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DETERMINING A FEEDBACK CODEBOOK

TECHNICAL FIELD

This patent document is directed generally to wireless communications.

BACKGROUND
Mobile communication technologies are moving the world toward an increasingly
connected and networked society. The rapid growth of mobile communications and advances in
technology have led to greater demand for capacity, connectivity, and reliability. Other aspects,
such as energy consumption, device cost, spectral efficiency, and latency are also important to
meeting the needs of various communication scenarios. Various techniques, including new ways
to provide higher quality of service, longer battery life, and improved performance are being

discussed.

SUMMARY

This document discloses methods, systems, apparatuses, and computer readable
media related to wireless communication, and in particular to a method and apparatus for
scheduling in a 5G system and determining a feedback codebook size.

In one aspect a method of wireless communication is disclosed. The method includes
sending, from a first radio terminal to a second radio terminal, a grant message to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a
dummy shared channel in a first direction. The method includes scheduling one or more
resources of a shared channel in a second direction with corresponding acknowledgement that
overlaps in time with the dummy shared channel in the first direction. The following examples
are not intended to be limiting. Although specific communications equipment is listed, other
equipment may be used in their place. In some example embodiments, the first radio terminal is
a base station such as an enhanced node B (eNB) or a next generation node B (gNB) or another
base station. The second radio terminal may be a user equipment, mobile terminal, handset,
smartphone, cell phone, or other mobile device. The dummy shared channel in the first direction
may be a dummy physical uplink shared channel (PUSCH) or another communications resource.

The shared channel in the second direction may be a physical downlink shared channel (PDSCH)
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or another communications resource. The acknowledgement message may be a hybrid automatic
repeat request acknowledgement (HARQ-ACK) or another acknowledgement or ACK/NACK
message. The assignment indicator may be a downlink assignment indicator (DAI) or other
assignment message or indicator. The first direction may correspond to an uplink and the second
direction may correspond to a downlink.

In another aspect, another method for wireless communication is disclosed. The
method includes sending, from a first radio terminal to a second radio terminal, a grant to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a non-
dummy shared channel in a first direction. The method further includes forbidding the
scheduling of one or more resources of a shared channel in the second direction with
corresponding acknowledgement that overlaps in time with the non-dummy shared channel in a
first direction.

In another aspect, another method for wireless communication is disclosed. The
method includes sending, from a first radio terminal to a second radio terminal, a grant message
to allow transmission in a future time slot, wherein the future timeslot corresponds to resources
of a dummy shared channel in a first direction. The method further includes sending one or more
subsequent grants to schedule resources of a shared channel in a second direction with an
acknowledgement that overlaps in time with the dummy shared channel in the first direction, and
receiving a feedback acknowledgement codebook with a number of bits determined by an
assignment indicator in a last sent grant.

In another aspect, another method for wireless communication is disclosed. The
method includes sending, from a first radio terminal to a second radio terminal, a grant message
to allow transmission in a future time slot, wherein the future timeslot corresponds to resources
of a dummy shared channel in a first direction. The method further includes receiving a
feedback acknowledgement codebook with a number of bits determined by an assignment
indicator in a last sent grant when the first radio terminal does not send one or more subsequent
grants to schedule resources of the shared channel in a second direction with an
acknowledgement that overlaps in time with the dummy shared channel in a first direction.

In another aspect, another method for wireless communication is disclosed. The
method includes receiving, at a second radio terminal from a first radio terminal, a grant message

to allow transmission in a future time slot, wherein the future timeslot corresponds to resources
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of a dummy shared channel in a first direction. The method includes receiving one or more
resources of a shared channel in a second direction with corresponding acknowledgement that
overlaps in time with the dummy shared channel in the first direction.

In another aspect, another method for wireless communication is disclosed. The
method includes receiving, at a first radio from to a second radio terminal, a grant to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a non-
dummy shared channel in a first direction. The method further includes failing to receive via one
or more resources of a shared channel in the second direction with corresponding
acknowledgement that overlaps in time with the non-dummy shared channel in a first direction.

In another aspect, another method for wireless communication is disclosed. The
method includes receiving, at a first radio terminal from a second radio terminal, a grant message
to allow transmission in a future time slot, wherein the future timeslot corresponds to resources
of a dummy shared channel in a first direction. The method further includes receiving one or
more subsequent grants to schedule resources of a shared channel in a second direction with an
acknowledgement that overlaps in time with the dummy shared channel in the first direction.
The method further includes sending feedback acknowledgement codebook with a number of
bits determined by an assignment indicator in a last received grant.

In another aspect, another method for wireless communication is disclosed. The
method includes receiving, at a first radio terminal from a second radio terminal, a grant message
to allow transmission in a future time slot, wherein the future timeslot corresponds to resources
of a dummy shared channel in a first direction. The method further includes sending a feedback
acknowledgement codebook with a number of bits determined by an assignment indicator in a
last received grant when the second radio terminal does not receive one or more subsequent
grants to schedule resources of the shared channel in a second direction with an
acknowledgement that overlaps in time with the dummy shared channel in a first direction.

The details of one or more implementations are set forth in the accompanying
attachments, the drawings, and the description below. Other features will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1-7 depict various allocations of communications resources, in accordance with
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various example embodiments;
FIG. 8 depicts a process, in accordance with some example embodiments;
FIG. 9 depicts another process, in accordance with some example embodiments; and

FIG. 10 depicts an apparatus, in accordance with some example embodiments.

DETAILED DESCRIPTION

Section headings are used in the present document only to improve readability and do
not limit scope of the disclosed embodiments and techniques in each section to only that section.

With the development of wireless communication technologies, the performance
including transmission rate, delay, throughput, and reliability has been improved through various
technologies. However, to achieve high-performance wireless transmission, user equipment (also
referred to as a terminal or UE) must perform more complex processing to meet the performance
requirements. For example, a UE that detects a larger control channel bandwidth is subject to
more complex control information including data encoding, decoding processing, and the like. A
UE that operate at high frequencies may use a large bandwidth to achieve a high data rate or
high-capacity transmission. This may use more computational resources.

Dynamic Hybrid Automatic Repeat Request (HARQ) Feedback Codebook in 5G NR
(New Radio) System

HARQ feedback can be sent to a base station (BS) on a physical uplink control
channel (PUCCH) channel or a physical uplink shared channel (PUSCH) channel. In the current
5G specification, if the resource used HARQ feedback information does not overlap (fully or
partially) with the PUSCH channel in the time domain, the HARQ feedback information will be
transmitted in the PUCCH channel, if the resource used by HARQ feedback information overlap
with the PUSCH channel, the HARQ feedback information will be multiplexed in the PUSCH
channel and transmitted in PUSCH channel.

1. For HARQ feedback sent on the PUCCH channel. Each dynamically transmitted
physical downlink shared channel (PDSCH) has the corresponding downlink (DL) grant
scheduling information, which contains DL downlink assignment indicator (DAI) to indicate the
number of HARQ feedback bits There may be cases where multiple dynamically scheduled
PDSCHs feed back HARQ information on the same PUCCH time-frequency resource. The
number of HARQ bits that are fed back on this PUCCH resource (that is, the size of the HARQ



WO 2020/034439 PCT/CN2018/113825

feedback codebook) is indicated by the DL DAL in the last DL grant.

As shown in FIG. 1, the number of HARQ bits fed back on the PUCCH resource is
indicated by the DL DAI in the DL grant 4 140.

2. For HARQ feedback information multiplexed on the PUSCH channel to send the
status. When the time-frequency resources of the HARQ-Acknowledgment (ACK) feedback for
PDSCH overlap with the time-frequency resources of a PUSCH scheduled by uplink (UL) grant
scheduling in time domain, the HARQ-ACK feedback bits will be multiplexed in PUSCH

channel and transmitted in PUSCH channel. In order to avoid the UE missing the DL grant and
PDSCH and cause inconsistency between the number of HARQ-ACK bits fedback by UE and
the number of HARQ-ACK bits that BS expect the UE to feedback, the base station will send UL
grant to carry UL DAI instructions.

The UL DAI instruction indicates the number of bits of HARQ-ACK that need
feedback on the PUSCH of the UL grant.

Since the UE may begin to prepare for the PUSCH after receiving the UL grant, if
after the UL grant, the base station continues to schedule PDSCH and its corresponding HARQ-
ACK feedback overlap with the above PUSCH in the time domain. The HARQ-ACK
information corresponding to the PDSCH that may not be able to be multiplexed in PUSCH,
because at this time PUSCH has already started preparation and cannot stop to multiplex
additional information bits. In order to avoid HARQ-ACK information that cannot be
multiplexed to PUSCH, the following scheduling restrictions can be made: after the UL grant,
the base station can no longer schedule PDSCH so that its corresponding HARQ-ACK feedback
is also multiplexed on the PUSCH. This is shown in FIG. 2.

In the current standard, there is a case where an "dummy PUSCH" is dynamically
scheduled. That is, the UL grant command is used to instruct the UE to measure the pilot signal
for beam management, etc., but the UE does not need to report A-CSI (asymmetric channel state
information) on the scheduled PUSCH, and does not need any uplink data (ie, UL-SCH)
transmitted on the PUSCH. That is, the PUSCH is a dummy PUSCH.

If the dummy (also referred to as null) PUSCH overlaps with the PUCCH channel in
the time domain, for example, the null PUSCH overlaps with the HARQ-ACK information, then
the PUCCH is not multiplexed into the PUSCH but transmitted directly on the PUCCH channel.
For the UE, the dummy PUSCH may be considered to not exist.
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In the foregoing scenario, two new problems may occur.

1. Whether the UL grant scheduling the dummy PUSCH forming a restriction on
subsequent PDSCH scheduling. That is, after the UL grant of the dummy PUSCH, whether the
base station can continue to dynamically schedule PDSCH, and its HARQ-ACK feedback
resource overlaps with the dummy PUSCH.

2. Whether the number of bits of HARQ feedback still be determined according to the
UL DALI in the UL grant for dummy PUSCH.

The techniques disclosed in this document solve the foregoing issues as well as other
issues.

1. After the UE receives the UL grant for scheduling the empty PUSCH, the UE may
continue to receive the dynamic scheduling signaling DL grant and the corresponding PDSCH,
and the HARQ-ACK feedback resource of the PDSCHs overlaps with the null PUSCH in the
time domain. At the base station, after the base station schedules the UL grant of the null
PUSCH, the base station may further dynamically schedule the PDSCH, and the HARQ-ACK
feedback resource of the PDSCHs overlaps with the null PUSCH in the time domain. One reason
is: due to HARQ the feedback information is transmitted on the PUCCH channel originally
allocated by the base station to the UE, and is not multiplexed into the PUSCH. Therefore, there
is no case where the HARQ feedback information cannot be multiplexed into the PUSCH, so the
scheduling restriction should be canceled, and after the UL grant of the null PUSCH is scheduled,
the base station may further dynamically schedule the PDSCH, and the HARQ-ACK feedback
resource of the PDSCHs overlaps with the empty PUSCH in time domain.

There will not be the above existing technology described in the HARQ feedback
information cannot be reused to PUSCH situation, so the scheduling limit should be removed,
After the UL grant of a dummy PUSCH is allowed, the base station can continue to dynamically
schedule PDSCH, and its HARQ-ACK feedback resources overlap with the dummy PUSCH
time domain.

2. After the UE receives the UL grant of the dummy PUSCH, if the UE receives the
dynamic scheduling signaling DL grant and the corresponding PDSCH, and its HARQ-ACK
feedback resource overlaps with the dummy PUSCH. Then, the UE determines the number of
bits of the HARQ-ACK feedback according to the DL DAI indication carried by the last DL

grant in the above DL grants received after the UL grant. If the UE does not receive the dynamic
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scheduling signaling DL grant and the corresponding PDSCH after receiving the UL grant
scheduling the dummy PUSCH, the HARQ-ACK feedback resource overlaps with the dummy
PUSCH. Then the UE will determine the number of bits of the HARQ-ACK feedback according
to the UL DAI indication carried in the UL grant for dummy PUSCH.

3. If the UE receives a UL grant schedules a "non-dummy PUSCH" (i.e., there are A-
CSI and/or UL-SCH in the PUSCH), the UE does not expect to multiplex in the non-dummy
PUSCH the HARQ-ACK of the PDSCH scheduled by DL grant which is transmitted after the
UL grant.

The limitation on the subsequent PDSCH scheduling due to the UL grant scheduling
dummy PUSCH in the existing protocol is avoided. At the same time, a method for determining
the size of the HARQ feedback codebook after canceling the scheduling restriction is also
proposed.

FIG. 3 shows a base station that dynamically schedules 2 PDSCH for the UE at slot
0/1 and schedules a dummy PUSCH in slot 3 using UL grant 310.

The empty PUSCH in slot 5 and the HARQ feedback resource corresponding to
PDSCH 1/2 overlap in the time domain. After the UL grant for dummy PUSCH, the base station
scheduled PDSCH 3/4 on slot 3/4 for the UE, and its HARQ feedback resources were the same
as the PDSCH1/2 HARQ feedback resources. The UE received 4 DL grant/PDSCH and UL
grant scheduled by the base station. The UE will determine the number of bits of HARQ
feedback based on the DL DAI carried by the last DL grant 4. The HARQ feedback is
transmitted in the PUCCH channel.

As shown in FIG. 4, the base station dynamically schedules 2 PDSCH for the UE at
slot 0/1 and schedules an empty PUSCH in slot 3 using UL grant 410.

The empty PUSCH in slot 5 and the HARQ feedback resource corresponding to
PDSCH 1/2 overlap in the time domain. After the UL grant, the UE did not receive any PDSCH.
The UE will determine the number of bits of HARQ feedback in accordance with UL DAI
carried by UL grant for dummy PUSCH. The HARQ feedback is transmitted in the PUCCH
channel.

As shown in FIG. 5, the base station dynamically schedules 2 PDSCH for the UE at
slot 0/1 and schedules an empty PUSCH in slot 3 using UL grant 510.

The empty PUSCH in slot 5 and the HARQ feedback resource corresponding to
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PDSCH 1/2 overlap in the time domain. After the UL grant 510, on slot 3, the base station
scheduled PDSCH 3/4 for the UE, and its HARQ feedback resources were the same as
PDSCHI1/2 HARQ feedback resources. But the UE missed the DL grant 3, so it also missed
PDSCH 3. So UE received the DL grant 1/2 and PDSCH1/2 as well as UL grant for dummy
PUSCH. The UE will determine the number of bits of HARQ feedback in accordance with UL
DAI carried by the UL grant. The HARQ feedback is transmitted in the PUCCH channel.

As shown in FIG. 6, the base station dynamically schedules 2 PDSCH for the UE at
slot 0/1 and schedules a dummy PUSCH in slot 3 using UL grant.

The empty PUSCH in slot 5 and the HARQ feedback resource corresponding to
PDSCH 1/2 overlap in the time domain. After the UL grant, on slot 3/4, the base station
schedules PDSCH 3/4 for the UE, and its HARQ feedback resources are the same as PDSCH1/2
HARQ feedback resources. But the UE missed DL Grant 3, so it also missed the PDSCH 3. The
UE received 3 DL grants/PDSCHs and UL grant scheduled by the base station. The UE will
determine the number of bits of HARQ feedback based on the DL DAI received in the last DL
Grant 3. The HARQ feedback is transmitted in the PUCCH channel

As shown in FIG. 7, the base station dynamically schedules two PDSCHs for the UE
in slot 0/1 and schedules a non-dummy PUSCH using the UL grant in slot 3. The non-dummy
PUSCH has A-CSI and/or UL-SCH information. The non-dummy PUSCH is in slot 5 and the
HARQ feedback resources corresponding to PDSCH 1/2 overlap in the time domain.

After the UL grant, the base station should be prohibited from scheduling the PDSCH,
and the corresponding HARQ-ACK feedback information overlaps with the non-empty PUSCH.
For example, in FIG. 7, the scheduling of PDSCH 3 is not allowed.

And after the UL grant, the UE does not expect to receive one or more PDSCHs with
corresponding HARQ-ACK overlappped with the non-dummy PUSCH, that means the UE does
not expect to multiplex in the non-dummy PUSCH the HARQ-ACK of the PDSCH scheduled by
DL grant which is transmitted after the UL grant. For example, in FIG. 7, UE does not expect to
multiplex HARQ-ACK of PDSCH 3 into the non-dummy PUSCH 3.

FIG. 8 depicts a process, in accordance with some example embodiments. The
process includes a method of wireless communication. At 802, the method includes sending,
from a first radio terminal to a second radio terminal, a grant message to allow transmission in a

future time slot, wherein the future timeslot corresponds to resources of a dummy shared channel
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in a first direction. At 804, the method includes scheduling one or more resources of a shared
channel in a second direction with corresponding acknowledgement that overlaps in time with
the dummy shared channel in the first direction. The following examples are not intended to be
limiting. Although specific communications equipment is listed, other equipment may be used
in their place. In some example embodiments, the first radio terminal is a base station such as an
enhanced node B (eNB) or a next generation node B (gNB) or another base station. The second
radio terminal may be a user equipment, mobile terminal, handset, smartphone, cell phone, or
other mobile device. The dummy shared channel in the first direction may be a dummy physical
uplink shared channel (PUSCH) or another communications resource. The shared channel in the
second direction may be a physical downlink shared channel (PDSCH) or another
communications resource. The acknowledgement message may be a hybrid automatic repeat
request acknowledgement (HARQ-ACK) or another acknowledgement or ACK/NACK message.
The assignment indicator may be a downlink assignment indicator (DAI) or other assignment
message or indicator. The first direction may correspond to an uplink and the second direction
may correspond to a downlink.

Another process includes a method for wireless communication. The method
includes sending, from a first radio terminal to a second radio terminal, a grant to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a non-
dummy shared channel in a first direction. The method further includes forbidding the
scheduling of one or more resources of a shared channel in the second direction with
corresponding acknowledgement that overlaps in time with the non-dummy shared channel in a
first direction.

Another process includes a method for wireless communication. The method
includes sending, from a first radio terminal to a second radio terminal, a grant message to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a
dummy shared channel in a first direction. The method further includes sending one or more
subsequent grants to schedule resources of a shared channel in a second direction with an
acknowledgement that overlaps in time with the dummy shared channel in the first direction, and
receiving a feedback acknowledgement codebook with a number of bits determined by an
assignment indicator in a last sent grant.

Another process includes a method for wireless communication. The method
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includes sending, from a first radio terminal to a second radio terminal, a grant message to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a
dummy shared channel in a first direction. The method further includes receiving a feedback
acknowledgement codebook with a number of bits determined by an assignment indicator in a
last sent grant when the first radio terminal does not send one or more subsequent grants to
schedule resources of the shared channel in a second direction with an acknowledgement that
overlaps in time with the dummy shared channel in a first direction.

FIG. 9 depicts another process, in accordance with some example embodiments. The
process includes a method of wireless communication. At 602, the method includes receiving, at
a second radio terminal from a first radio terminal, a grant message to allow transmission in a
future time slot, wherein the future timeslot corresponds to resources of a dummy shared channel
in a first direction. At 902, the method includes receiving one or more resources of a shared
channel in a second direction with corresponding acknowledgement that overlaps in time with
the dummy shared channel in the first direction.

Another process includes a method for wireless communication. The method
includes receiving, at a first radio from to a second radio terminal, a grant to allow transmission
in a future time slot, wherein the future timeslot corresponds to resources of a non-dummy
shared channel in a first direction. The method further includes failing to receive via one or
more resources of a shared channel in the second direction with corresponding acknowledgement
that overlaps in time with the non-dummy shared channel in a first direction.

Another process includes a method for wireless communication. The method
includes receiving, at a first radio terminal from a second radio terminal, a grant message to
allow transmission in a future time slot, wherein the future timeslot corresponds to resources of a
dummy shared channel in a first direction. The method further includes receiving one or more
subsequent grants to schedule resources of a shared channel in a second direction with an
acknowledgement that overlaps in time with the dummy shared channel in the first direction.
The method further includes sending feedback acknowledgement codebook with a number of
bits determined by an assignment indicator in a last received grant.

Another process includes a method for wireless communication. The method
includes receiving, at a first radio terminal from a second radio terminal, a grant message to

allow transmission in a future time slot, wherein the future timeslot corresponds to resources of a
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dummy shared channel in a first direction. The method further includes sending a feedback
acknowledgement codebook with a number of bits determined by an assignment indicator in a
last received grant when the second radio terminal does not receive one or more subsequent
grants to schedule resources of the shared channel in a second direction with an
acknowledgement that overlaps in time with the dummy shared channel in a first direction.

FIG. 10 depicts a block diagram 1000 representing of a portion of a radio station. A
radio station 1000 such as a base station or a wireless device (or UE) can include one or more
processors 1010 such as a microprocessor that implements one or more of the wireless
techniques presented in this document. The radio station 1000 can include transmitter
electronics 1015 to send and receiver electronics 1020 to receive wireless signals over one or
more communication interfaces such as an antenna. The radio station 1000 can include other
communication interfaces for transmitting and receiving data. Radio station 1000 can include
one or more memories 1005 configured to store information such as data and/or instructions. In
some implementations, the processor electronics 1010 can include at least a portion of the
transceiver electronics 1020/1015. In some embodiments, at least some of the disclosed
techniques, modules or functions are implemented using the radio station 1000.

From the foregoing, it will be appreciated that specific embodiments of the presently
disclosed technology have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the scope of the invention. Accordingly, the
presently disclosed technology is not limited except as by the appended claims.

The disclosed and other embodiments, modules and the functional operations
described in this document can be implemented in digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures disclosed in this document and their
structural equivalents, or in combinations of one or more of them. The disclosed and other
embodiments can be implemented as one or more computer program products, i.e., one or more
modules of computer program instructions encoded on a computer readable medium for
execution by, or to control the operation of, data processing apparatus. The computer readable
medium can be a machine-readable storage device, a machine-readable storage substrate, a
memory device, a composition of matter effecting a machine-readable propagated signal, or a
combination of one or more them. The term “data processing apparatus” encompasses all

apparatus, devices, and machines for processing data, including by way of example a
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programmable processor, a computer, or multiple processors or computers. The apparatus can
include, in addition to hardware, code that creates an execution environment for the computer
program in question, e.g., code that constitutes processor firmware, a protocol stack, a database
management system, an operating system, or a combination of one or more of them. A
propagated signal is an artificially generated signal, e.g., a machine-generated electrical, optical,
or electromagnetic signal, that is generated to encode information for transmission to suitable
receiver apparatus.

A computer program (also known as a program, software, software application, script,
or code) can be written in any form of programming language, including compiled or interpreted
languages, and it can be deployed in any form, including as a stand-alone program or as a
module, component, subroutine, or other unit suitable for use in a computing environment. A
computer program does not necessarily correspond to a file in a file system. A program can be
stored in a portion of a file that holds other programs or data (e.g., one or more scripts stored in a
markup language document), in a single file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules, sub programs, or portions of code).
A computer program can be deployed to be executed on one computer or on multiple computers
that are located at one site or distributed across multiple sites and interconnected by a
communication network.

The processes and logic flows described in this document can be performed by one or
more programmable processors executing one or more computer programs to perform functions
by operating on input data and generating output. The processes and logic flows can also be
performed by, and apparatus can also be implemented as, special purpose logic circuitry, e.g., an
FPGA (field programmable gate array) or an ASIC (application specific integrated circuit).

Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will receive instructions and data from a
read only memory or a random-access memory or both. The essential elements of a computer
are a processor for performing instructions and one or more memory devices for storing
instructions and data. Generally, a computer will also include, or be operatively coupled to
receive data from or transfer data to, or both, one or more mass storage devices for storing data,

e.g., magnetic, magneto optical disks, or optical disks. However, a computer need not have such
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devices. Computer readable media suitable for storing computer program instructions and data
include all forms of non-volatile memory, media and memory devices, including by way of
example semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices;
magnetic disks, e.g., internal hard disks or removable disks; magneto optical disks; and CD
ROM and DVD-ROM disks. The processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

While this patent document contains many specifics, these should not be construed as
limitations on the scope of any invention or of what may be claimed, but rather as descriptions of
features that may be specific to particular embodiments of particular inventions. Certain features
that are described in this patent document in the context of separate embodiments can also be
implemented in combination in a single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable subcombination. Moreover, although features may be
described above as acting in certain combinations and even initially claimed as such, one or more
features from a claimed combination can in some cases be excised from the combination, and the
claimed combination may be directed to a subcombination or variation of a subcombination.

Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations be performed, to achieve desirable
results. Moreover, the separation of various system components in the embodiments described
in this patent document should not be understood as requiring such separation in all
embodiments.

Only a few implementations and examples are described, and other implementations,
enhancements and variations can be made based on what is described and illustrated in this

patent document.
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CLAIMS

1. A wireless communications method, comprising:

sending, from a first radio terminal to a second radio terminal, a grant message to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a
dummy shared channel in a first direction; and

scheduling one or more resources of a shared channel in a second direction with
corresponding acknowledgement that overlaps in time with the dummy shared channel in the

first direction.

2. The method of claim 1, wherein a last message received at the second radio terminal is a

last scheduled resource of the shared channel in the second direction.

3. The method of claim 1, wherein a last message received at the second radio terminal is

the grant message

4. The method of claim 1, wherein one or more intervening messages comprising one or
more resources of the shared channel in the second direction are sent between the grant message

and the corresponding acknowledgement.

S. A wireless communications method, comprising:

sending, from a first radio terminal to a second radio terminal, a grant to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a non-
dummy shared channel in a first direction; and

forbidding the scheduling of one or more resources of a shared channel in the second
direction with corresponding acknowledgement that overlaps in time with the non-dummy

shared channel in a first direction.

6. The method of claim 5, wherein a last message received at the second radio terminal is

the grant message

7. A wireless communications method, comprising:

14
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sending, from a first radio terminal to a second radio terminal, a grant message to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a
dummy shared channel in a first direction;

sending one or more subsequent grants to schedule resources of a shared channel in a
second direction with an acknowledgement that overlaps in time with the dummy shared channel
in the first direction; and

receiving a feedback acknowledgement codebook with a number of bits determined by an

assignment indicator in a last sent grant.

8. The method of claim 7, wherein a last message received at the second radio terminal is a

last scheduled resource of the shared channel in the second direction.

9. The method of claim 7, wherein a last message received at the second radio terminal is

the grant message

10. A wireless communications method, comprising:

sending, from a first radio terminal to a second radio terminal, a grant message to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a
dummy shared channel in a first direction; and

receiving a feedback acknowledgement codebook with a number of bits determined by an
assignment indicator in a last sent grant when the first radio terminal does not send one or more
subsequent grants to schedule resources of the shared channel in a second direction with an

acknowledgement that overlaps in time with the dummy shared channel in a first direction.

11. The method of claim 10, wherein a last message received at the second radio terminal is

the grant message

12. A wireless communications method, comprising:
receiving, at a second radio terminal from a first radio terminal, a grant message to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a

dummy shared channel in a first direction; and
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receiving one or more resources of a shared channel in a second direction with
corresponding acknowledgement that overlaps in time with the dummy shared channel in the

first direction.

13.  The method of claim 12, wherein a last message received at the second radio terminal is a

last scheduled resource of the shared channel in the second direction.

14. The method of claim 12, wherein a last message received at the second radio terminal is

the grant message

15. The method of claim 12, wherein one or more intervening messages comprising one or
more resources of the shared channel in the second direction are sent between the grant message

and the corresponding acknowledgement.

16. A wireless communications method, comprising:

receiving, at a first radio from to a second radio terminal, a grant to allow transmission in
a future time slot, wherein the future timeslot corresponds to resources of a non-dummy shared
channel in a first direction; and

failing to receive via one or more resources of a shared channel in the second direction
with corresponding acknowledgement that overlaps in time with the non-dummy shared channel

in a first direction.

17. The method of claim 16, wherein a last message received at the second radio terminal is

the grant message

18. A wireless communications method, comprising:
receiving, at a first radio terminal from a second radio terminal, a grant message to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a

dummy shared channel in a first direction;
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receiving one or more subsequent grants to schedule resources of a shared channel in a
second direction with an acknowledgement that overlaps in time with the dummy shared channel
in the first direction; and

sending feedback acknowledgement codebook with a number of bits determined by an

assignment indicator in a last received grant.

19.  The method of claim 18, wherein a last message received at the second radio terminal is a

last scheduled resource of the shared channel in the second direction.

20. The method of claim 18, wherein a last message received at the second radio terminal is

the grant message

21. A wireless communications method, comprising:

receiving, at a first radio terminal from a second radio terminal, a grant message to allow
transmission in a future time slot, wherein the future timeslot corresponds to resources of a
dummy shared channel in a first direction; and

sending a feedback acknowledgement codebook with a number of bits determined by an
assignment indicator in a last received grant when the second radio terminal does not receive one
or more subsequent grants to schedule resources of the shared channel in a second direction with

an acknowledgement that overlaps in time with the dummy shared channel in a first direction.

22.  The method of claim 21, wherein a last message received at the second radio terminal is

the grant message.

23. A wireless communication apparatus, comprising a processor configured to implement a

method recited in any one or more of claims 1 to 22.

24. A computer program product having code stored thereon, the code, when executed by a

processor, causing the processor to implement a method recited in any one or more of claims 1 to

22.
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