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Description

CROSS REFERENCE

[0001] The present Application for Patent claims the benefit of U.S. Patent Application No. 16/669,203 by HOSSEINI
et al., entitled "HYBRID AUTOMATIC REPEAT REQUEST FEEDBACK FOR LOW LATENCY TRANSMISSIONS", filed
October 30, 2019, and to U.S. Provisional Patent Application No. 62/755,379 by HOSSEINI, et al., entitled "HYBRID
AUTOMATIC REPEAT REQUEST FEEDBACK FOR LOW LATENCY TRANSMISSIONS," filed November 2, 2018,
each of which is assigned to the assignee hereof.

BACKGROUND

[0002] The following relates generally to wireless communications and more specifically to hybrid automatic repeat
request (HARQ) feedback for low latency transmissions.
[0003] Wireless communications systems are widely deployed to provide various types of communication content
such as voice, video, packet data, messaging, broadcast, and so on. These systems may be capable of supporting
communication with multiple users by sharing the available system resources (e.g., time, frequency, and power). Ex-
amples of such multiple-access systems include fourth generation (4G) systems such as Long-Term Evolution (LTE)
systems, LTE-Advanced (LTE-A) systems, or LTE-A Pro systems, and fifth generation (5G) systems which may be
referred to as New Radio (NR) systems. These systems may employ technologies such as code division multiple access
(CDMA), time division multiple access (TDMA), frequency division multiple access (FDMA), orthogonal frequency division
multiple access (OFDMA), or discrete Fourier transform spread orthogonal frequency division multiplexing (DFT-S-
OFDM).
[0004] A wireless multiple-access communications system may include a number of base stations or network access
nodes, each simultaneously supporting communication for multiple communication devices, which may be otherwise
known as user equipment (UE). In some wireless communications systems, a UE may be configured to provide hybrid
automatic repeat request (HARQ) feedback to a base station for data transmissions received from the base station.
Conventional techniques for providing HARQ feedback may be deficient. US2012/155337 describes an apparatus and
a method for allocating resources for transmitting an HARQ ACK/NACK signal for a downlink subframe using a PUCCH
format 3 in a time division duplex, TDD, system using a single carrier.

SUMMARY

[0005] The described techniques relate to improved methods, systems, devices, and apparatuses that support hybrid
automatic repeat request (HARQ) feedback for low latency transmissions. Generally, the described techniques provide
for avoiding collisions between HARQ feedback transmissions and between HARQ feedback transmissions and other
transmissions. In one example, a base station may configure resources for HARQ feedback transmissions such that the
resources are exclusive of each other to avoid collisions between HARQ feedback transmissions. In another example,
a base station may indicate resources for a user equipment (UE) to use for HARQ feedback transmissions such that
the resources are exclusive of each other to avoid collisions between HARQ feedback transmissions. In yet another
example, if a HARQ feedback transmission and another transmission are scheduled on overlapping resources, a UE
may multiplex bits of the HARQ feedback transmission and the other transmission, or the UE may drop the other
transmission.
[0006] A method for wireless communication at a user equipment is provided according to appended claim 1.
[0007] An apparatus for wireless communication at a user equipment is provided according to appended claim 13.
[0008] A method for wireless communication at a base station is provided according to appended claim 7.
[0009] An apparatus for wireless communication at a base station is provided according to appended claim 14.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 illustrates an example of a wireless communications system that supports hybrid automatic repeat request
(HARQ) feedback for low latency transmissions in accordance with aspects of the present disclosure.
FIG. 2 illustrates an example of a HARQ feedback timeline for a HARQ feedback transmission in a slot for multiple
data transmissions on mini-slots in accordance with aspects of the present disclosure.
FIG. 3 illustrates an example of HARQ feedback timelines for multiple HARQ feedback transmissions in multiple
sub-slots of a slot in accordance with aspects of the present disclosure.
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FIG. 4 illustrates an example of a wireless communications system that supports HARQ feedback for low latency
transmissions in accordance with aspects of the present disclosure.
FIG. 5 illustrates an example of HARQ feedback transmission multiplexing in accordance with aspects of the present
disclosure.
FIGs. 6 and 7 show block diagrams of devices that support HARQ feedback for low latency transmissions in ac-
cordance with aspects of the present disclosure.
FIG. 8 shows a block diagram of a communications manager that supports HARQ feedback for low latency trans-
missions in accordance with aspects of the present disclosure.
FIG. 9 shows a diagram of a system including a device that supports HARQ feedback for low latency transmissions
in accordance with aspects of the present disclosure.
FIGs. 10 and 11 show block diagrams of devices that support HARQ feedback for low latency transmissions in
accordance with aspects of the present disclosure.
FIG. 12 shows a block diagram of a communications manager that supports HARQ feedback for low latency trans-
missions in accordance with aspects of the present disclosure.
FIG. 13 shows a diagram of a system including a device that supports HARQ feedback for low latency transmissions
in accordance with aspects of the present disclosure.
FIGs. 14 through 17 show flowcharts illustrating methods that support HARQ feedback for low latency transmissions
in accordance with aspects of the present disclosure.

DETAILED DESCRIPTION

[0011] Some wireless communications systems may support low latency communications between a user equipment
(UE) and a base station. In some cases, the UE may be scheduled to provide HARQ feedback for multiple data trans-
missions received from a base station. To limit the latency associated with providing HARQ feedback, a UE may be
configured with multiple uplink control channel resources in a slot for transmitting HARQ feedback. In particular, a slot
may be split into multiple sub-slots, and each sub-slot may include an uplink control channel resource for HARQ feedback
reporting for low latency communications (e.g., multiple uplink control channel resources may be configured in each
sub-slot, and one of the uplink control channel resources would be used for HARQ feedback reporting in the sub-slot).
In some cases, however, uplink control channel resources allocated for different HARQ feedback transmissions may
overlap in a time domain, and HARQ feedback transmissions may collide. Further, an uplink control channel resource
allocated for a HARQ feedback transmission may overlap in a time domain with resources allocated for another trans-
mission, and the transmissions may collide.
[0012] As described herein, a wireless communications system may support efficient techniques for avoiding collisions
between HARQ feedback transmissions and between HARQ feedback transmissions and other transmissions. In one
example, a base station may configure resources for HARQ feedback transmissions such that the resources are exclusive
of each other to avoid collisions between HARQ feedback transmissions. The resources do not cross a sub-slot border.
Configured PUCCH resources in a sub-slot of a given HARQ-ACK codebook do not cross the sub-slot borders (e.g.,
the resources are fully contained within the same sub-slot). A base station indicates resources for a UE to use for HARQ
feedback transmissions such that the resources are exclusive of each other to avoid collisions between HARQ feedback
transmissions. In yet another example, if a HARQ feedback transmission and another transmission are scheduled on
overlapping resources, a UE may be configured to multiplex bits of the HARQ feedback transmission and the other
transmission, or drop the other transmission.
[0013] Aspects of the disclosure are described herein in the context of a wireless communications system. Examples
of processes and signaling exchanges that support HARQ feedback for low latency transmissions are then described.
Aspects of the disclosure are further illustrated by and described with reference to apparatus diagrams, system diagrams,
and flowcharts that relate to HARQ feedback for low latency transmissions.
[0014] FIG. 1 illustrates an example of a wireless communications system 100 that supports HARQ feedback for low
latency transmissions in accordance with aspects of the present disclosure. The wireless communications system 100
includes base stations 105, UEs 115, and a core network 130. In some examples, the wireless communications system
100 may be a Long-Term Evolution (LTE) network, an LTE-Advanced (LTE-A) network, an LTE-A Pro network, or a
New Radio (NR) network. In some cases, wireless communications system 100 may support mobile broadband (MBB)
communications, enhanced MBB (eMBB) communications, ultra-reliable (e.g., mission critical) communications, low
latency communications, ultra-reliable low latency communications (URLLC), or communications with low-cost and low-
complexity devices.
[0015] Base stations 105 may wirelessly communicate with UEs 115 via one or more base station antennas. Base
stations 105 described herein may include or may be referred to by those skilled in the art as a base transceiver station,
a radio base station, an access point, a radio transceiver, a NodeB, an eNodeB (eNB), a next-generation NodeB or giga-
NodeB (either of which may be referred to as a gNB), a Home NodeB, a Home eNodeB, or some other suitable terminology.
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Wireless communications system 100 may include base stations 105 of different types (e.g., macro or small cell base
stations). The UEs 115 described herein may be able to communicate with various types of base stations 105 and
network equipment including macro eNBs, small cell eNBs, gNBs, relay base stations, and the like.
[0016] Each base station 105 may be associated with a particular geographic coverage area 110 in which communi-
cations with various UEs 115 is supported. Each base station 105 may provide communication coverage for a respective
geographic coverage area 110 via communication links 125, and communication links 125 between a base station 105
and a UE 115 may utilize one or more carriers. Communication links 125 shown in wireless communications system
100 may include uplink transmissions from a UE 115 to a base station 105 (e.g., in a physical uplink control channel
(PUCCH) or a physical uplink shared channel (PUSCH)), or downlink transmissions from a base station 105 to a UE
115 (e.g., in a physical downlink control channel (PDCCH) or a physical downlink shared channel (PDSCH)). Downlink
transmissions may also be called forward link transmissions while uplink transmissions may also be called reverse link
transmissions.
[0017] The geographic coverage area 110 for a base station 105 may be divided into sectors making up a portion of
the geographic coverage area 110, and each sector may be associated with a cell. For example, each base station 105
may provide communication coverage for a macro cell, a small cell, a hot spot, or other types of cells, or various
combinations thereof. In some examples, a base station 105 may be movable and therefore provide communication
coverage for a moving geographic coverage area 110. In some examples, different geographic coverage areas 110
associated with different technologies may overlap, and overlapping geographic coverage areas 110 associated with
different technologies may be supported by the same base station 105 or by different base stations 105. The wireless
communications system 100 may include, for example, a heterogeneous LTE/LTE-A/LTE-A Pro or NR network in which
different types of base stations 105 provide coverage for various geographic coverage areas 110.
[0018] The term "cell" may refer to a logical communication entity used for communication with a base station 105
(e.g., over a carrier), and may be associated with an identifier for distinguishing neighboring cells (e.g., a physical cell
identifier (PCID), a virtual cell identifier (VCID)) operating via the same or a different carrier. In some examples, a carrier
may support multiple cells, and different cells may be configured according to different protocol types (e.g., machine-
type communication (MTC), narrowband Internet-of-Things (NB-IoT), eMBB, or others) that may provide access for
different types of devices. In some cases, the term "cell" may refer to a portion of a geographic coverage area 110 (e.g.,
a sector) over which the logical entity operates.
[0019] UEs 115 may be dispersed throughout the wireless communications system 100, and each UE 115 may be
stationary or mobile. A UE 115 may also be referred to as a mobile device, a wireless device, a remote device, a handheld
device, or a subscriber device, or some other suitable terminology, where the "device" may also be referred to as a unit,
a station, a terminal, or a client. A UE 115 may also be a personal electronic device such as a cellular phone, a personal
digital assistant (PDA), a tablet computer, a laptop computer, or a personal computer. In some examples, a UE 115 may
also refer to a wireless local loop (WLL) station, an Internet of Things (IoT) device, an Internet of Everything (IoE) device,
or an MTC device, or the like, which may be implemented in various articles such as appliances, vehicles, meters, or
the like.
[0020] Base stations 105 may communicate with the core network 130 and with one another. For example, base
stations 105 may interface with the core network 130 through backhaul links 132 (e.g., via an S1, N2, N3, or other
interface). Base stations 105 may communicate with one another over backhaul links 134 (e.g., via an X2, Xn, or other
interface) either directly (e.g., directly between base stations 105) or indirectly (e.g., via core network 130).
[0021] The core network 130 may provide user authentication, access authorization, tracking, Internet Protocol (IP)
connectivity, and other access, routing, or mobility functions. The core network 130 may be an evolved packet core
(EPC), which may include at least one mobility management entity (MME), at least one serving gateway (S-GW), and
at least one Packet Data Network (PDN) gateway (P-GW). The MME may manage non-access stratum (e.g., control
plane) functions such as mobility, authentication, and bearer management for UEs 115 served by base stations 105
associated with the EPC. User IP packets may be transferred through the S-GW, which itself may be connected to the
P-GW. The P-GW may provide IP address allocation as well as other functions. The P-GW may be connected to the
network operators IP services. The operators IP services may include access to the Internet, Intranet(s), an IP Multimedia
Subsystem (IMS), or a Packet-Switched (PS) Streaming Service.
[0022] At least some of the network devices, such as a base station 105, may include subcomponents such as an
access network entity, which may be an example of an access node controller (ANC). Each access network entity may
communicate with UEs 115 through a number of other access network transmission entities, which may be referred to
as a radio head, a smart radio head, or a transmission/reception point (TRP). In some configurations, various functions
of each access network entity or base station 105 may be distributed across various network devices (e.g., radio heads
and access network controllers) or consolidated into a single network device (e.g., a base station 105).
[0023] In some cases, wireless communications system 100 may utilize both licensed and unlicensed radio frequency
spectrum bands. For example, wireless communications system 100 may employ License Assisted Access (LAA), LTE-
Unlicensed (LTE-U) radio access technology, or NR technology in an unlicensed band such as the 5 GHz ISM band.
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When operating in unlicensed radio frequency spectrum bands, wireless devices such as base stations 105 and UEs
115 may employ listen-before-talk (LBT) procedures to ensure a frequency channel is clear before transmitting data. In
some cases, operations in unlicensed bands may be based on a carrier aggregation configuration in conjunction with
component carriers operating in a licensed band (e.g., LAA). Operations in unlicensed spectrum may include downlink
transmissions, uplink transmissions, peer-to-peer transmissions, or a combination of these. Duplexing in unlicensed
spectrum may be based on frequency division duplexing (FDD), time division duplexing (TDD), or a combination of both.
[0024] In some cases, wireless communications system 100 may be a packet-based network that operate according
to a layered protocol stack. In the user plane, communications at the bearer or Packet Data Convergence Protocol
(PDCP) layer may be IP-based. A Radio Link Control (RLC) layer may perform packet segmentation and reassembly
to communicate over logical channels. A Medium Access Control (MAC) layer may perform priority handling and multi-
plexing of logical channels into transport channels. The MAC layer may also use hybrid automatic repeat request (HARQ)
to provide retransmission at the MAC layer to improve link efficiency. In the control plane, the Radio Resource Control
(RRC) protocol layer may provide establishment, configuration, and maintenance of an RRC connection between a UE
115 and a base station 105 or core network 130 supporting radio bearers for user plane data. At the Physical layer,
transport channels may be mapped to physical channels.
[0025] Time intervals in LTE or NR may be expressed in multiples of a basic time unit, which may, for example, refer
to a sampling period of Ts = 1/30,720,000 seconds. Time intervals of a communications resource may be organized
according to radio frames each having a duration of 10 milliseconds (ms), where the frame period may be expressed
as Tf = 307,200 Ts. The radio frames may be identified by a system frame number (SFN) ranging from 0 to 1023. Each
frame may include 10 subframes numbered from 0 to 9, and each subframe may have a duration of 1 ms. A subframe
may be further divided into 2 slots each having a duration of 0.5 ms, and each slot may contain 6 or 7 modulation symbol
periods (e.g., depending on the length of the cyclic prefix prepended to each symbol period).
[0026] Excluding the cyclic prefix, each symbol period may contain 2048 sampling periods. In some wireless commu-
nications systems, a slot may further be divided into multiple mini-slots containing one or more symbols. Each symbol
may vary in duration depending on the subcarrier spacing or frequency band of operation. In some cases, a subframe
may be the smallest scheduling unit of the wireless communications system 100 and may be referred to as a transmission
time interval (TTI). In other cases, a smallest scheduling unit of the wireless communications system 100 may be shorter
than a subframe or may be dynamically selected (e.g., in bursts of shortened TTIs (sTTIs) or in selected component
carriers using sTTIs). For instance, a mini-slot may be the smallest unit of scheduling.
[0027] In some cases, UEs 115 and base stations 105 may support retransmissions of data to increase the likelihood
that data is received successfully. HARQ feedback (e.g., a form of acknowledgment (ACK) or negative-acknowledgment
(NACK) feedback) is one technique of increasing the likelihood that data is received correctly over a communication link
125. HARQ may include a combination of error detection (e.g., using a cyclic redundancy check (CRC)), forward error
correction (FEC), and retransmission (e.g., automatic repeat request (ARQ)). HARQ may improve throughput at the
MAC layer in poor radio conditions (e.g., signal-to-noise conditions). In some cases, a wireless device may support
same-slot HARQ feedback, where the device may provide HARQ feedback in a specific slot for data received in a
previous symbol in the slot. In other cases, the device may provide HARQ feedback in a subsequent slot, or according
to some other time interval.
[0028] In some wireless communications systems, a UE may be configured to transmit HARQ feedback on one PUCCH
resource per slot (e.g., although the UE may be configured with up to two PUCCH resources in a slot). In such systems,
the UE may provide HARQ feedback for multiple data transmissions in the slot. However, since the UE may have to
allow time for processing all of the data transmissions (e.g., including a last data transmission of the multiple data
transmissions), the HARQ feedback for some data transmissions may be delayed.
[0029] FIG. 2 illustrates an example of HARQ feedback timeline 200 for a HARQ feedback transmission 205 in a slot
for multiple data transmissions 210 on mini-slots 220 (e.g., seven two symbol mini-slots per slot) in accordance with
aspects of the present disclosure. In the example of FIG. 2, UE 115-a may receive a grant for each of the data transmissions
210, and UE 115-a may receive each data transmission 210 based on the grant. Each grant may indicate that the UE
115-a is to provide a HARQ feedback transmission 205 for a corresponding data transmission 210 on a PUCCH resource
in symbol 215. However, since UE 115-a may have to finish processing the last data transmission 210 on mini-slot 220-
a before transmitting HARQ feedback for data transmissions 210 on other mini-slots 220-b, the latency of HARQ feedback
for the data transmissions on the other mini-slots 220-b may increase (e.g., although the minimum timeline 225-a may
be guaranteed for the data transmission 210 on the last mini-slot 220-a of the slot).
[0030] In one example, for a subcarrier spacing of 15 kHz, an average round-trip time (RTT) for HARQ feedback may
be 2.98 ms, a best-case RTT for HARQ feedback may be 2.55 ms (e.g., for the data transmission 210 in the last mini-
slot 220-a), and a worst-case RTT for HARQ feedback may be 3.4 ms. In another example, for a subcarrier spacing of
30 kHz, an average RTT for HARQ feedback may be 1.49 ms, a best-case RTT for HARQ feedback may be 1.27 ms
(e.g., for the data transmission 210 in the last mini-slot 220-a), and a worst-case RTT for HARQ feedback may be 1.7
ms. The increased latency of the HARQ feedback transmissions for some data transmissions may be a result of mapping
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HARQ feedback for multiple data transmissions to a single PUCCH resource. If more PUCCH resources are available
for HARQ feedback transmissions, however, latency may be reduced (e.g., the worst-case RTT in the examples herein
may be reduced). Further, if the mapping of HARQ feedback for data transmissions to PUCCH resources is 1-1, then
the HARQ feedback for each data transmission may be at a minimum (e.g., equal to the best-case RTT in the examples
herein).
[0031] Accordingly, in wireless communications system 100, a UE 115 may be configured to transmit HARQ feedback
on multiple PUCCH resources per slot for low latency communications (e.g., to reduce the latency of HARQ feedback
transmissions). For example, a slot may be split into multiple sub-slots, and each sub-slot may include a PUCCH resource
for HARQ feedback reporting for low latency communications (e.g., multiple uplink control channel resources may be
configured in each sub-slot, and one of the uplink control channel resources would be used for HARQ feedback reporting
in the sub-slot).
[0032] FIG. 3 illustrates an example of HARQ feedback timelines 300 for multiple HARQ feedback transmissions in
multiple sub-slots of a slot in accordance with aspects of the present disclosure. When base station 105-b schedules a
data transmission 305, the base station 105-b may transmit a grant for the data transmission 305, and the grant may
include an indication of a PUCCH resource to be used by UE 115-a for HARQ reporting. In particular, the grant for a
data transmission may include an ACK/NACK resource indicator (ARI), and the ARI (e.g., in combination with an index
of a first control channel element (CCE) on which a PDCCH that includes the grant is received) may indicate the PUCCH
resource to be used by UE 115-a for reporting HARQ feedback for the data transmission.
[0033] The ARI received in the grant for a data transmission may include a value K1 (e.g., in units of sub-slots) which
may indicate a specific sub-slot that includes the PUCCH resource for the UE 115-b to use for transmitting HARQ
feedback for the data transmission. The value K1 may indicate a number of sub-slots after which the UE 115-b may
provide HARQ feedback based on a sub-slot in which a last symbol of a data transmission is received (e.g., the reference
point for each data transmission may be its last symbol). That is, even if a starting symbol of a data transmission is in
sub-slot X, the UE 115-a may determine that the data transmission is received in sub-slot X + 1 if the last symbol of the
data transmission is received in sub-slot X+1 (e.g., the allocation for the data transmission may be flexible and may start
and end anywhere in a slot with no constraint relative to sub-slots). This interpretation of the timing of the data transmission
may allow sufficient time for processing the data transmission (e.g., may allow UE 115-a to maintain the processing
timeline for the data transmission).
[0034] In one example, for a data transmission 305 on symbols 315-a, the ARI may include a K1 value of one. Thus,
since a last symbol of the data transmission 305 may be received in sub-slot 320-a, UE 115-a may determine to transmit
HARQ feedback in sub-slot 320-a (e.g., on a PUCCH resource with a first symbol in sub-slot 320-a). In another example,
for a data transmission 305 on symbols 315-b, the ARI may include a K1 value of two. Thus, since a last symbol of the
data transmission 305 may be received in sub-slot 320-b, UE 115-b may determine to transmit HARQ feedback in sub-
slot 320-d. In some cases, in a particular sub-slot, UE 115-b may look back at data transmissions received in a prede-
termined number of sub-slots to determine whether HARQ feedback for those data transmissions is to be transmitted
in the sub-slot (e.g., to determine a codebook size for the HARQ transmission, where the codebook size determination
for MBB and URLLC operations may be performed separately).
[0035] In addition to the allocation flexibility of resources for data transmissions, the allocation of PUCCH resources
may also be flexible. For example, although the allocation of a PUCCH resource may start in a sub-slot (e.g., such that
each sub-slot includes a PUCCH), the allocation of the PUCCH resource may end anywhere (e.g., in the same sub-slot
or another sub-slot). This flexibility in allocating a PUCCH resource may allow sufficient time for processing a data
transmission prior to providing HARQ feedback for the data transmission in the PUCCH resource (e.g., may allow UE
115-a to maintain the processing timeline, where the processing timeline may correspond to a gap between the last
symbol of a data transmission and the first symbol of a HARQ feedback transmission for the data transmission). In some
cases, however, a PUCCH resource indicated by an ARI to be used for a HARQ transmission in one sub-slot may overlap
with another PUCCH resource indicated by another ARI to be used for another HARQ transmission.
[0036] In some cases, PUCCH transmissions may be from the sub-slots of the same HARQ codebook, or from different
HARQ codebooks. In a first example, PUCCH resources that may be used by the UE are associated with different sub-
slots of the same HARQ-ACK codebook and, according to the first example, the PUCCH resources may be overlapping.
In such examples, a UE may be configured to multiplex the PUCCH resources, or the UE may treat the overlapping
resources as an error event. In a second example, the overlapping PUCCH resources may be associated with sub-slots
of different HARQ-ACK codebooks. In accordance with the second example, a UE may be configured to drop one or
more overlapping transmissions or PUCCH resources.
[0037] For example, if a PUCCH resource starts in one sub-slot (e.g., a first symbol of the PUCCH resource is in the
sub-slot), the PUCCH resource may be considered to be in the sub-slot even though a last symbol of the PUCCH
resource may be in another sub-slot and may overlap with another PUCCH resource in the other sub-slot. In this example,
the PUCCH resource allocated for a HARQ feedback transmission for a low latency data transmission may overlap in
a time domain with another PUCCH resource in another sub-slot allocated for another HARQ feedback transmission.
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In another example, the PUCCH resource allocated for the HARQ feedback transmission for a low latency data trans-
mission may overlap with resources allocated for a semi-persistent or periodic transmission (e.g., a channel state infor-
mation (CSI) transmission). In yet another example, the PUCCH resource allocated for the HARQ feedback transmission
for a low latency data transmission may overlap in a time domain with resources allocated for an MBB transmission
(e.g., a HARQ feedback MBB transmission or a semi-persistent or periodic MBB transmission). Since the PUCCH
resource allocated for a HARQ feedback transmission may overlap with resources allocated for another transmission,
the HARQ feedback transmission may collide with the other transmission. Wireless communications system 100 may
support efficient techniques for avoiding collisions between transmissions.
[0038] FIG. 4 illustrates an example of a wireless communications system 400 that supports HARQ feedback for low
latency transmissions in accordance with aspects of the present disclosure. Wireless communications system 400
includes base station 105-c, which may be an example of a base station 105 described with reference with FIGs. 1-3.
Wireless communications system 400 also includes UE 115-c, which may be an example of a UE 115 described with
reference to FIGs. 1-3. Base station 105-c may provide communication coverage for a respective coverage area 110-
a, which may be an example of a coverage area 110 described with reference to FIG. 1. Base station 105-c may
communicate with UE 115-a on resources of a downlink carrier 405 and resources of an uplink carrier 410. In some
cases, downlink carrier 405 and uplink carrier 410 may be the same carrier.
[0039] In the example of FIG. 4, base station 105-c configures multiple HARQ feedback resource sets (or PUCCH
resource sets) to be used by UE 115-c for HARQ reporting in a slot. For instance, base station 105-c may transmit a
HARQ feedback resource configuration 415 (e.g., via RRC signaling) to configure the HARQ feedback resource sets.
In some cases, base station 105-c may then identify data to transmit to UE 115-a. Thus, base station 105-c may transmit
a grant 420 to UE 115-c to schedule a data transmission 425. The grant may indicate resources to be used for the data
transmission 425, and the grant may also include an ARI which may indicate a PUCCH resource for UE 115-c to use
to provide HARQ feedback for the data transmission. After transmitting the grant, base station 105-c transmits the data
transmission 425 to UE 115-c. UE 115-c may then process the data transmission 425 and transmit a HARQ feedback
transmission 430 including HARQ feedback for the data transmission 425 on the PUCCH resource indicated by the ARI.
[0040] As described with reference to FIG. 1, in conventional systems, the PUCCH resource allocated for the HARQ
feedback transmission 430 may overlap in a time domain with resources allocated for another transmission, resulting
in collisions in a wireless communications system. Wireless communications system 400 may support efficient techniques
for avoiding collisions between transmissions to improve throughput and reliability. Base station 105-c configures HARQ
feedback resource sets such that the HARQ feedback resource sets are exclusive of each other in a time domain to
avoid collisions between HARQ feedback transmissions in a slot. In particular, the base station 105-c configures HARQ
resource sets (or PUCCH resources) such that each of the HARQ resource sets (or PUCCH resources) are fully contained
within a sub-slot (e.g., with a first and last symbol of the HARQ resource set (or PUCCH resource) being within a same
sub-slot).
[0041] In another example, base station 105-c may indicate HARQ feedback resource sets to be used for HARQ
feedback transmissions such that the HARQ feedback resource sets are exclusive of each other in a time domain to
avoid collisions between HARQ feedback transmissions in a slot. In particular, base station 105-c may ensure that the
ARIs transmitted in different grants for different data transmissions do not indicate that UE 115-c is to provide HARQ
feedback on overlapping HARQ feedback resource sets. Thus, UE 115-c may avoid transmitting HARQ feedback on
overlapping HARQ feedback resource sets (e.g., though overlapping HARQ feedback resource sets or HARQ feedback
resource sets that are each not fully contained in a sub-slot may be configured by base station 105-c via HARQ feedback
resource configuration 415). In this example, if UE 115-c receives ARIs that indicate that UE 115-c is to transmit HARQ
feedback on overlapping HARQ feedback resource sets, UE 115-c may determine that there is an error.
[0042] In yet another example, if UE 115-c determines that overlapping HARQ feedback resource sets are allocated
for HARQ feedback transmissions, UE 115-c may multiplex the HARQ feedback transmissions.
[0043] FIG. 5 illustrates an example of HARQ feedback transmission multiplexing 500 in accordance with aspects of
the present disclosure. In the example of FIG. 5, base station 105-c may schedule a first data transmission (PDSCH 1)
and a second data transmission (PDSCH 2), and base station 105-c may transmit a first grant for the first data transmission
and a second grant for the second data transmission. Each grant may include an ARI (and implicit signaling) which may
indicate a PUCCH resource for UE 115-c to use for providing HARQ feedback for a corresponding data transmission.
For instance, a first ARI (and implicit signaling) for the first data transmission may indicate a first PUCCH resource
(PUCCH 1) for UE 115-c to use for providing HARQ feedback for the first data transmission, and a second ARI (and
implicit signaling) for the second data transmission may indicate a second PUCCH resource (PUCCH 2) for UE 115-c
to use for providing HARQ feedback for the second data transmission.
[0044] In the example of FIG. 5, base station 105-c may determine that the first PUCCH resource overlaps with the
second PUCCH resource (e.g., before transmitting the grant for the second data transmission). Thus, base station 105-
c may transmit the ARI such that the ARI may indicate a third PUCCH resource (resulting PUCCH 3) for multiplexing
the first HARQ feedback transmission and the second HARQ feedback transmission (e.g., though the ARI size may be
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the same). Accordingly, when UE 115-c determines that the first PUCCH resource overlaps with the second PUCCH
resource, and UE 115-c determines to multiplex the first HARQ feedback transmission with the second HARQ feedback
transmission, UE 115-c may interpret the ARI as allocating the third PUCCH resource for the multiplexed bits of the first
and second HARQ feedback transmissions. In this case, the third PUCCH resource may be in a same sub-slot as the
second PUCCH resource (e.g., the third PUCCH resource may be in the same sub-slot as the PUCCH resource associated
with the data transmission that was scheduled last). If UE 115-c determines not to multiplex the first and second HARQ
feedback transmissions, UE 115-c may interpret the ARI as allocating the second PUCCH resource.
[0045] In some cases, UE 115-c may multiplex the first HARQ feedback transmission and the second HARQ feedback
transmission if the UE 115-c determines that sufficient time has passed for processing the first data transmission and
the second data transmission. For instance, in a first example 500-a of FIG. 5, UE 115-c may identify a timing reference
(e.g., immediately before a first PUCCH resource of the overlapping PUCCH resources (e.g., the PUCCH resource that
precedes the other PUCCH resource)), and UE 115-c may determine, at that time, that sufficient time has passed for
processing the first data transmission and the second data transmission (e.g., number of symbols since the last symbol
of the first data transmission is greater than N1 (16 symbols) and the number of symbols since the last symbol of the
second data transmission is greater than N1 (16 symbols)). Thus, UE 115-c may multiplex bits of the first HARQ feedback
transmission with bits of the second HARQ feedback transmission on the third PUCCH resource. In a second example
500-b of FIG. 5, UE 115-c may identify a timing reference, and UE 115-c may determine, at that time, that sufficient time
has not passed for processing one of the data transmissions (e.g., the second data transmission). Thus, UE 115-c may
avoid multiplexing bits of the first HARQ feedback transmission with bits of the second HARQ feedback transmissions
(e.g., UE 115-c may determine that there is an error).
[0046] The examples described herein relate to avoiding collisions between HARQ feedback transmissions from a
UE 115-c for low latency data transmissions received by the UE 115-c. In other examples, however, a PUCCH resource
allocated for a HARQ feedback transmission for a low latency data transmission may overlap with resources allocated
for a semi-static or periodic transmission. In such examples, UE 115-c may multiplex bits of the HARQ feedback trans-
mission for the low latency data transmission with bits of the semi-persistent or periodic transmission (e.g., using the
same techniques described herein, when a latency requirement of the HARQ feedback is low or below a threshold).
Alternatively, UE 115-c may drop the semi-static or periodic transmission. In some cases, base station 105-c may transmit
an indication (e.g., via RRC signaling) of whether UE 115-c is to multiplex the transmissions or drop the semi-static or
periodic transmission (e.g., whether to multiplex the transmissions or drop the semi-persistent or periodic transmission
may be configurable).
[0047] In yet other examples, a PUCCH resource allocated for a HARQ feedback transmission for a low latency data
transmission may overlap with resources allocated for an MBB transmission (e.g., where UE 115-c may determine
whether a resource is allocated for a low latency transmission or an MBB transmission based on a PHY layer differentiation
scheme or based on a configuration tag). In such examples, UE 115-c may multiplex bits of the HARQ feedback trans-
mission for the low latency data transmission with bits of the MBB transmission (e.g., though multiplexing low latency
transmissions and MBB transmissions may be challenging and may result in a high payload and reduced reliability of
the low latency transmission). Alternatively, UE 115-c may drop the MBB transmission. In some cases, base station
105-c may transmit an indication (e.g., via RRC signaling) of whether UE 115-c is to multiplex the transmissions or drop
the MBB transmission (e.g., whether to multiplex the transmissions or drop the MBB transmission may be configurable).
[0048] If UE 115-c determines that the PUCCH resource allocated for a HARQ feedback transmission on a low latency
channel overlaps with resources allocated for an MBB transmission on an MBB channel, and UE 115-c determines to
drop the other transmission and transmit the HARQ feedback transmission, UE 115-c may drop the other transmission
and transmit the HARQ feedback transmission using various techniques.
[0049] In one aspect, UE 115-c may avoid transmitting the MBB transmission on at least the portion of the MBB channel
that overlaps with the low latency channel (e.g., avoid transmitting either the overlapping portion of the MBB transmission
or the remainder of the MBB transmission), and UE 115-c may transmit the HARQ feedback transmission on the low
latency channel. This technique may be used regardless of an MBB PUCCH format used for transmitting the MBB
transmission. However, for PUCCH format one, a time domain orthogonal cover code (TD-OCC) may be used across
the symbols, so other users sharing the same resource (e.g., the same PUCCH resource) may experience interference
if the MBB transmission is dropped. In another aspect, UE 115-c may puncture the MBB transmission on the MBB
channel with bits of the HARQ feedback transmission. This technique may be used if a PUCCH resource being punctured
on the MBB channel has a PUCCH format of two, three, or four. In this aspect, base station 105-c may identify which
symbols of the MBB transmission are punctured, and base station 105-c may set the log-likelihood ratios of these symbols
to zero and may attempt to decode the MBB transmission. The table below illustrates examples of PUCCH formats.
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[0050] FIG. 6 shows a block diagram 600 of a device 605 that supports HARQ feedback for low latency transmissions
in accordance with aspects of the present disclosure. The device 605 may be an example of aspects of a UE 115 as
described herein. The device 605 may include a receiver 610, a communications manager 615, and a transmitter 620.
The device 605 may also include a processor. Each of these components may be in communication with one another
(e.g., via one or more buses).
[0051] The receiver 610 may receive information such as packets, user data, or control information associated with
various information channels (e.g., control channels, data channels, and information related to HARQ feedback for low
latency transmissions, etc.). Information may be passed on to other components of the device 605. The receiver 610
may be an example of aspects of the transceiver 920 described with reference to FIG. 9. The receiver 610 may utilize
a single antenna or a set of antennas.
[0052] The communications manager 615 may identify a configuration of ACK/NACK resource sets across a set of
sub-slots in a slot, receive a first data transmission in a first data channel from a base station and a second data
transmission in a second data channel from the base station, receive an indication of a first resource set of the ACK/NACK
resource sets in a first sub-slot to use for providing feedback for the first data transmission and a second resource set
of the ACK/NACK resource sets in a second sub-slot to use for providing feedback for the second data transmission,
where the first resource set and the second resource set are each exclusive of each other in a time domain based on
the configuration of the ACK/NACK resource sets or on the indication of the first and second resource sets, and transmit
the feedback for the first data transmission on the first resource set and the feedback for the second data transmission
on the second resource set.
[0053] The communications manager 615 may also receive a first data transmission in a data channel from a base
station, identify ACK/NACK feedback to provide for the first data transmission in a first feedback transmission, drop the
other transmission or multiplexing the first feedback transmission with the other transmission based on the determining,
and determine that a first set of resources allocated for the first feedback transmission overlaps in a time domain with
a second set of resources allocated for another transmission. The communications manager 615 may be an example
of aspects of the communications manager 910 described herein.
[0054] The communications manager 615, or its sub-components, may be implemented in hardware, code (e.g.,
software or firmware) executed by a processor, or any combination thereof. If implemented in code executed by a
processor, the functions of the communications manager 615, or its sub-components may be executed by a general-
purpose processor, a digital signal processor (DSP), an application-specific integrated circuit (ASIC), a FPGA or other
programmable logic device, discrete gate or transistor logic, discrete hardware components, or any combination thereof
designed to perform the functions described in the present disclosure.
[0055] The communications manager 615, or its sub-components, may be physically located at various positions,
including being distributed such that portions of functions are implemented at different physical locations by one or more
physical components. In some examples, the communications manager 615, or its sub-components, may be a separate
and distinct component in accordance with various aspects of the present disclosure. In some examples, the commu-
nications manager 615, or its sub-components, may be combined with one or more other hardware components, including

Table 1: PUCCH formats

PUCCH 
Format

Length in Number 
of OFDM symbols

Number of Uplink Control 
Information (UCI) Bits

Waveform Description

0 1-2 ≤  2 Computer 
generated 
sequence

Short PUCCH format with 1-2 
bits UCI

1 4-14 ≤  2 Computer 
generated 
sequence

Long PUCCH format with 1-2 
bits UCI (TD-OCC)

2 1-2 >2 OFDM Short PUCCH format with > 2 
bits UCI

3 4-14 >2 DFT-S-OFDM Long PUCCH format with > 2 
bits UCI and no multiplexing 
capability

4 4-14 >2 DFT-S-OFDM Long PUCCH format with > 2 
bits UCI and multiplexing 
capability
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but not limited to an input/output (I/O) component, a transceiver, a network server, another computing device, one or
more other components described in the present disclosure, or a combination thereof in accordance with various aspects
of the present disclosure.
[0056] The transmitter 620 may transmit signals generated by other components of the device 605. In some examples,
the transmitter 620 may be collocated with a receiver 610 in a transceiver module. For example, the transmitter 620
may be an example of aspects of the transceiver 920 described with reference to FIG. 9. The transmitter 620 may utilize
a single antenna or a set of antennas.
[0057] In some examples, communications manager 615 may be implemented as an integrated circuit or chipset for
a mobile device modem, and the receiver 610 and transmitter 620 may be implemented as analog components (e.g.,
amplifiers, filters, antennas, etc.) coupled with the mobile device modem to enable wireless transmission and reception.
[0058] The communications manager 615 as described herein may be implemented to realize one or more potential
advantages. Various implementations may enable mitigation of collisions or other interference between HARQ feedback
transmissions in a network. At least one implementation may enable the communications manager 615 to effectively
identify resources allocated for HARQ feedback which may be separate from other resources used for HARQ feedback
from other devices. At least one implementation may enable communications manager 615 to increase the throughput
to device 605 by multiplexing multiple HARQ and other transmissions which may be scheduled on overlapping resources.
[0059] Based on implementing the collision avoidance techniques as described herein, one or more processors of the
device 605 (e.g., processor(s) controlling or incorporated with one or more of receiver 610, communications manager
615, and transmitter 620) may reduce an amount of time required to effectively determine resources for transmitting
HARQ feedback.
[0060] FIG. 7 shows a block diagram 700 of a device 705 that supports HARQ feedback for low latency transmissions
in accordance with aspects of the present disclosure. The device 705 may be an example of aspects of a device 605,
or a UE 115 as described herein. The device 705 may include a receiver 710, a communications manager 715, and a
transmitter 745. The device 705 may also include a processor. Each of these components may be in communication
with one another (e.g., via one or more buses).
[0061] The receiver 710 may receive information such as packets, user data, or control information associated with
various information channels (e.g., control channels, data channels, and information related to HARQ feedback for low
latency transmissions, etc.). Information may be passed on to other components of the device 705. The receiver 710
may be an example of aspects of the transceiver 920 described with reference to FIG. 9. The receiver 710 may utilize
a single antenna or a set of antennas.
[0062] The communications manager 715 may be an example of aspects of the communications manager 615 as
described herein. The communications manager 715 may include an ACK/NACK configuration manager 720, a data
manager 725, an ARI manager 730, a feedback manager 735, and a collision component 740. The communications
manager 715 may be an example of aspects of the communications manager 910 described herein.
[0063] The ACK/NACK configuration manager 720 may identify a configuration of ACK/NACK resource sets across
a set of sub-slots in a slot. The data manager 725 may receive a first data transmission in a first data channel from a
base station and a second data transmission in a second data channel from the base station. The ARI manager 730
may receive an indication of a first resource set of the ACK/NACK resource sets in a first sub-slot to use for providing
feedback for the first data transmission and a second resource set of the ACK/NACK resource sets in a second sub-
slot to use for providing feedback for the second data transmission, where the first resource set and the second resource
set are each exclusive of each other in a time domain based on the configuration of the ACK/NACK resource sets or on
the indication of the first and second resource sets. The feedback manager 735 may transmit the feedback for the first
data transmission on the first resource set and the feedback for the second data transmission on the second resource set.
[0064] The data manager 725 may receive a first data transmission in a data channel from a base station. The feedback
manager 735 may identify ACK/NACK feedback to provide for the first data transmission in a first feedback transmission
and drop the other transmission or multiplexing the first feedback transmission with the other transmission based on the
determining. The collision component 740 may determine that a first set of resources allocated for the first feedback
transmission overlaps in a time domain with a second set of resources allocated for another transmission.
[0065] The transmitter 745 may transmit signals generated by other components of the device 705. In some examples,
the transmitter 745 may be collocated with a receiver 710 in a transceiver module. For example, the transmitter 745
may be an example of aspects of the transceiver 920 described with reference to FIG. 9. The transmitter 745 may utilize
a single antenna or a set of antennas.
[0066] FIG. 8 shows a block diagram 800 of a communications manager 805 that supports HARQ feedback for low
latency transmissions in accordance with aspects of the present disclosure. The communications manager 805 may be
an example of aspects of a communications manager 615, a communications manager 715, or a communications
manager 910 described herein. The communications manager 805 may include an ACK/NACK configuration manager
810, a data manager 815, an ARI manager 820, a feedback manager 825, a collision component 830, a data processor
835, a multiplexing manager 840, a grant manager 845, a semi-persistent or periodic (SP/P) transmission manager 850,
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and a MBB transmission manager 855. Each of these modules may communicate, directly or indirectly, with one another
(e.g., via one or more buses).
[0067] The ACK/NACK configuration manager 810 may identify a configuration of ACK/NACK resource sets across
a set of sub-slots in a slot. In some examples, the ACK/NACK configuration manager 810 may identify that each
ACK/NACK resource set is completely within respective sub-slots of the slot such that the first resource set and the
second resource set are each exclusive of each other in the time domain based on the configuration of the ACK/NACK
resource sets, and where resource sets are configured for providing feedback such that none of the resource sets overlap
and collisions between feedback transmissions are avoided. In some examples, the ACK/NACK configuration manager
810 may receive, from the base station, the configuration of the set of ACK/NACK resource sets via RRC signaling.
[0068] The data manager 815 may receive a first data transmission in a first data channel from a base station and a
second data transmission in a second data channel from the base station. In some examples, the data manager 815
may receive a first data transmission in a data channel from a base station. The ARI manager 820 may receive an
indication of a first resource set of the ACK/NACK resource sets in a first sub-slot to use for providing feedback for the
first data transmission and a second resource set of the ACK/NACK resource sets in a second sub-slot to use for providing
feedback for the second data transmission, where the first resource set and the second resource set are each exclusive
of each other in a time domain based on the configuration of the ACK/NACK resource sets or on the indication of the
first and second resource sets.
[0069] In some examples, the ARI manager 820 may receive one or more feedback timing parameters with the first
data transmission and the second data transmission, the one or more feedback timing parameters indicating the first
resource set and the second resource set such that the first resource set and the second resource set are each exclusive
of each other in the time domain even if the configuration of ACK/NACK resource sets includes overlapping resource
sets. In some examples, the ARI manager 820 may receive one or more ARIs.
[0070] The feedback manager 825 may transmit the feedback for the first data transmission on the first resource set
and the feedback for the second data transmission on the second resource set. In some examples, the feedback manager
825 may identify ACK/NACK feedback to provide for the first data transmission in a first feedback transmission. In some
examples, the feedback manager 825 may drop the other transmission or multiplexing the first feedback transmission
with the other transmission based on the determining. In some examples, the feedback manager 825 may transmit the
multiplexed ACK/NACK feedback bits on a third set of resources in a multiplexed feedback transmission.
[0071] In some examples, the feedback manager 825 may transmit the multiplexed bits on a third set of resources in
a multiplexed transmission. In some examples, the feedback manager 825 may transmit the first feedback transmission.
In some examples, the feedback manager 825 may transmit the first feedback transmission on a low latency channel.
In some examples, the feedback manager 825 may transmit the first feedback transmission on the low latency channel.
In some examples, the feedback manager 825 may puncture a portion of the MBB transmission on the MBB channel
that overlaps with the first feedback transmission with bits of the first feedback transmission. In some examples, the
feedback manager 825 may receive an indication via RRC signaling of whether to drop the other transmission or multiplex
the first feedback transmission with the other transmission.
[0072] In some cases, each of the first set of resources, second set of resources, and third set of resources includes
uplink control channel resources. In some cases, an uplink control channel resource corresponds to a control channel
format and time and frequency resources. In some cases, the MBB channel includes an uplink control channel with
control channel format two, three, or four. The collision component 830 may determine that a first set of resources
allocated for the first feedback transmission overlaps in a time domain with a second set of resources allocated for
another transmission.
[0073] The data processor 835 may determine that sufficient time has passed for processing the first data transmission
and the second data transmission. The multiplexing manager 840 may multiplex ACK/NACK feedback bits of the first
feedback transmission with ACK/NACK feedback bits of the second feedback transmission. In some examples, the
multiplexing manager 840 may multiplex ACK/NACK feedback bits of the first feedback transmission with bits of the
semi-persistent or periodic transmission. In some examples, the multiplexing manager 840 may multiplex ACK/NACK
feedback bits of the first feedback transmission with bits of the MBB transmission.
[0074] In some examples, the multiplexing manager 840 may multiplex bits of the first feedback transmission with bits
of the other transmission. The grant manager 845 may receive a grant for the first data transmission, the grant including
an indication of the first set of resources for the first feedback transmission or the third set of resources for the multiplexed
feedback transmission. In some examples, the grant manager 845 may interpret the indication in the grant as allocating
the third set of resources for the multiplexed feedback transmission based on determining that the first set of resources
overlaps in a time domain with the second set of resources.
[0075] In some examples, the grant manager 845 may receive a grant for the first data transmission, the grant including
an indication of the first set of resources for the first feedback transmission or the third set of resources for the multiplexed
transmission. In some examples, the grant manager 845 may interpret the indication in the grant as allocating the third
set of resources for the multiplexed transmission based on determining that the first set of resources overlaps in a time
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domain with the second set of resources. In some cases, the interpreting the indication in the grant as allocating the
third set of resources for the multiplexed feedback transmission is further based on a first number of ACK/NACK feedback
bits in the first feedback transmission and a second number of ACK/NACK feedback bits in the second feedback trans-
mission.
[0076] In some cases, the indication in the grant of ACK/NACK feedback resources includes an ARI. In some cases,
the first data transmission is scheduled after the second data transmission. The SP/P transmission manager 850 may
drop the semi-persistent or periodic transmission. In some examples, the SP/P transmission manager 850 may suspend
the semi-persistent or periodic transmission. The MBB transmission manager 855 may drop the MBB transmission on
an MBB channel. In some examples, the MBB transmission manager 855 may refrain from transmitting at least a portion
of the MBB transmission on the MBB channel that overlaps with the first feedback transmission. In some cases, the
MBB channel includes an uplink control channel with any control channel format.
[0077] FIG. 9 shows a diagram of a system 900 including a device 905 that supports HARQ feedback for low latency
transmissions in accordance with aspects of the present disclosure. The device 905 may be an example of or include
the components of device 605, device 705, or a UE 115 as described herein. The device 905 may include components
for bi-directional voice and data communications including components for transmitting and receiving communications,
including a communications manager 910, an I/O controller 915, a transceiver 920, an antenna 925, memory 930, and
a processor 940. These components may be in electronic communication via one or more buses (e.g., bus 945).
[0078] The communications manager 910 may identify a configuration of ACK/NACK resource sets across a set of
sub-slots in a slot, receive a first data transmission in a first data channel from a base station and a second data
transmission in a second data channel from the base station, receive an indication of a first resource set of the ACK/NACK
resource sets in a first sub-slot to use for providing feedback for the first data transmission and a second resource set
of the ACK/NACK resource sets in a second sub-slot to use for providing feedback for the second data transmission,
where the first resource set and the second resource set are each exclusive of each other in a time domain based on
the configuration of the ACK/NACK resource sets or on the indication of the first and second resource sets, and transmit
the feedback for the first data transmission on the first resource set and the feedback for the second data transmission
on the second resource set.
[0079] The communications manager 910 may also receive a first data transmission in a data channel from a base
station, identify ACK/NACK feedback to provide for the first data transmission in a first feedback transmission, drop the
other transmission or multiplexing the first feedback transmission with the other transmission based on the determining,
and determine that a first set of resources allocated for the first feedback transmission overlaps in a time domain with
a second set of resources allocated for another transmission.
[0080] The I/O controller 915 may manage input and output signals for the device 905. The I/O controller 915 may
also manage peripherals not integrated into the device 905. In some cases, the I/O controller 915 may represent a
physical connection or port to an external peripheral. In some cases, the I/O controller 915 may utilize an operating
system such as iOS®, ANDROID®, MS-DOS®, MS-WINDOWS®, OS/2®, UNIX®, LINUX®, or another known operating
system. In other cases, the I/O controller 915 may represent or interact with a modem, a keyboard, a mouse, a touchscreen,
or a similar device. In some cases, the I/O controller 915 may be implemented as part of a processor. In some cases,
a user may interact with the device 905 via the I/O controller 915 or via hardware components controlled by the I/O
controller 915.
[0081] The transceiver 920 may communicate bi-directionally, via one or more antennas, wired, or wireless links as
described herein. For example, the transceiver 920 may represent a wireless transceiver and may communicate bi-
directionally with another wireless transceiver. The transceiver 920 may also include a modem to modulate the packets
and provide the modulated packets to the antennas for transmission, and to demodulate packets received from the
antennas.
[0082] In some cases, the wireless device may include a single antenna 925. However, in some cases the device may
have more than one antenna 925, which may be capable of concurrently transmitting or receiving multiple wireless
transmissions.
[0083] The memory 930 may include RAM and ROM. The memory 930 may store computer-readable, computer-
executable code 935 including instructions that, when executed, cause the processor to perform various functions
described herein. In some cases, the memory 930 may contain, among other things, a BIOS which may control basic
hardware or software operation such as the interaction with peripheral components or devices.
[0084] The processor 940 may include an intelligent hardware device, (e.g., a general-purpose processor, a DSP, a
CPU, a microcontroller, an ASIC, an FPGA, a programmable logic device, a discrete gate or transistor logic component,
a discrete hardware component, or any combination thereof). In some cases, the processor 940 may be configured to
operate a memory array using a memory controller. In other cases, a memory controller may be integrated into the
processor 940. The processor 940 may be configured to execute computer-readable instructions stored in a memory
(e.g., the memory 930) to cause the device 905 to perform various functions (e.g., functions or tasks supporting HARQ
feedback for low latency transmissions).
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[0085] The code 935 may include instructions to implement aspects of the present disclosure, including instructions
to support wireless communications. The code 935 may be stored in a non-transitory computer-readable medium such
as system memory or other type of memory. In some cases, the code 935 may not be directly executable by the processor
940 but may cause a computer (e.g., when compiled and executed) to perform functions described herein.
[0086] FIG. 10 shows a block diagram 1000 of a device 1005 that supports HARQ feedback for low latency transmissions
in accordance with aspects of the present disclosure. The device 1005 may be an example of aspects of a base station
105 as described herein. The device 1005 may include a receiver 1010, a communications manager 1015, and a
transmitter 1020. The device 1005 may also include a processor. Each of these components may be in communication
with one another (e.g., via one or more buses).
[0087] The receiver 1010 may receive information such as packets, user data, or control information associated with
various information channels (e.g., control channels, data channels, and information related to HARQ feedback for low
latency transmissions, etc.). Information may be passed on to other components of the device 1005. The receiver 1010
may be an example of aspects of the transceiver 1320 described with reference to FIG. 13. The receiver 1010 may
utilize a single antenna or a set of antennas.
[0088] The communications manager 1015 may transmit, to a UE, a configuration of ACK/NACK resource sets across
a set of sub-slots in a slot, transmit a first data transmission in a first data channel to the UE and a second data transmission
in a second data channel to the UE, transmit an indication of a first resource set of the ACK/NACK resource sets in a
first sub-slot for the UE to use for providing feedback for the first data transmission and a second resource set of the
ACK/NACK resource sets in a second sub-slot for the UE to use for providing feedback for the second data transmission,
where the first resource set and the second resource set are each exclusive of each other in a time domain based on
the configuration of the ACK/NACK resource sets or on the indication of the first and second resource sets, and receive
the feedback for the first data transmission on the first resource set and the feedback for the second data transmission
on the second resource set.
[0089] The communications manager 1015 may also identify a first data transmission to be transmitted to a UE,
transmit a grant to schedule the first data transmission, the grant including an indication of a first set of resources allocated
for a first feedback transmission for the data transmission and a second set of resources allocated for multiplexing the
first feedback transmission with another transmission, and receive the first feedback transmission for the data transmis-
sion on the first set of resources or the first feedback transmission multiplexed with the other transmission on the second
set of resources. The communications manager 1015 may be an example of aspects of the communications manager
1310 described herein.
[0090] The communications manager 1015, or its sub-components, may be implemented in hardware, code (e.g.,
software or firmware) executed by a processor, or any combination thereof. If implemented in code executed by a
processor, the functions of the communications manager 1015, or its sub-components may be executed by a general-
purpose processor, a DSP, an application-specific integrated circuit (ASIC), a FPGA or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination thereof designed to perform the
functions described in the present disclosure.
[0091] The communications manager 1015, or its sub-components, may be physically located at various positions,
including being distributed such that portions of functions are implemented at different physical locations by one or more
physical components. In some examples, the communications manager 1015, or its sub-components, may be a separate
and distinct component in accordance with various aspects of the present disclosure. In some examples, the commu-
nications manager 1015, or its sub-components, may be combined with one or more other hardware components,
including but not limited to an input/output (I/O) component, a transceiver, a network server, another computing device,
one or more other components described in the present disclosure, or a combination thereof in accordance with various
aspects of the present disclosure.
[0092] The transmitter 1020 may transmit signals generated by other components of the device 1005. In some exam-
ples, the transmitter 1020 may be collocated with a receiver 1010 in a transceiver module. For example, the transmitter
1020 may be an example of aspects of the transceiver 1320 described with reference to FIG. 13. The transmitter 1020
may utilize a single antenna or a set of antennas.
[0093] FIG. 11 shows a block diagram 1100 of a device 1105 that supports HARQ feedback for low latency transmissions
in accordance with aspects of the present disclosure. The device 1105 may be an example of aspects of a device 1005,
or a base station 105 as described herein. The device 1105 may include a receiver 1110, a communications manager
1115, and a transmitter 1145. The device 1105 may also include a processor. Each of these components may be in
communication with one another (e.g., via one or more buses).
[0094] The receiver 1110 may receive information such as packets, user data, or control information associated with
various information channels (e.g., control channels, data channels, and information related to HARQ feedback for low
latency transmissions, etc.). Information may be passed on to other components of the device 1105. The receiver 1110
may be an example of aspects of the transceiver 1320 described with reference to FIG. 13. The receiver 1110 may
utilize a single antenna or a set of antennas.
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[0095] The communications manager 1115 may be an example of aspects of the communications manager 1015 as
described herein. The communications manager 1115 may include an ACK/NACK configuration manager 1120, a data
manager 1125, an ARI manager 1130, a feedback manager 1135, and a grant manager 1140. The communications
manager 1115 may be an example of aspects of the communications manager 1310 described herein.
[0096] The ACK/NACK configuration manager 1120 may transmit, to a UE, a configuration of ACK/NACK resource
sets across a set of sub-slots in a slot. The data manager 1125 may transmit a first data transmission in a first data
channel to the UE and a second data transmission in a second data channel to the UE. The ARI manager 1130 may
transmit an indication of a first resource set of the ACK/NACK resource sets in a first sub-slot for the UE to use for
providing feedback for the first data transmission and a second resource set of the ACK/NACK resource sets in a second
sub-slot for the UE to use for providing feedback for the second data transmission, where the first resource set and the
second resource set are each exclusive of each other in a time domain based on the configuration of the ACK/NACK
resource sets or on the indication of the first and second resource sets. The feedback manager 1135 may receive the
feedback for the first data transmission on the first resource set and the feedback for the second data transmission on
the second resource set.
[0097] The data manager 1125 may identify a first data transmission to be transmitted to a UE. The grant manager
1140 may transmit a grant to schedule the first data transmission, the grant including an indication of a first set of
resources allocated for a first feedback transmission for the data transmission and a second set of resources allocated
for multiplexing the first feedback transmission with another transmission. The feedback manager 1135 may receive the
first feedback transmission for the data transmission on the first set of resources or the first feedback transmission
multiplexed with the other transmission on the second set of resources.
[0098] The transmitter 1145 may transmit signals generated by other components of the device 1105. In some exam-
ples, the transmitter 1145 may be collocated with a receiver 1110 in a transceiver module. For example, the transmitter
1145 may be an example of aspects of the transceiver 1320 described with reference to FIG. 13. The transmitter 1145
may utilize a single antenna or a set of antennas.
[0099] FIG. 12 shows a block diagram 1200 of a communications manager 1205 that supports HARQ feedback for
low latency transmissions in accordance with aspects of the present disclosure. The communications manager 1205
may be an example of aspects of a communications manager 1015, a communications manager 1115, or a communi-
cations manager 1310 described herein. The communications manager 1205 may include an ACK/NACK configuration
manager 1210, a data manager 1215, an ARI manager 1220, a feedback manager 1225, a grant manager 1230, and
a multiplexing manager 1235. Each of these modules may communicate, directly or indirectly, with one another (e.g.,
via one or more buses).
[0100] The ACK/NACK configuration manager 1210 may transmit, to a UE, a configuration of ACK/NACK resource
sets across a set of sub-slots in a slot. In some examples, the ACK/NACK configuration manager 1210 may determine
the configuration of the ACK/NACK resource sets such that none of the ACK/NACK resource sets overlap to avoid
collisions between feedback transmissions. In some examples, the ACK/NACK configuration manager 1210 may transmit
the configuration of ACK/NACK resource sets via RRC signaling. The data manager 1215 may transmit a first data
transmission in a first data channel to the UE and a second data transmission in a second data channel to the UE. In
some examples, the data manager 1215 may identify a first data transmission to be transmitted to a UE.
[0101] The ARI manager 1220 may transmit an indication of a first resource set of the ACK/NACK resource sets in a
first sub-slot for the UE to use for providing feedback for the first data transmission and a second resource set of the
ACK/NACK resource sets in a second sub-slot for the UE to use for providing feedback for the second data transmission,
where the first resource set and the second resource set are each exclusive of each other in a time domain based on
the configuration of the ACK/NACK resource sets or on the indication of the first and second resource sets.
[0102] In some examples, the ARI manager 1220 may determine the first and second resource sets for the UE to use
for providing feedback for the first and second data transmissions such that the first and second resource sets are
exclusive of each other in the time domain to avoid collisions between feedback transmissions. In some examples, the
ARI manager 1220 may transmit one or more ARIs. In some cases, the indication in the grant of ACK/NACK feedback
resources includes an ARI. The feedback manager 1225 may receive the feedback for the first data transmission on the
first resource set and the feedback for the second data transmission on the second resource set. In some examples,
the feedback manager 1225 may receive the first feedback transmission for the data transmission on the first set of
resources or the first feedback transmission multiplexed with the other transmission on the second set of resources.
[0103] In some examples, the feedback manager 1225 may receive bits of the first feedback transmission multiplexed
with bits of the second feedback transmission on the second set of resources, where the first set of resources allocated
for the first feedback transmission overlaps in a time domain with resources allocated for the second feedback trans-
mission. In some examples, the feedback manager 1225 may receive bits of the first feedback transmission multiplexed
with bits of the semi-persistent or periodic transmission on the second set of resources, where the first set of resources
allocated for the first feedback transmission overlaps in a time domain with resources allocated for the semi-persistent
or periodic transmission. In some examples, the feedback manager 1225 may receive bits of the first feedback trans-
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mission multiplexed with bits of the MBB transmission on the second set of resources, where the first set of resources
allocated for the first feedback transmission overlaps in a time domain with resources allocated for the MBB transmission.
[0104] The grant manager 1230 may transmit a grant to schedule the first data transmission, the grant including an
indication of a first set of resources allocated for a first feedback transmission for the data transmission and a second
set of resources allocated for multiplexing the first feedback transmission with another transmission. The multiplexing
manager 1235 may transmit RRC signaling indicating that the UE is to multiplex the first feedback transmission with the
other transmission if the first set of resources allocated for the first feedback transmission overlaps with resources
allocated for the other transmission.
[0105] FIG. 13 shows a diagram of a system 1300 including a device 1305 that supports HARQ feedback for low
latency transmissions in accordance with aspects of the present disclosure. The device 1305 may be an example of or
include the components of device 1005, device 1105, or a base station 105 as described herein. The device 1305 may
include components for bi-directional voice and data communications including components for transmitting and receiving
communications, including a communications manager 1310, a network communications manager 1315, a transceiver
1320, an antenna 1325, memory 1330, a processor 1340, and an inter-station communications manager 1345. These
components may be in electronic communication via one or more buses (e.g., bus 1350).
[0106] The communications manager 1310 may transmit, to a UE, a configuration of ACK/NACK resource sets across
a set of sub-slots in a slot, transmit a first data transmission in a first data channel to the UE and a second data transmission
in a second data channel to the UE, transmit an indication of a first resource set of the ACK/NACK resource sets in a
first sub-slot for the UE to use for providing feedback for the first data transmission and a second resource set of the
ACK/NACK resource sets in a second sub-slot for the UE to use for providing feedback for the second data transmission,
where the first resource set and the second resource set are each exclusive of each other in a time domain based on
the configuration of the ACK/NACK resource sets or on the indication of the first and second resource sets, and receive
the feedback for the first data transmission on the first resource set and the feedback for the second data transmission
on the second resource set.
[0107] The communications manager 1310 may also identify a first data transmission to be transmitted to a UE,
transmit a grant to schedule the first data transmission, the grant including an indication of a first set of resources allocated
for a first feedback transmission for the data transmission and a second set of resources allocated for multiplexing the
first feedback transmission with another transmission, and receive the first feedback transmission for the data transmis-
sion on the first set of resources or the first feedback transmission multiplexed with the other transmission on the second
set of resources.
[0108] The network communications manager 1315 may manage communications with the core network (e.g., via
one or more wired backhaul links). For example, the network communications manager 1315 may manage the transfer
of data communications for client devices, such as one or more UEs 115.
[0109] The transceiver 1320 may communicate bi-directionally, via one or more antennas, wired, or wireless links as
described herein. For example, the transceiver 1320 may represent a wireless transceiver and may communicate bi-
directionally with another wireless transceiver. The transceiver 1320 may also include a modem to modulate the packets
and provide the modulated packets to the antennas for transmission, and to demodulate packets received from the
antennas.
[0110] In some cases, the wireless device may include a single antenna 1325. However, in some cases the device
may have more than one antenna 1325, which may be capable of concurrently transmitting or receiving multiple wireless
transmissions.
[0111] The memory 1330 may include RAM, ROM, or a combination thereof. The memory 1330 may store computer-
readable code 1335 including instructions that, when executed by a processor (e.g., the processor 1340) cause the
device to perform various functions described herein. In some cases, the memory 1330 may contain, among other things,
a BIOS which may control basic hardware or software operation such as the interaction with peripheral components or
devices.
[0112] The processor 1340 may include an intelligent hardware device, (e.g., a general-purpose processor, a DSP,
a CPU, a microcontroller, an ASIC, an FPGA, a programmable logic device, a discrete gate or transistor logic component,
a discrete hardware component, or any combination thereof). In some cases, the processor 1340 may be configured to
operate a memory array using a memory controller. In some cases, a memory controller may be integrated into processor
1340. The processor 1340 may be configured to execute computer-readable instructions stored in a memory (e.g., the
memory 1330) to cause the device 1305 to perform various functions (e.g., functions or tasks supporting HARQ feedback
for low latency transmissions).
[0113] The inter-station communications manager 1345 may manage communications with other base station 105
and may include a controller or scheduler for controlling communications with UEs 115 in cooperation with other base
stations 105. For example, the inter-station communications manager 1345 may coordinate scheduling for transmissions
to UEs 115 for various interference mitigation techniques such as beamforming or joint transmission. In some examples,
the inter-station communications manager 1345 may provide an X2 interface within an LTE/LTE-A wireless communi-
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cation network technology to provide communication between base stations 105.
[0114] The code 1335 may include instructions to implement aspects of the present disclosure, including instructions
to support wireless communications. The code 1335 may be stored in a non-transitory computer-readable medium such
as system memory or other type of memory. In some cases, the code 1335 may not be directly executable by the
processor 1340 but may cause a computer (e.g., when compiled and executed) to perform functions described herein.
[0115] FIG. 14 shows a flowchart illustrating a method 1400 that supports HARQ feedback for low latency transmissions
in accordance with aspects of the present disclosure. The operations of method 1400 may be implemented by a UE 115
or its components as described herein. For example, the operations of method 1400 may be performed by a communi-
cations manager as described with reference to FIGs. 6 through 9. In some examples, a UE may execute a set of
instructions to control the functional elements of the UE to perform the functions described herein. Additionally, or
alternatively, a UE may perform aspects of the functions described herein using special-purpose hardware.
[0116] At 1405, the UE may identify a configuration of ACK/NACK resource sets across a set of sub-slots in a slot,
the sub-slots associated with a hybrid automatic repeat request acknowledgement codebook. The operations of 1405
may be performed according to the methods described herein. In some examples, aspects of the operations of 1405
may be performed by an ACK/NACK configuration manager as described with reference to FIGs. 6 through 9.
[0117] At 1410, the UE may receive a first data transmission in a first data channel from a base station and a second
data transmission in a second data channel from the base station. The operations of 1410 may be performed according
to the methods described herein. In some examples, aspects of the operations of 1410 may be performed by a data
manager as described with reference to FIGs. 6 through 9.
[0118] At 1415, the UE may receive an indication of a first resource set of the ACK/NACK resource sets in a first sub-
slot to use for providing feedback for the first data transmission and a second resource set of the ACK/NACK resource
sets in a second sub-slot to use for providing feedback for the second data transmission, where the first resource set
and the second resource set are each exclusive of each other in a time domain based on the configuration of the
ACK/NACK resource sets or on the indication of the first and second resource sets. The operations of 1415 may be
performed according to the methods described herein. In some examples, aspects of the operations of 1415 may be
performed by an ARI manager as described with reference to FIGs. 6 through 9.
[0119] At 1420, the UE may transmit the feedback for the first data transmission on the first resource set and the
feedback for the second data transmission on the second resource set. The operations of 1420 may be performed
according to the methods described herein. In some examples, aspects of the operations of 1420 may be performed by
a feedback manager as described with reference to FIGs. 6 through 9.
[0120] FIG. 15 shows a flowchart illustrating a method 1500 that supports HARQ feedback for low latency transmissions
in accordance with aspects of the present disclosure. The operations of method 1500 may be implemented by a base
station 105 or its components as described herein. For example, the operations of method 1500 may be performed by
a communications manager as described with reference to FIGs. 10 through 13. In some examples, a base station may
execute a set of instructions to control the functional elements of the base station to perform the functions described
herein. Additionally, or alternatively, a base station may perform aspects of the functions described herein using special-
purpose hardware.
[0121] At 1505, the base station may transmit, to a UE, a configuration of ACK/NACK resource sets across a set of
sub-slots in a slot, the sub-slots associated with a hybrid automatic repeat request acknowledgement codebook. The
operations of 1505 may be performed according to the methods described herein. In some examples, aspects of the
operations of 1505 may be performed by an ACK/NACK configuration manager as described with reference to FIGs.
10 through 13.
[0122] At 1510, the base station may transmit a first data transmission in a first data channel to the UE and a second
data transmission in a second data channel to the UE. The operations of 1510 may be performed according to the
methods described herein. In some examples, aspects of the operations of 1510 may be performed by a data manager
as described with reference to FIGs. 10 through 13.
[0123] At 1515, the base station may transmit an indication of a first resource set of the ACK/NACK resource sets in
a first sub-slot for the UE to use for providing feedback for the first data transmission and a second resource set of the
ACK/NACK resource sets in a second sub-slot for the UE to use for providing feedback for the second data transmission,
where the first resource set and the second resource set are each exclusive of each other in a time domain based on
the configuration of the ACK/NACK resource sets or on the indication of the first and second resource sets. The operations
of 1515 may be performed according to the methods described herein. In some examples, aspects of the operations of
1515 may be performed by an ARI manager as described with reference to FIGs. 10 through 13.
[0124] At 1520, the base station may receive the feedback for the first data transmission on the first resource set and
the feedback for the second data transmission on the second resource set. The operations of 1520 may be performed
according to the methods described herein. In some examples, aspects of the operations of 1520 may be performed by
a feedback manager as described with reference to FIGs. 10 through 13.
[0125] FIG. 16 shows a flowchart illustrating a method 1600 that supports HARQ feedback for low latency transmissions
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in accordance with aspects of the present disclosure. The operations of method 1600 may be implemented by a UE 115
or its components as described herein. For example, the operations of method 1600 may be performed by a communi-
cations manager as described with reference to FIGs. 6 through 9. In some examples, a UE may execute a set of
instructions to control the functional elements of the UE to perform the functions described herein. Additionally, or
alternatively, a UE may perform aspects of the functions described herein using special-purpose hardware.
[0126] At 1605, the UE may receive a first data transmission in a data channel from a base station. The operations of
1605 may be performed according to the methods described herein. In some examples, aspects of the operations of
1605 may be performed by a data manager as described with reference to FIGs. 6 through 9.
[0127] At 1610, the UE may identify ACK/NACK feedback to provide for the first data transmission in a first feedback
transmission. The operations of 1610 may be performed according to the methods described herein. In some examples,
aspects of the operations of 1610 may be performed by a feedback manager as described with reference to FIGs. 6
through 9.
[0128] At 1615, the UE may determine that a first set of resources allocated for the first feedback transmission overlaps
in a time domain with a second set of resources allocated for another transmission. The operations of 1615 may be
performed according to the methods described herein. In some examples, aspects of the operations of 1615 may be
performed by a collision component as described with reference to FIGs. 6 through 9.
[0129] At 1620, the UE may drop the other transmission or multiplexing the first feedback transmission with the other
transmission based on the determining. The operations of 1620 may be performed according to the methods described
herein. In some examples, aspects of the operations of 1620 may be performed by a feedback manager as described
with reference to FIGs. 6 through 9.
[0130] FIG. 17 shows a flowchart illustrating a method 1700 that supports HARQ feedback for low latency transmissions
in accordance with aspects of the present disclosure. The operations of method 1700 may be implemented by a base
station 105 or its components as described herein. For example, the operations of method 1700 may be performed by
a communications manager as described with reference to FIGs. 10 through 13. In some examples, a base station may
execute a set of instructions to control the functional elements of the base station to perform the functions described
herein. Additionally, or alternatively, a base station may perform aspects of the functions described herein using special-
purpose hardware.
[0131] At 1705, the base station may transmit a grant to schedule a first data transmission for a user equipment (UE),
the grant including an indication of a first set of resources allocated for a first feedback transmission for the data trans-
mission and a second set of resources allocated for multiplexing the first feedback transmission with another transmission.
The operations of 1710 may be performed according to the methods described herein. In some examples, aspects of
the operations of 1710 may be performed by a grant manager as described with reference to FIGs. 10 through 13.
[0132] At 1710, the base station may receive the first feedback transmission for the data transmission on the first set
of resources or the first feedback transmission multiplexed with the other transmission on the second set of resources.
The operations of 1715 may be performed according to the methods described herein. In some examples, aspects of
the operations of 1715 may be performed by a feedback manager as described with reference to FIGs. 10 through 13.
[0133] It should be noted that the methods described herein describe possible implementations, and that the operations
and the steps may be rearranged or otherwise modified and that other implementations are possible. Further, aspects
from two or more of the methods may be combined.
[0134] Techniques described herein may be used for various wireless communications systems such as code division
multiple access (CDMA), time division multiple access (TDMA), frequency division multiple access (FDMA), orthogonal
frequency division multiple access (OFDMA), single carrier frequency division multiple access (SC-FDMA), and other
systems. A CDMA system may implement a radio technology such as CDMA2000, Universal Terrestrial Radio Access
(UTRA), etc. CDMA2000 covers IS-2000, IS-95, and IS-856 standards. IS-2000 Releases may be commonly referred
to as CDMA2000 1X, 1X, etc. IS-856 (TIA-856) is commonly referred to as CDMA2000 1xEV-DO, High Rate Packet
Data (HRPD), etc. UTRA includes Wideband CDMA (WCDMA) and other variants of CDMA. A TDMA system may
implement a radio technology such as Global System for Mobile Communications (GSM).
[0135] An OFDMA system may implement a radio technology such as Ultra Mobile Broadband (UMB), Evolved UTRA
(E-UTRA), Institute of Electrical and Electronics Engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20,
Flash-OFDM, etc. UTRA and E-UTRA are part of Universal Mobile Telecommunications System (UMTS). LTE, LTE-A,
and LTE-A Pro are releases of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A, LTE-A Pro, NR, and GSM
are described in documents from the organization named "3rd Generation Partnership Project" (3GPP). CDMA2000 and
UMB are described in documents from an organization named "3rd Generation Partnership Project 2" (3GPP2). The
techniques described herein may be used for the systems and radio technologies mentioned herein as well as other
systems and radio technologies. While aspects of an LTE, LTE-A, LTE-A Pro, or NR system may be described for
purposes of example, and LTE, LTE-A, LTE-A Pro, or NR terminology may be used in much of the description, the
techniques described herein are applicable beyond LTE, LTE-A, LTE-A Pro, or NR applications.
[0136] A macro cell generally covers a relatively large geographic area (e.g., several kilometers in radius) and may
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allow unrestricted access by UEs with service subscriptions with the network provider. A small cell may be associated
with a lower-powered base station, as compared with a macro cell, and a small cell may operate in the same or different
(e.g., licensed, unlicensed, etc.) frequency bands as macro cells. Small cells may include pico cells, femto cells, and
micro cells according to various examples. A pico cell, for example, may cover a small geographic area and may allow
unrestricted access by UEs with service subscriptions with the network provider. A femto cell may also cover a small
geographic area (e.g., a home) and may provide restricted access by UEs having an association with the femto cell
(e.g., UEs in a closed subscriber group (CSG), UEs for users in the home, and the like). An eNB for a macro cell may
be referred to as a macro eNB. An eNB for a small cell may be referred to as a small cell eNB, a pico eNB, a femto eNB,
or a home eNB. An eNB may support one or multiple (e.g., two, three, four, and the like) cells, and may also support
communications using one or multiple component carriers.
[0137] The wireless communications systems described herein may support synchronous or asynchronous operation.
For synchronous operation, the base stations may have similar frame timing, and transmissions from different base
stations may be approximately aligned in time. For asynchronous operation, the base stations may have different frame
timing, and transmissions from different base stations may not be aligned in time. The techniques described herein may
be used for either synchronous or asynchronous operations.
[0138] Information and signals described herein may be represented using any of a variety of different technologies
and techniques. For example, data, instructions, commands, information, signals, bits, symbols, and chips that may be
referenced throughout the description may be represented by voltages, currents, electromagnetic waves, magnetic fields
or particles, optical fields or particles, or any combination thereof.
[0139] The various illustrative blocks and modules described in connection with the disclosure herein may be imple-
mented or performed with a general-purpose processor, a DSP, an ASIC, an FPGA, or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination thereof designed to perform the
functions described herein. A general-purpose processor may be a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, microcontroller, or state machine. A processor may also be implemented
as a combination of computing devices (e.g., a combination of a DSP and a microprocessor, multiple microprocessors,
one or more microprocessors in conjunction with a DSP core, or any other such configuration).
[0140] The functions described herein may be implemented in hardware, software executed by a processor, firmware,
or any combination thereof. If implemented in software executed by a processor, the functions may be stored on or
transmitted over as one or more instructions or code on a computer-readable medium. Other examples and implemen-
tations are within the scope of the disclosure and appended claims. For example, due to the nature of software, functions
described herein can be implemented using software executed by a processor, hardware, firmware, hardwiring, or
combinations of any of these. Features implementing functions may also be physically located at various positions,
including being distributed such that portions of functions are implemented at different physical locations.
[0141] Computer-readable media includes both non-transitory computer storage media and communication media
including any medium that facilitates transfer of a computer program from one place to another. A non-transitory storage
medium may be any available medium that can be accessed by a general purpose or special purpose computer. By
way of example, and not limitation, non-transitory computer-readable media may include random-access memory (RAM),
read-only memory (ROM), electrically erasable programmable ROM (EEPROM), flash memory, compact disk (CD) ROM
or other optical disk storage, magnetic disk storage or other magnetic storage devices, or any other non-transitory
medium that can be used to carry or store desired program code means in the form of instructions or data structures
and that can be accessed by a general-purpose or special-purpose computer, or a general-purpose or special-purpose
processor. Also, any connection is properly termed a computer-readable medium. For example, if the software is trans-
mitted from a website, server, or other remote source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wireless technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic cable,
twisted pair, DSL, or wireless technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, include CD, laser disc, optical disc, digital versatile disc (DVD), floppy disk and
Blu-ray disc where disks usually reproduce data magnetically, while discs reproduce data optically with lasers. Combi-
nations described herein are also included within the scope of computer-readable media.
[0142] As used herein, including in the claims, "or" as used in a list of items (e.g., a list of items prefaced by a phrase
such as "at least one of" or "one or more of") indicates an inclusive list such that, for example, a list of at least one of A,
B, or C means A or B or C or AB or AC or BC or ABC (e.g., A and B and C). Also, as used herein, the phrase "based
on" shall not be construed as a reference to a closed set of conditions. For example, an exemplary step that is described
as "based on condition A" may be based on both a condition A and a condition B without departing from the scope of
the present disclosure. In other words, as used herein, the phrase "based on" shall be construed in the same manner
as the phrase "based at least in part on."
[0143] In the appended figures, similar components or features may have the same reference label. Further, various
components of the same type may be distinguished by following the reference label by a dash and a second label that
distinguishes among the similar components. If just the first reference label is used in the specification, the description
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is applicable to any one of the similar components having the same first reference label irrespective of the second
reference label, or other subsequent reference label.
[0144] The description set forth herein, in connection with the appended drawings, describes example configurations
and does not represent all the examples that may be implemented or that are within the scope of the claims. The term
"exemplary" used herein means "serving as an example, instance, or illustration," and not "preferred" or "advantageous
over other examples." The detailed description includes specific details for the purpose of providing an understanding
of the described techniques. These techniques, however, may be practiced without these specific details. In some
instances, well-known structures and devices are shown in block diagram form in order to avoid obscuring the concepts
of the described examples.

Claims

1. A method for wireless communication at a user equipment, comprising:

identifying (1405) a configuration of acknowledgement/negative acknowledgement, ACK/NACK, resource sets
across a plurality of sub-slots in a slot, the plurality of sub-slots associated with a hybrid automatic repeat request
acknowledgement, HARQ-ACK, codebook;
receiving (1410) a first data transmission in a first data channel from a base station and a second data trans-
mission in a second data channel from the base station;
receiving (1415) an indication of a first resource set of the ACK/NACK resource sets that is located completely
within a first sub-slot of the plurality of sub-slots in the slot to use for providing feedback for the first data
transmission and a second resource set of the ACK/NACK resource sets that is located completely in a second
sub-slot of the plurality of sub-slots in the slot to use for providing feedback for the second data transmission,
wherein the first resource set and the second resource set are each exclusive of each other in a time domain
based at least in part on a configuration of the ACK/NACK resource sets or on the indication of the first and
second resource sets; and
transmitting (1420) the feedback for the first data transmission on the first resource set and the feedback for
the second data transmission on the second resource set.

2. The method of claim 1, wherein the ACK/NACK resource sets comprise HARQ-ACK resource sets for a physical
uplink control channel, PUCCH.

3. The method of claim 1, wherein identifying the configuration of ACK/NACK resource sets across the plurality of sub-
slots in the slot comprises:
identifying that each ACK/NACK resource set is completely within respective sub-slots of the plurality of sub-slots
in the slot such that the first resource set and the second resource set are each exclusive of each other in the time
domain based at least in part on the configuration of the ACK/NACK resource sets, and wherein resource sets are
configured for providing feedback such that none of the resource sets overlap and collisions between feedback
transmissions are avoided.

4. The method of claim 1, wherein receiving the indication of the first resource set and the second resource set
comprises:
receiving one or more feedback timing parameters with the first data transmission and the second data transmission,
the one or more feedback timing parameters indicating the first resource set and the second resource set such that
the first resource set and the second resource set are each exclusive of each other in the time domain even if the
configuration of ACK/NACK resource sets includes overlapping resource sets.

5. The method of claim 1, wherein identifying the configuration of the plurality of ACK/NACK resource sets comprises:
receiving, from the base station, the configuration of the plurality of ACK/NACK resource sets via radio resource
control, RRC, signaling.

6. The method of claim 1, wherein receiving the indication of the first resource set and the second resource set
comprises:
receiving one or more ACK/NACK resource indicators, ARIs.

7. A method for wireless communication at a base station, comprising:
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transmitting (1505), to a user equipment, UE, a configuration of ACK/NACK resource sets across a plurality of
sub-slots in a slot, the plurality of sub-slots associated with a hybrid automatic repeat request acknowledgement,
HARQ-ACK, codebook;
transmitting (1510) a first data transmission in a first data channel to the UE and a second data transmission
in a second data channel to the UE;
transmitting (1515) an indication of a first resource set of the ACK/NACK resource sets that is located completely
within a first sub-slot of the plurality of sub-slots in the slot for the UE to use for providing feedback for the first
data transmission and a second resource set of the ACK/NACK resource sets that is located completely within
a second sub-slot of the plurality of sub-slots in the slot for the UE to use for providing feedback for the second
data transmission, wherein the first resource set and the second resource set are each exclusive of each other
in a time domain based at least in part on a configuration of the ACK/NACK resource sets or on the indication
of the first and second resource sets; and
receiving (1520) the feedback for the first data transmission on the first resource set and the feedback for the
second data transmission on the second resource set.

8. The method of claim 7, wherein the ACK/NACK resource sets comprise HARQ-ACK resource sets for a physical
uplink control channel, PUCCH.

9. The method of claim 7, wherein the first resource set and the second resource set are each exclusive of each other
in the time domain based at least in part on the configuration of the ACK/NACK resource sets, the method further
comprising:
determining the configuration of the ACK/NACK resource sets such that none of the ACK/NACK resource sets
overlap to avoid collisions between feedback transmissions.

10. The method of claim 7, wherein the first resource set and the second resource set are each exclusive of each other
in the time domain based at least in part on the indication of the first and second resource sets, the method further
comprising:
determining the first and second resource sets for the UE to use for providing feedback for the first and second data
transmissions such that the first and second resource sets are exclusive of each other in the time domain to avoid
collisions between feedback transmissions.

11. The method of claim 7, wherein transmitting the configuration of the ACK/NACK resource sets comprises:
transmitting the configuration of ACK/NACK resource sets via radio resource control, RRC, signaling.

12. The method of claim 7, wherein transmitting the indication of the first resource set and the second resource set
comprises:
transmitting one or more acknowledgment, ACK, negative-acknowledgement, NACK, resource indicators, ARIs.

13. An apparatus for wireless communication at a user equipment, comprising:
means arranged to perform the steps of any one of claims 1 to 6.

14. An apparatus for wireless communication at a base station, comprising:
means arranged to perform the steps of any one of claims 7 to 12.

Patentansprüche

1. Ein Verfahren für eine drahtlose Kommunikation an einem Benutzergerät (User Equipment bzw. UE), aufweisend:

Identifizieren (1405) einer Konfiguration von Bestätigung/Negativbestätigung (ACK/NACK)-Ressourcensätzen
über eine Vielzahl von Subschlitzen in einem Schlitz, wobei die Vielzahl von Subschlitzen mit einem HARQ
(Hybrid Automatic Repeat Request)-ACK-Codebuch assoziiert sind,
Empfangen (1410) einer ersten Datensendung in einem ersten Datenkanal von einer Basisstation und einer
zweiten Datensendung in einem zweiten Datenkanal von der Basisstation,
Empfangen (1415) einer Angabe eines ersten Ressourcensatzes der ACK/NACK-Ressourcensätze, der voll-
ständig in einem ersten Subschlitz der Vielzahl von Subschlitzen in dem Schlitz enthalten ist, für das Vorsehen
einer Rückmeldung für die erste Datensendung und eines zweiten Ressourcensatzes der ACK/NACK-Res-
sourcensätze, der vollständig in einem zweiten Subschlitz der Vielzahl von Subschlitzen in dem Schlitz enthalten
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ist, für das Vorsehen einer Rückmeldung für die zweite Datensendung, wobei der erste Ressourcensatz und
der zweite Ressourcensatz exklusiv zueinander in der Zeitdomäne basierend wenigstens teilweise auf einer
Konfiguration der ACK/NACK-Ressourcensätze oder auf der Angabe der ersten und zweiten Ressourcensätze
sind, und
Senden (1420) der Rückmeldung für die erste Datensendung auf dem ersten Ressourcensatz und der Rück-
meldung für die zweite Datensendung auf dem zweiten Ressourcensatz.

2. Verfahren nach Anspruch 1, wobei die ACK/NACK-Ressourcensätze HARQ-ACK-Ressourcensätze für einen phy-
sikalischen Aufwärtsstrecke-Steuerkanal (PUCCH) aufweisen.

3. Verfahren nach Anspruch 1, wobei das Identifizieren der Konfiguration der ACK/NACK-Ressourcensätze über die
Vielzahl von Subschlitzen in dem Schlitz aufweist:
Identifizieren, dass jeder ACK/NACK-Ressourcensatz vollständig in entsprechenden Subschlitzen der Vielzahl von
Subschlitzen in dem Schlitz enthalten ist, sodass der erste Ressourcensatz und der zweite Ressourcensatz jeweils
exklusiv zueinander in der Zeitdomäne basierend wenigstens teilweise auf der Konfiguration der ACK/NACK-Res-
sourcensätze sind, und wobei Ressourcensätze für das Vorsehen einer Rückmeldung konfiguriert sind, sodass
keiner der Ressourcensätze überlappt und Kollisionen zwischen Rückmeldungssendungen vermieden werden.

4. Verfahren nach Anspruch 1, wobei das Empfangen der Angabe des ersten Ressourcensatzes und des zweiten
Ressourcensatzes aufweist:
Empfangen eines oder mehrerer Rückmeldungs-Timingparameter mit der ersten Datensendung und der zweiten
Datensendung, wobei der eine oder die mehreren Rückmeldungs-Timingparameter den ersten Ressourcensatz
und den zweiten Ressourcensatz derart angeben, dass der erste Ressourcensatz und der zweite Ressourcensatz
auch dann exklusiv zueinander in der Zeitdomäne sind, wenn die Konfiguration der ACK/NACK-Ressourcensätze
überlappende Ressourcensätze enthält.

5. Verfahren nach Anspruch 1, wobei das Identifizieren der Konfiguration der Vielzahl von ACK/NACK-Ressourcen-
sätze aufweist:
Empfangen, von der Basisstation, der Konfiguration der Vielzahl von ACK/NACK-Ressourcensätze über eine
Funkressourcensteuerung (Radio Resource Control bzw. RRC)-Signalisierung.

6. Verfahren nach Anspruch 1, wobei das Empfangen der Angabe des ersten Ressourcensatzes und des zweiten
Ressourcensatzes aufweist:
Empfangen einer oder mehrerer ACK/NACK-Ressourcenindikatoren (ARIs).

7. Ein Verfahren für eine drahtlose Kommunikation an einer Basisstation, aufweisend:

Senden (1505), an ein Benutzergerät (User Equipment bzw. UE), einer Konfiguration von ACK/NACK-Ressour-
censätzen über eine Vielzahl von Subschlitzen in einem Schlitz, wobei die Vielzahl von Subschlitzen mit einem
HARQ (Hybrid Automatic Repeat Request)-ACK-Codebuch assoziiert sind,
Senden (1510) einer ersten Datensendung in einem ersten Datenkanal an das UE und einer zweiten Daten-
sendung in einem zweiten Datenkanal an das UE,
Senden (1515) einer Angabe eines ersten Ressourcensatzes der ACK/NACK-Ressourcensätze, der vollständig
in einem ersten Subschlitz der Vielzahl von Subschlitzen in dem Schlitz für das UE enthalten ist, für das Vorsehen
einer Rückmeldung für die erste Datensendung und eines zweiten Ressourcensatzes der ACK/NACK-Res-
sourcensätze, der vollständig in einem zweiten Subschlitz der Vielzahl von Subschlitzen in dem Schlitz enthalten
ist, für das Vorsehen einer Rückmeldung für die zweite Datensendung, wobei der erste Ressourcensatz und
der zweite Ressourcensatz exklusiv zueinander in der Zeitdomäne basierend wenigstens teilweise auf einer
Konfiguration der ACK/NACK-Ressourcensätze oder auf der Angabe der ersten und zweiten Ressourcensätze
sind, und
Empfangen (1520) der Rückmeldung für die erste Datensendung auf dem ersten Ressourcensatz und der
Rückmeldung für die zweite Datensendung auf dem zweiten Ressourcensatz.

8. Verfahren nach Anspruch 7, wobei die ACK/NACK-Ressourcensätze HARQ-ACK-Ressourcensätze für einen phy-
sikalischen Aufwärtsstrecke-Steuerkanal (PUCCH) aufweisen.

9. Verfahren nach Anspruch 7, wobei der erste Ressourcensatz und der zweite Ressourcensatz exklusiv zueinander
in der Zeitdomäne basierend wenigstens teilweise auf der Konfiguration der ACK/NACK-Ressourcensätze sind,
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wobei das Verfahren weiterhin aufweist:
Bestimmen der Konfiguration der ACK/NACK-Ressourcensätze derart, dass keiner der ACK/NACK-Ressourcen-
sätze überlappt, um Kollisionen zwischen Rückmeldungssendungen zu vermeiden.

10. Verfahren nach Anspruch 7, wobei der erste Ressourcensatz und der zweite Ressourcensatz exklusiv zueinander
in der Zeitdomäne basierend wenigstens teilweise auf der Angabe der ersten und zweiten Ressourcensätze sind,
wobei das Verfahren weiterhin aufweist:
Bestimmen der ersten und zweiten Ressourcensätze für das UE für die Verwendung beim Vorsehen einer Rück-
meldung für die ersten und zweiten Datensendungen derart, dass die ersten und zweiten Ressourcensätze exklusiv
zueinander in der Zeitdomäne sind, um Kollisionen zwischen Rückmeldungssendungen zu vermeiden.

11. Verfahren nach Anspruch 7, wobei das Senden der Konfiguration der ACK/NACK-Ressourcensätze aufweist:
Senden der Konfiguration von ACK/NACK-Ressourcensätzen über eine Funkressourcensteuerung (Radio Resource
Control bzw. RRC)-Signalisierung.

12. Verfahren nach Anspruch 7, wobei das Senden der Angabe des ersten Ressourcensatzes und des zweiten Res-
sourcensatzes aufweist:
Senden einer oder mehrerer Bestätigung/Negativbestätigung (ACK/NACK)-Ressourcenindikatoren (ARIs).

13. Eine Vorrichtung für eine drahtlose Kommunikation an einem Benutzergerät, aufweisend:
Mittel, die angeordnet sind zum Durchführen der Schritte der Ansprüche 1 bis 6.

14. Eine Vorrichtung für eine drahtlose Kommunikation an einer Basisstation, aufweisend:
Mittel, die angeordnet sind zum Durchführen der Schritte der Ansprüche 7 bis 12.

Revendications

1. Un procédé de communication sans fil au niveau d’un équipement d’utilisateur, comprenant :

l’identification (1405) d’une configuration d’ensembles de ressources d’accusé de réception/accusé de réception
négatif, ACK/NACK, sur une pluralité de sous-intervalles de temps dans un intervalle de temps, la pluralité de
sous-intervalles de temps étant associés à un livre de codes de demande de répétition automatique hybride-
accusé de réception, HARQ-ACK,
la réception (1410) d’une première transmission de données dans un premier canal de données à partir d’une
station de base et d’une deuxième transmission de données dans un deuxième canal de données à partir de
la station de base,
la réception (1415) d’une indication d’un premier ensemble de ressources des ensembles de ressources
ACK/NACK qui se situe entièrement à l’intérieur d’un premier sous-intervalle de temps de la pluralité de sous-
intervalles de temps dans l’intervalle de temps à utiliser pour la fourniture d’une rétroaction pour la première
transmission de données et un deuxième ensemble de ressources des ensembles de ressources ACK/NACK
qui se situe entièrement dans un deuxième sous-intervalle de temps de la pluralité de sous-intervalles de temps
dans l’intervalle de temps à utiliser pour la fourniture d’une rétroaction pour la deuxième transmission de données,
où le premier ensemble de ressources et le deuxième ensemble de ressources sont chacun exclusifs l’un de
l’autre dans un domaine temporel en fonction au moins en partie d’une configuration des ensembles de res-
sources ACK/NACK ou de l’indication des premier et deuxième ensembles de ressources, et
la transmission (1420) de la rétroaction pour la première transmission de données sur le premier ensemble de
ressources et de la rétroaction pour la deuxième transmission de données sur le deuxième ensemble de res-
sources.

2. Le procédé selon la Revendication 1, où les ensembles de ressources ACK/NACK comprennent des ensembles
de ressources HARQ-ACK destinés à un canal de commande en liaison montante physique, PUCCH.

3. Le procédé selon la Revendication 1, où l’identification de la configuration d’ensembles de ressources ACK/NACK
sur la pluralité de sous-intervalles de temps dans l’intervalle de temps comprend :
l’identification que chaque ensemble de ressources ACK/NACK est entièrement à l’intérieur de sous-intervalles de
temps respectifs de la pluralité de sous-intervalles de temps dans l’intervalle de temps de sorte que le premier
ensemble de ressources et le deuxième ensemble de ressources soient chacun exclusifs l’un de l’autre dans le
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domaine temporel en fonction au moins en partie de la configuration des ensembles de ressources ACK/NACK, et
où des ensembles de ressources sont configurés pour la fourniture d’une rétroaction de sorte qu’aucun des ensem-
bles de ressources ne se chevauchent et des collisions entre les transmissions de rétroaction sont évitées.

4. Le procédé selon la Revendication 1, où la réception de l’indication du premier ensemble de ressources et du
deuxième ensemble de ressources comprend :
la réception d’un ou de plusieurs paramètres temporels de rétroaction avec la première transmission de données
et la deuxième transmission de données, les un ou plusieurs paramètres temporels de rétroaction indiquant le
premier ensemble de ressources et le deuxième ensemble de ressources de sorte que le premier ensemble de
ressources et le deuxième ensemble de ressources soient chacun exclusifs l’un de l’autre dans le domaine temporel
même si la configuration d’ensembles de ressources ACK/NACK comprend un chevauchement d’ensembles de
ressources.

5. Le procédé selon la Revendication 1, où l’identification de la configuration de la pluralité d’ensembles de ressources
ACK/NACK comprend :
la réception, à partir de la station de base, de la configuration de la pluralité d’ensembles de ressources ACK/NACK
par l’intermédiaire d’une signalisation de commande de ressource radio, RRC.

6. Le procédé selon la Revendication 1, où la réception de l’indication du premier ensemble de ressources et du
deuxième ensemble de ressources comprend :
la réception d’un ou de plusieurs indicateurs de ressources ACK/NACK, ARI.

7. Un procédé de communication sans fil au niveau d’une station de base, comprenant :

la transmission (1505), à un équipement d’utilisateur, UE, d’une configuration d’ensembles de ressources
ACK/NACK sur une pluralité de sous-intervalles de temps dans un intervalle de temps, la pluralité de sous-
intervalles de temps étant associés à un livre de codes de demande de répétition automatique hybride-accusé
de réception, HARQ-ACK,
la transmission (1510) d’une première transmission de données dans un premier canal de données à l’UE et
d’une deuxième transmission de données dans un deuxième canal de données à l’UE,
la transmission (1515) d’une indication d’un premier ensemble de ressources des ensembles de ressources
ACK/NACK qui se situe entièrement à l’intérieur d’un premier sous-intervalle de temps de la pluralité de sous-
intervalles de temps dans l’intervalle de temps à utiliser par l’UE pour la fourniture d’une rétroaction pour la
première transmission de données et d’un deuxième ensemble de ressources des ensembles de ressources
ACK/NACK qui se situe entièrement à l’intérieur d’un deuxième sous-intervalle de temps de la pluralité de sous-
intervalles de temps dans l’intervalle de temps à utiliser par l’UE pour la fourniture d’une rétroaction pour la
deuxième transmission de données, où le premier ensemble de ressources et le deuxième ensemble de res-
sources sont chacun exclusifs l’un de l’autre dans un domaine temporel en fonction au moins en partie d’une
configuration des ensembles de ressources ACK/NACK ou de l’indication des premier et deuxième ensembles
de ressources, et
la réception (1520) de la rétroaction pour la première transmission de données sur le premier ensemble de
ressources et de la rétroaction pour la deuxième transmission de données sur le deuxième ensemble de res-
sources.

8. Le procédé selon la Revendication 7, où les ensembles de ressources ACK/NACK comprennent des ensembles
de ressources HARQ-ACK destinés à un canal de commande en liaison montante physique, PUCCH.

9. Le procédé selon la Revendication 7, où le premier ensemble de ressources et le deuxième ensemble de ressources
sont chacun exclusifs l’un de l’autre dans le domaine temporel en fonction au moins en partie de la configuration
des ensembles de ressources ACK/NACK, le procédé comprenant en outre :
la détermination de la configuration des ensembles de ressources ACK/NACK de sorte qu’aucun des ensembles
de ressources ACK/NACK ne se chevauchent de façon à éviter des collisions entre les transmissions de rétroaction.

10. Le procédé selon la Revendication 7, où le premier ensemble de ressources et le deuxième ensemble de ressources
sont chacun exclusifs l’un de l’autre dans le domaine temporel en fonction au moins en partie de l’indication des
premier et deuxième ensembles de ressources, le procédé comprenant en outre :
la détermination des premier et deuxième ensembles de ressources à utiliser par l’UE pour la fourniture d’une
rétroaction pour les première et deuxième transmissions de données de sorte que les premier et deuxième ensembles
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de ressources soient exclusifs l’un de l’autre dans le domaine temporel de façon à éviter des collisions entre les
transmissions de rétroaction.

11. Le procédé selon la Revendication 7, où la transmission de la configuration des ensembles de ressources ACK/NACK
comprend :
la transmission de la configuration d’ensembles de ressources ACK/NACK par l’intermédiaire d’une signalisation
de commande de ressource radio, RRC.

12. Le procédé selon la Revendication 7, où la transmission de l’indication du premier ensemble de ressources et du
deuxième ensemble de ressources comprend :
la transmission d’un ou de plusieurs indicateurs de ressources d’accusé de réception, ACK, accusé de réception
négatif, NACK, ARI.

13. Un appareil de communication sans fil au niveau d’un équipement d’utilisateur, comprenant :
un moyen agencé de façon à exécuter les opérations selon l’une quelconque des Revendications 1 à 6.

14. Un appareil de communication sans fil au niveau d’une station de base, comprenant :
un moyen agencé de façon à exécuter les opérations selon l’une quelconque des Revendications 7 à 12.
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