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Abrégé :

Methods and systems for setting Hybrid Automatic
Repeat Request (HARQ) timing for Physical Downlink
Shared Channel (PDSCH) with a pending PDSCH-to-
HARQ-timing-indicator (PHTI) are provided. In one
aspect, a method performed by a wireless device
comprises: receiving a first Downlink Control
Information (DCI) associated with a first Downlink
(DL) data transmission, the first DCI comprising a
non-numerical PHTI; receiving the first DL data
transmission; determining a HARQ feedback for the
first DL data transmission; receiving a second DCI
associated with a second DL data transmission, the
second DCI comprising a numerical PHTI indicating a
location for HARQ feedback associated with the
second DL data transmission; setting the location of
HARQ feedback associated with the first DL data
transmission to be the same as the location of HARQ
feedback associated with the second DL data
transmission; and transmitting the HARQ feedback
associated with the first DL data transmission at the
set location.
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SETTING HARQ TIMING FOR PDSCH WITH PENDING
PDSCH-TO-HARQ-TIMING-INDICATOR

Related Applications

[0001] This application claims the benefit of provisional patent application serial
number 62/836,228, filed April 19, 2019, the disclosure of which is hereby incorporated
herein by reference in its entirety.

Technical Field

[0002] This application relates to Physical Downlink Shared Channel (PDSCH) to
Hybrid Automatic Repeat Request (HARQ) timing and in particular to setting HARQ
timing for PDSCH by means of a pending PDSCH-to-HARQ-timing-indicator.

Background

[0003] New Radio (NR) provides the fiexibility in Hybrid Automatic Repeat Request
{HARQ) feedback timing to account for dynamic Time Division Duplexing (TDD) and also
possibly combine several HARQ feedbacks for both lower overhead and higher reliability.

[0004] Figure 1 iilustrates Hybrid Automatic Repeat Request (HARQ) feedback
according to a conventional NR system. The timing (referred to as K1) between a
Bownlink {DL) data transmission {e.g., 100A, 100B, and so on) on a Physical Downlink
Shared Channel (PDSCH) and its corresponding HARQ Acknowledgement (ACK) or
Negative Acknowledgement (NACK) (e.¢., 102A, 102B, and so on) on a Physical Uplink
Contrel Channei (PUCCH) is determined based on a 3-bit field in the Downlink Control
Information (DCH) within a Physical Downlink Control Channel (PDCCH) for the respective
DL data transmission. Radio Resource Control (RRC) messages configure the User
Equipment (UE) with a set of 8 values to be indexed by the 3-bit field in the DCI to
produce a vaiue for K1 (possible value range is {0, 1, ..., 18}) to be used by the UE for
the timing of the corresponding HARQ. As illustrated in Figure 1, HARQ 102A occurs
within the same slot (haif subframe) as its corresponding DL data transmission 100A, and
HARQ 102B occurs in the next slot after the slot that contains its corresponding DL data
transmission 100B.

[0005] NR provides the flexibility to include aggregate feedback corresponding to
multiple HARQ processes in one PUCCH / Uplink Centro! information (UCI) transmission
by means of semi-static codebooks and/or dynamic codebooks. As iltustrated in Figure 1,
the HARQ for DL data transmissions 100C and 100D occur in a combined HARQ 102C.
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Semj-Static HARQ Codebook

[0006] For semi-static HARQ codebooks, the codebook size in time (DL association
set) is determined based on the configured set of HARQ-ACK timings K1, PDCCH
monitoring occasions, and semi-static configured TDD pattemns. For each siot, the UE
needs to report a HARQ feedback bitmap of fixed size according to its Carrier
Aggregation {CA) and Transport Block (TB) / Code Block Group (CBG) configuration. In
this example, the bitman size is 7 bits. For TBs / CBGs not received, the corresponding
bit in the HARQ feedback bitmap is set to indicate a NACK.

Dynamic HARQ Codebook

[0007] Dynamic HARQ codebooks provide the possibility to dynamically determine
the set of HARQ process for which the HARQ feedback should be reported. The DCI
includes:
- a Downlink Assignment Indicator (DA!), which indicates the number of HARQ
processes that should reported; and
- a PDSCH to HARQ-ACK timing (AT), which specifies the time resource in which
the eNB is expeciing the feedback, e.g., as a time offset.
DAl Computation for Dynamic HARQ Codebook
[C0C8] The UE refers to the DAI value to calculate the dynamic HARQ codebook size.
For every PDSCH transmission, the DAI value in the DCl is incremented. The DAl in the
DL scheduling DC! should be stepped by one as compared to the immediate preceding
DL scheduling DCI, if not, it is an indication that PDSCH transmission{s) has been
missed. The difference between the two received DAl values at the UE in current and

earlier DCI indicates how many PDSCH transmissiocns were missed.

[0009] Figure 2 shows one example of combined HARQ feedback according to a
conventional NR system. in Figure 2, each siot contains a PDCCH with DCI values that
include a DAl value and a AT value, followed by a PDSCH that contains a DL data
transmission. In the exampile illustrated in Figure 2, the values for DA! and AT are shown
below the respective PDCCH block, arbitrarily numbered from one to seven. Moving from
left to right, PDCCH 1 has a DAl value of 1, indicating to the UE that a HARQ will be
needed for the PDSCH that immediately follows the first PDCCH, PDSCH 1. The AT
value equais 6, indicating that the UE is expected to provide HARQ feedback 6 slots
later. PDCCH 2 has a DAl value of 2, indicating to the UE that a HARQ will be needed
for two PDSCHis, i.e., PDSCH 1 and PDSCH2. The AT value equals 5, indicating to the

UE that it should provide HARQ feedback 5 slots later. PDCCH 3 has a DAl value of 3,
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indicating to the UE that a HARQ wiil be needed for each of three PDSCHs, i.e., PDSCH
1, PDSCH 2, and PDSCH 3.

[0010] This sequence continues, with the AT decreasing as the time for the UE to
provide HARQ feedback to the NR base station (gNB) gets closer, and the DA! increasing
as the number of HARQ processes that should reporied increases. However, the DAl
vaiue in NR release 15 (rel-15) is only two bits (representing four possibie values 0,1,2,3);
after reaching the highest DA! value (i.e, 3), the DA| value rolls over and starts again
from the smallest value. This is shown in Figure 2, where PDCCH 4 includes a DAI with
a value of 0. PDSCH 7 is too close to the PDCCH to be included in the combined HARQ
feedback, so PDCCH will include HARQ feedback for PDSCH 1 through PDSCH 6.
[0011] Figure 3 shows another example of combined HARQ feedback according to a
conventional NR system. In the exampie illustrated in Figure 3, PUCCH 1 includes the
HARQ feedback for PDSCH 1 and PDSCH 2. PDSCH 3 is too close to PUCCH 1, so
PUCCH 2 includes the HARQ feedback for PDSCTH 3, PDSCH 4, and PDSCH 5. In
Figure 3, PDSCH 6 is too close to PUCCH 2, soc HARQ feedback for PDSCH 6 will need
to be reported in a later PUCCH net shown in Figure 3.

Problems with conventional systems

{00121 Figure 4 illustrates one problem suffered by a conventional NR system. NR
supports small processing delays, but not as smalt as to allow providing HARQ feedback
within the same slot as the comresponding DL data iransmission. For instance, with a
Subcarrier Spacing (SPS) of 15 kilohertz (kHz), the Layer 1 (L1) processing delay from
the end of the PDSCH until the beginning of the PUCCH is a minimum of 8 Orthogona!
Frequency Division Muitiplexing (OFDM) symbols assuming a capability 1 for a UE.
Therefore, there will be an eight OFDM symbol gap between the PDSCH reception and
the corresponding feedback via the PUCCH. For SCS of 30 kHz, HARQ feedback for
PDSCH in slot n cannot be included in the PUCCH in slot n, and for SCS of 60 kHz,
feedback the PDECH in both slot n and n-7 cannect be included. As a result, HARQ
feedback for those PDSCHs will have to occur in a later PUCCH,

[0013] However, that later time might fall outside the gNB’s Channe! Qccupancy Time
(COT). In that case, the UE may have to sense the channel according to a category 4
Listen Before Tatk (LBT) before sending the feedback, which increases the chances that
the UE will fail to provide the feedback at the indicated timing.

[0014] For this reason, the Third Generation Parinership Project (3GPP) NR in the
unlicensed spectrum (NR-U) working group decided to support the possibility to postpone
the HARQ feedback in order to give the UE a chance to send the feedback at a later time,
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possibly within another gNB initiated COT where the UE can send the feedback with fast
~ LBT or even without LBT, depending on the situation:
Agreement:
A non-numerical value is added to the possible range of PDSCH-to-HARQ-
timing-indicator values defined in Rel-15, and is used to indicate to the UE that
the HARQ-ACK feedback for the corresponding PDSCH is postponed until the
timing and resource for the HARQ-ACK feedback is provided by the gNB.

[6015] However, the UE behavior when receiving this indication is not clear, and the
mechanism to trigger the pending feedback is not specified.

[0016] Certain aspects of the present disclosure and their embodiments may provide
solutions to these or other challenges. The present disclosure specifies UE behavior
when receiving a non-numerical K1 value that indicates that the HARQ feedback is
postponed.

[0017] There are, proposed herein, various embodiments which address one or more
of the issues disclosed herein. Certain embodiments may provide one or more of the
following technical advantage(s). The UE behavior when receiving non-numerical K1
value is undefined and the present disclosure provides different alternatives on how to

resolve the issue.

Summary

[0018] Methods and systems for seiting Hybrid Automatic Repeat Request (HARQ)
timing for Physical Downlink Shared Channel (PDSCH) with a pending PDSCH-to-HARQ-
timing-indicator are provided.

{0019] According to one aspect of the present disciosure, a method, performed by a
wireless device, for setting Hybnd Automatic Repeat Request (HARQ) timing for Physical
Downlink Shared Channel (PDSCH) with a pending PDSCH-to-HARQ-timing-indicator
comprises: receiving a first Downlink Control Information (DCIl) associated with a first
Downiink (DL) data transmission, the first DCi comprising a non-numerical PDSCH-to-
HARQ-timing-indicator; receiving the first DL data transmission; determining a HARQ
feedback for the first DL data transmission; receiving a second DC! associated with a
second DL data transmission, the second DCI comprising a numerical PDSCH-to-HARQ-
timing-indicator indicating a location in time for HARQ feedback associated with the
second DL data transmission, setting a location in time of HARQ feedback associated
with the first DL data transmission to be the same as the location in time of HARQ
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feedback associated with the second DL data transmission; and transmitting the HARQ
feedback associated with the first DL data transmission at the set location in time.
[0020] in some embodiments, receiving the second DC| comprises receiving
information indicating a number of how many HARQ processes should be reported, the
number including ail pending PDSCHs ana all PDSCHSs having a DCi comprising a non-
numerical PDSCH-to-HARQ-timing-indicator since a last PDSCH have a DCI comprising
a numerical PDSCH-to-HARQ-timing-indicator.

[0021] In some embodiments, receiving the information indicating a number of how
many HARQ processes should be reported comprises receiving a Downlink Assignment
Indicator (DAL).

[00221 In some embodiments, setting the location in time of HARQ feedback
associated with the first DL data transmission to be the same as the location in time of
HARQ feedback associated with the second DL data transmission, and transmitting the
HARQ feedback associated with the first DL data transmission at the set location in time
are performed only upon detemining that the second DL data transmission is of the
same PDSCH group as the first DL data transmission.

[{0023] In some embodiments, receiving the second DCI associated with the second
OL data transmission comprises receiving a User Equipment (UE) -specific DCI
transmitted on a Physical Downlink Control Channel (PDCCH) the UE-specific DCI
comprising the PDSCH-to-HARQ-timing-indicator,

[0024] In some embodiments, the UE-specific DCI further comprises a HARQ
process ldentifier (1D).

[0025] In some embodiments, the UE-specific DCI further comprises a New Data
indicator (NDI) value corresponding to the HARQ process ID.

[0026] in some embodiments, the UE-specific DCI further comprises a PDSCH group
ID and a corresponding Downlink Assignment Indicator (DAL,

[0027] In some embodiments, the UE-specific DCI further comprises a trigger bit
indicating that the PDSCH-to-HARQ-timing-indicator is appticable to all PDSCHs with a
pending or non-numerical PDSCH-to-HARQ-timing-indicator.

[0028] In some embodiments, the trigger bit comprises part of a DCl that is
scheduling a PDSCH.

[0029] In some embodiments, the trigger bit comprises part of a DCI that is not
scheduling a PDSCH.

[0030] According to one aspect of the present disclosure, a method, performed by a

wireiess device, for seiting Hybrid Auiomatic Repeat Request (HARQ) timing for Physical
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Downlink Shared Channet (PDSCH) with a pending PDSCH-to-HARQ-timing-indicator
comprises. receiving a first Downlink Control Information (DCl) associated with a first
Downiink (DL) data transmission of a first PDSCH group, the first DCI comprising a
numerical PDSCH-to-HARQ-timing-indicator; determining that a location in time for
HARQ feedback that is associated with the first DL data transmission, indicated by the
numerical PDSCH-to-HARQ-timing-indicator, is too close to the first DL data
transmission; and in response to that determination, not transmitting the HARQ feedback
that is associated with the first DL data transmission at the indicated HARQ transmission
time.

[0031] !n some embodiments, the method further comprises providing an indication,
on the Physical Uplink Control Channel (PUCCH) at the indicated HARQ transmission
time, which informs the New Radio base station, gNB, that the HARQ feedback was
postponed.

{0032] in some embodiments, the method further comprises receiving a second DCI
associated with a second DL data transmission, the second DCIl comprising a numerical
POSCH-to-HARQ-timing-indicator indicating a location in time for HARQ feedback
associated with the second DL data transmission; setting the location in time of HARQ
feedback associated with the first DL data transmission to be the same as the location in
time of HARQ feedback associated with the second DL daia transmission; and
transmitting the HARQ feedback associated with the first DL data transmission at the set
location in time.

[0033] According to one aspect of the present disclosure, a method, performed by a
wireless device, for setting Hybrid Automatic Repeat Request (HARQ) timing for Physical
Downilink Shared Channe! (PDSCH) with a pending PDSCH-to-HARQ-timing-indicator
comprises: receiving a first Downlink Control Information (DCl) associated with a first
Downlink (DL) data transmission of a first PDSCH group, the first DCI comprising a
numerical PDSCH-to-HARQ-timing-indicater; determining that the numerical PDSCH-to-
HARQ-timing-indicator is a predefined value indicating that the comesponding HARQ
transmission on a Physical Uplink Contro! Channel (PUCCH) should be postponed due to
a later request for another HARQ transmission on a PUCCH corresponding to another
PDSCH.

[0034] in some embodiments, the method further comprises receiving a second DCI
associated with a second DL data transmission, the second DCI comprising a numerical
PDSCH-to-HARQ-timing-indicator indicating a location in time for HARQ feedback

associated with the second DL data transmission; setting a location in time of HARQ



10

15

20

25

30

35

20514

feedback associated with the first DL data transmission to be the same as the location in
time of HARQ feedback associated with the second DL data transmission; and
transmitting the HARQ feedback associated with the first DL data transmission at the set
location in time.

[0C35] According to one aspect of the present disclosurs, a method, performed by &
wireless device, for setting Hybnd Automatic Repeat Request (HARQ) timing for Physical
Downlink Shared Channel (PDSCH) with a pending PDSCH-10-HARQ-timing-indicator
compnrses: receiving a first Downlink Control Information (DCI) associated with a first
Downlink (DL) data transmission of a first PDSCH group, the first DC| comprising a
numerical PDSCH-to-HARQ-timing-indicator; determining that the numerical PDSCH-to-
HARQ-timing-indicator is a predefined value indicating that a comresponding Uplink (UL)
HARQ transmission on a Physical Uplink Control Channel (PUCCH) should be sent in a
slot or set of symbols that can be dynamically chosen to be used for UL or DL,
determining that the slot or set of symbois has been set for DL transmission and thus is
unavailable for the corresponding UL HARQ transmission; in response to that
determinaticn, postponing the corresponding HARQ transmission.

[0036] In some embodiments, the method further comprises receiving a second DC!
associated with a second DL data transmission, the second DC! comprising a2 numerical
PDSCH-1o-HARQ-timing-indicator indicating a location in time for HARQ feedback
associated with the second DL data transmission; setting a location in time of HARQ
feedback associated with the first DL data transmission to be the same as the location in
time of HARQ feedback associated with the second DL data transmission; and
transmitting the HARQ feedback associated with the first DL data transmission at the set
location in time.

f0037] According to one aspect of the present disclosure, a method, performed by a
wireless device, for setting Hybrid Automatic Repeat Request (HARQ) timing for Physical
Downlink Shared Channel {(PDSCH) with a pending PDSCH-to-HARG-timing-indicator
comprises: receiving a first Downlink Control Information (DCI) associated with a first
Downilink (DL) data transmission, the first DC| comprising 2 numerical PDSCH-to-HARQ-
timing-indicator having a predefined value indicating that HARQ transmissions should be
delayed until the wireless device has received a DCi comprising a numerical PDSCH-to-
HARQ-timing-indicator having a value different from the predefined vaiue; receiving the
first DL data transmission; detemmining a HARQ feedback for the first DL data
transmission; receiving a second DCI associated with a second DL data transmission, the
second DCI comprising a numerical PDSCH-to-HARQ-timing-indicator indicating a

location in time for HARQ feedback associated with the second DL data transmission:
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setting a location in time of HARQ feedback associated with the first DL data transmission
to be the same as the location in time of HARQ feedback associated with the second DL
data transmission; and transmitting the HARQ feedback associated with the first DL data
fransmission at the set location in time.

[0038] in some embodiments, the predefined value comprises an existing PDSCH-to-
HARQ-timing-indicator value that has been remapped from indicating a delay value to

received a DCl comprising a numerical PDSCH-to-HARQ-timing-indicator having a value
different from the predefined value.

[0039] In some embodiments,, prior to receiving the first DCI, the wireless device
receives an instruction to remap the existing PDSCH-to-HARQ-timing-indicator vaiue
from indicating a delay value to indicating that HARQ transmissions shouid be delayed
untit the wireless device has received a DCl comprising a numerical PDSCH-to-HARQ-
timing-indicator having a value different from the predefined value.

[0040] In some embodiments, the predefined vaiue comprises an additional bit that
has been added to an existing PDSCH-to-HARQ-timing-indicator value bit field in the
DCi.

[0041] According to one aspeci of the present disciosure, a method, performed by a
base station, for setting Hybrid Automatic Repeat Request (HARQ) timing for Physical
Downlink Shared Channe! (PDSCH) with a pending PDSCH-to-HARQ-timing-indicator
compyrises: determining a PDSCH-to-HARQ-timing for an upcoming Downlink (DL) data
transmission to a User Equipment (UE); determining that the HARQ feedback for the
upcoming DL data transmission should be delayed by the UE until further notification
from the base station; and transmitting, to the UE, a first Downlink Control Information
(DCl) associated with the upcoming DL data transmission, the first DCI comprising a
predefined PDSCH-te-HARQ-timing-indicator vaiue for indicating to the UE that HARQ
feedback for the upcoming DL data transmission should be delayed until further
natification from the base station.

[0042] in some embodiments, determining that the HARQ feedback for the upcoming
DL data transmission should be delayed by the UE until further notification from the base
station comprises detenmining that a processing delay from the end of the upcoming DL
data transmission to the beginning of the HARQ feedback opportunity is less than a
minimum threshold delay.

[0043] insome embodiments, the predefined PDSCH-to-HARQ-timing-indicator value
comprises a non-numerical value.
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[0044] In some embodiments, the predefined PDSCH-to-HARQ-timing-indicator value
comprises an existing PDSCH-to-HARQ-timing-indicator value that has been remapped
from indicating a delay value to indicating that HARQ transmissions should be deiayed
until a wireless device has received a DC| comprising a numerical PDSCH-to-HARQ-
timing-indicator having a value different from the predefined value.

[0045] in some embodiments,, prior to sending the first DCI, the base station sends,
to the UE, an instruction o remap the existing PPSCH-c-HARQ-timing-indicator value
from indicating a delay value to indicating that HARQ transmissions should be delayed
until the wireless device has received a DCI comprising a numerical PDSCH-to-HARQ-
timing-indicator having a value different from the predefined vaiue.

{00461 In some embodiments, the predefined PDSCH-to-HARQ-timing-indicator value
comprises an additional bit that has been added to an existing PDSCH-to-HARQ-timing-
indicator value bit field in the DCI.

[0047] In some embodiments, the method further comprises transmitting the further
notification to the UE.

[0048] in some embodiments, transmitting the further notification to the UE comprises
transmitting a second DCI associated with a second DL data transmission, the second
OCi comprising a numerical PDSCH-to-HARQ-timing-indicator.

[0049] iIn some embodiments, transmitting the second DCI further comprises
transmitting at ieast oire of the Toliowing: a HARQ process iaentifier (D), a New Data
Indicator (NDY) value; a PDSCH group ID; a Downlink Assignment Indicator (DAl); or a
trigger bit.

[0050] According to one aspect of the present disclosure, a wireless device for setting
Hybrid Automatic Repeat Request (HARQ} timing for Physical Downlink Shared Channet
(PODSCH) with a pending PDSCH-to-HARQ-timing-indicator, the wireless device
comprising processing circuitry configured to: receive a first Downlink Control Information
(DCl) associated with a first Downlink (DL) data transmission, the first DCI comprising a
non-numerical PDSCH-to-HARQ-timing-indicator; receive the first DL data transmission;
determine a HARQ feedback for the first DL data transmission; receive a second DCI
associated with a second DL data transmission, the second DC! comprising a numerical
PDSCH-to-HARQ-timing-indicator indicating & iocation in time for HARQ feedback
associated with the second DL data transmission; set a location in time of HARQ
feedback associated with the first DL data transmissicn to be the same as the {ocation in

time of HARQ feedback associated with the secondlDL data transmission; and transmit
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the HARQ feedback associated with the first DL data fransmission at the set location in
time.

LUU51] [n some embodiments, the processing circuitry is further configured to perform
the steps of any of the wireless device methods disclosed herein.

[0052] In some embodiments, the processing circuitry comprises one or more
processors and memory storing instructions executable by the one or more processors
whereby the wireless device is cperable {6 perform the steps.

[0053] According to one aspect of the present disclosure, a base station for setting
Hybrid Automatic Repeat Request (HARQ) timing for Physical Downlink Shared Channet
(PDSCH) with a pending PDSCH-to-HARQ-timing-indicator, the base station comprising
processing circuitry configured to: determine a PDSCH-to-HARQ-timing for an upcoming
Downlink (DL) data transmission to a User Equipment (UE); determine that the HARQ
feedback for the upcoming DL. data transmission should be delayed by the UE until
further notification from the base station; and transmit, to the UE, a first Downlink Control
Information (DCIl) associated with a first DL data transmission, the first DCI comprising a
predefined PDSCH-to-HARQ-timing-indicator value for indicating to the UE that HARQ
feedback for the first DL data transmission should be defayed until further notification
frcm the base station.

{0054] In some embodiments, the processing circuitry is further configured to perform
the steps of any of the base station methods disciosed herein.

[0055] In some embodiments, the processing circuitry comprises one or more
processeors and memory storing instructions executable by the one or more processors
whereby the wireless device is operable to perform the steps.

Brief Description of the Drawings

[0056] The accompanying drawing figures incorporated in and forming a part of this
specification illustrate several aspects of the disclosure, and together with the description

serve to explain the principles of the disclosure.
{00577 Figure 1 iliustrates HARQ feedback according to a conventional NR system:;

[0058] Figure 2 shows one example of combined HARQ feedback according to a
conventionai NR system;

[0059] Figure 3 shows another example of combined HARQ feedback according to a
conventional NR system;

[0060] Figure 4 illustrates one problem suffered by a conventional NR system;

10
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[0061] Figure 5 iltustrates setting HARQ timing for PDSCH with a pending PDSCH-to-
HARQ-timing-indicator according to some embodiments of the present disclosure;
[0062] Figure 6 is a flow chart illustrating steps of an exemplary method for setting
HARQ timing for PDSCH with a pending PDSCH-to-HARQ-timing-indicator according to
some embodiments of the present disclosure;

[0063] Figure 7 is a flow chart illustrating steps of an exemplary method for setting
HARQ timing for POSCH with a penading FDSCH-to-HARQ-timing-indicator according to
some embodiments of the present disciosure;

[0064] Figure 8 illustrates a flow chant illustrating steps of an exemplary method for
setling HARQ timing for PDSCH with a pending PDSCH-to-HARQ-timing-indicator
according to some embodiments of the present disclosure;

[0065] Figure 9 illustrates a flow chart iliustrating steps of an exemplary method for
setting HARQ timing for PDSCH with a pending PDSCH-to-HARQ-timing-indicator
according to some embodiments of the present disclosure,

[0066] Figure 10 illusirates one example of a cellular communications system in
which embodiments of the present disclosure may be implemented;

[0867] Figure 11 illustrates a wireless communication system represented as a 5G
network architecture composed of core Network Functions {(NFs), where interaction
between any two NFs is represented by a point-io-point reference point/interface;
[0068] Figure 12 illustrates a 5G network architecture using service-based interfaces
between the NFs in the control plane, instead of the point-to-point reference
points/interfaces used in the 5G network architecture of Figure 11;

[0669] Figure 13 illustrates one embodiment of a UE in accordance with various
aspects described nerein,

[0070] Figure 14 is a schematic block diagram illustrating a virtualization environment
1400 in which funciions implemented by some embodiments may be virtualized;

[0071] Figure 15 illustrates a communication system according to some embodiments
of the present disclosure;

[0072] Figure 16 illustrates a communication system according to some embodiments
of the present disclosure;

[0073] Figure 17 is a flowchart illustrating a method implemented in a communication
system, in accordance with seme embediments of the present disclosure;

[0074] Figure 18 is a flowchart illustrating a method implemented in a communication
system, in accordance with some embodiments of the present disclosure;
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[0075] Figure 19 is a flowchart illustrating a method implemented in a communication

system, in accordance with some embodiments of the present disclosure; and

[0076] Figure 20 is a flowchart illustrating a method impiemented in a communication

system, in accordance with some embodiments of the present disclosure.

Detailed Description

[0077] The embodiments set forth beiow represent information to enable those skilled
in the art to practice the embodiments and iliustrate the best mode of practicing the
embodiments. Upon reading the following description in light of the accompanying
drawing figures, those skilled in the art will understand the concepts of the disclosure and
will recognize applications of these concepts not particularly addressed herein. It should
be understood that these concepts and applications fali within the scope of the
disciosure.

Setting the PDSCH-to-HARQ-Timing-Indicator for Pending Feedback with Non-
Numerical PDSCH-to-HARQ-Timing-indicator:

Embodiment 1 — Use Next Valid Timing indicator

[0078] Figure 5 illustrates setting Hybrid Automatic Repeat Request (HARQ) timing
for Physical Downilink Shared Channel (PDSCH) with a pending PDSCH-to-HARQ-timing-
indicator according o some embodiments of the present disclosure. In the embodiment
ilustrated in Figure 5, the timing and/or the resources for the pending HARQ-
Acknowiedgement (ACK) feedback are set to be the same as for the first subsequently
transmitted HARQ process with a valid (numerical) PDSCH-to-HARQ-timing-indicator. In
Figure 5, for exampie, the HARQ timing for PDSCH 3 is set to be the same location in the
time domain (referred to herein variously as a ‘“location”, “location in time”, “time
resource”, “time”, “occasion”, “transmission opportunity”, and the like) as that pointed to
by the PDSCH-te-HARQ-timing-indicator of PDSCH 4, i.e., the location of Physical Uplink
Control Channel (FUCCH) 2. Put another way, the HARQ feedback for PDSCH 3 and
the HARQ feedback for PDSCH 4 are jointly transmitted in the HARQ feedback
opportunity indicated by the numerical PDSCH-to-HARQ-timing indicator for the HARQ
feedback for PDSCH 4.

{0079] As another aspect cf this embodiment, the Downlink Assignment Indicator
(DAIl) value for the first PDSCH with a valid PDSCH-to-HARQ-timing-indicator (e.g.,

HARQ-timing-indicator (e.g.,, PDSCH 3) since the last PDSCH with valid PDSCH-to-
HARQ-timing-indicator (e.g., PDSCH 2). in Figure 5, for example, the value for AT within
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Physical Downlink Control Channel (PDCCH) 4 should be 2 (representing PDSCH 3 and
PDSCH 4) rather than 1 (representing only PDCSH 4).

[0O80]} rFigure 6 is a flow char illusirating steps of an exempiary method, performed at
a User Equipment (UE), for seiting HARQ timing for PDSCH with a pending PDSCH-to-
HARQ-timing-indicator according to embodiment 1 of the present disclosure. In the
embodiment illustrated in Figure 6, the process includes the following steps:

[0081] Step 60C: receive first Downlink Control Information {(DC!) associated with a
first Downlink (DL) data transmission, the first DC| comprising a non-numerical PDSCH-
to-HARQ-timing-indicator;

[0082]} Step 602: receive the first DL data transmission;

[00831 Step 604: determine a HARQ feedback for the first DL data transmission;
[0084] Step 606: receive second DCI associated with a second DL data transmission,
the second DCI comprising a numerical PDSCH-to-HARQ-timing-indicator indicating a
location for HARQ feedback associated with the second DL data transmission;

[0085) Step 608: set the location of HARQ feedback associated with the first DL data
transmission to be the same as the location of HARQ feedback associated with the
second DL data transmission; and

[0086] Step 610: transmit the HARQ feedback associated with the first DL data
transmission at the location set in step 608.

Embodiment 2 - Aiso Consider PDSCH Group

[0087] n some embodiments of the present disclosure, if the DCI scheduling the
PDSCH supports PDSCH group indication, the timing andior the resources for the
pending HARQ-ACK feedback is set to be the same as the first subsequently transmitted
HARQ process that belongs tc the same group and with valid {(numerical) PDSCH-to-
HARQ-timing-indicator.

[00881 As another aspect of this embodiment, the DAl value for the first PDSCH with
a valid PDSCH-to-HARQ-timing-indicator counts also the previous PDSCHY(s) with non-
numerical PDSCH-to-HARQ-timing-indicator that belong to the same PDSCH group since
the last PDSCH with valid PDSCH-to-HARQ-timing-indicator.

[0089] Figure 7 is a flow chart illustrating steps of an exemplary method, performed at
a UE, for setting HARQ timing for PDSCH with a pending PDSCH-to-HARQ-timing-
indicator according to embodiment 2 of the present disclosure. In the embodiment

itustrated in Figure 7, the process includes the following steps:
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[0090] sStep 700: receive first DCI associated with a first DL data transmission of a
first PDSCH group, the first DCI comprising a non-numerical PDSCH-to-HARQ-timing-
indicator;

[0091] Step 702: receive the first DI data transmission;

[G092] Step 704: determine a HARQ feedback for the first DL data transmission;
[0093] Step 706: receive second DCi associated with a second DL data transmission,
the second DCI comprising a numerical PDSCH-to-HARQ-timing-indicator indicating a
location for HARQ feedback associaied with the second DL data transmission;

10094] Siep 708: determine if the second DL data transmission is of the same
PDSCH group as the first DL data transmission. {f not, end the process. If so, go to step
710.

[0095] Step 710: set the location of HARQ feedback associated with the first DL data
transmission to be the same as the location of HARQ feedback asscciated with the
second DL data transmission; and

[0096] Step 712: transmit the HARQ feedback associated with the first DL data
transmission at the location set in step 710.

Embodiment 3 — Explicit DCI Signaling

[0097] !n some embodiments of the present disclosure, a new signaling is defined to
indicate timing and the resources for the pending HARQ-ACK feedback (with non-
numerical timing indication). For example, in some embodiments, a new UE-specific DCI
is transmitted on the PDCCH. Examples include, but are not limited to, the foliowing:

o The DCI indicates at least the HARQ process ldentifier(s) (1D(s)) and the PDSCH-
to-HARQ-timing-indicator. 1t might also include New Data Indicator (NDI) values
coresponding to the HARQ process ID(s).

o The DCI indicates at least the PDSCH group 1D(s), corresponding DA, and the
PDSCH- PDSCH-to-HARQ-timing-indicater.

o The DCI includes a trigger bit, and the PDSCH-to-HARQ-timing-indicator which is
applicable to all the PDSCH(s) with a pending or unset PDSCH-to-HARQ-timing-
indicator.

* in some embodiments, the tngger can be part of a DCI that is scheduling
another PDSCH. {In some embodiments, the PDSCH-to-HARQ-timing-
indicator is applicable to the pending and the new PDSCH.

in some embodiments, the ingger can be part of a separate DCI that does not
schedule PDSCH.
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[0098] Figure 8 iliustrates a flow chart illustrating steps of an exemplary method,
performed at a New Radio (NR) base station (gNB), for setting HARQ timing for PDSCH
with a pending PDSCH-to-HARQ-timing-indicator according o embodiment 3 of the
present disclosure. In the embodiment illustrated in Figure 8, the process includes the
following steps:
[0099] Step 800: transmit, to a first UE, a first DCI associated with a first DL data
transmission, the first DC! comprising a non-numerical PDSCH-to-HARQ-timing-indicator,
[0100] Step 802: transmit, to the first UE, a second DCI associated with a second DL
data transmission, the second DC! comprising 2 numerical PDSCH-to-HARQ-timing-
indicator and at least one of the following: at least one HARQ process ID; a NDI value; at
least one PDSCH group 1D; a corresponding DAI; and/or a trigaer bit.
Embadiment 4 - Delayed HARQ Despite Numerical Timing Indicator
[0101] !n some embodiments of the present disclosure, according to predefined rules
(e.g., Radio Resource Contro! (RRC) configuration), the UE is not expected to send the
feedback according to the indicated numerical K1 value and is expected to postpone
sending the feedback until new timing and resource for the HARQ-ACK feedback is
provided by the gNB. Example conditions include, but are not limited to, the following:
[010Z] Condition 1. The PDSCHs scheduled with a numeric K1 value, resuiting in a
HARQ-ACK transmission that is too close to a PUCCH to be sent on the PUCCH, e.g,,
because the required processing time between the &nd of the PDSCH and the PUCCH
cannot be met.
» In some embcdiments, the gNB detects the condition from the lack of HARQ
feedback in the indicated PUCCH resource; this can trigger the gNB to signal new
HARQ feedback timing, e.g., in accordance with one of the embodiment 3
altematives, or in a subsequent DCI in accordance with embodiment 2. Yet
another alternative is that embodiment 1 is used, in which case the gNB does not
have to take any explicit signaling action to resolve the situation, but will have to
be prepared to receive the HARQ feedback in accordance with embodiment 1.
¢ In some embodiments, as an aliemative to using iack of HARQ feedback as a
sign of delayed HARQ feedback, the UE, when the processing time is too short for
providing “real” HARQ feedback, instead provides an indication (on the PUCCH
indicated by the numerical K1) which informs the gNB that the UE has postponed
the HARQ feedback (e.g., because of lack of processing time). This would be a
new type of indication to be standardized.
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[0103] Condition 2: The PDSCHs scheduled with a numeric K1 value, that the
comresponding HARQ-ACK transmission on a PUCCH should be postponed, due to a

PDSCH(s)

[0104] Condition 3: A PDSCH is scheduied with a numericai Ki vaiue, indicating ihat
HARQ feedback should be sent in a dynamic slot or a set of dynamic symbols (i.e.,
symbols that can be used for either Uplink (UL) or DL transmissions as dynamically
chosen by the gNB), and the gNB later allocates these symbols (or this siot) for DL
transmission. in this case, the postponed HARQ feedback can be handled in accordance
with embodiment 3, 2 or 1 in the same ways as described above for condition 1.

[0105] Figure 9 illustrates a flow chart illustrating steps of an exemplary method,
performed at a UE, for setting HARQ timing for PDSCH with a pending PDSCH-to-HARQ-
timing-indicator according {0 embodiment 4, condition 1, of the present disciosure. in the
embodiment iilustrated in Figure 9, the process includes the following steps:

[0106] Step 900: receive first DCI associated with a first DL data transmission of a
first PDSCH group, the first DCi comprising a numerical PDSCH-to-HARQ-timing-
indicator;

[0107] Step 902: determine that the location for the HARQ that is associated with the
first dl data transmission, indicated by the numerical PDSCH-to-HARQ-timing-indicator, is
too close to the first DL data transmissiocn; and

[0108] Step 904: in response to that determination, do not transmit the HARQ that is
associated with the first DL data transmission at the indicated HARQ transmission fime;
[0109] Step 906: optionally, provide an indication, on the PUCCH at the indicated
HARQ transmission time, which informs the gNB that the HARQ feedback was
postponed.

Embodiment 5 - Modified or Extended PDSCH-to-HARQ-Timing-indicator Field

[0110] in some embodiments of the present disclosure, the exiting PDSCH-to-HARQ-
timing-indicator field in NR Release (Rel-) 15 is modified or extended. Example

embodiments include, but are not limited to, the foliowing:

[0111] In one embodiment, the DCI format 1_0, the PDSCH-to-HARQ-timing-
indicator field in NR Rel-15 is 3 bits with values mapping to {1, 2, 3, 4, 5, 6, 7, 8} in
number of slots, but for the NR-U use case, the field is extended by 1 bit, providing 16
possibie HARQ feedback tiring offset vaiues. One of the 16 values (e.g. Ob1111) can be

s
used as non-numerical value to indicate pending HARQ feedback transmission until
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further notice, and the remaining 15 values can be used to provide further HARQ
feedback scheduling flexibility.

[0112] in an alternative embodiment, the PDSCH-to-HARQ-timing-indicator remains
at 3 bits, but one of the current values (e.g. Ob111) is redefined as non-numenical for NR-
U to indicate pending HARQ feedback transmission until further notice.

[0113] In either of the embediments described above, the modification or extension of
the PDSCH-to-HARQ-timing-indicator field and/or the re-interpretation of one of the
values to the non-numerical value can be configurable by higher layers.

I0114]1 Although the subject matter described herein may be implemented in any
appropriate type of system using any suitable components, the embodiments disclosed
herein are described in relation to a wireless network, such as the example wireless

network illustrated in Figure 10.

[0115] Figure 10 illustrates one example of a cellular communications system 1000 in
which embodiments of the present disclosure may be implemented. For simplicity, the
wireless network of Figure 10 only depicts a network 1006, network nodes 1060 and
1060B, and Wireless Devices (WDs) 1010, 1010B, and 1010C. [n practice, a wireless
network may further include any additional elements suitable 1o support communication
between wireiess devices or between a wireless device and another communication
device, such as a fandline telephone, a service provider, or any other network node or
end device. Of the illustrated compeonents, the network node 1080 and the WD 1010 are
depicted with additional detail. The wireless network may provide communication and
other types of services to one or more wireless devices to facilitate the wireless devices’
access to and/or use of the services provided by, or via, the wireless network.

[0116] The wireless network may comprise andfor interface with any type of
communication, telecommunication, data, cellular, and/or radio network or other similar
type of system. In some embodiments, the wireless network may be configured to
operate according to specific standards or other types of predefined rules or procedures.
Thus, particular embodiments of the wireless network may implement communication
standards, such as Globai Systermn for Mobiie Communications (GSM), Universat Mobiie
Telecommunications System (UMTS), Long Term Evolution (LTE), and/or other suitable
Second, Third, Fourth, or Fifth Generation (2G, 3G, 4G, or 5G) standards; Wireless Local
Area Network (WLAN) standards, such as the IEEE 802.11 standards; and/or any other
appropriate wireless communication standard, such as the Worldwide Interoperability for

Microwave Access (WiMax), Bluetooth, Z-Wave, and/or ZigBee standards.
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[0117] The network 1006 may comprise one or more backhaul networks, core
networks, Internet Protocol (IP) networks, Public Switched Telephone Networks (PSTNs),
packet data networks, opticai neiworks, Wide Area Networks (WANSs), Local Area
Networks (LANs), WLANs, wired networks, wireless networks, metropolitan ares
networks, and other networks to enable communication between devices.

[0118] The network node 1060 and the WD 1010 comprise various components
described in more detail below. These components work together in order to provide
network nade and/or wireless device functionality, such as providing wireless connections
in a wireless network. In different embodiments, the wireless network may comprise any
number of wired or wireless networks, network nodes, base stations, controllers, wireless
devices, relay stations, and/or any other components or systems that may facilitaite or
participate in the communication of data and/or signals whether via wired or wireless
connections.

[0119] As used herein, network node refers to equipment capable, configured,
arranged, and/or operable to communicate directly or indirectly with a wireless device
and/or with other neiworik nodes or equipment in the wireiess network 1o enabie andior
provide wireless access to the wireless device and/or to performn other functions (e.g.,
administration) in the wireless network. Examples of network nodes include, but are not
limited to, Access Points (APs) (e.g., radio APs), Base Stations (BSs) (e.g., radio base
stations, Node Bs, evolved Node Bs (eNRs), and New Radio (NR) base stations (gNBs)).
Base stations may be categorized based on the amount of coverage they provide (or,
stated differently, their transmit power level) and may then also be referred to as femto
base stations, pico base stations, micro base stations, or macro base stations. A base
station may be a relay node or a relay donor node controlling a relay. A network node
may also include one or more (or all) parts of a distributed radio base station such as
centratized digital units and/or Remote Radio Units (RRUs), sometimes referred to as
Remote Radio Heads (RRHs). Such RRUs may or may not be integrated with an
antenna as an antenna integrated radio. Parts of a distributed radio base station may
also be referred to as nodes in a Distnbuted Antenna System (DAS). Yet further
examples of network nodes include Muiti-Standard Radio (MSR) equipment such as MSR
BSs, network controllers such as Radio Network Controllers (RNCs) or BS Controllers
(BSCs), Base Transceiver Stations (BTSs), transmission points, transmission nodes,
Muiti-Cell/Multicast Coordination Entities (MCEs), core network nodes (e.g., Mobile
Switching Centers (MSCs), Mobiiity Management Entities (MMEs)), Operation and
Maintenance (O&M) nodes, Operations Support System (OSS) nodes, Self-Organizing

Network (SON) nodes, positioning nodes (e.g., Evolved Serving Mobile Location Center
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(E-SMLCs)), and/or Minimization of Drive Tests (MDTs). As another example, a network
node may be a virtual network node as described in more detail below. More generalily,
nowever, network nodes may fepresent any suitable device (or group of devices)
capable, configured, arranged, and/or operabie 10 enable and/or provide a wireless
device with access 1o the wireless netwerk or to provide scme sernvice o 2@ wireless
device that has accessed the wireless network.

[0120] In Figure 10, the network node 1060 includes processing circuitry 1070, a
device readable medium 1080, an interface 1090, auxiliary equipment 1084, a power
source 1086, power circuitry 1087, and an antenna 1062. Aithough the network node
1060 illustrated in the example wireless network of Figure 10 may represent a device that
inciudes the illustrated combination of hardware components, some embodiments may
comprise network nodes with different combinations of components. It is to be
undersiood that a network node comprises any suitable combination of hardware and/or
software needed to perform the tasks, features, functions, and methods disciosed herein.
Moreover, while the componenis of the network node 1060 are depicted as single boxes
located within a larger box, or nested within multiple boxes, in practice, a network node
may comprise multiple different physical components that make up a single illustrated
component (e.g., the device readable medium 1080 may comprise muitiple separate hard
drives as well as muitipie Random Access Memory (RAM) modules).

[0121] Similarly, the network node 1060 may be composed of multiple physically
separate components {e.g., 2 Node B component and a RNC component, or a BTS
component and a BSC component, etc.), which may each have their own respective
components. In certain scenarios in which the network node 1060 comprises multiple
separate compoenents {e.g., BTS and BSC components), one or more of the separate
compornenis may be shared among several network nodes. FofF exampie, a single RNC
may controf multiple Node Bs. in such a scenario, sach unique Node B and RNC pair
may in some instances be considered a single separale network nede.  In some
embodiments, the network node 1060 may be configured to support multiple Radio
Access Technologies (RATs). In such embodiments, some components may be
duplicated (e.g., a separate device readable medium 1080 for the different RATs) and
some components may be reused (e.g., the same antenna 1062 may be shared by the
RATs). The network node 1060 may also include muitiple sets of the various illustrated
components for different wireless technologies integrated into the network node 1060,
suich as, for exampie, GSM, Wideband Code Division Muitiple Access (WCDMA), LTE,
NR, WiFi, or Bluetooth wireless technologies. These wireless technologies may be
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integrated into the same or a different chip or set of chips and other components within
the network node 1060.

[01Z2] The processing circuitry 1070 is configured to perform any determining,
calculating, or similar operations (e.g., certain obtaining operations) described herein as
being provided by a nefwork node. These operations performed by the processing
circuitry 1070 may inciude processing information obtained by the processing circuitry
1070 by, for exampie, converting the obtained information into other information,
comparing the obfained information or converted information to information stored in the
network node, andfor performing one or more operations based on the obtained
information or converted information, and as a resuit of said processing making a

determination.

[0123] The processing circuitry 1070 may comprise a combination of one or more of
a microprocessor, a controlier, a microcontroller, a Ceniral Processing Unit (CPU), a
Digital Signail Processor (DSP), an Application Specific integrated Circuit (ASIC), a Fieid
Programmable Gate Array (FPGA), or any other suitable computing device, resource, or
combination of hardware, software, and/or encoded logic operable to provide, either
alone or in conjunction with other network node 1080 components, such as the device
readable medium 1080, network node 1080 functionality, For example, the processing
circuitry 1070 may execute instructions stored in the device readable medium 1080 or in
memory within the processing circuitry 1070. Such functionality may include providing
any of the various wireless features, functions, or benefits discussed herein. In some
embodiments, the processing circuitry 1070 may include a System on a Chip (SOC).

[0124] In some embodiments, the processing circuitry 1070 may include one or more
of Radio Frequency (RF) transceiver circuitry 1072 and baseband processing circuitry
1074, In some empodiments, the RF transceiver circuilry 1072 and the baseband
processing circuitry 1074 may be on separate chips (or sets of chips), boards, or units,
such as radio units and digital units. In altemative embodiments, part or all of the RF
transceiver circuitry 1072 and the baseband processing circuitry 1074 may be on the

same chip or set of chips, boards, or units.

[0125] In certain embodiments, some or all of the functionality described herein as
being provided by a network node, base station, eNB, or other such network device may
be performed by the processing circuitry 1070 executing instructions stored on the device
readable medium 1080 or memory within the processing circuitry 1070. In aliemative
embodiments, some or all of the functionality may be provided by the processing circuitry
1070 without executing instructions stored on a separate or discrete device readable
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medium, such as in a hard-wired manner. In any of those embodiments, whether
executing instructions stored on a device readable storage medium or not, the processing
circuitry 1070 can be configured to perform the desciibed functionality. The benefits
provided by such functionality are not limited to the processing circuitry 1070 alone or to
other components ¢f the netwerk nede 1080, but are enjoyed by the netwerk node 1080
as a whole, and/or by end users and the wireless network generally.

[0126] The device readable medium 1080 may comprise any form of volatile or non-
volatile computer readable memory including, without limitation, persistent storage, solid
state memory, remotely mounted memory, magnetic media, optical media, RAM, Read
Only Memory (ROM), mass storage media (for example, a hard disk), removable storage
media (for example, a flash drive, a Compact Disk (CD) or a Digital Video Disk (DVD)),
and/or any other volatile or non-volatile, non-transitory device readable and/or computer-
executable memory devices that store information, data, and/or instructions that may be
used by the processing circuitry 1070. The device readable medium 1080 may store any
suitable instructions; data or information, including a computer program; software; an
application including one or more of legic, rules, code, tables, eic; andior other
instructions capable of being executed by the processing circuitry 1070 and utitized by
the network node 1060, The device readable medium 1080 may be used to store any
calculations made by the processing circuitry 1070 and/or any data received via the
interface 1090. in some embodiments, the processing circuitry 1070 and the device
readable medium 1080 may be considered to be integrated.

[0127] The interface 1090 is used in the wired or wireless communication of signaling
and/or data between the network node 1060, a network 1008, andfor WDs 1010. As
iltustrated, the interface 1090 comprises port(s)/terminal(s) 1094 to send and receive
aata, for examipile to and from the network 1006 over a wired connection. The interface
1090 also includes radio front end circuitry 1092 that may be coupled to, or in certain
embodiments a part of, the antenna 1062, The radio front end circuitry 1092 comprises
filters 1098 and amplifiers 1096. The radio front end circuitry 1092 may be connected to
the antenna 1062 and the processing circuitry 1070. The radio front end circuitry 1092
may be configured to condition sighals communicated between the antenna 1062 and the
processing circuitry 1070. The radio front end circuitry 1092 may receive digital data that
is to be sent out to other network nodes or WDs via a wireless connection. The radio
front end circuitry 1092 may convert the digital data into a radic signal having the
appropiniate channei and bandwidih parameters using a combination of the filters 1098
and/or the amplifiers 1096. The radio signal may then be transmitted via the antenna
1062. Simitarly, when receiving data, the antenna 1062 may collect radio signals which
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are then converted into digital data by the radio front end circuitry 1092. The digital data
may be passed to the processing circuitry 1070. In some embodiments, the interface
1090 may comprise different components and/or different combinations of components.
[0128] In centain alternative embodiments, the network node 1060 may not include
separate radio front end circuitry 1092; instead, the processing circuitry 1070 may
comprise radio front end circuitry and may be connected to the antenna 1062 without
separate radio front end circuitry 1092. Similarly, in some embodiments, all or some of
the RF transceiver circuitry 1072 may be considered a part of the interface 1090. In still
some embodiments, the interface 1080 may include the one or more ports or terminals
1094, the radio front end circuitry 1092, and the RF transceiver circuitry 1072 as part of a
radio unit (not shown), and the interfface 1090 may communicate with the baseband
processing circuitry 1074, which is part of a digital unit (not shown).

[0129] The antenna 1062 may include one or more antennas, or antenna arrays,
configured to send and/or receive wireless signals. The antenna 1062 may be coupled to
the radio front end circuitry 1082 and may be any type of antenna capable of transmitting
and receiving data and/or signals wirelessly. in some embodiments, the antenna 1062
may comprise one or more omni-directional, sector, or panel antennas operable to
transmit/receive radio signals between, for example, 2 gigahertz (GHz) and 66 GHz. An
omni-directional antenna may be used to transmit/receive radio signals in any direction, a
sector antenna may be used to transmit/receive radio signals from devices within a
particular area, and a panel antenna may be a line of sight antenna used to
transmit/receive radio signals in a relatively straight line. In some instances, the use of
more than one antenna may be referred to as Multiple Input Multiple Output (MIMO). in
certain embodiments, the antenna 1062 may be separate from the network node 1060
and may be connectabie io the network node 1060 ihrough an interface or port.

[0130] The antenna 1062, the interface 1090, and/or the processing circuitry 1070
may be coniigured 0 peirfoiin any receiving operations and/or cerain obtaining
operations described herein as being performed by a network node. Any information,
data, and/or signals may be received from a WD, another network node, and/or any other
network equipment.  Similarly, the antenna 1062, the interface 1090, and/or the
processing circuitry 1070 may be configured to perform any transmitting operations
described herein as being performed by a network node. Any information, data, and/or
signails may be transmitted to a WD, another network node, and/or any other network
eguipment.
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[0131] The power circuitry 1087 may comprise, or be coupled to, power management
circuitry and is configured to supply the components of the network node 1060 with power
for performing the functionality described herein. The power circuitry 1087 may receive
power from the power source 1086. The power source 1086 and/or the power circuitry
1087 may be configured to provide power to the varicus components of the network node
1060 in a form suitable for the respective components (e.g., at a voltage and current level
needed for each respective compenent). The power source 1086 may either be included
in, or be extemal to, the power circuitry 1087 and/or the network node 1060. For
example, the network node 1060 may be connectable to an external power source (e.g.,
an electricity outlet) via an input circuitry or interface such as an electrical cable, whereby
the extemal power source supplies power to the power circuitry 1087. As a further
example, the power source 1086 may comprise a source of power in the form of a battery
or battery pack which is connected to, or integrated in, the power circuitry 1087 The
baitery may provide backup power shouid the exiernal power source fail. Other types of
power sources, such as photovoltaic devices, may also be used.

{0132] Ailternative embodiments of the network node 1060 may include additional
components beyond those shown in Figure 10 that may be responsible for providing
certain aspects of the network node’s functionality, including any of the functionality
described herein and/or any functionality necessary to support the subject matter
described herein. For example, the network node 1080 may include user interface
equipment to aliow input of information into the network node 1060 and to allow output of
information from the network node 1060. This may allow a user to perform diagnostic,
maintenance, repair, and other administrative functions for the network node 1060.
[0133] As used herein, WD refers to a device capable, configured, arranged, and/or
operable to communicate wireiessiy with network nodes andior other WDs. Uniess
otherwise noted, the term WD may be used interchangeably herein with User Equipment
{UE). Communicating wireiessly may involve transmitting and/or receiving wireless
signais using electromagnetic waves, radio waves, infrared waves, and/or other types of
signals suitable for conveying information through air. In some embodiments, a WD may
be configured to transmit and/or receive information without direct human interaction. For
instance, a WD may be designed to transmit information to a network on a predetermined
schedule, when triggered by an internal or external event, or in response to requests from
the network. Examples of a WD include, but are not limited to, a smart phone, a mobile
phone, a cell phone, a Voice over IP (VolP) phone, a wireless iocal loop phone, a
desktop computer, a Personal Digital Assistant (PDA), a wireless camera, a gaming

consoie or device, a music storage device, a playback appliance, a wearable terminal
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device, a wireless endpoint, a mobile station, a tablet, a laplop, Laptop Embedded
Equipment (LEE), Laptop Mounted Equipment (LME), a smart device, a wireless

WD may support Device-to-Device (D2D) communication, for example by implementing a
3G Partnership Project (3GPP) standard for sidelink communication, Vehicle-to-Vehicle
(V2V), Vehicle-to-Infrastructure (V21), Vehiclte-to-Everything (V2X), and may in this case
be referred to as a D2D communication device. As yet another specific example, in an
Intemet of Things (1oT) scenario, a WD may represent a machine or other device that
performs monitoring and/or measuremenis, and fransmits the resuits of such monitoring
and/or measurements to another WD and/or a network node. The WD may in this case
be a Machine-to-Machine (M2M) device, which may in a 3GPP context be referred to as a
Machine-Type Communication (MTC) device. As one pariicuiar example, the WD may be
a UE implementing the 3GPP Narrowband loT (NB-ioT) standard. Particular examples of

industrial machinery, home or personatl appliances (e.g., refrigerators, t{elevisions, etc.), or
personal wearables {e.q., watches, fitness tfrackers, etc.). in other scenarios, a WD may
represent a vehicle or other equipment that is capable of monitoring and/or reporting on
its operational status or other functions associated with its operation. A WD as described
above may represent the endpoint of a wireless connection, in which case the device
may be referred to as a wireless terminal. Furthermore, a WD as described above may
be mobite, in which case it may also be referred to as a mobile device or a mobile
terminal.

{0134] Asiilusirated in Figure 10, 2 WD 1010 inciudes an antenna 1011, an interface
1014, processing circuitry 1020, a device readable medium 1030, user interface
equipment 1032, auxiliary equipment 1034, a power source 1036, and power circuitry
1037. The WD 1010 may include multiple sets of one or more of the illustrated
components for different wireless technologies supported by the WD 1010, such as, for
example, GSM, WCDMA, LTE, NR, WiFi, WIMAX, or Bluetooth wireless technologies,
just to mention a few. These wireless technologies may be integrated into the same or
different chips or set of chips as other components within the WD 1010.

[0135] The antenna 1011 may include one or more antennas or antenna arrays
configured to send and/or receive wireless signals and is connected to the interface 1014.
In certain alternative embodiments, the antenna 1011 may be separate from the WD
1010 and be connectable to the WD 1010 through an interface or port. The antenna
1011, the interface 1014, and/or the processing circuitry 1020 may be configured to
perform any receiving or transmitting operations described herein as being performed by
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a WD. Any information, data, and/or signals may be received from a network node
and/or another WD. In some embodiments, radio front end circuitry and/or the antenna
1011 may be considered an interface.

[0136] As illustrated, the interface 1014 comprises radio front end circuitry 1012 and
the antenna 1611. The radic front end circuitry 1012 comprises one or more filters 1018
and amplifiers 1016. The radio front end circuitry 1012 is connected to the antenna 1011
and the processing circuitry 1020 and is configured to condition signals communicated
between the antenna 1011 and the processing circuitry 1020. The radio front end
circuitty 1012 may be coupled to or be a part of the antenna 1011. In some
embodiments, the WD 1010 may not include separate radio front end circuitry 1012,
rather, the processing circuitry 1020 may comprise radio front end circuitry and may be
connected to the antenna 1011. Similarly, in some embodiments, some or all of RF
transceiver circuitry 1022 may be considered a part of the interface 1014, The radio front
end circuitry 1012 may receive digitai data that is to be sent out 10 other network nodes or
WDs via a wireless connection. The radio front end circuitry 1012 may convert the digital
data into a radio signa! having the appropriate channe! and bandwidih parameters using
a combination of the filters 1018 and/or the amplifiers 1016. The radic signal may then
be transmitted via the antenna 1011. Similarly, when receiving data, the antenna 1011
may collect radio signals which are then converted into digitat data by the radio front end
circuitry 1012. The digitai data may be passed to the processing circuitry 1020. In some
embodiments, the interface 1014 may comprise different components and/or different
combinations of components.

{G137] The processing circuitry 1020 may comprise a combination of one or more of
a microprocessor, a controlier, a microcontrofler, a CPU, a DSP, an ASIC, a FPGA, or
any other suitable computing device, resource, or combination of hardware, software,
and/or encoded logic operable to provide, either alone or in conjunction with other WD
1010 components, such as the device readable medium 1030, WD 1010 functionality.
Such functionality may include providing any of the various wireless features or benefits
discussed herein. For example, the processing circuitry 1020 may execute instructions
stored in the device readable medium 1030 or in memory within the processing circuitry
1020 to provide the functionality disclosed herein.

[0138] As illustrated, the processing circuitry 1020 includes one or more of the RF
transceiver circuitry 1022, baseband processing circuitry 1024, and application
processing circuitry 1026. In some embodiments, the processing circuitry 1020 may
comprise different components and/or different combinations of components. In certain
embodiments, the processing circuitry 1020 of the WD 1010 may comprise a SOC. In
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some embodiments, the RF transceiver circuitry 1022, the baseband processing circuitry
1024, and the application processing circuitry 1026 may be on separate chips or sets of
chips. in alternative embodiments, part or aii of the baseband processing circuitry 1024
and the application processing circuitry 1026 may be combined into one chip or set of
chips, and the RF transceiver circuitry 1022 may be on a separate chip cr set of chips. In
still alternative embodiments, part or all of the RF transceiver circuitry 1022 and the
baseband processing circuitry 1024 may be on the same chip or set of chips, and the
application processing circuitry 1026 may be on a separate chip or set of chips. In yet
other altemative embodiments, part or all of the RF transceiver circuitry 1022, the
baseband processing circuitry 1024, and the application processing circuitry 1026 may be
combined in the same chip or set of chips. In some embodiments, the RF transceiver
circuitry 1022 may be a part of the interface 10714. The RF transceiver circuitry 1022 may
condition RF signals for the processing circuitry 1020.

{013%] In ceriain embodimenis, some or ail of the functionaiily described herein as
being performed by a WD may be provided by the processing circuitry 1020 executing
instructions stored on the device readable medium 102C, which in certain embodiments
may be a computer-readable storage medium. In aiternative embodiments, some or all of
the functionality may be provided by the processing circuitry 1020 without executing
instructions stored on a separate or discrete device readable storage medium, such as in
a hard-wired manner. In any of those particular embodiments, whether executing
instructions stored on a device readable storage medium or not, the processing circuitry
1020 can be configured {0 perform the described functionality. The benefits provided by
such functionality are not limited to the processing circuitry 1020 alone or to other
components of the WD 1010, but are enjoyed by the WD 1010 as a whole, and/or by end
users and the wireiess network generaliy.

[0140] The processing circuitry 1020 may be configured to perform any determining,
calculating, or similar operations {e.g., certain obtaining operations) described herein as
being performed by a WD. These operations, as performed by the processing circuitry
1020, may include processing information obtained by the processing circuitry 1020 by,
for example, converting the obtained information into other information, comparing the
obtained information or converted information to information stored by the WD 1010,
and/or performing one or more operations based on the obtained information or
converted information, and as a result of said processing making a determination.
[0141] The device readable medium 1030 may be operable to store a computer
program,; software; an application including one or more of logic, rules, code, tables, etc.;

and/or other instructions capable of being executed by the processing circuitry 1020. The
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device readable medium 1030 may include computer memory (e.g., RAM or ROM), mass
storage media (e.g., a hard disk), removabie storage media (e.g., 2 CD or a DVD), and/or
any other volatile or non-volatile, non-transiiofy device readable and/or computer
executable memory devices that store information, data, and/or instructions that may be
used by the processing circuitry 1020. In some embodiments, the processing circuitry
1020 and the device readable medium 1030 may be considered to be integrated.

[0142] The user interface equipment 1032 may provide components that aliow for a
human user to interact with the WD 1010. Such interaction may be of many forms, such
as visual, audial, tactile, etc. The user interface equipment 1032 may be operable to
produce output to the user and to allow the user to provide input to the WD 1010. The
type of interaction may vary depending on the type of user interface equipment 1032
installed in the WD 1010. For example, if the WD 1010 is a smart phone, the interaction
may be via a touch screen; if the WD 1010 is a smart meter, the interaction may be
through a screen that provides usage (e.g., the number of galions used) or a speaker that
provides an audible alert (e.g., if smoke is detected). The user interface equipment 1032
may include input interfaces, devices and circuits, and cutput! interfaces, devices and
circuits. The user interface equipment 1032 is configured to allow input of information
into the WD 1010, and is connected to the processing circuitry 1020 to allow the
processing circuitry 1020 to process the input information. The user interface equipment
1032 may include, for example, a microphone, a proximity or other sensor, keys/buttons,
a touch display, one or more cameras, a Universal Serial Bus (USB) pont, or other input
circuitry. The user interface equipment 1032 is also configured to allow output of
information from the WD 1010 and to aliow the processing circuitry 1020 to output
information from the WD 1010. The user interface equipment 1032 may include, for
example, a speaker, a display, vibrating circuitry, a USB port, a headphone interface, or
other output circuitry. Using one or more input and output interfaces, devices, and
circuits of the user interface equipment 1032, the WD 1010 may communicate with end
users and/or the wireless network, and allow them to benefit from the functionality
described herein.

[0143] The auxiliary equipment 1034 is operabie to provide more specific functionality
which may not be generally performed by WDs. This may comprise specialized sensors
for doing measurements for various purposes, interfaces for additionai types of
communication such as wired communications, etc. The inclusion and type of
components of the auxiliary equipment 1034 may vary depending on the embodiment
and/or scenario.
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[0144] The power source 1036 may, in some embodiments, be in the form of a
battery or battery pack. Other types of power sources, such as an external power source
(e.g., an eijectricity outlet), photovoitaic devices, or power ceiis may aiso be used. The
WD 1010 may further comprise the power circuitry 1037 for delivering power from the
power source 1036 to the varicus parts of the WD 1010 which need power from the
power source 1036 to carry out any functionality described or indicated herein. The
power circuitry 1037 may in certain embodiments comprise power management circuitry.
The power circuitry 1037 may additionally or alternatively be operable to receive power
from an external power source, in which case the WD 1010 may be connectable o the
extemal power source (such as an electrcity outlet) via input circuitry or an interface such
as an electrical power cable. The power circuitry 1037 may also in certain embodiments
be operable to deliver power from an external power source to the power source 1036.
This may be, for example, for the charging of the power source 1036. The power circuitry
1037 may perform any formatting, converting, or other modification to the power from the
power source 1036 to make the power suitabie for the respective components of the WD
1010 to which power is supplied.

[0145] Figure 11 illustrates a wireless communication system represented as a 5G
network architecture composed of core Network Functions (NFs) where interaction
between any two NFs is represented by a point-to-point reference pointinterface. Figure
11 can be viewed as one particular implementation of the system 1000 of Figure 10.
[0146] Seen from the access side the 5G network architecture shown in Figure 11
comprises a plurality of User Equipment (UEs) connected to either a Radio Access
Network (RAN) or an Access Network (AN) as well as an Access and Mobility
Management Function (AMF). Typically, the R{(AN) comprises base stations, e.g., such
as evolved Node Bs (eNBs) or NR base stations (gNBs) or similar. Seen from the core
network side, the 5G core NFs shown in Figure 11 include a Network Slice Selection
Function (NSSF), an Authentication Server Function (AUSF), a Unified Data Mianagement
(UDM), an AMF, a Session Management Function (SMF), a Policy Control Function
(PCF), and an Appiication Function (AF).

[0147] Reference point representations of the 5G network architecture are used to
develop detailed call flows in the normative standardization. The N1 reference point is
defined to carry signaling between the UE and AMF. The reference points for connecting
between the AN and AMF and between the AN and UPF are defined as N2 and N3,
respectively. There is a reference point, N11, between the AMF and SMF, which implies
that the SMF is at least partly controlled by the AMF. N4 is used by the SMF and UPF so
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that the UPF can be set using the control signal generated by the SMF, and the UPF can
report its state to the SMF. N9 is the reference point for the connection between different
UPFs, and N14 is the reference point connecting between different AMFs, respectiveiy.
N15 and N7 are defined since the PCF applies policy to the AMF and SMP, respectively.
N12 is required for the AMF 1o perform authentication of the UE. N8 and N10 are defined
because the subscription data of the UE is required for the AMF and SMF.

[0148] The 5G core network aims at separating user plane and control plane. The
user ptane carries user traffic while the control plane carries signaling in the network. In
Figure 11, the UPF is in the user plane and all other NFs, i.e., the AMF, SMF, PCF, AF,
AUSF, and UDM, are in the control plane. Separating the user and control pianes
guarantees each plane resource to be scaled independently. it also aflows UPFs to be
deployed separately from control piane functions in a distributed fashion. In this
architecture, UPFs may be deployed very close o UEs to shorten the Round Trip Time
(RTT) between Ucs and data network for sorme applications requiring iow latency.
[0149] The core 5G network architecture is composed of modularized functions. For
exampie, the AMr and SMF are independent functions in the conirol plane. Separatea
AMF and SMF aillow independeni evolution and scaling. Other control plane functions
like the PCF and AUISF can be separated as shown in Figure 11. Modularized function

design enables the 5G core network to support various services flexibly.

functions to route messages from one NF to another NF. in the control plane, a set of
interactions between two NFs is defined as service so that its reuse is possible. This
service enables support for modularity. The user plane supports interactions such as
forwarding operations between different UPFs.

[0151] Figure 12 illustrates a 5G network architecture using service-based interfaces
between the NFs in the control plane, instead of the point-to-point reference
points/interfaces used in the 5G network architecture of Figure 11. However, the NFs
described above with reference to Figure 11 correspond to the NFs shown in Figure 12.
The service(s) eic. that a NF provides to other authorized NFs can be exposed to the
authorized NFs through the service-based interface. In Figure 12 the service based
interfaces are indicated by the letter “N” followed by the name of the NF, e.g., Namf for
the service based interface of the AMF and Nsmf for the service based interface of the
SMF etc. The Network Exposure Function (NEF) and the Netwark Repository Function
(NRF) in Figure 12 are not shown in Figure 11 discussed above. However, it should be
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clarified that all NFs depicted in Figure 11 can interact with the NEF and the NRF of
Figure 12 as necessary, though not explicitly indicated in Figure 11,

[0152] Some properties of the NFFs shown in Figures 11 and 12 may be described in
the following manner. The AMF provides UE-based authentiication, authorization,
mobility management, etc. A UE even using multiple access {echnologies is basically
connected to a single AMF because the AMF is independent of the access technologies.
The SMF is responsible for session management and allocates Intemet Protocol (IF)
addresses tc UEs. It also selects and controls the UPF for data transfer. if a UE has
multiple sessions, different SMFs may be allocated to each session to manage them
individually and possibly provide different functionalities per session. The AF provides
information on the packet flow to the PCF responsible for policy control in order to
support Quality of Service (QoS). Based on the information, the PCF determines policies
about mobility and session management 1o make the AMF and SMF operate properly.
The AUSF supports authentication funciion for UEs or simiiar and thus stores data for
authentication of UEs or similar while the UDM stores subscription data of the UE. The
Data Network (DN), not part of the SG cere network, provides Intemet access or operator
services and similar.

[0153]1 An NF may be implemented either as a network element on a dedicated
hardware, as a software instance running on a dedicated hardware, or as a virtualized
function instantiated on an appropriate platform, e.g., a cloud infrastructure.

[0154] Figure 13 illustrates one embediment of a UE in accordance with various
aspects described herein. As used herein, a user equipment or UE may not necessarily
have a user in the sense of a human user who owns and/or operates the relevant device.
Instead, a UE may represent a device that is intended for sale to, or operation by, a
human user but which may not, or which may not initially, be associated with a specific
human user (e.g., a smart sprinkler controiter). Alternatively, a UE may represent a
device that is not intended for sale to, or operation by, an end user but which may be
associated with or operated for the benefit of a user {e.g., a smart power meter). A UE
130C may be any UE identified by 3GPP, including a NB-laT UE, a MTC UE, and/or an
enhanced MTC (eMTC) UE. The UE 1300, as illustrated in Figure 13, is one example of
a WD configured for communication in acceordance with one or more communication
standards promulgated by 3GPP, such as 3GPP's GSM, UMTS, LTE, and/or 5G
standards. As mentioned previcusly, the term WD and UE may be used interchangeable.
Accordingly, although Figure 13 is a UE, the components discussed herein are equally
applicable to a WD, and vice-versa.
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[0155] In Figure 13, the UE 1300 includes processing circuitry 1301 that is
operatively coupled to an input/output interface 1305, an RF interface 1309, a network
connection interface 1311, memory 1315 including RAM 1317, ROM 1319, and a storage
medium 1321 or the like, a communication subsystem 1331, a power source 1313, and/or
any other component, or any combination thereaf. The storage medium 1321 includes an
operating system 1323, an application program 1325, and data 1327. In some

embodiments, the storage medijum 1321 may include other similar types of information.
Certain UEs may utilize all of the components shown in Figure 13, or only a subset of the
components. The level of integration between the components may vary from one UE to
ancother UE. Further, cerntain UEs may contain multiple instances of a component, such
as muttiple processors, memories, transceivers, transmitters, receivers, etc.

[0156] In Figure 13, the processing circuitry 1301 may be configured to process
computer instructions and data. The processing circuitry 1301 may be configured to
implement any sequential state machine operative to execute machine instructions stored
as machine-readable computer programs in the memory, such as one or mere hardware-
implemented state machines {e.g., in discrete logic, FPGA, ASIC, etc.); programmable
logic together with appropriate firmware; one or more stored programs, general purpose
precessors, such as a microprocessor or DSP, together with approprnate software; or any
combination of the above. For example, the processing circuitry 1301 may include two
CPUs. Data may be information in a form suitable for use by a computer.

[0157] In the depicted embodiment, the inputioutput interfface 1305 may be
configured to provide a communication interface to an input device, output device, or
input and output device. The UE 1300 may be configured to use an output device via the
input/ouiput interface 1305. An output device may use the same type of interface port as
an input device. For example, a USB port may be used 1o provide input to and output
from the UE 1300. The outpui device may be a speaker, a sound card, a video card, a
display, a monitor, a printer, an actuator, an emitter, a smartcard, another output device,
or any combination thereof. The UE 1300 may be configured to use an input device via
the input/output interface 1305 to allow a user to capture information into the UE 1300.
The input device may include a touch-sensitive or presence-sensitive display, a camera
(e.g., a digital camera, a digital video camera, a web camera, etc.), 2 microphong, &
sensor, a mouse, a trackball, a directional pad, a trackpad, a scroll wheel, a smartcard,
and the like. The presence-sensitive display may include a capacitive or resistive touch
sensor to sense input from a user. A sensor may be, for instance, an accelerometer, a
gyroscope, a tilt sensor, a force sensor, a magnetometer, an oplical sensor, a proximity

sensor, another like sensor, or any combination thereof. For example, the input device
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may be an accelerometer, a magnetometer, a digital camera, a microphone, and an
optical sensor.

[0158] In Figure 13, the RF interface 1309 may be configured to provide a
communication interface to RF components such as a transmitter, a receiver, and an
antenna. The network connection interface 1311 may be configured to provide a
communication interface {0 a network 1343A. The network 1343A may encompass wired
and/or wireless networks such as a LAN, a WAN, a computer network, a wireless
network, a telecommunications network, another like network or any combination thereof.
For example, the network 1343A may comprise a WiFi network. The network connection
interface 1311 may be configured to include a receiver and a transmitter interface used to
communicate with one or more other devices over a communication network according to
one or more communication protocols, such as Ethernet, Transmission Control Protocol
(TCP) / IP, Synchronous Optical Networking (SONET), Asynchronous Transfer Mode
(ATM), or the like. The network connection inierface 1311 may impiement receiver and
transmitter functionality appropriate to the communication network links (e.g., optical,
glectrical, and the like). The transmitter and receiver functicns may share circuit
components, sofiware, or firmware, or altematively may be implemented separately.
[0159] The RAM 1317 may be configured te interface via a bus 1302 to the
processing circuitry 1301 1o provide storage or caching of data or computer instructions
during the execution of software programs such as the operating system, application
programs, and device drivers. The ROM 1319 may be configured to provide computer
tnstructions or data to the processing circuitry 1301. For example, the ROM 1319 may be
configured to store invariant low-level system code or data for basic system functions
such as basic Input and Output (I/O), startup, or reception of keystrokes from a keyboard
ihat are stored in a non-volatile memory. The Storage medium 1321 may be configured
to include memory such as RAM, ROM, Programmable ROM (PROM), Erasable PROM
(EPROM), Electrically EPRCM (EEPROM), magnetic disks, optical disks, floppy disks,
hard disks, removabie cartridges, or flash drives. In one exampie, the storage medium
1321 may be configured to include the operating svstem 1323, the application program
1325 such as a web browser application, a widget or gadget engine, or another
application, and the data file 1327. The storage medium 1321 may store, for use by the
UE 1300, any of a variety of various operating systems or combinations of operating
systems.

{0i60] The storage medium 1327 may be configured to include a number of physical
drive units, such as a Redundant Array of Independent Disks (RAID), a floppy disk drive,
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a key drive, a High-Density Digital Versatile Disc (HD-DVD) optical disc drive, an intemal
hard disk drive, a Blu-Ray optical disc drive, a Holographic Digital Data Storage (HDDS)
opflical disc drive, an extemai mini-Duai In-Line Memory Module (DIVMM), Synchronous
Dynamic RAM (SDRAM), external micro-DIMM SDRAM, smartcard memory such as a
Subscriber Identity Mcdule (SIM) or @ Removable User ldentity (RUIM) module, other
memory, or any combination thereof. The storage medium 1321 may allow the UE 1300
to access computer-executable instructions, application programs, or the like, stored on
transitory or non-transitory memory media, to off-load data or to upload data. An article of
manufacture, such as one utilizing a communication system, may be tangibly embodied
in the storage medium 1321, which may comprise a device readable medium.

[0161] In Figure 13, the processing circuitry 1301 may be configured to communicate
with a network 1343B using the communication subsystem 1331. The neitwork 1343A
and the network 1343B may be the same network or networks or different network or
networks. The communication subsystern 1331 may be configured to inciude one or
more transceivers used to communicate with the network 1343B. For example, the
communication subsystem 1321 may be configured to include one or more transceivers
used to communicate with one or more remote transceivers of another device capable of
wireless communication such as ancther WD, UE, or base station of a Radio Access
Network (RAN) according to one or more communication protocols, such as IEEE 802.13,
Code Division Multiple Access (CDMA), WCDMA, GSM, LTE, Universal Terrestrial RAN
(UTRANj}), WiMax, or the like. Each transceiver may include a transmitter 1333 and/or a
receiver 1335 to impiement transmitter or receiver functionality, respectively, appropriate
to the RAN links (e.g., frequency aiiocations and the iike}. Further, the transmitter 1333
and the receiver 1335 of each transceiver may share circuit components, software, or
firmware, or altematively may be implemented separately.

[0162] in the illustrated embodiment, the communication functions of the
communication subsystem 1331 may include data communication, voice communication,
multimedia communication, short-range communications such as Bluetooth, near-field
communication, location-based communication such as the use of the Global Positioning
System (GPS) to determine a location, another like communication function, or any
combination thereof. For example, the communication subsystem 1331 may include
celiular communication, WiFi communication, Biuetooth communication, and GPS
communication. The network 1343B may encompass wired and/or wireless networks
such as a LAN, a WAN, a computer network, a wireiess netwoik, a telecommunications
network, another like network, or any combination thereof. For example, the network

1343B may be a cellular network, @ WiFI netwoerk, and/or a near-field network. A power
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source 1313 may be configured to provide Alternating Current (AC) or Direct Current
(DC) power to components of the UE 1300.

[0163] The features, benefits, and/or functions described herein may be implemented
in one of the components of the UE 1300 or partitioned across muitiple components of
the UE 15300. Fuither, the features, benefits, and/or functions described herein may be
implemented in any combination of hardware, software, or firmware. In one example, the
communication subsystem 1331 may be configured to include any of the compenents
described herein.  Further, the processing circuitry 1301 may be configured to
communicate with any of such components over the bus 1302. In another example, any
of such components may be represented by program instructions stored in memory that,
when executed by the processing circuitry 1301, perform the corresponding functions
described herein. In another example, the functionality of any of such components may
be partitioned between the processing circuitry 1301 and the communication subsysiem
1331. In another example, the non-computationally intensive functions of any of such
components may be implemented in software or fimware and the computationally
intensive functions may te implemented in hardware.

[0164] Figure 14 is a schematic block diagram illustrating a virtualization environment
1400 in which functions implemented by some embeodiments may be virtualized. In the
present context, virtualizing means creating virtual versions of apparatuses or devices
which may include wvirlualizing hardware platforms, storage devices, and networking
resources. As used herein, virtualization can be applied to a node (e.g., a virtualized
base station or a virtualized radio access node) or to a device (e.g., a UE, a WD, or any
other type of communication device) or components thereof and relates to an
implementation in which at feast a portion of the functionality is imptemented as one or
more virtuai components (e.g., via one of more applications, components, functions,
virtual machines, or containers executing on one or more physical processing nodes in
ohe or more networks).

[0165] In some embodiments, some or all of the functions described herein may be
implemented as virtual components executed by one or more virtual machines
implemented in one or moere virtual environments 1400 hosted by one or more of
hardware nodes 1430. Further, in embodiments in which the virtual node is not a radio
access node or does not require radio connectivity (e.g., a core network node), then the
network node may be entirely virtualized.

[0166] The functions may be implemented by one or more applications 1420 (which

may aiternatively be called software instances, virtual appliances, network functions,

34



10

15

20

25

30

35

20514

virtual nodes, virtual network functions, etc.) operative to impiement some of the features,
functions, and/or benefits of some of the embodiments disclosed herein. The
appfications 1420 are run in the virtualization environment 1400 which provides hardware
1430 comprising processing circuifry 1460 and memory 1490. The memory 1480
ontains instructions 1498 executable by the processing circuitry 1480 whereby the
application 1420 is operative to provide one or more of the features, benefits, and/or

functions disclosed herein.

[0167] The virtualization environment 1400 comprises generai-purpose or special-
purpose network hardware devices 1430 comprising a set of one or more processors or
processing circuitry 1460, which may be Commerciai Off-the-Sheii {COTS) processors,
dedicated ASICs, or any other type of processing circuitry including digital or analog
hardware coimponents or special purgcse processcrs. Each hardware device 1430 may
comprise memory 1490-1 which may be non-persistent memory for temporarily storing
instructions 1495 or software executed by the processing circuitry 1460. Each hardware
device 1430 may comprise one or more Network Interface Controliers (NICs) 1470, also
known as network interface cards, which include a physical network interface 1480. Each
hardware device 1430 may also include non-transitory, persistent, machine-readable
storage media 1490-2 having stored therein software 1495 and/or instructions executable
by the processing circuitry 1460. The software 1495 may include any type of software
tncluding software for instantiating one or more virtualization layers 1450 (also referred to
as hypervisors), sofiware io execute virtual machines 1440, as weli as software allowing it
fo execute functions, features, and/or benefits described in refation with some
embodiments described herein.
[0168] The virtual machines 1440, comprise virtual processing, virtual memory, virtual
networking or interface, and virtual storage, and may be run by a comresponding
virtualization layer 1450 or hypervisor. Different embodiments of the instance of virtual
appliance 1420 may be implemented on one or more of the virtual machines 1440, and
the implementations may be made in different ways.
[0169] During operation, the processing circuitry 1460 executes the software 1495 to
instantiate the hypervisor or virtualization layer 1450, which may sometimes be referred
to as a Virtual Machine Monitor (VMM). The virtualization layer 1450 may present a
virtual operating platform that appears like networking hardware to ihe virtual machine
1440.
{0170] As shown in Figure 14, the hardware 1430 may be a standaione network node
h

with generic or specific components. The hardware 1430 may comprise an antenna
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14225 and may implement some functions via virtualization. Alternatively, the hardware
1430 may be part of a larger cluster of hardware (e.g., such as in a data center or CPE)
where many hardware hodes work together and are managed via a Management and
Orchestration (MANO) 14100, which, among others, oversees lifecycle management of
the applications 1420.

[{0171] Virtualization of the hardware is in some contexts referred to as Network
Function Virtualization (NFV). NFV may be used to consolidate many network equipment
types onto industry standard high volume server hardware, physical switches, and
physical storage, which can be {ocated in data centers and CPE.

[0172] In the context of NFV, the virtual machine 1440 may be a software
implementation of a physical machine that runs programs as if they were executing on a
physical, non-virtualized machine. Each of the virtual machines 1440, and that part of the
hardware 1430 that executes that virtual machine 1440, be it hardware dedicated to that
virtual machine 1440 and/or hardware shared by that virtual machine 1440 with others of
the virtual machines 1440, foms a separate Virtual Network Element (VNE).

{0173] Siili in the context of NFV, Virtuai Network Function (VNF) is responsibie for
handling specific network functions that run in one or more virtual machines 1440 on top
of the hardware natworking infrastructure 1430 and coresponds 1o the application 1420
in Figure 14.

[0174] In some embodiments, one or more radic units 14200 that each include one or
more transmitters 14220 and one or more receivers 14210 may be coupled to the one or
more antennas 14225, The radio units 14200 may communicate directly with the
nardware nodes 1430 via one or more appropriate network interfaces and may be used in
combination with the virtual components to provide a virtual node with radio capabilities,
such as a radio access node or a base station.

[0175] In some embodiments, some signaling can be effected with the use of a
controt system 14230, which may altemnatively be used for communication between the
hardware nodes 1430 and the radio unit 14200.

[0176] Figure 15 ilfustrates a communication system according to some embodiments
of the present disclosure. With reference to Figure 15, in accordance with an
embodiment, a communication system inciudes a telecommunication network 1510, suchi
as a 3GPP-type cellular network, which comprises an access network 1511, such as a
RAN, and a core network 1514, The access network 1511 comprises a plurality of base
stations 1512A, 1512B, 1512C, such as NBs, eNBs, gNBs, or other types of wireless
APs, each defining a corresponding coverage area 1513A, 1513B, 1513C. Each base
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station 1512A, 15128, 1512C is connectable to the core network 1514 over a wired or
wireless connection 1515. A first UE 1591 located in coverage area 1513C is configured
to wirelessly connect to, or be paged by, the corresponding base station 1512C. A
second UE 1592 in coverage area 1513A is wirelessly connectable to the corresponding
base station 1512A. While a plurality of UEs 1591, 1592 are illustrated in this exampie,
the disclosed embodiments are equally applicable to a situation where a sole UE is in the
coverage area or where a sole UE is connecting to the corresponding base station 1512.
[0177] The telecommunication network 1510 is itself connected to a host computer
1630, which may be embodied in the hardware and/or software of a standaione server, a
cloud-implemented server, a distributed server, or as processing resources in a server
ram. The host computer 1530 may be under the ownership or control of a service
provider, or may be operated by the service provider or on behalf of the service provider.
Connections 1521 and 1522 between telecommunication network 1510 and the host
computer 1530 may exiend directiy from the core network 1514 to the host computer
1630 or may go via an optional infermediate network 1520. The intermediate network
1520 may be one of, or a combination of more than cne of, a public, private, or hosted
network; the intermediate network 1520, if any, may be a backbone network or the
Intemet; in particular; the intermediate network 1520 may comprise two or more sub-
networks (not shown).

[0178] The communication system of Figure 15 as a whole enables connectivity
between the connected UEs 1591, 1592 and the host computer 1530. The connectivity
may be described as an Over-the-Top (OTT) connection 1550. The host computer 1530
and the connected UEs 1591, 1592 are configured to communicate data and/or signaling
via the OTT connection 1550, using the access network 1511, the core network 1514,
any intermediaie network 1520, and possibie further infrastructure (not shown) as
intermediaries. The OTT connection 1550 may be transparent in the sense that the
participating communication devices threugh which the OTT connection 1550 passes are
unaware of routing of uplink and downlink communications. For example, the base
station 1512 may not or need not be informed about the past routing of an incoming
downlink communication with data originating from the host computer 1530 to be
forwarded (e.g., handed over) to a connected UE 1591. Similarly, the base station 1512
need not be aware of the future routing of an outgoing uplink communication originating
from the UE 1591 towards the host computer 1530.

[0173] Figure 16 iilustrates a communication sysiem according to some embodiments
of the present disclosure. Example implementations, in accordance with an embodiment,

of the UE, base station, and host computer discussed in the preceding paragraphs will
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now be described with reference to Figure 16. in a communication system 1600, a host
compiuter 1610 comprises hardware 1615 inciuding a communication interface 1616
configured to set up and maintain a wired or wireless connection with an interface of a
different communication device of the communication system 1600. The host computer
1610 further comprises processing circuitry 1518, which may have storage and/or
processing capabilities. In particular, the processing circuitry 1618 may comprise one or
more programmable processors, ASICs, FPGAs, or combinations of these (not shown)
adapted to execute instructions. The host computer 1610 further comprises software
1611, which is stored in or accessible by the host computer 1610 and executable by the
processing circuitry 1618. The software 1611 includes a host application 1612. The host
application 1612 may be operable to provide a service to a remote user, such as a UE
1630 connecting via an OT1 connection 1650 terminating at the UE 1630 and the host
computer 1610. in providing the service to the remote user, the host application 1612
may provide user data which is fransmitted using the OTT connection 1650.

[0180] The communication system 1600 further includes a base station 1620
provided in a telecommunication system and comprising hardware 1625 enabling it to
communicate with the host computer 1610 and with the UE 1630. The hardware 1625
may include a communication interface 1626 for setting up and maintaining a wired or
wireless connection with an interface of a different communication device of the
communication system 1600, as weil as a radio interface 1627 for setting up and
maintaining at least a wireless connection 1670 with the UE 1630 located in a coverage
area (not shown in Figure 16) served by the base station 1620. The communication
interface 1626 may be configured to facilitate a connection 1660 to the host computer
1610. The connection 1660 may be direct or it may pass through a core network (not
shown in Figure 18} of the teiecommunication systern and/or through one or more
intermediate networks outside the telecommunication system. In the embodiment shown,
the hardware 1625 of the base station 1820 further includes processing circuitry 1628,
which may comprise one or more programmable processors, ASICs, FPGAs, or
combinations of these (not shown) adapted to execute instructions. The base station
1620 further has software 1621 stored intemally or accessible via an external connection.
{0181] The communication system 1600 furiher includes the UE 1630 already
referred to. The UE's 1630 hardware 1635 may include a radio interface 1637 configured
to set up and maintain a wireless connection 1670 with a base station serving a coverage
area in which the UE 1630 is cumrently located. The hardware 1635 of the UE 1630
further includes processing circuitry 1638, which may comprise one or more

programmabie processors, ASICs, FPGAs, or combinations of these (not shown) adapied
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to execute instructions. The UE 1630 further comprises software 1631, which is stored in
or accessible by the UE 1630 and executable by the processing circuitry 1638. The
software 1631 includes a ciient application 1632. The client appiication 1632 may be
operable to provide a service to a2 human or non-human user via the UE 1630, with the
support of the host computer 1610. In the host computer 1610, the executing host
application 1612 may communicate with the executing client application 1632 via the OTT
connection 1650 teminating at the UE 1630 and the host computer 1610. In providing
the service to the user, the client application 1632 may receive request data from the host
application 1612 and provide user data in response to the request data. The OTT
connection 1650 may transfer both the request data and the user data. The client
application 1632 may interact with the user to generate the user data that it provides.
[0182] It is noted that the host computer 1610, the base station 1620, and the UE
1830 illustrated in Figure 16 may be similar or identical to the host computer 1530, one of
the base stations 15612A, 15128, 1512C, and one of the UEs 1591, 1592 of Figure 15,
respectively. This is to say, the inner workings of these entities may be as shown in
Figure 16 and independently, the surrounding network topology may be that of Figure 15.
[0183] In Figure 16, the OTT connection 1650 has been drawn abstractly to illustrate
the communication between the host computer 1610 and the UE 1630 via the base
station 1620 without explicit reference to any intermediary devices and the precise routing
of messages via these devices. The network infrastructure may determine the routing,
which may be configured to hide from the UE 1630 or from the service provider operating
the host computer 1610, or both. White the OTT connection 1650 is active, the network
infrastructure may further take decisions by which it dynamically changes the routing
(e.g., on the basis of load balancing consideration or reconfiguration of the network).
[{0184] The wireless connection 1670 between the UE 630 and the base station
1620 is in accordance with the teachings of the embodiments described throughout this
disclosure. One or more of the various embodiments improve the performance of OTT
services provided to the UE 1630 using the OTT connection 1650, in which the wireless
connection 1670 forms the last segment. More precisely, the teachings of these
embodiments may improve the flexibility of PDSCH-to-HARQ-timing compared to
conventional NR networks.

[0185] A measurement procedure may be provided for the purpose of monitoring
data rate, latency, and other factors on which the one or more embodiments improve.
There may further be an optionai network functionaiity for reconfiguring the OTT
connection 1650 between the host computer 1610 and the UE 1630, in response to
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variations in the measurement results. The measurement procedure and/or the network
functionatity for reconfiguring the OTT connection 1650 may be implemented in the
software 1611 and the nhardware 1615 of the host computer 1610 or in the software 1631
and the hardware 1635 of the UE 1630, or both. In some embodiments, sensors (not
shown) may be deployed in or in association with communication devices through which
the OTT connection 1650 passes; the sensors may participate in the measurement
procedure by supplying values of the monitored gquantities exemplified above, or
supplying values of other physical quantities from which the software 1611, 1631 may
compute or estimate the monitored quantities. The reconfiguring of the OTT connection
1650 may include message format, retransmission settings, preferred routing, etc.; the
reconfiguring need not affect the base station 1620, and it may be unknown or
imperceptible to the base station 1620. Such procedures and functionalities may be
known and practiced in the art. {n certain embodiments, measurements may involve
proprietary UE signaling facilitating the host computer 1610's measurements of
throughput, propagation times, latency, and the like. The measuremenis may be
implemented in that the software 1611 and 1631 causes messages to be transmitted, in
particular empty or ‘dummy’ messages, using the OTT connection 1650 while it monitors
propagation times, errors, etc.

[0186]) Figure 17 is a flowchart illustrating a method implemented in a communication
system, in accordance with some embodiments of the present disclosure. The
communication system inciudes a host computer, a base station, and a UE which may be
those described with reference to Figures 15 and 16. For simplicity of the present
disciosure, only drawing references to Figure 17 will be included in this section. In step
1710, the host computer provides user data. In sub-step 1711 (which may be opticnai) of
step 1710, the host computer provides the user data by executing a host appiication. in
step 1720, the host computer initiates a transmission carrying the user data to the UE. In
step 1730 (which may be optional), the base station transmits to the UE the user data
which was carried in the transmission that the host computer initiated, in accordance with
the teachings of the embodiments described throughout this disclosure. In step 1740
(which may also be optional), the UE executes a client application associated with the
host application executed by the host computer.

[0187] Figure 18 is a flowchart illustrating 2 method implemented in a communication
system, in accordance with some embodiments of the present disclosure. The
communication system inciudes a host computer, a base siation, and a UE which may be
those described with reference to Figures 15 and 16. For simplicity of the present

disclosure, only drawing references to Figure 18 wil! be included in this section. In step
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1810 of the method, the host computer provides user data. In an optional sub-step (not
shown) the host computer provides the user data by executing a host application. In step
1820, the host computer initiates a transmission carrying the user data to the UE. The
transmission may pass via the base station, in accordance with the teachings of the
embodiments described throughout this disclosure. In step 1830 (which may be
optional), the UE receives the user data carried in the transmission.

[0188] Figure 19 is a flowchart illustrating a method implemented in a communication
system, in accordance with some embodiments of the present disclosure. The
communication system includes a host computer, a base station, and a UE which may be
those described with reference to Figures 15 and 16. Far simplicity of the present
disclosure, only drawing references to Figure 19 will be included in this section. In step
1910 (which may be optional), the UE receives input data provided by the host computer.
Additionally or aitematively, in step 1920, the UE provides user data. In sub-step 1921
(which may be optional) of step 1920, the UE provides the user data by executing a client
application. In sub-step 1911 (which may be optional) of step 1910, the UE executes a
client application which provides the user data in reaction to the received input data
provided by the host computer. In providing the user data, the executed client application
may further consider user input received from the user. Regardiess of the specific
manner in which the user data was provided, the UE initiates, in sub-step 1930 (which
may be optional), transmission of the user data to the host computer. In step 1940 of the
method, the host computer receives the user data transmitted from the UE, in accordance
with the teachings of the embodiments described throughout this disclosure.

[0i89] Figure 20 is a flowchart illusirating a method impiemented in a communication
system, in accordance with some embodiments of the present disclosure. The
communication system includes a host compiuiter, a base station, and a UE which may be
those described with reference to Figures 15 and 16. For simplicity of the present
disclosure, only drawing references to Figure 20 will be included in this section. In step
2010 (which may be optional), in accordance with the teachings of the embodiments
described throughout this disclosure, the base station receives user data from the UE. In
step 2020 (which may be optional), the base station initiates transmission of the received
user data to the host computer. In step 2030 (which may be optional), the host computer
receives the user data carried in the transmission initiated by the base station.

[0190] Any appropriate steps, methods, features, functions, or benefits disclosed
herein may be performed through one or more functionai units or modules of one or more
virtual apparatuses. Each virtual apparatus may comprise a number of these functional

units. These functional units may be implemented via processing circuiiry, which may
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include one or more microprocessor or microcontrollers, as wef! as other digital hardware,
which may include DSPs, special-purpose digital iogic, and the like. The processing
circuitry may be configured to execute program code stored in memory, which may
include one or several types of memory such as ROM, RAM, cache memory, flash
memory devices, optical storage devices, etc. Program code stored in memory includes
program instructions for executing one or more telecommunications andfor data
communications protocols as well as instructions for carrying out one or more of the
techniques described herein. in some implementations, the processing circuitry may be
used to cause the respective functional unit to perform corresponding functions according
one or more embodiments of the present disclosure.

[0191] The term unit may have conventional meaning in the field of electronics,
electrical devices, and/or electronic devices and may include, for exampte, electrical
and/or electronic circuitry, devices, modules, processors, memories, logic solid state
and/or discrete devices, computer programs or insiructions for carrying out respective
tasks, procedures, computations, outputs, and/or displaying functions, and so on, as such
as those that are described herein.

Example Embodiments

Group A Embodiments - wireless device methods

1. A method, performed by a wireless device, for setting HARQ timing for
PDSCH with a pending PDSCH-to-HARQ-timing-indicator, the method comprising:
receiving first DCI associated with a first DL data transmission, the first DCI comprising a
non-numerical PDSCH-to-HARQ-timing-indicator; receiving the first DL data transmission;
determining a HARQ feedback for the first DL data transmission; receiving second DCI
associated with a second DL data transmission, the second DCI comprising a numerical
PDSCH-to-HARQ-timing-indicator indicating a location for HARQ feedback associated
with the second DL data transmission; setting the location of HARQ feedback associated
with the first DL data transmission to be the same as the location of HARQ feedback
associated with the second DL data transmission; and transmitting the HARQ feedback
associated with the first DL data transmission at the set location.

2. A method, performed by a wireless device, for setting HARQ timing for
PDSCH with a pending PDSCH-to-HARQ-timing-indicator, the method compaising:
receiving first DCI associated with a first DL data transmission of a first PDSCH group,
the first DCI comprising a non-numerical PDSCH-to-HARQ-timing-indicator; receiving the
first DL data transmission; determining a HARQ fesdback for the first DL dais
transmission; receiving second DCI associated with a second DL data transmission, the
second DCi comprising a numerical PDSCH-to-HARQ-timing-indicator indicating a
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location for HARQ feedback associated with the second DL data transmission;
determining that the second DL data transmission is of the same PDSCH group as the
first DL data transmission, setting the location of HARG feedback associated with the first
DL data transmission to be the same as the location of HARQ feedback associated with
the second DL data transmission; and transmitting the HARQ feedback associated with
the first DL data transmission at the set jocation.

3. A method, performed by a wireless device, for setting HARQ timing for
PDSCH with a pending PDSCH-to-HARQ-timing-indicator, the method comprising:
receiving a first DCI associated with a first DL data transmission of a first PDSCH group,
the first DCI comprising a numerical PDSCH-to-HARQ-timing-indicator; determining that
the location for the HARQ that is associated with the first DL data transmission, indicated
by the numencal PDSCH-to-HARQ-timing-indicator, is foo close to the first di data
transmission; and in response to that determination, not transmitting the HARQ that is
associated with the first DL data transmission at the indicated HARQ transmission time.

4. The method of embodiment 3, further comprising providing an indication,
on the PUCCH at the indicated HARQ transmission time, which informs the gNB that the
HARQ feedback was postponed.

Group B Embodiments — gNB methods

5. A method, performed by a gNB, for setting HARQ timing for PDSCH with a
pending PDSCH-to-HARQ-timing-indicator, the method comprising: transmitting, to a first
UE, a first DCI associated with a first DL data transmission, the first DCI comprising a
non-numerical PDSCH-to-HARQ-timing-indicator; transmitting, to the first UE, a second
DCt associated with a second DL data transmission, the second DCI comprising a
numerical PDSCH-to-HARQ-timing-indicator and at least one of the following: at least one
HARQ process ID; a NDI value; at least one PDSCH greup ID; 2 corresponding DA,
and/or a trigger bit.

Group C Embodiments - apparatus

6. A wireless device for setting HARQ timing for PDSCH with a pending
PDSCH-to-HARQ-timing-indicator, the wireless device comprising: processing circuitry
configured to perform any of the steps of any of the Group A embodiments; and power
supply circuitry configured to supply power to the wireless device.

7. A base stafion for seiting HARQ timing for PDSCH with a pending
PDSCH-to-HARQ-timing-indicator, the base station comprising: processing circuitry
configured to perform any of the steps 6f any of the Group B embodiments; power supply
circuitry configured to supply power to the base station.
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8. A User Equipment, UE, for setting HARQ timing for PDSCH with a pending
PDSCH-to-HARQ-timing-indicator, the UE comprising. an antenna configured to send
and receive wireless signals; radio front-end circuitry connected to the antenna and to
processing circuitry, and configured to condition signals communicated between the
antenna and the processing circuitry; the processing circuitry being configured to perform
any of the steps of any of the Group A embodiments; an input interface connected to the
processing circuitry and configured to allow input of information into the UE to be
processed by the processing circuitry; an output interface connected to the processing
circuitry and configured to output information from the UE that has been processed by the
processing circuitry; and a battery connected to the processing circuitry and configured to
supply power to the UE.

Group D Embodiments — system (with host computer)

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

10. The communication system of the previous embodiment further including
the base station.

11. The communication system of the previous 2 embodiments, further
including the UE, wherein the UE is configured to communicate with the base station.

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

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

14, The method of the previous embodiment, further comprising, at the base
station, transmitting the user data.

15. The method of the previous 2 embodiments, wherein the user data is
provided at the host computer by executing a host application, the method further
comprising, at the UE, executing a client application associated with the host application.
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16. A User Equipment, UE, configured to communicate with a base station, the
UE comprising a radio interface and processing circuitry configured to perform the
method of the previous 3 embodiments.

17. A communication system including a host computer comprising:
processing circuitry configured to provide user data, and a communication interface
configured 1o forward user data to a cellular network for transmission to a User
Equipment, UE, wherein the UE comprises a radio interface and processing circuitry, the
UE’'s components configured to perform any of the steps of any of the Group A
embodiments.

18. The communication system of the previous embodiment, wherein the
cetlular network further includes a base station configured to communicate with the UE.

i9. The communication system of the previous 2 embodiments, wherein: the
processing circuitry of the host computer is configured to execute a host application,
thereby providing the user dats; and the UE's processing circuitry is configured to
execute a client application associated with the host application.

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

21. The method of the previous embodiment, further comprising at the UE,
receiving the user data from the base station.

22. A communication system inciuding a host computer comprising:
communication interface configured to receive user data originating from a transmission
from a User Equipment, UE, to a base station, wherein the UE comprises a radio
interface and processing circuitry, the UE’s processing circuitry configured to perform any
of the steps of anv of the Group A embodiments.

23. The communication system of the previous embodiment, further including
the UE.

24. The communication system of the previous 2 embodiments, further
including the base station, wherein the base station comprises a radio interface
configured to communicate with the UE and a communication interface configured io
forward to the host computer the user data carried by a transmission from the UE to the
Lase station.

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

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

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

28. The method of the previous embodiment, further comprising, at the UE,
providing the user data to the base station.

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

30. The method of the previous 3 embodiments, further comprising: at the UE,
executing a client application; and at the UE, receiving input data to the client application,
the input data being provided at the host computer by executing a host application
associated with the client application, wherein the user data to be transmitted is provided
by the client application in response to the input data.

31 A communication system including a host computer comprising a
communication interface configured to receive user data originating from a transmission
from a User Equipment, UE, to a base station, wherein the base station comprises a

radic interface and processing circuitry, the base station’s processing circuitry configured
to perform any of the steps of any of the Group B embodiments.

32. The communication system of the previous embodiment further inciuding
the base station.

33. The communication system of the previous 2 embodiments, further
including the UE, wherein the UE is configured to communicate with the base station.

34. The communication system of the previous 3 embodiments, wherein: the
processing circuitry of the host computer is configured io execute a host application; the
UE is configured to execute a client application associated with the host application,
thereby providing the user data to be received by the host coimipuier.

35. A method implemented in a communication system inciuding a host
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computer, receiving, from the base station, user data originating from a transmission
which the base station has received from the UE, wherein the UE performs any of the
steps of any of the Group A embodiments.

36. The method of the previous embodiment, further comprising at the base
station, receiving the user data from the UE.

37. The method of the previous 2 embodiments, further comprising at the base
station, initiating a transmission of the received user data to the host computer. According
to some aspects of the present disclosure, a method, performed by a wireless device, for
setting HARQ timing for PDSCH with a pending PDSCH-to-HARQ-timing-indicator,
comprises: receiving a first DCI associated with a first DL data transmission, the first DCI
comprising a nen-numerical PDSCH-to-HARQ-timing-indicator; receiving the first DL data
transmission; determining a HARQ feedback for the first DL data transmission; receiving
a second DC! associated with a second DL data transmission, the second DCI
comprising a numerical PDSCH-to-HARQ-timing-indicator indicating a location for HARQ
feedback associated with the second DL data transmission; setting the location of HARQ
feedback associated with the first DL data transmission to be the same as the location of
HARQ feedback associated with the second DL data transmission; and transmitting the
HARQ feedback associated with the first DL data transmission at the set location.
Abbreviations
[0192] At least some of the following abbreviations may be used in this disclosure. If
there is an inconsistency between abbreviations, preference shouid be given to how it is
used above. If listed multiple times below, the first listing should be preferred over any
subsequent listing(s).

e 2G Second Generation

s 3G Third Generaticn

e 3GPP Third Generation Partnership Project
+ 4G Fourth Generation

e 5G Fifth Generation

« AC Aitemating Current

e ACK Acknowledge

¢ AF Application Function

¢ AMF Core Access and Mobility Management Function
e AN Access Network

o« AP Access Point

¢ ASIC Application Specific Integrated Circuit
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ATM
AUSF

BSC
B8BTS

CDMA
COT
COTS
CPE
CcPU
D2D
DAl
DAS
DC

DCl
DIMM
DL

DN
DSP
DvD
£EPRGM
eMTC
eNB
EPROM
E-SMLC
FPGA
GHz
gNB
GPS
GSM
HARQ

Asynchronous Transfer Mode
Authentication Server Function
Base Station

Base Station Controller

Base Transceiver Station
Carrier Aggregation

Code Biock Group

Compact Disk

Code Division Multiple Access
Channel Occupancy Time
Commercial Off-The-Shelf
Customer Premise Equipment
Central Processing Unit
Device-to-Device

Downlink Assignment Indicator
Distributed Antenna System
Direct Current

Downlink Control information
Dual In-Line Memory Module
Downiink

Data Network

Digital Signal Processor
Digital Video Disk

20514

Elecirically Erasable Programmabie Read Only Memory

Enhanced Machine-Type Communication

Evolved Node B

Erasable Programmable Read Only Memory

Evolved Serving Mobile Location Center

Field Programmable Gate Array
Gigahertz
New Radio Base Station

Global Positioning Svstem

Global System for Mobile Communications

Hybrid Automatic Repeat Request
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Holographic Digital Data Storage
High-Density Digital Versatile Disc
Input and Cutput

internet of Things

Internet Protocol

kilohertz

Layer 1

Local Area Network

Listen Before Talk

Laptop Embedded Equipment

Laptop Mounted Egquipment

Long Term Evolution
Machine-to-Machine

Management and Orchestration
Multi-Celi/Muiticast Coordination Entity
Minimization of Drive Tests

Multiple Input Multiple Qutput

Mobility Management Entity

Mobile Switching Center
Multi-Standard Radio

Machine-Type Communication
Negative Acknowledge

Narrowband intemet of Things

New Data Indicator

Network Exposure Function

Network Function Virtualization
Network Interface Controller

New Radio

Network Function Repository Function
New Radio in the Unlicensed spectrum
Network Slice Selection Function
Operation and Maintenance
Orthogonal Frequency Division Multiplexing

Operations Supnort System
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OT¥
PCF
PDA
PDCCH
PDSCH
PROM
PSTN
PUCCH
QeSS
RAID
RAM
RAN

RF
RNC
ROM
RRC
RRH
RRU
RTT
RUIM
SDRAM
SIM
SMF
SOC
SON
SONET
SPS
™
TCP
TDD
ucCl
uDM
UE
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Over-the-Top

Policy Controt Function

Personal Digital Assistant

Physical Downlink Controi Channel

Pnysical Downlink Shared Channel

Programmable Read Only Memory

Public Switched Telephone Networks

Physical Uplink Control Channel

Quatity of Service

Redundant Array of Independent Disks
andem Access Memory

Radio Access Network

Radio Access Technology

Radio Frequency

Radio Network Controlter

Read Only Memory

Radio Resource Control

Remote Radio Head

Remote Radio Unit

Round Trip Time

Removable User |dentity

Synchronous Dynamic Random Access Miemory

Subscriber ldentity Module

Session Management Function

System on a Chip

Self-Crganizing Network

Synchronous Optical Networking

Semi-Persistent Scheduling

Transport Block

Transmission Control Protocol

Time Division Duplexing

Uplink Controi Information

Unified Data Management

User Equipment
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UL
UMTS
UsB
UTRAN
Vv2i
V2V
V2Xx
VMM
VNE
VNF
VolP
WAN
WCDMA
WD
WiMax
WLAN

Uplink

Universal Mobile Telecommunications System
Universal Serial Bus

Universal Terrestrial Radio Access Network
Vehicie-io-infrastructure

Vehicle-to-Vehicle

Vehicle-to-Everything

Virtual Machine Monitor

Virtual Network Element

Virtual Network Function

Voice over Intemet Protocol

Wide Area Network

Wideband Code Division Mufltiple Access

Wireless Device

Worldwide Interoperability for Microwave Access

Wireless Local Area Network

20514

Those skilled in the art will recognize improvements and modifications to the

embodiments of the present disclosure. Aijl such improvements and modifications are

considered within the scope of the concepts disclosed herein.
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Claims

1. A meihod, performed by a wireless device, for seiting Hybrid Automatic Repeat
Request, HARQ, timing for Physical Downlink Shared Channel, PDSCH, the method
compfising:

receiving (600,700) a first Downlink Control Information, DCI, (508) associated
with a first Downlink, DL, data transmission (510), the first DC! (508) comprising a
PDSCH-to-HARQ-timing-indicator having a predefined value indicating that the HARQ
feedback for the first DL data transmission is to occur once the wireless device has
received a DCI comprising a numerical PDSCH-to-HARQ-timing-indicator having a value
different from the predefined value;

receiving (602,702) the first DL data fransmission (510);

determining (604,704) a HARQ feedback for the first DL data transmissien (510);

receiving (606,706) a second DCI (514) associated with a second DL data
transmission (516), the second DCIl (514) comprising a numerical PDSCH-to-HARQ-

second DL data transmission;

setting (608,710) a focation in time of HARQ feedback associated with the first DL
data transmission to be the same as the location in time of HARQ feedback associated
with the second DL data transmission; and

transmitting (610,712) the HARQ feedback associated with the first DL data
transmission (522} at the set location in time.

2. The method of claim 1, wherein receiving (606) the second DCI (514) comprises
receiving information indicating a number of how many HARQ processes should be
reported, the nimber inciuding ali pending PDSCHs and aii PDSCHs having a DCi
comprising a PDSCH-to—HARQ—tEming-indicator having the predefined value since a last
PDSCH have & DCI comprising a numerical PDSCH-tc-HARQ-timis g-indicator having a
value different from the predefined value.

3. The method of claim 2, wherein receiving the information indicating @ number of
how many HARQ processes should be reported comprises receiving a Downlink
Assignment Indicater, DAL

4. The method of any one of claims 1 - 3, further comprising, subsequent to
receiving (606,708) the second DCI associated with the second DL data transmission,
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determining (708) that the second DL data transmission is of a same PDSCH group as
the first DL data transmission,

wherein setting (608,710) the focation in time of HARQ feedback associated with
the first DL data transmission to be the same as the location in time of HARQ feedback
associated with the second DL data transmission, and transmitting (610,712) the HARQ
feedback associated with the first DL data transmission (522) at the set location in time
are performed only upon detemining that the second DL data transmission is of the

same PDSCH group as the first DL data transmission.

S. The method of any one of claims 1 — 4, wherein receiving (606,706) the second
DCI (514) associated with the second DL data transmission (516) comprises receiving a
User Equipment, UE, -specific DCi fransmitted on a Physical Downlink Controi Channel,
PDCCH, the UE-specific DCI comprising the PDSCH-to-HARQ-timing-indicator.

6. The method of claim 5, wherein the UE-specific DCI further comprises a HARQ
process ldentifier, I1D.

7. The method of claim 5 or 6, wherein the UE-specific DCI further comprises a New
Data Indicator, NDI, value corresponding to the HARQ process ID.

8. The method of any one of claims 5 — 7, where the UE-specific DCI further
comprises a PDSCH group 1D and a corresponding Downlink Assignment Indicator, DA,

S. The method of any one of claims 5 -~ 8, wherein the UE-specific DCI further
comprises a trigger bit indicating that the PDSCH-to-HARQ-timing-indicator is applicable
to all PDSCHs with a PDSCH-to-HARQ-timing-indicator having the predefined value.

10. The method of any one of claims 1 - 9, wherein the PDSCH-to-HARQ-timing-
indicator with a predefined value is a numerical PDSCH-to-HARQ-timing-indicator
indicating that the HARQ feedback for the first DL data transmission should be deiayed
until the wireless device has received a DCI comprising a numerical PDSCH-to-HARQ-
timing-indicator having a value different from the predefined value.

11, The method of claim 10, wherein the predefined value comorises an existing

PDSCH-to-HARQ-timing-indicator value that has been remapped from indicating a delay
value to indicating that HARQ transmissions should be delayed until the wireless device
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has received a DCI comprising a numerical PDSCH-to-HARQ-timing-indicator having a

value different from the predefined vaiue.

12. The method of claim 11 wherein, prior to receiving the first DCI, the wireless
device receives an instruction to remap the existing PDSCH-to-HARQ-timing-indicator
value from indicating a delay value to indicating that HARQ transmissions should be
defayed until the wireless device has received a DCI comprising a numerical PDSCH-to-

HARQ-timing-indicater having a value different from the predefined value.

13. The method of claim 10, wherein the predefined value comprises an additional bit
that has been added to an existing PDSCH-to-HARQ-timing-indicator value bit field in the
DCI.

14. A method, performed by a base station, for setting Hybrid Automatic Repeat
Request, HARQ, timing for Physical Downlink Shared Channel, PDSCH, the method
comprising:

determining a PDSCH-to-HARQ-timing for an upcoming Downlink, DL, data
transmission to a User Equipment, UE;

determining that the HARQ feedback for the upcoming DL data transmission
should be delayed by the UE until further notification from the base station; and

transmitting, to the UE, a first Downlink Control Information, DCI, associated with
the upcoming DL data transmission, the first DCI comprising a predefined PDSCH-to-
HARQ-timing-indicator vatue for indicating to the UE that HARQ feedback for the
upcoming DL data transmission should be delayed until further notification from the base
station.

15, The method of claim 14 wherein determining that the HARQ feedback for the
upcoming DL data transmission should be delayed by the UE untit further notification
from the base station comprises determining that a processing delay from the end of the
upcoming DL data transmission to the beginning of the HARQ feedback opportunity is
less than a minimum threshold delay.

16. The method of claim 14 or 15 wherein the predefined PDSCH-to-HARQ-timing-

indicator value comprises an existing PDSCH-to-HARQ-timing-indicator value that has
been remapped from indicating a delay value to indicating that HARQ transmissions
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should be delayed until a wireless device has received a DCI comprising a numerical
PDSCH-to-HARQ-timing-indicator having a value different from the predefined vaiue.

17. The method of claim 16 wherein, prior to sending the first DCI, the base station
sends, to the UE, an instruction to remap the existing PDSCH-to-HARQ-timing-indicator
vaiue from indicating a delay value to indicaiing that HARQ transmissions shouid pbe
delayed until the wireless device has received a DCI comprising @ numerical PDSCH-to-

HARQ-timing-indicator having a value different from the predefined value.

18. The method of claim 14 or 15, wherein the predefined PDSCH-to-HARQ-timing-
indicator value comprises an additional bit that has been added to an existing PDSCH-to-
HARQ-timing-indicator value bit field in the DCI.

19. The method of any one of claims 14 - 18 further comprising transmitting the
further notification to the UE.

20. The method of claim 19, wherein transmitting the further notification to the UE
comprises transmitting a second DCI associated with a second DL data transmission, the

second DCi comprising a numerical PDSCH-to-HARQ-timing-indicator.

21. The method of claim 19 or 20, wherein transmitting the second DCI further
comprises transmitting at least one of the following: a HARQ process identifier, ID; a New
Data Indicator, NDI, value; a PDSCH group {D; a Downlink Assignment Indicator, DA!; or
a trigger bit.

22. A wireless device for setting Hybrid Automatic Repeat Request, HARQ, timing for
Physical Downlink Shared Channel, PDSCH, the wireless device comprising processing
circuitry configured 1o

receive (600,700) a first Downlink Control Information, DCI, (508) associated with
a first Downlink, DL, data transmission (510), the first DC! (508) comprising 2 PDSCH-to-
HARQ-timing-indicator having a predefined value indicating that the HARQ feedback for
the first DL data transmission is to occur once the wireless device has received a DCI
comprising a numerical PDSCH-to-HARQ-timing-indicator having a value different from
the predefined value;

receive (602,702) the first DL data transmission (510);

determine (604,704) a HARQ feedback for the first DL data transmission (510);
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receive (606,706) a second DClI (514) associated with a second DL data
transmission (516), the second DCI (514) comprising a numerical PDSCH-to-HARQ-
timing-indicator indicating a location in time for HARQ feedback associated with the
second DL data transmission;

set (608,710) a location in time of HARQ feedback asscciated with the first DL
data transmission to be the same as the location in time of HARQ feedback associated
with the second DL data transmission; and

transmit (610,712) the HARQ feedback associated with the first DL data

transmission (822} at the set location in time.

23. The wireless device of claim 22 wherein the processing circuitry is further

configured to perform the steps of any one of claims 2 - 13.

24. A base station for setting Hybrid Automatic Repeat Request, HARQ, timing for
Physical Downlink Shared Channel, PDSCH, the base station comprising processing
circuitry configured to:

determine a PDSCH-to-HARQ-timing for an upcoming Downlink, DL, data
transmission to a User Equipment, UE;

determine that the HARQ feedback for the upcoming DL data transmission should
be delayed by the UE until further notification from the base station; and

transmit, to the UE, a first Downlink Control information, DCI, associated with a
first DL data transmission, the first DCI comprising a predefined PDSCH-to-HARQ-timing-
indicator vaiue for indicating t© the UE that HARQ feedback for the first DL data

transmission should be delayed until further notification from the base station.

25. The base station of claim 24 wherein the processing circuitry is further configured
to perform the steps of any one of claims 15 - 21.
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Abstract

Methods and systems for setting Hybrid Automatic Repeat Request (HARQ)
timing for Physical Downiink Shared Channel (FDSCH) with a pending PDSCH-to-HARQ-
timing-indicator (PHTI) are provided. In one aspect, a method performed by a wireless
device cemprises: receiving a first Downlink Contro! Information {DC!) asscciated with a
first Downlink (DL) data transmission, the first DCI comprising a non-numerical PHTI;
receiving the first DL data transmission; determining a HARQ feedback for the first DL
data transmission; receiving a second DC| associated with a second DL data
transmission, the second DCI comprising a numerical PHTI indicating a location for
HARQ feedback associated with the second DL data transmission; setting the location of
HARQ feedback associated with the first DL data transmission to be the same as the
focation of HARQ feedback associated with the second DL data transmission; and
transmitting the HARQ feedback associated with the first DL data transmission at the set
tocation.
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600
RECEIVE A FIRST BC ASSOCIATED WITH A FIRST DL
DATA TRANSMISSIGN, THE FIRST DCI COMPRISING A
NON-NUMERICAL PDSCH-TO-HARQ-TIMING-INDICATOR

!

02
RECEIVE THE FIRST DL DATA TRANSMISSION

Y

504
DETERMINE A HARQ FEEDBACK FOR THE FIRST DL DATA
TRANSMISSION

I

L J

508
RECEIVE A SECOND DCI ASSQCIATED WITH A SECOND
DL DATA TRANSMISSION, THE SECOND DCI COMPRISING
A NUMERICAL PDSCH-TO-HARQ-TIMING-INDICATOR
INDICATING A LOCATION FOR HARQ FEEDBACK
ASSQCIATED WITH THE SECOND DL DATA
TRANSMISSION

Y

608
SET THE LOCATION FOR THE HARQ FEEDBACK
ASSOCIATED WITH THE FIRST DL DATA TRANSMISSION
TO BE THE SAME AS THE LOCATION FOR THE HARQ
SEEDBACK ASSOCIATED WITH THE SECOND DL DATA
TRANSHISSION

!

610
TRANSMIT THE HARQ FEEDBACK ASSOCIATED WITH THE
FIRST DL DATA TRANSMISSION AT THE SET LOCATION

FIG. 6
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780
RECEIVE A FIRST DC ASSOCIATED WITH A FIRST DL DATA
TRANSMISSION OF A FIRST PDSCH GROUP, THE FIRST DC!
COMPRISING A NON-NUMERICAL PDSCH-TO-HARQ-TIMING-
INDICATOR

Y

102
RECEIVE THE FIRST DL DATA TRANSMISSION

!

704
DETERMINE A HARQ FEEDBACK FOR THE FIRST DL DATA
TRANSMISSION

v

705
RECE!VE A SECOND DCI ASSOCIATED WITH A SECOND DL
DATA TRANSMISSION, THE SECOND DCI COMPRISING A
NUMERICAL PDSCH-TO-HARQ-TIMING-INDICATOR INDICATING A
LOCATION FOR HARQ FEEDBACK ASSOCIATED WITH THE
SECOND DL DATA TRANSMISSION

' 708 )
SAME PDSCH GROUP
?

710
SET THE LOCATION FOR THE HARQ FEEDBACK ASSOCIATED
WITH THE FIRST DL DATA TRANSMISSION TG RE THE SAME AS
THE LOCATION FOR THE HARQ FEEDBATK ASSOCIATED WITH
THE SECOND DL DATA TRANSMISSION

y

12
TRANSMIT THE HARQ FEEDBACK ASSOCIATED WiITH THE FIRST
DL DATA TRANSMISSION AT THE SET {.OCATION
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§00
TRANSMIT, TO AFIRST UE, A FIRST DCt ASSCCIATED WITH A FIRST
DL DATA TRANSMIGSION, THE FIRST DC! COMPRISING A NGN-
NUMERICAL PDSCH-TO-HARQ-TIMING-INDICATOR

v

802
TRANSMIT, TO THE FIRST UE, A SECOND DCI ASSCCIATED WITH A

SECOND DL DATA TRANSRMISSION, THE SECOND DCI COMPRISING A
NUMERICAL DPSCH-TO-HARQ-TIMING-INDICATOR AND AT LEAST ONE
OF: A HARQ PROCESS D, A NEW DATA INDICATOR VALUE, A POSCH
GROUP iD, A DOWNLINK ASSIGNMENT INDICATOR, OR A TRIGGER BIT

FG. 8

200
RECEIVE A FIRST DCl ASSOCIATED WITH A FIRST DL DATA

TRANSMISSION, THE FIRST BC! COMPRISING A NUMER!CAL PDSCH-
TO-HARQ-TIMING-INDICATOR

!

02
DETERMINE THAT THE LOCATION FOR THE HARQ THAT IS
ASSOCIATED WITH THE FIRST DL DATA TRANSMISSION, INDICATED
BY THE NUMERICAL PDSCH-TO-HARQ-TIMING-INDICATOR, IS TOQ
CLOSE TO THE FIRST Di. DATA TRANSMISSION

!

904
IN RESPONSE TO THAT DETERMINATION, DO NOT TRANSMIT THE
HARQ THAT iS ASSOCIATED WiTH THE FIRST DL DATA
TRANSMISSION AT THE INDICATED HARQ TRANSMISSION TIME

v

908
{OPTICNAL) PROVIDE AN INDICATION, ON THE PUCCH AT THE
iNDICATED HARQ TRANSMISSION TIME, WHICH INFORMS THE GNS8
THAT THE HARQ FEEDBACK WAS POSTPONED

FiG. 9
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