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Description
Title of Invention: MECHANISMS AND CONDITIONS FOR

SUPPORTING REPETITIONS FOR A PUCCH TRANSMISSION
Technical Field

[1] The present disclosure relates generally to wireless communication systems and,
more specifically, the present disclosure relates to physical uplink control channel

(PUCCH) transmissions with repetitions.

Background Art

[2] To meet the demand for wireless data traffic having increased since deployment of
4th generation (4G) communication systems, efforts have been made to develop an
improved Sth generation (5G) or pre-5G communication system. The 5G or pre-5G
communication system is also called a 'beyond 4G network' or a 'post long term
evolution (LTE) system'. The 5SG communication system is considered to be im-
plemented in higher frequency (mmWave) bands, e.g., 60 GHz bands, so as to ac-
complish higher data rates. To decrease propagation loss of the radio waves and
increase the transmission distance, beamforming, massive multiple-input multiple-
output (MIMO), full dimensional MIMO (FD-MIMO), array antenna, analog
beamforming, and large scale antenna techniques are discussed with respect to 5G
communication systems. In addition, in 5G communication systems, development for
system network improvement is under way based on advanced small cells, cloud radio
access networks (RANs), ultra-dense networks, device-to-device (D2D) commu-
nication, wireless backhaul, moving network, cooperative communication, coordinated
multi-points (CoMP), reception-end interference cancellation and the like. In the 5G
system, hybrid frequency shift keying (FSK) and Feher's quadrature amplitude
modulation (FQAM) and sliding window superposition coding (SWSC) as an
advanced coding modulation (ACM), and filter bank multi carrier (FBMC), non-
orthogonal multiple access (NOMA), and sparse code multiple access (SCMA) as an
advanced access technology have been developed.

[3] The Internet, which is a human centered connectivity network where humans
generate and consume information, is now evolving to the Internet of things (IoT)
where distributed entities, such as things, exchange and process information without
human intervention. The Internet of everything (IoE), which is a combination of the
IoT technology and the big data processing technology through connection with a
cloud server, has emerged. As technology elements, such as "sensing technology",
"wired/wireless communication and network infrastructure”, "service interface

technology”, and "security technology" have been demanded for IoT implementation, a
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[5]

[6]

[7]
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[9]

[10]

sensor network, a machine-to-machine (M2M) communication, machine type commu-
nication (MTC), and so forth have been recently researched. Such an IoT environment
may provide intelligent Internet technology services that create a new value to human
life by collecting and analyzing data generated among connected things. IoT may be
applied to a variety of fields including smart home, smart building, smart city, smart
car or connected cars, smart grid, health care, smart appliances and advanced medical
services through convergence and combination between existing information

technology (IT) and various industrial applications.
In line with this, various attempts have been made to apply SG communication

systems to IoT networks. For example, technologies such as a sensor network, MTC,
and M2M communication may be implemented by beamforming, MIMO, and array
antennas. Application of a cloud RAN as the above-described big data processing
technology may also be considered to be as an example of convergence between the
5G technology and the IoT technology.

As described above, various services may be provided according to the development
of a wireless communication system, and thus a method for easily providing such

services is required.
Disclosure of Invention

Solution to Problem

Methods and apparatuses for physical uplink control channel (PUCCH) trans-
missions with repetitions are provided. A method for operating a user equipment
includes receiving first information indicating a configuration for directions of symbols
and receiving second information indicating whether a repetition of a transmission is
counted when the repetition of the transmission is canceled. The method further
includes determining that a first repetition of the transmission includes a symbol with
downlink direction based on the first information determining a counter number of rep-
etitions based on the second information, and canceling the first repetition of the

transmission.

Brief Description of Drawings

For a more complete understanding of the present disclosure and its advantages,
reference is now made to the following description taken in conjunction with the ac-
companying drawings, in which like reference numerals represent like parts:

FIGURE 1 illustrates an example wireless network according to embodiments of the
present disclosure;

FIGURE 2 illustrates an example base station (BS) according to embodiments of the
present disclosure;

FIGURE 3 illustrates an example user equipment (UE) according to embodiments of
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the present disclosure;

FIGURE 4 illustrates example wireless transmit and receive paths according to em-
bodiments of the present disclosure;

FIGURE 5 illustrates example wireless transmit and receive paths according to em-
bodiments of the present disclosure;

FIGURE 6 illustrates an example method 600 for a UE or for a BS to determine a
spatial setting of a physical random access channel (PRACH) transmission or of a
PRACH reception, respectively according to embodiments of the present disclosure;

FIGURE 7 illustrates an example method 700 for a UE to indicate a spatial setting of
a Msg3 physical uplink shared channel (PUSCH) according to embodiments of the
present disclosure;

FIGURE 8 illustrates an example method 800 for a UE to determine a spatial setting
for different PRACH transmission according to embodiments of the present disclosure;
FIGURE 9 illustrates an example method 900 for a UE to cycle a spatial setting for
different repetitions of a PRACH transmission according to embodiments of the

present disclosure;

FIGURE 10 illustrates an example method 1000 for a BS to indicate a spatial setting
for a Msg3 PUSCH transmission according to embodiments of the present disclosure;

FIGURE 11 illustrates an example method 1100 for a BS to indicate spatial settings
for a Msg3 PUSCH transmission with repetitions according to embodiments of the
present disclosure;

FIGURE 12 illustrates an example method 1200 for a UE to determine a spatial
setting for a PRACH preamble transmission according to embodiments of the present
disclosure;

FIGURE 13 illustrates an example method 1300 for a UE to determine a spatial
setting for a Msg3 PUSCH transmission according to embodiments of the present
disclosure;

FIGURE 14 illustrates an example method for a UE to include a channel state in-
formation (CSI) reference signal (RS) report in a Msg3 PUSCH transmission
according to embodiments of the present disclosure;

FIGURE 15 illustrates an example method for a UE to include a CSI-RS report in a
MSG3 PUSCH transmission, according to embodiments of the present disclosure;

FIGURE 16 illustrates an example method for UE to transmit a Msg3 PUSCH with a
first spatial setting and a CSI report in another PUSCH with a second spatial setting,
according to embodiments of the present disclosure;

FIGURE 17 illustrates an example method for a UE to report a channel quality in a
Msg3 PUSCH transmission based on measurements in CSI-RS resources indicated in a

system information block (SIB) according to embodiments of the present disclosure;
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FIGURE 18 illustrates an example method for a UE to determine whether to transmit
Msg3 PUSCH using different spatial settings according to embodiments of the present
disclosure;

FIGURE 19A illustrates an example method for a UE to transmit Msg3 PUSCH with
repetitions by cycling over spatial settings determined by measurements for receptions
in CSI-RS resources according to embodiments of the present disclosure;

FIGURE 19B illustrates an example method for a UE to estimate path loss according
to embodiments of the present disclosure;

FIGURE 20 illustrates an example method for a UE to estimate path loss associated
with the reception of a non-zero power (NZP) CSI-RS resources indicated in a SIB for
determining a power for a PRACH transmission according to embodiments of the
present disclosure;

FIGURE 21 illustrates an example method for a UE to (i) transmit a PRACH
preamble with a spatial setting determined form measurements of receptions in CSI-RS
resources or (ii) transmit a PRACH preamble by cycling over different spatial settings
according to embodiments of the present disclosure;

FIGURE 22 illustrates an example method for a UE to transmit a PRACH preamble
based on an indication in SIB for transmitting a PRACH preamble using a spatial
setting that the UE determines from measurements for receptions in the NZP CSI-RS
resources according to embodiments of the present disclosure;

FIGURE 23 illustrates an example method for a UE to transmit a PRACH preamble
based on an indication in SIB to transmit a Msg3 PUSCH using a spatial setting that
the UE determines from measurements for receptions in the NZP CSI-RS resources
according to embodiments of the present disclosure;

FIGURE 24 illustrates an example method for a UE to transmit PRACH preambles
with different spatial settings that the UE determines from measurements of receptions
in CSI-RS resources according to embodiments of the present disclosure;

FIGURE 25 illustrates an example method for a UE to transmit a PRACH preamble
based on an indication in a SIB whether the UE uses a path loss estimate from synchro-
nization signal physical broadcast channel block (SSB) resources or from CSI-RS
resources according to embodiments of the present disclosure;

FIGURE 26 illustrates an example method for a UE to estimate a path loss associated
to the reception of NZP CSI-RS resources indicated in a SIB according to em-
bodiments of the present disclosure;

FIGURE 27 illustrates an example method for a UE to estimate a path loss associated
to the reception of NZP CSI-RS resources indicated in a SIG according to em-
bodiments of the present disclosure;

FIGURE 28 illustrates an example diagram of a PUCCH with a number of repetitions
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over a number of slots according to embodiments of the present disclosure;
FIGURE 29 illustrates an example diagram of a PUCCH with a number of repetitions

over a number of slots according to embodiments of the present disclosure;

FIGURES 30A, 30B, and 30C illustrates an example diagram of a PUCCH with a
number of repetitions over a number of slots according to embodiments of the present
disclosure;

FIGURE 31 illustrates example PUCCH configurations according to embodiments of
the present disclosure;

FIGURE 32 illustrates an example method for a UE to determine repetitions for a
PUCCH transmission according to embodiments of the present disclosure;

FIGURE 33 illustrates an example method for a UE to determine the number of rep-
etitions for a PUCCH transmission according to embodiments of the present
disclosure;

FIGURE 34 illustrates an example method for a UE to determine PUCCH resource
for transmission of repetitions according to embodiments of the present disclosure;

FIGURE 35 illustrates an example method for a UE to determine a PUCCH resource,
from a set of PUCCH resources, for a repetitions of a PUCCH transmission according
to embodiments of the present disclosure;

FIGURE 36 illustrates an example method for a UE to drop a repetition of a PUCCH
transmission according to embodiments of the present disclosure;

FIGURE 37 illustrates a diagram of a PUCCH that is transmitted with CSI according
to embodiments of the present disclosure;

FIGURE 38 a diagram where a PUCCH is transmitted with CSI according to em-
bodiments of the present disclosure;

FIGURE 39 illustrates an example method for a UE to determine a number of rep-
etitions for a PUCCH transmission depending on a hybrid automatic repeat request ac-
knowledgement (HARQ-ACK) payload size according to embodiments of the present
disclosure; and

FIGURE 40 illustrates an example method for a UE to determine a number of rep-
etitious for a PUCCH transmission depending on an uplink control information (UCI)
type according to embodiments of the present disclosure; and

FIGURE 41 illustrates an example method for a UE to determine an uplink
transmission when PUCCH repetitions that provide a HARQ-ACK report overlap with
a PUSCH without repetitions or with a PUCCH transmission that provides a CSI

report.
Best Mode for Carrying out the Invention

This disclosure relates to PUCCH transmissions with repetitions.
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In one embodiment, a user equipment (UE) is provided. The UE includes a
transceiver configured to receive first information indicating a configuration for di-
rections of symbols and second information indicating whether a repetition of a
transmission is counted when the repetition of the transmission is canceled. The UE
includes a processor operably connected to a transceiver. The processor is configured
to determine that a first repetition of the transmission includes a symbol with a
downlink direction based on the first information and a counter number of repetitions
based on the second information. The transceiver is further configured to cancel the
first repetition of the transmission.

In one embodiment, the transmission is for a physical uplink control channel
(PUCCH) that includes an uplink control information (UCI) payload. The transceiver
is further configured to receive: third information indicating first and second sets of
numbers of repetitions, wherein: the first set is associated with a first range of UCI
payloads, and the second set is associated with a second range of UCI payloads; and
fourth information providing an indication for a number of repetitions. The processor
is further configured to determine the number of repetitions from the first set or the
second set based on the indication and the UCI payload.

In one embodiment, the transmission is for a physical uplink control channel
(PUCCH). The transceiver is further configured to receive: third information indicating
first and second sets of numbers of repetitions, wherein: the first set is for PUCCH
transmissions with hybrid automatic repeat request acknowledgement (HARQ-ACK)
information, and the second set is for PUCCH transmissions with channel state in-
formation (CSI), and a downlink control information (DCI) format, wherein the DCI
format: triggers the PUCCH transmission, and provides an indication for a number of
repetitions. The processor is further configured to determine, based on the indication: a
number of repetitions from the first set when the PUCCH transmission includes
HARQ-ACK information, and a number of repetitions from the second set of when the
PUCCH transmission includes CSI.

In one embodiment, the transmission is for a physical uplink control channel
(PUCCH). the transceiver is further configured to receive third information indicating:
a first number of repetitions when the first number of repetitions are with a first
PUCCH format and over a first number of consecutive symbols, and a second number
of repetitions when the second number of repetitions are with a second PUCCH format
and over a second number of consecutive symbols.

In one embodiment, the transceiver is further configured to receive third information
for a first number of symbols per repetition. The processor is further configured to
determine, for a second repetition, a maximum number of consecutive symbols that:

does not include a symbol with a downlink direction, is equal to or smaller than the
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first number of symbols, and is equal to or larger than a predetermined number of
symbols; and the transceiver is further configured to transmit the second repetition
over the maximum number of consecutive symbols.

In one embodiment, the transmission is for a physical uplink control channel
(PUCCH) that includes an uplink control information (UCI) payload smaller than 12
bits, and a PUCCH format is same for repetitions of the PUCCH transmission.
Minimum and maximum numbers of consecutive symbols for a repetition of the
PUCCH transmission are 4 and 14, respectively. A second repetition and a third
repetition of the PUCCH transmission are over a second number and a third number of
consecutive symbols, respectively, and the second number is different than the third
number.

In one embodiment, the transmission is for a first physical uplink control channel
(PUCCH) that includes hybrid automatic repeat request acknowledgement
(HARQ-ACK) information, a repetition of the PUCCH transmission would overlap in
time with a second transmission. The processor is further configured to determine to:
cancel the repetition and multiplex the HARQ-ACK information in the second
transmission when the second transmission is for a physical uplink shared channel
(PUSCH), and cancel the second transmission when the second transmission is for a
PUCCH with channel state information (CSI).

In another embodiment, a base station (BS) is provided. The BS includes a
transceiver configured to transmit first information indicating a configuration for di-
rections of symbols and second information indicating whether a repetition of a
transmission is counted when the repetition of the transmission is canceled. The base
station also includes a processor operably connected to a transceiver. The processor
configured to determine that a first repetition of the transmission includes a symbol
with a downlink direction based on the first information and a counter number of rep-
etitions based on the second information. The transceiver is further configured to
cancel a reception for the first repetition of the transmission.

In yet another embodiment, the transmission is for a physical uplink control channel
(PUCCH) that includes an uplink control information (UCI) payload. The transceiver
is further configured to transmit: third information indicating first and second sets of
numbers of repetitions, wherein: the first set is associated with a first range of UCI
payloads, and the second set is associated with a second range of UCI payloads; and
fourth information providing an indication for a number of repetitions. The number of
repetitions is from the first set or from the second set based on the indication and the
UCI payload.

In yet another embodiment, the transmission is for a physical uplink control channel

(PUCCH). The transceiver is further configured to transmit: third information in-
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dicating first and second sets of numbers of repetitions, wherein: the first set is for
PUCCH transmissions with hybrid automatic repeat request acknowledgement
(HARQ-ACK) information, and the second set is for PUCCH transmissions with
channel state information (CSI), and a downlink control information (DCI) format,
wherein the DCI format: triggers the PUCCH transmission, and provides an indication
for a number of repetitions. The number of repetitions are from the first set when the
PUCCH transmission includes HARQ-ACK information, and the number of repetitions
are from the second set of when the PUCCH transmission includes CSI.

In yet another embodiment, the transmission is for a physical uplink control channel
(PUCCH). The transceiver is further configured to transmit third information in-
dicating: a first number of repetitions when the first number of repetitions are with a
first PUCCH format and over a first number of consecutive symbols, and a second
number of repetitions when the second number of repetitions are with a second
PUCCH format and over a second number of consecutive symbols.

In yet another embodiment, the transceiver is further configured to transmit third in-
formation for a first number of symbols per repetition. The processor is further
configured to determine, for a second repetition, a maximum number of consecutive
symbols that: does not include a symbol with a downlink direction, is equal to or
smaller than the first number of symbols, and is equal to or larger than a predetermined
number of symbols. The transceiver is further configured to receive the second
repetition over the maximum number of consecutive symbols.

In yet another embodiment, the transmission is for a physical uplink control channel
(PUCCH) that includes an uplink control information (UCI) payload smaller than 12
bits, a PUCCH format is same for all repetitions of the PUCCH transmission.
Minimum and maximum numbers of consecutive symbols for a repetition of the
PUCCH transmission are 4 and 14, respectively. A second repetition and a third
repetition of the PUCCH transmission are over a second number and a third number of
consecutive symbols, respectively, and the second number is different than the third
number.

In yet another embodiment, a method is provided. The method includes receiving
first information indicating a configuration for directions of symbols and receiving
second information indicating whether a repetition of a transmission is counted when
the repetition of the transmission is canceled. The method further includes determining
that a first repetition of the transmission includes a symbol with downlink direction
based on the first information; determining a counter number of repetitions based on
the second information; and canceling the first repetition of the transmission.

In yet another embodiment, the transmission is for a physical uplink control channel
(PUCCH) that includes an uplink control information (UCI) payload. The method
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further comprises: receiving third information indicating first and second sets of
numbers of repetitions, wherein: the first set is associated with a first range of UCI
payloads, and the second set is associated with a second range of UCI payloads; and
receiving fourth information providing an indication for a number of repetitions; and
determining the number of repetitions from the first set or the second set based on the
indication and the UCI payload.

In yet another embodiment, the transmission is for a physical uplink control channel
(PUCCH). The method further comprises: receiving third information indicating first
and second sets of numbers of repetitions, wherein: the first set is for PUCCH trans-
missions with hybrid automatic repeat request acknowledgement (HARQ-ACK) in-
formation, and the second set is for PUCCH transmissions with channel state in-
formation (CSI); receiving a downlink control information (DCI) format, wherein the
DCI format: triggers the PUCCH transmission, and provides an indication for a
number of repetitions; and determining, based on the indication: a number of rep-
etitions from the first set when the PUCCH transmission includes HARQ-ACK in-
formation, and a number of repetitions from the second set of when the PUCCH
transmission includes CSI.

In yet another embodiment, the transmission is for a physical uplink control channel
(PUCCH). The method further comprises receiving third information indicating: a first
number of repetitions when the first number of repetitions are with a first PUCCH
format and over a first number of consecutive symbols, and a second number of rep-
etitions when the second number of repetitions are with a second PUCCH format and
over a second number of consecutive symbols.

In yet another embodiment, receiving third information indicating a first number of
symbols per repetition; determining, for a second repetition, a maximum number of
consecutive symbols that: does not include a symbol with a downlink direction, is
equal to or smaller than the first number of symbols, and is equal to or larger than a
predetermined number of symbols; and transmitting the second repetition over the
maximum number of consecutive symbols.

In yet another embodiment, the transmission is for a physical uplink control channel
(PUCCH) that includes an uplink control information (UCI) payload smaller than 12
bits, a PUCCH format is same for all repetitions of the PUCCH transmission.
Minimum and maximum numbers of consecutive symbols for a repetition of the
PUCCH transmission are 4 and 14, respectively. A second repetition and a third
repetition of the PUCCH transmission are over a second number and a third number of
consecutive symbols, respectively, and the second number is different than the third
number.

In yet another embodiment, the transmission is for a first physical uplink control
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channel (PUCCH) that includes hybrid automatic repeat request acknowledgement
(HARQ-ACK) information, a repetition of the PUCCH transmission would overlap in
time with a second transmission. The method further comprises: canceling the
repetition and multiplexing the HARQ-ACK information in the second transmission
when the second transmission is for a physical uplink shared channel (PUSCH), and
canceling the second transmission when the second transmission is for a PUCCH with
channel state information (CSI).

Other technical features may be readily apparent to one skilled in the art from the
following figures, descriptions, and claims.

Before undertaking the Mode for invention below, it may be advantageous to set
forth definitions of certain words and phrases used throughout this patent document.
The term “couple” and its derivatives refer to any direct or indirect communication
between two or more elements, whether or not those elements are in physical contact
with one another. The terms “transmit”, “receive”, and “communicate”, as well as
derivatives thereof, encompass both direct and indirect communication. The terms
“include” and “comprise”, as well as derivatives thereof, mean inclusion without
limitation. The term “or” is inclusive, meaning and/or. The phrase “associated with”,
as well as derivatives thereof, means to include, be included within, interconnect with,
contain, be contained within, connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have,
have a property of, have a relationship to or with, or the like. The term “controller”
means any device, system or part thereof that controls at least one operation. Such a
controller may be implemented in hardware or a combination of hardware and software
and/or firmware. The functionality associated with any particular controller may be
centralized or distributed, whether locally or remotely. The phrase “at least one of”,
when used with a list of items, means that different combinations of one or more of the
listed items may be used, and only one item in the list may be needed. For example, “at
least one of: A, B, and C” includes any of the following combinations: A, B, C, A and
B,Aand C, B and C, and A and B and C.

Moreover, various functions described below can be implemented or supported by
one or more computer programs, each of which is formed from computer readable
program code and embodied in a computer readable medium. The terms “application”
and “program” refer to one or more computer programs, software components, sets of
instructions, procedures, functions, objects, classes, instances, related data, or a portion
thereof adapted for implementation in a suitable computer readable program code. The
phrase “computer readable program code” includes any type of computer code,
including source code, object code, and executable code. The phrase “computer

readable medium” includes any type of medium capable of being accessed by a
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computer, such as read only memory (ROM), random access memory (RAM), a hard
disk drive, a compact disc (CD), a digital video disc (DVD), or any other type of
memory. A “non-transitory” computer readable medium excludes wired, wireless,
optical, or other communication links that transport transitory electrical or other
signals. A non-transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a

rewritable optical disc or an erasable memory device.
Definitions for other certain words and phrases are provided throughout this patent

document. Those of ordinary skill in the art should understand that in many if not most
instances, such definitions apply to prior as well as future uses of such defined words

and phrases.

Mode for the Invention

Sth generation (5G) or new radio (NR) mobile communications is recently gathering
increased momentum with all the worldwide technical activities on the various
candidate technologies from industry and academia. The candidate enablers for the
5SG/NR mobile communications include massive antenna technologies, from legacy
cellular frequency bands up to high frequencies, to provide beamforming gain and
support increased capacity, new waveform (e.g., a new radio access technology
(RAT)) to flexibly accommodate various services/applications with different re-
quirements, new multiple access schemes to support massive connections, and so on.

FIGURES 1 through 41, discussed below, and the various embodiments used to
describe the principles of the present disclosure in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably-arranged system or device.

The following documents are hereby incorporated by reference into the present
disclosure as if fully set forth herein:

(1) 3GPP TS 38.211 v16.0.0, “NR; Physical channels and modulation™;

(i1) 3GPP TS 38.212 v16.0.0, “NR; Multiplexing and channel coding”;

(1ii1) 3GPP TS 38.213 v16.0.0, “NR; Physical layer procedures for control”;

(iv) 3GPP TS 38.214 v16.0.0, “NR; Physical layer procedures for data”;

(v) 3GPP TS 38.321 v15.8.0, “NR; Medium Access Control (MAC) Protocol Speci-
fication’; and

(vi) 3GPP TS 38.331 v15.8.0, “NR; Radio Resource Control (+) Protocol Speci-
fication”.

To meet the demand for wireless data traffic having increased since deployment of

the fourth generation (4G) communication systems, efforts have been made to develop
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and deploy an improved Sth generation (5G) or pre-5G/NR communication system.
Therefore, the 5G or pre-5G communication system is also called a “beyond 4G
network™ or a “post long term evolution (LTE) system”.

The 5G communication system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 28 GHz or 60 GHz bands, so as to accomplish higher data rates
or in lower frequency bands, such as 6 GHz, to enable robust coverage and mobility
support. To decrease propagation loss of the radio waves and increase the transmission
distance, the beamforming, massive multiple-input multiple-output (MIMO), Full Di-
mensional MIMO (FD-MIMO), array antenna, an analog beam forming, large scale
antenna techniques are discussed in 5G communication systems.

In addition, in 5G communication systems, development for system network im-
provement is under way based on advanced small cells, cloud Radio Access Networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, coordinated multi-points
(CoMP), reception-end interference cancellation and the like.

The discussion of 5G systems and frequency bands associated therewith is for
reference as certain embodiments of the present disclosure may be implemented in 5G
systems. However, the present disclosure is not limited to 5G systems or the frequency
bands associated therewith, and embodiments of the present disclosure may be utilized
in connection with any frequency band. For example, aspects of the present disclosure
may also be applied to deployment of 5G communication systems, 6G or even later
releases which may use terahertz (THz) bands.

Depending on the network type, the term 'base station' (BS) can refer to any
component (or collection of components) configured to provide wireless access to a
network, such as transmit point (TP), transmit-receive point (TRP), an enhanced base
station (eNodeB or eNB), a gNB, a macrocell, a femtocell, a WiFi access point (AP), a
satellite, or other wirelessly enabled devices. Base stations may provide wireless
access in accordance with one or more wireless communication protocols, €.g., 5G
3GPP New Radio Interface/Access (NR), LTE, LTE advanced (LTE-A), High Speed
Packet Access (HSPA), Wi-Fi 802.11a/b/g/n/ac, etc. The terms 'BS,' 'gNB,' and 'TRP'
can be used interchangeably in this disclosure to refer to network infrastructure
components that provide wireless access to remote terminals. Also, depending on the
network type, the term 'user equipment' (UE) can refer to any component such as
mobile station, subscriber station, remote terminal, wireless terminal, receive point,
vehicle, or user device. For example, a UE could be a mobile telephone, a smartphone,
a monitoring device, an alarm device, a fleet management device, an asset tracking
device, an automobile, a desktop computer, an entertainment device, an infotainment

device, a vending machine, an electricity meter, a water meter, a gas meter, a security
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device, a sensor device, an appliance, and the like.

FIGURES 1-3 below describe various embodiments implemented in wireless com-
munications systems and with the use of orthogonal frequency division multiplexing
(OFDM) or orthogonal frequency division multiple access (OFDMA) communication
techniques. The descriptions of FIGURES 1-3 are not meant to imply physical or ar-
chitectural limitations to the manner in which different embodiments may be im-
plemented. Different embodiments of the present disclosure may be implemented in
any suitably-arranged communications system.

FIGURE 1 illustrates an example wireless network 100 according to embodiments of
the present disclosure. The embodiment of the wireless network 100 shown in
FIGURE 1 is for illustration only. Other embodiments of the wireless network 100
could be used without departing from the scope of this disclosure.

As shown in FIGURE 1, the wireless network 100 includes a base station, BS 101
(e.g., gNB), a BS 102, and a BS 103. The BS 101 communicates with the BS 102 and
the BS 103. The BS 101 also communicates with at least one network 130, such as the
Internet, a proprietary Internet Protocol (IP) network, or other data network.

The BS 102 provides wireless broadband access to the network 130 for a first
plurality of user equipment's (UEs) within a coverage area 120 of the BS 102. The first
plurality of UEs includes a UE 111, which may be located in a small business; a UE
112, which may be located in an enterprise (E); a UE 113, which may be located in a
WiFi hotspot (HS); a UE 114, which may be located in a first residence (R); a UE 115,
which may be located in a second residence (R); and a UE 116, which may be a mobile
device (M), such as a cell phone, a wireless laptop, a wireless PDA, or the like. The BS
103 provides wireless broadband access to the network 130 for a second plurality of
UESs within a coverage area 125 of the BS 103. The second plurality of UEs includes
the UE 115 and the UE 116. In some embodiments, one or more of the BSs 101-103
may communicate with each other and with the UEs 111-116 using SG/NR, long term
evolution (LTE), long term evolution-advanced (LTE-A), WiMAX, WiFi, or other
wireless communication techniques.

Dotted lines show the approximate extents of the coverage areas 120 and 125, which
are shown as approximately circular for the purposes of illustration and explanation
only. It should be clearly understood that the coverage areas associated with BSs, such
as the coverage areas 120 and 125, may have other shapes, including irregular shapes,
depending upon the configuration of the BSs and variations in the radio environment
associated with natural and man-made obstructions.

As described in more detail below, one or more of the UEs 111-116 include circuitry,
programing, or a combination thereof for spatial setting determination for trans-

missions during initial access, transmitting physical uplink channel control (PUCCH)
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with repetitions, or both. In certain embodiments, and one or more of the BSs 101-103
includes circuitry, programing, or a combination thereof for spatial setting deter-
mination for transmissions during initial access, transmitting physical uplink channel
control (PUCCH) with repetitions, or both.

Although FIGURE 1 illustrates one example of a wireless network, various changes
may be made to FIGURE 1. For example, the wireless network could include any
number of BSs and any number of UEs in any suitable arrangement. Also, the BS 101
could communicate directly with any number of UEs and provide those UEs with
wireless broadband access to the network 130. Similarly, each BS 102-103 could com-
municate directly with the network 130 and provide UEs with direct wireless
broadband access to the network 130. Further, the BSs 101, 102, and/or 103 could
provide access to other or additional external networks, such as external telephone
networks or other types of data networks.

FIGURE 2 illustrates an example BS 102 according to embodiments of the present
disclosure. The embodiment of the BS 102 illustrated in FIGURE 2 is for illustration
only, and the BSs 101 and 103 of FIGURE 1 could have the same or similar con-
figuration. However, BSs come in a wide variety of configurations, and FIGURE 2
does not limit the scope of this disclosure to any particular implementation of a BS.

As shown in FIGURE 2, the BS 102 includes multiple antennas 205a-205n, multiple
radio frequency (RF) transceivers 210a-210n, transmit (TX) processing circuitry 215,
and receive (RX) processing circuitry 220. The BS 102 also includes a controller/
processor 225, a memory 230, and a backhaul or network interface 235.

The RF transceivers 210a-210n receive, from the antennas 205a-205n, incoming RF
signals, such as signals transmitted by UEs in the wireless network 100. The RF
transceivers 210a-210n down-convert the incoming RF signals to generate IF or
baseband signals. The IF or baseband signals are sent to the RX processing circuitry
220, which generates processed baseband signals by filtering, decoding, and/or
digitizing the baseband or IF signals. The RX processing circuitry 220 transmits the
processed baseband signals to the controller/processor 225 for further processing.

The TX processing circuitry 215 receives analog or digital data (such as voice data,
web data, e-mail, or interactive video game data) from the controller/processor 225.
The TX processing circuitry 215 encodes, multiplexes, and/or digitizes the outgoing
baseband data to generate processed baseband or IF signals. The RF transceivers
210a-210n receive the outgoing processed baseband or IF signals from the TX
processing circuitry 215 and up-converts the baseband or IF signals to RF signals that
are transmitted via the antennas 205a-205n.

The controller/processor 225 can include one or more processors or other processing

devices that control the overall operation of the BS 102. For example, the controller/
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processor 225 could control the reception of forward channel signals and the
transmission of reverse channel signals by the RF transceivers 210a-210n, the RX
processing circuitry 220, and the TX processing circuitry 215 in accordance with well-
known principles. The controller/processor 225 could support additional functions as
well, such as more advanced wireless communication functions. For instance, the
controller/processor 225 could support determining spatial setting for transmissions
during initial access, transmitting PUCCH with repetitions, or both. Any of a wide
variety of other functions could be supported in the BS 102 by the controller/processor
225. In some embodiments, the controller/processor 225 includes at least one micro-
processor or microcontroller.

The controller/processor 225 is also capable of executing programs and other
processes resident in the memory 230, such as an OS. The controller/processor 225 can
move data into or out of the memory 230 as required by an executing process. For
example, the controller/processor 225 can move data into or out of the memory 230
according to a process that is being executed.

The controller/processor 225 is also coupled to the backhaul or network interface
235. The backhaul or network interface 235 allows the BS 102 to communicate with
other devices or systems over a backhaul connection or over a network. The network
interface 235 could support communications over any suitable wired or wireless
connection(s). For example, when the BS 102 is implemented as part of a cellular com-
munication system (such as one supporting SG/NR, LTE, or LTE-A), the network
interface 235 could allow the BS 102 to communicate with other BSs over a wired or
wireless backhaul connection. When the BS 102 is implemented as an access point, the
network interface 235 could allow the BS 102 to communicate over a wired or wireless
local area network or over a wired or wireless connection to a larger network (such as
the Internet). The network interface 235 includes any suitable structure supporting
communications over a wired or wireless connection, such as an Ethernet or RF
transceiver.

The memory 230 is coupled to the controller/processor 225. Part of the memory 230
could include a RAM, and another part of the memory 230 could include a Flash
memory or other ROM. In certain embodiments, a plurality of instructions, for de-
termining spatial setting for transmissions during initial access, transmitting PUCCH
with repetitions, or both are stored in memory. The plurality of instructions are
configured to cause the controller/processor 225 to perform a spatial setting deter-
mination for transmissions during initial access, transmitting PUCCH with repetitions,
or both.

Although FIGURE 2 illustrates one example of BS 102, various changes may be
made to FIGURE 2. For example, the BS 102 could include any number of each
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component shown in FIGURE 2. As a particular example, an access point could
include a number of network interfaces 235, and the controller/processor 225 could
support routing functions to route data between different network addresses. As
another particular example, while shown as including a single instance of TX
processing circuitry 215 and a single instance of RX processing circuitry 220, the BS
102 could include multiple instances of each (such as one per RF transceiver). Also,
various components in FIGURE 2 could be combined, further subdivided, or omitted
and additional components could be added according to particular needs.

FIGURE 3 illustrates an example UE 116 according to embodiments of the present
disclosure. The embodiment of the UE 116 illustrated in FIGURE 3 is for illustration
only, and the UEs 111-115 of FIGURE 1 could have the same or similar configuration.
However, UEs come in a wide variety of configurations, and FIGURE 3 does not limit
the scope of this disclosure to any particular implementation of a UE.

As shown in FIGURE 3, the UE 116 includes an antenna 305, a RF transceiver 310,
TX processing circuitry 315, a microphone 320, and receive (RX) processing circuitry
325. The UE 116 also includes a speaker 330, a processor 340, an input/output (I/0)
interface (IF) 345, an input device 350, a display 355, and a memory 360. The memory
360 includes an operating system (OS) 361 and one or more applications 362.

The RF transceiver 310 receives, from the antenna 305, an incoming RF signal
transmitted by a BS of the wireless network 100. The RF transceiver 310 down-
converts the incoming RF signal to generate an intermediate frequency (IF) or
baseband signal. The IF or baseband signal is sent to the RX processing circuitry 325
that generates a processed baseband signal by filtering, decoding, and/or digitizing the
baseband or IF signal. The RX processing circuitry 325 transmits the processed
baseband signal to the speaker 330 (such as for voice data) or to the processor 340 for
further processing (such as for web browsing data).

The TX processing circuitry 315 receives analog or digital voice data from the mi-
crophone 320 or other outgoing baseband data (such as web data, e-mail, or interactive
video game data) from the processor 340. The TX processing circuitry 315 encodes,
multiplexes, and/or digitizes the outgoing baseband data to generate a processed
baseband or IF signal. The RF transceiver 310 receives the outgoing processed
baseband or IF signal from the TX processing circuitry 315 and up-converts the
baseband or IF signal to an RF signal that is transmitted via the antenna 305.

The processor 340 can include one or more processors or other processing devices
and execute the OS 361 stored in the memory 360 in order to control the overall
operation of the UE 116. For example, the processor 340 could control the reception of
forward channel signals and the transmission of reverse channel signals by the RF

transceiver 310, the RX processing circuitry 325, and the TX processing circuitry 315
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in accordance with well-known principles. In some embodiments, the processor 340
includes at least one microprocessor or microcontroller.

The processor 340 is also capable of executing other processes and programs resident
in the memory 360, such as processes for beam management. The processor 340 can
move data into or out of the memory 360 as required by an executing process. In some
embodiments, the processor 340 is configured to execute the applications 362 based on
the OS 361 or in response to signals received from BSs or an operator. The processor
340 is also coupled to the I/O interface 345, which provides the UE 116 with the
ability to connect to other devices, such as laptop computers and handheld computers.
The /0O interface 345 is the communication path between these accessories and the
processor 340.

The processor 340 is also coupled to the input device 350. The operator of the UE
116 can use the input device 350 to enter data into the UE 116. The input device 350
can be a keyboard, touchscreen, mouse, track ball, voice input, or other device capable
of acting as a user interface to allow a user in interact with the UE 116. For example,
the input device 350 can include voice recognition processing, thereby allowing a user
to input a voice command. In another example, the input device 350 can include a
touch panel, a (digital) pen sensor, a key, or an ultrasonic input device. The touch
panel can recognize, for example, a touch input in at least one scheme, such as a ca-
pacitive scheme, a pressure sensitive scheme, an infrared scheme, or an ultrasonic
scheme.

The processor 340 is also coupled to the display 355. The display 355 may be a
liquid crystal display, light emitting diode display, or other display capable of
rendering text and/or at least limited graphics, such as from web sites.

The memory 360 is coupled to the processor 340. Part of the memory 360 could
include a random access memory (RAM), and another part of the memory 360 could
include a Flash memory or other read-only memory (ROM).

Although FIGURE 3 illustrates one example of UE 116, various changes may be
made to FIGURE 3. For example, various components in FIGURE 3 could be
combined, further subdivided, or omitted and additional components could be added
according to particular needs. As a particular example, the processor 340 could be
divided into multiple processors, such as one or more central processing units (CPUs)
and one or more graphics processing units (GPUs). Also, while FIGURE 3 illustrates
the UE 116 configured as a mobile telephone or smartphone, UEs could be configured
to operate as other types of mobile or stationary devices.

FIGURE 4 and FIGURE 5 illustrate example wireless transmit and receive paths
according to this disclosure. In the following description, a transmit path 400, of
FIGURE 4, may be described as being implemented in a BS (such as the BS 102),
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while a receive path 500, of FIGURE 5, may be described as being implemented in a
UE (such as a UE 116). However, it may be understood that the receive path 500 can
be implemented in a BS and that the transmit path 400 can be implemented in a UE. In
some embodiments, the receive path 500 is configured to support determining spatial
setting for transmissions during initial access, transmitting PUCCH with repetitions, or
both, as described in embodiments of the present disclosure.

The transmit path 400 as illustrated in FIGURE 4 includes a channel coding and
modulation block 403, a serial-to-parallel (S-to-P) block 410, a size N inverse fast
Fourier transform (IFFT) block 4135, a parallel-to-serial (P-to-S) block 420, an add
cyclic prefix block 425, and an up-converter (UC) 430. The receive path 500 as il-
lustrated in FIGURE 5 includes a down-converter (DC) 555, a remove cyclic prefix
block 560, a serial-to-parallel (S-to-P) block 565, a size N fast Fourier transform (FFT)
block 570, a parallel-to-serial (P-to-S) block 575, and a channel decoding and de-
modulation block 580.

As illustrated in FIGURE 4, the channel coding and modulation block 405 receives a
set of information bits, applies coding (such as a low-density parity check (LDPC)
coding), and modulates the input bits (such as with quadrature phase shift keying
(QPSK) or quadrature amplitude modulation (QAM)) to generate a sequence of
frequency-domain modulation symbols. The serial-to-parallel block 410 converts (such
as de-multiplexes) the serial modulated symbols to parallel data in order to generate N
parallel symbol streams, where N is the IFFT/FFT size used in the BS 102 and the UE
116. The size N IFFT block 415 performs an IFFT operation on the N parallel symbol
streams to generate time-domain output signals. The parallel-to-serial block 420
converts (such as multiplexes) the parallel time-domain output symbols from the size
N IFFT block 415 in order to generate a serial time-domain signal. The add cyclic
prefix block 425 inserts a cyclic prefix to the time-domain signal. The up-converter
430 modulates (such as up-converts) the output of the add cyclic prefix block 425 to an
RF frequency for transmission via a wireless channel. The signal may also be filtered
at baseband before conversion to the RF frequency.

A transmitted RF signal from the BS 102 arrives at the UE 116 after passing through
the wireless channel, and reverse operations to those at the BS 102 are performed at the
UE 116.

As illustrated in FIGURE 5, the down-converter 555 down-converts the received
signal to a baseband frequency, and the remove cyclic prefix block 560 removes the
cyclic prefix to generate a serial time-domain baseband signal. The serial-to-parallel
block 565 converts the time-domain baseband signal to parallel time domain signals.
The size N FFT block 570 performs an FFT algorithm to generate N parallel

frequency-domain signals. The parallel-to-serial block 575 converts the parallel
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frequency-domain signals to a sequence of modulated data symbols. The channel
decoding and demodulation block 580 demodulates and decodes the modulated
symbols to recover the original input data stream.

Each of the BSs 101-103 may implement a transmit path 400 as illustrated in
FIGURE 4 that is analogous to transmitting in the downlink to UEs 111-116 and may
implement a receive path 500 as illustrated in FIGURE 5 that is analogous to receiving
in the uplink from UEs 111-116. Similarly, each of UEs 111-116 may implement the
transmit path 400 for transmitting in the uplink to the BSs 101-103 and may implement
the receive path 500 for receiving in the downlink from the BSs 101-103.

Each of the components in FIGURE 4 and FIGURE 5 can be implemented using
hardware or using a combination of hardware and software/firmware. As a particular
example, at least some of the components in FIGURES 4 and FIGURE 5 may be im-
plemented in software, while other components may be implemented by configurable
hardware or a mixture of software and configurable hardware. For instance, the FFT
block 570 and the IFFT block 515 may be implemented as configurable software al-
gorithms, where the value of size N may be modified according to the implementation.

Furthermore, although described as using FFT and IFFT, this is by way of illustration
only and may not be construed to limit the scope of this disclosure. Other types of
transforms, such as discrete Fourier transform (DFT) and inverse discrete Fourier
transform (IDFT) functions, can be used. It may be appreciated that the value of the
variable N may be any integer number (such as 1, 2, 3, 4, or the like) for DFT and
IDFT functions, while the value of the variable N may be any integer number that is a
power of two (such as 1, 2, 4, 8, 16, or the like) for FFT and IFFT functions.

Although FIGURE 4 and FIGURE 5 illustrate examples of wireless transmit and
receive paths, various changes may be made to FIGURE 4 and FIGURE 5. For
example, various components in FIGURE 4 and FIGURE 5 can be combined, further
subdivided, or omitted and additional components can be added according to particular
needs. Also, FIGURE 4 and FIGURE 5 are meant to illustrate examples of the types of
transmit and receive paths that can be used in a wireless network. Any other suitable
architectures can be used to support wireless communications in a wireless network.

Embodiments of the present disclosure relate to determining spatial settings for
transmission during initial access. Embodiments of the present disclosure also relate to
determining a spatial setting for a physical random access channel (PRACH)
transmission based on a corresponding PRACH preamble. Embodiments of the present
disclosure further relate to determining and/or indicating a spatial setting for Msg3
transmission. Additionally, Embodiments of the present disclosure relate to de-
termining and/or indicating a spatial setting for MsgA transmission. Embodiments of

the present disclosure also relate to determining a spatial setting associated to a UE
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type. Embodiments of the present disclosure further relate to determining a partition of
PRACH preambles associated to a UE type. Additionally, Embodiments of the present

disclosure relate to determining spatial settings for repetitions of PRACH transmission

and Msg3 physical uplink shared channel (PUSCH) transmission. Embodiments of the

present disclosure also relate to determining a spatial setting from a CSI-RS configured
in SIB and to including a CSI report in a Msg3 transmission.

A random access (RA) procedure can be initiated to fulfill several purposes. For
example, an RA procedure can establish a radio resource control (RRC) connection (to
go from RRC_IDLE to RRC_CONNECTED), re-establish RRC connection after radio
link failure (RLF), on-demand system information (SI) request, uplink (UL) synchro-
nization, scheduling request (SR), positioning, link recovery (also known as beam
failure recovery (BFR)), and the like.

A physical random access procedure is triggered upon request of a PRACH
transmission by higher layers at a UE or by a physical downlink control channel
(PDCCH) order from a serving gNB.

RA can operate in two modes. A first mode is contention-based random access
(CBRA) where UEs within a serving cell can share same RA resources and there is
therefore a possibility of collision among RA attempts from different UEs, the second
mode is a contention-free random access (CFRA) where a UE has dedicated RA
resources that can be, for example, indicated by a serving gNB and may not be shared
with other UEs so that RA collisions can be avoided.

Embodiments of the present disclosure take into consideration that a random access
procedure, also known as a Type-1 L1 random access procedure includes four steps.
The first step includes a UE (such as the UE 116) transmission of a PRACH preamble
(Msgl). For example, prior to initiation of the physical random access procedure,
Layer 1 of a UE receives from higher layers a set of synchronization signal physical
broadcast channel (SS/PBCH) block indexes and provides to higher layers a corre-
sponding set of reference signal received power (RSRP) measurements. Layer 1
receives the configuration of PRACH transmission parameters (PRACH preamble
format, time resources, and frequency resources for PRACH transmission). In step-1,
the UE transmits a PRACH using the selected PRACH format with a transmission
power determined depending on whether the PRACH transmission is triggered upon
request by higher layers or is in response to a detection of a PDCCH order from a
serving gNB and depending on the action associated with the PDCCH order.

The second step includes a gNB transmission of Random Access Response (RAR)
message with a PDCCH / physical downlink shared channel (PDSCH) (Msg2). For
example, RAR (or Msg2) in step-2 is a PDCCH/PDSCH transmission that the UE
receives on a downlink (DL) bandwidth path (BWP): the initial DL BWP of the PCell/
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SpCell for the case of initial access, i.e., (re-)establishing RRC connection, or the
active DL BWP (with the same BWP-index as the active UL BWP) of an SpCell for
other random access triggers except for initial access. If the active DL. BWP index (of
the SpCell) is not equal to active UL BWP index (of the serving cell), then switch the
active DL BWP to one with the same BWP index. The sub-carrier spacing (SCS) for
PDCCH in RAR message is the SCS for Typel-PDCCH CSS set. The PDCCH
scheduling the PDSCH with the RAR provides a DCI format 1_0 and the UE monitors
PDCCH candidates during a configured time window in a Typel-PDCCH common
search space (CSS) set of the SpCell identified by the RA radio network temporary
identifier (RNTI) or, for the case of BFR with CFRA, in the search space indicated by
recoverySearchSpaceld of the SpCell identified by the C-RNTI. The sub-carrier
spacing (SCS) for PDCCH in RAR message is the SCS for Typel-PDCCH CSS set.
The SCS for any future PDSCH is also the same SCS as that of the PDSCH providing
the RAR, unless the UE is configured an SCS.

In the third step, the UE transmission of a contention resolution message and when
applicable, the transmission of a PUSCH scheduled by a RAR UL grant (Msg3). The
fourth step includes a gNB transmission of a contention resolution message (Msg4).
For the case of CFRA or SI request, a correct reception of Msg2/RAR is the last step
for the random access procedure. For the case of CBRA, multiple UEs may have used
the same PRACH preamble, and further steps are needed to resolve the contention.
Furthermore, for the case of random access before a UE is in the RRC_CONNECTED
state (i.e., for initial access), the UE and a serving gNB exchange further information
to set up the connection and that information is provided by a PUSCH transmission
(Msg3) for contention resolution request and possibly also for connection setup
request, and a PDSCH transmission (Msg4) for contention resolution response and
possibly for connection setup response. The contention resolution (and connection set
up, if applicable) is considered successful if the UE receives Msg4 within a certain
time window after transmission of Msg3 and, for the case that the UE does not have a
C-RNTI yet, if the contention resolution ID in Msg4 matches the ID that the UE
transmitted in Msg3. Otherwise, the RACH attempt is considered unsuccessful, and the
UE needs to perform another RACH attempt unless a configured maximum number of
RACH attempts have been already exhausted in which case the entire random access
procedure is declared as unsuccessful.

Embodiments of the present disclosure take into consideration that instead of a 4-step
RA procedure, a 2-step RA procedure can be used. A 2-step RA procedure can be used
can be used where a UE (such as the UE 116) transmits both a PRACH preamble and a
PUSCH (MsgA) prior to reception of a corresponding RAR (MsgB).

Embodiments of the present disclosure relates to determining spatial settings for
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transmission during initial access. The present disclosure also relates to determining a
spatial setting for a PRACH transmission based on a corresponding PRACH preamble.
The present disclosure further also relates to determining and/or indicating a spatial
setting for Msg3 transmission. Additionally, the present disclosure relates to de-
termining and/or indicating a spatial setting for MsgA transmission. The present
disclosure also relates to determining a spatial setting associated to a UE type. The
present disclosure further relates to determining a partition of PRACH preambles as-
sociated to a UE type. Additionally, the present disclosure relates to determining
spatial settings for repetitions of PRACH transmission and Msg3 PUSCH
transmission.

During the initial cell search, a UE (such as the UE 116) acquires (or detects) an SS/
PBCH block transmitted by a gNB (such as the BS 102). The gNB can transmit
multiple SS/PBCH blocks with different quasi-collocation properties (also referred to
as beams) and the UE typically acquires the SS/PBCH block associated with the quasi-
collocation properties that best match the ones of the UE. Then, assuming beam
reciprocity for the DL and UL transmissions, the UE transmits PRACH according to a
spatial setting that is determined from the detected SS/PBCH block.

In order to minimize an overhead associated with the SS/PBCH blocks, a gNB (such
as the BS 102) transmits a SS/PBCH block with a relatively H¥ide beam in order to
cover a corresponding wide area on a cell. Typically, there is a coverage imbalance
between DL transmissions and UL transmissions that results due to, for example, a
different antenna gain (larger at the gNB) or a different noise figure (larger at the UE).
To compensate for such coverage imbalance, the UE can transmit a PRACH with a
narrower beam including changing the beam/spatial setting of the PRACH
transmission when the UE does not detect a random access response (RAR) message
addressing the UE in response to the PRACH transmission. The UE can use a same
spatial setting as for a PRACH transmission to transmit a Msg3 that is scheduled by a
RAR message that the UE detects in response to the PRACH transmission. The spatial
setting that the UE uses to transmit PRACH and Msg3 is unknown to the gNB.

Upon establishment of RRC connection and when the UE is provided by the gNB a
configuration for PUCCH resources, the UE is also provided a spatial setting for
PUCCH transmissions. As the gNB is not aware of the spatial setting the UE used to
transmit PRACH or Msg3 PUSCH, or other PUSCH prior to the UE being provided
PUCCH resources and a spatial setting for PUCCH transmissions by the gNB
dedicated higher layer signaling, the spatial setting for the PUCCH transmissions can
be different than the one the UE used to establish RRC connection. Unlike PUSCH
transmissions, PUCCH transmissions cannot benefit from HARQ retransmissions and

an incorrect spatial setting can result to link failure. The UE may then have to re-
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establish an RRC connection or initiate a link failure recovery procedure, thereby
resulting in additional latency and degrade quality of service.

Accordingly, embodiments of the present disclosure takes into consideration that
there is a need to establish a common understanding between a serving gNB and a UE
of a spatial setting the UE applies to a PRACH transmission or to a Msg3 PUSCH
transmission. There is another need to provide a means for determining a spatial setting
of a PRACH transmission or of a Msg3 PUSCH transmission by a gNB. Additionally,
there is another need to provide signaling mechanisms for a UE to indicate a spatial
setting of a PRACH transmission or a Msg3 PUSCH transmission to a serving gNB.

FIGURE 6 illustrates an example method 600 for a UE or for a BS to determine a
spatial setting of a physical random access channel (PRACH) transmission or of a
PRACH reception, respectively according to embodiments of the present disclosure.
FIGURE 7 illustrates an example method 700 for a UE to indicate a spatial setting of a
Msg3 physical uplink shared channel (PUSCH) according to embodiments of the
present disclosure. FIGURE 8 illustrates an example method 800 for a UE to determine
a spatial setting for different PRACH transmission according to embodiments of the
present disclosure. FIGURE 9 illustrates an example method 900 for a UE to cycle a
spatial setting for different repetitions of a PRACH transmission according to em-
bodiments of the present disclosure. FIGURE 10 illustrates an example method 1000
for a BS to indicate a spatial setting for a Msg3 PUSCH transmission according to em-
bodiments of the present disclosure. FIGURE 11 illustrates an example method 1100
for a BS to indicate spatial settings for a Msg3 PUSCH transmission with repetitions
according to embodiments of the present disclosure. FIGURE 12 illustrates an example
method 1200 for a UE to determine a spatial setting for a PRACH preamble
transmission according to embodiments of the present disclosure. FIGURE 13 il-
lustrates an example method 1300 for a UE to determine a spatial setting for a Msg3
PUSCH transmission according to embodiments of the present disclosure.

The steps of the methods 600-1300 can be performed by any of the UEs 111-116 of
FIGURE 1, such as the UE 116 of FIGURE 3, and any of the BSs 101-103 of FIGURE
1, such as the BS 102 of FIGURE 2. The methods 600-1300 of FIGURES 6-13 are for
illustration only and other embodiments can be used without departing from the scope
of the present disclosure.

In a first approach, a gNB (such as the BS 102) can determine a spatial setting for a
PRACH transmission based on a corresponding PRACH preamble. The gNB can
indicate in a system information block (SIB) a set of spatial settings (transmission con-
figuration indication (TCI) states). The gNB can also indicate a partitioning/mapping
of a total number of PRACH preambles among spatial setting from the set of spatial

settings. Alternatively, an equal partitioning can be assumed by default. For example,
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the gNB can indicate a set of four spatial settings and, for a total of 64 PRACH
preambles, a partitioning of the first, second, third, and fourth 16-tuples of PRACH
preambles to the first, second, third, and fourth spatial setting, respectively. Then, a UE
(such as the UE 116) can choose a PRACH preamble associated with a selected spatial
setting and the gNB can determine the spatial setting based on the detected PRACH
preamble. The UE can choose an initial spatial setting based on the UE implementation
or pseudo-randomly based on example on a UE ID or a RA-RNTI for a corresponding
RAR message, and so on. The UE can choose a next spatial setting based on the UE
implementation or sequentially (modulo the number of spatial setting in the set), and so
no. The first approach also enables a gNB to receive PRACH with a narrower spatial
setting that the one corresponding to a SS/PBCH block, thereby increasing a detection
probability for the PRACH preamble.

As illustrated in FIGURE 6, the method 600 describes a UE (such as the UE 116) de-
termining spatial settings of a PRACH transmission or a gNB (such as the BS 102) de-
termining spatial settings of a PRACH reception. In step 610, a UE receives an in-
dication from a serving gNB in a SIB for a set of spatial settings and a configuration
for PRACH transmissions. In step 620, unless a predetermined partitioning (such as a
uniform partitioning) of a total number of PRACH preambles to elements of the set of
spatial settings is used, the gNB can additionally indicate in the SIB a partitioning of a
total number of PRACH preambles to each of the elements of the set of spatial settings.
That is a UE can receive the indication form a serving gNB in a SIB for partitioning of
a total number of PRACH preambles to each of the elements of the spatial settings. In
step 630, the UE determines a spatial setting, selects a PRACH preamble associated
with the spatial setting, and transmits a corresponding PRACH. In step 640, the gNB
detects the PRACH and determines the spatial setting. The UE can use the spatial
setting for a PRACH transmission that the UE detects a corresponding RAR message
for subsequent transmissions unless a new spatial setting is indicated by the gNB
through physical layer signaling, such as by a DCI format, or higher layer signaling
such as a MAC control element (CE) or UE-dedicated RRC signaling in a PDSCH
reception.

When the UE does not detect a RAR message in response to a PRACH transmission,
the UE can transmit a new PRACH preamble using a same spatial setting or using a
new spatial setting. The UE behavior can be left to UE implementation or can be
controlled by the gNB. For example, the gNB can indicate in the SIB a number of
PRACH transmissions (with same or different PRACH preamble) that a UE needs to
apply before changing a spatial setting when the UE does not detect a RAR message
for the corresponding PRACH preamble during a RAR response window.

In a second approach, a UE can indicate a spatial setting of a Msg3 PUSCH
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transmission by higher layer signaling such as a MAC CE. The spatial setting can be
from a set of spatial setting that the gNB indicates in a SIB. Alternatively, the spatial
setting can be indicated relative to the spatial setting/TCI state of the SS/PBCH block
that the UE detects and can be defined in the specifications of the system operation.
Unlike the first approach, the second approach allows use of all PRACH preambles for
any spatial setting that a UE can choose and enables use of the second approach
together with existing UEs that do not use either the first or the second approach. The
UE can use the spatial setting indicated in the Msg3 PUSCH transmission for all
subsequent transmissions unless the UE is provided another spatial setting by the
serving gNB.

FIGURE 7 illustrates the method 700 for a UE (such as the UE 116) indicating a
spatial setting of a Msg3 PUSCH transmission to a serving gNB (such as the BS 102).
In step 710, a UE receives an indication from a serving gNB in a SIB for a con-
figuration for PRACH transmissions. In step 720, the UE selects a PRACH preamble
and transmits a corresponding PRACH. In step 730, the gNB detects the PRACH and
provides a corresponding RAR message scheduling a Msg3 PUSCH transmission. In
step 740, the UE transmits the Msg3 PUSCH and indicates a spatial setting for the
Msg3 PUSCH transmission by a MAC CE.

For a 2-step random access procedure, where a UE (such as the UE 116) transmits a
PRACH and a PUSCH (MsgA) prior to a reception of a RAR message, the UE can
select a spatial setting and transmit MsgA according to the selected spatial setting.
Either the first approach or the second approach can be applicable for the MsgA
transmission. The first approach can be applicable for the selection of the PRACH
preamble while the second approach can be applicable to the indication of the spatial
setting by higher layers in the PUSCH transmission.

In certain embodiments, it is possible to incorporate elements of the first approach in
the second approach. For example, a gNB (such as the BS 102) can indicate in a SIB a
set of spatial settings but without having an association among PRACH preambles and
spatial settings. Instead, the UE can select any PRACH preamble and transmit a
PRACH using any spatial setting from the set of spatial settings. The UE can indicate
the spatial setting for a PRACH transmission that the UE received a corresponding
RAR message by higher layers in a Msg3 PUSCH or in a MsgA PUSCH transmission
when the UE applies a 4-step or a 2-step random access procedure, respectively.

The first and second approaches, and combinations of such approaches as indicated
above, apply when the partitioning/mapping is associated to UEs with certain charac-
teristics. It is noted that in a network there can be UEs with different characteristics.
For example, UEs with different characteristics include UEs with reduced capabilities,

or generally UEs with different sets of capabilities. The gNB can associate a partition
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of preambles and/or a spatial setting to UEs with certain configured set of capabilities.
The gNB can indicate a set of spatial setting and preambles for a type of UEs. As in
approach 1, a UE determines a spatial setting, selects a PRACH preamble associated
with the spatial setting, and transmits a corresponding PRACH.

Another aspect is related to determining a spatial setting for repetitions of a PRACH
transmission, either with approach 1 (where the UE determines a spatial setting and
selects a PRACH preamble associated with the spatial setting) or with approach 2
(where the UE selects a spatial setting and a PRACH preamble from all configured
PRACH preambles and spatial settings). When the PRACH transmission is without
repetitions or when the UE uses a same spatial setting for all repetitions of a PRACH
transmission, if the UE does not detect a RAR message within a time window for RAR
reception, the UE can transmit a PRACH with a different spatial setting at the next
attempt.

In approach 1, for example for a set of N, spatial settings each associated t0 Npp40p
PRACH preambles and for n,,, repetitions, the N spatial settings are used for

different repetitions of a PRACH transmission. The spatial setting can change in every

repetition or in every N,,, /N, repetitions (n,,, is assumed to be a multiple of N ).

In approach 2, a UE can use different spatial settings for different repetitions of a
PRACH transmission. For example, the different spatial settings can be obtained by
cycling through the set of spatial settings/TCI states indicated in the SIB. It is also
possible that the spatial settings are predetermined relative to the spatial setting of the
SS/PBCH block the UE used to obtain system information (for example, defined by
N, partitions in an angular for the SS/PBCH block beam). The use of different spatial

settings for different repetitions of a PRACH transmission can be enable/disabled by
SIB signaling.

The spatial setting to be used can also be associated with a slot index of a corre-
sponding PRACH transmission. For example, per a predetermined number of slots
such as 10 slots, a first spatial setting can be applicable for a first slot, a second spatial
setting can be applicable for a second slot, and so on. Such association among spatial
settings and slot can simplify the gNB receiver operation by enabling PRACH re-
ceptions with only same spatial settings at a given time.

As illustrated in FIGURE 8, the method 800 describes a UE (such as the UE 116) de-
termining a spatial setting for different PRACH transmissions. In step 810, a UE
receives an indication from a serving gNB in a SIB for enabling a configuration of a
PRACH transmission with different spatial settings for different repetitions. In step
820, the UE transmits a PRACH preamble with a spatial setting. In step 830, the UE
does not detect a RAR message scheduling a Msg3 PUSCH transmission. In step 840,
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the UE repeats a PRACH transmission using a different spatial setting chosen by
cycling from a set of predetermined spatial settings.

As illustrated in FIGURE 9, the method 900 describes a UE (such as the UE 116)
cycling spatial settings for different receptions of a PRACH transmission. In step 910,

the UE determines a set of v, spatial settings and a number of y,,, repetitions for a

PRACH transmission. For example, the set of spatial settings can be provided in a SIB
or be determined relative to a spatial setting of a SS/PBCH block providing system in-
formation. In step 920, the UE determines a spatial setting to apply to a second number

repetitions from the n,., repetitions for a PRACH transmission. For example, the
second number can be 1 or n,, /N, - In step 930, the UE transmits the second number

of repetitions by selecting one setting from the set of spatial settings, starting for
example from the first spatial setting, and cycles through the set of spatial settings per

second number of repetitions for the remaining n,,, repetitions fora PRACH

transmission.

In certain embodiments, an additional aspect is related to the spatial setting of a
Msg3 PUSCH transmission. A gNB can indicate a TCI state/spatial setting for the
Msg3 transmission in the RAR message. For example, the indicated spatial setting is
determined from the cycling of the spatial settings of the PRACH.

As illustrated in FIGURE 10, the method 1000 describes a procedure for a gNB
(such as the BS 102) to indicate a spatial setting for a Msg3 PUSCH transmission. In
step 1010, a UE (such as the UE 116) receives an indication from a serving gNB in a
SIB for a configuration for PRACH transmissions. In step 1020, the UE selects a
PRACH preamble and transmits a corresponding PRACH. In step 1030, the gNB
detects the PRACH and provides a corresponding RAR message scheduling a Msg3
PUSCH transmission. In step 1040, the gNB indicates a TCI state/spatial setting for the
Msg3 transmission in the RAR message. In step 1050, the UE transmits the Msg3
PUSCH using the indicated spatial setting.

A further aspect is related to the spatial settings of a Msg3 PUSCH transmission with
repetitions. In certain embodiments, a gNB indicates repetitions for Msg3 using
cycling of spatial settings. The different spatial settings can be obtained by cycling
through a set of spatial settings/TCI states indicated in the SIB or predetermined
relative to the spatial setting of the SS/PBCH block the UE used to obtain system in-
formation.

As illustrated in FIGURE 11, the method 1100 describes a procedure for a gNB
(such as the BS 102) to indicate spatial settings for a Msg3 PUSCH transmission with
repetitions. In step 1110, a UE (such as the UE 116) receives an indication from a
serving gNB in a SIB for a set of spatial settings/TCI states. In step 1120, the gNB
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indicates to the UE a Msg3 PUSCH transmission with repetitions. In step 1130, the UE
transmits Msg3 PUSCH repetitions using cycling for the spatial setting per repetition
or per number of repetitions.

When a UE transmits a PRACH preamble with a corresponding spatial setting
indicated in a SIB, as described in approaches 1 and 2, the UE can select a spatial
setting among the spatial settings indicated in the SIB based on measurements that the
UE performs. A gNB can indicate spatial settings associated with CSI-RS config-
urations that the SIB indicates. The gNB can indicate CSI-RS configurations in the SIB
that enable the UE to perform measurements and determine spatial settings from CSI-
RS configurations. The UE can perform measurements of the (non-zero power) CSI-
RS and select a spatial setting, among the indicated spatial settings, that provides the
best signal-to-interference and noise ratio (SINR) or RSRP of such measurements. The
UE then transmits a selected PRACH preamble with the determined spatial setting.
Upon reception of a RAR, the UE can perform measurements of the CSI-RS and select
a spatial setting among the indicated spatial settings that provides the best SINR of the
measurements. The UE then transmits a Msg3 PUSCH with the determined spatial
setting. The UE can also include a CSI report in the Msg3 PUSCH. It is also possible
that the UE transmits a Msg3 PUSCH with a same spatial setting as the spatial setting
the UE used to transmit a PRACH preamble associated with the Msg3 PUSCH
transmission, wherein the UE derives the spatial setting from measurements that the
UE performs based on the reception on the configured CSI-RS resources. It is also
possible that the UE uses a combination of CSI-RS measurements performed at
different time instances to determine the spatial setting to use for Msg3 PUSCH
transmission or to determine the CSI report provided in the Msg3 PUSCH. When a UE
does not receive a RAR in a configured time window (RA response window) after the
transmission of a PRACH preamble, the UE can repeat the transmission of a PRACH
preamble using spatial a same or different spatial setting determined from mea-
surements on the configured CSI-RS resources, wherein for example the measurements
are performed before or after the transmission of a previous repetitions or are a com-
bination of measurements taken at different time instances. Transmission with spatial
settings determined from CSI-RS measurements also applies to the transmission of a
2-step random access procedure wherein the first step includes the PRACH preamble
and a MsgA PUSCH.

As illustrated in FIGURE 12, the method 1200 describes a procedure for a UE (such
as the UE 116) to determine a spatial setting for a PRACH preamble transmission. In
step 1210, a UE receives an indication from a serving gNB in a SIB for a set of spatial
settings associated with a PRACH preamble transmission and a configuration for non-
zero power (NZP) CSI-RS resources. In step 1220, the UE selects a PRACH preamble
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and performs measurements of the configured CSI-RS resources. In step 1230, the UE
selects a spatial setting among the configured spatial settings that provides the best
SINR/RSRP for the CSI-RS measurements. In step 1240, the UE transmits the PRACH
preamble using the determined spatial setting

After transmission of the PRACH preamble, if the UE does not receive a RAR, the
UE can repeat the transmission of the PRACH preamble with a same or different
spatial setting that can be determined, for example, by performing new CSI-RS mea-
surements or re-using previous CSI-RS measurements. Alternatively, the UE can select
a different PRACH preamble and repeat steps 1220 through 1240.

As illustrated in FIGURE 13, the method 1300 describes a procedure for a UE (such
as the UE 116) to determine a spatial setting for a Msg3 PUSCH transmission. In step
1310, a UE transmits a PRACH preamble using a spatial setting determined from NZP
CSI-RS measurements. In step 1320, the UE receives a RAR. In step 1330, the UE
performs measurements of the configured CSI-RS and selects a spatial setting that
provides the best SINR/RSRP for the CSI-RS measurements. Alternatively, the UE can
use the same spatial setting the UE used to transmit the PRACH corresponding to the
received RAR. In step 1340, the UE transmits Msg3 PUSCH using the determined
spatial setting.

Although FIGURES 6-13 illustrates the methods 600-1300, respectively, various
changes may be made to these FIGURES. For example, while the method 600 of
FIGURE 6, is shown as a series of steps, various steps could overlap, occur in parallel,
occur in a different order, or occur multiple times. In another example, steps may be
omitted or replaced by other steps. For example, steps of the methods 600-1300 can be
executed in a different order.

Embodiments of the present disclosure also describe reporting a channel quality as-
sociated to a spatial setting in Msg3. The following examples and embodiments, such
as those described in FIGURES 14-17 describe procedures for reporting channel
quality associated to a spatial setting in Msg3.

FIGURE 14 illustrates an example method 1400 for a UE to include a channel state
information (CSI) reference signal (RS) report in a Msg3 PUSCH transmission
according to embodiments of the present disclosure. FIGURE 15 illustrates an example
method 1500 for a UE to include a CSI-RS report in a MSG3 PUSCH transmission
where the Msg3 can be transmitted with multiple spatial settings, according to em-
bodiments of the present disclosure. FIGURE 16 illustrates an example method 1600
for UE to transmit a Msg3 PUSCH with a first spatial setting and a CSI report in
another PUSCH with a second spatial setting, according to embodiments of the present
disclosure. In the method 1600 the CSI report corresponds to a reception in CSI-RS

resources associated with the second spatial setting. FIGURE 17 illustrates an example
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method 1700 for a UE to report a channel quality in a Msg3 PUSCH transmission
based on measurements in CSI-RS resources indicated in a SIB according to em-
bodiments of the present disclosure.

The steps of the methods 1400-1700 can be performed by any of the UEs 111-116 of
FIGURE 1, such as the UE 116 of FIGURE 3. The methods 1400-1700 of FIGURES
14-17 are for illustration only and other embodiments can be used without departing
from the scope of the present disclosure.

In certain embodiments, when a UE performs NZP CSI-RS measurements using
different spatial settings to determine a spatial setting for a Msg3 PUSCH transmission
(wherein the spatial settings can be (i) provided by a gNB in a SIB, (ii) chosen by the
UE, or (iii) a combination of the two), the UE can also include a CSI report in the
Msg3 PUSCH. The UE can report information associated to the best spatial setting
and/or information associated to measurements of multiple spatial settings, wherein the
quality of the spatial setting is based on the SINR or RSRP of the CSI-RS measured by
the UE. A UE can also estimate a channel quality by determining an RSRP of SSB
measurements using a spatial setting. A gNB can configure in SIB whether a UE uses
CSI-RS or SSB transmissions to determine a channel quality associated to a spatial
setting. A configuration in SIB of CSI-RS can be interpreted as an indication to the UE
to use CSI-RS transmissions to determine a channel quality associated to a spatial
setting. A UE can also use both SSB transmissions and CSI-RS transmissions, when
available, to determine a channel quality associated to a spatial setting.

When a gNB configures NZP CSI-RS resources in SIB, a UE can determine a
channel quality associated to a spatial setting by performing measurements based on
receptions in the CSI-RS resources and can report a channel quality associated to a
spatial setting to the gNB.

For example, when the spatial settings are provided by a gNB, a CSI report can be
associated to the best and second best spatial settings, or can be associated to all spatial
settings, and the CSI report(s) associated to one or more spatial settings can be mul-
tiplexed in Msg3 PUSCH, wherein the UE transmits the Msg3 PUSCH using the best
spatial setting.

For another example when the spatial settings are chosen by a UE, a CSI report can
be associated to the best and second best spatial settings, or can be associated to all
spatial settings, and the transmission of the CSI report(s) associated to one or more
spatial settings can be done using the corresponding spatial settings. The UE can
transmit Msg3 with the best spatial setting and transmit the CSI reports in the corre-
sponding spatial settings. The CSI report of the best spatial setting can be also reported
in Msg3.

Such report by the UE can be used by the gNB for determining link adaptation for a
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Msg4 PDSCH transmission and for subsequent PDSCH transmissions.

As illustrated in FIGURE 14, the method 1400 describes a procedure for a UE (such
as the UE 116) to include CSI-RS report in a Msg3 PUSCH transmission. In step 1410
upon reception of a RAR, a UE performs CSI-RS measurements on CSI-RS resources
indicated by a SIB wherein the CSI-RS resources can be associated with different
spatial settings (different TCI states). In step 1420, the UE transmits Msg3 PUSCH
with a spatial setting determined from the CSI-RS measurements. In step 1430, the UE
reports information associated with the CSI-RS measurements of one or more spatial
settings. Alternatively, the UE can transmit Msg3 PUSCH using the same spatial
setting the UE used to transmit a PRACH that is associated with the Msg3 PUSCH for
the random access procedure. The UE can report information associated with the CSI-
RS measurements of one or more spatial settings.

As illustrated in FIGURE 15, the method 1500 describes a procedure for UE (such as
the UE 116) to include a CSI-RS report in a Msg3 PUSCH transmission. In step 1510,
the UE performs CSI-RS measurements based on receptions in indicated CSI-RS
resources wherein the CSI-RS resources can be associated with different spatial
settings. In step 1520, the UE selects a first and a second spatial setting corresponding
to the best and second best SINR/RSRP values of CSI-RS measurements. In step 1530,
the UE transmits Msg3 PUSCH with a first and a second spatial setting. In step 1540,
the UE reports information associated with the CSI-RS measurements in a first and a
second spatial setting in the corresponding Msg3 PUSCH transmissions.

The procedure as described in FIGURE 15 can be generalized to a number Msg3
PUSCH transmissions for a respective number of spatial settings, wherein the number
can be same as the number of spatial settings (TCI states) of CSI-RS configurations
indicated in the SIB, or separately indicated in the SIB, or specified in the system
operation. The Msg3 PUSCH transmissions can occur in different time durations. For
example, each Msg3 PUSCH transmission from the number of transmissions can be
over a same number of symbols in time and the number of symbols is indicated by a
time domain resource assignment field in an UL grant provided by the RAR and
scheduling a Msg3 PUSCH transmission.

As illustrated in FIGURE 16, the method 1600 describes a procedure for a UE (such
as the UE 116) to transmit a Msg3 PUSCH with a first spatial setting and a CSI report
in another PUSCH with a second spatial setting. In step 1610, the UE performs CSI-RS
measurements based on receptions of CSI-RS resources associated with different
spatial settings. In step 1620, the UE selects a first spatial setting corresponding to the
best RSRP value of the CSI-RS measurements and transmits a Msg3 PUSCH. In step
1630, the UE selects a second spatial setting corresponding to the second best RSRP

value of the CSI-RS measurements and transmits a corresponding CSI report in a
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second PUSCH with the second spatial setting. The parameters for the second PUSCH
transmission can be same as for the Msg3 PUSCH transmission wherein a time of the
second PUSCH transmission is after a time of the Msg3 PUSCH transmission and is
over a same number of symbols as the Msg3 PUSCH transmission.

In certain embodiments, a UE can also determine a channel quality associated to a
spatial setting by performing measurements based on SSB receptions and can report a
channel quality associated with a spatial setting to the gNB. The above descriptions
and examples (as described in FIGURES 14,15,16) which describe a UE determining a
channel quality and reporting such channel quality to a gNB based on receptions in
CSI-RS resources also apply when measurements by the UE are based on SSB re-
ceptions.

As illustrated in FIGURE 17, the method 1700 describes a procedure for a UE (such
as the UE 116) to report a channel quality in a Msg3 PUSCH transmission based on
measurements in CSI-RS resources indicated in a SIB. In step 1710, the UE receives
an indication in a SIB of CSI-RS resources for reception in order to determine a
channel quality. In step 1720, the UE determines a channel quality associated to a
spatial setting and the UE receives a RAR according to a spatial setting associated with
reception in a set of CSI-RS resources. In step 1730, the UE determines a channel
quality associated to one or more spatial settings based on receptions in CSI-RS
resources. In step 1740, the UE reports in Msg3 PUSCH the channel quality associated
with a spatial setting that the UE used to receive a RAR that schedules the Msg3
PUSCH transmission and channel qualities associated with other spatial settings.

Although FIGURES 14-17 illustrates the methods 1400-1700, respectively, various
changes may be made to these FIGURES. For example, while the method 1400 of
FIGURE 14, is shown as a series of steps, various steps could overlap, occur in
parallel, occur in a different order, or occur multiple times. In another example, steps
may be omitted or replaced by other steps. For example, steps of the methods
1400-1700 can be executed in a different order.

Embodiments of the present disclosure also describe Msg3 transmission. The
following examples and embodiments, such as those described in FIGURES 18, 19A,
and 19B, describe procedures for Msg3 transmission.

FIGURE 18 illustrates an example method 1800 for a UE to determine whether to
transmit Msg3 PUSCH using different spatial settings according to embodiments of the
present disclosure. FIGURE 19A illustrates an example method 1900a for a UE to
transmit Msg3 PUSCH with repetitions by cycling over spatial settings determined by
measurements for receptions in CSI-RS resources according to embodiments of the
present disclosure. FIGURE 19B illustrates an example method 1900b for a UE to

estimate path loss according to embodiments of the present disclosure.
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The steps of the methods 1800-1900b can be performed by any of the UEs 111-116
of FIGURE 1, such as the UE 116 of FIGURE. The methods 1800-1900b of FIGURES
18-19B are for illustration only and other embodiments can be used without departing
from the scope of the present disclosure.

In certain embodiments, when a gNB (such as the BS 102) configures NZP CSI-RS
resources in a SIB, a UE (such as the UE 116) (i) determines a channel quality as-
sociated with different spatial setting by performing measurements based on receptions
in CSI-RS resources and (ii) transmits a Msg3 PUSCH using the best spatial setting (in
terms of a largest measured RSRP in corresponding CSI-RS resources). It is noted that
the spatial settings can be configured in SIB or selected by the UE. If no CSI-RS
resources are configured, a UE can transmit Msg3 PUSCH by cycling over different
spatial settings.

As illustrated in FIGURE 18, the method 1800 describes a procedure for a UE (such
as the UE 116) to determine whether to transmit Msg3 PUSCH using different spatial
settings. In step 1810, the UE receives a RAR. In step 1820, the UE determines
whether there are NZP CSI-RS resources. When the UE determines that CSI-RS
resources are not configured, then in step 1830, the UE transmits Msg3 PUSCH by
cycling over different spatial settings. Alternatively, if the UE determines that de-
termines that CSI-RS resources are configured, then in step 1840, the UE determines a
spatial setting associated with the best channel quality, such as an RSRP, based on
measurements from receptions in CSI-RS resources. Thereafter in step 1850, the UE
transmits Msg3 PUSCH with the determined spatial setting.

In certain embodiments, when a gNB indicates configuration of NZP CSI-RS
resources in a SIB, the gNB can also indicate whether a UE transmits Msg3 PUSCH
using a spatial setting determined from measurements based on receptions in CSI-RS
resources or whether the UE repeats a Msg3 PUSCH transmission by cycling over a
number of spatial settings.

In certain embodiments, when a gNB indicates NZP CSI-RS resources in a SIB, a
UE can also transmit Msg3 PUSCH with more than one spatial settings by repeating a
Msg3 PUSCH transmission over different spatial settings. In this embodiment, the UE
can determine the different spatial settings based on the measurements from receptions
in the NZP CSI-RS resources. For example, a UE transmits a Msg3 PUSCH with (i) a
best and a second best spatial setting (corresponding to the larger or second largest
RSRP or SINR), (ii) a number of spatial settings indicated in a SIB, or (iii) a maximum
number of spatial settings corresponding to the spatial settings (TCI states) of the CSI-
RS resources indicated in the SIB. Alternatively, the maximum value can be de-
termined by an indication of the number of Msg3 repetitions. For example, when a

number of two repetitions for the Msg3 PUSCH transmission is indicated in the UL
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grant of the RAR scheduling the Msg3 PUSCH transmission or is indicated in the SIB,
the UE transmits the Msg3 PUSCH with first and second spatial settings corresponding
to the largest and second largest RSRP measurements that correspond to receptions in
CSI-RS resources associated with the first and second spatial settings. It is also
possible that a UE transmits Msg3 PUSCH with a number of repetitions determined
from RSRP values of the received CSI-RS resources. For example, a UE transmits a
Msg3 PUSCH with a spatial setting if a RSRP of CSI-RS resources corresponding to
the spatial setting is above a threshold, wherein the threshold can be indicated by
higher layers, for example in a SIB.

As illustrated in FIGURE 19A, the method 1900a describes a procedure for a UE
(such as the UE 116) to transmit Msg3 PUSCH with repetitions by cycling over spatial
settings determined by measurements for receptions in CSI-RS resources. In step 1910,
the UE is indicated NZP CSI-RS resources in a SIB. In step 1920, the UE determines
spatial settings associated to best channel qualities (such as RSRP) based on mea-
surements for receptions in the NZP CSI-RS resources. The determined number of
spatial settings can be determined based on a threshold that is indicated by a SIB. In
step 1930, the UE transmits the Msg3 PUSCH with repetitions using the determined
spatial settings. In step 1940, the UE can include a CSI reports for the spatial settings
in corresponding repetitions of the Msg3 PUSCH transmission.

As illustrated in FIGURE 19B, the method 1900B describes a procedure for a UE
(such as the UE 116) to estimate a path loss associated to the reception of NZP CSI-RS
resources indicated in a SIB for determine a power for a Msg3 PUSCH transmission.
In certain embodiments, the UE can use the path loss estimate to determine a number
of repetitions for a Msg3 PUSCH transmission.

In step 1950, the UE is indicated NZP CSI-RS resources in a SIB. In step 1960, UE
determines a path loss from RSRP measurements based on receptions of NZP CSI-RS
resources. The path loss can be derived from RSRP measurements and information for
a CSI-RS transmission power. The information for the CSI-RS transmission power can
be the power or can be an offset relative to a power of a SS/PBCH block that the UE
detects prior to receiving the SIB (the SIB also provides the SS/PBCH block power
and the offset). In step 1970, the UE determines a spatial setting associated with the
lowest path loss and a transmit power based on the lowest path loss (largest RSRP) for
a Msg3 PUSCH transmission. In step 1980, the UE transmits a Msg3 PUSCH with a
determined spatial setting and a determined transmit power.

In certain embodiments, a similar procedure described in FIGURE 19B for Msg3
PUSCH transmission can be applied to the transmission of PRACH preambles.

Although FIGURES 18-19B illustrates the methods 1800-1900b, respectively,
various changes may be made to these FIGURES. For example, while the method 1800
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of FIGURE 18, is shown as a series of steps, various steps could overlap, occur in
parallel, occur in a different order, or occur multiple times. In another example, steps
may be omitted or replaced by other steps. For example, steps of the methods
1800-1900b can be executed in a different order.

Embodiments of the present disclosure also describe reporting a channel quality as-
sociated to a spatial setting in Msgl or MsgA. The following examples and em-
bodiments, describe reporting a channel quality associated to a spatial setting in Msgl
or MsgA.

In certain embodiments, when a UE performs measurements for reception in NZP
CSI-RS resources using different spatial settings in order to determine a spatial setting
for a PRACH transmission (wherein the spatial settings can be (i) provided by a gNB
in a SIB, (ii) selected by the UE, or (iii) a combination thereof) the UE can also
provide a CSI report to the gNB. The UE can report a channel quality, such as an
RSRP of a CSI report, associated with the best spatial setting (for example, the spatial
setting resulting to the largest measured RSRP) and/or a channel quality associated
with multiple spatial settings, based on measurements for receptions in the NZP CSI-
RS resources. For example, a CSI report can be associated to the best and second best
spatial settings (resulting to respective largest and second largest RSRP mea-
surements). The CSI report(s) associated to one or more spatial settings can be
included in a Msgl/PRACH transmission for a 4-step RA procedure (or in a MsgA
transmission for a 2-step RA procedure), wherein the UE transmits the Msgl (or the
MsgA) using the best spatial setting. It is also possible that the CSI reports associated
to multiple spatial settings are included in corresponding PRACH preamble trans-
missions. The PRACH preambles transmitted with different spatial settings can be
same preamble or different preambles. The number of PRACH preamble trans-
missions, which can correspond to the number of CSI reports to a gNB, can be
configured by higher layers, for example in a SIB.

A UE can estimate a channel quality by measuring an RSRP of SSB receptions using
a spatial setting. A gNB can configure in a SIB whether a UE uses receptions of CSI-
RS or SSB to determine a channel quality associated to a spatial setting. A con-
figuration in a SIB of CSI-RS resources can be an indication to the UE to use re-
ceptions in CSI-RS resources to determine a channel quality associated to a spatial
setting. A UE can also use both SSB and CSI-RS receptions, when available, to
determine a channel quality associated to a spatial setting.

Embodiments of the present disclosure also describe PRACH preamble transmission.
The following examples and embodiments, such as those described in
FIGURES 20-26, describe procedures for PRACH preamble transmission.

FIGURE 20 illustrates an example method 2000 for a UE to estimate path loss as-
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sociated with the reception of a non-zero power (NZP) CSI-RS resources indicated in a
SIB for determining a power for a PRACH transmission according to embodiments of
the present disclosure. FIGURE 21 illustrates an example method 2100 for a UE to (1)
transmit a PRACH preamble with a spatial setting determined form measurements of
receptions in CSI-RS resources or (ii) transmit a PRACH preamble by cycling over
different spatial settings according to embodiments of the present disclosure. FIGURE
22 illustrates an example method 2200 for a UE to transmit a PRACH preamble based
on an indication in SIB for transmitting a PRACH preamble using a spatial setting that
the UE determines from measurements for receptions in the NZP CSI-RS resources
according to embodiments of the present disclosure. FIGURE 23 illustrates an example
method 2300 for a UE to transmit a PRACH preamble based on an indication in SIB to
transmit a Msg3 PUSCH using a spatial setting that the UE determines from mea-
surements for receptions in the NZP CSI-RS resources according to embodiments of
the present disclosure. FIGURE 24 illustrates an example method 2400 for a UE to
transmit PRACH preambles with different spatial settings that the UE determines from
measurements of receptions in CSI-RS resources according to embodiments of the
present disclosure. FIGURE 25 illustrates an example method 2500 for a UE to
transmit a PRACH preamble based on an indication in a SIB whether the UE uses a
path loss estimate from synchronization signal physical broadcast channel block (SSB)
resources or from CSI-RS resources according to embodiments of the present
disclosure. FIGURE 26 illustrates an example method 2600 for a UE to estimate a path
loss associated to the reception of NZP CSI-RS resources indicated in a SIB according
to embodiments of the present disclosure.

The steps of the methods 2000-2600 can be performed by any of the UEs 111-116 of
FIGURE 1, such as the UE 116 of FIGURE 3. The methods 2000-2600 of FIGURES
20-26 are for illustration only and other embodiments can be used without departing
from the scope of the present disclosure.

In certain embodiments, when a gNB (such as the BS 102) indicates NZP CSI-RS
resources in a SIB, a UE (such as the UE 116) determines a channel quality associated
with different spatial settings by performing measurements based on receptions in the
NZP CSI-RS resources. After determining a channel quality, the UE transmits a
PRACH preamble with the best spatial setting (the one resulting to the largest RSRP).
The spatial settings included in the PRACH preamble can be indicated in the SIB. For
example, through an indication of TCI states for the CSI-RS resources or selected by
the UE. If NZP CSI-RS resources are not indicated by the SIB, a UE can transmit a
PRACH preamble by cycling over different spatial settings that are determined by the
UE.

As illustrated in FIGURE 20, the method 2000 describes a procedure for a UE (such
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as the UE 116) to estimate a path loss associated to the reception of NZP CSI-RS
resources indicated in a SIB to be used for determining a power for a PRACH
transmission. In certain embodiments, the UE can use the path loss estimate to
determine a number of repetitions for a PRACH transmission.

In step 2010, the UE is indicated NZP CSI-RS resources in a SIB. In step 2020, the
UE determines a path loss from RSRP measurements based on receptions of NZP CSI-
RS resources. For example, the UE can determine the path loss can be from RSRP
measurements and information for a CSI-RS transmission power. Additionally, the in-
formation for the CSI-RS transmission power can be the power or can be an offset
relative to a power of a SS/PBCH block that the UE detects prior to receiving the SIB
(the SIB also provides the SS/PBCH block power and the offset). In step 2030, the UE
determines a spatial setting associated with the lowest path loss and a transmit power
based on the lowest path loss (largest RSRP) for a PRACH transmission. In step 2040,
the UE transmits a PRACH with a determined spatial setting and a determined transmit
power.

As illustrated in FIGURE 21, the method 2100 describes a procedure for a UE (such
as the UE 116) to transmit either (i) a PRACH preamble with a spatial setting de-
termined from measurements of receptions in CSI-RS resources or (ii) a PRACH
preamble by cycling over different spatial settings (that are determined by the UE).

In step 2110, the UE receives a SIB. In step 2120, the UE determines whether NZP
CSI-RS resources are provided in the received SIB. When NZP CSI-RS resources are
not provided in the SIB, then in step 2130, the UE transmits a PRACH preamble by
cycling over different spatial settings determined by the UE. Alternatively, when NZP
CSI-RS resources are provided in the SIB, then in step 2140, the UE determines a
spatial setting associated with the best channel quality (such as a largest RSRP) based
on measurements from receptions in CSI-RS resources (such as described above in
FIGURE 20). Thereafter, in step 2150, the UE transmits a PRACH preamble with the
determined spatial setting.

In certain embodiments, it is possible that the UE fails to detect CSI-RS resources. In
this embodiment, the UE transmits a PRACH preamble by cycling over different
spatial settings determined by the UE as described in step 2130, above.

In certain embodiments, when a gNB (such as the BS 102) indicates NZP CSI-RS
resources in a SIB, the gNB also indicates in the SIB whether a UE transmits a
PRACH preamble using a spatial setting that the UE determines from measurements
for receptions in the NZP CSI-RS resources (such as the spatial setting corresponding
to a measured RSRP with largest value). Alternatively, when the gNB indicates NZP
CSI-RS resources in a SIB, the gNB also indicates in the SIB whether the UE repeats a

PRACH preamble transmission over a number of spatial settings.
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In certain embodiments, the indication in SIB is for the transmission of a PRACH
preamble, and the transmission of a Msg3 PUSCH, if present, can be done with the
same spatial setting determined by the UE for a PRACH preamble transmission. In
certain embodiments, a gNB indicates in the SIB whether a UE transmits Msg3
PUSCH using (i) a spatial setting that the UE determines from measurements for re-
ceptions in the NZP CSI-RS or (ii) the same spatial setting as used for a PRACH
transmission associated with the Msg3 PUSCH transmission. If the gNB indicates in
the SIB to use CSI-RS measurements to (i) determine a PRACH preamble transmission
and (ii) determine a Msg3 PUSCH transmission, then UE can perform measurements
before PRACH transmission and before Msg3 PUSCH transmission. In the latter case,
the UE would start the measurements after reception of a RAR message and a spatial
setting for the Msg3 PUSCH transmission can be different than a spatial setting for the
corresponding PRACH transmission.

As illustrated in FIGURE 22, the method 2200 describes a procedure for a UE (such
as the UE 116) to UE to transmit a PRACH preamble based on an indication in SIB for
transmitting a PRACH preamble using a spatial setting that the UE determines from
measurements for receptions in the NZP CSI-RS resources.

In step 2210, the UE is indicated NZP CSI-RS resources in a SIB. In step 2220, the
UE is also indicated in the SIB to transmit a PRACH preamble using a spatial setting
that the UE determines from measurements for receptions in the NZP CSI-RS
resources. In step 2230, the UE determines the spatial setting associated to mea-
surements of NZP CSI-RS resources. For example, the determined spatial setting as-
sociated to measurements of NZP CSI-RS resources can be based on a CSI-RS
resulting to a largest RSRP measurement. In step 2240, the UE transmits a PRACH
preamble using the determined spatial setting.

As illustrated in FIGURE 23, the method 2300 describes a procedure for a UE (such
as the UE 116) to transmit a PRACH preamble based on an indication in SIB to
transmit a Msg3 PUSCH using a spatial setting that the UE determines from mea-
surements for receptions in the NZP CSI-RS resources.

In step 2310, the UE is indicated NZP CSI-RS resources in a SIB. In step 2320, the
UE is also indicated in the SIB to transmit a Msg3 PUSCH using a spatial setting that
the UE determines from measurements for receptions in the NZP CSI-RS resources. In
step 2330, the UE determines the spatial setting associated to measurements of NZP
CSI-RS resources. In step 2340, the UE transmits a Msg3 PUSCH using the de-
termined spatial setting.

In certain embodiments, the indications in SIB described above in FIGURES 22 and
23 can be a same indication for both PRACH preamble transmission and Msg3

PUSCH transmission. Alternatively, the indications in SIB described above in
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FIGURES 22 and 23 can be different indications.

In certain embodiments, for PRACH preamble transmission, the indication can be
whether the UE transmits a PRACH preamble with a number of repetitions using a
same spatial setting or repeats a PRACH preamble over multiple spatial settings. In
this embodiment, one or more spatial settings are determined by the UE from mea-
surements for receptions in the NZP CSI-RS resources. This indication is an alternative
to the indication described above (which describe whether (i) the UE transmits a
PRACH preamble using a spatial setting that the UE determines from measurements
for receptions in the NZP CSI-RS resources or (ii) the UE repeats a PRACH preamble
transmission over a number of spatial settings).

In certain embodiments, for Msg3 PUSCH transmission, the indication can be
whether the UE transmits a Msg3 PUSCH with a number of repetitions using a same
spatial setting or repeats a Msg3 PUSCH over multiple spatial settings. In this em-
bodiment, the UE determines the one or more spatial settings from measurements for
receptions in the NZP CSI-RS resources. This indication is an alternative to the in-
dication described above (which describe whether (i) a UE transmits a Msg3 PUSCH
using a spatial setting that the UE determines from measurements for receptions in the
NZP CSI-RS resources or (ii) the UE uses a same spatial setting used for PRACH
preamble transmission).

In certain embodiments, when a gNB indicates NZP CSI-RS resources in a SIB, a
UE also transmit PRACH preambles with more than one spatial settings. For example,
the UE can transmit the same preamble or a different preambles over different spatial
settings. It is noted that the UE can determine the different spatial settings based on
measurements for receptions in the NZP CSI-RS resources. For example, a UE
transmits a PRACH preamble with a spatial setting if a corresponding RSRP for NZP
CSI-RS resources associated with the spatial setting is above a threshold. The
threshold can be indicated by higher layers. For example, the threshold can be
indicated in the SIB.

For example, as illustrated in FIGURE 24, the method 2400 describes a procedure
for a UE (such as the UE 116) to transmit PRACH preambles with different spatial
settings that the UE determines from measurements of receptions in CSI-RS resources.

In step 2410, the UE is indicated NZP CSI-RS resources in a SIB. In step 2420, the
UE performs measurement (such as RSRP measurements) for reception in the NZP
CSI-RS resources. In step 2430, the UE determines spatial settings associated to RSRP
values above a threshold. The threshold can be determined by the UE or can be
indicated in the SIB. In step 2440, the UE transmits PRACH preambles using the de-
termined spatial settings.

In certain embodiments, a UE can also estimate a channel quality by measuring an
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RSRP corresponding to SSB receptions. A gNB can configure in a SIB whether a UE
uses receptions of NZP CSI-RS resources or of SSBs to determine a channel quality
associated to a spatial setting. The channel quality can be a RSRP value of a path loss
estimate value.

As illustrated in FIGURE 25, the method 2500 describes a procedure for a UE (such
as the UE 116) to transmit a PRACH preamble based on an indication in a SIB whether
a UE uses a path loss estimate from SSB resources or from NZP CSI-RS resources.

In step 2510, the UE is indicated NZP CSI-RS resources in a SIB. In step 2520, the
UE is indicated to use NZP CSI-RS resources to estimate a path loss. In step 2530, the
UE estimates a path loss from the indicated transmitted resources. Then in step 2540,
the UE determines a PRACH preamble transmission power using the determined path
loss (of step 2530).

As illustrated in FIGURE 26, the method 2600 describes a procedure for a UE (such
as the UE 116) to estimate a path loss associated to the reception of NZP CSI-RS
resources indicated in a SIB.

In step 2610, the UE is indicated NZP CSI-RS resources in a SIB. In step 2620, the
UE determines a path loss from measurements based on receptions of NZP CSI-RS
resources and corresponding RSRP measurements. In step 2630, the UE determines (i)
a spatial setting associated with the lowest path loss (largest RSRP), (ii) a number of
repetitions, and (iii) a transmit power for a PRACH preamble transmission. Then in
step 2640, the UE transmits a PRACH preamble with (1) the determined spatial setting,
(i1) the determined number of repetitions, and (iii) the determined power.

Although FIGURES 20-26 illustrates the methods 2000-2600, respectively, various
changes may be made to these FIGURES. For example, while the method 2000 of
FIGURE 20, is shown as a series of steps, various steps could overlap, occur in
parallel, occur in a different order, or occur multiple times. In another example, steps
may be omitted or replaced by other steps. For example, steps of the methods
2000-2600 can be executed in a different order.

Embodiments of the present disclosure also describe determining transmit power for
PRACH transmission from path loss estimated from NZP CSI-RS resources. The
following examples and embodiments describe procedures for determining transmit
power for PRACH transmission from path loss estimated from NZP CSI-RS resources.

In certain embodiments, a UE determines a transmission power for a physical

random access channel (PRACH), p

PRACH, b,

;i) »on active UL BWP b of carrier

fof serving cell ¢ based on DL RS for serving cell ¢ in transmission occasion i as:

] . ] [dBm] (1)
RDRACH;,f.c (= mlr‘{PCMAXf,c @), ])PRACHargetfc +P Lb,f,c }



41

WO 2022/005187 PCT/KR2021/008222

[221]

[222]

[223]

[224]

In Equation (1), above, Peyax. . (7) 1s the UE configured maximum output power as

defined in [3GPP TS 38.101-1], [3GPP TS 38.101-2] and [3GPP TS 38.101-3] for
carrier f of serving cell ¢ within transmission occasion i. The expression

P is the PRACH target reception power
PRACH, target, fc

PREAMBLE RECEIVED TARGET POWER provided by higher layers [3GPP TS
38.321] for the active UL BWP b of carrier f of serving cell ¢, Additionally, the ex-
pression pL, . is a pathloss for the active UL BWP b of carrier f based on the DL

RS associated with the PRACH transmission on the active DL. BWP of serving cell c.

The expression pL, = is calculated by the UE in dB as referenceSignalPower -

higher layer filtered RSRP in dBm, where RSRP is defined in [3GPP TS 38.215] and
the higher layer filter configuration is defined in [3GPP TS 38.331].

In certain embodiments, if the active DL BWP is the initial DL BWP and for SS/
PBCH block and CORESET multiplexing pattern 2 or 3, as described in Clause 13 in
[3GPP TS 38.213], then the UE determines pr. bt based on the SS/PBCH block as-

sociated with the PRACH transmission or based on the NZP CSI-RS resources
configured by a gNB in a SIB.

In certain embodiments, if a PRACH transmission from a UE is (i) not in response to
a detection of a PDCCH order by the UE, (ii) in response to a detection of a PDCCH
order by the UE that triggers a contention based random access procedure, (iii) as-

sociated with a link recovery procedure where a corresponding index is as-

q new

sociated with a SS/PBCH block, or (iv) associated to resources for a CSI-RS reception
configured by a gNB in a SIB, as described in Clause 6 of [TS 38.213], then the refer-
enceSignalPower is provided by ss-PBCH-BlockPower.

In certain embodiments, if a PRACH transmission from a UE is in response to a
detection of a PDCCH order by the UE that triggers a contention-free random access
procedure and depending on the DL RS that the DM-RS of the PDCCH order is quasi-
collocated with as described in Clause 10.1 in [3GPP TS 38.213], then the referenceS-
ignalPower is provided by ss-PBCH-BlockPower. Alternatively, if the UE is
configured resources for a periodic CSI-RS reception or the PRACH transmission is

associated with a link recovery procedure where a corresponding index is as-

q new

sociated with a periodic CSI-RS configuration as described in Clause 6 in [3GPP TS
38.213], then the referenceSignalPower is obtained by ss-PBCH-BlockPower and pow-
erControlOffsetSS where powerControlOffsetSS provides an offset of CSI-RS
transmission power relative to SS/PBCH block transmission power [3GPP TS 38.214].
If powerControlOffsetSS is not provided to the UE, then the UE assumes an offset of O
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dB. If the active TCI state for the PDCCH that provides the PDCCH order includes
two RS, then the UE expects that one RS has QCL-TypeD properties, and the UE uses
the one RS when applying a value provided by powerControlOffsetSS.

In certain embodiments, if within a random access response window, as described in
Clause 8.2 in [3GPP TS 38.213], the UE does not receive a random access response
that contains a preamble identifier corresponding to the preamble sequence transmitted
by the UE, then the UE determines a transmission power for a subsequent PRACH
transmission, if any, as described in [3GPP TS 38.321].The UE can determine the path
loss based on the SS/PBCH block associated with the PRACH transmission or based
on the NZP CSI-RS resources configured by a gNB in a SIB.

In certain embodiments, if prior to a PRACH retransmission, a UE changes the
spatial domain transmission filter, based on (i) the determination of a new spatial
setting from the SS/PBCH block associated with the PRACH transmission or (ii) the
NZP CSI-RS resources configured by a gNB in a SIB, then Layer 1 notifies higher
layers to suspend the power ramping counter as described in [3GPP TS 38.321].

Embodiments of the present disclosure also describe determining transmit power for
PRACH preambles transmitted by cycling over different spatial settings. The following
examples and embodiments, such as those described in FIGURE 27, describe
procedures for determining transmit power for PRACH preambles transmitted by
cycling over different spatial settings.

FIGURE 27 illustrates an example method 2700 for a UE to estimate a path loss as-
sociated to the reception of NZP CSI-RS resources indicated in a SIG according to em-
bodiments of the present disclosure. The steps of the method 2700 can be performed
by any of the UEs 111-116 of FIGURE 1, such as the UE 116 of FIGURE 3. The
method 2700 of FIGURE 27 is for illustration only and other embodiments can be used
without departing from the scope of the present disclosure.

Referring to the procedure described in FIGURE 27, above, a UE either (i) transmits
a PRACH preamble with a spatial setting (wherein the spatial setting can be de-
termined from measurements of receptions in NZP CSI-RS resources, if configured),
or (i1) transmits a PRACH preamble by cycling over different spatial settings. The UE
can determine a power for a PRACH transmission based on whether or not PRACH
preambles are transmitted by cycling over different spatial settings. For example, when
the UE transmits a number of PRACH preambles by cycling over different spatial
settings before a RAR reception for the number of PRACH preambles, all trans-
missions can be within the same power, while when the UE transmits PRACH
preambles after corresponding RAR receptions (with incorrect decoding), the UE
applies power ramping for transmission of PRACH preambles associated with different

RAR receptions.
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As illustrated in FIGURE 27, the method 2700 describes a procedure for a UE (such
as the UE 116) to estimate a path loss associated to the reception of NZP CSI-RS
resources indicated in a SIB.

In step 2710, the UE transmits a first number of PRACH preambles by cycling over
different spatial settings using a first power for all PRACH transmissions. A second
number of one or more PRACH preambles can be transmitted with each spatial setting
from the different spatial settings. The second number can be indicated in a SIB or de-
termined by the UE. For example, the second number can be a ratio of a total number
of repetitions for a PRACH preamble transmission and a number of spatial settings to
be used for the PRACH preamble transmission. In step 2720, the UE determines
whether RAR is received and is correctly decoded. When the UE receives and
correctly decodes a RAR, then in step 2730, the UE transmits a Msg3 PUSCH that is
scheduled by an UL grant in the RAR. Alternatively, if the RAR was not received or
incorrectly decoded, the UE in step 2740, applies power ramping to determine a
second transmit power for the first number of PRACH preambles. Then in step 2750,
the UE transmits the first number of PRACH preambles by cycling over the different
spatial settings using the determined second transmit power for all repetitions of the
PRACH transmission over the different spatial settings.

Although FIGURE 27 illustrates the method 2700, various changes may be made to
these FIGURES. For example, while the method 2700 of FIGURE 27 is shown as a
series of steps, various steps could overlap, occur in parallel, occur in a different order,
or occur multiple times. In another example, steps may be omitted or replaced by other
steps. For example, steps of the method 2700 can be executed in a different order.

In order to improve UL resource allocation and reduce a UCI reporting latency, em-
bodiments of the present disclosure consider enabling multiple repetitions of a PUCCH
transmission in a slot or across slots in order to improve utilization of available
resources and reduce a time required for completing a number of repetitions.
Depending on a minimum number of symbols that can be used for a repetition of a
PUCCH transmission, a PUCCH format can be same for all repetitions or can vary
among repetitions. Moreover, it is beneficial to avoid dropping a PUSCH transmission
when the PUSCH transmission overlaps with a repetition of a PUCCH transmission as
it can be possible to multiplex the UCI information in the PUSCH transmission. Ac-
cordingly, there is a need to provide means for determining symbols for a number of
repetitions of a PUCCH transmission over a number of slots. There is another need to
provide signaling mechanisms to indicate a number of repetitions and a number of
symbols per repetition for a PUCCH transmission or a total number of symbols for a
PUCCH transmission. There is yet and additional need to define a UE behavior when

repetitions of transmissions from the UE overlap in time. Although various em-
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bodiments are described for repetitions of a PUCCH transmission, these embodiments
are also generally applicable for repetitions of a PUSCH transmission.

According to embodiments of the present disclosure a UE (such as the UE 116) can
multiplex UCI in a PUCCH using different formats. A PUCCH transmission using
PUCCH formats 0 and 2 is over at most 2 OFDM symbols, while a PUCCH
transmission using PUCCH formats 1, 3, or 4 is over from 4 to 14 symbols. PUCCH
formats with longer duration (number of symbols) are used for enhanced coverage.
When a number of symbols in a slot are not sufficient for coverage, repetitions of a
PUCCH transmission can apply to enhance coverage.

For example, a PUCCH transmission can be repeated over a number of slots. The
repetition of the PUCCH transmission per slot starts from a same symbol in a slot and
is over a same number of consecutive symbols in the slot. When (i) there are not
enough available symbols in a slot for a repetition of the PUCCH transmission, (ii) the
repetition cannot start from a configured or indicated first symbol, or (iii) the repetition
cannot occur in consecutive symbols of a slot, then the UE does not transmit the
PUCCH repetition in that slot. In such scenarios, either the UCI reception reliability is
degraded when the UE does not transmit all configured repetitions of a PUCCH
transmission or, when the UE postpones to a next slot a repetition of a PUCCH
transmission that the UE cannot transmit in a current slot, the completion of the
PUCCH transmission with repetitions requires a longer time, thereby causing a longer
latency. Also, an efficiency of UL resource allocation can be affected because some
symbols that are available for UL transmission in a slot may not be used for a
repetition of the PUCCH transmission due to the aforementioned reasons. It is also
possible that there are enough available symbols for more than one repetition of a
PUCCH transmission in a slot, but the UE is restricted to transmit only one repetition
of a PUCCH transmission per slot.

FIGURE 28 illustrates an example diagram 2800 of a PUCCH with a number of rep-
etitions over a number of slots according to embodiments of the present disclosure.
FIGURE 29 illustrates an example diagram 2900 of a PUCCH with a number of rep-
etitions over a number of slots according to embodiments of the present disclosure.
FIGURES 30A, 30B, and 30C illustrates an example diagram 3000a, 3000b, and
3000c, respectively, of a PUCCH with a number of repetitions over a number of slots
according to embodiments of the present disclosure.

In certain embodiments, it is beneficial for a PUCCH transmission with repetitions to
support more than one repetition within a slot. Each repetition is over a same number
of symbols or, at least for UCI encoding using repetition coding or Reed-Mueller
coding such as when a UCI payload is less than 12 bits, over different numbers of

symbols as combining of corresponding receptions is then meaningful. This is because
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a maximum number of symbols for a PUCCH repetition is limited by the number of
symbols per slot and that maximum number is often smaller than an available number
of symbols in a slot for a repetition of a PUCCH transmission.

A PUCCH transmission that can be repeated more than once in a slot is referred to as
a PUCCH transmission with Type-B repetitions. For example, for a UE configured

with a number of repetitions, N,ff}’éec‘,f , for a PUCCH transmission, if each repetition

of the PUCCH transmission is over L = 4 symbols and most of the symbols in a slot
can be used for UL transmission, repeating the PUCCH transmission over the indicated

Npepeat slots increases unnecessarily a latency of the transmission while reducing

resource utilization because a value of L that is larger than 4 would be more ap-
propriate. Conversely, if each repetition of the PUCCH transmission is over L = 12
symbols, it is likely that several repetitions of the PUCCH transmission would have to
be dropped or postponed by a UE as only a small percentage of slots may have 12 or
more consecutive UL or flexible symbols. Configuring a small number of symbols per
repetition and allowing PUCCH repetitions within a slot would improve resource uti-
lization and reduce latency. Further, allowing repetitions of a PUCCH transmission
over different numbers of symbols would also improve resource utilization and reduce
latency. A UE can be configured whether or not to use different numbers of symbols
for different repetitions, that is, the UE can be configured whether to use Type-A
PUCCH repetitions where there can be at most one repetition per slot over same
symbols in a slot or to use Type-B PUCCH repetitions where a number of symbols can
vary among repetitions or there can be more than one repetition per slot.

Type-B PUCCH repetitions of a PUCCH transmission that use a same number of
symbols (where the number of symbols is provided by higher layers or is indicated by
a DCI format) is referred to as nominal repetitions. Repetitions of a PUCCH
transmission that use different number of symbols (depending on a number of available
consecutive symbols for a repetition in a slot) is referred to as actual repetitions.
Multiple (typically two) repetitions of a PUCCH transmission in a slot can be
supported with both nominal and actual repetitions of a PUCCH transmission.

Further improvements can be obtained by using a total number of symbols for a

PUCCH transmission pysymbolstotal _ ;  yreveat  wherein L is a number of symbols
PUCCH PUCCH

for a nominal repetition and NpePeat is a number of nominal repetitions of a PUCCH

transmission, instead of a number of repetitions NJEpeat for the PUCCH

transmission. For example, as illustrated in FIGURE 28, the diagram 2800 describes a
UE that is scheduled/configured to transmit a PUCCH with NZCPeat _ 4 nominal rep-
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etitions 2801 over 4 corresponding slots with the starting symbol in position S = 4 in
the slot and with length L = 11. The slots 2802 can be the first 4 slots, starting from a
slot indicated by a DCI format or configured by higher layers for a PUCCH
transmission. When some of symbols 4 through 14 in a slot are not available for UL
transmission, such as when those symbols as DL or reserved (such as the reserved
symbols 2803) or used for DL-to-UL switching, an actual repetition 2804 of the
PUCCH transmission in a corresponding slot can avoid those symbols as the length
can be smaller than L = 11 symbols of a nominal repetition. However, if the repetitions
of the PUCCH transmission are limited to 4 slots, a total number of symbols used for

the PUCCH transmission will be smaller than NSymbolstotal _ 1 .4 — 44 2805 and,

as a consequence, a reception reliability for the UCI provided by the PUCCH
transmission is reduced. The gNB can account for a potential reduction in a number of
symbols for the PUCCH repetitions over 4 slots by indicating more than 4 slots for
repetitions. However, that may also result to unnecessary repetitions and increased
resource overhead in cases when all/most symbols in each of the slots are available for
PUCCH repetitions.

In certain embodiments, a UE that is configured for repetitions of a PUCCH
transmission can also monitor PDCCH for detection of a DCI format indicating a slot
structure, such as a DCI format 2_0. Based upon a detection of the DCI format, the UE
can determine a modification to a slot structure over a number of slots, relative to a slot
structure the UE was previously indicated by higher layers. The UE can then avoid
transmission in symbols that are indicated as DL by the DCI format. The UE can also
avoid transmission in symbols indicated as flexible by the DCI format as such symbols
can be considered to be reserved in the system operation. The UE may also avoid
transmission in a number of symbols after a last DL symbol in order to allow a
required time to perform DL-to-UL switching at least when the UE needs to receive,
for example a CSI-RS, during the last DL symbol. The UE can indicate the number of
symbols for DL-to-UL switching to a gNB as a UE capability, or the gNB can provide
the number of symbols to the UE by higher layer signaling, or the number of the
symbols can be predetermined in the system operation.

Using a variable number of symbols for a PUCCH repetition (actual PUCCH
repetition) enables a latency reduction for the PUCCH transmission because a use of
corresponding available symbols per slot can improve. As for using nominal rep-
etitions with a same number of symbols per repetition, there can be more than one
PUCCH repetitions in a slot when, for example, there are DL or reserved symbols
between two sets of consecutive UL or flexible symbols in the slot. Therefore, de-

termining a number of slots for repetitions of a PUCCH transmission based on
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NSYymbols.total  can enable full flexibility to a gNB to indicate flexible symbols of a

TDD UL-DL configuration to be flexible (reserved) symbols or DL symbols while
ensuring a desired reception reliability of a PUCCH transmission without additional
resource overhead and without a material increase in a latency.

For example, as illustrated in FIGURE 29, the diagram 2900 describes when a

PUCCH transmission is indicated/configured to be with NIEPeat _ 4 repetitions over

L =11 symbols per slot, starting from symbol § =4 in a slot 2901. Symbols 8 through
10 of each slot are indicated as DL 2902 by an UL-DL configuration or by DCI format,
the actual repetitions 2903 of the PUCCH transmission can be in symbols 3 through 7
and 11 through 14 (or symbol 3 and symbol 11 can be additionally avoided to allow
for DL-to-UL switching time of 1 symbol) while a nominal repetition over L =11
cannot be supported. Then, to accommodate for the absence of PUCCH transmission in
the 3 symbols (symbols 8 through 10) over the four slots, the actual repetitions can
continue in slots after the 4 slots until the PUCCH transmission is over an additional

12 symbols and over a total number of at least NZymbolstotal _ 44 symbols 2904.

Whether actual repetitions continue after the 4 slots, or in general after Nepeat slots,

in order to compensate for repetitions that were not possible to transmit can be enabled
by a serving gNB, by higher layer signaling or by an indication in a DCI format
triggering the PUCCH transmission, and that can also apply in case of nominal rep-
etitions of a PUCCH transmission.

For example, as illustrated in FIGURE 30A, the UE can be scheduled to transmit a

PUCCH with NLePeat _ 4 nominal repetitions over 4 corresponding slots with a

starting symbol in location S = 4 in a slot and over a number of L = 4 symbols 3001a.
If symbols 8 through 10 of the four slots are indicated as flexible or DL 3002a by the
DCI format, the actual repetitions 3003a of the PUCCH transmission can be in
symbols 3 through 7 and 11 through 14 (or symbol 3 and symbol 11 can be addi-
tionally avoided to allow for DL-to-UL switching time of 1 symbol). Then the PUCCH

transmission of a total of pysymbolstotal _ ;  nrepeat _ 4. symbols can be completed
PUCCH PUCCH

in two of the slots 3004a (or in 3 slots if symbol 3 and symbol 11 are avoided).

Therefore, based on an indication of NTepeat nominal repetitions with starting

symbol S and length L, a UE can determine a total number of symbols

N Symbolstotal _ , yyrepeat  and perform actual repetitions that can be over different
PUCCH PUCCH

numbers of consecutive symbols until the PUCCH transmission is over NEymbols.total

symbols. A starting symbol can be symbol S in a first slot or any symbol after symbol
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S in the first slot. A starting symbol in slots, other than a first slot for a first repetition
of the PUCCH transmission, can be same as or different than symbol S as in the first
slot and can be different in different slots. Starting symbols for PUCCH repetitions in a
slot other than the first slot can be indicated to the UE by a DCI format, or configured
to the UE by higher layers, or determined by the UE as a first symbol available for a
repetition in the slot. For example, the UE can transmit a PUCCH repetition in a slot
starting from the earliest symbol in the slot that is available for transmission and is
configured as a starting symbol for PUCCH repetitions. It is also possible that starting
symbols for PUCCH repetitions in slots other than the first slot are the same as the
starting symbol of the first slot.

For another example, as illustrated in FIGURE 30B, a UE can be scheduled to

transmit a PUCCH with NEEPeat _ 4 nominal repetitions over 4 corresponding slots

with a starting symbol in location § =4 in a slot and over a number of L =2 symbols
3001b. If symbols 8 through 10 of the four slots are indicated as flexible or DL 3002b
by the DCI format, the actual repetitions 3003b of the PUCCH transmission can be in
symbols 4 through 7 and 11 through 14. Then the PUCCH transmission of a total of

symbols,;total __ repeat __ i
NZymbo =L NJPe _ g symbols can be completed in two of the slots 3004b

with first and second repetitions over 2 symbols and third repetition over 4 symbols.

Therefore, based on an indication of NePeat nominal repetitions with starting

symbol S and length L, a UE can determine a total number of symbols

N Symbolstotal _ -y repeat  and perform actual repetitions that can be over different
PUCCH PUCCH

numbers of consecutive symbols until the PUCCH transmission is over NEymbolstotal

symbols. A starting symbol can be symbol § in a first slot. A starting symbol in slots
other than a first slot for the first repetition of the PUCCH transmission, can be same
as or different than symbol S as in the first slot and can be different in different slots.
Starting symbols for PUCCH repetitions in slots other than the first slot can be
indicated to the UE by a DCI format or configured to the UE by higher layers or de-
termined by the UE as a first symbol available for a repetition in the slot. It is also
possible that starting symbols for PUCCH repetitions in slots other than the first slot
are the same as the starting symbol of the first slot.

For yet another example, as illustrated in FIGURE 30C, a UE can be scheduled to

transmit a PUCCH with NTEPeat — 4 nominal repetitions over 4 corresponding slots

with a starting symbol in location § = 5 in a slot and over a number of L =2 symbols
3001c. If symbols 3 and 4, and symbols 11 and 12 of the four slots are indicated as
flexible or DL 3002c by the DCI format, the actual repetitions 3003c of the PUCCH
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transmission can be in symbols 5 through 10 and 13 through 14. The PUCCH

transmission of a total of pysymbotstotal _ ;| yrepeat _ g symbols, can be
PUCCH PUCCH

transmitted with 4 repetitions and be completed in one of the slots 3004c.

Therefore, based on an indication of NePeat nominal repetitions with starting

symbol S and length L, a UE can determine a total number of symbols

N Symbolstotal _ -y repeat  and perform actual repetitions that can be over different
PUCCH PUCCH

numbers of consecutive symbols and over a different number of symbols in each

repetition until the PUCCH transmission is over NEymbolstotal symbols. A starting

symbol can be symbol S in a first slot. A starting symbol in slots with PUCCH rep-
etitions other than a first slot can be same as or different than symbol § and can be
different in different slots. Starting symbols for PUCCH repetitions in slots other than
the first slot can be indicated to the UE by a DCI format or configured to the UE by
higher layers. It is also possible that starting symbols for PUCCH repetitions in slots
other than the first slot are the same as the starting symbol in the first slot.

The following two procedures can apply to reduce a latency of a PUCCH
transmission with repetitions, ensure a target reception reliability for UCI provided by
the PUCCH transmission, and improve an UL resource utilization.

In the first procedure, the use of actual repetitions over a number of consecutive
symbols is discussed. For example, the number of consecutive symbols can be smaller
than or equal to a number of symbols of a nominal repetition or such restriction may
not exist. The number of symbols of the nominal repetition is associated with a number
of symbols of PUCCH resource that is indicated to the UE by a DCI format or is
configured to the UE by higher layers. It is also possible that the number of symbols of
the nominal repetition is, by default, equal to 14 and a repetition over any number of
symbols from 4 to 14 is allowed, or over any number of symbols from 1 to 14. When a
number of consecutive UL or flexible symbols in a slot is smaller than or equal to the
number of symbols for a nominal PUCCH repetition, such as 14 symbols, but is larger
than or equal to a minimum number of symbols, such as 4 symbols, the UE transmits
an actual repetition over the number of consecutive UL or flexible symbols in the slot.
Allowing a minimum of 4 symbols and a maximum of 14 symbols to be used for rep-
etitions of a PUCCH transmission enables use of a same PUCCH format. The
minimum number of symbols can be specified in the system operation, such as for
example 1 symbol when different PUCCH formats can be used for repetitions of a
PUCCH transmission, or 4 symbols when a same PUCCH format is to be used across
repetitions of a PUCCH transmission, that is equal to the smallest number of symbols

for a set of PUCCH formats that can support repetitions, or can be configured to the



50

WO 2022/005187 PCT/KR2021/008222

[252]

[253]

[254]

UE by higher layers. Allowing for the minimum number of symbols for a PUCCH
repetition to be 1 symbol is equivalent to not including any constraint for a number of
symbols for the PUCCH repetition. The minimum number of symbols can be, by
default, equal to 1, or can be, by default, equal to the smallest number of symbols of a
PUCCH format in a set of one or more PUCCH formats that are specified in the system
operation or configured to the UE by higher layers and for use for a PUCCH
transmission with repetitions. The number of symbols can be same for each actual
repetition, or can be enabled to be different by configuration, or can be different by
specifications of the system operation. It is also possible that the UE can be indicated
by a DCI format a number of symbols for a repetition of a configured PUCCH
transmission with repetitions. An indicated number of symbols equal to zero is
equivalent to no transmission of the corresponding repetition. This can be applied to a
nominal or to an actual repetition. Allowing use of a variable number of symbols for
repetitions of a PUCCH transmission is applicable when a UCI payload is smaller than
12 bits because repetition coding or Reed-Mueller coding is then used and a gNB can
combine repetitions that use different numbers of symbols. For UCI payloads that are
equal to or larger than 12 bits, polar coding is used all repetitions need to be over a
same number of symbols in order to enable the gNB to combine the repetitions.

In the second procedure, transmission of multiple repetitions of a PUCCH
transmission in a slot is discussed. When a first number of consecutive UL or flexible
symbols and a second number of consecutive UL (or flexible symbols in a slot) are
separated by a DL symbols or reserved symbols (including symbols used for DL-to-UL
switching), the UE can transmit a first actual PUCCH repetition over a first number of
consecutive symbols that is same as or a subset of the first number of symbols and a
second actual PUCCH repetition over a second number of consecutive symbols that is
same as or a subset of the second number of symbols. The first number of consecutive
symbols can be predefined to be same as the second number of consecutive symbols or
different numbers can be enabled either by specification of the system operation or by
higher layer configuration. A UE can be configured by higher layers or can be
indicated as part of the PUCCH resource whether a first actual repetition and a second
actual repetition are over same resource blocks (RBs) or over different RBs. Also,
multiple actual repetitions in a same slot can be restricted to be over same RBs by
specification.

Embodiments of the present disclosure also describe a configuration of PUCCH with
repetitions. The following examples and embodiments, such as those described in
FIGURES 31 and 32 describe procedures for configuring of PUCCH with repetitions

FIGURE 31 illustrates example PUCCH configurations 3101 and 3102 according to

embodiments of the present disclosure. FIGURE 32 illustrates an example method
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3200 for a UE to determine repetitions for a PUCCH transmission according to em-
bodiments of the present disclosure. The steps of the method 3200 can be performed
by any of the UEs 111-116 of FIGURE 1, such as the UE 116 of FIGURE 3. The
method 3200 of FIGURE 32 are for illustration only and other embodiments can be
used without departing from the scope of the present disclosure.

For a PUCCH transmission with repetitions, a gNB (such as the BS 102) can

configure a UE (such as the UE 116) with a number of slots Npepeat and a number of

symbols per slot L, or with a total number of symbols NSymbotstotal for repetitions of

a PUCCH transmission. For example, higher layer parameter nrofSymbols-rep-typeB

can indicate NEYmbolstotal and can be added to the PUCCH configuration as indicated

in the exemplary configuration 1 below. If nrofSymbols-rep-typeB is not provided to a

UE, the UE can determine psymbolstotal _ ;  yrepeat  wherein L is a number of
PUCCH PUCCH

symbols for a PUCCH repetitions and Njepeat is a total number of repetitions and

each is either indicated by a DCI format or is configured by higher layers.

As illustrated in FIGURE 31, the configuration 3101 describes that a UE can be addi-
tionally provided a maximum number of slots for actual repetitions (such as by higher
layer parameter nrofSlots-rep-typeB) in order for a serving gNB to control a maximum
number of slots where a UE would transmit repetitions (configure an upper limit to the
number of slots). If the UE is not provided nrofSlots-rep-typeB, the UE transmits
PUCCH with actual repetitions until a total number of symbols for the PUCCH

transmission NSymbols total is achieved and, when each repetition is over same

symbols in a slot, until a total number of repetitions is achieved. If nrofSlots-rep-typeB
is provided to the UE, it indicates a maximum number of slots for actual repetitions of
a PUCCH transmission, unless additional signaling is provided to the UE indicating
the maximum number of slots, such as by a field in a DCI format associated with the
PUCCH transmission. Therefore, when nrofSlots-rep-typeB is provided, a number of

slots available for the repetitions of the PUCCH transmission is Nrepeat and a slot/

repetition is counted regardless of whether or not the UE transmits a corresponding
repetition. When nrofSlots-rep-typeB is not provided, a number of slots available for

the repetitions of the PUCCH transmission can be larger NIEPeat asa slot/repetition

is not counted when the UE cannot transmit the repetition. Each repetition of the
PUCCH transmission can be over L symbols per slot or over a variable number of
symbols per slot.

Alternatively, as illustrated in FIGURE 31, the configuration 3102 describes an in-
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dication for a number of slots and for a total number of symbols for actual repetitions
of a PUCCH transmission can be jointly configured in one field.

For example, for actual repetitions of a PUCCH transmission by a UE in symbols 3
through 7 and in symbols 11 through 14 of a slot, and for nrofSlots-rep-typeB equal to
4, nrofSymbols-typeB equal to 44, and L equal to 11, the total number of symbols for

PUCCH repetitions is NZymbolstotal _ 44 while the actual number of symbols per

slot for PUCCH repetitions is 8 (not 11). This would require transmitting PUCCH over
6 slots, wherein for the last slot, only the first actual repetition can be transmitted (total
number of symbols is then 44) or both actual repetitions can be transmitted (total
number of symbols is then 48) as determined by the specifications of the system
operation or as configured by higher layers to the UE. If the maximum number of slots
nrofSlots-rep-typeB is equal to 4, the UE would transmit PUCCH with 3 repetitions
over 4 slots and the effective length of the PUCCH transmission would be 33 symbols.
If nrofSlots-rep-typeB is not provided to the UE, a limit on the number of slots where
the UE can transmit repetitions of a PUCCH transmission does not exists, and the UE
can transmit actual repetitions of the PUCCH transmission over 6 slots.

For another example, considering actual repetitions of a PUCCH transmission by a
UE in symbols 3 through 7 and in symbols 11 through 14 of a slot, if nrofSymbols-

1 bols,total = iti
typeB is NEymbolstotal _ 3 and L = 4, a number of repetitions for the PUCCH

transmission would be 8. This would require the UE to transmit PUCCH repetitions
over 4 slots. If nrofSlots-rep-typeB of 4, a UE would transmit PUCCH with 8 rep-
etitions over 4 slots and the effective length of the PUCCH transmission would be 32
symbols. In this case the PUCCH transmission occupies the indicated number of
symbols, nrofSymbols-typeB.

As illustrated in FIGURE 32, the method 3200 describes a procedure for a UE (such
as the UE 116) to determine repetitions for a PUCCH transmission.

In step 3210, the UE determines one or more sets of consecutive symbols within each
slot from a number of slots that are available for repetitions of a PUCCH transmission.
For example, the determination can be based only on UL-DL configurations provided
by higher layers. For another example, the determination can additionally be based on
an update of the UL-DL configurations by a DCI format. In step 3220, the UE de-
termines a nominal number of repetitions for the PUCCH transmission from an
indicated total number of symbols for the PUCCH transmission and an indicated
number of symbols per nominal repetition. Alternatively, the UE can be indicated the
nominal number of repetitions for the PUCCH transmission and the number of
symbols per nominal repetition, for example as part of the indicated PUCCH resource,

and determine the total number of symbols for the PUCCH transmission. In step 3230,
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the UE determines an actual number of repetitions from the total number of symbols
and the UL-DL configuration over a number of slots. In step 3240, the UE transmits
PUCCH with the determined number of actual repetitions over a determined number of
slots.

Although FIGURE 32 illustrates the method 3200, various changes may be made to
FIGURE 32. For example, while the method 3200 of FIGURE 32, is shown as a series
of steps, various steps could overlap, occur in parallel, occur in a different order, or
occur multiple times. In another example, steps may be omitted or replaced by other
steps. For example, steps of the method 3200 can be executed in a different order.

Embodiments of the present disclosure also describe an indication of whether an
actual number of slots for repetitions of a PUCCH transmission can be different than a
configured number. The following examples and embodiments, such as those
described in FIGURE 33, describe an indication of whether an actual number of slots
for repetitions of a PUCCH transmission can be different than a configured number.

FIGURE 33 illustrates an example method 3300 for a UE to determine the number of
repetitions for a PUCCH transmission according to embodiments of the present
disclosure. The steps of the method 3300 can be performed by any of the UEs 111-116
of FIGURE 1, such as the UE 116 of FIGURE 3. The method 3300 of FIGURE 33 is
for illustration only and other embodiments can be used without departing from the
scope of the present disclosure.

In certain embodiments, a gNB (such as the BS 102) can indicate whether a number
of slots for repetitions of a PUCCH transmission can exceed a number of slots
indicated by nrofSlots-typeB. In case the indication is that nrofSlots-typeB can be
exceeded, a PUCCH transmission with repetitions uses the indicated, by nrofSymbols-

bols,total 1
typeB, total number of symbols NSymbolstotal Alternatively,

N Symbolstotal _ , yrepeat  gg previously described and, when each repetition is over
PUCCH PUCCH

same L symbols in a slot, until a total number of NJePeat repetitions or a total number
of pyrepeat glots is achieved as configured by the gNB.
PUCCH

In certain embodiments, a gNB can also indicate a number of additional slots,
nrofSlots-typeB_add (in addition to nrofSlots-typeB slots) that the UE can use for rep-
etitions of a PUCCH transmission. In this case the length of the PUCCH transmission
can be limited by the maximum number of repetitions that can be transmitted in
(nrofSlots-typeB + nrofSlots-typeB_add) slots.

In certain embodiments, a gNB can configure a UE with one or more numbers of ad-
ditional slots, and use physical layer signaling to dynamically indicate the number of

additional slots or to change a value of a total number of slots or of the additional slots.
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For example, a gNB can indicate the UE behavior by a 1-bit field in the DCI format
scheduling PUCCH. A 1-bit field signaling can be used to indicate whether additional
slots can be used for PUCCH transmission in the DCI format. For example, a value of
"0" indicates that no additional slots can be used for PUCCH transmission and a

number of PUCCH repetitions is one that can be achieved over Npepeat consecutive

slots, and a value of "1" indicates that a configured value of additional number of slots

can be used and a number of PUCCH repetitions is NpEPeat . The configured value of

number of additional slots can be set to zero. It is also possible that the 1-bit DCI field
indicates whether one additional slot can be used. For example, a value "0" indicates
that the configured or default value can be used, and a value of "1" indicates that the
configured or default value increased by x can be used (for example x=/ indicates one
additional slot respect to the configured or default value, x=2 indicates two additional

slots, and so on, until any number of slots required to achieve Npepeat repetitions). A

gNB can also configure multiple values for the number of additional slots and use a
field in DCI to indicate which value to use. For example, the gNB can configure by
higher layers 4 values for the number of additional slots that the UE can use to transmit
symbols for repetitions of the PUCCH transmissions and indicate which value to use
with a 2-bit field in DCI format.

As illustrated in FIGURE 33, the method 3300 describes a procedure for a UE (such
as the UE 116) to determine the number of repetitions for a PUCCH transmission. In
step 3310 gNB indicates a number of symbols and a number of slots for a PUCCH
transmission. For example, the UE can receive the indication from the gNB. In step
3320, the gNB configures a default value for the number of additional slots. For
example, the UE identify the default value for the number of additional slots. In step
3330, the UE receives an indication in DCI format for whether to use additional slots
for repetitions of a PUCCH transmission and determines a maximum number of slots
to use for the repetitions of the PUCCH transmission. In step 3340, the UE determines
an actual number of repetitions for the transmission of PUCCH and transmits PUCCH
over a determined number of slots.

Although FIGURE 33 illustrates the method 3300, various changes may be made to
FIGURE 33. For example, while the method 3300 of FIGURE 33, is shown as a series
of steps, various steps could overlap, occur in parallel, occur in a different order, or
occur multiple times. In another example, steps may be omitted or replaced by other
steps. For example, steps of the method 3300 can be executed in a different order.

Embodiments of the present disclosure also describe an indication of whether the

number of symbols for PUCCH transmission with repetitions can be other than the
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configured value. The following examples and embodiments, such as those described
in FIGURE 34 describe procedures for indication of whether the number of symbols
for PUCCH transmission with repetitions can be other than the configured value.

FIGURE 34 illustrates an example method 3400 for a UE to determine PUCCH
resource for transmission of repetitions according to embodiments of the present
disclosure. The steps of the method 3400 can be performed by any of the UEs 111-116
of FIGURE 1, such as the UE 116 of FIGURE 3. The method 3400 of FIGURE 34 is
for illustration only and other embodiments can be used without departing from the
scope of the present disclosure.

In certain embodiments, based on a UCI type that a UE multiplexes in a PUCCH
transmission (such as HARQ-ACK, SR or CSI), the UE determines a PUCCH resource
and a PUCCH format. The determination can be based on a PUCCH resource indicator
field in a DCI format or based on a configuration by higher layers. A PUCCH resource
includes a configuration for a PUCCH format and for a number of symbols for a
PUCCH transmission. A same PUCCH format and a same number of PUCCH symbols
are used by the UE for all repetitions of a PUCCH transmission. For example, an
indicated PUCCH resource can include PUCCH format 3 and a number of 6 con-
secutive symbols for repetitions of the PUCCH transmission.

Using a same number of repetitions and a same number of symbols per repetition of
a PUCCH transmission for all PUCCH formats, for all possible numbers of UCI bits,
and for all possible sub-carrier spacing (SCS) configurations of the PUCCH
transmission is not meaningful. For example, a number of repetitions when a number
of UCI bits is 4 needs to be about twice a number of repetitions when a number of UCI
bits is 2 and, in general, for a same target reception reliability for UCI, a number of
PUCCH repetitions needs to increase with a number of UCI bits that is provided by the
PUCCH transmission. For example, a number of repetitions when a number of
symbols per repetition is 6 needs to be twice a number of repetitions when a number of
symbols per repetition is 12. For example, as a symbol duration for 15 kHz SCS is
twice a symbol duration for 30 kHz SCS, a number of repetitions for a PUCCH
transmission using 30 kHz SCS needs to be twice a number of repetitions using 15 kHz
SCS assuming that all other parameters such as PUCCH format, number of symbols
for PUCCH transmission, UCI payload, and so on are same. For example, as a PUCCH
format 4 is similar to a PUCCH format 3 with the exception of FDM PUCCH trans-
missions from more than one UEs (FDM is equivalent to orthogonal multiplexing
using orthogonal cover codes prior to DFT operation), a number of repetitions for a
PUCCH format 4 needs to be larger than a number of repetitions for a PUCCH format
3 when all remaining transmission parameters are same. Given the above dependencies

of a number of repetitions for a PUCCH transmission for achieving a target BLER, it is
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beneficial that a number of repetitions for a PUCCH transmission is indicated by a DCI
format together with or independently from a resource for the PUCCH transmission.

A DCI format can include a field ("number of PUCCH repetitions") that indicates a
number of repetitions for a PUCCH transmission that can be separate from a PUCCH
resource indication (PRI) field that indicates a PUCCH resource for the repetitions of
the PUCCH transmission. The "number of PUCCH repetitions" field can directly
indicate the number of repetitions for the PUCCH transmission. For example, a field
using 2 bits can indicate 1, 2, 4, or 8 repetitions with values of '00’, '01', '10" and 11/,
respectively. It is also possible that the field is used to scale a reference number of rep-
etitions provided by higher layers. For example, when a UE is provided by higher layer
a reference number of 4 PUCCH repetitions, a field of 2 bits in the DCI format can
indicate a scaling of the reference number by 0.5, 1, 2, or 4. The size of the "number of
PUCCH repetitions" field can be configurable including with O bits (in which case the
field does not exist).

In certain embodiments, to avoid an overhead in the DCI format that is associated
with introducing a "number of PUCCH repetitions" field and to avoid a modification in
existing DCI formats, a number of PUCCH repetitions can be indicated together with a
PUCCH resource, either as a separate parameter or as a joint parameter with another
parameter such as a number of symbols for a PUCCH transmission per slot or for a
nominal repetition of a PUCCH transmission. When a number of repetitions is a
separate parameter in a configuration of a PUCCH resource, the PUCCH resource can
also provide a value for a "nrofRepetitions" parameter. For example, Syntax (1), below
describes a PUCCH resource

Syntax (1)

PUCCH-format3 ::= SEQUENCE {

nrofPRBs INTEGER (1..16),

nrofSymbols INTEGER (4..14),

nrofRepetitions INTEGER (1, 2, 4, 8),

startingSymbollndex INTEGER(0..10)

}

In certain embodiments, a number of repetitions for a PUCCH transmission can be
jointly provided with a number of symbols in a configuration of a PUCCH resource,
the number of symbols can exceed a maximum number of symbols per slot (14
symbols). For example, a PUCCH resource, as shown in Syntax (2), below, wherein
the PUCCH resource includes 56 symbols. A joint indication is suitable in case a
PUCCH transmission is with Type-B repetitions where a transmission over 56 symbols
can be for example over 14 symbols per slot in 4 slots, or over 7 symbols per slot in 4

slots and over 14 symbols per slot in 2 slots, or over 4 symbols per slot in 14 slots, and
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so on. It is also possible that a separate "nrofRepetitions" parameter is provided in case
that each PUCCH repetition is over a same number of symbols in a slot and a total
number of symbols for the PUCCH transmission (that can be more than 14) is provided
in case of a PUCCH transmission with Type-B repetitions.

Syntax (2)

PUCCH-format3 ::= SEQUENCE {

nrofPRBs INTEGER (1..16),

nrofSymbols INTEGER (4..56),

startingSymbollndex INTEGER(0..10)

}

As illustrated in FIGURE 34, the method 3400 describes a procedure for a UE (such
as the UE 116) to determine the PUCCH resource for transmission of repetitions. In
step 3410, a gNB indicates to a UE using a PUCCH resource indicator (PRI) field in a
DCI format a PUCCH resource for a PUCCH transmission wherein the PUCCH
resource includes a number of slots and a number of symbols. In step 3420, the UE de-
termines a number of slots for repetitions for the PUCCH transmission of PUCCH
from the indicated PUCCH resource. For example, the determination can be based on
an UL-DL configuration provided by higher layers for a number of slots or addi-
tionally indicated/adjusted by a DCI format. In step 3430, the UE transmits the
PUCCH over a number of slots equal to the number of repetitions and over a number
of symbols equal to the number of symbols in the indicated PUCCH resource.

Although FIGURE 34 illustrates the method 3400, various changes may be made to
FIGURE 34. For example, while the method 3400 of FIGURE 34, is shown as a series
of steps, various steps could overlap, occur in parallel, occur in a different order, or
occur multiple times. In another example, steps may be omitted or replaced by other
steps. For example, steps of the method 3400 can be executed in a different order.

Embodiments of the present disclosure also describe an indication of a set of PUCCH
resources with at least different numbers of symbols. The following examples and em-
bodiments, such as those described in FIGURE 35 describe an indication of a set of
PUCCH resources with at least different numbers of symbols.

FIGURE 35 illustrates an example method 3500 for a UE to determine a PUCCH
resource, from a set of PUCCH resources, for a repetition of a PUCCH transmission
according to embodiments of the present disclosure. The steps of the method 3500 can
be performed by any of the UEs 111-116 of FIGURE 1, such as the UE 116 of
FIGURE 3. The method 3500 of FIGURE 35 is for illustration only and other em-
bodiments can be used without departing from the scope of the present disclosure.

In certain embodiments, when a number of symbols that are available for each

repetition of a PUCCH transmission is small, a UE can adapt a number of symbols for
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each repetition. For example, the UE can be provided multiple symbols for each
resource from a set of PUCCH resources. The first number of symbols is the primary
number of symbols and the remaining numbers of symbols are secondary. The UE de-
termines a PUCCH resource to multiplex UCI assuming the primary number of
symbols for each resource in the set of PUCCH resources. After determining a PUCCH
resource for UCI multiplexing, the UE can select among the primary number of
symbols and the secondary numbers of symbols to transmit a repetition of a PUCCH
transmission in a slot depending on an availability of consecutive symbols that the UE
can determine, for example, based on an UL-DL configuration that is provided by
higher layers or additionally indicated/adjusted by a DCI format. For a repetition of a
PUCCH transmission in a slot, the UE can select the largest number of symbols for the
PUCCH resource that is smaller than or equal to a maximum number of consecutive
UL or flexible symbols in the slot. For example, a UE can be provided two numbers of
symbols for each PUCCH resource in a set of PUCCH resources. The UE determines a
PUCCH resource for UCI multiplexing that includes 12 symbols and has a secondary
number of 6 symbols. Based on an UL-DL configuration, the UE determines that a
maximum of 8 consecutive symbols are available for a repetition of the PUCCH
transmission in a slot. Then, the UE transmits the repetition of the PUCCH
transmission in the slot using 6 symbols.

As illustrated in FIGURE 35, the method 3500 describes a procedure for a UE (such
as the UE 116) to determine a PUCCH resource, from a set of PUCCH resources, for a
repetition of a PUCCH transmission.

In step 3510, a UE is indicated a set of PUCCH resources wherein each resource
includes a primary number of symbols and a secondary number of symbols. In step
3520, the UE determines a PUCCH resource for multiplexing UCI in a PUCCH
transmission assuming the primary number of symbols for each resource from the set
of PUCCH resources. In step 3530, the UE determines the largest number of available
symbols for a repetition of a PUCCH transmission in a slot. For example, the UE can
determine the largest number of available symbols based on an UL-DL configuration
or based on a further adjustment by a DCI format. In step 3540, the UE transmits a
PUCCH repetition over a number of symbols in the slot that is the largest number of
symbols between the primary and secondary numbers of symbols that is smaller than
the largest number of available symbols in the slot.

Although FIGURE 35 illustrates the method 3500, various changes may be made to
FIGURE 35. For example, while the method 3500 of FIGURE 35, is shown as a series
of steps, various steps could overlap, occur in parallel, occur in a different order, or
occur multiple times. In another example, steps may be omitted or replaced by other

steps. For example, steps of the method 3500 can be executed in a different order.
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Embodiments of the present disclosure also describe dropping overlapping PUCCH
repetitions with CSI. The following examples and embodiments, such as those
described in FIGURE 36, describe dropping overlapping PUCCH repetitions with CSI.

FIGURE 36 illustrates an example method 3600 for a UE to drop a repetition of a
PUCCH transmission according to embodiments of the present disclosure. The steps of
the method 3600 can be performed by any of the UEs 111-116 of FIGURE 1, such as
the UE 116 of FIGURE 3. The method 3600 of FIGURE 36 is for illustration only and
other embodiments can be used without departing from the scope of the present
disclosure.

In certain embodiments, overlapping of PUCCH transmissions with repetitions can
occur over the duration of a PUCCH transmission with repetitions. The overlapping
can be between repetitions with same number of symbols and same starting symbol or
can be partial between some of the symbols for repetitions of different PUCCH trans-
missions. For example, a repetition of a PUCCH transmission with HARQ-ACK in-
formation that is triggered by a DCI format can overlap with a PUCCH transmission,
with or without repetitions, with CSI or SR. For example, the latter PUCCH
transmission starts prior to the former PUCCH transmission. In such case, a UE can
drop the overlapping repetitions of the PUCCH transmission with CSI or SR (including
a single transmission without repetitions). Similar, when a repetition of a PUSCH
transmission without UCI overlaps with a repetition of a PUCCH transmission, the UE
does not transmit the PUSCH. When a PUSCH with UCI overlaps with a repetition of
a PUCCH transmission, the UE does not transmit the PUSCH if the UCI of the
PUCCH repetition is HARQ-ACK or SR and transmits the PUSCH if the UCI of the
PUCCH repetition is CSI.

As illustrated in FIGURE 36, the method 3600 describes a procedure for a UE (such
as the UE 116) to drop a repetition of a PUCCH transmission.

In step 3610, a repetition of a PUCCH transmission with HARQ-ACK information
from a UE overlaps with a PUCCH transmission (with or without repetitions) with CSI
from the UE. In step 3620, the UE drops the repetition of the PUCCH transmission
with CSI. In step 3630, the UE continues transmitting the remaining repetitions of the
PUCCH transmission with CSI that do not overlap with repetitions of the PUCCH
transmission with HARQ-ACK information.

Although FIGURE 36 illustrates the method 3600, various changes may be made to
FIGURE 36. For example, while the method 3600 of FIGURE 36, is shown as a series
of steps, various steps could overlap, occur in parallel, occur in a different order, or
occur multiple times. In another example, steps may be omitted or replaced by other
steps. For example, steps of the method 3500 can be executed in a different order.

Embodiments of the present disclosure also describe an indication of a number of
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repetitions for an UCI type. The following examples and embodiments, such as those
described in FIGURES 37 and 38 describe an indication of a number of repetitions for
a UCI type.

FIGURE 37 illustrates a diagram 3700 of a PUCCH that is transmitted with CSI
according to embodiments of the present disclosure. FIGURE 38 a diagram 3800
where a PUCCH is transmitted with CSI according to embodiments of the present
disclosure.

In certain embodiments, using a same number of repetitions for all UCI types is
detrimental because different UCI types can have different reliability requirements
(target BLERS) and latency requirements. For example, a HARQ-ACK information re-
liability requirement can be larger than a CSI report reliability requirement. Also a
number of CSI report bits can be different than a number of HARQ-ACK information
bits, for example HARQ-ACK information includes 1-bit and a CSI report includes 4
bits. To adapt a number of repetitions for a PUCCH transmission according to a UCI
type while retaining a constraint for a same number of symbols in each repetition, a
first repetition of the PUCCH transmission can include HARQ-ACK information and
CSI that are jointly encoded, and a subsequent repetition can include only HARQ-
ACK information. For example, for 4 repetitions over 4 symbols per repetition, a UE
can multiplex HARQ-ACK information and CSI in first and second repetitions, and
multiplex only HARQ-ACK information in third and fourth repetitions. For another
example, for PUCCH transmissions with CSI reports that are configured by higher
layers, a UE can multiplex HARQ-ACK information and CSI in a PUCCH repetition
in a slot where a PUCCH transmission with CSI is configured, and multiplex only
HARQ-ACK information in PUCCH repetitions in other slots.

As illustrated in FIGURE 37, if a PUCCH with CSI is configured to be transmitted
by a UE every three of the slots 3701 (such as in slot (j) and slot (j+3)), and the UE is
configured to transmit the PUCCH with 4 repetitions over 4 symbols (and over 4
slots), the UE multiplexes HARQ-ACK information and CSI 3702 in a PUCCH
repetition in slot (j). The UE also multiplexes the HARQ-ACK 3703 and 3704 in-
formation in PUCCH repetitions over slots (j+1) and (j+2), respectively. The UE
further multiplexes jointly encoded HARQ-ACK information and CSI 3705 in a
PUCCH repetition in slot(j+3).

Alternatively, when a PUCCH transmission with CSI is configured to be as in the
above example and a first PUCCH transmission with HARQ-ACK information is in a
same slot as a PUCCH transmission with CSI, a first PUCCH with HARQ-ACK in-
formation and a second PUCCH with CSI are transmitted in same time resources.

In certain embodiments, the above multiple PUCCH transmission procedure can also
apply when UCI includes HARQ-ACK information and SR or when UCI includes
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HARQ-ACK information, CSI and SR. In the latter case, for example, HARQ-ACK in-
formation and CSI are multiplexed over 4 PUCCH repetitions while SR is multiplexed
only in a first PUCCH repetition. In another example, a transmission of PUCCH with
CSI and SR is configured by higher layers to be without repetitions while multiplexing
of HARQ-ACK information is in a PUCCH that is transmitted with repetitions.

In certain embodiments, the above applies also when actual PUCCH repetitions
(Type-B) are used. When a PUCCH transmission with CSI or SR is configured by
higher layers to a UE, and for example slot (j) is a slot where the UE transmits a
PUCCH with CSI or SR, if the PUCCH is transmitted without repetitions, then CSI or
SR is multiplexed in the PUCCH transmission having a first symbol in slot (j). For
example, if a first PUCCH with CSI or SR is configured to be transmitted in the
second slot of FIGURE 29, where there is the second repetition of a second PUCCH
transmission with HARQ-ACK information starting at symbol S=5, the UE transmits
the first PUCCH with the same starting symbol and length as for the second PUCCH
transmission.

FIGURE 38, illustrates this example, such as where a first PUCCH transmission with
CSI is configured in a second slot 3801, and a starting symbol and length of the first
PUCCH transmission 3803 are same as for a repetition of a second PUCCH
transmission with HARQ-ACK information 3802. Alternatively, HARQ-ACK in-
formation and CSI are jointly encoded and multiplexed in the repetition of the second
PUCCH transmission. It is also possible that the first PUCCH transmission is dropped.

In certain embodiments, the indication of the number of repetitions can be associated
with the UCI type. A gNB can configure a number of repetitions for a first PUCCH
carrying a HARQ-ACK report and independently configure another number of rep-
etitions for a second PUCCH carrying a CSI report. A first PUCCH transmission with
a HARQ-ACK report can be triggered by a first DCI format that indicates a first
PUCCH resource and a first number of repetitions for the first PUCCH transmission. A
second PUCCH transmission with a CSI report can be triggered by a second DCI
format that indicates a second PUCCH resource and a second number of repetitions for
the second PUCCH transmission. The first DCI format can be same or different than
the second DCI format. For example, a number of PUCCH repetitions can be indicated
together with a PUCCH resource. The PUCCH resource can provide a value fora "
nrofRepetitions-HARQ-ACK" parameter, a value for "nrofRepetitions-CSI" parameter
and a value for "nrofRepetitions-SR" parameter, for respectively configuring a number
of PUCCH repetitions for HARQ-ACK information, CSI, and SR. For example, as
shown in Syntax (3), below, a PUCCH resource can be as follows:

Syntax (3)

PUCCH-format3 ::= SEQUENCE {
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nrofPRBs INTEGER (1..16),

nrofSymbols INTEGER (4..14),

nrofRepetitions-HARQ-ACK INTEGER (1, 2, 4, 8),

nrofRepetitions-CSI INTEGER (1, 2, 4, 8),

nrofRepetitions-SR INTEGER (1, 2, 4, 8),

startingSymbollndex INTEGER(0..10)

}

In case a PUCCH is transmitted with a same number of repetitions for each of the
UCI types, the PUCCH resource can provide a value for a "nrofRepetitions" parameter,
as previously described, without configuring the UE with the parameters of number of
repetitions per UCI type fields.

Embodiments of the present disclosure also describe PUCCH transmission power
configuration per PUCCH format and per UCI type. The following examples and em-
bodiments describe PUCCH transmission power configuration per PUCCH format and
per UCI type.

In certain embodiments, when there are multiple configured values of a parameter

P, pyccy for determining a power of a PUCCH transmission, for example one

P, puccy Value is separately configured per PUCCH format and another P, pyccpy

value is separately configured per UCI type, a UE determines a PUCCH transmission
power according to the largest value of the two configured values, regardless of
whether or not the PUCCH transmission is configured with repetitions.

Embodiments of the present disclosure also describe an indication of a number of
repetitions by a field in a downlink control information (DCI) format. The following
examples and embodiments, such as those described in FIGURES 39 and 40 describe
an indication of a number of repetitions by a field in a DCI format.

FIGURE 39 illustrates an example method 3900 for a UE to determine a number of
repetitions for a PUCCH transmission depending on a hybrid automatic repeat request
acknowledgement (HARQ-ACK) payload size according to embodiments of the
present disclosure. FIGURE 40 illustrates an example method 4000 for a UE to
determine a number of repetitious for a PUCCH transmission depending on an UCI
type according to embodiments of the present disclosure.

The steps of the methods 3900 and 4000 can be performed by any of the UEs
111-116 of FIGURE 1, such as the UE 116 of FIGURE 3. The methods 3900 and 4000
of FIGURES 39 and 40 are for illustration only and other embodiments can be used
without departing from the scope of the present disclosure.

In certain embodiments, a DCI format can include a field ("number of PUCCH rep-

etitions") that indicates a number of repetitions for a PUCCH transmission. The
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"number of PUCCH repetitions” field can directly indicate the number of repetitions
for the PUCCH transmission, or the field is used to scale a reference number of rep-
etitions provided by higher layers.

In certain embodiments, a gNB (such as the BS 102) can configure a UE (such as the
UE 116) with a set of numbers of repetitions and use a field in a DCI format to indicate
to the UE a number of repetitions among the values in a set of values configured by
higher layers. For example, a field of 2 bits in a DCI format can be used to indicate a
number of repetitions in a configured set of 4 numbers of repetitions. It is also possible
to use 3 bits or 4 bits to indicate a number of repetitions from a larger number of
configured values.

In certain embodiments, a gNB can configure a UE with two or more sets of numbers
of repetitions. The sets of numbers of repetitions can be associated with a UCI payload
size of a PUCCH transmission, for example payload size of HARQ-ACK information,
or with different sets of numbers of symbols for each repetition for a PUCCH
transmission. Such sets of numbers of repetitions can be different or one set can be as-
sociated with more than one characteristic of the PUCCH transmission. A gNB can use
a same number of DCI bits to indicate a number of repetitions from the configured
numbers of repetitions regardless of the association of the sets of numbers of rep-
etitions to a PUCCH format, or to a type of information carried by a PUCCH
transmission, or to a payload size of a PUCCH transmission or to a payload size of a
type of information in a PUCCH transmission.

In certain embodiments, a DCI format can provide an indication for a number of rep-
etitions for a PUCCH transmission. Thereafter the UE can determine the set of
numbers of repetitions for the indication based on a corresponding UCI payload or
based on a corresponding number of symbols for each nominal repetition (or simply
for each repetition, if PUCCH repetitions Type-B are not supported) of the PUCCH
transmission. A reason for configuring multiple sets of repetitions is to reduce a
number of bits required in the DCI format to indicate a number of repetitions or to
improve a flexibility for indicating a PUCCH resource and also indicating a number of
repetitions through the PUCCH resource. For example, a number of repetitions for a
PUCCH transmission with a UCI payload of 11 bits can be about ten times larger than
a number of repetitions for a PUCCH transmission with a UCI payload of 1 bit. For
example, ignoring a difference in a coding gain as a function of the UCI payload, a
number of repetitions for a PUCCH transmission with repetitions over 4 symbols can
be about three times larger than a number of repetitions for a PUCCH transmission
with repetitions over 12 symbols. In general, to account for a variability over all
possible UCI payloads for which repetitions of a PUCCH transmission are supported

or over all possible numbers of symbols per repetition, a "number of PUCCH rep-
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etitions" field in a DCI format indicating a number of repetitions would need to have 5
or 6 or possibly more than 6 bits. Similar, if the indication for a number of repetitions
is through an indication of a PUCCH resource, a same PUCCH resource would need to
be associated with several different numbers of repetitions, thereby diminishing a ca-
pability for a gNB to actually select from different PUCCH resources for a UE to
transmit a PUCCH. By configuring different sets of numbers of repetitions for
different ranges of UCI payloads or for different number of symbols per repetition, the
number of bits in the "number of PUCCH repetitions” field can be reduced.

For example, a first set of 4 repetition values is associated with multiplexing of a
HARQ-ACK payload up to X bits in a PUCCH transmission, set_4 = (1,2,4,8) » and

a second set is associated with multiplexing of a HARQ-ACK payload larger than X
bits set B = (4,8,16,32) - A UE can be configured with set_A and set_B and an in-

dication by a "number of PUCCH repetitions"” field in a DCI format is for a value from
either set_A or set_B depending on the HARQ-ACK payload size. A UE can be
configured with set A and set B as part of a PUCCH resource configuration and an in-
dication by a "number of PUCCH repetitions"” field in a DCI format is for a value from
either set_A or set_B depending on the HARQ-ACK payload size. It is also possible
that a UE is configured with one set of values and with a parameter N. A UE can
interpret the field in the DCI format to indicate a number of repetitions equal to the
indicated value of the set multiplied by N if the HARQ-ACK payload size is up to X
bits or multiplied by M if the HARQ-ACK payload size is larger than X bits. The
values N and M can be predetermined or configured, or there can be a fixed rela-

tionship between the two values, for example M = 2 - N , and only one parameter can

be predetermined or configured.

As illustrated in FIGURE 39, the method 3900 describes a procedure for a UE (such
as the UE 116) to determine a number of repetitions for a PUCCH transmission
depending on a HARQ-ACK payload size.

In step 3910, a gNB configures a UE with a set of numbers of repetitions for a
PUCCH transmission and a parameter N. In step 3920, a UE determines a first number
of repetitions among the configured values by an indication provided by a DCI format.
In step 3930, the UE determines a second number of repetitions from a first number of
repetition and from N. For example, when a number of HARQ-ACK information bits
the UE multiplexes in the PUCCH transmission is larger than or equal to a value
(where the value can be predetermined or configured to the UE by a serving gNB), the
UE determines a second number of repetitions by multiplying a first number of rep-
etitions by N. Alternatively, when a number of HARQ-ACK information bits the UE

multiplexes in the PUCCH transmission is less than the value, a second number of rep-
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etitions is equal to the first number. In step 3940, the UE transmits the PUCCH with
the second number of repetitions.

As illustrated in FIGURE 40, the method 4000 describes a procedure for a UE (such
as the UE 116) to determine a number of repetition for a PUCCH transmission
depending on a UCI type.

In step 4010, a gNB configures a UE with a set of numbers of repetitions and a
parameter with value N. in step 4020, the UE determines a first number of repetitions
among the configured values by an indication in a DCI format. In step 4030, the UE
determines a second number of repetitions from the first number of repetition and from
the value N depending on whether or not a UCI comprises HARQ-ACK bits. For
example, when the UCI includes HARQ-ACK bits, a second number of repetitions is
determined from a first number of repetitions and from N. Alternatively, when the UCI
does not include HARQ-ACK bits, a second number of repetitions is equal to a first
number of repetitions. In step 4040, the UE transmits PUCCH with the second number
of repetitions.

In certain embodiments, aspects of methods 3900 and 4000 of in FIGURES 39 and
40 can be combined. For example, when a UCI comprises HARQ-ACK information
bits an in FIGURE 40, a UE determines a number of repetitions for the PUCCH
transmission based on whether or not the number of HARQ-ACK information bits is
larger than or equal to a value X that can be predetermined in the system operation or
provided to the UE by higher layers. It is also possible that depending on whether or
not the number of HARQ-ACK information bits is smaller than or equal to X, the UE
determines a number of repetitions for a PUCCH transmission by scaling an indicated
value, from a configured set of values, by a different N value. For example, the UE can

use N; and N: to scale the indicated number of repetitions when the number of

HARQ-ACK information bits is not or is, respectively, larger than X.

FIGURE 41 illustrates an example method 4100 for a UE to determine an uplink
transmission when PUCCH repetitions that provide a HARQ-ACK report overlap with
a PUSCH without repetitions or with a PUCCH transmission that provides a CSI report
according to embodiments of the present disclosure. The steps of the method 4100 can
be performed by any of the UEs 111-116 of FIGURE 1, such as the UE 116 of
FIGURE 3. The method 4100 of FIGURES 41 are for illustration only and other em-
bodiments can be used without departing from the scope of the present disclosure.

In this illustrative example, a UE determines an uplink transmission when PUCCH
repetitions that provide a HARQ-ACK report overlap with a PUSCH without rep-
etitions or with a PUCCH transmission that provides a CSI report. When a repetition of
the PUCCH transmission with the HARQ-ACK report overlaps with a PUSCH
transmission without repetitions, the UE drops the PUCCH repetition, multiplexes the
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HARQ-ACK report in the PUSCH, and transmits the PUSCH. When a repetition of the
PUCCH transmission with the HARQ-ACK report overlaps with a PUCCH
transmission without repetitions with the CSI report, the UE drops the PUCCH
transmission with the CSI report. A reason for multiplexing the HARQ-ACK report in
the PUSCH is because sufficient resources can be allocated for the HARQ-ACK report
in the PUSCH. A reason for not multiplexing a CSI report with the HARQ-ACK report
in a PUCCH used for the HARQ-ACK report is because that would reduce a number
of resources in the PUCCH that are available for the HARQ-ACK report. When a first
PUCCH transmission overlaps with a PUSCH transmission or with a second PUCCH
transmission, and as a result a repetition of the first PUCCH transmission is cancelled,
PUCCH repetitions of the first PUCCH transmission that are subsequent repetitions of
the cancelled PUCCH repetition are not affected by the cancellation.

In step 4110, a UE is scheduled/triggered by a DCI format to transmit a first PUCCH
with repetitions wherein the PUCCH provides a HARQ-ACK report. In step 4120, the
UE is scheduled by a DCI format to transmit a PUSCH without repetitions, wherein
the PUSCH transmission overlaps with a repetition of the first PUCCH in a first slot.
In step 4130, the UE is scheduled/triggered by a DCI format to transmit a PUCCH with
CSI, wherein the PUCCH transmission overlaps with a repetition of the first PUCCH
in a second slot. In step 4140, the UE drops the repetition of the first PUCCH that
overlaps with the PUSCH transmission, multiplexes the HARQ-ACK report in the
PUSCH, and transmits the PUSCH in the first slot and the UE drops the PUCCH with
the CSI report in the second slot.

Although FIGURES 39-41 illustrate the methods 3900-4100, respectively, various
changes may be made to FIGURES 39-41. For example, while the methods 3900-4100
are shown as a series of steps, various steps could overlap, occur in parallel, occur in a
different order, or occur multiple times. In another example, steps may be omitted or
replaced by other steps. For example, steps of the methods 3900-4100 can be executed
in a different order.

Although the figures illustrate different examples of user equipment, various changes
may be made to the figures. For example, the user equipment can include any number
of each component in any suitable arrangement. In general, the figures do not limit the
scope of this disclosure to any particular configuration(s). Moreover, while figures il-
lustrate operational environments in which various user equipment features disclosed
in this patent document can be used, these features can be used in any other suitable
system.

Although the present disclosure has been described with exemplary embodiments,
various changes and modifications may be suggested to one skilled in the art. It is

intended that the present disclosure encompass such changes and modifications as fall
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within the scope of the appended claims. None of the description in this application
should be read as implying that any particular element, step, or function is an essential
element that must be included in the claims scope. The scope of patented subject

matter is defined by the claims.
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Claims
A user equipment (UE) comprising:
a transceiver configured to receive:
first information indicating a configuration for directions of symbols,
and
second information indicating whether a repetition of a transmission is
counted when the repetition of the transmission is canceled; and
a processor operably connected to a transceiver, the processor
configured to determine:
that a first repetition of the transmission includes a symbol with a
downlink direction based on the first information, and
a counter number of repetitions based on the second information,
wherein the transceiver is further configured to cancel the first
repetition of the transmission.
The UE of Claim 1, wherein:
the transmission is for a physical uplink control channel (PUCCH) that
includes an uplink control information (UCI) payload;
the transceiver is further configured to receive:
third information indicating first and second sets of numbers of rep-
etitions, wherein:
the first set is associated with a first range of UCI payloads, and
the second set is associated with a second range of UCI payloads; and
fourth information providing an indication for a number of repetitions;
and
the processor is further configured to determine the number of rep-
etitions from the first set or the second set based on the indication and
the UCI payload.
The UE of Claim 1, wherein:
the transmission is for a physical uplink control channel (PUCCH);
the transceiver is further configured to receive:
third information indicating first and second sets of numbers of rep-
etitions, wherein:
the first set is for PUCCH transmissions with hybrid automatic repeat
request acknowledgement (HARQ-ACK) information, and
the second set is for PUCCH transmissions with channel state in-
formation (CSI), and

a downlink control information (DCI) format, wherein the DCI format:
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triggers the PUCCH transmission, and

provides an indication for a number of repetitions; and

the processor is further configured to determine, based on the in-
dication:

a number of repetitions from the first set when the PUCCH
transmission includes HARQ-ACK information, and

a number of repetitions from the second set of when the PUCCH
transmission includes CSI.

The UE of Claim 1, wherein:

the transmission is for a physical uplink control channel (PUCCH);
the transceiver is further configured to receive third information in-
dicating:

a first number of repetitions when the first number of repetitions are
with a first PUCCH format and over a first number of consecutive
symbols, and

a second number of repetitions when the second number of repetitions
are with a second PUCCH format and over a second number of con-
secutive symbols.

The UE of Claim 1, wherein:

the transceiver is further configured to receive third information for a
first number of symbols per repetition;

the processor is further configured to determine, for a second repetition,
a maximum number of consecutive symbols that:

does not include a symbol with a downlink direction,

is equal to or smaller than the first number of symbols, and

is equal to or larger than a predetermined number of symbols; and

the transceiver is further configured to transmit the second repetition
over the maximum number of consecutive symbols.

The UE of Claim 1, wherein:

the transmission is for a physical uplink control channel (PUCCH) that
includes an uplink control information (UCI) payload smaller than 12
bits,

a PUCCH format is same for repetitions of the PUCCH transmission,
minimum and maximum numbers of consecutive symbols for a
repetition of the PUCCH transmission are 4 and 14, respectively,

a second repetition and a third repetition of the PUCCH transmission
are over a second number and a third number of consecutive symbols,

respectively, and
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the second number is different than the third number.

The UE of Claim 1, wherein:

the transmission is for a first physical uplink control channel (PUCCH)
that includes hybrid automatic repeat request acknowledgement
(HARQ-ACK) information,

a repetition of the PUCCH transmission would overlap in time with a
second transmission, and

the processor is further configured to determine to:

cancel the repetition and multiplex the HARQ-ACK information in the
second transmission when the second transmission is for a physical
uplink shared channel (PUSCH), and

cancel the second transmission when the second transmission is for a
PUCCH with channel state information (CSI).

A base station comprising:

a transceiver configured to transmit:

first information indicating a configuration for directions of symbols,
and

second information indicating whether a repetition of a transmission is
counted when the repetition of the transmission is canceled; and

a processor operably connected to a transceiver, the processor
configured to determine:

that a first repetition of the transmission includes a symbol with a
downlink direction based on the first information, and

a counter number of repetitions based on the second information,
wherein the transceiver is further configured to cancel a reception for
the first repetition of the transmission.

The BS of Claim 8, wherein:

the transmission is for a physical uplink control channel (PUCCH) that
includes an uplink control information (UCI) payload;

the transceiver is further configured to transmit:

third information indicating first and second sets of numbers of rep-
etitions, wherein:

the first set is associated with a first range of UCI payloads, and

the second set is associated with a second range of UCI payloads; and
fourth information providing an indication for a number of repetitions;
and

the number of repetitions is from the first set or from the second set

based on the indication and the UCI payload.
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The BS of Claim 8, wherein:

the transmission is for a physical uplink control channel (PUCCH);
the transceiver is further configured to transmit:

third information indicating first and second sets of numbers of rep-
etitions, wherein:

the first set is for PUCCH transmissions with hybrid automatic repeat
request acknowledgement (HARQ-ACK) information, and

the second set is for PUCCH transmissions with channel state in-
formation (CSI), and

a downlink control information (DCI) format, wherein the DCI format:
triggers the PUCCH transmission, and

provides an indication for a number of repetitions;

the number of repetitions are from the first set when the PUCCH
transmission includes HARQ-ACK information; and

the number of repetitions are from the second set of when the PUCCH
transmission includes CSI.

The BS of Claim 8, wherein:

the transmission is for a physical uplink control channel (PUCCH);
the transceiver is further configured to transmit third information in-
dicating:

a first number of repetitions when the first number of repetitions are
with a first PUCCH format and over a first number of consecutive
symbols, and

a second number of repetitions when the second number of repetitions
are with a second PUCCH format and over a second number of con-
secutive symbols.

The BS of Claim 8, wherein:

the transceiver is further configured to transmit third information for a
first number of symbols per repetition;

the processor is further configured to determine, for a second repetition,
a maximum number of consecutive symbols that:

does not include a symbol with a downlink direction,

is equal to or smaller than the first number of symbols, and

is equal to or larger than a predetermined number of symbols; and

the transceiver is further configured to receive the second repetition
over the maximum number of consecutive symbols.

The BS of Claim 8, wherein:

the transmission is for a physical uplink control channel (PUCCH) that
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includes an uplink control information (UCI) payload smaller than 12
bits,

a PUCCH format is same for all repetitions of the PUCCH
transmission,

minimum and maximum numbers of consecutive symbols for a
repetition of the PUCCH transmission are 4 and 14, respectively,

a second repetition and a third repetition of the PUCCH transmission
are over a second number and a third number of consecutive symbols,
respectively, and

the second number is different than the third number.

A method comprising:

receiving first information indicating a configuration for directions of
symbols;

receiving second information indicating whether a repetition of a
transmission is counted when the repetition of the transmission is
canceled;

determining that a first repetition of the transmission includes a symbol
with downlink direction based on the first information;

determining a counter number of repetitions based on the second in-
formation; and

canceling the first repetition of the transmission.

The method of Claim 14, wherein:

the transmission is for a physical uplink control channel (PUCCH) that
includes an uplink control information (UCI) payload; and

the method further comprises:

receiving third information indicating first and second sets of numbers
of repetitions, wherein:

the first set is associated with a first range of UCI payloads, and

the second set is associated with a second range of UCI payloads; and
receiving fourth information providing an indication for a number of
repetitions; and

determining the number of repetitions from the first set or the second

set based on the indication and the UCI payload.
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[Fig. 6]
600

z

UE receives an indication from a serving gNB in a SIB for
a set of spatial settings and a configuration for PRACH }-_ 610
transmissions

UE receives an indication from a serving gNB in a SIB for
a partitioning of a total number of PRACH preamblesto }~620
each of the elements of the set of spatial settings

UE determinges a spatial setting, selects a PRACH preamble
associated with the spatial setting, and transmits a l~— 630
corresponding PRACH

The gNB detects the PRACH and determines the spatial

setting 640
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[Fig. 7]
700

z

UE receives an indication from a serving gNB in a SIB for

a configuration for PRACH transmissions ~ 710

The UE selects a PRACH preamble and transmits a 220
corresponding PRACH [~

gNB detects the PRACH and provides a corresponding 230
RAR message scheduling a Msg3 PUSCH transmission [~

The UE transmits the Msg3 PUSCH and indicates a spatial 240

setting for the Msg3 PUSCH transmission by a MAC CE
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[Fig. 8]
800

z

UE receives an indication from a serving gNB in a SIB for
enabling different spatial settings for a PRACH L 210
transmission

The UE transmits a PRACH preamble with a spatial setting }~ 820

The UE does not detect a RAR message scheduling a Msg3

PUSCH transmission ~ 830

The UE transmits a PRACH using a different spatial

setting chosen by cycling through a set of spatial settings ~ 840
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900

z

~ 910

UE determines a spatial setting to apply to a second
number repetitions from the N, repetitions for a PRACH
transmission

~920

UE transmits the second number of repetitions by selecting
one setting from the set of spatial settings

-~ 930
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‘;OOO
UE receives an indication from a serving gNB in a SIB for
a configuration for PRACH transmissions ~1010
The UE selects a PRACH preamble and transmits a 1020
corresponding PRACH [
gNB dctects the PRACH and provides a corresponding 1030
RAR message scheduling a Msg3 PUSCH transmission [
eNB indicates a TCI state/spatial setting for the Msg3
.o ~1040
transmission in the RAR message
The UE transmits the Msg3 PUSCH using the indicated 1050

spatial setting
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[Fig. 11]
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1100

z

~1110

h 4

gNB indicates repetitions for Msg3 using cycling of spatial
settings

~1120

UE transmits Msg3 PUSCH repetitions with the indicated
spatial settings

~1130
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[Fig. 12]
1200

z

UE receives an indication from a serving gNB in a SIB for a set of
spatial settings associated with a PRACH preamble transmission |-_1210
and a configuration for non-zero power (NZP) CSI-RS resources

UE selects a PRACH preamble and performs measurements of the

configured CSI-RS resources 1220
UE selects a spatial setting among the configured spatial settings 1230
that provides the best SINR/RSRP for the CSI-RS measurements [
UE transmits the PRACH preamble using the determined spatial 1240

setting
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[Fig. 13]
1300

z

UE transmits a PRACH preamble using a spatial setting determined

from NZP CSI-RS measurements ~1310

UE receives a RAR 1320

UE performs measurements of the configured CSI-RS and selects a
spatial setting that provides the best SINR/RSRP for the CSI-RS  }~1330
measurements

UE transmits Msg3 PUSCH using the determined spatial setting  }~1340
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1400

z

~1410

UE transmits Msg3 PUSCH with a spatial setting determined from
the CSI-RS measurements

~1420

UE reports information associated with the CSI-RS measurements of
one or more spatial settings

~—1430
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[Fig. 15]
1500

z

UE performs CSI-RS measurements based on receptions in
indicated CSI-RS resources wherein the CSI-RS resources can be |~_1510
associated with different spatial settings

UE selects a first and a second spatial setting corresponding to the

best and second best SINR/RSRP values of CSI-RS measurements ~1520

UE transmits Msg3 PUSCH with a first and a second spatial setting }~1530

UE reports information associated with the CSI-RS measurements
in a first and a second spatial setting in the corresponding Msg3  }~1540
PUSCH transmissions
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[Fig. 16]

UE performs CSI-RS measurements based on receptions of CSI-RS

resources associated with different spatial settings ~1610

UE selects a first spatial setting corresponding to the best SINR

values of the RSRP measurements and transmits a Msg3 PUSCH 1620

UE selects a second spatial setting corresponding to the second best
RSRP values of the CSI-RS measurements and transmits a ~1630
corresponding CSI report
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[Fig. 17]
1700

z

UE receives an indication in a SIB of CSI-RS resources for reception in order

to determine a channel quality ~1710

A 4
UE determines a channel quality associated to a spatial setting, and receives a
RAR according to a spatial setting associated with reception in a set of CSI- }~—1720
RS resources

UE determinges a channel quality associated to one or more spatial settings

based on receptions in CSI-RS resources ~1730

UE reports in Msg3 PUSCH the channel quality associated with a spatial
setting that the UE used to receive a RAR that schedules the MSg3 PUSCH }~1740
transmission and channel qualities associated with other spatial settings
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[Fig. 18]
1800
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UE receives a RAR L _1810

1830
1820

UE transmits Msg3
PUSCH by cycling over
different spatial settings

_~"Are NZP CSI-
RS resources?

UE determinges a spatial setting associated with the
best channel quality, such as an RSRP, based on  }~1840
measurements from receptions in CSI-RS resources

UE transmits Msg3 PUSCH with the determined

spatial setting ~1850
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1900a

z

~1910

'

UE determines spatial settings associated to best channel
qualities, such as RSRP, based on measurements for
receptions in the NZP CSI-RS resources

~1920

'

UE transmits the Msg3 PUSCH with repetitions using
the determined spatial settings

~—1930

'

UE can include a CSI reports for the spatial settings in
corresponding repetitions of the Msg3 PUSCH
transmission

~1940
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[Fig. 19B]
1900b

z

UE is indicated NZP CSI-RS resources in a SIB L 1950

'

UE determines a path loss from RSRP measurements based
on receptions of NZP CSI-RS resources

'

UE determines a spatial setting associated with the lowest
path loss and a transmit power based on the lowest path  }~1970
loss (largest RSRP) for a Msg3 PUSCH transmission

'

UE transmits a Msg3 PUSCH with a determined spatial
setting and a determined transmit power ~1980

~1960
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[Fig. 20]
2000
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UE is indicated NZP CSI-RS resources in a SIB L 010

'

UE mcasurcs the NZP CSI-RS rcsources with different
spatial settings indicated in SIB, wherein SIB indicates TCI L5020
states for the CSI-RS resources

'

UE determines the spatial setting associated to the largest
SINR/RSRP values

'

UE transmits a PRACH preamble using the determined
spatial setting ~2040

~2030
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2100

~2110

2120

2130

UE transmits a PRACH
Are NZP CSI-RS
/re NO preamble by cycling over

different spatial settings

resources provided
in SIB?

UE determines a spatial setting associated with the
best channel quality, such as a largest RSRP, based on
measurements from receptions in CSI-RS resources

~2140

UE transmits a PRACH preamble with the determined
spatial setting

~2150
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[Fig. 22]
2200

z

UE is indicated NZP CSI-RS resources in a SIB L 1210

'

UE is also indicated in the SIB to transmit a PRACH preamble
using a spatial setting that the UE determines from L 2220
measurements for receptions in the NZP CSI-RS resources

'

UE determines the spatial setting associated to measurements of
NZP CSI-RS resources, such as based on a CSI-RS resulting to a }~-2230
largest RSRP measurement

'

UE transmits a PRACH preamble using the determined spatial
setting ~2240
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[Fig. 23]
2300

z

UE is indicated NZP CSI-RS resources in the SIB L1310

'

UE is also indicated in SIB to transmit a Msg3 PUSCH
using a spatial setting that the UE determines from L1320
measurements for receptions in the NZP CSI-RS resources

'

UE determines the spatial setting associated to
measurements of NZP CSI-RS resources

'

UE transmits a Msg3 PUSCH using the determined spatial
setting ~2340

~2330
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[Fig. 24]
2400

z

UE is indicated NZP CSI-RS resources in a SIB L2410

!

UE performs measurement, such as RSRP measurements,
for reception in the NZP CSI-RS resources

I

UE determines the spatial settings associated to SINR/RSRP
values above a threshold, wherein the threshold can be ~2430
determined by the UE or can be also indicated in the SIB

I

UE transmits PRACH preambles using the determined
spatial settings

~2420

2440
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[Fig. 25]
2500

z

UE is indicated NZP CSI-RS resources in a SIB L0510

'

UE is indicated to use NZP CSI-RS resources to estimate a
path loss

'

UE estimates a path loss from the indicated transmitted
resources

'

UE determines a PRACH preamble transmission power
using the determined path loss

~2520

~2530

~2540




26/43

WO 2022/005187 PCT/KR2021/008222

[Fig. 26]
2600

z

UE is indicated NZP CSI-RS resources in a SIB L2610

I

UE determines a path loss from measurements based on
receptions of NZP CSI-RS resources and corresponding  ~2620
RSRP measurements

'

UE determines a spatial setting associated with the lowest
path loss (largest RSRP), a number of repetitions, and a  ~—2630
transmit power for a PRACH preamble transmission

'

UE transmits a PRACH preamble with the determined
spatial setting, the determined number of repetitions, and the }~2640
determined transmit power
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[Fig. 27]
2700

z

UE transmits a first number of PRACH preambles by cycling over different

spatial settings using a first power for all PRACH transmissions ~2710

2730

X 2720
- \< UE transmits a Msg3

ey T
" RAR received and ™ YES_| PUSCH that is scheduled

correctly decoded by by an UL grant in the
the UE? RAR

UE applies power ramping to determine a second transmit power for the first

number of PRACH preambles 2740

Y

UE then transmits the first number of PRACH preambles by cycling over the
different spatial settings using the determined second transmit power for all }~_2750
repetitions of the PRACH transmission over the different spatial settings
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[Fig. 29]
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[Fig. 30A]
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[Fig. 30B]
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[Fig. 30C]
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[Fig. 31]
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[Fig. 32]
3200

UE determines one or more sets of consecutive symbols,
within each slot from a number of slots, that are available L._3510
for repetitions of a PUCCH transmission

!

UE determines a total number of symbols for repetitions
from a nominal number of repetitions and from an indicated |_322¢
number of symbols or from explicit indication

!

UE determines an actual number of repetitions from the total
number of symbols and from an UL-DL configuration

!

UE transmits PUCCH with the determined number of
repetitions over a determined number of slots ~3240

~—3230
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[Fig. 33]

gNB indicates a number of slots and a number of symbols
for PUCCH transmission

~—3310

!

gNB configures a default value for the number of additional
slots

~—~3320

I

DCI indicates whether additional slots can be used for
PUCCH transmission - UE determines a maximum number
of slots

~3330

I

UE determines an actual number of repetitions for PUCCH
transmission

~3340

PCT/KR2021/008222

3300
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[Fig. 34]

eNB indicates a number of slots and a number of symbols
for a PUCCH transmission

PCT/KR2021/008222

3400

z

~3410

'

UE determines a number of slots from the indicated PUCCH
resource

~—3420

'

UE transmits PUCCH over number of slots and over number
of symbols per slot equal to number of symbols in indicated
PUCCH resource

~3430
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[Fig. 35]

UE is indicated a set of PUCCH resources wherein each
resource includes a primary number of symbols and a
secondary number of symbols

~—3510

!

UE determines a PUCCH resource for multiplexing UCI in a
PUCCH transmission assuming the primary number of
symbols for each resource from the set of PUCCH resources

~3520

!

UE determines a largest number of available symbols for a
repetition of a PUCCH transmission in a slot

~3530

I

UE transmits a PUCCH repetition over a number of symbols
in the slot that is the largest number of symbols between the
primary and secondary numbers of symbols that is smaller
than the largest number of available symbols in the slot

~3540

PCT/KR2021/008222
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[Fig. 36]

A repetition of a PUCCH transmission with HARQ-ACK
information overlaps with a PUCCH transmission with CSI

PCT/KR2021/008222

3600

z

~3610

!

UE drops the repetition of the PUCCH transmission with
CSI

~—3620

I

UE transmits remaining repetitions of PUCCH transmission
with CSI that do not overlap with repetitions of PUCCH
transmission with HARQ-ACK information

~—3630
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[Fig. 39]
3900

z

A gNB configures a UE with a set of numbers of repetitions
for a PUCCH transmission and with a parameter N

'

The UE determines a first number of repetitions. from the
configured set of numbers. based on an indication in a DCI }~-3920
format

'

~3910

The UE determines a second number of repetitions from the
o ~3930
first number of repetition and from N
The UE transmits PUCCH with the second number of
repetitions 3940
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[Fig. 40]
4000

z

A gNB configures a UE with a set of numbers of repetitions
and with a parameter with value N

!

The UE determines a first number of repetitions from the set
of number based on an indication by a DCI format

!

The UE determines a second number of repetitions when
UCI includes HARQ-ACK information bits

I

The UE transmits the PUCCH with the second number of
repetitions

~—4010

~—4020

~4030

~—4040
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[Fig. 41]

UE is scheduled/triggered by a DCI format to transmit a first PUCCH
with repetitions wherein the PUCCH provides a HARQ-ACK report

PCT/KR2021/008222

4100

-~ 4110

i

UE is scheduled/triggered by a DCI format to transmit a PUSCH
without repetitions, wherein the PUSCH transmission overlaps with a
repetition of the first PUCCH in a first slot

i~ 4120

i

UE is scheduled/triggered by a DCI format to transmit a PUCCH with
CSI, wherein the PUCCH transmission overlaps with a repetition of the
first PUCCH in a second slot

.~ 4130

i

UE drops the repetition of the first PUCCH that overlaps with the
PUSCH transmission, multiplexes the HARQ-ACK report in the
PUSCH, and transmits the PUSCH in the first slot and the UE drops
the PUCCH with the CSI report in the second slot

~ 4140
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