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Resource signaling for PUCCH

Technical Field

5

This disclosure pertains to wireless communication technology, in particular in the

context of Radio Access Technology/Networks (RAT/RAN).

Background

10

New wireless communication technologies, e.g. 5G technologies like 3GPP New

Radio, are being developed and introduced for a wide range of use cases. To cover

this wide range, more flexibility for signaling is desirable, in particular for control

signaling.

15

Summary

It is an object of the present disclosure to provide approaches allowing flexible

transmission of uplink control signaling, respectively acknowledgement signaling. In

the context of this disclosure, acknowledgement signaling may be considered a form20

of uplink control signaling, and/or be included and/or implemented therein, or be

separately implemented. For example, uplink control signaling may comprise

acknowledgement signaling next to for example scheduling grants and/or

measurement reporting. Alternatively, acknowledgement signaling may be

implemented to only comprise acknowledgement information, at per individual25

message.

Accordingly, there is disclosed a user equipment, UE, for a Radio Access Network.

The UE is adapted for transmitting acknowledgement signaling pertaining to downlink

data. The downlink data comprises one or more downlink data elements. The30

acknowledgement signaling has an uplink signaling format comprising one or more

acknowledgement substructures, wherein each of the substructures carry

acknowledgement information pertaining to a downlink data element. Further, each of

the acknowledgment substructures is mapped to a different of the downlink data
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elements based on at least one acknowledgement position indication provided in35

downlink control signaling received by the UE. The UE may comprise processing

circuitry and/or radio circuitry, in particular a transmitter or transceiver, and/or be

adapted to use such, for transmitting acknowledgement signaling. Alternatively or

additionally, the UE may comprise a transmitting module for such transmitting. It may

be considered that the UE comprises a receiver, and/or a receiving module, for40

receiving downlink data and/or downlink control signaling, e.g. from a network node.

A method of operating a user Equipment, UE, in a Radio Access Network is also

proposed. The method comprises transmitting acknowledgement signaling pertaining

to downlink data, the downlink data comprising one or more downlink data elements.45

The acknowledgement signaling has an uplink signaling format comprising one or

more acknowledgement substructures, each of the substructures carrying

acknowledgement information pertaining to a downlink data element. Further, each of

the acknowledgment substructures is mapped to a different of the downlink data

elements based on at least one acknowledgement position indication provided in50

downlink control signaling received by the UE. The method may comprise receiving

downlink data and/or downlink control signaling, e.g. from a network node.

Moreover, a network node for a Radio Access Network may be considered. The

network node is adapted for transmitting downlink control signaling comprising an55

acknowledgement position indication. The acknowledgement position indication

indicates a mapping of at least one acknowledgement substructure of an uplink

signaling format comprising one or more acknowledgement substructures to a

corresponding data element of downlink data, wherein the acknowledgement

substructure is mapped for carrying acknowledgement information pertaining to the60

downlink data element. The network node may comprise processing circuitry and/or

radio circuitry, in particular a transmitter or transceiver, and/or be adapted to use such,

for transmitting acknowledgement signaling. Alternatively or additionally, the network

node may comprise a transmitting module for such transmitting.

65

In addition, there is described a method of operating a network node in a Radio Access

Network. The method comprises transmitting downlink control signaling comprising an

acknowledgement position indication. The acknowledgement position indication
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indicates a mapping of at least one acknowledgement substructure of an uplink

signaling format comprising one or more acknowledgement substructures to a70

corresponding data element of downlink data, wherein the acknowledgement

substructure is mapped for carrying acknowledgement information pertaining to the

downlink data element.

Transmitting downlink control signaling may be transmitting to one or more than one75

UEs. It may generally be considered that transmitting downlink control signaling is an

example and/or part of configuring the UE/s, in particular configuring on the physical

layer and/or dynamic configuring.

Alternatively, there may be considered a network node for a RAN, the network node80

being adapted for receiving acknowledgement signaling having an uplink signaling

format as discussed herein. The network node may in some variant be implemented

as network node adapted for transmitting downlink control signaling as described

herein. Independently, there may be considered a method of operating a network node

in a RAN, the method comprising receiving acknowledgement signaling having an85

uplink signaling format as discussed herein. The method may comprise transmitting

downlink control signaling as described herein, in particular before receiving, and/or

for configuring, the acknowledgement signaling respectively the format. Receiving

acknowledgement signaling may be based on a corresponding configuration, which

may be known to the network node, which may determine it itself (for configuring the90

UE), and/or may have received corresponding information from another network node

and/or the UE. The network node may comprise and/or utilise a receiver and/or a

receiving module for such receiving.

The proposed approaches allow flexible signaling to a UE of which substructure, e.g.95

of a resource, for use for acknowledgement signaling. Thus, acknowledgement

signaling may be adapted to a wide range of uses and situations, ensuring reliable

information. It should be noted that in the context of this disclosure, a single

acknowledgement substructure in an uplink signaling format mapped to one data

element is considered to represent each of the acknowledgement substructures of the100

format being mapped to a different data element, if there is no mapping of the

substructure to more than one data element (or vice versa).
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The acknowledgment substructures may be transmitted in the same message and/or

format and/or be jointly encoded and/or modulated and/or be transmitted on the same105

resource, which may be an uplink control signaling resource. Such a resource may be

configured to the UE, e.g. in a resource pool. In particular, resource and/or resource

pool may be pre-configured, e.g. before receiving the data elements and/or the

downlink control signaling. The mapping described herein may generally be

considered to map data element/s to different substructures transmitted on the same110

resource.

Generally, the downlink control signaling and the downlink data may be transmitted on

different channels, in particular different physical channels. Downlink signaling may be

transmitted by a network node. Downlink control signaling may comprise downlink115

control information (DCI), and/or may be transmitted on a (ore more than one) shared

or dedicated channel, e.g. a downlink control channel, for example a PDCCH (Physical

Downlink Control CHannel), or a shared or broadcast channel. Downlink data may be

transmitted on a (or more than one) shared or dedicated channel, e.g. a PDSCH

(Physical Downlink Shared CHannel).120

The downlink control signaling may comprise different message, e.g. different DCI

messages, in particular received (by the UE) and/or transmitted (by the network node)

in different time structures or TTIs.

125

Acknowledgement information may represent an acknowledgment or non-

acknowledgement, e.g. of correct reception of the corresponding data element, and

optionally may represent an indication of non-reception. In particular, acknowledgment

information may represent ARQ (Automatic Repeat request) and/or HARQ (Hybrid

Automatic Repeat reQuest) feedback. Correct reception may include correct130

decoding/demodulation, e.g. according to an ARQ or HARQ process, for example

based on error detection and/or forward error correction coding, which may be based

on a data element being received. Correspondingly, incorrect reception (non-

acknowledgement) may refer to detection of an error during decoding/demodulating.

Non-reception may indicate non-reception of a data element and/or non-reception of135

an acknowledgement position indication indicating a mapping pertaining to the data
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element. Non-reception may for example by indicated by a DTX (Discontinuous

Transmission) indication.

The acknowledgement position indication may be selective between two or more140

different uplink signaling formats. A radio node may select, and/or be adapted to select,

the acknowledgement position indication based on a suitable uplink signaling format.

The uplink signaling formats may correspond to, and/or configured for, specific uplink

resources. For example, for different configured (or scheduled) uplink resources, there

may be used and/or associated different uplink signaling formats, for example145

depending on the size (in time-frequency space, e.g. represented by resource

elements) of the resource/s.

It may be considered that the acknowledgment position indication indicates a timing

and/or resource for transmitting the acknowledgement signaling. The timing may150

generally represent a time structure or interval used for transmission, e.g. a slot or

mini-slot or shortened slot or similar, in particular a specific time structure or interval.

Transmission may be intended within this time structure or interval, e.g. at the

beginning or end, but not limited thereto. Such a time structure or interval or TTI may

represent and/or comprise a plurality of symbols or resource elements (in time),155

respectively the associated time intervals, for example at least 2, at least 3, at least 4,

at least 7 or at least 14 such time intervals, e.g. symbol time intervals. In general, the

timing may be represented by a timing difference or time shift, e.g. between the timing

of reception of the acknowledgement position indication and/or the data/data element/s

it pertains to, and the intended or scheduled transmitting time structure, e.g. for160

transmitting the corresponding acknowledgement signaling. The time difference or

time shift may me in some variants be represented by time value (e.g., in seconds or

subunits thereof), or a time structure number, e.g. a difference in slot number between

reception and transmission. Such a difference may for example be an integer number.

165

The downlink control signaling may comprise one or more messages, wherein each

message may comprise at least one acknowledgement position indication. The

message may for example be DCI messages. Different messages may pertain to

different data elements and/or data provided on different downlink channels.

170
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It may be considered that the acknowledgement position indication pertains to one

downlink data element. Different acknowledgement position indications may pertain to

different data elements, and/or may be included in different messages. However, in

some variants, a message may comprise more than one acknowledgement position

indication, and/or an acknowledgement position indication may pertain to more than175

one data element. In the latter case, there may be provided one-to-one mappings of

data elements to substructures by the indication.

Generally, to each acknowledgement substructure there may be associated and/or

mapped a single data element. It may be considered that the mapping between data180

elements and acknowledgement substructures is a one-to-one mapping.

The acknowledgement position indication may comprise a resource selection

indication like a resource selection parameter. The resource selection indication may

indicate a resource for transmitting the acknowledgement indication, the resource185

being selected from a number of possible resources configured for acknowledgement

signaling and/or uplink control signaling, e.g. on a PUCCH. A resource selection

parameter may for example be an ARI (ACK/NACK Resource Indicator). The resource

may be a resource of a pool of resources configured recurrently for a plurality of time

structures or intervals, e.g. slots and/or mini-slot or shortened slots, such that for each190

such structure or interval of this plurality, the resources are available (considering that

they are shifted in time).

Alternatively or additionally, the acknowledgement position indication may comprise a

timing indication like a timing parameter, the timing indication indicating a timing for195

transmitting the acknowledgement signaling, as well as indicating to which

acknowledgement substructure of a resource a data element is mapped. The timing

may be as discussed herein, in particular be represented by a difference in time

structure or interval, e.g. difference in slot or mini-slot or shortened slot, in particular

between the slot of reception, e.g. of the acknowledgement position indication and/or200

the data element/s, and the (intended or indicated or scheduled or configured) time

structure or interval for transmitting. It should be noted that the data element/s and the

corresponding acknowledgement position indication may be transmitted (respectively

received) in the same time structure or interval, or in different time structures or
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intervals, depending on whether and/or how their respective channels are205

synchronized and/or timed. The timing indication may be referenced (e.g., by the UE

and/or the network node) to either (if differently timed) or both (e.g., if simultaneous).

The reference may be defined by the standard and/or implied and/or configured. A

timing parameter may be represented by, and/or implemented as, a timing indicator.

210

Generally, a timing may represent a time interval like a slot or mini-slot or shortened

slot for transmitting the acknowledgement signaling. A time structure or interval as

referenced herein may in general be represented by a slot and/or mini-slot and/or

shortened slot and/or be considered to represent a transmission time interval (TTI).

215

There is also disclosed a program product comprising instructions causing

processing circuitry to perform and/or control any one method described herein.

Moreover, there is envisioned a carrier medium arrangement carrying and/or storing

a program product as described herein.220

An indication, in particular an acknowledgement position indication, may explicitly

and/or implicitly indicate the information it represents and/or indicates. Implicit

indication may for example be based on position and/or resource used for

transmission. Explicit indication may for example be based on a parametrisation with225

one or more parameters, and/or one or more index or indices, and/or one or more bit

patterns representing the information. In particular, an acknowledgement position

indication may comprise a resource selection indication (e.g., an ARI) having a bit

pattern of one or more than one bits, and/or a timing indication (e.g., a timing

indicator) having a bit pattern of one or more than one bits. These indications may230

be joined together, e.g. jointly encoded, to represent on position indication, or be

transmitted separately. Such transmission may be in the same message, but with

separate indications, e.g. according to a downlink control signaling format, which may

be defined by a standard.

235
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Signaling on a resource and/or resource structure associated to a specific channel

may be considered to comprise and/or pertain to signals and/or symbols of the

specific channel. For example, signaling on a PUCCH resource structure may

comprise and/or pertain to signaling of and/or associated to PUCCH, whereas

signaling on a PUSCH resource structure may comprise and/or pertain to signaling240

of and/or associated to PUCCH. Thus signaling on PUCCH or a related resource

structure is different from signaling on a PUSCH.

Signaling may be according to a specific signaling format, in particular according to

an uplink signaling format. A signaling format may generally define and/or determine245

a message structure and/or a bit structure or pattern. Such a structure or pattern may

comprise a plurality of substructures. A substructure may comprise one or more bits.

Different substructures may comprise different numbers of bits. However, in some

variant each acknowledgement substructure of a signaling format may comprise the

same number of bits. A substructure may be associated and/or mapped uniquely to250

a data element. A multi-bit (2 or more) substructure may for example be used for

providing the possibility of indicating non-reception in addition to ACK/NACK, and/or

for error-padding, and/or for improved or more detailed ARQ/HARQ signaling. A

substructure carrying information may comprise one or more bits representing the

information carried, e.g. ACK/NACK information.255

Transmitting acknowledgement signaling may comprise encoding and/or modulating,

e.g. the uplink signaling format and/or the substructures, and/or the corresponding

information or bits. Encoding and/or modulating may comprise error detection coding

and/or forward error correction encoding and/or scrambling. An uplink format may260

represent a bit structure comprising a plurality of bits, which may be structured

according to one or more substructures, e.g. acknowledgement substructures. Jointly

encoding and/or modulating may comprise encompassing the jointly encoded or

modulated information or bits into the same coding, e.g. error coding (detection

and/or error correction coding) and/or scrambling and/or modulating. Thus, jointly265

encoded information may be protected by the same bits of error coding, respectively

subjected to the same modulation and/or scrambling event.
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An acknowledgement position indication may generally be considered to indicate a

position of the mapped substructure in the uplink signaling format, e.g. a number270

and/or range of bits, and/or in relation to other substructure/s. The information/bits in

a substructure may generally indicate whether reception of the

mapped/corresponding data element is acknowledged or not.

A resource may generally indicate time-frequency resource (or range/s in time-275

frequency space), in particular a resource structure, e.g. a resource structure

comprising one or more resource elements. A resource may be part of a resource

pool comprising a one or a plurality of resources, which may be configured

(scheduled) for uplink transmission. Each resource may be possibly used for the

acknowledgement signaling. Different resources may be different in size, e.g. range280

in frequency and/or time space. Different resources may be considered to pertain to,

and/or be scheduled for, the same time structure/TTI, e.g., to the same slot or mini-

slot or shortened slot. A resource pool may be configured for a plurality of time

structures/TTIs. The resource pool may be configured by the network node, or more

generally by the RAN. A resource and/or resource pool may be represented and/or285

configured according to a resource configuration, in particular an uplink control

signaling configuration, which may in particular be a PUCCH configuration. A PUCCH

configuration may represent resources for PUCCH signaling, in particular

acknowledgement signaling on PUCCH.

290

It may be considered that to a resource there is associated one or more different

uplink signaling formats, and/or that to different resources there are associated

different uplink signaling formats. Different formats may differ in the number of

acknowledgement substructures, and/or in the length (e.g., in bit) of the

substructures. In some variants, a timing indication (in particular a timing indicator295

indicating a time shift) may have or represent an integer value in a range representing

the number of different acknowledgement substructures in the uplink signaling format

it pertains to. For example, if the format has 3 acknowledgement substructures, the

indication may represent values between 0 and 2, or 1 and 3. A time shift may

represent a shift in slots and be referred to as slot shift.300
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Generally, the UE may select, and/or be adapted for selecting, a resource for

transmitting acknowledgement signaling based on a configuration, e.g. an uplink

control signaling resource configuration, in particular a PUCCH configuration. The

network node may be adapted for configuring the configuration, and/or configure the305

configuration. Such configuring may be on the RRC layer, e.g. via RRC signaling,

and/or be considered statically, or semi-statically (e.g., being valid until changed by

other RRC signaling, or covering a predefined plurality of timing structures and/or

TTI), which may also be referred to a persistent or semi-persistent, respectively.

310

It may generally be considered that acknowledgement signaling comprises one uplink

signaling format and/or one message with such a format, and/or that the

acknowledgment signaling, respectively the format or message or the bits in the

substructures, are jointly encoded and/or modulated for transmission, e.g. as part of

transmitting.315

Transmitting acknowledgement signaling may be based on, and/or comprise,

determining acknowledgement information pertaining to the one or more data

elements. Determining such information may comprise performing an ARQ and/or

HARQ process and/or determining correct reception of the data elements (and/or320

considering non-reception). Alternatively or additionally, transmitting

acknowledgement signaling may comprise and/or be based on receiving the downlink

data, respectively the downlink data elements, for example based on a configuration,

which may be a downlink data configuration. Such a configuration may be configured

by the network node. The configuration may (statically and/or dynamically, e.g. in325

part both) may be valid for one or more than one time structure or TTI. However, in

some cases, the configuration may be dynamically adapted for each time structure

or TTI, e.g. as configured by a network node.
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Acknowledgement signaling may be considered pertaining to downlink data if it330

comprises acknowledgement information pertaining to the downlink data respectively

the data element/s thereof. Downlink data may generally represent data transmitted

on a downlink channel, e.g. subject to one or more ARQ or HARQ processes. A data

element may in particular represent a (e.g., a single) data block (transport block),

which may be associated to a specific ARQ/HARQ process. In particular, different335

data elements may be associated to different ARQ/HARQ processes (which may run

in parallel).

Data elements of the data may be transmitted by the network node, and/or under

control or monitoring by the network node, which may be adapted accordingly, and/or340

utilise its circuitry accordingly, and/or comprise a data transmitting module therefor.

Generally, data elements may be associated to one or more different

transmissions/transmission events and/or messages, in particular to transmissions

at different times or different time structures or intervals, e.g. TTIs. The approaches

described herein allow flexible acknowledgement/HARQ feedback for data elements345

received in different time structures/TTI. A UE may receive, and/or be adapted to

receive and/or to utilise its circuitry to receive, the downlink data and/or the data

elements, e.g. based on a configuration.

Transmitting the acknowledgment signaling may be in or on a resource, which may350

be indicated by the acknowledgment position indication, in particular a resource

selection indication.

PUCCH and/or a downlink control channel may be implemented as defined according

to a 3GPP standard, in particular according to LTE or NR, as amended as suggested355

herein.

A PUCCH may generally be a physical channel for transmitting uplink control

signaling, e.g. UCI and/or HARQ signaling and/or measurement reports and/or

scheduling requests.360

A radio node may generally be considered a device or node adapted for wireless and/or

radio (and/or microwave) frequency communication, and/or for communication utilising
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an air interface, e.g. according to a communication standard.

365

A radio node may be a network node, or a user equipment or terminal. A network node

may be any radio node of a wireless communication network, e.g. a base station and/or

gNodeB (gNB) and/or relay node and/or micro/nano/pico/femto node and/or other

node, in particular for a RAN as described herein.

370

The terms user equipment (UE) and terminal may be considered to be interchangeable

in the context of this disclosure. A user equipment or terminal may represent and end

device for communication utilising the wireless communication network, and/or be

implemented as a user equipment according to a standard. Examples of user

equipments may comprise a phone like a smartphone, a personal communication375

device, a mobile phone or terminal, a computer, in particular laptop, a sensor or

machine with radio capability (and/or adapted for the air interface), in particular for

MTC (Machine-Type-Communication, sometimes also referred to M2M, Machine-To-

Machine), or a vehicle adapted for wireless communication. A user equipment or

terminal may be mobile or stationary.380

A radio node may generally comprise processing circuitry and/or radio circuitry.

Circuitry may comprise integrated circuitry. Processing circuitry may comprise one or

more processors and/or controllers (e.g., microcontrollers), and/or ASICs (Application

Specific Integrated Circuitry) and/or FPGAs (Field Programmable Gate Array), or385

similar. It may be considered that processing circuitry comprises, and/or is (operatively)

connected or connectable to one or more memories or memory arrangements. A

memory arrangement may comprise one or more memories. A memory may be

adapted to store digital information. Examples for memories comprise volatile and non-

volatile memory, and/or Random Access Memory (RAM), and/or Read-Only-Memory390

(ROM), and/or magnetic and/or optical memory, and/or flash memory, and/or hard disk

memory, and/or EPROM or EEPROM (Erasable Programmable ROM or Electrically

Erasable Programmable ROM). Radio circuitry may comprise one or more transmitters

and/or receivers and/or transceivers (which may operate as transmitter and receiver),

and/or may comprise one or more amplifiers and/or oscillators and/or filters, and/or395

may comprise, and/or be connected or connectable to antenna circuitry and/or one or

more antennas.
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Any one or all of the modules disclosed herein may be implemented in software and/or

firmware and/or hardware. Different modules may be associated to different400

components of a radio node, e.g. different circuitries or different parts of a circuitry. It

may be considered that a module is distributed over different components and/or

circuitries.

A radio access network may be a wireless communication network, and/or a Radio405

Access Network (RAN) in particular according to a communication standard. A

communication standard may in particular a standard according to 3GPP and/or 5G,

e.g. according to NR or LTE, in particular LTE Evolution.

Brief description of the drawings410

The drawings are provided to illustrate concepts and approaches described herein,

and are not intended to limit their scope. The drawings comprise:

Figure 1, showing exemplary mapping of signaling to PUCCH resources;415

Figure 2, showing another exemplary mapping of signaling to PUCCH resources;

Figure 3, showing another exemplary mapping of signaling to PUCCH resources;

420

Figure 4, showing another exemplary mapping of signaling to PUCCH resources;

Figure 5, showing an exemplary terminal or UE;

Figure 6, showing an exemplary network node;425

Figure 7, showing an exemplary method of operating a terminal or UE;

Figure 8, showing an exemplary terminal or UE;

430

Figure 9, showing an exemplary method of operating a network node; and
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Figure 10, showing an exemplary network node.

Detailed description435

In the following, reference is made to LTE technology, for illustration and comparison.

However, the approaches described are not limited thereto, and may be applied to

analogous devices, structures and channels e.g. in the context of NR:

440

In Figure 1, DL transmission is shown where a DL transmission is scheduled in slot

n and the HARQ feedback is requested in slot n+1. The UE may be configured

accordingly, e.g. via the corresponding DCI, which may comprise a corresponding

timing indicator.

445

In addition to the timing, the UE also needs to know the exact PUCCH resource to

be used within slot n+1. In LTE – depending on PUCCH format – implicit and explicit

signaling is used. For PUCCH Format 1a/1b and 2/2a/2b, implicit signaling is used,

wherein the PUCCH resource is derived from the position of the scheduling PDCCH

CCE (in addition to RRC configured parameters). For other PUCCH formats, a pool450

of PUCCH resources is configured, and an ACK/NACK Resource Indicator (ARI) is

used to dynamically select one of the configured resources.

Given the anticipated much higher flexibility of PUCCH reporting in NR, it is

questionable if mainly relying on implicit signaling becomes not very complicated and455

maybe inefficient: For example, if for two DL transmissions in different slots HARQ

feedback should be reported in the same slot they would use the same PUCCH

resource if scheduled from the same PDCCH position (assuming a similar rule as in

LTE). To avoid such a collision, another PDCCH resource would have to be used

which restricts control channel scheduling. It may be considered to configure, e.g. via460

RRC signaling, a pool of PUCCH resources and dynamically select which PUCCH

resource to use. One possibility for this dynamic indication is the ACK/NACK

Resource Indicator (ARI) included in the DCI.
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In Figure 2, another scheduling example is shown where a UE is scheduled in465

subsequent slots with DL transmissions. Due to lack of PUCCH opportunities (e.g.

no UL opportunities), HARQ feedback for all shown transmissions is requested in slot

n+3. In particular, Figure 2 shows a scenario in which a device (UE) is scheduled

multiple times (for downlink data) and should send HARQ feedback for all

transmissions in slot n+3. The ACK/NACK timing indicator included in the DCIs points470

for all transmissions to slot n+3. The ARIs included in the DCIs point to different

PUCCH resources to avoid collisions.

While this works in principle, it may not be the most efficient solution. In the example

shown in Figure 2, the UE would have to transmit three independent PUCCH in475

subframe n+3, e.g. different messages. This is sub-optimum from many perspectives:

One jointly coded transmissions with 3 bits (assuming for simplicity each HARQ

feedback consists of a single bit) can be more efficient than 3 individual

transmissions; some of the NR PUCCH formats will be of low PAPR which will be lost

if multiple PUCCH are transmitted simultaneously; depending on the frequency480

positions of the PUCCH resources power back-offs might be required due to

intermodulation products.

It may be considered to allow requesting HARQ feedback from DL transmissions from

different slots in one PUCCH transmissions, as shown Figure 3. All ARI in the485

received DCIs point to the same PUCCH resource (0 in this example). The PUCCH

format must be capable to carry multiple bits in different substructures. Accordingly,

HARQ feedback of multiple DL transmissions is transmitted on a single PUCCH

transmission/message, respectively is jointly encoded/modulated (PUCCH is

completely transmitted in slot n+3).490
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If the UE misses a DL assignment (configuration), it is not aware it should report

HARQ feedback and does not send an ACK or NACK. Assuming the UE misses the

assignment in slot n and receives the assignments in slots n+1 and n+3. The UE

therefore sends only two feedback bits, one for slot n+1 and one for slot n+3.495

However, the gNB expects three bits (one bit for each scheduled slot n, n+1, and

n+3). If it only receives one or two bits it does not know to which DL transmissions

the feedback corresponds to. Only if three bits feedback or no feedback at all is

received the situation is clear.

500

Thus, in a variant, the ACK/NACK timing indicators (T in the figures) contained in the

DCIs are used 1) for indicating in which slot the feedback should be transmitted in,

and 2) for indicating, or as a pointer to a substructure within the PUCCH resource

(respectively the associated uplink signaling format) indicated by ARI with which sub-

resource/substructure (e.g. bit in a bitmap) the feedback should be transmitted.505

The error case outlined above thus is avoided. Even if UE misses some assignments

(configurations or scheduled data), it is always clear to which DL transmission a

received a HARQ feedback corresponds to. This reduces required re-transmissions

and by that improves throughput. Accordingly, HARQ feedback reporting according510

to the proposed solution (PUCCH resource 0 is completely transmitted in slot n+3).

The ACK/NACK timing indicator T indicates in which slot the HARQ feedback of the

corresponding DL transmission should be sent. In the example, all DL transmissions

should be acknowledged in slot n+3. The T value is different in the different slots515

since it is relative to the slot in which the DL data is received (in another variant it

could be relative to the slot in which the DCI is received in).

Herein, it is assumed that the ACK/NACK timing indicator is received in the DCI, other

possibilities can be envisioned too, e.g. the ACK/NACK timing indicator is derived520

from the slot or symbol number. Furthermore, in this example, all DCI contain an ARI

value of 0. From the ACK/NACK timing indicator T and the ARI the UE knows it should

use PUCCH resource 0 in slot n+3. The PUCCH resource indicated by ARI must be

a multi-bit resource, in the shown example PUCCH resource 0 can carry four HARQ

feedback bits (each in an associated bit field, representing a substructure).525
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From the ACK/NACK timing indicator T the UE knows it should send HARQ feedback

of DL transmission received in slot n in bit field 3, HARQ feedback of DL transmission

received in slot n+1 in bit field 2, and HARQ feedback of DL transmission received in

slot n+3 in bit field 0. The not used bit position 1 would be set to fixed value by the530

UE, e.g. a NACK. Even if the UE is scheduled but it does not receive the scheduling

assignment (which the UE cannot distinguish from not being scheduled) it would set

the corresponding bit position to the same fixed value.

An extension would be that the UE sets a bit position corresponding to a not received535

transmission not to NACK but to DTX (which indicates it did not receive an

assignment); in this way the gNB could distinguish between a received but failed to

decode transmission and a transmission the UE did not even receive. However, in

this case the feedback is larger since each bit position can assume the values ACK,

NACK, and DTX. In the simplest case each “bit” position would be represented by 2540

bits; in a preferred way however the space of all 4 resources would be jointly

considered: In above example, there may be 4 positions, and each position can

assume 3 values, in total 3^4 = 81 combinations requiring in total ceil*log2(81) = 7

bits.

545

In this example, the ACK/NACK timing indicator points directly to the bit in the bit field

(or more generally PUCCH sub-resource within the PUCCH resource indicated by

ARI). More generally, the index to the PUCCH sub-resource is a function f(T) of the

received ACK/NACK timing indicator.

550

In this example, it is assumed that each DL transmission is acknowledged with a

single bit HARQ feedback. However, this can easily be extended where each DL

transmission (data element) is acknowledged by multi-bit feedback (e.g. multiple bits

for MIMO; if a DL transmission (transport block) is segmented into multiple code

blocks and each code block or group of code blocks can be acknowledged555

individually with a bit; soft feedback where multiple bits indicate the degree how

successful the decoding was ranging from ACK to almost ACK … to NACK). Multi-bit

feedback could easily be combined with above mentioned DTX indication.
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On a first glance one could expect that there is a performance loss since the PUCCH560

resource carries four bits, but only three bits feedback are needed in the example

(since three transmissions were scheduled/configured). However, the gNB knows

which PUCCH sub-resources contain ACK/NACK (or possible DTX) (positions 0, 2,

3) and knows a fixed value will be signaled on position 1. The gNB can consider this

in decoding and by that in practice only decode for 3 bits with small or no performance565

loss.

Generally, the ARI may be considered to select among or between resources in a

configured pool of PUCCH resources (e.g. all PUCCH resources are of the same

format or carry the same payload size). This concept may be extended such that ARI570

can point to select between configured PUCCH resources of different format or

payload: In the example in Figure 4, PUCCH resource 0 is capable to carry 4 bits,

while PUCCH resources 1 to 3 can carry only 1 bit each.

In the description a separate ARI field and ACK/NACK timing indication is used to575

represent an acknowledgement position indication. However, it may be considered

that acknowledgement position indication may be represented by one indication, e.g.

jointly encoded information, such that for example both ARI and ACK/NACK timing

indicator can be derived therefrom.

580

In general, it may be considered that the ACK/NACK timing indicator is reused to

select a PUCCH sub-resource within the PUCCH resource pointed out by ACK/NACK

resource indicator (ARI). The concept of ARI may be extended so that ARI can select

within a pool of configured PUCCH resources which are not equal (i.e. either differ in

format type or supported payload).585

Figure 5 schematically shows a terminal 10, which may be implemented as a UE (User

Equipment). Terminal 10 comprises processing circuitry (which may also be referred

to as control circuitry) 20, which may comprise a controller connected to a memory.

Any module of the terminal, e.g. a transmitting module or receiving module, may be590

implemented in and/or executable by, the processing circuitry 20, in particular as

module in the controller. Terminal 10 also comprises radio circuitry 22 providing

receiving and transmitting or transceiving functionality (e.g., one or more transmitters
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and/or receivers and/or transceivers), the radio circuitry 22 being connected or

connectable to the control circuitry. An antenna circuitry 24 of the terminal 10 is595

connected or connectable to the radio circuitry 22 to collect or send and/or amplify

signals. Radio circuitry 22 and the processing circuitry 20 controlling it are configured

for cellular communication with a network, e.g. a RAN as described herein. Terminal

10 may generally be adapted to carry out any of the methods for operating a terminal

or UE disclosed herein; in particular, it may comprise corresponding circuitry, e.g.600

processing circuitry, and/or modules.

Figure 6 schematically show a network node 100, which in particular may be an eNB,

or gNB or similar for NR. Network node 100 comprises processing circuitry (which may

also be referred to as control circuitry) 120, which may comprise a controller connected605

to a memory. Any module, e.g. transmitting module and/or receiving module and/or

configuring module of the network node 100 may be implemented in and/or executable

by the processing circuitry 120. The processing circuitry 120 is connected to control

radio circuitry 122 of the radio node 100, which provides receiver and transmitter and/or

transceiver functionality (e.g., comprising one or more transmitters and/or receivers610

and/or transceivers). An antenna circuitry 124 may be connected or connectable to

radio circuitry 122 for signal reception or transmittance and/or amplification. The

network node 100 may be adapted to carry out any of the methods for operating a

network node disclosed herein; in particular, it may comprise corresponding circuitry,

e.g. processing circuitry, and/or modules. The antenna 124 circuitry may be connected615

to and/or comprise an antenna array. The network node 100, respectively its circuitry,

may be adapted to transmit configuration data and/or to configure a terminal as

described herein.

Figure 7 shows a diagram for an exemplary method of operating a terminal or user620

equipment. The method comprises an action TS10 of transmitting acknowledgement

signaling pertaining to downlink data, the downlink data comprising one or more

downlink data elements; wherein transmitting acknowledgement signaling is performed

as described herein.

625

Figure 8 shows a schematic of an exemplary terminal or user equipment. The user

equipment may comprise a transmitting module TM10 for performing action TS10.
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Figure 9 shows a diagram for an exemplary method of operating a network node. The

method comprises an action NS10 of transmitting downlink control signaling630

comprising an acknowledgement position indication as described herein.

Figure 10 shows a schematic of an exemplary network node. The network node may

comprise a transmitting module NM10 for performing action NS10.

635

In the context of this disclosure, HARQ ACK/NACK (acknowledge for a correctly

received block of data, not acknowledged for a not correctly received block of data)

feedback may refer to feedback (e.g. a corresponding signal transmitted, which may

comprise 1 or more bits) provided (e.g. on the UL) by a terminal, e.g. to a network or

network node in response to data transmitted to it (e.g. on the DL). HARQ ACK//NACK640

information or feedback (or shorter HARQ-ACK information or feedback or HARQ

information or feedback or just HARQ) may include transmitting a signal/bit indicating

whether a transport block of data received by the terminal has been receiver correctly

or not. HARQ and/or determining HARQ may include decoding and/or error detection

procedures to determine correct reception. There may be defined a number of HARQ645

processes with associated HARQ ids or numbers, which may refer to individual data

streams and/or associated data elements; a HARQ response or feedback from a

terminal (e.g. a HARQ bit) may be associated to one of the HARQ processes or ids. In

some variant, HARQ feedback may comprise one bit per DL carrier; in other variant,

HARQ feedback may comprise two (or more than two) bits per carrier, e.g. dependent650

on the rank used. Generally, HARQ feedback may be transmitted (and/or determined,

e.g. based on received signals and/or transport blocks and/or data and/or HARQ

process identifiers) by a terminal, and/or a terminal may be adapted for, and/or

comprise a HARQ module for, determining (e.g., as mentioned above) and/or

transmitting HARQ feedback, in particular based on and/or using a configuration and/or655

a modulation configured, e.g. a modulation determined and/or configured as described

herein. Transmitting HARQ may generally be performed on a UL control channel, e.g.

PUCCH.
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There is generally considered a program product comprising instructions adapted for660

causing processing and/or control circuitry to carry out and/or control any method

described herein, in particular when executed on the processing and/or control

circuitry. Also, there is considered a carrier medium arrangement carrying and/or

storing a program product as described herein.

665

A carrier medium arrangement may comprise one or more carrier media. Generally, a

carrier medium may be accessible and/or readable and/or receivable by control

circuitry. Storing data and/or a program product and/or code may be seen as part of

carrying data and/or a program product and/or code. A carrier medium generally may

comprise a guiding/transporting medium and/or a storage medium. A670

guiding/transporting medium may be adapted to carry and/or carry and/or store

signals, in particular electromagnetic signals and/or electrical signals and/or magnetic

signals and/or optical signals. A carrier medium, in particular a guiding/transporting

medium, may be adapted to guide such signals to carry them. A carrier medium, in

particular a guiding/transporting medium, may comprise the electromagnetic field, e.g.675

radio waves or microwaves, and/or optically transmissive material, e.g. glass fiber,

and/or cable. A storage medium may comprise at least one of a memory, which may

be volatile or non-volatile, a buffer, a cache, an optical disc, magnetic memory, flash

memory, etc.

680

A wireless communication network may be and/or comprise a Radio Access Network

(RAN), which may be and/or comprise any kind of cellular and/or wireless radio

network, which may be connected or connectable to a core network. The approaches

described herein are particularly suitable for a 5G network, e.g. LTE Evolution and/or

NR (New Radio), respectively successors thereof. A RAN may comprise one or more685

network nodes. A network node may in particular be a radio node adapted for radio

and/or wireless and/or cellular communication with one or more terminals. A terminal

may be any device adapted for radio and/or wireless and/or cellular communication

with or within a RAN, e.g. a user equipment (UE) or mobile phone or smartphone or

computing device or vehicular communication device or device for machine-type-690

communication (MTC), etc. A terminal may be mobile, or in some cases stationary.
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Transmitting in downlink may pertain to transmission from the network or network

node to the terminal. Transmitting in uplink may pertain to transmission from the

terminal to the network or network node.695

Signaling may generally comprise one or more signals and/or one or more symbols.

Reference signaling may comprise one or more reference signals or symbols.

A resource element may generally describe the smallest individually usable and/or700

encodable and/or decodable and/or modulatable and/or demodulatable time-

frequency resource, and/or may describe a time-frequency resource covering a

symbol time length in time and a subcarrier in frequency. A signal may be allocatable

and/or allocated to a resource element. A subcarrier may be a subband of a carrier,

e.g. as defined by a standard. A carrier may define a frequency and/or frequency705

band for transmission and/or reception. In some variants, a signal (jointly

encoded/modulated) may cover more than one resource elements. A resource

element may generally be as defined by a corresponding standard, e.g. NR or LTE.

A resource generally may represent a time-frequency resource, on which signaling710

according to a specific format may be transmitted and/or be intended for

transmission. The format may comprise one or more substructures, which may be

considered to represent a corresponding sub-resource (as they would be transmitted

in a part of the resource).

715

The term transmission time interval (TTI) may correspond to any time period (T0)

over which a physical channel can be encoded and optionally interleaved for

transmission. The physical channel may be decoded by the receiver over the same

time period (T0) over which it was encoded. Examples of TTI comprise short TTI

(sTTI), transmission time, slot, sub-slot, mini-slot, mini-subframe etc. A TTI may720

comprise a one or more symbol time intervals, and/or one or two slot time intervals,

wherein e.g. 7 symbol time intervals may correspond to a slot time interval. Time

interval-related terms may be considered to follow 3GPP nomenclature. A mini-slot

or shortened slot or short TTI may correspond to a plurality of symbol time intervals,

e.g. 2 or 3 or 4 or 5 or 6 or 7 symbol time intervals.725
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Configuring a radio node, in particular a terminal or user equipment, may refer to the

radio node being adapted or caused or set to operate according to the configuration.

Configuring may be done by another device, e.g., a network node (for example, a radio

node of the network like a base station or eNodeB) or network, in which case it may730

comprise transmitting configuration data to the radio node to be configured. Such

configuration data may represent the configuration to be configured and/or comprise

one or more instruction pertaining to a configuration, e.g., regarding a freeze interval

and/or a transmission start interval. A radio node may configure itself, e.g., based on

configuration data received from a network or network node. A network node may735

utilise, and/or be adapted to utilise, its circuitry/ies for configuring.

Generally, configuring may include determining configuration data representing the

configuration and providing it to one or more other nodes (parallel and/or sequentially),

which may transmit it further to the radio node (or another node, which may be740

repeated until it reaches the wireless device). Alternatively or additionally, configuring

a radio node, e.g., by a network node or other device, may include receiving

configuration data and/or data pertaining to configuration data, e.g., from another node

like a network node, which may be a higher-level node of the network, and/or

transmitting received configuration data to the radio node. Accordingly, determining a745

configuration and transmitting the configuration data to the radio node may be

performed by different network nodes or entities, which may be able to communicate

via a suitable interface, e.g., an X2 interface in the case of LTE or a corresponding

interface for NR. Configuring a terminal may comprise scheduling downlink and/or

uplink transmissions for the terminal, e.g. downlink data and/or downlink control750

signaling and/or DCI and/or uplink signaling, in particular acknowledgement signaling,

and/or configuring resources and/or a resource pool therefor.

In this disclosure, for purposes of explanation and not limitation, specific details are set

forth (such as particular network functions, processes and signaling steps) in order to755

provide a thorough understanding of the technique presented herein. It will be apparent

to one skilled in the art that the present concepts and aspects may be practiced in other

variants and variants that depart from these specific details.
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For example, the concepts and variants are partially described in the context of Long760

Term Evolution (LTE) or LTE-Advanced (LTE-A) or Next Radio mobile or wireless

communications technologies; however, this does not rule out the use of the present

concepts and aspects in connection with additional or alternative mobile

communication technologies such as the Global System for Mobile Communications

(GSM). While the following variants will partially be described with respect to certain765

Technical Specifications (TSs) of the Third Generation Partnership Project (3GPP), it

will be appreciated that the present concepts and aspects could also be realized in

connection with different Performance Management (PM) specifications.

Moreover, those skilled in the art will appreciate that the services, functions and steps770

explained herein may be implemented using software functioning in conjunction with a

programmed microprocessor, or using an Application Specific Integrated Circuit

(ASIC), a Digital Signal Processor (DSP), a Field Programmable Gate Array (FPGA)

or general purpose computer. It will also be appreciated that while the variants

described herein are elucidated in the context of methods and devices, the concepts775

and aspects presented herein may also be embodied in a program product as well as

in a system comprising control circuitry, e.g. a computer processor and a memory

coupled to the processor, wherein the memory is encoded with one or more programs

or program products that execute the services, functions and steps disclosed herein.

780

It is believed that the advantages of the aspects and variants presented herein will

be fully understood from the foregoing description, and it will be apparent that various

changes may be made in the form, constructions and arrangement of the exemplary

aspects thereof without departing from the scope of the concepts and aspects

described herein or without sacrificing all of its advantageous effects. The aspects785

presented herein can be varied in many ways.

Some useful abbreviations comprise:

Abbreviation Explanation790

ACK Acknowledgment

ARI ACK/NACK Resource Indicator

CCE Control Channel Element
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DCI Downlink Control Information

DL Downlink795

DTX Discontinues Transmission

HARQ Hybrid Automatic Repeat Request

MIMO Multiple Input Multiple Output

NACK Negative Acknowledgment

PAPR Peak to Average Power Ratio800

PDCCH Physical Downlink Control Channel

PUCCH Physical Uplink Control Channel

RRC Radio Resource Control

UL Uplink

805


