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(57) ABSTRACT

Various solutions for dynamic cross-carrier scheduling with
respect to user equipment and network apparatus in mobile
communications are described. An apparatus may receive a
physical downlink control channel (PDCCH) on a first
component carrier (CC). The apparatus may receive a physi-
cal downlink shared channel (PDSCH) on the first CC
scheduled by the PDCCH. The apparatus may determining
a second CC to transmit a physical uplink control channel
(PUCCH) according to a configuration of dynamic switch-
ing of CC. The apparatus may transmit the PUCCH corre-
sponding to the PDSCH on the second CC scheduled by the
PDCCH.
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METHOD AND APPARATUS FOR DYNAMIC
CROSS-CARRIER SCHEDULING IN MOBILE
COMMUNICATIONS

CROSS REFERENCE TO RELATED PATENT
APPLICATION(S)

[0001] The present disclosure claims the priority benefit of
U.S. Provisional Patent Application No. 62/924,815, filed on
23 Oct. 2019, and U.S. Provisional Patent Application No.
63/039,513, filed 16 Jun. 2020. The contents of aforemen-
tioned applications are herein incorporated by reference in
their entirety.

TECHNICAL FIELD

[0002] The present disclosure is generally related to
mobile communications and, more particularly, to dynamic
cross-carrier scheduling for latency enhancement and UCI
transmission enhancement with respect to user equipment
and network apparatus in mobile communications.

BACKGROUND

[0003] Unless otherwise indicated herein, approaches
described in this section are not prior art to the claims listed
below and are not admitted as prior art by inclusion in this
section.

[0004] In Long-Term Evolution (LTE) or New Radio
(NR), hybrid automatic repeat request-acknowledgement
(HARQ-ACK) information transmission is introduced to
improve transmission reliability and robustness. The user
equipment (UE) needs to report HARQ-ACK information
for corresponding downlink receptions in a HARQ-ACK
codebook. The HARQ-ACK codebook should be transmit-
ted in a slot indicated by a value of a HARQ feedback timing
indicator field in a corresponding downlink control infor-
mation (DCI) format. The DCI format should also indicate
the physical uplink control channel (PUCCH) resource
scheduled for the HARQ-ACK information transmission.
HARQ-ACK multiplexing can be used to facilitate HARQ-
ACK information transmission. Multiple HARQ-ACK feed-
backs corresponding to multiple physical downlink shared
channel (PDSCH) transmissions may be accumulated, mul-
tiplexed and transmitted to the network apparatus at once.
One PUCCH resource may be used to carry multiple
HARQ-ACK feedbacks to be transmitted in the same slot.
[0005] The current framework of transmission of HARQ
feedback bits is not suitable for URLLC. URLLC is intro-
duced for emerging applications that demands high require-
ments on end-to-end latency and reliability. A general
URLLC requirement is that a packet of size 32 bytes shall
be transmitted within 1 millisecond end-to-end latency with
a success probability of 107>, URLLC traffic is typically
sporadic and short whereas low-latency and high-reliability
requirements are stringent. For example, the control reli-
ability of URLLC has to be stricter than the data reliability
which is up to 10~° BLER. Accordingly, allowing only one
PUCCH resource for HARQ feedback bits transmission in
an uplink slot will add to transmission latency.

[0006] On the other hand, multi-link operation is intro-
duced to increase system capacity and transmission effi-
ciency of the communication systems. Multi-link operation
can be implemented by carrier aggregation (CA) or dual
connectivity (DC), where additional links are used to
increase the amount of data that can be transferred to and
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from the UE. The UE can be configured with more than one
radio links (e.g., component carriers) and can connect to
more than one network nodes (e.g., serving cells). Under the
framework of CA, cross-carrier scheduling is supported to
improve transmission efficiency and reduce latency. Cross-
carrier scheduling enables the UE to connect to different
network nodes for receiving the downlink data on different
carriers. Cross-carrier scheduling may also be used to bal-
ance the loads from traffic and scheduling across different
component carriers. Without cross-carrier scheduling, the
downlink scheduling assignments on physical downlink
control channel (PDCCH) are only valid for the component
carrier (CC) on which they were transmitted. With cross-
carrier scheduling, the downlink scheduling assignments can
be received on a CC other than the one on which PDCCH is
received.

[0007] However, in current NR framework, cross-carrier
scheduling for uplink control information (UCI) transmis-
sion (e.g., PUCCH) is not supported. In 3" Generation
Partnership Project (3GPP) Release-16, PUCCH carrier is
semi-statically configured to a single cell within a PUCCH
cell group. In a time division duplex (TDD) system, the
uplink/downlink TDD pattern is the bottleneck for the
URLLC latency. TDD allows uplink and downlink to use the
entire frequency spectrum, but in different time slots. Time
is divided up into short slots and some are designated for
uplink while others are designated for downlink. This
approach enables asymmetric traffic and time-varying
uplink and downlink demands. However, since PUCCH can
only be scheduled in uplink slots, in an event that TDD
pattern allocate more slots as downlink slots, the duration
between uplink slots will be drawn too long and cause long
latency. The worst case PUCCH alignment delay is domi-
nated by the length of downlink and uplink and may be
prohibitive to apply URLLC retransmission. Therefore,
there is a need to introduce cross-carrier scheduling on
PUCCH transmission and enhance UCI transmission for
URLLC.

[0008] Accordingly, how to reduce alignment delay/la-
tency and enhance reliability is an important issue for
URLLC applications in the newly developed wireless com-
munication network. Therefore, there is a need to provide
proper cross-carrier scheduling mechanisms and UCI trans-
mission enhancement for better performance when URLLC
is supported.

SUMMARY

[0009] The following summary is illustrative only and is
not intended to be limiting in any way. That is, the following
summary is provided to introduce concepts, highlights,
benefits and advantages of the novel and non-obvious tech-
niques described herein. Select implementations are further
described below in the detailed description. Thus, the fol-
lowing summary is not intended to identify essential features
of the claimed subject matter, nor is it intended for use in
determining the scope of the claimed subject matter.
[0010] An objective of the present disclosure is to propose
solutions or schemes that address the aforementioned issues
pertaining to dynamic cross-carrier scheduling for latency
enhancement and UCI transmission enhancement with
respect to user equipment and network apparatus in mobile
communications.

[0011] In one aspect, a method may involve an apparatus
receiving a PDCCH on a first CC. The method may also
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involve the apparatus receiving a PDSCH on the first CC
scheduled by the PDCCH. The method may further involve
the apparatus determining a second CC to transmit a
PUCCH according to a configuration of dynamic switching
of CC. The method may further involve the apparatus
transmitting the PUCCH corresponding to the PDSCH on
the second CC scheduled by the PDCCH.

[0012] In one aspect, a method may involve an apparatus
receiving a configuration configuring a plurality of SR
resources over a plurality of CCs. The method may also
involve the apparatus initiating an SR procedure. The
method may further involve the apparatus determining one
SR resource from the plurality of SR resources over the
plurality of CCs to transmit an SR. The method may further
involve the apparatus transmitting the SR on the determined
SR resource.

[0013] In one aspect, a method may involve an apparatus
determining a PUCCH format to transmit HARQ-ACK
information. The method may also involve the apparatus
using a length of two or three orthogonal frequency division
multiplexing (OFDM) symbols to transmit the PUCCH
format. The method may further involve the apparatus
starting the PUCCH format by at least one demodulation
reference signal (DMRS) symbol. The method may further
involve the apparatus transmitting the PUCCH format. The
PUCCH format may comprise at least one of a PUCCH
format 1, a PUCCH format 3 and a PUCCH format 4.

[0014] It is noteworthy that, although description provided
herein may be in the context of certain radio access tech-
nologies, networks and network topologies such as Long-
Term Evolution (LTE), LTE-Advanced, LTE-Advanced Pro,
5th Generation (5G), New Radio (NR), Internet-of-Things
(IoT) and Narrow Band Internet of Things (NB-IoT), the
proposed concepts, schemes and any variation(s)/derivative
(s) thereof may be implemented in, for and by other types of
radio access technologies, networks and network topologies.
Thus, the scope of the present disclosure is not limited to the
examples described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings are included to pro-
vide a further understanding of the disclosure and are
incorporated in and constitute a part of the present disclo-
sure. The drawings illustrate implementations of the disclo-
sure and, together with the description, serve to explain the
principles of the disclosure. It is appreciable that the draw-
ings are not necessarily in scale as some components may be
shown to be out of proportion than the size in actual
implementation in order to clearly illustrate the concept of
the present disclosure.

[0016] FIG. 1 is a diagram depicting an example scenario
under schemes in accordance with implementations of the
present disclosure.

[0017] FIG. 2 is a diagram depicting an example scenario
under schemes in accordance with implementations of the
present disclosure.

[0018] FIG. 3 is a diagram depicting an example scenario
under schemes in accordance with implementations of the
present disclosure.
[0019] FIG. 4 is a diagram depicting an example scenario
under schemes in accordance with implementations of the
present disclosure.
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[0020] FIG. 5 is a block diagram of an example commu-
nication apparatus and an example network apparatus in
accordance with an implementation of the present disclo-
sure.
[0021] FIG. 6 is a flowchart of an example process in
accordance with an implementation of the present disclo-
sure.
[0022] FIG. 7 is a flowchart of an example process in
accordance with an implementation of the present disclo-
sure.
[0023] FIG. 8 is a flowchart of an example process in
accordance with an implementation of the present disclo-
sure.

DETAILED DESCRIPTION OF PREFERRED
IMPLEMENTATIONS

[0024] Detailed embodiments and implementations of the
claimed subject matters are disclosed herein. However, it
shall be understood that the disclosed embodiments and
implementations are merely illustrative of the claimed sub-
ject matters which may be embodied in various forms. The
present disclosure may, however, be embodied in many
different forms and should not be construed as limited to the
exemplary embodiments and implementations set forth
herein. Rather, these exemplary embodiments and imple-
mentations are provided so that description of the present
disclosure is thorough and complete and will fully convey
the scope of the present disclosure to those skilled in the art.
In the description below, details of well-known features and
techniques may be omitted to avoid unnecessarily obscuring
the presented embodiments and implementations.

[0025] Overview

[0026] Implementations in accordance with the present
disclosure relate to various techniques, methods, schemes
and/or solutions pertaining to dynamic cross-carrier sched-
uling for latency enhancement with respect to user equip-
ment and network apparatus in mobile communications.
According to the present disclosure, a number of possible
solutions may be implemented separately or jointly. That is,
although these possible solutions may be described below
separately, two or more of these possible solutions may be
implemented in one combination or another.

[0027] In current NR framework, cross-carrier scheduling
for UCI transmission (e.g., PUCCH) is not supported. In
3GPP Release-16, PUCCH carrier is semi-statically config-
ured to a single cell within a PUCCH cell group. In a TDD
system, the uplink/downlink TDD pattern is the bottleneck
for the URLLC latency. TDD allows uplink and downlink to
use the entire frequency spectrum, but in different time slots.
Time is divided up into short slots and some are designated
for uplink while others are designated for downlink. This
approach enables asymmetric traffic and time-varying
uplink and downlink demands. However, since PUCCH can
only be scheduled in uplink slots, in an event that TDD
pattern allocate more slots as downlink slots, the duration
between uplink slots will be drawn too long and cause long
latency. The worst case PUCCH alignment delay is domi-
nated by the length of downlink and uplink and may be
prohibitive to apply URLLC retransmission. Therefore,
there is a need to introduce cross-carrier scheduling on
PUCCH transmission and enhance UCI transmission for
URLLC.

[0028] In view of the above, the present disclosure pro-
poses a number of schemes pertaining to dynamic cross-
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carrier scheduling for latency enhancement and UCI trans-
mission enhancement with respect to the UE and the
network apparatus. According to the schemes of the present
disclosure, a CA system of TDD carriers with an appropriate
time offset between uplink slots on different CC’s is sup-
ported. The UE can be configured with dynamic cross-
carrier scheduling for PUCCH. Dynamic switching of CC
used for PUCCH can help to reduce the latency for CA with
two or multiple carriers having different TDD patterns. In
addition, dynamic cross-carrier scheduling for PDSCH and/
or PUSCH may also be configured to the UE. Furthermore,
configuring SR with an SR resource on each CC within a cell
a group may be supported. The UE may be configured with
a plurality of SR resources over a plurality of CCs. On the
other hand, enhancement on PUCCH format may further be
introduced. The current PUCCH format 1, 3 and 4 may be
re-designed to enhance the reliability and reduce the latency.
Accordingly, by applying the schemes of the present dis-
closure, the performance of UCI transmission can be
improved to reduce alignment delay/latency. Applications
with URLLC requirements can benefit from the enhance-
ments achieved by the implementations of the present dis-
closure.

[0029] FIG. 1 illustrates an example scenario 100 under
schemes in accordance with implementations of the present
disclosure. Scenario 100 involves a UE and a plurality of
network nodes, which may be a part of a wireless commu-
nication network (e.g., an LTE network, a 5G network, an
NR network, an IoT network or an NB-IoT network).
Scenario 100 illustrates an example of dynamic cross-carrier
scheduling for PUCCH. The UE may be configured with a
plurality of CCs such as a first CC (e.g., CC 1) and a second
CC (e.g., CC 2). The first CC and the second CC may have
different TDD patterns for uplink/downlink slots. For
example, the ration of downlink slot to uplink slot is 3:1 for
CC 1 and 5:1 for CC 2. To reduce the alignment delay, the
UE may be configured with dynamic switching of CC used
for PUCCH.

[0030] Specifically, the UE may receive a PDCCH on the
first CC. The PDCCH may schedule a PDSCH on the first
CC. The UE may receive the PDSCH on the first CC
scheduled by the PDCCH. Then, the UE needs to transmit
the HARQ-ACK information corresponding to the PDSCH
to the network node. Therefore, the PDCCH may further
schedule a PUCCH for transmitting the HARQ-ACK infor-
mation. To reduce latency, the PUCCH may be scheduled on
a different CC. For example, the closest uplink slot for
PUCCH transmission is allocated on the second CC. Thus,
the UE may determine the second CC to transmit the
PUCCH according to a configuration of dynamic switching
of CC. Then, the UE may transmit the PUCCH correspond-
ing to the PDSCH on the second CC scheduled by the
PDCCH.

[0031] Some methods are provided for configuring
dynamically selectable multiple choices of CC to use for
PUCCH carrying HARQ-ACK information. For example,
within a cell group, the CC to use for PUCCH should be
dynamically selectable. The configuration for dynamic
switching of CC may comprise a plurality of CCs configured
to be used to transmit the PUCCH. Some restrictions on the
number of selectable CC could apply. For example, only a
pre-determined number of CCs (e.g., K=2 CCs) could be
used to transmit the PUCCH. The UE may receive a
configuration (e.g., radio resource control (RRC) configu-
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ration) configuring a plurality of CCs within a cell group that
can be used to transmit the PUCCH. For example, appoint-
ing multiple serving cells within cell group to use for
PUCCH may be supported (e.g., per PDSCH-ServingCell
configuration). PUCCH-Cell field of PDSCH-ServingCell-
Config should be allowed to list at most K elements of
ServCelllndex. The content of the HARQ-ACK codebook
carried by the PUCCH is independent from the CC selected
for PUCCH transmission (e.g., CC 2).

[0032] The configuration for dynamic switching of CC
may comprise a physical layer signaling. In one example,
the configuration may comprise a data field used to select a
CC from a plurality of different CCs to transmit the PUCCH.
A new field may be introduced for explicit selection between
K different CCs. In another example, the configuration may
comprise an indication indicating an earliest uplink slot/sub-
slot over a plurality of CCs. The earliest uplink slot/sub-slot
on any CC may be selected. This behaviour may be con-
figured with a HARQ procedure, or signalled by a special
K1 index/value, or any other affordable way to signal 1 bit.
In a further example, the configuration may comprise a data
field used to select a CC and a slot/sub-slot. The CC and
slot/sub-slot may be selected by the same field K1 which
counts the slot/sub-slot boundaries across all CCs that can be
selected for PUCCH transmission. Optionally, the slot/sub-
slot count can be increased in an event that the slot/sub-slot
following the boundary contains uplink symbols or flexible
downlink/uplink symbols. The reference point for K1 offset
can be the end of PDSCH or the end of N1 UE processing
timeline.

[0033] There may be some constraints/regulations for the
configuration. For example, different CCs may employ
different numerologies or slot/sub-slot partitioning configu-
rations. The number of CCs that can be used for PUCCH
transmission needs not be constrained, although will affect
the range of offsets that K1 field can handle. This whole
feature (e.g., dynamic cross-carrier scheduling for PUCCH)
could be enabled per HARQ procedure. Optionally, forming
HARQ cell groups within the same cell group may be
supported to allow for simultaneous construction of multiple
HARQ-ACK codebooks. Then the previously proposed
behaviour can be applicable to the HARQ cell groups
instead of the cell groups. A physical layer signalling method
may be introduced for the selection of the HARQ cell group.
[0034] In some implementations, dynamic cross-carrier
scheduling for PUCCH with dynamic indication of the
carrier carrying the PUCCH can be configured based on
different radio network temporary identity (RNTI) (e.g.,
Cell-RNTI (C-RNTI), modulation and coding scheme-C-
RNTI (MCS-C-RNTI), etc.), search space, or different DCI
format/size. In another implementation, any other DCI field
could be used to indicate the carrier component carrying
PUCCH. In another implementation, a UE-specific DCI or a
group common-DCI (GC-DCI) could be used to signal the
carrier component carrying PUCCH.

[0035] Insome implementations, some restrictions may be
applied on dynamic cross-carrier scheduling for PUCCH.
For example, a group of carriers carrying dynamically
scheduled PUCCH may be contained within a PUCCH
group or a cell group. The carriers for dynamic cross-carrier
scheduling are across PUCCH groups and/or cell groups. A
group (e.g., a PUCCH group, a cell-group, or a newly
defined group of cells) of M carriers may have a mapping to
a specific group of N carriers capable of carrying PUCCH.
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Dynamic cross-carrier scheduling for PUCCH is allowed
between the M carriers to the N associated carriers capable
of carrying the PUCCH. If a carrier indicator field is added
to the DCI for PUCCH carrier indication, then the bit-field
size may be determined by ceiling (log,(N)). In another
implementation, each carrier in the group of M carriers may
be configured with the associated group of N carriers
capable of carrying the dynamic PUCCH. The group of N
carriers may be a sub-group of the group of M carriers.
Alternatively, the group of M carriers and the group of N
carriers may overlap or may be totally disjoint. The group
(e.g., a PUCCH group, a cell-group, or a newly defined
group of cells) of M carriers may be configured by a network
node (e.g., gNB) with semi-static or dynamic cross-carrier
scheduling for PUCCH. Such restriction to sub-set of car-
riers above may also be applied to any method of cross-
carrier indication (e.g., explicit indication such as DCI or
search space, or implicit indication such as earliest available
PUCCH).

[0036] In some implementations, UE capability report
may be performed for dynamic cross-carrier scheduling for
PUCCH. Specifically, the support of dynamic cross-carrier
scheduling for PUCCH may be defined as a UE capability.
The UE may be configured to report to the network node in
an event that it can support dynamic cross-carrier scheduling
for PUCCH. The UE may report the number or the maxi-
mum number of groups (e.g., PUCCH groups, cell-groups,
or newly defined groups of cells) on which it can support
dynamic cross-carrier scheduling for PUCCH. The UE may
also report its capability for each group (e.g., a PUCCH
group, a cell-group, or a newly defined group of cells) in an
event that it can support dynamic cross-carrier scheduling
for PUCCH. In another implementation, the UE may report
the number of PUCCH groups on which it can support
dynamic cross-carrier scheduling. In another implementa-
tion, the UE may report the number of PUCCH groups on
which it can support semi-static cross-carrier scheduling
and/or dynamic cross-carrier scheduling. In another imple-
mentation, a specified number of CCs for dynamic cross-
carrier scheduling may be defined and the UE reports which
number it can support. Furthermore, the UE may report for
each group (e.g., a PUCCH group, a cell-group, or a newly
defined group of cells) the number N of carriers on which it
can support the dynamic cross-carrier scheduling for
PUCCH. The UE may report for each carrier if it can support
the dynamic cross-carrier scheduling for PUCCH. The UE
may report the total number or the maximum number of
carriers on which it can support the dynamic cross-carrier
scheduling for PUCCH.

[0037] In some implementations, the priority (PRI) field
and/or other fields like K1 may be padded with zero for DCI
size alignment to allow for dynamic selection of the carrier
carrying the PUCCH without changing the DCI size (e.g.,
similar to the case of different priorities). This specific DCI
size alignment may be enabled when dynamic cross-carrier
PUCCH is enabled. Multiple high priority HARQ-ACK
codebooks may be constructed simultaneously in a PUCCH
group or cell group when dynamic cross-carrier transmission
of PUCCH is enabled.

[0038] Insome implementations, some restrictions may be
applied on the configurations for dynamic cross-carrier
scheduling for PUCCH. For example, the dynamic carrier
selection for PUCCH transmission may be restricted to at
least one of PUCCH carrying HARQ-ACK, PUCCH carry-
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ing high priority HARQ-ACK codebook, high priority SR,
and high priority CSI. Semi-static PUCCH may be config-
ured for low priority HARQ. Dynamic PUCCH selection
may be configured for high priority HARQ. In another
example, a group (e.g., a PUCCH group, a cell-group, or a
newly defined group of cells) may be configured with
dynamic carrier selection for PUCCH for high priority
HARQ-ACK. In another example, a group (e.g., a PUCCH
group, a cell-group, or a newly defined group of cells) may
be configured with static carrier selection for PUCCH for
low priority HARQ-ACK. In another example, the support
of dynamic carrier selection for PUCCH transmission may
be restricted to carriers supporting sub-slot-based HARQ-
ACK feedback procedure. In another example, the support
of dynamic carrier selection for PUCCH transmission is not
allowed for a group of carriers, a PUCCH group, or a cell
group where some carriers support sub-slot-based HARQ-
ACK feedback and some carriers support slot-based HARQ-
ACK feedback.

[0039] In another example, the dynamic carrier selection
for PUCCH transmission may be allowed only for cross-
carrier scheduling for carriers with the same numerology. In
another example, the dynamic carrier selection for PUCCH
transmission may be allowed only for some PUCCH formats
(e.g. only for short PUCCH formats). In another example,
when the dynamic carrier selection for PUCCH transmission
is enabled, a default PUCCH carrier may be defined. The
default PUCCH carrier may be used as a fall-back when
there is collision between PUCCH and another high priority
transmission. When the PUCCH scheduled with dynamic
carrier selection collides with a high priority PUSCH,
PUCCH and PUSCH are multiplexed in an event that
PUCCH is carrying high priority HARQ/SR. When the
PUCCH scheduled with dynamic carrier selection collides
with a high priority PUSCH, PUCCH transmission fall-back
to a default PUCCH carrier in an event that PUCCH is
carrying low priority HARQ/SR. In another example, the
dynamic carrier selection for PUCCH transmission may be
allowed only for HARQ-ACK codebook type-1 or type-2.
[0040] In some implementations, in an event that a
PUCCH transmission is dropped due to a collision, the
network node may request the same PUCCH transmission
on another specific carrier.

[0041] In addition, determination of PUCCH resources
with dynamic carrier selection for PUCCH transmission
may further be proposed. In combination with all the fol-
lowing proposals on K1, when dynamic carrier selection for
PUCCH transmission using implicit or explicit indication of
the carrier is supported between carriers with different
numerology and/or uplink sub-slot partitioning (including
slot based configuration), the UE processing time needed
between the end of PDSCH reception (e.g., with sub-carrier
spacing (SCS)ul) and start of PUCCH transmission (e.g.,
with SCS u2) may be determined by max(T1, T2). T1=N1_
1xS1, N1_1 is the UE processing time in the single numer-
ology with SCS ul, and S1 is the symbol duration of SCS
ul. T2=N1_2xS2, N1_2 is the UE processing time in the
single numerology with SCS u2, and S2 is the symbol
duration of SCS u2. When the target carrier is selected
implicitly by a rule, max(T1, T2) is evaluated independently
per each hypothetical target carrier.

[0042] In some implementations, when dynamic carrier
selection for PUCCH transmission using implicit or explicit
indication of the carrier is supported between carriers with
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different numerology and/or uplink sub-slot partitioning
(including slot based configuration), K1 may apply a com-
mon unit for the set of carriers allowed for cross-carrier
scheduling. Conveniently, K1 could be the shortest config-
ured sub-slot length amongst CCs expressed at the numer-
ology of the highest SCS amongst CCs and configured or
active bandwidth parts (BWPs). In another implementations,
K1 may apply a flexible unit that is specific to each pair of
carriers that may potentially participate in the cross-carrier
scheduling and their roles. Conveniently, K1 could be evalu-
ated by trying all hypothetical CCs for PUCCH and using a
2-D table that specifies the unit for K1 for each ordered pair
of CCs (e.g., 1°* CC: PDCCH, 2"? CC: PUCCH). In another
implementations, K1 may apply the unit configured for the
indicated target carrier for PUCCH.

[0043] Inanother aspect, for a TDD system, the worst case
of PDSCH/PUSCH alignment delay is dominated by the
length of downlink and uplink and may be inhibitive to
apply URLLC retransmission. Therefore, to reduce the
alignment delay, there is a need to deploy a CA system of
TDD carriers with an appropriate time offset between uplink
slots of different CCs and introduce dynamic cross-carrier
scheduling for PDSCH/PUSCH. FIG. 2 illustrates an
example scenario 200 under schemes in accordance with
implementations of the present disclosure. Scenario 200
involves a UE and a plurality of network nodes, which may
be a part of a wireless communication network (e.g., an LTE
network, a 5G network, an NR network, an IoT network or
an NB-IoT network). Scenario 200 illustrates an example of
dynamic cross-carrier scheduling for PDSCH and/or
PUSCH. The UE may be configured with a plurality of CCs
such as a first CC (e.g., CC 1) and a second CC (e.g., CC 2).
The first CC and the second CC may have different TDD
patterns for uplink/downlink slots. For example, CC 1 and
CC 2 may have opposite downlink/uplink slot distribution.
To reduce the alignment delay, the UE may be configured
with dynamic switching of CC used for PDSCH and/or
PUSCH.

[0044] Specifically, the UE may receive a first PDCCH on
the first CC for scheduling a PDSCH. The first PDCCH may
schedule the PDSCH on the first CC. The UE may receive
the PDSCH on the first CC scheduled by the first PDCCH.
The UE may further receive a second PDCCH on the first
CC for scheduling a PUSCH. To reduce latency, the PUSCH
may be scheduled on a different CC with a closest uplink slot
(e.g., the second CC). Thus, the UE may determine the
second CC to transmit the PUSCH according to the con-
figuration of dynamic switching of CC. Then, the UE may
transmit the PUSCH on the second CC scheduled by the
second PDCCH.

[0045] Similarly, the second CC may also be able to
schedule a PUSCH/PUCCH on a different CC (e.g., the first
CC), and multiple carriers may be monitored for PDCCH.
As shown in FIG. 2, the UE may receive a first PDCCH on
second CC for scheduling a PDSCH. The first PDCCH may
schedule the PDSCH on the second CC. The UE may receive
the PDSCH on the second CC scheduled by the first
PDCCH. The UE may further receive a second PDCCH on
the second CC for scheduling a PUSCH. To reduce latency,
the PUSCH may be scheduled on a different CC with a
closest uplink slot (e.g., the first CC). Thus, the UE may
determine the first CC to transmit the PUSCH according to
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the configuration of dynamic switching of CC. Then, the UE
may transmit the PUSCH on the first CC scheduled by the
second PDCCH.

[0046] In some implementations, dynamic cross-carrier
scheduling may also be applied on PDSCH. The UE may
receive a PDCCH on the first CC for scheduling a PDSCH.
The first PDCCH may schedule the PDSCH on a different
CC (e.g., the second CC). The UE may determine to receive
the PDSCH on the second CC according to the configuration
of dynamic switching of CC. The UE may receive the
PDSCH on the second CC scheduled by the PDCCH.

[0047] Some methods are provided for configuring
dynamically selectable multiple choices of CC on which
scheduling information for PDSCH/PUSCH is transmitted.
For example, some restrictions on the number of selectable
CC could apply. In another example, this behaviour may be
enabled only when a physical indication of URLLC or
high-priority traffic is detected from PDSCH or the
resources allocated for PDSCH. In another example, the
PDCCH monitoring may be restricted to a single carrier per
monitoring occasion or set of monitoring occasions over
CCs. When multiple CCs contain downlink and monitoring
occasions, then some priority rules need to be used (e.g. a
primary cell within a cell group may have higher priority).
The multiple CCs may be configured with different numer-
ologies.

[0048] Inanother aspect, for a TDD system, the worst case
of SR alignment delay is dominated by the length of
downlink and uplink and may be inhibitive to apply URLLC
retransmission. Therefore, to reduce the alignment delay,
there is a need to deploy a CA system of TDD carriers with
an appropriate time offset between CCs, and support con-
figuring SR with an SR resource on each CC within a cell
group. FIG. 3 illustrates an example scenario 300 under
schemes in accordance with implementations of the present
disclosure. Scenario 300 involves a UE and a plurality of
network nodes, which may be a part of a wireless commu-
nication network (e.g., an LTE network, a 5G network, an
NR network, an IoT network or an NB-IoT network).
Scenario 300 illustrates an example of multiple SR resources
configured on multiple CCs. The UE may be configured with
a plurality of CCs such as a first CC (e.g., CC 1) and a
second CC (e.g., CC 2). The first CC and the second CC may
have different TDD patterns for uplink/downlink slots. For
example, the ration of downlink slot to uplink slot is 3:1 for
CC 1 and 5:1 for CC 2. To reduce the alignment delay, the
UE may be configured with multiple SR resources distrib-
uted on each CC. For example, at least one SR resource may
be configured on each CC within a cell group.

[0049] Specifically, the UE may receive a configuration
configuring a plurality of SR resources over a plurality of
CCs. The configuration may comprises a logical channel
configuration, a scheduling request configuration, a sched-
uling request resource configuration, a PUCCH configura-
tion, or a PUCCH resource configuration. When the UE try
to initiate an SR procedure, the UE may determine one SR
resource from the plurality of SR resources over the plurality
of CCs to transmit an SR. For example, the UE may
determine an earliest SR resource over the plurality of CCs
to transmit the SR. Then, the UE may transmit the SR on the
determined SR resource. An SR may have multiple SR
resources (e.g., PUCCH, periodicity and offset) operated
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with a common prohibition timer. The SR resources
assigned to the same SR may be on different CCs and uplink
BWPs within a cell group.

[0050] To further enhance PUCCH transmission for
reducing delay and/or improving reliability of HARQ feed-
back, some enhancements on PUCCH format may further be
introduced. FIG. 4 illustrates an example scenario 400 under
schemes in accordance with implementations of the present
disclosure. Scenario 400 involves a UE and a plurality of
network nodes, which may be a part of a wireless commu-
nication network (e.g., an LTE network, a 5G network, an
NR network, an IoT network or an NB-IoT network). The
legacy PUCCH format 1 in 3GPP Release-15 comprises 4
symbols and starts after N1 UE processing timeline. There-
fore, the PUCCH transmission latency comprises N1+align-
ment+PUCCH duration. To reduce such latency, some
enhancements on PUCCH formats are proposed. The UE
may be configured to support 2, 3, 4, etc. symbol length
formats. The length of the PUCCH format may be deter-
mined by a length of M+N where N DMRS symbols may be
followed by an M long mix of ACK and DMRS symbols.
[0051] Specifically, the UE may be configured to deter-
mine a PUCCH format to transmit the HARQ-ACK infor-
mation. The UE may use a length of two or three OFDM
symbols to transmit the PUCCH format. For example, the
PUCCH format may comprise 2 or 3 symbols. Thus, the
PUCCH duration may be reduced to improve latency. Fur-
thermore, the UE may shuffle the PUCCH symbols by
starting the PUCCH format by at least one (e.g., one or
more) DMRS symbol. The UE may arrange the PUCCH
format by a plurality of DMRS symbols followed by at least
one HARQ-ACK information symbol. For example, the
PUCCH format may start by one DMRS symbol followed
with one HARQ-ACK data symbol. In another example, the
PUCCH format may start by two DMRS symbols followed
with one HARQ-ACK data symbol. Then, the UE may
transmit the PUCCH format with the enhanced format. The
PUCCH format may comprise at least one of a PUCCH
format 1, a PUCCH format 3 and a PUCCH format 4.

[0052] On the other hand, to further reduce latency, the UE
may be configured to support DMRS overlapping with N1
UE processing timeline. Normally, PUCCH transmission
may only be scheduled after the end of the UE processing
timeline N1, measured from the last symbol of the PDSCH
transmission. However, with the new format and in the new
proposal, as soon as the PUCCH resource have been iden-
tified transmission of the pre-computed DMRS symbol(s)
can start, (possibly overlapping with the decoding of the
PDSCH transmission). The identification of the PUCCH
resource implies that a later DCI scheduling PUCCH cannot
override the current transmission. Thus, the UE may overlap
at least one DMRS symbol (e.g., 1 or 2 DMRS symbols)
with the N1 UE processing timeline. In other words, the UE
may transmit the DMRS symbol(s) during the N1 UE
processing time to save time. Part of the N1 UE processing
time may be simultaneously used to transmit the DMRS
symbol(s). The UE may start to transmit the HARQ-ACK
data right after the N1 UE processing time. Thus, the total
PUCCH transmission latency (e.g., N1+alignment+PUCCH
duration) may be reduced.

[0053] In some implementations, the UE may be config-
ured to support 2 cyclic-delay diversity (CDD) over two
transmit antennae. The UE may transmit the PUCCH format
by CDD over two transmit antennae. The amount of cyclic
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delay is predefined or configured, hence it can be applied in
a fashion non-transparent to the network node. In another
implementation, to support frequency hopping using the
above new PUCCH format, it is proposed that the associa-
tion between DMRS and UCI symbols transmitted on the
same frequencies can be made over non-contiguous sym-
bols. The UE may be configured to support non-adjacent-
in-time DMRS and ACK symbols occurring on the same
frequency hop. The UE may transmit the DMRS symbol and
HARQ-ACK information over non-contiguous OFDM sym-
bols.

[0054] Illustrative Implementations

[0055] FIG. 5 illustrates an example communication appa-
ratus 510 and an example network apparatus 520 in accor-
dance with an implementation of the present disclosure.
Each of communication apparatus 510 and network appa-
ratus 520 may perform various functions to implement
schemes, techniques, processes and methods described
herein pertaining to dynamic cross-carrier scheduling for
latency enhancement and UCI transmission enhancement
with respect to user equipment and network apparatus in
wireless communications, including scenarios/schemes
described above as well as processes 600, 700 and 800
described below.

[0056] Communication apparatus 510 may be a part of an
electronic apparatus, which may be a UE such as a portable
or mobile apparatus, a wearable apparatus, a wireless com-
munication apparatus or a computing apparatus. For
instance, communication apparatus 510 may be imple-
mented in a smartphone, a smartwatch, a personal digital
assistant, a digital camera, or a computing equipment such
as a tablet computer, a laptop computer or a notebook
computer. Communication apparatus 510 may also be a part
of'a machine type apparatus, which may be an loT, NB-IoT,
or lloT apparatus such as an immobile or a stationary
apparatus, a home apparatus, a wire communication appa-
ratus or a computing apparatus. For instance, communica-
tion apparatus 510 may be implemented in a smart thermo-
stat, a smart fridge, a smart door lock, a wireless speaker or
a home control center. Alternatively, communication appa-
ratus 510 may be implemented in the form of one or more
integrated-circuit (IC) chips such as, for example and with-
out limitation, one or more single-core processors, one or
more multi-core processors, one or more reduced-instruction
set computing (RISC) processors, or one or more complex-
instruction-set-computing (CISC) processors. Communica-
tion apparatus 510 may include at least some of those
components shown in FIG. 5 such as a processor 512, for
example. Communication apparatus 510 may further include
one or more other components not pertinent to the proposed
scheme of the present disclosure (e.g., internal power sup-
ply, display device and/or user interface device), and, thus,
such component(s) of communication apparatus 510 are
neither shown in FIG. 5 nor described below in the interest
of simplicity and brevity.

[0057] Network apparatus 520 may be a part of an elec-
tronic apparatus, which may be a network node such as a
base station, a small cell, a router or a gateway. For instance,
network apparatus 520 may be implemented in an eNodeB
in an LTE, LTE-Advanced or LTE-Advanced Pro network or
in a gNB in a 5G, NR, IoT, NB-IoT or IloT network.
Alternatively, network apparatus 520 may be implemented
in the form of one or more IC chips such as, for example and
without limitation, one or more single-core processors, one
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or more multi-core processors, or one or more RISC or CISC
processors. Network apparatus 520 may include at least
some of those components shown in FIG. 5 such as a
processor 522, for example. Network apparatus 520 may
further include one or more other components not pertinent
to the proposed scheme of the present disclosure (e.g.,
internal power supply, display device and/or user interface
device), and, thus, such component(s) of network apparatus
520 are neither shown in FIG. 5 nor described below in the
interest of simplicity and brevity.

[0058] In one aspect, each of processor 512 and processor
522 may be implemented in the form of one or more
single-core processors, one or more multi-core processors,
or one or more CISC processors. That is, even though a
singular term “a processor” is used herein to refer to
processor 512 and processor 522, each of processor 512 and
processor 522 may include multiple processors in some
implementations and a single processor in other implemen-
tations in accordance with the present disclosure. In another
aspect, each of processor 512 and processor 522 may be
implemented in the form of hardware (and, optionally,
firmware) with electronic components including, for
example and without limitation, one or more transistors, one
or more diodes, one or more capacitors, one or more
resistors, one or more inductors, one or more memristors
and/or one or more varactors that are configured and
arranged to achieve specific purposes in accordance with the
present disclosure. In other words, in at least some imple-
mentations, each of processor 512 and processor 522 is a
special-purpose machine specifically designed, arranged and
configured to perform specific tasks including power con-
sumption reduction in a device (e.g., as represented by
communication apparatus 510) and a network (e.g., as
represented by network apparatus 520) in accordance with
various implementations of the present disclosure.

[0059] In some implementations, communication appara-
tus 510 may also include a transceiver 516 coupled to
processor 512 and capable of wirelessly transmitting and
receiving data. In some implementations, communication
apparatus 510 may further include a memory 514 coupled to
processor 512 and capable of being accessed by processor
512 and storing data therein. In some implementations,
network apparatus 520 may also include a transceiver 526
coupled to processor 522 and capable of wirelessly trans-
mitting and receiving data. In some implementations, net-
work apparatus 520 may further include a memory 524
coupled to processor 522 and capable of being accessed by
processor 522 and storing data therein. Accordingly, com-
munication apparatus 510 and network apparatus 520 may
wirelessly communicate with each other via transceiver 516
and transceiver 526, respectively. To aid better understand-
ing, the following description of the operations, function-
alities and capabilities of each of communication apparatus
510 and network apparatus 520 is provided in the context of
a mobile communication environment in which communi-
cation apparatus 510 is implemented in or as a communi-
cation apparatus or a UE and network apparatus 520 is
implemented in or as a network node of a communication
network.

[0060] In some implementations, processor 512 may
receive, via transceiver 516, a PDCCH on the first CC. The
PDCCH may schedule a PDSCH on the first CC. Processor
512 may receive, via transceiver 516, the PDSCH on the first
CC scheduled by the PDCCH. Then, processor 512 needs to
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transmit the HARQ-ACK information corresponding to the
PDSCH to the network node. Therefore, the PDCCH may
further schedule a PUCCH for transmitting the HARQ-ACK
information. To reduce latency, the PUCCH may be sched-
uled on a different CC. For example, the closest uplink slot
for PUCCH transmission is allocated on the second CC.
Thus, processor 512 may determine the second CC to
transmit the PUCCH according to a configuration of
dynamic switching of CC. Then, processor 512 may trans-
mit, via transceiver 516, the PUCCH corresponding to the
PDSCH on the second CC scheduled by the PDCCH.
[0061] In some implementations, processor 512 may
receive, via transceiver 516, a configuration (e.g., RRC
configuration) configuring a plurality of CCs within a cell
group that can be used to transmit the PUCCH. Processor
512 may receive the configuration for dynamic switching of
CC via a physical layer signaling.

[0062] In some implementations, processor 512 may be
configured to report to network apparatus 520 in an event
that it can support dynamic cross-carrier scheduling for
PUCCH. Processor 512 may report the number or the
maximum number of groups (e.g., PUCCH groups, cell-
groups, or newly defined groups of cells) on which it can
support dynamic cross-carrier scheduling for PUCCH. Pro-
cessor 512 may also report its capability for each group (e.g.,
a PUCCH group, a cell-group, or a newly defined group of
cells) in an event that it can support dynamic cross-carrier
scheduling for PUCCH.

[0063] In some implementations, processor 512 may
report the number of PUCCH groups on which it can support
dynamic cross-carrier scheduling. In another implementa-
tion, processor 512 may report the number of PUCCH
groups on which it can support semi-static cross-carrier
scheduling and/or dynamic cross-carrier scheduling. In
another implementation, a specified number of CCs for
dynamic cross-carrier scheduling may be defined and Pro-
cessor 512 reports which number it can support.

[0064] In some implementations, processor 512 may
report for each group (e.g., a PUCCH group, a cell-group, or
a newly defined group of cells) the number N of carriers on
which it can support the dynamic cross-carrier scheduling
for PUCCH. Processor 512 may report for each carrier if it
can support the dynamic cross-carrier scheduling for
PUCCH. Processor 512 may report the total number or the
maximum number of carriers on which it can support the
dynamic cross-carrier scheduling for PUCCH.

[0065] In some implementations, processor 512 may
receive, via transceiver 516, a first PDCCH on the first CC
for scheduling a PDSCH. The first PDCCH may schedule
the PDSCH on the first CC. Processor 512 may receive, via
transceiver 516, the PDSCH on the first CC scheduled by the
first PDCCH. Processor 512 may further receive, via trans-
ceiver 516, a second PDCCH on the first CC for scheduling
a PUSCH. To reduce latency, the PUSCH may be scheduled
on a different CC with a closest uplink slot (e.g., the second
CC). Thus, processor 512 may determine the second CC to
transmit the PUSCH according to the configuration of
dynamic switching of CC. Then, processor 512 may trans-
mit, via transceiver 516, the PUSCH on the second CC
scheduled by the second PDCCH.

[0066] In some implementations, processor 512 may
receive, via transceiver 516, a first PDCCH on second CC
for scheduling a PDSCH. The first PDCCH may schedule
the PDSCH on the second CC. Processor 512 may receive,
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via transceiver 516, the PDSCH on the second CC scheduled
by the first PDCCH. Processor 512 may further receive, via
transceiver 516, a second PDCCH on the second CC for
scheduling a PUSCH. To reduce latency, the PUSCH may be
scheduled on a different CC with a closest uplink slot (e.g.,
the first CC). Thus, processor 512 may determine the first
CC to transmit the PUSCH according to the configuration of
dynamic switching of CC. Then, processor 512 may trans-
mit, via transceiver 516, the PUSCH on the first CC sched-
uled by the second PDCCH.

[0067] In some implementations, processor 512 may
receive, via transceiver 516, a PDCCH on the first CC for
scheduling a PDSCH. The first PDCCH may schedule the
PDSCH on a different CC (e.g., the second CC). Processor
512 may determine to receive the PDSCH on the second CC
according to the configuration of dynamic switching of CC.
Processor 512 may receive, via transceiver 516, the PDSCH
on the second CC scheduled by the PDCCH.

[0068] In some implementations, processor 512 may
receive, via transceiver 516, a configuration configuring a
plurality of SR resources over a plurality of CCs. When
processor 512 try to initiate an SR procedure, processor 512
may determine one SR resource from the plurality of SR
resources over the plurality of CCs to transmit an SR. For
example, processor 512 may determine an earliest SR
resource over the plurality of CCs to transmit the SR. Then,
processor 512 may transmit, via transceiver 516, the SR on
the determined SR resource.

[0069] In some implementations, processor 512 may be
configured to determine a PUCCH format to transmit the
HARQ-ACK information. Processor 512 may use a length
of two or three OFDM symbols to transmit the PUCCH
format. Furthermore, processor 512 may shuffle the PUCCH
symbols by starting the PUCCH format by at least one (e.g.,
one or more) DMRS symbol. Processor 512 may arrange the
PUCCH format by a plurality of DMRS symbols followed
by at least one HARQ-ACK information symbol. Then,
processor 512 may transmit, via transceiver 516, the
PUCCH format with the enhanced format. The PUCCH
format may comprise at least one of a PUCCH format 1, a
PUCCH format 3 and a PUCCH format 4.

[0070] Insome implementations, processor 512 may over-
lap at least one DMRS symbol (e.g., 1 or 2 DMRS symbols)
with the N1 processing timeline. In other words, processor
512 may transmit the DMRS symbol(s) during the N1
processing time to save time. Part of the N1 processing time
may be simultaneously used to transmit the DMRS symbol
(s). Processor 512 may start to transmit, via transceiver 516,
the HARQ-ACK data right after the N1 processing time.
[0071] Illustrative Processes

[0072] FIG. 6 illustrates an example process 600 in accor-
dance with an implementation of the present disclosure.
Process 600 may be an example implementation of schemes
described above, whether partially or completely, with
respect to dynamic cross-carrier scheduling for latency
enhancement with the present disclosure. Process 600 may
represent an aspect of implementation of features of com-
munication apparatus 510. Process 600 may include one or
more operations, actions, or functions as illustrated by one
or more of blocks 610, 620, 630 and 640. Although illus-
trated as discrete blocks, various blocks of process 600 may
be divided into additional blocks, combined into fewer
blocks, or eliminated, depending on the desired implemen-
tation. Moreover, the blocks of process 600 may executed in
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the order shown in FIG. 6 or, alternatively, in a different
order. Process 600 may be implemented by communication
apparatus 510 or any suitable UE or machine type devices.
Solely for illustrative purposes and without limitation, pro-
cess 600 is described below in the context of communication
apparatus 510. Process 600 may begin at block 610.
[0073] At 610, process 600 may involve processor 512 of
apparatus 510 receiving a PDCCH on a first CC. Process 600
may proceed from 610 to 620.

[0074] At 620, process 600 may involve processor 512
receiving a PDSCH on the first CC scheduled by the
PDCCH. Process 600 may proceed from 620 to 630.
[0075] At 630, process 600 may involve processor 512
determining a second CC to transmit a PUCCH according to
a configuration of dynamic switching of CC. Process 600
may proceed from 630 to 640.

[0076] At 640, process 600 may involve processor 512
transmitting the PUCCH corresponding to the PDSCH on
the second CC scheduled by the PDCCH.

[0077] In some implementations, the configuration may
comprise a plurality of CCs configured to be used to transmit
the PUCCH.

[0078] Insome implementations, process 600 may involve
processor 512 receiving a configuration configuring a plu-
rality of CCs within a cell group that can be used to transmit
the PUCCH.

[0079] In some implementations, a content carried by the
PUCCH is independent from the determined second CC.
[0080] In some implementations, the configuration may
comprise a physical layer signaling.

[0081] In some implementations, the configuration may
comprise a data field used to select a CC from a plurality of
different CCs to transmit the PUCCH.

[0082] In some implementations, the configuration may
comprise an indication indicating an earliest uplink sub-slot
over a plurality of CCs.

[0083] In some implementations, the configuration may
comprise a data field used to select a CC and a sub-slot.
[0084] In some implementations, the first CC and the
second CC may comprise different numerologies or sub-slot
partitioning configurations.

[0085] Insome implementations, process 600 may involve
processor 512 determining the second CC to transmit a
PUSCH according to the configuration of dynamic switch-
ing of CC. Process 600 may further involve processor 512
transmitting the PUSCH on the second CC scheduled by the
PDCCH.

[0086] Insome implementations, process 600 may involve
processor 512 receiving a PDCCH on second CC. Process
600 may also involve processor 512 receiving a PDSCH on
the second CC scheduled by the PDCCH. Process 600 may
further involve processor 512 determining the first CC to
transmit the PUCCH according to the configuration of
dynamic switching of CC. Process 600 may further involve
processor 512 transmitting the PUCCH corresponding to the
PDSCH on the first CC scheduled by the PDCCH.

[0087] Insome implementations, process 600 may involve
processor 512 determining to receive a PDSCH on the
second CC according to the configuration of dynamic
switching of CC. Process 600 may further involve processor
512 receiving the PDSCH on the second CC scheduled by
the PDCCH.

[0088] FIG. 7 illustrates an example process 700 in accor-
dance with an implementation of the present disclosure.
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Process 700 may be an example implementation of schemes
described above, whether partially or completely, with
respect to UCI transmission enhancement with the present
disclosure. Process 700 may represent an aspect of imple-
mentation of features of communication apparatus 510.
Process 700 may include one or more operations, actions, or
functions as illustrated by one or more of blocks 710, 720,
730 and 740. Although illustrated as discrete blocks, various
blocks of process 700 may be divided into additional blocks,
combined into fewer blocks, or eliminated, depending on the
desired implementation. Moreover, the blocks of process
700 may executed in the order shown in FIG. 7 or, alterna-
tively, in a different order. Process 700 may be implemented
by communication apparatus 510 or any suitable UE or
machine type devices. Solely for illustrative purposes and
without limitation, process 700 is described below in the
context of communication apparatus 510. Process 700 may
begin at block 710.

[0089] At 710, process 700 may involve processor 512 of
apparatus 510 receiving a configuration configuring a plu-
rality of SR resources over a plurality of CCs. Process 700
may proceed from 710 to 720.

[0090] At 720, process 700 may involve processor 512
initiating an SR procedure. Process 700 may proceed from
720 to 730.

[0091] At 730, process 700 may involve processor 512
determining one SR resource from the plurality of SR
resources over the plurality of CCs to transmit an SR.
Process 700 may proceed from 730 to 740.

[0092] At 740, process 700 may involve processor 512
transmitting the SR on the determined SR resource.

[0093] Insome implementations, process 700 may involve
processor 512 determining an earliest SR resource over the
plurality of CCs to transmit the SR.

[0094] In some implementations, the configuration may
comprise at least one SR resource on each CC within a cell
group.

[0095] FIG. 8 illustrates an example process 800 in accor-
dance with an implementation of the present disclosure.
Process 800 may be an example implementation of schemes
described above, whether partially or completely, with
respect to PUCCH format enhancement with the present
disclosure. Process 800 may represent an aspect of imple-
mentation of features of communication apparatus 510.
Process 800 may include one or more operations, actions, or
functions as illustrated by one or more of blocks 810, 820,
830 and 840. Although illustrated as discrete blocks, various
blocks of process 800 may be divided into additional blocks,
combined into fewer blocks, or eliminated, depending on the
desired implementation. Moreover, the blocks of process
800 may executed in the order shown in FIG. 8 or, alterna-
tively, in a different order. Process 800 may be implemented
by communication apparatus 510 or any suitable UE or
machine type devices. Solely for illustrative purposes and
without limitation, process 800 is described below in the
context of communication apparatus 510. Process 800 may
begin at block 810.

[0096] At 810, process 800 may involve processor 512 of
apparatus 510 determining a PUCCH format to transmit
HARQ-ACK information. Process 800 may proceed from
810 to 820.

[0097] At 820, process 800 may involve processor 512
using a length of two or three OFDM symbols to transmit the
PUCCH format. Process 800 may proceed from 820 to 830.
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[0098] At 830, process 800 may involve processor 512
starting the PUCCH format by at least one DMRS symbol.
Process 800 may proceed from 830 to 840.

[0099] At 840, process 800 may involve processor 512
transmitting the PUCCH format. The PUCCH format may
comprises at least one of a PUCCH format 1, a PUCCH
format 3 and a PUCCH format 4.

[0100] Insome implementations, process 800 may involve
processor 512 overlapping, by the processor, the at least one
DMRS symbol with a user equipment (UE) processing
timeline.

[0101] Insome implementations, process 800 may involve
processor 512 arranging the PUCCH format by a plurality of
DMRS symbols followed by at least one the HARQ-ACK
information.

[0102] Insome implementations, process 800 may involve
processor 512 transmitting the DMRS symbol and HARQ-
ACK information over non-contiguous OFDM symbols.
[0103] Insome implementations, process 800 may involve
processor 512 transmitting the PUCCH format by cyclic-
delay diversity (CDD) over two transmit antennae.

[0104] Additional Notes

[0105] The herein-described subject matter sometimes
illustrates different components contained within, or con-
nected with, different other components. It is to be under-
stood that such depicted architectures are merely examples,
and that in fact many other architectures can be implemented
which achieve the same functionality. In a conceptual sense,
any arrangement of components to achieve the same func-
tionality is effectively “associated” such that the desired
functionality is achieved. Hence, any two components
herein combined to achieve a particular functionality can be
seen as “associated with” each other such that the desired
functionality is achieved, irrespective of architectures or
intermedial components. Likewise, any two components so
associated can also be viewed as being “operably con-
nected”, or “operably coupled™, to each other to achieve the
desired functionality, and any two components capable of
being so associated can also be viewed as being “operably
couplable”, to each other to achieve the desired functional-
ity. Specific examples of operably couplable include but are
not limited to physically mateable and/or physically inter-
acting components and/or wirelessly interactable and/or
wirelessly interacting components and/or logically interact-
ing and/or logically interactable components.

[0106] Further, with respect to the use of substantially any
plural and/or singular terms herein, those having skill in the
art can translate from the plural to the singular and/or from
the singular to the plural as is appropriate to the context
and/or application. The various singular/plural permutations
may be expressly set forth herein for sake of clarity.
[0107] Moreover, it will be understood by those skilled in
the art that, in general, terms used herein, and especially in
the appended claims, e.g., bodies of the appended claims, are
generally intended as “open” terms, e.g., the term “includ-
ing” should be interpreted as “including but not limited to,”
the term “having” should be interpreted as “having at least,”
the term “includes” should be interpreted as “includes but is
not limited to,” etc. It will be further understood by those
within the art that if a specific number of an introduced claim
recitation is intended, such an intent will be explicitly recited
in the claim, and in the absence of such recitation no such
intent is present. For example, as an aid to understanding,
the following appended claims may contain usage of the
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introductory phrases “at least one” and “one or more” to
introduce claim recitations. However, the use of such
phrases should not be construed to imply that the introduc-
tion of a claim recitation by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
recitation to implementations containing only one such
recitation, even when the same claim includes the introduc-
tory phrases “one or more” or “at least one” and indefinite
articles such as “a” or “an,” e.g., “a” and/or “an” should be
interpreted to mean “at least one” or “one or more;” the same
holds true for the use of definite articles used to introduce
claim recitations. In addition, even if a specific number of an
introduced claim recitation is explicitly recited, those skilled
in the art will recognize that such recitation should be
interpreted to mean at least the recited number, e.g., the bare
recitation of “two recitations,” without other modifiers,
means at least two recitations, or two or more recitations.
Furthermore, in those instances where a convention analo-
gous to “at least one of A, B, and C, etc.” is used, in general
such a construction is intended in the sense one having skill
in the art would understand the convention, e.g., “a system
having at least one of A, B, and C” would include but not be
limited to systems that have A alone, B alone, C alone, A and
B together, A and C together, B and C together, and/or A, B,
and C together, etc. In those instances where a convention
analogous to “at least one of A, B, or C, etc.” is used, in
general such a construction is intended in the sense one
having skill in the art would understand the convention, e.g.,
“a system having at least one of A, B, or C” would include
but not be limited to systems that have A alone, B alone, C
alone, A and B together, A and C together, B and C together,
and/or A, B, and C together, etc. It will be further understood
by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms,
whether in the description, claims, or drawings, should be
understood to contemplate the possibilities of including one
of the terms, either of the terms, or both terms. For example,
the phrase “A or B” will be understood to include the
possibilities of “A” or “B” or “A and B.”

[0108] From the foregoing, it will be appreciated that
various implementations of the present disclosure have been
described herein for purposes of illustration, and that various
modifications may be made without departing from the
scope and spirit of the present disclosure. Accordingly, the
various implementations disclosed herein are not intended to
be limiting, with the true scope and spirit being indicated by
the following claims.

1. A method, comprising:

receiving, by a processor of an apparatus, a physical
downlink control channel (PDCCH) on a first compo-
nent carrier (CC);

receiving, by the processor, a physical downlink shared
channel (PDSCH) on the first CC scheduled by the
PDCCH;

determining, by the processor, a second CC to transmit a
physical uplink control channel (PUCCH) according to
a configuration of dynamic switching of CC; and

transmitting, by the processor, the PUCCH corresponding
to the PDSCH on the second CC scheduled by the
PDCCH.

2. The method of claim 1, wherein the configuration

comprises a plurality of CCs configured to be used to
transmit the PUCCH.
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3. The method of claim 1, further comprising:

receiving, by the processor, a configuration configuring a
plurality of CCs within a cell group that can be used to
transmit the PUCCH.
4. The method of claim 1, wherein a content carried by the
PUCCH is independent from the determined second CC.
5. The method of claim 1, wherein the configuration
comprises a physical layer signaling.
6. The method of claim 1, wherein the configuration
comprises a data field used to select a CC from a plurality
of different CCs to transmit the PUCCH.
7. The method of claim 1, wherein the configuration
comprises an indication indicating an earliest uplink sub-slot
over a plurality of CCs.
8. The method of claim 1, wherein the configuration
comprises a data field used to select a CC and a sub-slot.
9. The method of claim 1, wherein the first CC and the
second CC comprise different numerologies or sub-slot
partitioning configurations.
10. The method of claim 1, further comprising:
determining, by the processor, the second CC to transmit
a physical uplink shared channel (PUSCH) according
to the configuration of dynamic switching of CC; and

transmitting, by the processor, the PUSCH on the second
CC scheduled by the PDCCH.

11. The method of claim 1, further comprising:

receiving, by the processor, the PDCCH on second CC;

receiving, by the processor, the PDSCH on the second CC
scheduled by the PDCCH;

determining, by the processor, the first CC to transmit the

PUCCH according to the configuration of dynamic
switching of CC; and

transmitting, by the processor, the PUCCH corresponding

to the PDSCH on the first CC scheduled by the
PDCCH.

12. The method of claim 1, further comprising:

determining, by the processor, to receive the PDSCH on

the second CC according to the configuration of
dynamic switching of CC; and

receiving, by the processor, the PDSCH on the second CC

scheduled by the PDCCH.

13. A method, comprising:

receiving, by a processor of an apparatus, a configuration

configuring a plurality of scheduling request (SR)
resources over a plurality of component carriers (CCs);
initiating, by the processor, an SR procedure;
determining, by the processor, one SR resource from the
plurality of SR resources over the plurality of CCs to
transmit an SR; and
transmitting, by the processor, the SR on the determined
SR resource.
14. The method of claim 13, wherein the determining
comprises determining an earliest SR resource over the
plurality of CCs to transmit the SR.
15. The method of claim 13, wherein the configuration
comprises at least one SR resource on each CC within a cell
group.
16. A method, comprising:
determining, by a processor of an apparatus, a physical
uplink control channel (PUCCH) format to transmit
hybrid automatic repeat request-acknowledgement
(HARQ-ACK) information;

using, by the processor, a length of two or three orthogo-
nal frequency division multiplexing (OFDM) symbols
to transmit the PUCCH format;
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starting, by the processor, the PUCCH format by at least
one demodulation reference signal (DMRS) symbol;
and

transmitting, by the processor, the PUCCH format,

wherein the PUCCH format comprises at least one of a

PUCCH format 1, a PUCCH format 3 and a PUCCH
format 4.

17. The method of claim 16, further comprising:

overlapping, by the processor, the at least one DMRS

symbol with a user equipment (UE) processing time-
line.

18. The method of claim 16, further comprising:

arranging, by the processor, the PUCCH format by a

plurality of DMRS symbols followed by at least one the
HARQ-ACK information.

19. The method of claim 16, wherein the transmitting
comprises transmitting the DMRS symbol and HARQ-ACK
information over non-contiguous OFDM symbols.

20. The method of claim 16, wherein the transmitting
comprises transmitting the PUCCH format by cyclic-delay
diversity (CDD) over two transmit antennae.
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