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TYPE-1 HARQ-ACK CODEBOOK IN PUCCH FOR SUB-SLOT HARQ-ACK

RELATED APPLICATIONS
[0001] This application claims the benefit of provisional patent application serial number
63/094,195, filed October 20, 2020, the disclosure of which is hereby incorporated herein by

reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to providing feedback.

BACKGROUND

[0003] New radio (NR) standard in 3GPP is designed to provide service for multiple use
cases such as enhanced mobile broadband (eMBB), ultra-reliable and low latency communication
(URLLC), and machine type communication (MTC). Each of these services has different
technical requirements. For example, the general requirement for eMBB is high data rate with
moderate latency and moderate coverage, while URLLC service requires a low latency and high
reliability transmission but perhaps for moderate data rates.

[0004] One of the solutions for low latency data transmission is shorter transmission time
intervals. In NR in addition to transmission in a slot, a mini-slot transmission is also allowed to
reduce latency. A mini-slot is a concept that is used in scheduling and in DL a min-slot can
consist of 2, 4, or 7 OFDM symbols, while in UL a mini-slot can be any number of 1 to 14
OFDM symbols. It should be noted that the concepts of slot and mini-slot are not specific to a
specific service meaning that a mini-slot may be used for either eMBB, URLLC, or other
services.

[0005] In 3GPP NR standard, downlink control information (DCI) which is transmitted in
physical downlink control channel (PDCCH), is used to indicate the DL data related
information, UL related information, power control information, slot format indication, etc.
There are different formats of DCI associated with each of these control signals and the UE
identifies them based on different radio network temporary identifiers (RNTIs).

[0006] A UE is configured by higher layer signaling to monitor for DCls in different
resources with different periodicities, etc. DCI formats 1_0, 1_1, and 1_2 are used for
scheduling DL data which is sent in physical downlink shard channel (PDSCH), and includes
time and frequency resources for DL transmission, as well as modulation and coding
information, HARQ (hybrid automatic repeat request) information, etc.

[0007] In case of DL semi-persistent scheduling (SPS) and UL configured grant type 2, part
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of the scheduling including the periodicity is provided by the higher layer configurations, while
the rest of scheduling information such as time domain and frequency domain resource

allocation, modulation and coding, etc., are provided by the DCI in PDCCH.

[0008] Uplink control information
[0009] Uplink control information (UCI) is a control information sent by a UE to a gNB. It

consists of

- Hybrid-ARQ acknowledgement (HARQ-ACK) which is a feedback information
corresponding to the received downlink transport block whether the transport block

reception is successful or not,

- Channel state information (CSI) related to downlink channel conditions which provides
gNB with channel-related information useful for DL scheduling, including information

for multi-antenna and beamforming schemes, and

- Scheduling request (SR) which indicates a need of UL resources for UL data
transmission
[0010] UCl is typically transmitted on physical uplink control channel (PUCCH). However,
if a UE is transmitting data on the PUSCH with a valid PUSCH resource overlapping with
PUCCH, UCI can be multiplexed with UL data and transmitted on PUSCH instead, if the

timeline requirements for UCI multiplexing is met.

[0011] Physical Uplink Control Channel

[0012] Physical Uplink Control Channel (PUCCH) is used by a UE to transmit HARQ-ACK
feedback message corresponding to the reception of DL data transmission. It is also used by the
UE to send channel state information (CSI) or to request for an uplink grant for transmitting UL
data.

[0013] In NR, there exist multiple PUCCH formats supporting different UCI payload sizes.
PUCCH formats 0 and 1 support UCI up to 2 bits, while PUCCH formats 2, 3, and 4 can support
UCI of more than 2 bits. In terms of PUCCH transmission duration, PUCCH formats O and 2 are
considered short PUCCH formats supporting PUCCH duration of 1 or 2 OFDM symbols, while
PUCCH formats 1,3, and 4 are considered as long formats and can support PUCCH duration
from 4 to 14 symbols.
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[0014] HARQ feedback

[0015] The procedure for receiving downlink transmission is that the UE first monitors and
decodes a PDDCH in slot n which points to a DL data scheduled in slot n+Kg slots (Ko is larger
than or equal to 0). The UE then decodes the data in the corresponding PDSCH. Finally based on
the outcome of the decoding the UE sends an acknowledgement of the correct decoding (ACK)
or a negative acknowledgement (NACK) to the gNB at time slot n+ Ko+Kj (in case of slot
aggregation n+ Ko would be replaced by the slot where PDSCH ends). Both of Ko and K are
indicated in the DCIL. The resources for sending the acknowledgement are indicated by PUCCH
resource indicator (PRI) field in the DCI which points to one of PUCCH resources that are
configured by higher layers.

[0016] Depending on DL/UL slot configurations, or whether carrier aggregation, or per code-
block group (CBG) transmission used in the DL, the feedback for several PDSCHs may need to
be multiplexed in one feedback. This is done by constructing HARQ-ACK codebooks. In NR,
the UE can be configured to multiplex the A/N bits using a semi-static codebook or a dynamic
codebook.

[0017] Type 1 or semi-static codebook consists of a bit sequence where each element
contains the A/N bit from a possible allocation in a certain slot, carrier, or transport block (TB).
When the UE is configured with CBG and/or time-domain resource allocation (TDRA) table
with multiple entries, multiple bits are generated per slot and TB (see below). It is important to
note that the codebook is derived regardless of the actual PDSCH scheduling. The size and
format of the semi-static codebook is preconfigured based on the mentioned parameters. The
drawback of semi-static HARQ ACK codebook is that the size is fixed, and regardless of whether
there is a transmission or not a bit is reserved in the feedback matrix.

[0018] On the case when a UE has a TDRA table with multiple time-domain resource
allocation entries configured: The table is pruned (i.e., entries are removed based on a specified
algorithm) to derive a TDRA table that only contains non-overlapping time-domain allocations.
One bit is then reserved in the HARQ CB for each non-overlapping entry (assuming a UE is
capable of supporting reception of multiple PDSCH in a slot).

[0019] To avoid reserving unnecessary bits in a semi-static HARQ codebook, in NR a UE
can be configured to use a type 2 or dynamic HARQ codebook, where an A/N bit is present only
if there is a corresponding transmission scheduled. To avoid any confusion between the gNB and
the UE, on the number of PDSCHs that the UE has to send a feedback for, a counter downlink
assignment indicator (DAI) field exists in DL assignment, which denotes accumulative number

of {serving cell, PDCCH occasion} pairs in which a PDSCH is scheduled to a UE up to the
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current PDCCH. In addition to that, there is another field called total DAI, which when present
shows the total number of {serving cell, PDCCH occasion} up to (and including) all PDCCHs of
the current PDCCH monitoring occasion. The timing for sending HARQ feedback is determined
based on both PDSCH transmission slot with reference to PDCCH slot (Ko) and the PUCCH slot
that contains HARQ feedback (K).

[0020] Figure 1 illustrates an exemplary radio resource in NR. Figure 2 illustrates the
timeline in a simple scenario with two PDSCHs and one feedback. In this example there is in
total four PUCCH resources configured, and the PRI indicates PUCCH 2 to be used for HARQ
feedback. The following explains how PUCCH 2 is selected from four PUCCH resources based
on the procedure in Rel-15.

[0021] New radio (NR) standard in 3GPP is designed to provide service for multiple use
cases such as enhanced mobile broadband (eMBB), ultra-reliable and low latency communication
(URLLC), and machine type communication (MTC). Each of these services has different
technical requirements. For example, the general requirement for eMBB is high data rate with
moderate latency and moderate coverage, while URLLC service requires a low latency and high
reliability transmission but perhaps for moderate data rates.

[0022] One of the solutions for low latency data transmission is shorter transmission time
intervals. In NR in addition to transmission in a slot, a mini-slot transmission is also allowed to
reduce latency. A mini-slot is a concept that is used in scheduling and in DL a min-slot can
consist of 2, 4 or 7 OFDM symbols, while in UL a mini-slot can be any number of 1 to 14
OFDM symbols. It should be noted that the concepts of slot and mini-slot are not specific to a
specific service meaning that a mini-slot may be used for either eMBB, URLLC, or other

services.

[0023] Downlink control information

[0024] In 3GPP NR standard, downlink control information (DCI) which is transmitted in
physical downlink control channel (PDCCH), is used to indicate the DL data related information,
UL related information, power control information, slot format indication, etc. There are
different formats of DCI associated with each of these control signals and the UE identifies them
based on different radio network temporary identifiers (RNTIs).

[0025] A UE is configured by higher layer signaling to monitor for DCIs in different
resources with different periodicities, etc. DCI formats 1_0, 1_1, and 1_2 are used for scheduling
DL data which is sent in physical downlink shard channel (PDSCH), and includes time and

frequency resources for DL transmission, as well as modulation and coding information, HARQ
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(hybrid automatic repeat request) information, etc.

[0026] In case of DL semi-persistent scheduling (SPS) and UL configured grant type 2, part
of the scheduling including the periodicity is provided by the higher layer configurations, while
the rest of scheduling information such as time domain and frequency domain resource

allocation, modulation and coding, etc., are provided by the DCI in PDCCH.

[0027] Uplink control information
[0028] Uplink control information (UCI) is a control information sent by a UE to a gNB. It

consists of

- Hybrid-ARQ acknowledgement (HARQ-ACK) which is a feedback information
corresponding to the received downlink transport block whether the transport block

reception is successful or not,

- Channel state information (CSI) related to downlink channel conditions which provides
gNB with channel-related information useful for DL scheduling, including information

for multi-antenna and beamforming schemes, and

- Scheduling request (SR) which indicates a need of UL resources for UL data
transmission
[0029] UCl is typically transmitted on physical uplink control channel (PUCCH). However,
if a UE is transmitting data on the PUSCH with a valid PUSCH resource overlapping with
PUCCH, UCI can be multiplexed with UL data and transmitted on PUSCH instead, if the

timeline requirements for UCI multiplexing is met.

[0030] Physical Uplink Control Channel

[0031] Physical Uplink Control Channel (PUCCH) is used by a UE to transmit HARQ-ACK
feedback message corresponding to the reception of DL data transmission. It is also used by the
UE to send channel state information (CSI) or to request for an uplink grant for transmitting UL
data.

[0032] In NR, there exist multiple PUCCH formats supporting different UCI payload sizes.
PUCCH formats 0 and 1 support UCI up to 2 bits, while PUCCH formats 2, 3, and 4 can support
UCI of more than 2 bits. In terms of PUCCH transmission duration, PUCCH formats O and 2 are
considered short PUCCH formats supporting PUCCH duration of 1 or 2 OFDM symbols, while
PUCCH formats 1,3, and 4 are considered as long formats and can support PUCCH duration
from 4 to 14 symbols.
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[0033] HARQ feedback

[0034] The procedure for receiving downlink transmission is that the UE first monitors and
decodes a PDDCH in slot n which points to a DL data scheduled in slot n+Kg slots (Ko is larger
than or equal to 0). The UE then decodes the data in the corresponding PDSCH. Finally based on
the outcome of the decoding the UE sends an acknowledgement of the correct decoding (ACK)
or a negative acknowledgement (NACK) to the gNB at time slot n+ Ko+Kj (in case of slot
aggregation n+ Ko would be replaced by the slot where PDSCH ends). Both of Ko and K are
indicated in the DCIL. The resources for sending the acknowledgement are indicated by PUCCH
resource indicator (PRI) field in the DCI which points to one of PUCCH resources that are
configured by higher layers.

[0035] Depending on DL/UL slot configurations, or whether carrier aggregation, or per code-
block group (CBG) transmission used in the DL, the feedback for several PDSCHs may need to
be multiplexed in one feedback. This is done by constructing HARQ-ACK codebooks. In NR,
the UE can be configured to multiplex the A/N bits using a semi-static codebook or a dynamic
codebook.

[0036] Type 1 or semi-static codebook consists of a bit sequence where each element
contains the A/N bit from a possible allocation in a certain slot, carrier, or transport block (TB).
When the UE is configured with CBG and/or time-domain resource allocation (TDRA) table
with multiple entries, multiple bits are generated per slot and TB (see below). It is important to
note that the codebook is derived regardless of the actual PDSCH scheduling. The size and
format of the semi-static codebook is preconfigured based on the mentioned parameters. The
drawback of semi-static HARQ ACK codebook is that the size is fixed, and regardless of whether
there is a transmission or not a bit is reserved in the feedback matrix.

[0037] On the case when a UE has a TDRA table with multiple time-domain resource
allocation entries configured: The table is pruned (i.e., entries are removed based on a specified
algorithm) to derive a TDRA table that only contains non-overlapping time-domain allocations.
One bit is then reserved in the HARQ codebook for each non-overlapping entry (assuming a UE
is capable of supporting reception of multiple PDSCH in a slot).

[0038] To avoid reserving unnecessary bits in a semi-static HARQ codebook, in NR a UE
can be configured to use a type 2 or dynamic HARQ codebook, where an A/N bit is present only
if there is a corresponding transmission scheduled. To avoid any confusion between the gNB and
the UE, on the number of PDSCHs that the UE has to send a feedback for, a counter downlink

assignment indicator (DAI) field exists in DL assignment, which denotes accumulative number
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of {serving cell, PDCCH occasion} pairs in which a PDSCH is scheduled to a UE up to the
current PDCCH. In addition to that, there is another field called total DAI, which when present
shows the total number of {serving cell, PDCCH occasion} up to (and including) all PDCCHs of
the current PDCCH monitoring occasion. The timing for sending HARQ feedback is determined
based on both PDSCH transmission slot with reference to PDCCH slot (Ko) and the PUCCH slot
that contains HARQ feedback (K).

[0039] Figure 2 illustrates the timeline in a simple scenario with two PDSCHs and one
feedback. In this example there is in total 4 PUCCH resources configured, and the PRI indicates
PUCCH 2 to be used for HARQ feedback. The following explains how PUCCH 2 is selected
from four PUCCH resources based on the procedure in Rel-15.

[0040] In NR Rel-15, a UE can be configured with maximum 4 PUCCH resource sets for
transmission of HARQ-ACK information. Each set is associated with a range of UCI payload
bits including HARQ-ACK bits. The first set is always associated to 1 or 2 HARQ-ACK bits and
hence includes only PUCCH format O or 1 or both. The range of payload values (minimum of
maximum values) for other sets, if configured, is provided by configuration except the maximum
value for the last set where a default value is used, and the minimum value of the second set
being 3. The first set can include maximum 32 PUCCH resources of PUCCH format 0 or 1.
Other sets can include maximum 8 bits of format 2 or 3 or 4.

[0041] As described previously, the UE determines a slot for transmission of HARQ-ACK
bits in a PUCCH corresponding to PDSCHs scheduled or activated by DCI via K value provided
by configuration or a field in the corresponding DCI. The UE forms a codebook from the
HARQ-ACK bits with associated PUCCH in a same slot via corresponding K1 values.

[0042] The UE determines a PUCCH resource set that the size of the codebook is within the
corresponding range of payload values associated to that set.

[0043] The UE determines a PUCCH resource in that set if the set is configured with
maximum 8 PUCCH resources, by a field in the last DCI associated to the corresponding
PDSCHs. If the set is the first set and is configured with more than & resources, a PUCCH
resource in that set is determined by a field in the last DCI associated to the corresponding
PDSCHs and implicit rules based on the CCE.

[0044] A PUCCH resource for HARQ-ACK transmission can overlap in time with other
PUCCH resources for CSI and/or SR transmissions as well as PUSCH transmissions in a slot. In
case of overlapping PUCCH and/or PUSCH resources, first the UE resolves overlapping between
PUCCH resources, if any, by determining a PUCCH resource carrying the total UCI (including
HARQ-ACK bits) such that the UCI multiplexing timeline requirements are met. There might be
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partial or completely dropping of CSI bits, if any, to multiplex the UCI in the determined
PUCCH resource. Then, the UE resolves overlapping between PUCCH and PUSCH resources, if
any, by multiplexing the UCI on the PUSCH resource if the timeline requirements for UCI

multiplexing is met.

[0045] Sub-slot HARQ-ACK

[0046] In NR Rel-16, an enhancement on HARQ-ACK feedback is made to support more
than one PUCCH carrying HARQ-ACK in a slot for supporting different services and for
possible fast HARQ-ACK feedback for URLLC. This leads to an introduction of new HARQ-
ACK timing in a unit of sub-slot, i.e., K1 indication in a unit of sub-slot. Sub-slot configurations
for PUCCH carrying HARQ-ACK can be configured from the two options, namely “2-
symbol*7” and “7-symbol*2” for the sub-slot length of 2 symbols and 7 symbols, respectively.
The indication of K1 is the same as that of Rel-15, that is, K1 is indicated in the DCI scheduling
PDSCH. To determine the HARQ-ACK timing, there exists an association of PDSCH to sub-slot
configuration in that if the scheduled PDSCH ends in sub-slot n, the corresponding HARQ-ACK
is reported in sub-slot n+K1. In a sense, sub-slot based HARQ-ACK timing works similarly to
that of Rel-15 slot-based procedure by replacing the unit of K1 from slot to sub-slot.

[0047] There exist some limitations on PUCCH resources for sub-slot HARQ-ACK. That is,
only one PUCCH resource configuration is used for all sub-slots in a slot. Moreover, any
PUCCH resource for sub-slot HARQ-ACK cannot cross sub-slot boundaries.

[0048] Figure 3 shows an example where each PDSCH is associated with a certain sub-slot
for HARQ feedback through the use of a K1 value in units of sub-slots.

[0049] There currently exist certain challenges. The current NR specification does not fully
support Type-1 HARQ-ACK codebook for subslot-based HARQ-ACK. As such, improved

systems and methods for providing feedback are needed.

SUMMARY

[0050] Systems and methods for providing feedback are provided. In some embodiments, a
method performed by a wireless device for providing feedback includes: determining a set of
occasions for candidate Physical Downlink Shared Channel (PDSCH) receptions taking into
account the number of sub-slots in an Uplink (UL) slot; determining a set of occasions for Semi-
Persistent Scheduling (SPS) PDSCH releases taking into account the number of sub-slots in an
UL slot; the number of sub-slots in an UL slot is used to scale the number of Downlink (DL)

slots within an UL slot when determining a set of occasions for candidate PDSCH receptions;
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and the number of sub-slots in an UL slot is used to scale the number of DL slots within an UL
slot when determining a set of occasions for SPS PDSCH releases. In this way, some
embodiments allow for a full support of Type-1 HARQ-ACK codebook for subslot-based
HARQ-ACK. Some embodiments are simple to implement into the specification and preserve
the existing behavior for the slot-based Type-1 HARQ-ACK codebook determination.

[0051] Certain aspects of the present disclosure and their embodiments may provide
solutions to the aforementioned or other challenges. The proposed solutions provide methods to
enable the full support of Type-1 HARQ-ACK codebook for subslot-based HARQ-ACK.

[0052] In the main solution, the number of sub-slots within an UL slot is taken into account
when determining a set of occasions for candidate PDSCH receptions or SPS PDSCH releases.
[0053] In an alternative solution, DL slot is considered in terms of sub-slot following the sub-
slot length configuration, i.e., for the purpose of determining Type-1 HARQ-ACK codebook for
subslot-based HARQ-ACK, DL slot can be assumed to consists of multiple DL sub-slots.
[0054] There are, proposed herein, various embodiments which address one or more of the

issues disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] The accompanying drawing figures incorporated in and forming a part of this
specification illustrate several aspects of the disclosure, and together with the description serve to
explain the principles of the disclosure.

[0056] Figure 1 illustrates an exemplary radio resource in New Radio (NR);

[0057] Figure 2 illustrates the timeline in a simple scenario with two Physical Downlink
Shared Channels (PDSCHs) and one feedback;

[0058] Figure 3 shows an example where each PDSCH is associated with a certain sub-slot
for Hybrid-Automatic Repeat Request (HARQ) feedback through the use of a K1 value in units
of sub-slots;

[0059] Figure 4 illustrates one example of a cellular communications system in which
embodiments of the present disclosure may be implemented;

[0060] Figure 5 illustrates an example of Rp; cupsiot k Where Rpy supsiorr = {0, 1} for
HARQ-ACK sent in UL sub-slot n; = 1 with K, ;, = 1, there are two TDRA entries (r=0 and
r=1) which end within DL slot np = 0 and within the corresponding UL sub-slot index ny —
Ki, =1 —1= 0, according to some embodiments of the present disclosure;

[0061] Figure 6 illustrates an example of Rpp supsior.x Where Rpy subsior i = {0, 2} for

HARQ-ACK sent in UL sub-slot n; = 6 with K, ; = 3, there are two TDRA entries (r=2 and r
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= 0) which end within the corresponding UL sub-slot index ny — K; j, = 6 — 3 = 3, according to
some embodiments of the present disclosure;

[0062] Figure 7 illustrates an example with multiple CCs for PDSCH scheduling with their
HARQ-ACKSs transmitted based on Type 1 HARQ codebook in sub-slot Nu, according to some
embodiments of the present disclosure;

[0063] Figure 8 is a schematic block diagram of a radio access node, according to some
embodiments of the present disclosure;

[0064] Figure 9 is a schematic block diagram that illustrates a virtualized embodiment of the
radio access node according to some embodiments of the present disclosure;

[0065] Figure 10 is a schematic block diagram of the radio access node according to some
other embodiments of the present disclosure;

[0066] Figure 11 is a schematic block diagram of a wireless communication device according
to some embodiments of the present disclosure;

[0067] Figure 12 is a schematic block diagram of the wireless communication device
according to some other embodiments of the present disclosure;

[0068] Figure 13, in accordance with an embodiment, a communication system includes a
telecommunication network, such as a 3GPP-type cellular network, which comprises an access
network, such as a RAN, and a core network, according to some embodiments of the present
disclosure;

[0069] Figure 14 illustrates a communication system, a host computer comprises hardware
including a communication interface configured to set up and maintain a wired or wireless
connection with an interface of a different communication device of the communication system,
according to some embodiments of the present disclosure; and

[0070] Figures 15, 16, 17 and 18 are flowcharts illustrating methods implemented in a

communication system, according to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0071] The embodiments set forth below represent information to enable those skilled in the
art to practice the embodiments and illustrate the best mode of practicing the embodiments.
Upon reading the following description in light of the accompanying drawing figures, those
skilled in the art will understand the concepts of the disclosure and will recognize applications of
these concepts not particularly addressed herein. It should be understood that these concepts and
applications fall within the scope of the disclosure.

[0072] Radio Node: As used herein, a “radio node” is either a radio access node or a
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wireless communication device.

[0073] Radio Access Node: As used herein, a “radio access node” or “radio network node”
or “radio access network node” is any node in a Radio Access Network (RAN) of a cellular
communications network that operates to wirelessly transmit and/or receive signals. Some
examples of a radio access node include, but are not limited to, a base station (e.g., a New Radio
(NR) base station (gNB) in a Third Generation Partnership Project (3GPP) Fifth Generation (5G)
NR network or an enhanced or evolved Node B (eNB) in a 3GPP Long Term Evolution (LTE)
network), a high-power or macro base station, a low-power base station (e.g., a micro base
station, a pico base station, a home eNB, or the like), a relay node, a network node that
implements part of the functionality of a base station (e.g., a network node that implements a
gNB Central Unit (gNB-CU) or a network node that implements a gNB Distributed Unit (gNB-
DU)) or a network node that implements part of the functionality of some other type of radio
access node.

[0074] Core Network Node: As used herein, a “core network node” is any type of node in a
core network or any node that implements a core network function. Some examples of a core
network node include, e.g., a Mobility Management Entity (MME), a Packet Data Network
Gateway (P-GW), a Service Capability Exposure Function (SCEF), a Home Subscriber Server
(HSS), or the like. Some other examples of a core network node include a node implementing a
Access and Mobility Management Function (AMF), a User Plane Function (UPF), a Session
Management Function (SMF), an Authentication Server Function (AUSF), a Network Slice
Selection Function (NSSF), a Network Exposure Function (NEF), a Network Function (NF)
Repository Function (NRF), a Policy Control Function (PCF), a Unified Data Management
(UDM), or the like.

[0075] Communication Device: As used herein, a “communication device” is any type of
device that has access to an access network. Some examples of a communication device include,
but are not limited to: mobile phone, smart phone, sensor device, meter, vehicle, household
appliance, medical appliance, media player, camera, or any type of consumer electronic, for
instance, but not limited to, a television, radio, lighting arrangement, tablet computer, laptop, or
Personal Computer (PC). The communication device may be a portable, hand-held, computer-
comprised, or vehicle-mounted mobile device, enabled to communicate voice and/or data via a
wireless or wireline connection.

[0076] Wireless Communication Device: One type of communication device is a wireless
communication device, which may be any type of wireless device that has access to (i.c., is

served by) a wireless network (e.g., a cellular network). Some examples of a wireless
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communication device include but are not limited to: a User Equipment device (UE) in a 3GPP
network, a Machine Type Communication (MTC) device, and an Internet of Things (IoT) device.
Such wireless communication devices may be, or may be integrated into, a mobile phone, smart
phone, sensor device, meter, vehicle, household appliance, medical appliance, media player,
camera, or any type of consumer electronic, for instance, but not limited to, a television, radio,
lighting arrangement, tablet computer, laptop, or PC. The wireless communication device may
be a portable, hand-held, computer-comprised, or vehicle-mounted mobile device, enabled to
communicate voice and/or data via a wireless connection.

[0077] Network Node: As used herein, a “network node” is any node that is either part of
the RAN or the core network of a cellular communications network/system.

[0078] Transmission/Reception Point (TRP): In some embodiments, a TRP may be either a
network node, a radio head, a spatial relation, or a Transmission Configuration Indicator (TCI)
state. A TRP may be represented by a spatial relation or a TCI state in some embodiments. In
some embodiments, a TRP may be using multiple TCI states.

[0079] Note that the description given herein focuses on a 3GPP cellular communications
system and, as such, 3GPP terminology or terminology similar to 3GPP terminology is
oftentimes used. However, the concepts disclosed herein are not limited to a 3GPP system.
[0080] Note that, in the description herein, reference may be made to the term “cell”;
however, particularly with respect to 5G NR concepts, beams may be used instead of cells and,
as such, it is important to note that the concepts described herein are equally applicable to both
cells and beams.

[0081] Figure 4 illustrates one example of a cellular communications system 400 in which
embodiments of the present disclosure may be implemented. In the embodiments described
herein, the cellular communications system 400 is a 5G system (5GS) including a Next
Generation RAN (NG-RAN) and a 5G Core (3GC). In this example, the RAN includes base
stations 402-1 and 402-2, which in the 5GS include NR base stations (gNBs) and optionally next
generation eNBs (ng-eNBs) (e.g., LTE RAN nodes connected to the SGC), controlling
corresponding (macro) cells 404-1 and 404-2. The base stations 402-1 and 402-2 are generally
referred to herein collectively as base stations 402 and individually as base station 402.
Likewise, the (macro) cells 404-1 and 404-2 are generally referred to herein collectively as
(macro) cells 404 and individually as (macro) cell 404. The RAN may also include a number of
low power nodes 406-1 through 406-4 controlling corresponding small cells 408-1 through 408-
4. The low power nodes 406-1 through 406-4 can be small base stations (such as pico or femto

base stations) or Remote Radio Heads (RRHs), or the like. Notably, while not illustrated, one or
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more of the small cells 408-1 through 408-4 may alternatively be provided by the base stations
402. The low power nodes 406-1 through 406-4 are generally referred to herein collectively as
low power nodes 406 and individually as low power node 406. Likewise, the small cells 408-1
through 408-4 are generally referred to herein collectively as small cells 408 and individually as
small cell 408. The cellular communications system 400 also includes a core network 410,
which in the 5G System (5GS) is referred to as the 5GC. The base stations 402 (and optionally
the low power nodes 406) are connected to the core network 410.

[0082] The base stations 402 and the low power nodes 406 provide service to wireless
communication devices 412-1 through 412-5 in the corresponding cells 404 and 408. The
wireless communication devices 412-1 through 412-5 are generally referred to herein collectively
as wireless communication devices 412 and individually as wireless communication device 412.
In the following description, the wireless communication devices 412 are oftentimes UEs, but the
present disclosure is not limited thereto.

[0083] As discussed above, Figure 3 shows an example where each PDSCH is associated
with a certain sub-slot for HARQ feedback through the use of a K1 value in units of sub-slots.
[0084] There currently exist certain challenges. The current NR specification does not fully
support Type-1 HARQ-ACK codebook for subslot-based HARQ-ACK.

[0085] When a UE determines a set of occasions for candidate PDSCH receptions or SPS
PDSCH releases according to the pseudo-code, an UL slot in the pseudo-code is interpreted as
UL sub-slot, whereas a DL slot is still considered in terms of a normal 14-symbol slot. This
inconsistency in the reference for DL and UL slot can lead to problems where some invalid slot
may be considered when determining the Type-1 HARQ-ACK codebook, e.g., in some case, an
UL slot is mistakenly considered for determining candidate PDSCH receptions.

[0086] Systems and methods for providing feedback are provided. In some embodiments, a
method performed by a wireless device for providing feedback includes: determining a set of
occasions for candidate Physical Downlink Shared Channel (PDSCH) receptions taking into
account the number of sub-slots in an Uplink (UL) slot; determining a set of occasions for Semi-
Persistent Scheduling (SPS) PDSCH releases taking into account the number of sub-slots in an
UL slot; the number of sub-slots in an UL slot is used to scale the number of Downlink (DL)
slots within an UL slot when determining a set of occasions for candidate PDSCH receptions;
and the number of sub-slots in an UL slot is used to scale the number of DL slots within an UL
slot when determining a set of occasions for SPS PDSCH releases. In this way, some

embodiments allow for a full support of Type-1 HARQ-ACK codebook for subslot-based
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HARQ-ACK. Some embodiments are simple to implement into the specification and preserve
the existing behavior for the slot-based Type-1 HARQ-ACK codebook determination.

[0087] The following solutions can be applied to both HARQ-ACK feedback of dynamically
scheduled PDSCH and that of DL SPS.

[0088] The solutions are described per DL component carrier (CC). In case of multiple DL,
the same solution can be applied for each DL CC to form the overall HARQ-ACK codebook.
[0089] A person skilled in the art realizes that other combining embodiments and/or variants

are possible.

[0090] Determination of PDSCH timing for Type-1 HARQ-ACK codebook for sub-slot
[0091] In one non-limiting embodiment, the number of sub-slots in an UL slot is taken into
account when determining a set of occasions for candidate PDSCH receptions or SPS PDSCH
releases.

[0092] In one non-limiting embodiment, the number of sub-slots in an UL slot is used to
scale the number of DL slots within an UL slot when determining a set of occasions for candidate
PDSCH receptions or SPS PDSCH releases.

[0093] In one version of the above embodiment, the number of sub-slots in an UL slot is used
to divide the number of DL slots within an UL slot when determining a set of occasions for
candidate PDSCH receptions or SPS PDSCH releases. This is to reflect the effective number of
DL slots within an UL sub-slot.

[0094] For example, if the number of sub-slots in an UL slot is N, there are effectively
(2#pL~#uL) /N DL slots within an UL sub-slot. In case that (2#PL7HUL) /N is not an integer, the
floor or ceiling operation can be further considered.

[0095] In one non-limiting embodiment, the number of sub-slots in an UL slot is used to
scale the number of UL slots within a DL slot when determining a set of occasions for candidate
PDSCH receptions or SPS PDSCH releases.

[0096] In one version of the above embodiment, the number of sub-slots in an UL slot is used
to multiply the number of UL slots within an DL slot when determining a set of occasions for
candidate PDSCH receptions or SPS PDSCH releases to reflect the effective number of UL sub-
slots within a DL slot.

[0097] For example, if the number of sub-slots in an UL slot is N, there are effectively
(2#ur=#p) - N DL slots within an UL sub-slot. In case that (2*UL7#DL) - N is not an integer, the
floor or ceiling operation can be further considered.

[0098] Note that in the determination of a set of occasions for candidate PDSCH receptions
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or SPS PDSCH releases to form a Type-1 HARQ-ACK codebook for sub-slot HARQ-ACK, the
number of sub-slots in an UL slot can be used to scale both the number of DL slots within an UL
slot and the number of UL slots within a DL slot.

[0099] In the above embodiments, the number of DL slots within an UL slot can be
expressed by 2#PLHUL gand similarly the number of UL slots within an DL slot can be expressed
by 2HULTEDL where the downlink SCS configuration ppy; and the uplink SCS configuration gy
are provided by subcarrierSpacing in bandwidth part (BWP)-Downlink and BWP-Uplink for the
active DL BWP and the active UL BWP.

[0100] In the above embodiments, the number of sub-slots in an UL slot can be derived based
on the sub-slot configuration, i.e., RRC parameter subslotLengthForPUCCH-r16 in PUCCH-
Config IE. For example, let N be the number of sub-slots in an UL slot. For normal CP, if
subslotLengthForPUCCH-r16 = n2 (sub-slot length of two symbols), then N = 7 as there are
seven sub-slots in an UL slot. Similarly, for normal CP, if subslotLengthForPUCCH-r16 = n7

(sub-slot length of seven symbols), then N = 2 as there are two sub-slots in an UL slot.

[0101] Determination of TDRA entries for Type-1 HARQ-ACK codebook for sub-slot
[0102] For determining the Type-1 HARQ-ACK codebook with UL sub-slot, an HARQ-
ACK bit is reserved for each possible PDSCH transmission in a slot. Thus, a set R is constructed
to refer to a set of row indexes, and set R includes all possible combinations of {slot offsets Kg,
start and length indicators SLIV, and PDSCH mapping types for PDSCH}. The set R are
provided by the union of row indexes of time domain resource allocation tables for DCI formats
the UE is configured to monitor PDCCH for serving cell ¢. Thus, the set R includes TDRA tables
configured for all DCI formats that the UE monitors (e.g., DCI format 1_0,1_1,1_2). For DCI
format 1_2, set R also includes the relative PDSCH resource allocation where the reference SLIV
is used.

[0103] When dividing the DL slots into a set of DL sub-slots for Type-1 HARQ-ACK
codebook, it is wasteful to include all entries of R in the Type-1 HARQ-ACK codebook
construction. This is because the time domain scope for set R is an entire DL slot, not an
individual DL sub-slot. Thus, for each DL sub-slot, only a subset of R is applicable. For DL
sub-slot j, a set Rp; sypsior,; can be constructed, where Rpy sypsior,; 18 subset of R. Set

Rp 1 subsior,j can be derived from set R by selecting from R all indices where the end symbol of
the PDSCH resource allocation ends within the DL subslot j.

[0104] For PDSCH TDRA entries that do not use reference SLIV, the end symbol is
provided by S + L, where S and L are both from a row of the TDRA table, and the number of
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consecutive symbols L counting from the starting symbol S allocated for the PDSCH defines the
scheduled time domain resource. For DCI format(s) that use reference SLIV, the end symbol is
provided by Sg + S + L, where S, refers to the starting symbol the PDCCH monitoring occasion
where the DCI format (e.g., DCI format 1_2) is detected.

[0105] The method described above can be realized by the text proposal example below.

TS 38.214 V16.3.0 section 9.1.2.1
b) on a set of row indexes R of a table that is associated with the active DL BWP and
defining respective sets of slot offsets Ky, start and length indicators SLIV, and
PDSCH mapping types for PDSCH reception as described in [6, TS 38.214], where
the row indexes R of the table are provided by the union of row indexes of time
domain resource allocation tables for DCI formats the UE is configured to monitor

PDCCH for serving cell ¢

a) if the UE is provided ReferenceofSLIV-ForDCIFormatl_2, for each row index
with slot offset Ky = 0 and PDSCH mapping Type B in a set of row indexes of a
table for DCI format 1_2 [6, TS 38.214], for each PDCCH monitoring occasion in
a set of PDCCH monitoring occasions with different starting symbols within a slot
where the UE monitors PDCCH for DCI format 1_2 and with starting symbol
So > 0,if S+ S5y + L < 14 for normal cyclic prefix and S + S¢ + L < 12 for
extended cyclic prefix, add a new row index in the set of row indexes of the table

by replacing the starting symbol S of the row index by § + S,

Set n, =0 —index of a DL slot within an UL slot

while np < max(|(2#pL7#vL)/N|, 1)

Set R = Rpj subsiosj to the set of rows where j refers to the set of indices where

the end symbols are within DL slot nj,

Set ¢(R) to the cardinality of Rpy supsiot,j

Set ¥=0 —index of row in set R
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[0106] Another alternative to the above method is to derive the set Rp; g psior,j DY
partitioning the set of all TDRA entries R according to starting point of TDRA entries belonging
to each DL sub-slot j.

[0107] In the text proposal example above, for HARQ-ACK sent on UL sub-slot ny, it is also
possible to replace the set Rpy supsior,j bY Rpr,subsior,k Where Rpp subsior i refers to the set of row
indices with corresponding TDRA entries ending within DL slot 2p and within the corresponding
UL sub-slot ny; — K ;. See Figure 5 for an illustrating example. Figure 5 illustrates an example
of Rp substot.x Where Rpp cupsior = 10, 1} for HARQ-ACK sent in UL sub-slot n; = 1 with

K x = 1, there are two TDRA entries (r=0 and r=1) which end within DL slot n, = 0 and within
the corresponding UL sub-slotindexny — K3, =1—1=0.

[0108] In some cases, the UL sub-slot n; — K; , may overlap with multiple DL slots. In
such cases, the set Rp cyupsior, i can refer to the set of row indices with corresponding TDRA
entries ending within the corresponding UL sub-slot n; — K ., where the TDRA entries may
map from different DL slots. See Figure 6 for an illustrating example. Figure 6 illustrates an
example of Rp; supsiot k Where Rpy supsiocx = {0, 2} for HARQ-ACK sent in UL sub-slot ny; = 6
with K , = 3, there are two TDRA entries (r = 2 and r = 0) which end within the corresponding
UL sub-slotindex ny — K; , = 6 —3 = 3.

[0109] Example of how the solutions are implemented into the specification for Type-1
HARQ-ACK codebook for sub-slot

[0110] The following paragraphs provide an example of how the solutions described in the
above embodiments can be implemented into the specification (Section 9.1.2.1, 3GPP TS
38.213 v16.3.0) for the determination of a set of occasions for candidate PDSCH receptions or
SPS PDSCH releases when constructing the Type-1 HARQ-ACK codebook.

[0111] If a UE is not provided a ca-SlotOffset for any serving cell of PDSCH receptions
and for the serving cell of corresponding PUCCH transmission with HARQ-ACK information,
the UE determines a set of occasions for candidate PDSCH receptions or SPS PDSCH releases

according to the following pseudo-code.

For the set of slot timing values &, , the UE determines a set of M, occasions for
candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-
code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information
corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH
reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information
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corresponding to multiple SPS PDSCH releases by a single DCI format is same as for a
corresponding SPS PDSCH reception with the lowest SPS configuration index among the
multiple SPS PDSCH releases.

Set j=0 - index of occasion for candidate PDSCH reception or SPS PDSCH release
Set B=L

Set M, =0
Set ¢(k,) to the cardinality of set k,

Set k£ =0 — index of slot timing values k,, , in descending order of the slot timing values, in

set kx, for serving cell €
while « < ¢(k,)
if mod ((nU — Ky ) + 1, max(2#ue=#or, 1)) =0
Set n, =0 —index of a DL slot within an UL slot
while np < max(|(2#rL7#vL)/N|, 1)

Set R to the set of rows

Set ¢(R) to the cardinality of R

Set ¥=0 — index of row in set R

if slot n,, starts at a same time as or after a slot for an active DL BWP change on
serving cell ¢ or an active UL BWP change on the PCell and slot [(nU —-K 1_k) .
(2#pL~HuL) /N J + np, is before the slot for the active DL BWP change on serving
cell ¢ or the active UL BWP change on the PCell

Np = Np + 1,

else

while r < ¢(R)

if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated and, for each slot from slot [(nU -K 1_k) .

(2Fo1=HuL) IN| 4+ np — Npserr - + 1 to slot | (ny — K z) -
(2#pL7HULy /N J + np, at least one symbol of the PDSCH time resource
derived by row r is configured as UL where x,, is the k-th slot timing value

in set K, ,
R=R\r;
else

r=r+1;
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end if

end while

if the UE does not indicate a capability to receive more than one unicast
PDSCH per slot and R+J,

MA,c :MA,c UJ’
j=J+1;
else

Set ¢(R) to the cardinality of R

Set m to the smallest last OFDM symbol index, as determined by the SLIV,
among all rows of R

while R#J
Set ¥=0

while r<¢(R)

if S<m for start OFDM symbol index S forrow r

b, ,, =J;-index of occasion for candidate PDSCH reception or

SPS PDSCH release associated with row r
R=R\r;
B=BUb,,,,;
clse
r=r+l;
end if
end while
M, =M, UJ:
i=J+1;
Set m to the smallest last OFDM symbol index among all rows of R ;
end while
end if
np =np+1;
end if
end while

end if
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k=k+1;

end while

[0112] Here, the bolded parts above show the changes from the current specification where
the number of sub-slots in an UL slot, N, is taken into account in the pseudo code.

[0113] The specific part shown in bold text above (2#UL™HDL) can be alternatively replaced

by (24uLHoL) - N, |(240r-tor) - N, (240 H01) - N, or [ZZZ 2 g

[0114] Note that similar solutions can be considered for the case where a UE is provided ca-
SlotOffset for some serving cell of PDSCH receptions or for the serving cell of corresponding
PUCCH transmission with HARQ-ACK information.

[0115] HARQ-ACK bit mapping in the Type-1 HARQ-ACK codebook for sub-slot

[0116] In one non-limiting embodiment, for each UL sub-slot ny;, the UE determines the
number of corresponding HARQ-ACK bits (Oy,;) which are possible to map to the UL sub-slot
ny according to a set of slot timing values K; and corresponding TDRA entries which end in UL
sub-slot ny — Kj.

[0117] In some cases, the determined size of codebook according to the above embodiments
(i.e., the cardinality of the set of M4 occasions for candidate PDSCH receptions or SPS PDSCH
releases) can be larger than Oy,,. In such cases, the UE maps the possible corresponding HARQ-
ACK bits to the first Oy, bits of the HARQ-ACK codebook and fill the remaining bits of the
codebook with NACK.

[0118] Restriction of Type-1 HARQ-ACK codebook for sub-slot HARQ-ACK

[0119] In one non-limiting embodiment, Type-1 HARQ-ACK codebook for sub-slot HARQ-
ACK is supported only when (2#VL™HDL) - N is an integer number.

[0120] In one non-limiting embodiment, Type-1 HARQ-ACK codebook for sub-slot HARQ-
ACK is supported only when the downlink SCS configuration py is smaller than or equal to the
uplink SCS configuration figy .

[0121] In one non-limiting embodiment, Type-1 HARQ-ACK codebook for sub-slot HARQ-
ACK is supported only when the downlink SCS configuration ypy is larger than or equal to the
uplink SCS configuration figy .

[0122] In one non-limiting embodiment, Type-1 HARQ-ACK codebook for sub-slot HARQ-
ACK is supported only when subslotLengthForPUCCH-r16 = n7 for normal CP.

[0123] In one non-limiting embodiment, Type-1 HARQ-ACK codebook for sub-slot HARQ-
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ACK is supported only when subslotLengthForPUCCH-r16 = n6 for extended CP.

[0124] Reinterpretation of DL slot in terms of sub-slot

[0125] In an alternative solution, DL slot is considered in terms of sub-slot following the sub-
slot length configuration, i.e., for the purpose of determining Type-1 HARQ-ACK codebook for
sub-slot-based HARQ-ACK, DL slot can be assumed to consists of multiple DL sub-slots. That
is, sub-slot length is used to form DL sub-slots. The DL sub-slots are then used for Type-1
HARQ-ACK codebook determination.

[0126] Mapping of HARQ-ACK bits into Type-1 HARQ codebook construction

[0127] Figure 7 illustrates an example with multiple CCs for PDSCH scheduling with their
HARQ-ACKSs transmitted based on Type 1 HARQ codebook in sub-slot Nu. Note that here only
TDRA entries with the ending symbol within subslot Nu-K1 is considered for possible A/N bits
in the codebook example above. In Figure 7 there are multiple component carriers (CC) for
PDSCH scheduling and the corresponding HARQ-ACK is transmitted in a sub-slot Nu of the
CCl1.

[0128] The following procedure can be utilized for HARQ-ACK bit mapping into the Type-1
HARQ-ACK codebook in a non-limiting manner. It can also be extended to any number of CCs.
[0129] Based on the set of PDSCH reception occasions according to the configured TDRA
entries in a slot, for each CC, the corresponding HARQ-ACK bits for scheduled PDSCH ending
in a sub-slot are mapped into a codebook spanning a time window which is determined from the
set of slot timing K1. The overall size of the codebook also depends on the number of possible
PDSCH reception candidates in a slot, the number of CCs, the number multiple input/multiple
out (MIMO) layers, and whether CBG retransmission is enabled.

[0130] In Figure 7, CC1 is shown with three different TDRA entries in a slot where the first
entry (r = 0) ends in one corresponding UL sub-slot whereas the remaining two (r=1,r=2) end
in another corresponding sub-slot. Actual scheduled PDSCHs are indicated by the color filled
boxes. For CC3, up to one scheduled PDSCH per slot is allowed with CBG retransmission (with
4 CBGs). In this case, four HARQ-ACK bits are reported.

[0131] The mapping of HARQ-ACK bits into the codebook are as follows:

- Ack/Nack (A/N) bit is reported for the scheduled PDSCHs in the designated
placeholders in the sub-slot-based Type-1 HARQ CB.

[0132] Figure 8 is a schematic block diagram of a radio access node 800 according to some
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embodiments of the present disclosure. Optional features are represented by dashed boxes. The
radio access node 800 may be, for example, a base station 402 or 406 or a network node that
implements all or part of the functionality of the base station 402 or gNB described herein. As
illustrated, the radio access node 800 includes a control system 802 that includes one or more
processors 804 (e.g., Central Processing Units (CPUs), Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Arrays (FPGAs), and/or the like), memory 806, and a
network interface 808. The one or more processors 804 are also referred to herein as processing
circuitry. In addition, the radio access node 800 may include one or more radio units 810 that
each includes one or more transmitters 812 and one or more receivers 814 coupled to one or
more antennas 816. The radio units 810 may be referred to or be part of radio interface circuitry.
In some embodiments, the radio unit(s) 8§10 is external to the control system 802 and connected
to the control system 802 via, e.g., a wired connection (e.g., an optical cable). However, in some
other embodiments, the radio unit(s) 810 and potentially the antenna(s) 816 are integrated
together with the control system 802. The one or more processors 804 operate to provide one or
more functions of a radio access node 800 as described herein. In some embodiments, the
function(s) are implemented in software that is stored, e.g., in the memory 806 and executed by
the one or more processors 804.

[0133] Figure 9 is a schematic block diagram that illustrates a virtualized embodiment of the
radio access node 800 according to some embodiments of the present disclosure. This discussion
is equally applicable to other types of network nodes. Further, other types of network nodes may
have similar virtualized architectures. Again, optional features are represented by dashed boxes.
[0134] As used herein, a “virtualized” radio access node is an implementation of the radio
access node 800 in which at least a portion of the functionality of the radio access node 800 is
implemented as a virtual component(s) (e.g., via a virtual machine(s) executing on a physical
processing node(s) in a network(s)). As illustrated, in this example, the radio access node 800
may include the control system 802 and/or the one or more radio units 810, as described above.
The control system 802 may be connected to the radio unit(s) 810 via, for example, an optical
cable or the like. The radio access node 800 includes one or more processing nodes 900 coupled
to or included as part of a network(s) 902. If present, the control system 802 or the radio unit(s)
are connected to the processing node(s) 900 via the network 902. Each processing node 900
includes one or more processors 904 (e.g., CPUs, ASICs, FPGAs, and/or the like), memory 906,
and a network interface 908.

[0135] In this example, functions 910 of the radio access node 800 described herein are

implemented at the one or more processing nodes 900 or distributed across the one or more
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processing nodes 900 and the control system 802 and/or the radio unit(s) 810 in any desired
manner. In some particular embodiments, some or all of the functions 910 of the radio access
node 800 described herein are implemented as virtual components executed by one or more
virtual machines implemented in a virtual environment(s) hosted by the processing node(s) 900.
As will be appreciated by one of ordinary skill in the art, additional signaling or communication
between the processing node(s) 900 and the control system 802 is used in order to carry out at
least some of the desired functions 910. Notably, in some embodiments, the control system 802
may not be included, in which case the radio unit(s) 810 communicate directly with the
processing node(s) 900 via an appropriate network interface(s).

[0136] In some embodiments, a computer program including instructions which, when
executed by at least one processor, causes the at least one processor to carry out the functionality
of radio access node 800 or a node (e.g., a processing node 900) implementing one or more of the
functions 910 of the radio access node 800 in a virtual environment according to any of the
embodiments described herein is provided. In some embodiments, a carrier comprising the
aforementioned computer program product is provided. The carrier is one of an electronic signal,
an optical signal, a radio signal, or a computer readable storage medium (e.g., a non-transitory
computer readable medium such as memory).

[0137] Figure 10 is a schematic block diagram of the radio access node 800 according to
some other embodiments of the present disclosure. The radio access node 800 includes one or
more modules 1000, each of which is implemented in software. The module(s) 1000 provide the
functionality of the radio access node 800 described herein. This discussion is equally applicable
to the processing node 900 of Figure 9 where the modules 1000 may be implemented at one of
the processing nodes 900 or distributed across multiple processing nodes 900 and/or distributed
across the processing node(s) 900 and the control system 802.

[0138] Figure 11 is a schematic block diagram of a wireless communication device 1100
according to some embodiments of the present disclosure. As illustrated, the wireless
communication device 1100 includes one or more processors 1102 (e.g., CPUs, ASICs, FPGAs,
and/or the like), memory 1104, and one or more transceivers 1106 each including one or more
transmitters 1108 and one or more receivers 1110 coupled to one or more antennas 1112. The
transceiver(s) 1106 includes radio-front end circuitry connected to the antenna(s) 1112 that is
configured to condition signals communicated between the antenna(s) 1112 and the processor(s)
1102, as will be appreciated by on of ordinary skill in the art. The processors 1102 are also
referred to herein as processing circuitry. The transceivers 1106 are also referred to herein as

radio circuitry. In some embodiments, the functionality of the wireless communication device
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1100 described above may be fully or partially implemented in software that is, e.g., stored in the
memory 1104 and executed by the processor(s) 1102. Note that the wireless communication
device 1100 may include additional components not illustrated in Figure 11 such as, e.g., one or
more user interface components (e.g., an input/output interface including a display, buttons, a
touch screen, a microphone, a speaker(s), and/or the like and/or any other components for
allowing input of information into the wireless communication device 1100 and/or allowing
output of information from the wireless communication device 1100), a power supply (e.g., a
battery and associated power circuitry), etc.

[0139] In some embodiments, a computer program including instructions which, when
executed by at least one processor, causes the at least one processor to carry out the functionality
of the wireless communication device 1100 according to any of the embodiments described
herein is provided. In some embodiments, a carrier comprising the aforementioned computer
program product is provided. The carrier is one of an electronic signal, an optical signal, a radio
signal, or a computer readable storage medium (e.g., a non-transitory computer readable medium
such as memory).

[0140] Figure 12 is a schematic block diagram of the wireless communication device 1100
according to some other embodiments of the present disclosure. The wireless communication
device 1100 includes one or more modules 1200, each of which is implemented in software. The
module(s) 1200 provide the functionality of the wireless communication device 1100 described
herein.

[0141] With reference to Figure 13, in accordance with an embodiment, a communication
system includes a telecommunication network 1300, such as a 3GPP-type cellular network,
which comprises an access network 1302, such as a RAN, and a core network 1304. The access
network 1302 comprises a plurality of base stations 1306A, 1306B, 1306C, such as Node Bs,
c¢NBs, gNBs, or other types of wireless Access Points (APs), each defining a corresponding
coverage area 1308A, 1308B, 1308C. Each base station 1306A, 1306B, 1306C is connectable to
the core network 1304 over a wired or wireless connection 1310. A first UE 1312 located in
coverage area 1308C is configured to wirelessly connect to, or be paged by, the corresponding
base station 1306C. A second UE 1314 in coverage area 1308A is wirelessly connectable to the
corresponding base station 1306A. While a plurality of UEs 1312, 1314 are illustrated in this
example, the disclosed embodiments are equally applicable to a situation where a sole UE is in
the coverage area or where a sole UE is connecting to the corresponding base station 1306.
[0142] The telecommunication network 1300 is itself connected to a host computer 1316,

which may be embodied in the hardware and/or software of a standalone server, a cloud-
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implemented server, a distributed server, or as processing resources in a server farm. The host
computer 1316 may be under the ownership or control of a service provider or may be operated
by the service provider or on behalf of the service provider. Connections 1318 and 1320 between
the telecommunication network 1300 and the host computer 1316 may extend directly from the
core network 1304 to the host computer 1316 or may go via an optional intermediate network
1322. The intermediate network 1322 may be one of, or a combination of more than one of, a
public, private, or hosted network; the intermediate network 1322, if any, may be a backbone
network or the Internet; in particular, the intermediate network 1322 may comprise two or more
sub-networks (not shown).

[0143] The communication system of Figure 13 as a whole enables connectivity between the
connected UEs 1312, 1314 and the host computer 1316. The connectivity may be described as
an Over-the-Top (OTT) connection 1324. The host computer 1316 and the connected UEs 1312,
1314 are configured to communicate data and/or signaling via the OTT connection 1324, using
the access network 1302, the core network 1304, any intermediate network 1322, and possible
further infrastructure (not shown) as intermediaries. The OTT connection 1324 may be
transparent in the sense that the participating communication devices through which the OTT
connection 1324 passes are unaware of routing of uplink and downlink communications. For
example, the base station 1306 may not or need not be informed about the past routing of an
incoming downlink communication with data originating from the host computer 1316 to be
forwarded (e.g., handed over) to a connected UE 1312. Similarly, the base station 1306 need not
be aware of the future routing of an outgoing uplink communication originating from the UE
1312 towards the host computer 1316.

[0144] Example implementations, in accordance with an embodiment, of the UE, base
station, and host computer discussed in the preceding paragraphs will now be described with
reference to Figure 14. In a communication system 1400, a host computer 1402 comprises
hardware 1404 including a communication interface 1406 configured to set up and maintain a
wired or wireless connection with an interface of a different communication device of the
communication system 1400. The host computer 1402 further comprises processing circuitry
1408, which may have storage and/or processing capabilities. In particular, the processing
circuitry 1408 may comprise one or more programmable processors, ASICs, FPGAs, or
combinations of these (not shown) adapted to execute instructions. The host computer 1402
further comprises software 1410, which is stored in or accessible by the host computer 1402 and
executable by the processing circuitry 1408. The software 1410 includes a host application 1412.

The host application 1412 may be operable to provide a service to a remote user, such as a UE
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1414 connecting via an OTT connection 1416 terminating at the UE 1414 and the host computer
1402. In providing the service to the remote user, the host application 1412 may provide user
data which is transmitted using the OTT connection 1416.

[0145] The communication system 1400 further includes a base station 1418 provided in a
telecommunication system and comprising hardware 1420 enabling it to communicate with the
host computer 1402 and with the UE 1414. The hardware 1420 may include a communication
interface 1422 for setting up and maintaining a wired or wireless connection with an interface of
a different communication device of the communication system 1400, as well as a radio interface
1424 for setting up and maintaining at least a wireless connection 1426 with the UE 1414 located
in a coverage area (not shown in Figure 14) served by the base station 1418. The communication
interface 1422 may be configured to facilitate a connection 1428 to the host computer 1402. The
connection 1428 may be direct or it may pass through a core network (not shown in Figure 14) of
the telecommunication system and/or through one or more intermediate networks outside the
telecommunication system. In the embodiment shown, the hardware 1420 of the base station
1418 further includes processing circuitry 1430, which may comprise one or more programmable
processors, ASICs, FPGAs, or combinations of these (not shown) adapted to execute instructions.
The base station 1418 further has software 1432 stored internally or accessible via an external
connection.

[0146] The communication system 1400 further includes the UE 1414 already referred to.
The UE’s 1414 hardware 1434 may include a radio interface 1436 configured to set up and
maintain a wireless connection 1426 with a base station serving a coverage area in which the UE
1414 is currently located. The hardware 1434 of the UE 1414 further includes processing
circuitry 1438, which may comprise one or more programmable processors, ASICs, FPGAs, or
combinations of these (not shown) adapted to execute instructions. The UE 1414 further
comprises software 1440, which is stored in or accessible by the UE 1414 and executable by the
processing circuitry 1438. The software 1440 includes a client application 1442. The client
application 1442 may be operable to provide a service to a human or non-human user via the UE
1414, with the support of the host computer 1402. In the host computer 1402, the executing host
application 1412 may communicate with the executing client application 1442 via the OTT
connection 1416 terminating at the UE 1414 and the host computer 1402. In providing the
service to the user, the client application 1442 may receive request data from the host application
1412 and provide user data in response to the request data. The OTT connection 1416 may
transfer both the request data and the user data. The client application 1442 may interact with the

user to generate the user data that it provides.
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[0147] It is noted that the host computer 1402, the base station 1418, and the UE 1414
illustrated in Figure 14 may be similar or identical to the host computer 1316, one of the base
stations 1306A, 1306B, 1306C, and one of the UEs 1312, 1314 of Figure 13, respectively. This
is to say, the inner workings of these entities may be as shown in Figure 14 and independently,
the surrounding network topology may be that of Figure 13.

[0148] In Figure 14, the OTT connection 1416 has been drawn abstractly to illustrate the
communication between the host computer 1402 and the UE 1414 via the base station 1418
without explicit reference to any intermediary devices and the precise routing of messages via
these devices. The network infrastructure may determine the routing, which may be configured
to hide from the UE 1414 or from the service provider operating the host computer 1402, or both.
While the OTT connection 1416 is active, the network infrastructure may further take decisions
by which it dynamically changes the routing (e.g., on the basis of load balancing consideration or
reconfiguration of the network).

[0149] The wireless connection 1426 between the UE 1414 and the base station 1418 is in
accordance with the teachings of the embodiments described throughout this disclosure. One or
more of the various embodiments improve the performance of OTT services provided to the UE
1414 using the OTT connection 1416, in which the wireless connection 1426 forms the last
segment. More precisely, the teachings of these embodiments may improve the e.g., data rate,
latency, power consumption, etc. and thereby provide benefits such as e.g., reduced user waiting
time, relaxed restriction on file size, better responsiveness, extended battery lifetime, etc.

[0150] A measurement procedure may be provided for the purpose of monitoring data rate,
latency, and other factors on which the one or more embodiments improve. There may further be
an optional network functionality for reconfiguring the OTT connection 1416 between the host
computer 1402 and the UE 1414, in response to variations in the measurement results. The
measurement procedure and/or the network functionality for reconfiguring the OTT connection
1416 may be implemented in the software 1410 and the hardware 1404 of the host computer
1402 or in the software 1440 and the hardware 1434 of the UE 1414, or both. In some
embodiments, sensors (not shown) may be deployed in or in association with communication
devices through which the OTT connection 1416 passes; the sensors may participate in the
measurement procedure by supplying values of the monitored quantities exemplified above, or
supplying values of other physical quantities from which the software 1410, 1440 may compute
or estimate the monitored quantities. The reconfiguring of the OTT connection 1416 may
include message format, retransmission settings, preferred routing, etc.; the reconfiguring need

not affect the base station 1418, and it may be unknown or imperceptible to the base station
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1418. Such procedures and functionalities may be known and practiced in the art. In certain
embodiments, measurements may involve proprietary UE signaling facilitating the host computer
1402’s measurements of throughput, propagation times, latency, and the like. The measurements
may be implemented in that the software 1410 and 1440 causes messages to be transmitted, in
particular empty or ‘dummy’ messages, using the OTT connection 1416 while it monitors
propagation times, errors, ctc.

[0151] Figure 15 is a flowchart illustrating a method implemented in a communication
system, in accordance with one embodiment. The communication system includes a host
computer, a base station, and a UE which may be those described with reference to Figures 13
and 14. For simplicity of the present disclosure, only drawing references to Figure 15 will be
included in this section. In step 1500, the host computer provides user data. In sub-step 1502
(which may be optional) of step 1500, the host computer provides the user data by executing a
host application. In step 1504, the host computer initiates a transmission carrying the user data to
the UE. In step 1506 (which may be optional), the base station transmits to the UE the user data
which was carried in the transmission that the host computer initiated, in accordance with the
teachings of the embodiments described throughout this disclosure. In step 1508 (which may
also be optional), the UE executes a client application associated with the host application
executed by the host computer.

[0152] Figure 16 is a flowchart illustrating a method implemented in a communication
system, in accordance with one embodiment. The communication system includes a host
computer, a base station, and a UE which may be those described with reference to Figures 13
and 14. For simplicity of the present disclosure, only drawing references to Figure 16 will be
included in this section. In step 1600 of the method, the host computer provides user data. In an
optional sub-step (not shown) the host computer provides the user data by executing a host
application. In step 1602, the host computer initiates a transmission carrying the user data to the
UE. The transmission may pass via the base station, in accordance with the teachings of the
embodiments described throughout this disclosure. In step 1604 (which may be optional), the
UE receives the user data carried in the transmission.

[0153] Figure 17 is a flowchart illustrating a method implemented in a communication
system, in accordance with one embodiment. The communication system includes a host
computer, a base station, and a UE which may be those described with reference to Figures 13
and 14. For simplicity of the present disclosure, only drawing references to Figure 17 will be
included in this section. In step 1700 (which may be optional), the UE receives input data

provided by the host computer. Additionally, or alternatively, in step 1702, the UE provides user
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data. In sub-step 1704 (which may be optional) of step 1700, the UE provides the user data by
executing a client application. In sub-step 1706 (which may be optional) of step 1702, the UE
executes a client application which provides the user data in reaction to the received input data
provided by the host computer. In providing the user data, the executed client application may
further consider user input received from the user. Regardless of the specific manner in which
the user data was provided, the UE initiates, in sub-step 1708 (which may be optional),
transmission of the user data to the host computer. In step 1710 of the method, the host computer
receives the user data transmitted from the UE, in accordance with the teachings of the
embodiments described throughout this disclosure.

[0154] Figure 18 is a flowchart illustrating a method implemented in a communication
system, in accordance with one embodiment. The communication system includes a host
computer, a base station, and a UE which may be those described with reference to Figures 13
and 14. For simplicity of the present disclosure, only drawing references to Figure 18 will be
included in this section. In step 1800 (which may be optional), in accordance with the teachings
of the embodiments described throughout this disclosure, the base station receives user data from
the UE. In step 1802 (which may be optional), the base station initiates transmission of the
received user data to the host computer. In step 1804 (which may be optional), the host computer
receives the user data carried in the transmission initiated by the base station.

[0155] Any appropriate steps, methods, features, functions, or benefits disclosed herein may
be performed through one or more functional units or modules of one or more virtual
apparatuses. Each virtual apparatus may comprise a number of these functional units. These
functional units may be implemented via processing circuitry, which may include one or more
microprocessor or microcontrollers, as well as other digital hardware, which may include Digital
Signal Processor (DSPs), special-purpose digital logic, and the like. The processing circuitry
may be configured to execute program code stored in memory, which may include one or several
types of memory such as Read Only Memory (ROM), Random Access Memory (RAM), cache
memory, flash memory devices, optical storage devices, etc. Program code stored in memory
includes program instructions for executing one or more telecommunications and/or data
communications protocols as well as instructions for carrying out one or more of the techniques
described herein. In some implementations, the processing circuitry may be used to cause the
respective functional unit to perform corresponding functions according one or more
embodiments of the present disclosure.

[0156] While processes in the figures may show a particular order of operations performed

by certain embodiments of the present disclosure, it should be understood that such order is
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exemplary (e.g., alternative embodiments may perform the operations in a different order,
combine certain operations, overlap certain operations, etc.).

[0157] Some embodiments are described below.

[0158] Group A Embodiments

[0159] Embodiment 1: A method performed by a wireless device for providing feedback,
the method comprising one or more of: determining a set of occasions for candidate Physical
Downlink Shared Channel, PDSCH, receptions taking into account the number of sub-slots in an
Uplink, UL, slot; determining a set of occasions for Semi-Persistent Scheduling, SPS, PDSCH
releases taking into account the number of sub-slots in an UL slot; the number of sub-slots in an
UL slot is used to scale the number of Downlink, DL, slots within an UL slot when determining a
set of occasions for candidate PDSCH receptions; and the number of sub-slots in an UL slot is
used to scale the number of DL slots within an UL slot when determining a set of occasions for
SPS PDSCH releases.

[0160] Embodiment 2:  The method of any of the previous embodiments wherein the
number of sub-slots in an UL slot is used to divide the number of DL slots within an UL slot
when determining a set of occasions for candidate PDSCH receptions or SPS PDSCH releases.
[0161] Embodiment 3:  The method of any of the previous embodiments wherein if the
number of sub-slots in an UL slot is N, there are effectively (2#pL~#uL) /N DL slots within an
UL sub-slot.

[0162] Embodiment 4:  The method of any of the previous embodiments wherein the
number of sub-slots in an UL slot is used to scale the number of UL slots within a DL slot when
determining a set of occasions for candidate PDSCH receptions or SPS PDSCH releases.

[0163] Embodiment 5:  The method of any of the previous embodiments wherein the
number of sub-slots in an UL slot is used to multiply the number of UL slots within an DL slot
when determining a set of occasions for candidate PDSCH receptions or SPS PDSCH releases to
reflect the effective number of UL sub-slots within a DL slot.

[0164] Embodiment 6:  The method of any of the previous embodiments wherein the
number of sub-slots in an UL slot can be used to scale both the number of DL slots within an UL
slot and the number of UL slots within a DL slot.

[0165] Embodiment 7:  The method of any of the previous embodiments wherein the
number of DL slots within an UL slot can be expressed by 2#PL7#UL and similarly the number of
UL slots within an DL slot can be expressed by 2#VL7HDL where the downlink SCS configuration
upr, and the uplink SCS configuration pyy are provided by subcarrierSpacing in BWP-Downlink
and BWP-Uplink for the active DL BWP and the active UL BWP.
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[0166] Embodiment 8: The method of any of the previous embodiments wherein the
number of sub-slots in an UL slot can be derived based on the sub-slot configuration, i.e., RRC
parameter subslotLengthForPUCCH-r16 in PUCCH-Config IE.

[0167] Embodiment 9:  The method of any of the previous embodiments, further
comprising: providing user data; and forwarding the user data to a host computer via the
transmission to the base station.

[0168] Group B Embodiments

[0169] Embodiment 10: A method performed by a base station for receiving feedback, the
method comprising one or more of: determining a set of occasions for candidate Physical
Downlink Shared Channel, PDSCH, receptions taking into account the number of sub-slots in an
Uplink, UL, slot; determining a set of occasions for Semi-Persistent Scheduling, SPS, PDSCH
releases taking into account the number of sub-slots in an UL slot; the number of sub-slots in an
UL slot is used to scale the number of Downlink, DL, slots within an UL slot when determining a
set of occasions for candidate PDSCH receptions; and the number of sub-slots in an UL slot is
used to scale the number of DL slots within an UL slot when determining a set of occasions for
SPS PDSCH releases.

[0170] Embodiment 11: The method of any of the previous embodiments wherein the
number of sub-slots in an UL slot is used to divide the number of DL slots within an UL slot
when determining a set of occasions for candidate PDSCH receptions or SPS PDSCH releases.
[0171] Embodiment 12: The method of any of the previous embodiments wherein if the
number of sub-slots in an UL slot is N, there are effectively (2#°L~#UL) /N DL slots within an
UL sub-slot.

[0172] Embodiment 13: The method of any of the previous embodiments wherein the
number of sub-slots in an UL slot is used to scale the number of UL slots within a DL slot when
determining a set of occasions for candidate PDSCH receptions or SPS PDSCH releases.

[0173] Embodiment 14: The method of any of the previous embodiments wherein the
number of sub-slots in an UL slot is used to multiply the number of UL slots within an DL slot
when determining a set of occasions for candidate PDSCH receptions or SPS PDSCH releases to
reflect the effective number of UL sub-slots within a DL slot.

[0174] Embodiment 15: The method of any of the previous embodiments wherein the
number of sub-slots in an UL slot can be used to scale both the number of DL slots within an UL
slot and the number of UL slots within a DL slot.

[0175] Embodiment 16: The method of any of the previous embodiments wherein the

number of DL slots within an UL slot can be expressed by 2#PL™HUL and similarly the number of
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UL slots within an DL slot can be expressed by 2#VL7HDL where the downlink SCS configuration
upr, and the uplink SCS configuration pyy are provided by subcarrierSpacing in BWP-Downlink
and BWP-Uplink for the active DL BWP and the active UL BWP.

[0176] Embodiment 17: The method of any of the previous embodiments wherein the
number of sub-slots in an UL slot can be derived based on the sub-slot configuration, i.e., RRC
parameter subslotLengthForPUCCH-r16 in PUCCH-Config IE.

[0177] Embodiment 18: The method of any of the previous embodiments, further
comprising: obtaining user data; and forwarding the user data to a host computer or a wireless
device.

[0178] Group C Embodiments

[0179] Embodiment 19: A wireless device for providing feedback, the wireless device
comprising: processing circuitry configured to perform any of the steps of any of the Group A
embodiments; and power supply circuitry configured to supply power to the wireless device.
[0180] Embodiment 20: A base station for receiving feedback, the base station comprising:
processing circuitry configured to perform any of the steps of any of the Group B embodiments;
and power supply circuitry configured to supply power to the base station.

[0181] Embodiment 21: A User Equipment, UE, for providing feedback, the UE
comprising: an antenna configured to send and receive wireless signals; radio front-end circuitry
connected to the antenna and to processing circuitry, and configured to condition signals
communicated between the antenna and the processing circuitry; the processing circuitry being
configured to perform any of the steps of any of the Group A embodiments; an input interface
connected to the processing circuitry and configured to allow input of information into the UE to
be processed by the processing circuitry; an output interface connected to the processing circuitry
and configured to output information from the UE that has been processed by the processing
circuitry; and a battery connected to the processing circuitry and configured to supply power to
the UE.

[0182] Embodiment 22: A communication system including a host computer comprising:
processing circuitry configured to provide user data; and a communication interface configured
to forward the user data to a cellular network for transmission to a User Equipment, UE; wherein
the cellular network comprises a base station having a radio interface and processing circuitry,
the base station’s processing circuitry configured to perform any of the steps of any of the Group
B embodiments.

[0183] Embodiment 23: The communication system of the previous embodiment further

including the base station.
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[0184] Embodiment 24: The communication system of the previous 2 embodiments, further
including the UE, wherein the UE is configured to communicate with the base station.

[0185] Embodiment 25: The communication system of the previous 3 embodiments,
wherein: the processing circuitry of the host computer is configured to execute a host application,
thereby providing the user data; and the UE comprises processing circuitry configured to execute
a client application associated with the host application.

[0186] Embodiment 26: A method implemented in a communication system including a
host computer, a base station, and a User Equipment, UE, the method comprising: at the host
computer, providing user data; and at the host computer, initiating a transmission carrying the
user data to the UE via a cellular network comprising the base station, wherein the base station
performs any of the steps of any of the Group B embodiments.

[0187] Embodiment 27: The method of the previous embodiment, further comprising, at the
base station, transmitting the user data.

[0188] Embodiment 28: The method of the previous 2 embodiments, wherein the user data
is provided at the host computer by executing a host application, the method further comprising,
at the UE, executing a client application associated with the host application.

[0189] Embodiment 29: A User Equipment, UE, configured to communicate with a base
station, the UE comprising a radio interface and processing circuitry configured to perform the
method of the previous 3 embodiments.

[0190] Embodiment 30: A communication system including a host computer comprising:
processing circuitry configured to provide user data; and a communication interface configured
to forward user data to a cellular network for transmission to a User Equipment, UE; wherein the
UE comprises a radio interface and processing circuitry, the UE’s components configured to
perform any of the steps of any of the Group A embodiments.

[0191] Embodiment 31: The communication system of the previous embodiment, wherein
the cellular network further includes a base station configured to communicate with the UE.
[0192] Embodiment 32: The communication system of the previous 2 embodiments,
wherein: the processing circuitry of the host computer is configured to execute a host application,
thereby providing the user data; and the UE’s processing circuitry is configured to execute a
client application associated with the host application.

[0193] Embodiment 33: A method implemented in a communication system including a
host computer, a base station, and a User Equipment, UE, the method comprising: at the host
computer, providing user data; and at the host computer, initiating a transmission carrying the

user data to the UE via a cellular network comprising the base station, wherein the UE performs
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any of the steps of any of the Group A embodiments.

[0194] Embodiment 34: The method of the previous embodiment, further comprising at the
UE, receiving the user data from the base station.

[0195] Embodiment 35: A communication system including a host computer comprising:
communication interface configured to receive user data originating from a transmission from a
User Equipment, UE, to a base station; wherein the UE comprises a radio interface and
processing circuitry, the UE’s processing circuitry configured to perform any of the steps of any
of the Group A embodiments.

[0196] Embodiment 36: The communication system of the previous embodiment, further
including the UE.

[0197] Embodiment 37: The communication system of the previous 2 embodiments, further
including the base station, wherein the base station comprises a radio interface configured to
communicate with the UE and a communication interface configured to forward to the host
computer the user data carried by a transmission from the UE to the base station.

[0198] Embodiment 38: The communication system of the previous 3 embodiments,
wherein: the processing circuitry of the host computer is configured to execute a host application;
and the UE’s processing circuitry is configured to execute a client application associated with the
host application, thereby providing the user data.

[0199] Embodiment 39: The communication system of the previous 4 embodiments,
wherein: the processing circuitry of the host computer is configured to execute a host application,
thereby providing request data; and the UE’s processing circuitry is configured to execute a client
application associated with the host application, thereby providing the user data in response to
the request data.

[0200] Embodiment 40: A method implemented in a communication system including a
host computer, a base station, and a User Equipment, UE, the method comprising: at the host
computer, receiving user data transmitted to the base station from the UE, wherein the UE
performs any of the steps of any of the Group A embodiments.

[0201] Embodiment 41: The method of the previous embodiment, further comprising, at the
UE, providing the user data to the base station.

[0202] Embodiment 42: The method of the previous 2 embodiments, further comprising: at
the UE, executing a client application, thereby providing the user data to be transmitted; and at
the host computer, executing a host application associated with the client application.

[0203] Embodiment 43: The method of the previous 3 embodiments, further comprising: at

the UE, executing a client application; and at the UE, receiving input data to the client
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application, the input data being provided at the host computer by executing a host application
associated with the client application; wherein the user data to be transmitted is provided by the
client application in response to the input data.

[0204] Embodiment 44: A communication system including a host computer comprising a
communication interface configured to receive user data originating from a transmission from a
User Equipment, UE, to a base station, wherein the base station comprises a radio interface and
processing circuitry, the base station’s processing circuitry configured to perform any of the steps
of any of the Group B embodiments.

[0205] Embodiment 45: The communication system of the previous embodiment further
including the base station.

[0206] Embodiment 46: The communication system of the previous 2 embodiments, further
including the UE, wherein the UE is configured to communicate with the base station.

[0207] Embodiment 47: The communication system of the previous 3 embodiments,
wherein: the processing circuitry of the host computer is configured to execute a host application;
and the UE is configured to execute a client application associated with the host application,
thereby providing the user data to be received by the host computer.

[0208] Embodiment 48: A method implemented in a communication system including a
host computer, a base station, and a User Equipment, UE, the method comprising: at the host
computer, receiving, from the base station, user data originating from a transmission which the
base station has received from the UE, wherein the UE performs any of the steps of any of the
Group A embodiments.

[0209] Embodiment 49: The method of the previous embodiment, further comprising at the
base station, receiving the user data from the UE.

[0210] Embodiment 50: The method of the previous 2 embodiments, further comprising at
the base station, initiating a transmission of the received user data to the host computer.

[0211] Those skilled in the art will recognize improvements and modifications to the
embodiments of the present disclosure. All such improvements and modifications are considered

within the scope of the concepts disclosed herein.
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Claims
We claim:
1. A method performed by a wireless device for providing feedback, the method
comprising:

determining a set of occasions for candidate Physical Downlink Shared Channel, PDSCH,
receptions taking into account a number of sub-slots in an Uplink, UL, slot; and
determining a set of occasions for Semi-Persistent Scheduling, SPS, PDSCH releases

taking into account the number of sub-slots in the UL slot.

2. The method of claim 1 wherein the number of sub-slots in the UL slot is used to scale a
number of Downlink, DL, slots within the UL slot when determining the set of occasions for

candidate PDSCH receptions.

3. The method of any of claims 1 to 2 wherein the number of sub-slots in the UL slot is used
to scale the number of DL slots within the UL slot when determining the set of occasions for SPS

PDSCH releases.

4. The method of any of claims 1 to 3 wherein the number of sub-slots in the UL slot is used
to divide the number of DL slots within the UL slot when determining the set of occasions for

candidate PDSCH receptions or SPS PDSCH releases.

5. The method of any of claims 1 to 4 wherein if the number of sub-slots in the UL slot is N,

there are effectively (2#pL™#uL) /N DL slots within a UL sub-slot.

6. The method of any of claims 1 to 5 wherein the number of sub-slots in the UL slot is used
to scale the number of UL slots within a DL slot when determining the set of occasions for

candidate PDSCH receptions or SPS PDSCH releases.

7. The method of any of claims 1 to 6 wherein the number of sub-slots in the UL slot is used
to multiply the number of UL slots within a DL slot when determining the set of occasions for
candidate PDSCH receptions or SPS PDSCH releases to reflect an effective number of UL sub-

slots within a DL slot.
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8. The method of any of claims 1 to 7 wherein the number of sub-slots in the UL slot can be
used to scale both the number of DL slots within the UL slot and the number of UL slots within a
DL slot.

9. The method of any of claims 1 to 8 wherein the number of DL slots within the UL slot
can be expressed by 2#PL™HUL and similarly the number of UL slots within a DL slot can be
expressed by 2#UL™#DL where a downlink Subcarrier Spacing, SCS, configuration ppy; and an
uplink SCS configuration gy are provided by subcarrierSpacing in Bandwidth Part, BWP,-
Downlink and BWP-Uplink for an active DL BWP and an active UL BWP.

10. The method of any of claims 1 to 9 wherein the number of sub-slots in the UL slot can be

derived based on a sub-slot configuration.

11. The method of claim 10 wherein the sub-slot configuration comprises an RRC parameter

subslotLengthForPUCCH-r16 in PUCCH-Config IE.

12. A method performed by a base station for receiving feedback, the method comprising:
determining a set of occasions for candidate Physical Downlink Shared Channel, PDSCH,
receptions taking into account a number of sub-slots in an Uplink, UL, slot; and
determining a set of occasions for Semi-Persistent Scheduling, SPS, PDSCH releases

taking into account the number of sub-slots in the UL slot.

13. The method of claim 12 wherein the number of sub-slots in the UL slot is used to scale a
number of Downlink, DL, slots within the UL slot when determining a set of occasions for

candidate PDSCH receptions.

14. The method of any of claims 12 to 13 wherein the number of sub-slots in the UL slot is
used to scale the number of DL slots within the UL slot when determining the set of occasions

for SPS PDSCH releases.

15. The method of any of claims 12 to 14 wherein the number of sub-slots in the UL slot is
used to divide the number of DL slots within the UL slot when determining the set of occasions

for candidate PDSCH receptions or SPS PDSCH releases.
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16. The method of any of claims 12 to 15 wherein if the number of sub-slots in the UL slot is
N, there are effectively (2#pL7#uL) /N DL slots within a UL sub-slot.

17. The method of any of claims 12 to 16 wherein the number of sub-slots in the UL slot is
used to scale the number of UL slots within a DL slot when determining the set of occasions for

candidate PDSCH receptions or SPS PDSCH releases.

18. The method of any of claims 12 to 17 wherein the number of sub-slots in the UL slot is
used to multiply the number of UL slots within a DL slot when determining the set of occasions
for candidate PDSCH receptions or SPS PDSCH releases to reflect an effective number of UL

sub-slots within a DL slot.

19. The method of any of claims 12 to 18 wherein the number of sub-slots in the UL slot can
be used to scale both the number of DL slots within the UL slot and the number of UL slots
within a DL slot.

20. The method of any of claims 12 to 19 wherein the number of DL slots within the UL slot
can be expressed by 2#PL™HUL apd similarly the number of UL slots within a DL slot can be
expressed by 2HULTHDL where a downlink Subcarrier Spacing, SCS, configuration yp; and an
uplink SCS configuration iy are provided by subcarrierSpacing in Bandwidth Part, BWP,-
Downlink and BWP-Uplink for an active DL BWP and an active UL BWP.

21. The method of any of claims 12 to 20 wherein the number of sub-slots in the UL slot can

be derived based on a sub-slot configuration.

22. The method of claim 21 wherein the sub-slot configuration comprises a Radio Resource
Control, RRC, parameter subslotLengthForPhysical Uplink Control Channel, PUCCH,-r16 in
PUCCH-Config Information Element, IE.

23. A wireless device (1100) for providing feedback, the wireless device (1100) comprising:

one or more processors (1102); and
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memory (1104) storing instructions executable by the one or more processors, whereby
the wireless device (1100) is operable to:
determine a set of occasions for candidate Physical Downlink Shared Channel,
PDSCH, receptions taking into account a number of sub-slots in an Uplink, UL, slot; and
determine a set of occasions for Semi-Persistent Scheduling, SPS, PDSCH

releases taking into account the number of sub-slots in the UL slot.

24. The wireless device (1100) of claim 23 wherein the instructions further cause the wireless

device (1100) to perform the method of any one of claims 2 to 11.

25. A base station (800) for priority level handling, the base station (800) comprising:
one or more processors (804); and
memory (806) comprising instructions to cause the base station (1200) to:
determine a set of occasions for candidate Physical Downlink Shared Channel,
PDSCH, receptions taking into account a number of sub-slots in an Uplink, UL, slot; and
determine a set of occasions for Semi-Persistent Scheduling, SPS, PDSCH

releases taking into account the number of sub-slots in the UL slot.

26. The base station (800) of claim 25 wherein the instructions further cause the base station

(800) to perform the method of any one of claims 13 to 22.
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