In any of various embodiments, N may be a fixed or precontigured value or may be
configured by RRC. To iHustrate as an example, with reference to Fig. 10, N=10, corresponding to
the ten slots of the period.  Correspondingly, the MAC-CE may indicate: {(1) band pair C+D with
a duration equal to 1 slot, (2) band pair A+C with a duration equal to 1 slot, (3) band pair C+D with
a duration equal to 3 slots, (4) band pair A+C with a duration equal to 2 slots, (5) band pair C+D
with a duration equal to 1 slot, (6) band pair B+C with a duration equal to 1 slot, (7) null, (8) null,
(9 null, and (10} null}, within a period of 10 slots. The user device 102 may use the band pair pattern
as indicated by the MAC-CE.  Also, in some embodiments, the user device 102 may use the band
pair pattern until a next band pair pattern 18 indicated by a MAC-CE,
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In a third scheme (Scheme 3}, the user device 102 and/or the network device 104 may use
a MAC-CE to indicate a band pair pattern within a period. To illustrate, referring Fig. 10 again for
example, suppose a period for a band pair pattero is ten slots. A MAC-CE may indicate a band pair
patiern to be: {C+D, A+C, C+D, C+D, C+D, A+C, A+C, C+D, B+D, B+D}, with a band pair on
each siot. Then, the user device 102 may use the band pair pattern indicated by the MAC-CE.  Also,
in some embodiments, the user device 102 may use the band pair pattern until a next band pair pattern

is indicated by a MAC-CE.

In a fourth scheme (Scheme 4), a band pair pattern may be configured by RRC signaling.
Use of such a scheme may avoid or prevent using dynamic signaling to indicate band pair switching
or a band pair pattern. To illustrate, using Fig. 10 for example, suppose a period for a band pair
pattern is ten slots, the band pair pattern is configured by RRC, and that the band pair pattern is:

{CH+D, AHC, C+D, C+D, C+D, A+C, A+C, C+D, B+D, B+D}, with a band pair on each slot.

Through use of any of the above four schemes for band pair and/or band pair patiern
indication, UL Tx switching may be reduced.  Also, in various embodiments, indicating the band
pair or band pair pattern, such as in accordance with the above schemes, may avoid indicating band
pair switching by MAC-CE or DCI too frequently, especially for erabodiments where there are one
or more TDD bands within a configured number of (e.g., three or four) bands.  Also, in any of
various embodiments, a network device 104 may indicate the same band pair pattern or different

band pair patterns for different user devices 104, depending on network implementation.
Embodiment 2-1

In addition or alternatively, for at least some embodiments, the user device 102 and/or the
network device 104 may use a band pair pattern where the user device 102 can perform dynamic UL
Tx switching across all supported transmit cases based on UL scheduling (e.g., via UL grant and/or

RRC configuration for UL transmission).

Also, as mentioned, for embodiments or situations where there are one or more TDD
bands within a configured number of {e.g., three or four) bands, band pair switching may be frequent.
For example, as shown in Table 35, four bands, with one carrier on each band, may have different
UL/DL configurations, carrier frequencies and system bandwidths.  Also, as illustrated in the
example in Fig. 10, using four bands may provide five possible band pairs: A+C, B+D, A+D, B+C

46



WO 2024/036624 PCT/CN2022/113711

and C+D, and RRC configuration may provide a band pair pattern that includes a band pair on each
stot, such as: {C+D, A+C, C+D, C+D, C+D, A+C, A+C, C+D, B+D, B+D} for a ten-slot time period.

The band pair or band pair pattern can be derived by other methods in other embodiments.

In some embodiments, a user device 102 may support less than all possible switching
cases {i.e, less than all possible switching from one transmit case to ancther). Rather, the user
device 102 may support only a limited number of switching cases when switching to a particular
band pair. This, in turn, may reduce the complexity of UL Tx switching implementation. To
illustrate, suppose for example that the user device 102 is configured to switch between the transmit
cases listed in Table 12, and that the user device 102 is configured to communicate over ten slots,
such as in Fig. 10, In order to switch to band pair A+C on Slot 1, the user device 102 may only
support switching from transmit cases 10, 9, 8 to transnut cases 3, 4, 9, respectively; to switch to
band pair C+D 1n slots 2 to 4, the user device 102 may only support switching from transmit cases 3,
4 9 1o transmit cases 10, 9, &, respectively; to switch to band pair A+C in slots 5 to 6, the user device
102 may only support switching from transmit cases 10, 9, & to transmit cases 3, 4, /9, respectively;
to switch to band pair C+D in slot 7, the user device 102 may only support switching from transmit
cases 3, 4, 9 to transmit cases 10, 9, &, respectively; to switch to band pair B+D in slots & to 9, the
user device 102 may only support switching from transmit cases 10, 9, 8 to transmit cases 2, 7, 10,
respectively; and to switch to band pair C+D in slot | the user device 102 may only support switching
from transmit cases 2, 7, 10 to transmit cases 10, 9, 8, respectively. As a result, with this band pair
pattern, the user device 102 may not switch to or from transmit cases 1, 5, or 6, which may desirably
reduce UE complexity.  Also, in various embodiments, different user device 102 may be indicated
with the same band pair or band pair patterns as each other, or different band pairs or band pair

patterns from each other, which may depend on network implementation.

Also, in some embodiments, a switching period between two band pairs may be

determined by one of the following:
{1} the switching pertod for the preceding band pair;
(2} the switching period for the target band pair;

(3) the larger of the switching period of the preceding band pair and the switching period
of the target band pair;
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{(4) reported by user device 102 between the two band pairs, where the value may be a

single value or multiple separate values for different band pair switching;

{5a) where there are three bands and the switching is from 2Tx on a first band (Band C)
to 1Tx+1Tx on second and third bands (Band A and Band B) (that is, the band pair switching 1s from
band pair A+C or B+C to band pair A+B), a maxamum value of a switching period to switch from
the first band to the second band, and a switching period to switch from the first band to the third

band; or

{5b) where there are four bands and the switching is from 1Tx+1Tx on first and second
bands {e.g., Band C and Band D} to 1Tx+1Tx on third and fourth bands (e.g., Band A and Band B}
(that is, the band pair switching is from band pair C+D to band pair A+B), a maximum value of
switching periods of band pairs of the four bands, ¢.g., the maximumm value of switching periods of

the band pairs: A+C, A+D, B+C and B+D.

in sum, band pair patterns may be used to reduce the number of transmit and/or switching
cases that are used from a total number of potential transmit and/or switching cases, which may
desirably reduce UE complexity. In embodiments, the reduction in complexity may be especially
experienced where there are one or more TDD bands within the configured number of {e.g., 3 or 4)

bands.
Fmbodiment 2-2

In addition or alternatively, MAC-CE indicate a band pair or a band pair pattern may be
indicated, such as via a MAC-CE, in combination with a CA option {or simultaneous transmission
mode). Infurther detail, in someembaodiments, a user device 102 may report that it does not support
simultanecus transmission across two bands {(i.e., it supports operating in the switchedUL mode (CA
option 1}, that it does support simultaneous transmission across two bands (i e, it supports operating
in the dualUL mode (CA option 2}, or that it can ‘both’ support and not support simultaneous
transmission across two bands (i.e, that it supports operating in both the switchedUL mode and in
the dualUL mode). In various embodiments, the user device 102 may report its support of
strnultaneous transmission {switchedUL, dualUL, or both) per band combination (BC), where a band
combination may include a plurality of bands (e .g., five or more bands, although other numbers of
bands are possible).  Also, in some embodiments, the user device 102 may report a list of band pairs
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that it supports (supportedBandPairListNR). In particular of these embodiments, the user device
102 may report the list per BC.  Additionally, for embodiments where the user device 102 reports
‘both’, the simultaneous transmission mode {e.g., switchedUL or dualUL) may be indicated in
combination with a band pair or a band pair pattern, such as in accordance with the band pair and/or

band pair pattern indicating described above.

To further illustrate, using Scheme 4 described above, for example, a band pair pattern
combined with a CA option with each band pair may be configured by RRC signaling. Doing so,
may avoid or prevent the use of dynamic signaling to indicate band pair switching or a band pair
pattern. For example, referring to Figure 10, suppose a period for a band pair pattern is ten slots, and
a band pair pattern with a CA option {or simultaneous transmission mode} with each band pair 18
configured by RRC.  An example band pair pattern combined with a CA option for each band pair
may be: {C+D, A+C, C+D, C+D, C+D, A+C, A+C, C+D, B+D, B+D 1, with a band pair on each slot,
combined with switchedUL for band pair C+D, dualUL for band pair A+C, and dualUL for band

B+D.

For another example 1ncluding supplemental UL (SUL) bands and non-supplemental or
normal UL (NUL) bands, suppose three or four bands includes: a SUL band, a corresponding NUL
band, and one or two other NUL bands. For example, suppose Band A is a SUL band with
corresponding NUL Band B, and Band C and Band D are each NUL bands. Assume the period for
the band pair pattern is ten slots, a band pair pattern with a CA option {or simultaneous transmission
mode) with each band pair is configured by RRC.  For example, the band pair pattern is:{C+D,
A+B, C+D, C+D, C+D, A+B, A+C, C+D, B+D, B+D}, with a band pair on each slot, combined with
switchedUL for band pair A+B, switchedUL for band pair A+C, dualUL for band pair C+D, and
dualUL for band B+D. In other embodiments, the CA option (or simultaneous transmission mode)
may be implicitly determined for each band pair.  As a non-limiting example, only switchedUL 1is
used for a SUL band combined with any other band, and dualUL is used for one NUL band combined

with any other NUL band.

In addition or alternatively, in one embodiment, the user device 102 may report
‘switchedUL’ (CA option 1) or duallUL’ (CA option 2} per band pair.  For some of these embodiments,

the user device 102 may also report a list of supported band pairs {e.g., supportedBandPairListNR)
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for a band combination (BC). Then, the user device 102 and/or the network device 104 may implicitly
determine the CA option (or simultaneous transmission mode} may be implicitly determined, in
combination with a band pair or a band pair pattern based, such as in accordance with the above-

described embodiments.

In sum, the CA option (or simultaneous transmission mode) may be explicitly or
implicitly determined, in combination with a band pair or a band pair pattern.  This, in turn, may
provide more flexibility to perform UL Tx switching within each band pair in case more than one
band pair 1s available across three or four bands.

The description and accompanying drawings above provide specific example
embodiments and implementations.  The described subject matter may, however, be embodied in a
variety of different forms and, therefore, covered or claimed subject matter is intended to be
construed as not being limited to any example embodiments set forth herein. A reasonably broad
scope for claimed or covered subject matter is intended.  Among other things, for example, subject
matter may be embodied as methods, devices, components, systems, of non-transitory computer-
readable media for storing computer codes.  Accordingly, embodiments may, for example, take the
form of hardware, software, firmware, storage media or any combination thereof.  For example, the
method embodiments described above may be implemented by components, devices, or systems
including memory and processors by executing computer codes stored in the memory.

Throughout the specification and claims, terms may have nuanced meanings suggested
or implied in context beyond an explicitly stated meaning.  Likewise, the phrase “in one
embodiment/implementation” as used herein does not necessarily refer to the same embodiment and
the phrase “in another embodiment/implementation” as used herein does not necessarily refer to a
different embodiment. It is intended, for example, that claimed subject matter includes

combinations of example embodiments in whole or in part.

In general, terminology may be understood at least in part from usage in context. For
example, terms, such as “and”, “or”, or “and/or,” as used herein may include a variety of meanings
that may depend at least in part on the context in which such terms are used.  Typically, “or” if used
to assoctate a list, such as A, B or C, is intended to mean A, B, and C, here used in the inclusive

sense, as well as A, B or C, here used in the exclusive sense.  In addition, the term “one or more”
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as used heretn, depending at least in part upon context, may be used to describe any feature, structure,
or characteristic in a singular sense or may be used to describe combinations of features, structures

29 8,

or characteristics in a plural sense.  Similarly, terms, such as “a,” “an,” or “the,” may be understood
to convey a singular usage or to convey a plural usage, depending at least in part upon context. In
addition, the term “based on” may be understood as not necessarily intended to convey an exclusive

set of factors and may, instead, allow for existence of additional factors not necessarily expressly

described, again, depending at least in part on context.

Reference throughout this specification to features, advantages, or similar language does
not imply that all of the features and advantages that may be realized with the present solution should
be or are included in any single implementation thereof. Rather, language referring to the features
and advantages is understood to mean that a specific feature, advantage, or characteristic described
in connection with an embodiment 13 included in at least one embodiment of the present solution,
Thus, discussions of the features and advantages, and similar language, throughout the specification

may, but do not necessarily, refer to the same embodiment.

Furthermore, the described features, advantages and characteristics of the present
solution may be combined in any suitable manner in one or more embodiments.  One of ordinary
skill 1n the relevant art will recognize, in light of the description herein, that the present solution
can be practiced without one or more of the specific features or advantages of a particular
embodiment. In other instances, additional features and advantages may be recognized in certain

embodiments that may not be present in all embodiments of the present solution.

The subject matter of the disclosure may also relate to or include, among others, the

following aspects:

A first aspect includes a method for wireless communication that includes: determining,
by the user device, to perform uplink (UL) transnutter {Tx) switching with a first Tx and a second
Tx, where, after the UL Tx switching, the first Tx is a used Tx for an UL transmission and the
second Tx is an unused Tx for the UL transmission, wherein the UL Tx switching ts performed
according to a pre-configuration or a signaling that indicates how to perform the UL Tx switching
for the unused Tx; and transmitting, by the user device, the UL transmission after the UL Tx
switching.
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A second aspect includes the first aspect, and further includes wherein at least one of’
the UL Tx switching is performed across three bands, including a first band, a second band, and a
third band, with one or more carriers on each band, each of the second band and the third supports
a maximum of one Tx and the first band supports a maximum of two Tx, wherein a preceding UL
transmission before the UL Tx switching is on the first band, wherein the UL transmission after the
UL Tx switching is on the second band, and neither the preceding UL transmission before the UL
Tx switching nor the UL transmission after the UL Tx switching is on the third band; the UL Tx
switching is performed across three bands, with one or more carriers on each band, each of the
three bands supports a maximum of one Tx, wherein the preceding UL transmission before the UL
Tx switching 1s on a first band of the three bands and the unused Tx 1s on a second band of the
three bands before the UL Tx switching, wherein the band used for the UL transmission after UL
Tx switching is not the first band and the second band,; the UL Tx switching is performed across
four bands, with one or more carriers on each band, each of the four bands supports a maximum of
one Tx, wherein the preceding UL transmission before the UL Tx switching is on a first band of the
four bands and the unused Tx is on a second band of the four bands before the UL Tx switching,
wherein the band used for the UL transmission after UL Tx switching is not the first band and the
second band; the UL Tx switching is performed across four bands, each of three of the four bands
supports a maximum of one Tx and one of the four bands supports a maximum of two Tx, wherein
the preceding UL transmission before the UL Tx switching 15 on the one of the four bands that
supports the maximum of two Tx, and both the first Tx and the second Tx are on the one of the
four bands that supports the maximum of two Tx before the UL Tx switching; or the UL Tx
switching 1s performed across four bands, each of a first two of the four bands supports a rnaximum
of one Tx and each of a second two of the four bands supports a maximum of two Tx, wherein the
preceding UL transmission before the UL Tx switching is on one of the second two bands that
supports the maximum of two Tx, and both the first Tx and the second Tx are on the one of the
second two bands before the UL Tx switching.

A third aspect includes any of the first or second aspects, and further includes wherein
the pre-configuration or the signaling indicates that the unused Tx 1s to stay on a previous band

with one or more carriers when performing the UL Tx switching or after UL Tx switching.
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A fourth aspect includes any of the first or second aspects, and further includes wherein
the pre-configuration or the signaling indicates that the unused Tx is to switch to a different band
with one or more carriers from a previous band when performing the UL Tx switching or after UL
Tx swiiching.

A fifth aspect includes the fourth aspect, and turther includes wherein one or more
downlink (DL) slots or symbols on the previous band follow a preceding slot on which a preceding
UL transmission was performed on the previous band with one or more carriers.

A sixth aspect includes the fourth aspect, and further includes wherein the different band
comprises one of: a third band different from a second band on which the UL transmission is
performed after the UL Tx switching, and different from a first band on which the preceding UL
transmission is performed before the UL Tx switching; the second band on which the UL
transmission is performed after the UL Tx switching; or a fourth band different from the second
band on which the UL transmission is performed after the UL Tx switching, different from the first
band on which the preceding UL transmission is performed before the UL Tx switching, and
different from a third band that the unused Tx is on before the UL Tx switching,

A seventh aspect includes any of the second through sixth aspects, and further includes
wherein one or two bands of the three or four bands is a supplemental uphink (SUL) band and
remaining bands are NUL bands, or all the three or four bands are non-SUL or normal UL (NUL)
bands.

An eighth aspect includes any of the first through seventh aspects, and further includes
wherein the simultaneous transmission across two bands is not supported for the UL Tx switching,

A ninth aspect includes a method for wireless communication that includes:
determining, by the network device, a band pair pattern or a band pair for one or more user devices
to perform an uplink (UL) transmitter (Tx) switching; and transmitting, by the network device, a
medium access control control element (MAC-CE), a downlink control information (DCI), or radio
resource control (RRC) signaling to indicate or configure the band pair pattern or the band pair.

A tenth aspect includes a method for wireless communication that includes: receiving,
by a user device, a medium access control control element (MAC-CE), a downlink control
information (DCI), or radio resource control (RRC) signaling indicating or contiguring a band pair

pattern or a band pair for an uplink (UL) transmitter (TX) switching; and transmitting, by the user
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device, an UL transmission using the UL Tx switching according to the band pair pattern or the
band pair.

An eleventh aspect includes any of the ninth or tenth aspects, and further includes
wherein determining the band pair pattern comprises using MAC-CE or DCI to determine the band
pair pattern from among a plurality of band pair patterns configured by radio resource control
(RRC) signaling.

A twelfth aspect includes the eleventh aspect, and further includes wherein the band
pair pattern corresponds to a time period comprising a plurality of slots.

A thirteenth aspect includes any of the ninth or tenth aspects, and further includes
wherein the band pair pattern coraprises N band pairs, wherein each band pair corresponds to a
respective duration within a time period comprising a plurality of slots.

A fourteenth aspect includes the thirteenth aspect, and further includes wherein the band
pair pattern comprising the N band pairs and the respective durations are indicated by the MAC-
CE.

A fifteenth aspect includes any of the ninth or tenth aspects, and further includes
wherein the MAC-CE indicates the band pair pattern within a period comprising a plurality of
slots.

A sixteenth aspect includes any of the ninth or tenth aspects, and further includes
wherein the band pair pattern within a period comprising a plurality of slots 1s configured by the
RRC signaling.

A seventeenth aspect includes any of the twelfth, thirteenth, fifteenth, or sixteenth
aspects, and further includes wherein the period comprising a plurality of slots comprises: at least
one time division duplex (TDD) periodicity, a fixed value, or a configured value.

An eighteenth aspect includes any of the twelfth, thirteenth, fifteenth, or sixteenth
aspects, and further includes wherein the period comprising a plurality of slots uses a subcarrier
spacing (SCS8) of one cell or carrier of one band among a configured three or more bands: a
minimum or a maximum SCS of the one cell or carrier of the one band among the configured three
or more bands, or a configured, anchor or predefined cell or carrier of the one band among the

configured three or more bands.
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A nineteenth aspect includes the seventeenth aspect, and further includes wherein the
band pair pattern is configured or indicated by one of’ each band pair per slot of all of the plurality
of slots; or each band pair per slot of less than all of the plurality of slots.

A twentieth aspect includes the nineteenth aspect, and further includes wherein the less
than all of the plurality of slots comprise UL slots or symbols located on at least three bands of
three or more configured bands.

A twenty-first aspect includes any of the ninth through twentieth aspects, and further
includes wherein the user device uses the band pair pattern for the UL Tx switching until a next
band pair pattern indication by a next MAC-CE or a next DCL

A twenty-second aspect includes any of the first through twenty-second aspects, and
further includes wherein a switching period of the UL Tx switching to switch from two transmitters
on a first band to one transmitter on a second band and one transmitter on a third band, ora
switching period between two band pairs, 1s based on: a first switching period to switch between
the first band to the second band or between the first band and the third band; a second switching
period to switch between the second band and the third band; a larger of the first swiiching period
and the second switching period; a single time period or a plurality of time periods reported by the
user device; or a maximum switching period among a switching period to switch between the first
band and the second band and a switching period to switch between the first band and the third
band; a maximurm value of switching periods of four band pairs of the first band and the third band,
the first band and the fourth band, the second band and the third band, the second band and the
fourth band, in case band pair of the first band and the second band is switched to band pair of the
third band and the fourth band.

A twenty-third aspect includes a wireless communications apparatus comprising a
processor and a memory, wherein the processor is configured to read code from the memory to
implement any of the first through twenty-second aspects.

A twenty-fourth aspect includes a computer program product comprising a computer-
readable program medium comprising code stored thereupon, the code, when executed by a

processor, causing the processor to implement any of the first through twenty-second aspects.
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In addition to the features mentioned in each of the independent aspects enumerated
above, some examples may show, alone or in combination, the optional features mentioned in the

dependent aspects and/or as disclosed in the description above and shown in the figures.

56



WO 2024/036624 PCT/CN2022/113711

CLAIMS

1. A method for wireless communication, the method comprising:

determining, by the user device, to perform uplink (UL) transmitter (Tx) switching with a
first Tx and a second Tx, where, after the UL Tx switching, the first Tx is a used Tx for an UL
transmission and the second Tx is an unused Tx for the UL transmission, wherein the UL Tx
switching is performed according to a pre-configuration or a signaling that indicates how to
perform the UL Tx switching for the unused Tx; and

transmitting, by the user device, the UL transmission after the UL Tx switching.

2. The method of claim 1, wherein at least one of’

the UL Tx switching is performed across three bands, including a first band, a second band,
and a third band, with one or more carriers on each band, each of the second band and the third
supports a maximum of one Tx and the first band supports a maximum of two Tx, wherein a
preceding UL transmission before the UL Tx switching is on the first band, wherein the UL
transmission after the UL Tx switching is on the second band, and neither the preceding UL
transmission before the UL Tx switching nor the UL transmission after the UL Tx switching is on
the third band;

the UL Tx switching is performed across three bands, with one or more carriers on each band,
each of the three bands supports a maximurm of one Tx, wherein the preceding UL transmission
before the UL Tx switching is on a first band of the three bands and the unused Tx is on a second
band of the three bands before the UL Tx switching, wherein the band used tor the UL
transmission atter UL Tx switching is not the first band and the second band,;

the UL Tx switching is performed across four bands, with one or more carriers on each band,
each of the four bands supports a maximum of one Tx, wherein the preceding UL transmission
before the UL Tx switching is on a first band of the four bands and the unused Tx is on a second
band of the four bands before the UL Tx switching, wherein the band used for the UL transmission
after UL Tx switching is not the first band and the second band;

the UL Tx switching is performed across four bands, each of three of the four bands supports a

maximum of one Tx and one of the four bands supports a maximum of two Tx, wherein the
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preceding UL transmission before the UL Tx switching is on the one of the four bands that
supports the maximum of two Tx, and both the first Tx and the second Tx are on the one of the
four bands that supports the maximum of two Tx before the UL Tx switching; or

the UL Tx swiiching is performed across four bands, each of a first two of the four bands
supports a maximoum of one Tx and each of a second two of the four bands supports a maximura of
two Tx, wherein the preceding UL transmission before the UL Tx switching is on one of the
second two bands that supports the maximum of two Tx, and both the first Tx and the second Tx

are on the one of the second two bands before the UL Tx switching.

3. The method of claim 1 or 2, wherein the pre-configuration or the signaling indicates that the
unused Tx is to stay on a previous band with one or more carriers when performing the UL Tx

switching or after UL Tx switching.

4. The method of claim | or 2, wherein the pre-configuration or the signaling indicates that the
unused Tx is to switch to a different band with one or more carriers from a previous band when

performing the UL Tx switching or atter UL Tx switching.

5. The method of claim 4, wherein one or more downlink (DL} slots or symbols on the previous
band follow a preceding slot on which a preceding UL transmission was performed on the previous

band with one or more carriers.

6. The method of claim 4, wherein the different band comprises one of:

a third band different from a second band on which the UL transmission is performed after the
UL Tx switching, and different from a first band on which the preceding UL fransmission is
performed before the UL Tx switching;

the second band on which the UL transmission is performed after the UL Tx switching; or

a fourth band different from the second band on which the UL transmission is performed after
the UL Tx switching, different from the first band on which the preceding UL transmission is
performed before the UL Tx switching, and different from a third band that the unused Tx is on

before the UL Tx switching,
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7. The method of claim 2, wherein one or two bands of the three or four bands is a supplemental
uplink (SUL) band and remaining bands are NUL bands, or all the three or four bands are non-SUL

or normal UL (NUL) bands.

8. The method of claim 1 or 2, wherein the simultaneous transmission across two bands is not

supported for the UL Tx switching.

9. A method for wireless communication, the method comprising:

determining, by a network device, a band pair pattern or a band pair for one or more user
devices to perform an uplink (UL} transmitter (Tx} switching; and

transmitting, by the network device, a medium access control control element (MAC-CE), a
downlink control information (DCI), or radio resource control (RRC) signaling to indicate or

configure the band pair pattern or the band pair.

10. A method for wireless communication, the method comprising:
receiving, by a user device, a medium access control control element (MAC-CE), a
downlink control information (DCI), or radio resource control (RRC) signaling indicating or
configuring a band pair pattern or a band pair for an uplink (UL} transmitter (Tx} switching; and
transmitting, by the user device, an UL transmission using the UL Tx switching according

to the band pair pattern or the band pair.
11, The method of claims 9 or 10, wherein determining the band pair pattern comprises using the
MAC-CE or the DCI to determine the band pair pattern from among a plurality of band pair

patterns configured by the radio resource control (RRC) signaling,

12. The method of claims 11, wherein the band pair pattern corresponds to a time period

comprising a plurality of slots.
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13. The method of claims 9 or 10, wherein the band pair pattern comprises N band patrs, wherein
each band pair corresponds to a respective duration within a time period comprising a plurality of

slots.

14. The method of claim 13, wherein the band pair pattern coraprising the N band pairs and the

respective durations are indicated by the MAC-CE.

1S, The method of claims 9 or 10, wherein the MAC-CE indicates the band pair pattern within a

period comprising a plurality of slots.

16. The method of claims 9 or 10, wherein the band pair pattern within a period comprising a

plurality of slots is configured by the RRC signaling.

17. The method of any of claims 12, 13, 15, or 16, wherein the period comprising a plurality of
slots comprises: at least one time division duplex (TI2D) periodicity, a fixed value, or a configured

value.

18. The method of any of claims 12, 13, 15, or 16, wherein the period comprising a plurality of
slots uses a subcarrier spacing {SCS) of one cell or carrier of one band among a configured three or
more bands: a minimum or 3 maximum SCS of the one cell or carrier of the one band among the
configured three or more bands, or a configured, anchor or predefined cell or carrier of the one

band among the configured three or more bands.

19. The method of claim 17 or 18, wherein the band pair pattern is configured or indicated by one
of:
each band pair per slot of all of the plurality of slots; or

each band pair per slot of less than all of the plurality of slots.

20. The method of claim 19, wherein the less than all of the plurality of slots comprise UL slots or

symbols located on at least three bands of three or more configured bands.
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21. The method of claims 9 or 10, wherein the user device uses the band pair pattern for the UL Tx

switching until a next band pair pattern indication by a next MAC-CE or a next DCL

22. The method of any of clairns 1-21, wherein a switching period of the UL Tx switching to
switch from two transmitters on a first band to one transmitter on a second band and one
transmitter on a third band, or a switching period between two band pairs, is based on:

a first switching period to switch between the first band to the second band or between the
first band and the third band;

a second switching period to switch between the second band and the third band;

a larger of the first switching period and the second switching period,

a single time period or a plurality of time periods reported by the user device; or

a maximum switching period among a switching period to swiich between the first band
and the second band and a switching period to switch between the first band and the third band;

a maximum value of switching periods of four band pairs of the first band and the third
band, the first band and the fourth band, the second band and the third band, the second band and
the fourth band, in case band pair of the first band and the second band is switched to band pair of

the third band and the fourth band.

23. A wireless communications apparatus comprising a processor and a memory, wherein the
processor s configured to read code from the memory to implement a method of any of claims 1 to

22,

24, A computer program product comprising a computer-readable program medium comprising

code stored thereupon, the code, when executed by a processor, causing the processor to implement

a method of any of claims 1 to 22.
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