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SIMULTANEQOUS UPLINK TRANSMISSION IN MULTIPLE

TRANSMIT-RECEIVE POINT CONFIGURATION

TECHNICAL FIELD

[(66G1] This document relates to systerns, devices and techniques for wireless communications.

BACKGROUND
[6002] Efforts are currently underway to define next generation wireless communication
networks that provide greater deployment flexibility, support for a multitude of devices and

services and different technologies for efficient bandwidth utilization.

SUMMARY
[6003] Various methods and apparatus for supporting configuration and transmission of uplink
control channel in a wireless corumunication system that supports multi-transmission reception
point configurations.
[6604] In one example aspect, a method of wircless communication is disclosed. The method
ncludes transmitting, upon determining that a wireless device operating in a multiple
transmission reception point wireless configuration with a network device satisfies a condition,
one or more uplink control transmissions using codebook-based precoding. the one or more
uplink control transmissions are performed according to a configuration information received
from a network device that indicates one or more sounding reference signal (SR5) resource sets
associated with the one or more uplink control transmission.
[8085] In another exarmple aspect, another method of wireless cormmmunication is disclosed. The
method includes transmitting, upon determining that a wireless device operating in a multiple
transmission reception point wireless configuration with a network device satisfies a condition,

one ot more uplink control transmissions using a non-codebook-based precoding. The one or
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more uplink control transmissions are performed according to a configuration information
received from a network device that indicates of one or more sounding reference signal (SRS)
resource sets associated with the one or more uplink control transmission.

[3886] In vet another example aspect, another method of wireless communication is disclosed.
The method includes transmitting, upon determining that a wireless device operating in a
multiple transmission reception point wireless configaration with a network device satisfies a
condition, one or more uplink control transmissions according to a schedule from a network
device wherein the one or more uplink control transmissions are performed according to a
frequency domaio resource allocation provided by the setwork device.

(88871 In vet another example aspect, another method of wireless communication is disclosed.
The method includes transmitting, by a network device to a wireless device, configuration
information that indicates one ot more sounding reference signal (SRS) resource sets associated
with the one or more uplink control transmuission; and receiving, from a wireless device that
satisfies a condition and is operating in a multiple transmission reception point wireless
configuration, one or more uplink control transmoissions using codebook based precoding
according to the configuration information.

[B068] In vet another example aspect, another method of wireless communication is disclosed.
The method includes transmitting, by a network node, configuration information to a wireless
device, wherein the configuration information indicates one or more sounding reference signal
(SRS) resource sets associated with the one or more uplink control transmission that the wireless
device is to use upon satisfying a condition while operating in a multiple transmission reception
point wireless configuration with the network device; and receiving, from the wireless device
according to the condition, the one or more uplink control transmissions using a
non-codebook-based precoding.

[G6809] In yet another example aspect, another method of wireless communication is disclosed.
The method includes transmitting, by a network device to a wireless device, a schedule for use

by a wireless device operating in a multiple transmission reception point wireless to perform one
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or more uplink control transmissions to a network device upon satisfying a condition; and
receiving, by the network device, one or more uplink control transmissions according to the
schedule.

[8018] In vet another example aspect, a wireless communications apparatus comprising a
processor is disclosed. The processor is configured to implement methods described herein.
(G661 1] In another example aspect, the various technigues described herein may be embodied as
processor-executable code and stored on a computer-readable program medintm.

[6412] The details of one or more implementations are set forth in the accompanying drawings,
and the description below. Other features will be apparent from the description and drawings,

and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[8013] FIG. | is a block diagram of an example of a wireless communication apparatus.
[(6614] FIG. 2 shows an example wireless communications network.
[G@15] FIGS. 3A-3F are flowcharts of example wireless communication methods based on some

implementations of the disclosed technology.

DETAILED DESCRIPTION

[8316] Section headings are used in the present document only to improve readability and do not
limit scope of the disclosed embodiments and techniques in each section only to that section.
Furthermore, some embodiments are described with reference to Third Geuneration Partnership
Project (3GPP) New Radio (NR} standard (“5G”) for ease of understanding and the described
technology may be implemented in different wireless system that implement protocols other than
the 5G protocol.

(80177 In the carrent 5G NR system, several transmission schemes of multiple transmission
reception point (MTRP) operation have been supported for uplink (UL) transmissions on top of

single transmission reception point (STRP) operation to improve the reliability and throughput of



WO 2024/031672 PCT/CN2022/112223

UL channels or signals. However, due to the restriction of the current UE capability, multiple
uplink transmissions can only be performed as non-overiapped in time domain even though the
UE is equipped with more than one panel, which would be a bottleneck for the reliability and
throughput of whole system once multi-TRP based uplink transmission can be supported.

[6018] With the evolution of the mobile communication technology, the UE equipped with
multiple panels could be supported to stimultaneously transmit more than one uplink transmission.
On the other hand, due to different channel conditions of the link between multiple panels of the
UE and multiple TRPs when MTRP operation, some transmission parameters {€.g., transmission
precoder and spatial relation indication) should be dedicated between the panel and TRP for
better performance.

[38198] Based on the above, some specific issues need o be addressed for the case of
simultaneous uplink transmission across multiple UE panels and towards different TRPs: (i) how
to determine SRS resource set configured for CB based simultaneous PUSCH repetitions in
MTRP operation? (i) how to determine SRS resource set configured for CB based simultaneous
PUSCH non-repetitions in MTRP operation? (ii1) how to determine SRS resource set configured
for NCB based simultaneous PUSCH repetitions in MTRP operation? (iv) how to determiune SRS
resource set configured for NCB based simultanecus PUSCH non-repetitions in MTRP operation?
(v} how to determine frequency domain resource allocations for simultaneous PUSCH
transmissions in MTRP operation?

[642¢] The following abbreviations are used in the present document.

Acronym Fuoll Form

NR MNew radio

UE User equipment

NW Network

TRP Transmit receive point
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PUSCH Physical uplink shared channel

SRS Sounding reference signal

DM-RS Demodulation reference signal

RRC Radio resource control

MAC CE Medium access control control element
bCa Downlink control information

TPMI Transmission precoding matrix indication
SRI SRS respurce indicator

MSB The most significant bit

LSB The least significant bit

TC1 Transmission configuration indication
QCL (Juasi Co-location

[6821] In Rel-15 and Rel-16 NR, due to PUSCH transmission towards a single TRP only, the UE
uses a same indicated information for the repeated transmoission across multiple slots, which
means that each of these transmissions uses the same spatial relation and transmission precoder.
Note that both codebook based and non-codebook based PUSCH transmission are supported
since Rel-15.

[8822] For codebook based PUSCH transmission, PUSCH can be schednled by DCI Gee., DCI
format §0_0, DCI format 0_1, DCI format 0_2) or RRC signaling (i.e., the higher layer parameter
ConfiguredGrantConfig), and the UE determuines its PUSCH transmission precoder based on SR],
TPMI and the transmission rank. Where the SRI, TPMI and the transmission rask are given by
some fields in DCI (i.e., SRS resource indicator field, Second SRS resource indicator field,
Second Precoding information and murnber of layers field, Precoding information and number of

javers field) or given by some higher layer parameters in RRC signaling (i.e.,
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srs-Resourcelndicator, srs-Resourcelndicator?, precodingAndNumberOfLavers,
precodingAndNumberOfLayers2).

[3823] For non-codebook based PUSCH transmission, in contrast to codebook based scheme,
the UE determines its precoder and transmission rank based on the SR1 when multiple SRS
resources are configured in a SKS resource set, where the SRI is given by the SRS resource
indicator in DCL Specifically, the UE shall use one or multiple SRS resources for SRS
transmission, where, in a SRS resource set, the maximum number of SRS resources which can be
configured to the UE for simultancous transmission in the same symbol and the maximum
mirnber of SRS resources are UE capabilities. The SRS resowurces fransmitted simultancousiy
occupy the sarne RBs. Ouly one SRS port for each SRS resource is configured. Only one SRS
resource set can be configured with higher layer parameter usage in SRS-ResourceSet set to
nonCodebook’. The maximuom number of SRS resources in one SRS resource set that can be
configured for non-codebook based PUSCH transmission is 4. The indicated SRT in slot » is
associated with the most recent transmission of SRS resource(s) identified by the SR, where the
SRS transoission is prior to the PDCCH carrying the SR Afier that, the UE can calculate the
precoder used for the transmission of SRS based on measureruent of an associated NZP CSI-RS
resource. The UE selection of a precoder {and the number of layers) for each scheduled PUSCH
may be modified by the network (in case multiple SRS resources are configured). The UE shall
transmiit PUSCH using the same antenna ports as the SRS port{s) in the SRS resowurce(s)
indicated by SRI given by DCL

[(624] Frequency domain resource allocation Examples

[6825] Resource Allocation Type (in frequency domain) indicates a method for resource
allocation in frequency domain. Resource Allocation Type specifies the way in which the
scheduler allocate resource blocks for each transmission.

(80261 According to the current approach in 3GPP specifications, the Resource Altlocation Type

is determined implicitly by DCI format or by RRC signaling as described below.
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[60427] The UE may assume that when the scheduling grant is received with DCI format

1_0 downlink resource aliocation type 1 is used.

[8028] If the schedaling DCT is configured to indicated the uplink resource allocation type as
part of the Frequency domain resource assignment field, the UE shall use uplink resource
allocation type 0 or type 1 as defined by this field. Otherwise the UE shall use the uplink
frequency resource allocation type as defined by the higher layer

parameter resourceAllocation for PUSCH.

[6429] Aliocation Type §

{06387 In this type, a number of consecutive RBs into RBG(Resource Block Group) are bundled
and allocate PUSCH only in the multiples of RBG. The number of RBs within a RBG varies
depending on Bandwidth Part Size and Configuration as shown in the following table. The
configuration type is determined by the higher layer parameter vbg-Size in PDSCH-Config. The
bitmap in DCT indicates the RBG number that carries PDSCH or PUSCH data. Since thisis a
bitmap, it is not required for the RBGs to be consecutive.

< T538.214 - Table 6.1.2.2.1-1: Nominal RBG size P>

Bandwidth Part Size Configuration 1 Configuration 2
1-38 2 4
3772 4 8
73~ 144 3 16
145 - 275 15 16

(64317 Allocation Type 1
[6432] In this type, the resource is allocated to one or more consecutive RBs. The resource
allocation area is defined by two parameters RB_Start and Number of Consecutive REs within a

specific BWP. Wheun the resource allocation is specified in DCI, RB_Start and Number of
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Consecutive RBs within the BWP is combined into a specific single value called RIV(Resource
Indicator Value).

[3633] Dynamic switch

[3834] Whether to use Type § or Type | is determined by the Frequency domain resowrce
assignment field in DCI at the time of each transmission.

(84357 - If the scheduling DCI is configured to indicate the uplink resource allocation type as
part of the Frequency domain resource assignment field by setting a higher layer parameter
resourceAllocation in pusch-Config to 'dynamicSwitch', for DCI format 0_1 or setting a higher
laver pararoeter resourceAllocationDCI-0-2 in pusch-Config to 'dynamicSwitch' for DCIT format
{_2, the UE shall use uphink resource allocation type § or type 1 as defined by this DCI field.
Otherwise the UE shall use the uplink frequency resource allocation type as defined by the
higher layer parameter resourceAllocation for DCI format 0_1 or the higher layer pararoeter
resourceAllocationDCI-0-2 for DCI format 0_2. The UE shall assume that when the scheduling
PDCCH is received with DCI format O 1 and usefnterlace PUCCH-PUSCH in
BWP-UplinkDedicated is configured, uplink type 2 resource allocation is used.

[8836] - If resowrceAllocation is configured as 'dynamicSwitch’, the MSB bit is used to indicate
resource allocation type (0 or resource allocation type 1, where the bit value of (§ indicates
resource allocation type 0 and the bit value of 1 indicates resource allocation type 1.

[06837] Other aspects

[6438] In general, 5G NR includes a number of MIMO features that facilitate utilization of a
iarge number of antenna elements at base station for both sub-6GHz (Frequency Range 1, FR1)
and over-6GHz (Frequency Range 2, FR2) frequency baunds, plus oue of the MIMO features is
that it supports for multi-TRP operation. The key point of this fanctionality is to collaborate with
multiple TRPs to transmit or receive data to the UE to improve transmission performance. As NR
is in the process of commercialization, various aspects that require further enhancements can be

identified from real deplovment scenarios. According to the current evolution for 5G NR in
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3GPP, simultaneous uplink transmissions can be supported and performed by multi-panel UE in
MTRP operation, which is beneficial to improve the throughput of uplink transmission.

(60391 In some embodiments, “simultaneous uplink transrission scherue” 1s equivalent o
multiple uplink transmissions can be fully or partially overlapped in time domain, where the
simultaneous uplink transmissions can be associated with different panel/TRY ID, and these
stmultaneous uplink transmissions can be scheduled by a single DCI or roultiple DCL Beside,
whether the UE supports the “simultaneous uplink transmission scheme” can be reported as the
UE optional capability.

[8046] In some embodiments, “TRP” is equivalent to at least one of: SRS resource set, spatial
relation, power control parameter set, TCI state, CORESET, CORESETPoolindex, physical cell
index (PCI), sub-array, CDM group of DMRS ports, the group of CSI-RS resources or CMR set.
[68041] In some embodiments, “UE panel” is equivalent to at least one of: UE capability value set,
antenna group, antenna port group, beam group, sub-array, SRS resource set or panel mode.
[6442] In some embodiments, the definition of “beam state” is equivalent to at least one of:
quasi-co-location (QCL) state, transmission configuration indicator (TCT) state, spatial relation
(also called as spatial relation information), reference signal {RS), spatial filter or precoding.

Furthermore, in this patent, “beam state” is also called as “beam”. Specifically,

- The definition of “Tx beam” is equivalent to at least one of: QCL state, TCI state, spatal

relation state, DL reference signal, UL reference signal, Tx spatial filter or Tx precoding;

- The defimtion of “Rx beam” is equivalent to at least one oft QCL state, TCI state, spatial

relation state, spatial filter, Rx spatial filter or Rx precoding;

- The defimition of “beam ID” 1s equivalent to at least one oft QCL state index, TCI state
index, spatial relation state index, reference signal index, spatial filter index or precoding
index.

(80431 Specifically, the spatial filter can be either UE-side or gNB-side one, and the spatial filter

is also called as spatial-domain filter.
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[6444] In some embodiments, “spatial relation” is comprised of one or more reference RSs,
which is used to represent the same or guasi-co “spatial relation” between targeted “RS or
channel” and the one or more reference RSs.

(8457 In some embodiments, “spatial relation” also means at least one of: the beam, spatial
parameter or spatial domain filter.

[(346] In some embodiments, a “QCL state” is comprised of one or more reference RSs and
their corresponding QCL type parameters, where QCL type parameters include at least one of the
following aspect or combination: [ 1] Doppler spread, [2] Doppler shift, [3] delay spread, [4]
average delay, [S] average gain, and [6] Spatial parameter (which is also called as spatial Rx
parameter}. In this patent, “TCI state” 1s equivalent to “QCL state”. In this patent, there are the

following definitions for ‘QCL-TypeA’, ‘QCL-TypeB’, "QCL-TypeC’, and "QCL-TypeD’.
- QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread}
- 'QCL-TypeB" {Doppler shift, Doppler spread}

- 'QCL-TypeC": {Doppler shift, average delay}

'QCL-TypeDy: {Spatial Rx parameter}

[6847] In some embodiments, a RS comprises channel state information reference signal
(CSI-RS), synchronization signal block {S5B) (which is also called as SS/PBCH), dermnodulation
reference signal (DMRS), sounding reference signal (8RS), and physical random access channel
(PRACH). Furthermore, the RS at least comprises DL reference signal and UL reference
signalling.

- A DLRS at least comprises CSE-RS, SSB, DMRS {e.g., DL DMRS);

- AULRS at least comprises SRS, DMRS {e.g., UL DMRS), and PRACH.
[8348] In some embodiments, “UL signal” can be PUCCH, PUSCH, or SRS,
[6449] In some embodiments, “DL signal” can be PDCCH, PDSCH, or CSI-RS.

[(456] Embodiment Examples 1

10
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[(¢251] These embodiment examples may be used to, in one aspect, address the issue (i)
discussed above. These embodiments incorporate, e.g., SRS resource set related configuration
for CB based simultaneous PUSCH repetition in MTRP operation.

(80521 If at least one of the following conditions is satisfied,

1) The UE is scheduled to transmit more than one PUSCH repetition simultancously, wherein the
time domain of these PUSCH repetitions are fully or partially overlapped.

a. Wherein, the PUSCH repetition can be at least one of: inter-slot based PUSCH repetition

ot intra-slot based PUSCH repetition.

2y The more than one PUSCH repetition are associated with one or more SRS resource sets,
which are configured in srs-ResourceSetToAddModList or
srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet
set to 'codebook’.

3) For codebook based transmission scheme, the PUSCH can be scheduled by DCI format 0_1,
DCI format 0_2 or RRC signaling.

4) For these PUSCH repetitions transmitted simultaneously, cach of PUSCH repetitions is
associated with one SRS resource set.

[8053] The UE may gets and applies the configuration of one or more SRS resource sets which

associated with these PUSCH repetitions.

1) Further, the SRS resource set configuration is determined by RRC signaling.

2) Further, the SRS resource set configuration comprise at least one of the following parameters:
a. Parameter-1, the namber of SRS resoorces in the SRS resource set.

a)  Wherein, the nomber of SRS resources configured in different SRS resource sets
can be the same or different.

1. For an example, if the number of SRS resource sefs is 2, the murober of SRS
resources configured in the first SRS resource set is |, and the murober of SRS
resources configared in the second SRS resource setis 2.

il.  For another example, if the number of SRS resource sets is 2, the nomber of
SRS resources configured in the first SRS resource set is 2, and the number of

SRS resources configured in the second SRS resource set is 2.

by  Wherein, the number of SRS resources configured in different SRS resource sets is

11
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c)

d)

e)

determined by the higher layer parameter srs-ResourceldList in SR5-Config.

Wherein, the maximum number of SRS resources configured in an SRS resource set

depends on the UE capability reporting.

1. Optionally, the UE reports the maxiroum number of SRS resources supported in
each SRS resource set respectively.

1. Optionally, the UE reports a total nurober of SRS resources sapported in all
SRS resource sets jointly.

/

i) Farther, if the nomber of SRS resources configured in each SRS resource
set 18 the same, the number of SRS resources of each SRS resource set 18
equivalent to the total number of supported SRS resources divided by the
number of configured SRS resource sets.

a. For an example, the UE reports the total nurober of SRS resources is 4
and the number of configured SRS resource sets is 2, then the
maximum number of SRS resources configured in each SRS resource
set is equivalent to 2.

Wherein, except wheo higher layer parameter ul-FullPowerTransmission is set to
‘fullpowerMode?’, the maximum nurber of SRS resources configured in an SRS
resource set is 2. Others, subject to UE capability, a maximum of 2 or 4 SRS

resources can be configured in an SRS resource set.

corresponding SRS resource set is composed of the first Ngpep o SRS resources
together with other configurations in the SKS resource set which used for the
PUSCH repetition scheduled by DCI format O_1 and configured with the higher

laver parameter usage of value ‘codeBook'.

i.  Turther, the value of Ngpg o o configured in different SRS resource sets can be

the same or different.

[N

i} Wherein, the SRS resource set is configured by higher layer parameter
rs-ResourceSetToAddModListDCI-0-2 or indicated by the SRS resource set
indicator field in DCL

i) Wherein, the index of the SRS resource set associated with the PUSCH
repetition scheduled by DCI format 0_2 is the same as the index of the
SRS resource set associated with the PUSCH repetition scheduled by DCI
format O_1.

12
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b.  Parameter-2, the number of antenna ports configured in SRS resource.

a)  Wherein, the number of antenna ports of each SRS resource configored within an

SRS resource set should be the same.

by  Wherein, the number of antenna ports of SRS resources configured in different SRS
resource sets can be the same or different.

¢y  Wherein, the number of antenna ports of SRS resources configured in different SRS
resonrce sets is determined by the higher layer paramseter nrofSRS-Ports in
SRS-Config.

d) Further, the maximum transmission layers of these PUSCH repetitions should be
equal to or less than the smallest of the maximum antenna ports of the indicated
SRS resources in all SRS resource sets.
[0854] Embodiment Examples 2
[8055] These embodiment exaraples may be used to, in one aspect, address the issue (i)
discussed above. These embodiments incorporate, e.g., SRS resource set related configuration
for CB based simmltaneous PUSCH transmission in MTRP operation.
[6356] If at least one of the following conditions is satisfied,

1) The UE is scheduled to transmit more than one PUSCH transmission simultaneously, wherein

the time domain of these PUSCH transmissions are fully or partially overlapped.

a. Wherein, the PUSCH transmission can be at least one of: inter-slot based PUSCH

transmission or intra-siot based PUSCH transmission.
b. Wherein, the content of each PUSCH transmission is different.

2% The more than one PUSCH transmission are associated with one or more SRS resource sets,
which are configured in srs-ResourceSetToAddModList or
srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet
set 10 'codebook’.

3) For codebook based transmission scheme, the PUSCH can be scheduled by DCI format 0_1,
DCI format 0_2 or RRC signaling.

43y For these PUSCH transmissions transmitted simultanecusly, each of PUSCH transmissions is
associated with one SRS resource set.

13



WO 2024/031672 PCT/CN2022/112223

[6457] The UE may gets and applies the configuration of one or more SRS resource sets which

associated with these PUSCH transmissions.

1) Further, the SRS resource set configuration is determined by RRC signaling.
2) Further, the SRS resource set configuration comprise at least one of the following parameters:
a. Parameter-1, the number of SRS resources in the SRS resource set.

a) Wherein, the number of SRS resources configured in different SRS resource sets

can be the same or different.

i.  For an example, if the mumber of SRS rescurce sets is 2, the number of SRS
resources configured in the first SRS resource set is I, and the number of SRS
resources configured in the second SRS resource set is 2.

ii. For another example, if the number of SRS resource sets is 2, the number of
SRS resources configured in the first SRS resource set is 2, and the number of
SRS resources configured in the second SRS resource set is 2.

b} Wherein, the number of SRS resources configured in different SRS resource sets is
determined by the higher layer parameter srs-ResourceldList in SRS-Config.

¢y Wherein, the maximum number of SRS resources configured in an SRS resource set
depends on the UE capability reporting.

i.  Optionally, the UE reports the maximum number of SRS resources supported in

each SRS resource set respectively.

ii.  Optionally, the UE reports a total number of SRS resources supported in all

SRS resource sets jointly.

[N

iy Further, if the number of SRS resources configured in each SRS resource
set is the same, the number of SRS resources of each SRS resource set is
equivalent to the total number of supported SRS resources divided by the
number of configured SRS resource sets.

a. For an example, the UE reports the total number of SRS resources is 4
and the number of configured SRS resource sets is 2, then the
maximum number of SRS resources configured in each SRS resource

set is equivalent to 2.

d} Wherein, except when higher layer parameter ul-FullPowerTransmission is set to
fullpowerMode2’, the maximum number of SRS resources configured in an SKS

14
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resource set is 2. Others, subject to UE capability, a maximum of 2 or 4 SRS
resources can be configured in an SRS resource set.

Wherein, if the PUSCH transmission is scheduled by DCI format 0 2, its
corresponding SRS resource set is composed of the first Ngggo 2 SRS resources
together with other configurations in the SRS resource set which used for the
PUSCH transmission scheduled by DCI format 0_1 and configured with the higher

layer parameter usage of value ‘codeBook'.

1. Further, the value of Ngpeg , configured in different SRS resource sets can be

the same or different.

1)  Wherein, the SRS resource set is configured by higher layer parameter
rs-ResourceSetToAddModListDCI-0-2 or indicated by the SRS resource set
indicator ficld in DCL

i1} Wherein, the index of the SRS resource set associated with the PUSCH
transmission scheduled by DCI format 0_2 is the same as the index of the
SRS resource set associated with the PUSCH transmission scheduled by
DCI format §_1.

b.  Parameter-2, the number of antenna ports configured in SRS resource.

a)

b)

<)

d)

Wherein, the number of antenna ports of each SRS resource configured within an
SRS resource set should be the same.

Wherein, the number of antenna ports of SRS resources configured in different SRS

resource sets can be the same or different.

‘Wherein, the number of antenna ports of SRS resources configured in different SRS
resource sets is determined by the higher layer parameter nrofSRS-Ports in
SRS-Config.

Further, the maximum transmission layers of these PUSCH transmissions should be
equal to or less than the maximum antenna ports of the indicated SRS resources in
its refated SRS resource set.

[3858] Embodiment Examples 3

[6859] These embodiment exaraples may be used to, in one aspect, address the issue (iii)

discussed above. These embodiroents incorporate, e.g., SRS resource set related configuration

for NCB based simultaneous PUSCH repetition in MTRP operation.

15
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[6066] If at least one of the following conditions is satisfied,
1) The UE is scheduled to transmit more than one PUSCH repetition simultaneously, wherein the

time domain of these PUSCH repetitions are fully or partially overlapped.

a. Wherein, the PUSCH repetition can be at least one oft inter-slot based PUSCH repetition

or intra-slot based PUSCH repetition.

2y The more than one PUSCH repetition are associated with one or more SRS resource sets,
which are configured in srs-ResourceSetToAddModList or
srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet
set to mnonCodebook’.

3) For non-codebook based transmission scheme, the PUSCH can be scheduled by DCI format
0_1, DCT format 0_2 or RRC signaling.

4) For these PUSCH repetitions transmitted simultaneously, each of PUSCH repetitions is
associated with one SRS resource set.
[6061] The UE may gets and applies the configuration of one or more SRS resource sets which
associated with these PUSCH repetitions.
1) Further, the SRS resource set configuration is determined by RRC signaling.
2) Further, the SRS resource set configuration comprise at least one of the following parameters:
a. Parameter-1, the number of SRS resources 1n the SRS resource set.

a) Wherein, the number of SRS resources configured in different SRS resource sets
can be the sarne or different.

i.  For an example, if the number of SRS resource sets is 2, the namber of SRS
resources configured in the first SRS resource set is 1, and the number of SRS
resources configured in the second SRS resource set is 2.

1. For another example, if the nomber of SRS resource sets is 2, the nurmber of
SRS resources configured in the first SRS resource set is 2, and the number of

SRS resources configured in the second SRS resource set is 2.

b) Wherein, the number of SRS resources configured in different SRS resource sets i3

determined by the higher layer parameter srs-ResourceldList in SRS-Config.

¢y Wherein, the maximum nomber of SRS resources configured in an SRS resource set

depends on the UE capability reporting.

16
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d)

i,
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Optionally, the UE reports the maximum number of SRS resources supported in

each SRS resource set respectively.

Optionally, the UE reports a total number of SRS resources supported in all

SRS resource sets jointly.

1)

Further, if the number of SRS resources configured in each SRS resource
set 1s the same, the number of SRS resources of each SRS resource set is
equivalent to the total number of supported SRS resources divided by the

number of configured SRS resource sets.

a. For an example, the UE reports the total number of SRS resources is 4
and the number of configured SRS resource sets is 2, then the
maximum number of SRS resources configured in each SRS resource
set is equivalent to 2.

Wherein, except when higher layer parameter ul-FullPowerfransmission is set to

‘fullpowerMode?2', the maximum number of SRS resources configured in an SRS

resource set is 2. Others, subject to UE capability, 2 maximum of 2 or 4 SRS

resources can be configured in an SRS resource set.

Wherein, if the PUSCH repetition is scheduled by DCI format 0 2, its
corresponding SRS resource set is composed of the first Nyps g » SRS resources

together with other configurations in the SRS resource set which used for the
PUSCH repetition scheduled by DCI format 0 _1 and configured with the higher

layer parameter usage of value ‘codeBook’.

i

Further, the value of Nsggg » configured in different SRS resource sets can be

the same or different.

i)

i)

Wherein, the SRS resource set is configured by higher layer parameter
rs-ResourceSetToAddModListDCI-0-2 or indicated by the SRS resource set
indicator field in DCL

Wherein, the index of the SRS resource set associated with the PUSCH
repetition scheduled by DCI format 0_2 is the same as the index of the
SRS resource set associated with the PUSCH repetition scheduled by DCI
format O_1.

f) Further, the maximum transmission layers of these PUSCH repetitions should be

equal to or less than the smallest of the maximum number of the configured SRS

resources in all SRS resource sets.

17



WO 2024/031672 PCT/CN2022/112223

b.  Parameter-2, the associated NZP CSI-RS resource.

a)  Wherein, the associated NZP CSI-RS of each SRS resource set can be the same or
different.

by  Wherein, the associated NZP CSI-RS is configured by the higher layer parameter
associatedCSI-RS in SRS-ResourceSet.

[0862] Embodiment Examples 4

80637 These embodiment exaraples may be used to, in one aspect, address the issae (iv)
discussed above. These embodiments incorporate, e.g., SRS resource set related configuration
for NCB based simultaneous PUSCH transmission in MTRP operation.

[6064] If at least one of the following conditions is satisfied,
1) The UE is scheduled to transmit more than one PUSCH transmission simultaneously, wherein
the time domain of these PUSCH transmissions are fully or partially overlapped.

a. Wherein, the PUSCH transmission can be at least one of: inter-slot based PUSCH
transmission or intra-slot based PUSCH transmission.

b. Wherein, the content of each PUSCH transmission is different.

23 The more than one PUSCH transmission are associated with one or more SRS resource sets,
which are configured in srs-ResourceSetToAddModList or
srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSer

set to 'nonCodebook’.

3) For non-codebook based transmission scheme, the PUSCH can be scheduled by DCI format
01, DCI format 0_2 or RRC signaling.

4y For these PUSCH transmissions transmitted simultanecusly, each of PUSCH transmissions is
associated with one SRS resource set.

[¢465] The UE may gets and applies the configuration of one or more SRS resource sets which
associated with these PUSCH transmissions.

1) Further, the SRS resource set configaration is determined by RRC signaling.
2) Farther, the SRS resource set configuration comprise at least one of the following parameters:
4. Parameter-1, the number of SRS resources in the SRS resource set.

a} Wherein, the number of SRS resources configured in different SRS resource sets
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b)

<)

d)

€)

can be the same or different.

1. For an example, if the number of SRS resource sets is 2, the nurober of SRS
resources configured in the first SRS resource set is i, and the number of SRS
resources configured in the second SRS resource set is 2.

ii.  For another example, if the number of SRS resource sets is 2, the number of
SRS resources configured in the first SRS resource set is 2, and the number of

SRS resources configured in the second SRS resource set is 2.

Wherein, the number of SRS resources configured in different SRS resource sets is

determined by the higher layer parameter srs-ResourceldList in SRS5-Config.

Wherein, the maximum number of SRS resources configured in an SRS resource set
depends on the UE capability reporting.

1. Optionally, the UE reports the maximum namber of SRS resources supported in

each SRS resource set respectively.

. Optionally, the UE reports a total nurober of SRS resources supported in all
SRS resource sets jointly.

1) Farther, if the nuomber of SRS resources counfigured in each SRS resource
set is the same, the number of SRS resources of each SRS resource set is
equivalent to the total number of supported SRS resources divided by the

number of configured SRS resource sets.

a. For an example, the UE reports the total number of SRS resources is 4
and the number of configured SRS resource sets is 2, then the
maximum number of SRS resources configured in each SRS rescurce
set is equivalent to 2.

Wherein, except when higher layer parameter ul-FullPowerTransmission is set to
‘fullpowerMode?’, the maximum number of SRS resources configured in an SRS
resource set is 2. Others, subject to UE capability, a maximum of 2 or 4 SRS
resources can be configured in an SRS resource set.

Wherein, if the PUSCH transmission is scheduled by DCI format 0 2, its
corresponding SRS resource set is composed of the first Ngpep o SRS resources
together with other configurations in the SRS resource set which used for the
PUSCH transmission scheduled by DCI format 0_1 and configured with the higher
layer parameter usage of value ‘codeBook'.
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i.  Turther, the value of Ngggo o, configured in different SRS resource sets can be

the same or different.

i} Wherein, the SRS resource set is configured by higher layer parameter
rs-ResourceSetToAddModListDCI-0-2 or indicated by the SRS resource set
indicator field in DCL

i1} Wherein, the index of the SRS resource set associated with the PUSCH
transmission scheduled by DCI format 0_2 is the same as the index of the
SRS resource set associated with the PUSCH repetition scheduled by DCI

format O 1.

fy  Further, the maximum transmission layers of these PUSCH transmissions should be
equal to or less than the total of the configured SRS resources in its SRS resource
set.

b.  Parameter-2, the associated NZP CSI-RS resource.

a) Wherein, the associated NZP CSI-RS of each SKS resource set can be the same or
different.

by  Wherein, the associated NZP CSI-RS is configured by the higher layer parameter
associatedCSI-RS in SRS-ResourceSet.

[3866] Embodiment Examples 5
[6867] These embodiment exaraples may be used to, in one aspect, address the issue (v)
discussed above. These embodiments incorporate, e.g., FDRA (Frequency Domain Resource
Assignment) indication for FDM (Freguency-domain Divided Multiplexing) based simultanecus
PUSCH transmission scheduled by single DCY in MTRP operation.
[66638] If at least one of the following conditions is satisfied,

1) The UE is scheduled to transmit a plurality of PUSCH transmissions sinmltaneously, wherein

the time domain of these PUSCH transmissions are fully or partially overlapped.

a. Wherein, the PUSCH transmission can be at least one of: inter-slot based PUSCH

transmission or inira-siot based PUSCH transmission.

b. Wherein, the PUSCH transmission is equivalent to at least one of: a PUSCH repetition, a
PUSCH non-repetition, a PUSCH transmission occasion.

2) The plurality of PUSCH transmissions are transmitted in non-consecutive resource allocations

in frequency domain.
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3) The plurality of PUSCH transmissions are indicated with the same or different RVY.

4y The more than one PUSCH transmission are associated with one or more SRS resource sets,

which

are configured in srs-ResourceSetToAddModList or

srs-ResourceSerToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet

set to 'codebook’ or ‘nonCodebook’.

a. Further, if more than ome SRS resource sets are configured, each of PUSCH

transmiissions is associated with one SRS resource set.

b. For codebook or non-codebook based transmission scheme, the PUSCH can be
scheduled by DCI format 0_1, DCI format §_2 or RRC signaling only.

5) These PUSCH transmissions are indicated with different beams or spatial relations.

6) These PUSCH transmissions can be scheduled to transmit in frequency range 1 or frequency

range 2.

[6069] The UE may gets and applies the frequency domain resource allocations of these PUSCH

transuissions.

1) Wherein, the frequency domain resource allocations of these PUSCH transmissions are

assigned by at least one of the folowing principles.

a.  When these PUSCH transmissions are transmitted by CP-OFDM waveforms and in the

case of uplink resource allocation scheme type 0,

a)

b)

if these PUSCH transmissions are transmitted in frequency range 1,

i

.

only if the frequency domain resources are located in 'almost contigoous
allocation’, the frequency domain resource allocations between different
PUSCH transmissions within a component carrier can be non-contigucus or
contiguous. For example, 3GPP TS 38.101-1 section 6.2.2 described one
embodiment of almost contiguous allocations.

1) Further, the frequency domain resource allocation of each PUSCH

transmission can be non-contiguous or contiguous.

otherwise, the frequency domain resource allocations between different
PUSCH transmissions are contiguous.

1) Further, the frequency domain resource allocation of each PUSCH

transmission is contiguous.

if these PUSCH transmissions are transmitted in frequency range 2,
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i. the frequency domain rescurce allocations between different PUSCH
transmissions are contiguous.

1y Further, the frequency domain resource allocation of each PUSCH
transmission is contiguous.

b.  When these PUSCH transmissions are transmitted by CP-OFDM waveforms, and in the
case of uplink resource allocation scheme type 1 or 2, and no matter these PUSCH

transmissions are transmitted in frequency range 1 or frequency range 2,

a) the frequency domain resource allocations between different PUSCH transmissions

are contiguous.

i.  Further, the frequency domain resource allocation of each PUSCH

transmissions is contiguous.

¢.  When these PUSCH transmissions are transoitted by DFT-3-OFDM waveforms, and
no matter these PUSCH transmissions are transmitted in frequency range | or frequency

range 2, the uplink resource allocation scheme type U is not supported.

d.  When these PUSCH ftransmissions are transmitted by DFT-s-OFDM waveforms and in
the case of uplink resource allocation scheme type 1 or type 2, if these PUSCH
transmissions are transmitted in frequency range 1 or in frequency range 2,

ay the frequency domain resource allocations between different PUSCH transmissions

are contiguous.

i.  Further, the frequency domain resource allocation of each PUSCH transmission

is contiguous.

2y Wherein, the frequency domain resource allocation of each PUSCH transmission is indicated
by at least one of FDRA indication fields in DCI format 0_1 or DCI format §_2.

a.  Further, the uplink resource allocation scheme indicated by the FDRA indication field
is determived by the higher layer parameter rescurcedllocation in the case of DCI format
0_1 and the higher layer parameter resourceAllocationDCE-0-2 in the case of DCI format
0 2.

ay Further, the value of the higher layer parameter resourceAilocation or
resourceAllocationDCI-0-2  can be  set  as  ‘resourceAllocationType(,

‘resourceAllocationTypel' or 'dynamicSwitch'.

b.  Optionally, more than one FDRA indication field are used to indicate the frequency

domain resource allocations of all these PUSCH transmissions.
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ay  Optionally, each of the plurality of indication fields is used to indicate the

frequency domain resource allocation of each PUSCH transmission.

i

For example, if the number of these PUSCH transmissions is two, and then two

FDRA indication fields are used to indicate the frequency domain resource

allocations of these two PUSCH transmissions, respectively.

¢.  Optionally, only one FDRA indication field is used to indicate the frequency domain

resource atlocations of all these PUSCH iransmissions.

a) Further, different parts of the indicated frequency domain resource allocations are

used for different PUSCH transmissions, respectively. Where the number of the

divided parts is equivalent to the number of these PUSCH transmissions.

i

ii.

il

iv.

Optionally, the indicated frequency domain resource allocations are equally

split to multipie parts for each PUSCH transmissions.

1)

For example, if the number of these PUSCH transmission is 2, the first half
of the indicated frequency domain resource allocations is used for the first
PUSCH transmission, and the second half of the indicated frequency
domain resource allocations is used for the second PUSCH transmission.

Optionally, even RBs and odd RBs within the allocated frequency domain

resources are used for different PUSCH transmissions.

[N

1

For example, if the number of these PUSCH transmission is 2, the even
RBs within the allocated frequency domain resources are used for the first
PUSCH transmission, and the odd RBs within the allocated frequency
domain resources are used for the first PUSCH transmission.

Optionally, even RBGs (resource block group, which refers to a group of

contignous RBs) and odd RBGs within the allocated frequency domain

resources are used for different PUSCH transmissions.

i)

For example, if the number of these PUSCH transmission is 2, the even
RBGs within the allocated frequency domain resources are used for the
first PUSCH transmission, and the odd RBGs within the allocated

frequency domain resources are used for the first PUSCH transmission.

Optionally, the indicated frequency domain resource allocations are split by a

factor to determine the part of the indicated frequency domain resource

allocations.
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Optionally, the factor associated to each PUSCH transmission can be the

same or different.

Optionally, the factor depends on the MCS used for the PUSCH

transmission.

Optionally, the factor depends on the transmission layer number of the

PUSCH fransroission.

a. Optionally, the transmission layer number is determined by the higher
layer parameter in RRC signaling.

b. Optionally, the transmission layer number is determined by the
indication in DCL

Optionally, the factor depends on the UE capability reporting which

associated with the PUSCH transmission.

Optionally, the factor depends on the antenna port number of the PUSCH

transiission.

a. Optionally, the antenna port surmber is determived by the higher layer

pararoeter in RRC signaling.

b. Optionally, the antenna port number is determined by the indication in
DCL

Optionally, the factor is configured by the higher layer parameter in RRC
signaling of each PUSCH transmission.

d.  Optionally, only one FDRA indication field is used to mndicate the frequency domain

resource allocation of one first PUSCH transmission, and then an offset of frequency domain

resource allocations between the first PUSCH transmission and other PUSCH transmission

is determined for the frequency domain resource allocation of the other PUSCH

transimission.

ay  Optionally, the offset is indicated by a field in the scheduling DCL.

b} Optionally, the offset is configured by a higher layer parameter in RRC signaling.

¢y Optionally, the offset is the gap between the first RB of the first PUSCH
transtoission and the first RB of the other PUSCH transmission in frequency

domain.

&) Optionally, the offset is the gap between the last RB of the first PUSCH
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transmission and the first RB of the other PUSCH transmission in frequency
domain.

3) Wherein, the frequency domain resource allocation of each PUSCH transmission is
determined by the higher layer parameter in RRC signaling only.

a.  Further, the higher layer parameter is resourceAllocation in the case of DCI format O_1
based scheduling and the higher layer parameter resourceAllocationDCI-0-2 in the case of

DCI format 0_2 based scheduling.

a. Further, the value of the higher layer parameter resourceAllocation or
resourceAllocationDCI-0-2 can be set as resource AllocationType(,

resource AllocationTypel’ or 'dynamicSwitch'.

b. Optionally, a plurality of the higher layer parameters are used for these PUSCH
transmissions one by one.

ay For exaraple, if the nurober of these PUSCH transmissions is two, two higher layer
parameters resourcedllocation or resourceAllocationDCI-0-2  configured to
determine the for these two PUSCH transmissions.

¢.  Optionally, only one higher layer parameter is configured to indicated the frequency
domain resource allocations of all these PUSCH transmissions.

ay Further, different parts of the indicated frequency domain resource allocations are
used for different PUSCH transmissions, respectively. Where the number of the

divided parts is equivalent to the number of these PUSCH transmissions.

i.  Optionally, the indicated frequency domain resource allocations are equally
split to multiple parts for each PUSCH transmissions.

AN

1) For example, if the number of these PUSCH transmissions is 2, the first
half of the indicated frequency domain resource allocations is used for the
first PUSCH transmission, and the second half of the indicated frequency
domain resource allocations is used for the second PUSCH transmission.

ii. Optionally, even RBs and odd RBs within the allocated frequency domain

resources are used for different PUSCH transmissions.

1) For example, if the number of these PUSCH transmission is 2, the even
RBs within the allocated frequency domain resources are used for the first
PUSCH transmission, and the odd RBs within the allocated frequency

domain resources are used for the first PUSCH transmission.
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Optionally, even RBGs and odd RBGs within the allocated frequency domain

resources are used for different PUSCH transmissions.

1)

For example, if the number of these PUSCH transmission is 2, the even
RBGs within the allocated frequency domain resources are used for the
first PUSCH transmission, and the odd RBGs within the allocated
frequency domain resources are used for the first PUSCH transmission.

Optionally, the indicated frequency domain resource aliocations are split by a

factor to determine the part of the indicated frequency domain resource

allocations.

i)

i)

iii)

iv)

V)

Optionally, the factor associated to each PUSCH transmission can be the
same or different.

Optionally, the factor depends on the MCS used for the PUSCH
transmission.

Optionally, the factor depends on the transmission layer number of the
PUSCH transmission.

a. Optionally, the transmission layer number is determined by the higher
layer parameter in RRC signaling.

Optionally, the factor depends on the UE capability reporting which

associated with the PUSCH transmission.

Optionally, the factor depends on the antenna port number of the PUSCH

transmission.

a. Optionally, the antenna port number is determined by the higher layer

parameter in RRC signaling.

Optionally, the factor is configured by the higher layer parameter in RRC

signaling of each PUSCH transmission.

b. Optionally, only one higher layer parameter is configured to indicated the frequency

domain resource allocation of one first PUSCH transmission, and then an offset of frequency

domain resource allocations between the first PUSCH transmission and other PUSCH

transmission is determined for the frequency domain resource allocation of the other
PUSCH transmission.

ay Optionally, the offset is configured by a higher layer parameter in RRC signaling.
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b} Optionally, the offset is the gap between the first RB of the first PUSCH
transmission and the first RB of the other PUSCH transmission in frequency

domain.

¢y Optionally, the offset is the gap between the last RB of the first PUSCH
transmission and the first RB of the other PUSCH transmission in frequency
domain.
[@47¢] In this patent document, some solations to determine the transmission parameter
determination for the case of multiple simultaneous PUSCH repetitions/ transmissions
transmitted from roulti-pasel and toward to multi-TRP. More precisely, it includes one or more
oft
® The configuration of SRS resource set, e.g.:
#® the port nurober of SRS resource
B the number of SRS resources within one SRS resource set
B the composition of SRS resources within one SRS resource set when PUSCH scheduled
by DCI format 0_2
B the associated NZP-CSI-RS of SRS resource set when non-codebook based PUSCH
transmission
® Frequency domain resource allocation when FDM based simultaneous PUSCH transmission
in MTRP operation.
® Uplink full power mode determination.

& The indication of dynamic switching between STRP operation and MTRP operation.

[8071] FIG. | is a block diagram of an example implementation of a wireless communication
apparatus 1200. The methods described herein may be implemented by the apparatus 1200. In
some embodiments, the apparatus 1200 may be a base station or a network device of a wireless
npetwork. In some embodiments, the apparatis 1200 may be a user device (e.g., a wireless device
or a user equipment UE). The apparatus 1200 includes one or more processors, e.g., processor
electronics 1210, transceiver circuitry 1215 and one or more antenna 1220 for transmission and
reception of wireless signals. The apparatus 1200 may inclade memory 1205 that may be used to
store data and instructions used by the processor electronics 1210. The apparatus 1200 may also

include an additional network interface to one or more core networks or a network operator’s
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additional equipment. This additional network interface, not explicitly shown in the figure, may
be wired (e.g., fiber or Ethernet) or wireless.

[0672] FIG. 2 depicts an example of a wireless comummimication systern 1300 in which the various
techniques described herein can be implemented. The system 1300 includes a base station 1302
that may have a communication connection with core network (1312) and to a wireless
communication medium 1304 to communicate with one or more user devices 1306. The user
devices 1306 could be smartphones, tablets, machine to machine communication devices,
Internet of Things (IoT) devices, and so on.

[6673] Some preferred ernbodiments may inclade the following sohitions.

(80741 1. A method of wireless communication {e.g., method 310 as shown in FIG. 34),
comprising: transmitting 312, upon determining that a wireless device operating in a multiple
transimission reception point wireless configuration with a network device satisfies a condition,
one or more uplink control transmissions using codebook based precoding, wherein the one or
more uplink control transmissions are performed according to a configuration information
received from a network device that indicates one or more sounding reference signal (SRS)
resource sets associated with the one or more uphink control transmission.

[6875] 2. The method of solution 1, wherein the condition comprises that the wireless device is
scheduled to transmit more than one uphnk control transmissions and the more than one uplink
control transmissions are partly or entirely overlapping in a time domain.

[¢476] 3. The method of any of solutions §-2, wherein the condition comprises that the one or
more uplink control transmissions are respectively associated with the one or more SRS resource
sets to use a codebook based precoding.

(88771 4. The method of any of solutions §-2, wherein the one or more uplink contro}
transmissions are transmitted simultanecusly using a same SRS resource set.

(84781 5. The method of any of solutions 1-4, wherein at least one of the one or more uplink
control transniissions comprises at least one of: a physical uplink shared channel (PUSCH)

transmission, a PUSCH transmission occasion, or a PUSCH repetition.
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[6479] 6. The method of solution 3, wherein the configuration information is received by a radio
resource controi layer signaling that comprises one or more parameters.

{66881 7. The method of solution 6, wherein one parameter indicates a nurnber of SRS resowrces
in the SRS resource set.

[6881] 8. The method of any of solutions 6-7, wherein a maximum number of SRS resources in
the SRS resource set depends on a capability reported by the wireless device.

[(082] 9. The method of any of sohitions 6-8, wherein one parameter indicates a number antenna
ports configured for a uplink control transmission.

(6083} 10. The method of solation 9, wherein a same nurnber of antenna ports are configured for
each SRS resowrce in the SRS resource set.

[0884] 1. The method of solution 9, wherein ditferent number of antenna ports are configured
for SRS resources in the SRS resource set.

[G085] 12. The method of any of solutions 6-11, wherein a maximum number of transmission
layers for the one or more uplink control transmissions is less than or equal to a smallest of a
maxiroum nurober of antenna ports of indicated SRS resources in the SRS resource set.

[0086] Embodiments 1 and 2 provide further example features of the above-recited solutions.
(80877 13. A method of wireless communication (e.g., method 320 as shown in FIG. 3B),
corprising: transmitting 322, upon determining that a wireless device operating in a multiple
transmission reception point wireless configuration with a network device satisfies a condition,
one or more uplink control transmissions using a non-codebook-based precoding, wherein the
one or more uplink control transmissions are performed according to a configuration information
received from a network device that indicates one or more sounding reference signal (SRS)
resource sets associated with the one or more uplink control transmission.

[6088] 14. The method of solution 13, wherein the condition comprises that the wireless device
15 scheduled to transmit more than one uplink control transmissions and the more than one uplink

control transniissions partly or entirely overlap in a time domain.
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[6489] 15. The method of any of solutions 13-14, wherein the condition comprises that the one
or more uplink control transmissions are respectively associated with the one or more SRS
resource sets to use a non-codebook based precoding.

[0028] 16. The method of any of solutions 13-14, wherein the one or more uplink control
transmissions are transmitted simultaneously using a same SRS resource set.

[¢6691] 17. The method of any of sohitions 13-16, wherein at least one of the one or more uplink
control transmissions comprises at least one of a physical uplink shared channel (PUSCH)
transmission, a PUSCH transmission occasion, or a PUSCH repetition.

(6092} 18. The method of solation 17, wherein the configuration information is received by a
radio resource control layer signaling that comprises one or more parameters.

[6893] 19. The method of solution 1€, wherein one parameter indicates a number of SRS
resources in the SRS resource set.

[6494] 20. The method of any of solution 18-19, wherein a maximum number of SRS resources
in the SRS resource set depends on a capability reported by the wireless device.

[6095] 21. The method of any of solutions 18-20, wherein one parameter indicates one or more
non-zero power {NZP) channel state information reference signal (CSI-RS) resource respectively
associated with the one or more SRS resource sets.

[6896] 22. The method of any of solutions 18-21, wherein a maximum number of transmission
layers for the one or more uplink control transmissions is less than or equal to a smallest of a
maximum number of antenna ports of indicated SRS resources in the SRS resource set.

[6097] Embodiments 3 and 4 provide further example features of the above-recited solutions.
[0698] 23. A method of wireless communication (e.g., method 330 as shown in FIG. 3C),
comprising: transmitting 332, upon determining that a wireless device operating in a multiple
transmission reception point wireless configuration with a network device satisfies a condition,
one or more uphink control transmissions, wherein the one or more uplink control transmissions
are performed according to a frequency domain resource allocation provided by the network

device.
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[(299] 24. The method of solution 23, wherein the condition comprises that the wireless device
is scheduled to transmit more than one uplink control transmissions and the more than one uplink
contro] transmissions partly or entirely overlap in a tirse doroain.

(081687 25. The method of any of solution 23-24, wherein the condition comprises that the one
or more uplink control transmissions are transmitted in non-consecutive resources in the
frequency domain.

[(0161] 26. The method of any of soluotions 23-25, wherein the condition comprises that the one
or more uplink control transmissions are indicated using a same or different redundancy
Versions.

[00102] 27. The method of any of solutions 23-25, wherein the condition comprises that the one
or more uplink control transmissions are indicated using different redundancy versions.

[(66163] 28. The method of any of solutions 23-27, wherein condition comprises that the one or
more aplink control transmissions are respectively associated with one or more SRS resource
sets indicated as codebook or non-codebook-based transmissions.

[06104] 29. The method of any of solutions 23-28, wherein the condition comprises that the one
or more uplink contro] transmissions are indicated with different beams or with different spatial
relations.

(681057 30. The method of any of solutions 23-29, wherein the condition comprises that the one
or more uplink control transmissions are scheduled for transmission in frequency range 1 or
frequency range 2.

[80166] 31. The method of any of solutions 23-30, wherein the one or more uplink control
transmissions comprise at least one of: one or more physical uplink shared channel (PUSCH)
transmission occasions, one or more PUSCH repetitions, one or more PUSCH non-repetitions,
one or more inter-slot based PUSCH transmission occasions, or one or more intra-siot based
PUSCH transmission occasions.

[6416¢7] 32. The method of any of solutions 23-31, wherein the performing the one or more

uplink control transmissions according to the frequency domain resource allocation provided by
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the network device comprises assigning frequency domain resources to the one or more uplink
control transmissions according to a rule.

[06168] 33. The method of solution 32, wherein the nule specifies that, in case that the one or
more uplink control transmissions use a cyelic prefix orthogonal frequency division mmltiplexing
(CP-OFDM) waveform and in case that an uplink resource allocation scherme type O is
configured for the wireless device, one or more of following is used:

[6G169]  in case that frequency range | is used, using contigaous or non-contiguous frequency
domain resources within component carriers for the one or more uplink control transmissions in
case that the frequency domain resources are allocated with an almost-contiguous-allocation,
otherwise using only contignous frequency doroain resources, or

[80116] in case that frequency range 2 is used, using contiguous frequency domain resources
for each and all of the one or more uplink channel transmissions.

[(6111] 34. The method of solation 32, wherein the rule specifies that, in case that the one or
more uplink control transmissions use a cyclic prefix orthogonal frequency division multiplexing
(CP-OFDM) waveform and in case that an uplink resource allocation scheme type 1 or 2 is
configured for the wireless device, then for both frequency range | and frequency range 2,
contiguous frequency domain resources are used for each and all of the one or more uplink
channel transmissions.

(0681121 35. The method of solution 32, wherein the rule specifies that, in case that the one or
more uplink control transmissions use a discrete Fourier transform orthogonal frequency division
multiplexing (DFT-s-OFDM} waveform and in case that an uplink resource allocation scheme
type 1 or 2 is configured for the wireless device, then for both frequency range 1 and frequency
range 2, contiguous frequency domain rescurces are used for each and all of the one or more
uplink channel transmissions.

(841 13] 36. The method of solution 32, wherein frequency domain allocations of the one or more
uplink control transmissions are indicated by at least one indication field in a downlink control

information (DCI) message having a format 0_1 or format 0_2.
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[64114] 37. The method of any of solutions 23-36, wherein the frequency domain allocation is
provided in a radio resource control (RRC) message that includes one or more parameters.
[60115] 38. The method of solution 37, wherein the RRC message indicates a higher layer
parameter resourceAllocation in case of DCI format 0_1 based scheduling and
resourceAllocationDCI-0-2 in case of DCI format 0_2 based scheduling.

[(6116] Embodiment 5 provide forther example features of the above-recited solutions.

(641171 39, A method of wireless communication (e.g., method 340 as shown in FIG. 3D),
comprising: transmitting 342, by a network device to a wireless device, configuration
information that indicates one or more sounding reference signal (SRS) resource sets associated
with the one or more uplink control transmission; and receiving 344, from a wireless device that
satisfies a condition and is operating in a multiple transmission reception point wireless
configuration, one or rore uplink countrol transmissions asing codebook based precoding
according to the configuration information.

[(4118] The above solution may further include features as recited in above-listed solutions
2-12.

(801197 40. A method of wireless communication {e.g., method 350 as shown 1o FIG. 3B),
comprising: transmitiing 352, by a network node, configuration information to a wireless device,
wherein the configuration information indicates one or more sounding reference signal (SRS)
resource sets associated with the one or more uplink contro} transmission; and recetving 354,
from the wireless device according to the condition, the one or more uplink control transmissions
using a non-codebook-based precoding.

{661 26] The above solution may forther include features as recited in above-listed solutions
14-22.

(0681217 41. A method of wireless commmunication {(e.g., method 360 as shown in FIG. 3F),
cornprising: transmitting 362, by a network device to a wireless device, a schedule for use by a

wireless device operating in a multiple transmission reception point wireless to perform one or
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more uplink control transmissions to a network device upon satisfying a condition; and receiving
364, by the network device, one or more uplink control transmissions according to the schedule.
{661 22] The above solution may forther include features as recited in above-histed sohitions
26-44.

(001231 42. A wireless communication apparatus comprising a processor configured to
implement a method recited 10 any of solutions 1-41.

[646124] 43. A computer storage medium having code stored thereupon, the code, upon execution
by a processor, causing the processor to implement a method recited in any of solutions 1-41.
(081251 The disclosed and other embodiments, modules and the functional operations
described in this document can be implemented in digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures disclosed in this document and their
structural equivalents, or in corbinations of one or more of thern. The disclosed and other
embodiments can be implemented as one or more computer program products, i.e., one ot more
modules of computer program instructions encoded on a computer readable medium for
execution by, or to control the operation of, data processing apparatus. The computer readable
mediurm can be a machine-readable storage device, a machine-readable storage substrate, a
memory device, a composition of matter effecting a machine-readable propagated signal, or a
combination of one or more them. The term “data processing apparatus” encompasses all
apparatus, devices, and machines for processing data, including by way of example a
programmable processor, a computer, or multiple processors or computers. The apparatus can
include, in addition to hardware, code that creates an execution environment for the computer
program in question, e.g., code that constitates processor firmware, a protocol stack, a database
management system, an operating system, or a combination of one or more of them. A
propagated signal is an artificially generated signal, e.g., a machine-generated electrical, optical,
or electromagnetic signal, that is generated to encode information for transmission to suitable

receiver apparatus.
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[64126] A computer program (also known as a program, software, software application, script,
or code) can be written in any form of programming language, including compiled or interpreted
languages, and it can be deployed in any form, including as a standalone program or as a module,
component, subroutine, or other unit suitable for use in a computing environment. A computer
program does not necessarily correspond to a file in a file system. A program can be stored in a
portion of a file that holds other programs or data {e.g., one or more scripts stored in a markap
language document), in a single file dedicated to the program in question, or in multiple
coordinated files {(e.g., files that store one or more modules, sub prograims, or portions of code).
A computer program can be deployed to be executed on one computer or on multiple computers
that are located at one site or distributed across multiple sites and interconnected by a
communication network.

[646127] The processes and logic flows described in this document can be performed by one or
more programmable processors executing one or more computer programs to perform functions
by operating on input data and generating output. The processes and logic flows can also be
performed by, and apparatus can also be implemented as, special purpose logic circuitry, e.g., an
FPGA (field programmable gate array) or an ASIC (application specific integrated civcuit).
[80128] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will receive instructions and data from a
read only memory or a random access memory or both. The essential elements of a computer are
a processor for performing instructions and one or more memory devices for storing instructions
and data. Generally, a computer will also inchide, or be operatively coupled to receive data from
or transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic,
magneto optical disks, or optical disks. However, a computer need not have such devices.
Computer readable media suitable for storing computer program instroctions and data include all
forms of non-volatile memory, media and memory devices, including by way of example

semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices; magnetic
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disks, e.g., internal hard disks or removable disks; magneto optical disks; and CD ROM and
DVD-ROM disks. The processor and the memory can be supplemented by, or incorporated in,
special parpose logic circuitry.

(001281 While this document contains many specifics, these should not be construed as
iimitations on the scope of an invention that is claimed or of what may be claimed, but rather as
descriptions of features specific to particular embodiments. Certain features that are described in
this document in the context of separate embodiments can also be implemented in combination
in a single embodiment. Conversely, various features that are described in the context of a single
embodiment can also be implemented in multiple embodiments separately or in any suitable
sub-corobination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the cornbination, and the claimed combination
may be directed to a sub-combination or a variation of a sub-combination. Similarly, while
operations are depicted in the drawings in a particular order, this should not be understood as
requiring that such operations be performed in the particular order shown or in sequential order,
or that all Hlustrated operations be performed, to achieve desirable results.

[6613¢] Only a few examples and implementations are disclosed.  Variations, modifications, and
enhancements to the described examples and implementations and other implementations can be

made based on what is disclosed.
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CLAIMS

1. A method of wireless comumunication, comprising:

transmitting, upon determining that a wireless device operating in a multiple transmission
reception point wireless configuration with a network device satisfies a condition, one or more
uplink control fransrmissions using codebook based precoding,

wherein the one or more uplink control transmissions are performed according to a
configuration information received from a network device that indicates one or more sounding

reference signal (SRS) resource sets associated with the one or more uplink control transmission.

2. The method of claim 1, wherein the condition comprises that the wireless device is scheduled
to transmit more than ove uplink control transmissions and the more than one uplink control

transmissions are partly or entirely overlapping in a time domain.

3. The method of any of claims 1-2, wherein the condition comprises that the one or more uplink
control transmissions are respectively associated with the one or more SRS resource sets to use a

codebook based precoding.

4. The method of any of clairns 1-2, wherein the one or more uplink control transmissions are

transmitted simultaneously using a same SRS resource set.
5. The method of any of claims 1-4, wherein at least one of the ose or more uplink control
transmissions comprises at least one of: a physical uplink shared channel (PUSCH) transmission,

a PUSCH transmission occasion, or a PUSCH repetition.

6. The method of claim 5, wherein the configuration information is received by a radio resource

control layer signaling that comprises one or more parameters.
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7. The method of claim 6, wherein one parameter indicates a number of SRS resources in the

SRS resource set.

8. The method of any of claims 6-7, wherein a maximum number of SRS resources in the SRS

resource set depends on a capability reported by the wireless device.

9. The method of any of claims 6-8, wherein one parameter indicates a number antenna ports

configured for a uplink control transmission.

10. The method of claim 9, wherein a same number of antenna ports are configured for each SRS

resource in the SRS resource set.

11. The method of claim 9, wherein different number of antenna ports are configured for SRS

resources in the SRS resource set.

12. The method of any of claims 6-11, wherein a maximum number of transmission layers for the
one or more uplink control transmissions is less than or equal to a smallest of a maximom

number of antenna ports of indicated SRS resources in the SRS resource set.

13. A method of wireless communication, comprising:

transmitting, upon determining that a wireless device operating in a multiple transmission
reception point wireless configuration with a network device satisfies a condition, one or more
uplink control transmissions using a non-codebook-based precoding,

wherein the one or more uplink control transmissions are performed according to a
configuration information received from a network device that indicates one or more sounding

reference signal (SRS) resource sets associated with the one or more uplink control transmission.
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14. The method of claim 13, wherein the condition comprises that the wireless device is
scheduled to transmit more than one uplink contro] transmissions and the more than one uplink

control transmissions partly or entirely overlap in a time domain.

15. The method of any of claimns 13-14, wherein the condition comprises that the one or more
uplink control transmissions are respectively associated with the one or more SRS resource sets

to use a non-codebook based precoding.

16. The method of any of clairas 13-14, wherein the one or mwore uplink control transmissions are

transmitted simultaneously using a same SRS resource set.
17. The method of any of claims 13-16, wherein at least one of the one or more uplink control
transmissions comprises at least one of: a physical uplink shared channel (PUSCH) transmission,

a PUSCH transrnission occasion, or a PUSCH repetition.

18. The method of claim 17, wherein the configuration information is received by a radio

resource control layer signaling that comprises one ot more parameters.

19. The method of claim 18, wherein one parameter indicates a number of SRS resources in the

SRS resource set.

20. The method of any of claims 18-19, wherein a maximum number of SRS resources in the

SRS resource set depends on a capability reported by the wireless device.

21. The method of any of claims 18-20, wherein one parameter indicates one or more non-zero

power (NZP) channel state information reference sigmal (CSI-RS) resource respectively
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associated with the one or more SRS resource sets.

22. The method of any of claims 18-21, wherein a4 maximum number of transmission layers for
the one or more uplink control transmissions is less than or equal to a smallest of 2 maximum

number of antenna ports of indicated SRS resources in the SRS resource set.

23. A method of wireless communication, comprising:

transmitting, upon determining that a wireless device operating in a multiple transmission
reception point wireless confignration with a network device satisfies a condition, one or more
uplink control transmissions ,

wherein the one or more uplink control transmissions are performed according to a

frequency domain resource allocation provided by the network device.

24. The method of claim 23, wherein the condition comprises that the wireless device is
scheduled to transmit more than one uplink control transmissions and the more than one uplink

contro] transmissions partly or entirely overlap in a tirse dorain.
25. The method of any of clairos 23-24, wherein the condition coraprises that the one or more
uplink countrol transmissions are trausmitted in non-consecutive resources in the frequency

domain.

26. The method of any of claims 23-25, wherein the condition comprises that the one or more

uplink control transmissions are indicated using a same or different redundancy versions.

27. The method of any of clairos 23-25, wherein the condition cornprises that the one or more

uplink control transmissions are indicated using different redundancy versions.
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28. The method of any of claims 23-27, wherein condition comprises that the one or more uplink
control transmissions are respectively associated with one or more SRS resource sets indicated as

codebook or nos-codebook-based transmissions.

29. The method of any of claims 23-28, wherein the condition comprises that the one or more

uplink control transmissions are indicated with different beams or with different spatial relations.

30. The method of any of claims 23-29, wherein the condition comprises that the one or more
uplink control transmissions are scheduled for transmission in frequency rasge 1 or frequency

range 2.

31. The method of any of clairos 23-30, wherein the one or more uplink control transmissions
comprise at least one of: one or more physical uplink shared channel (PUSCH) transmission
occasions, one or more PUSCH repetitions, one or more PUSCH non-repetitions, one or more
mter-slot based PUSCH transmission occasions, or one or more intra-slot based PUSCH

transmission occasions.

32. The method of any of claims 23-31, wherein the performing the one or more uplink control
transmissions according to the frequency domain resource allocation provided by the network
device comprises assigning frequency domain resources to the one or more uplink control

transmissions according to a rule.

33. The method of claim 32, wherein the rule specifies that, in case that the one or more uplink

control transimissions use a cyclic prefix orthogonal frequency division multiplexing {CP-OFDM)
waveform and in case that an uplink resource allocation scheme type 0 is configured for the

wireless device, one or more of following is used:

in case that frequency range 1 is used, using contignous or non-contiguous frequency
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domain resources within component carriers for the one or more uplink control transmissions in
case that the frequency domain resources are allocated with an almost-contiguous-allocation,
otherwise using only contignous frequency dorain resources, or

in case that frequency range 2 is used, using contiguous frequency domain resources for

each and all of the one or more uplink channel transmissions.

34. The method of claim 32, wherein the rule specifies that, in case that the one or more uplink
control transniissions use a cyclic prefix orthogonal frequency division multiplexing (CP-OFDM)
waveform and in case that an uplink resource allocation scheme type | or 2 is configured for the
wireless device, then for both freguency range | and frequency range 2, contiguous frequency

domain resources are used for each and all of the one or more uplink channel! transmissions.

35. The method of claim 32, wherein the rule specifies that, in case that the oune or more uplink
control transmissions use a discrete Fourier transform orthogonal frequency division
multiplexing (DFT-5-OFDM) waveform and in case that an uplink resource allocation scheme
type | or 2 is configured for the wireless device, then for both frequency range | and frequency
range 2, contignous frequency domain resources are used for each and all of the one or more

uplink channel transmissions.
36. The method of claim 32, wherein frequency domain allocations of the one or more uplink
control transmissions are indicated by at least one indication field in a downlink control

wformation (DCT) message having a format §_1 or format §_2.

37. The method of any of claims 23-36, wherein the frequency domain allocation is provided in a

radio resource control (RRC) message that includes one ot more parameters.

38. The method of claim 37, wherein the RRC message indicates a higher layer parameter
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resourceAlipcation in case of DCI format §_1 based scheduling and resourceAllocationDCI-0-2

in case of DCI format 0_2 based scheduling.

39. A method of wireless communication, comprising:

trapsmitting, by a network device to a wireless device, configuration information that
indicates one or more sounding reference signal (SRS) resource sets associated with the one or
more uplink control transmission; and

receiving, from a wireless device that satisfies a condition and is operating in a multiple
transmiission reception point wireless configuration, one or more uplink control transmussions

using codebook based precoding according to the configuration information.

40. A method of wireless communication, comprising:

transmitting, by a network node, configuration information to a wireless device, wherein the
configuration information indicates one or more sounding reference signal (SRS) resource sets
associated with the one or more uplink control transmission that the wireless device i3 to use
upon satisfying a condition while operating in a multiple transmission reception point wireless
configuration with the network device; and

receiving, from the wireless device according to the condition, the ome or more uplink

contro] transmissions using a non-codebook-based precoding.

41. A method of wireless communication, comprising:

transmitting, by a setwork device to a wireless device, a schedule for use by a wireless
device operating in a multiple transmission reception point wireless to perform one or more
uplink control transmissions to a network device upon satisfying a condition; and

receiving, by the network device, one or more uplink control transmissions according to the

schedule.
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2. A wireless communication apparatus comprising a processor configured to implement a

method recited in any of claims 1-41.

43. A computer storage medium having code stored thereupon, the code, upon execution by a

processor, causing the processor to implement a method recited in any of claims 1-41.
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