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Description

BACKGROUND

[0001] The following relates generally to wireless com-
munications, and more specifically to feedback for mes-
sage B of a two-step random access channel (RACH)
procedure.
[0002] Wireless communications systems are widely
deployed to provide various types of communication con-
tent such as voice, video, packet data, messaging, broad-
cast, and so on. These systems may be capable of sup-
porting communication with multiple users by sharing the
available system resources (e.g., time, frequency, and
power). Examples of such multiple-access systems in-
clude fourth generation (4G) systems such as Long Term
Evolution (LTE) systems, LTE-Advanced (LTE-A) sys-
tems, or LTE-A Pro systems, and fifth generation (5G)
systems which may be referred to as New Radio (NR)
systems. These systems may employ technologies such
as code division multiple access (CDMA), time division
multiple access (TDMA), frequency division multiple ac-
cess (FDMA), orthogonal frequency division multiple ac-
cess (OFDMA), or discrete Fourier transform spread or-
thogonal frequency division multiplexing (DFT-S-
OFDM). A wireless multiple-access communications
system may include a number of base stations or network
access nodes, each simultaneously supporting commu-
nication for multiple communication devices, which may
be otherwise known as user equipment (UE).
[0003] Some wireless systems may support random
access procedures for establishing communications be-
tween a UE and a base station. The random access pro-
cedure may involve a series of handshake messages
between the UE and the base station. In some cases,
the base station may be unable to determine whether the
random access procedure is complete, which may result
in relatively inefficient communications.
[0004] US2018/0124822A1 is directed to a two step
random access procedure where the first transmission
includes a PRACH preamble sequence and a first mes-
sage including information for determining a device spe-
cific network identifier for the scheduled entity and a sec-
ond transmission including information on a PDCCH ad-
dressed to the network identifier and a second message
on a PDSCH. MEDIATEK INC: "2-step RACH msgB ad-
dressing and HARO", 3GPP DRAFT; R2-1816687 2-
STEP RACH MSGB ADDRESSING AND HARQ is a dis-
cussion document on 2 step RACH msgB addressing
and HARQ.

SUMMARY

[0005] The techniques as described herein with refer-
ence to the appended claims relate to improved methods
or apparatuses that support feedback for a two-step ran-
dom access channel (RACH) procedure. Generally, the
described techniques provide for signaling of information

that a user equipment (UE) may use to indicate, to a base
station, that a two-step RACH procedure has been com-
pleted following receipt of message B of the RACH pro-
cedure.
[0006] In one embodiment, a method for wireless com-
munication at a user equipment, UE comprises: trans-
mitting, to a base station, a first message of a two-step
random access channel procedure, the two-step random
access channel procedure comprising the first message
and a second message; receiving, from the base station,
the second message comprising feedback information
for conveying to the LTE how to signal that the two-step
random access channel procedure has been completed,
wherein the feedback information comprises a transmit
power control command, a physical uplink control chan-
nel resource indicator and a physical downlink shared
channel-to-hybrid automatic repeat request timing indi-
cator; and transmitting, using the feedback information
included in the second message to the base station, a
third message serving as an indication of whether the
second message was received by the LTE and the two-
step random access channel procedure has been com-
pleted the third message transmitted in accordance with
the received feedback information.
[0007] In another embodiment, a method for wireless
communication at a base station, comprises: receiving,
from a user equipment, UE, a first message of a two-step
random access channel procedure, the two-step random
access channel procedure comprising the first message
and a second message; transmitting, to the UE, the sec-
ond message comprising feedback information for con-
veying to the UE how to signal that the two-step random
access channel procedure has been completed, the
feedback information comprising information for a phys-
ical uplink control channel, said information comprising
a transmit power control command, a physical uplink con-
trol channel resource indicator, and a physical downlink
shared channel-to-hybrid automatic repeat request tim-
ing indicator; and determining whether a third message
has been received from the UE in accordance with the
feedback information, wherein the third message signals
that the two-step random access channel procedure has
been completed.
[0008] In a further embodiment, an apparatus for wire-
less communication at a user equipment, UE, comprises:
means for transmitting, to a base station, a first message
of a two-step random access channel procedure, the two-
step random access channel procedure comprising the
first message and a second message; means for receiv-
ing, from the base station, the second message compris-
ing feedback information for conveying to the UE how to
signal that the two-step random access channel proce-
dure has been completed, wherein the feedback infor-
mation comprises a transmit power control command, a
physical uplink control channel resource indicator and a
physical downlink shared channel-to-hybrid automatic
repeat request timing indicator; and means for transmit-
ting, to the base station, a third message comprising an
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indication of whether the second message was received
by the LTE and the two-step random access channel
procedure has been completed, the third message trans-
mitted in accordance with the received feedback infor-
mation.
[0009] In another embodiment, an apparatus for wire-
less communication at a base station, comprises: means
for receiving, from a user equipment, LTE, a first mes-
sage of a two-step random access channel procedure,
the two-step random access channel procedure compris-
ing the first message and a second message; means for
transmitting, to the LTE, the second message comprising
feedback information for conveying to the UE how to sig-
nal that the two-step random access channel procedure
has been completed, the feedback information compris-
ing information for a physical uplink control channel, said
information comprising a transmit power control com-
mand, a physical uplink control channel resource indica-
tor and a physical downlink shared channel-to-hybrid au-
tomatic repeat request timing indicator; and means for
determining whether a third message has been received
from the UE in accordance with the feedback information,
wherein the third message signals that the two-step ran-
dom access channel procedure has been completed.
[0010] A non-transitory computer-readable medium
storing code for wireless communication at a UE is de-
scribed. This is not encompassed by the wording of the
claims but is considered as useful for understanding the
invention The code may include instructions executable
by a processor to transmit, to a base station, a first mes-
sage of a two-step RACH procedure, the two-step RACH
procedure including the first message and a second mes-
sage, receive, from the base station, the second mes-
sage including feedback information for signaling that the
two-step RACH procedure has been completed, and
transmit, to the base station, a third
[0011] The feedback information referred to above is
information for a PUCCH.
[0012] In some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein, the information for the PUCCH further
includes at least one of a a physical downlink shared
channel (PDSCH)-to-hybrid listen-before-talk (LBT) in-
formation, a sounding reference signal (SRS) request,
or a channel state information (CSI) request.
[0013] Some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein may further include operations, features,
means, or instructions for transmitting, within the third
message, a CSI report based on the channel state infor-
mation request. In some examples of the method, appa-
ratuses, and non-transitory computer-readable medium
described herein, the second message includes a timing
advance (TA) command, where the third message may
be transmitted based on the TA command.
[0014] Some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein may further include operations, features,

means, or instructions for receiving, as part of the feed-
back information, an uplink grant for transmitting uplink
data to the base station, and transmitting, to the base
station, the uplink data based on the uplink grant. Some
examples of the method, apparatuses, and non-transito-
ry computer-readable medium described herein may fur-
ther include operations, features, means, or instructions
for receiving, as part of the feedback information, a down-
link grant for receiving downlink data from the base sta-
tion, and receiving the downlink data based on the down-
link grant.
[0015] In some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein, the feedback information includes at least
one of an uplink grant or a downlink grant based on data
to be communicated between the UE and the base sta-
tion.
[0016] Some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein may further include operations, features,
means, or instructions for transmitting, to a second base
station, a fourth message of a second two-step RACH
procedure, the second two-step RACH procedure includ-
ing the fourth message and a fifth message, monitoring
for the fifth message including feedback information for
signaling that the second two-step RACH procedure may
have been completed, determining that the second two-
step RACH procedure may be unsuccessful based on
monitoring for the fifth message, and refraining from
transmitting a sixth message including an indication of
whether the fifth message was received by the UE based
on determining that the second two-step RACH proce-
dure may be unsuccessful.
[0017] In some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein, monitoring for the fifth message may in-
clude operations, features, means, or instructions for re-
ceiving the fifth message, and failing to decode the fifth
message.
[0018] In some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein, monitoring for the fifth message may in-
clude operations, features, means, or instructions for fail-
ing to receive the fifth message.
[0019] Some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein may further include operations, features,
means, or instructions for receiving, as part of the feed-
back information, a downlink grant for receiving downlink
data from the base station, and receiving the downlink
data based on the downlink grant, where transmitting the
third message includes transmitting the third message in
response to the received downlink data, the third mes-
sage including an indication of whether the downlink data
was received.
[0020] Some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein may further include operations, features,
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means, or instructions for monitoring one or more down-
link transmissions for the downlink data until the second
message may be decoded. Some examples of the meth-
od, apparatuses, and non-transitory computer-readable
medium described herein may further include operations,
features, means, or instructions for determining a timing
offset between the downlink grant and the downlink data,
the timing offset including a timing gap value and a first
slot offset value or including a second slot offset value
that may be greater than the first slot offset value.
[0021] In some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein, the downlink grant includes at least one
of LBT information or a CSI request. In some examples
of the method, apparatuses, and non-transitory compu-
ter-readable medium described herein, the downlink data
includes at least a radio resource control (RRC) config-
uration.
[0022] Some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein may further include operations, features,
means, or instructions for transmitting an ACK or a NACK
for the downlink data, where the ACK or the NACK in-
clude the signaling that the two-step RACH procedure
may have been completed.
[0023] Some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein may further include operations, features,
means, or instructions for receiving, as part of the feed-
back information, an uplink grant for transmitting uplink
data to the base station.
[0024] Some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein may further include operations, features,
means, or instructions for receiving, as part of the feed-
back information, an uplink grant for transmitting uplink
data to the base station, where transmitting the third mes-
sage includes transmitting the third message based at
least in part on the uplink grant.
[0025] In some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein, the uplink grant includes listen-before-
talk information including an indication of at least one of
an LBT priority or a medium sensing category. Some
examples of the method, apparatuses, and non-transito-
ry computer-readable medium described herein may fur-
ther include operations, features, means, or instructions
for receiving, as part of the feedback information, a down-
link grant for receiving downlink data from the base sta-
tion.
[0026] In some examples of the method, apparatuses,
and non-transitory computer-readable medium de-
scribed herein, receiving the second message may in-
clude operations, features, means, or instructions for re-
ceiving the second message via a broadcast transmis-
sion from the base station or a unicast transmission from
the base station.
[0027] In some examples of the method, apparatuses,

and non-transitory computer-readable medium de-
scribed herein, the feedback information may be different
from feedback information associated with a physical
downlink control channel (PDCCH).

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

FIG. 1 illustrates an example of a system for wireless
communications that supports feedback a two-step
random access channel (RACH) procedure in ac-
cordance with aspects of the present disclosure.
FIG. 2 illustrates an example of a wireless commu-
nications system that supports feedback for mes-
sage B of a two-step RACH procedure in accordance
with aspects of the present disclosure.
FIGs. 3 through 5 illustrate examples of process
flows in a system that supports feedback for mes-
sage B of a two-step RACH procedure in accordance
with aspects of the present disclosure.
FIGs. 6 and 7 show block diagrams of devices that
support feedback for message B of a two-step RACH
procedure in accordance with aspects of the present
disclosure.
FIG. 8 shows a block diagram of a communications
manager that supports feedback for message B of
a two-step RACH procedure in accordance with as-
pects of the present disclosure.
FIG. 9 shows a diagram of a system including a de-
vice that supports feedback for message B of a two-
step RACH procedure in accordance with aspects
of the present disclosure.
FIGs. 10 and 11 show block diagrams of devices that
support feedback for message B of a two-step RACH
procedure in accordance with aspects of the present
disclosure.
FIG. 12 shows a block diagram of a communications
manager that supports feedback for message B of
a two-step RACH procedure in accordance with as-
pects of the present disclosure.
FIG. 13 shows a diagram of a system including a
device that supports feedback for message B of a
two-step RACH procedure in accordance with as-
pects of the present disclosure.
FIGs. 14 through 18 show flowcharts illustrating
methods that support feedback for message B of a
two-step RACH procedure in accordance with as-
pects of the present disclosure.

DETAILED DESCRIPTION

[0029] In the following, the wording used, e.g. the use
of the word "may", should not be interpreted to suggest
that any of the features of the independent claims are
optional. In some wireless communication systems, a us-
er equipment (UE) and a base station may establish com-
munication using a random access channel (RACH) pro-
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cedure. For instance, the random RACH procedure may
include a series of handshake messages between the
UE and the base station. In some examples, RACH pro-
cedures may be used when a UE has data to transmit,
but does not have uplink resources assigned. In other
examples, RACH procedures may be used when the UE
is handed over from a source base station to a target
base station. In any event, the RACH procedure may
enable the UE to synchronize with the network and com-
municate with the base station.
[0030] In some cases, a UE and a base station may
establish communication using a two-step RACH proce-
dure, which may reduce latency associated with random
access procedures utilizing a greater number of messag-
es exchanged (e.g., four-step RACH procedures). For
instance, two-step RACH procedures may minimize de-
lays in establishing communications by reducing a
number of messages exchanged between the UE and
base station. In the two-step RACH procedure, a trans-
mission of a first message (e.g., message A) sent by the
UE may include a preamble portion (e.g., a RACH pre-
amble) and a payload portion (e.g., a physical uplink
shared channel (PUSCH) payload). Additionally, a trans-
mission of a second message (e.g., message B) may
include a payload including various information, such as
a preamble response, contention resolution information,
a radio resource control (RRC) connection setup infor-
mation, or a combination thereof. The second message
also may include timing advance (TA) information used
by the UE to obtain transmission timing for communica-
tions with the base station.
[0031] However, after the transmission of the second
message in the two-step RACH procedure, the base sta-
tion may not be aware of whether the UE received the
second message, or was able to successfully decode the
second message. As a result, the UE may send feedback
to the base station to indicate whether the two-step RACH
procedure was completed (e.g., the second message
was received, and the payload was decoded by the UE).
As described herein, a UE may provide feedback to the
base station for the second message of the two-step
RACH procedure through the use of feedback informa-
tion transmitted in the payload of the second message.
For example, the second message of the two-step RACH
procedure may include feedback information that con-
veys, to the UE, how the feedback may be transmitted,
for example, by transmitting a third message from the
UE to the base station. The base station may then de-
termine whether the UE has successfully completed the
RACH procedure based on receipt of the third message.
[0032] In some aspects, the feedback information with-
in the second message may include physical uplink con-
trol channel (PUCCH) information that the UE uses to
transmit feedback. For instance, the PUCCH information
may include a transmit power control (TPC) command,
a PUCCH resource indicator, a physical downlink shared
channel (PDSCH)-to-hybrid automatic repeat request
(HARQ) feedback timing indicator, listen-before-talk

(LBT) priority information, or any combination thereof,
among other information. The UE may use the PUCCH
information to send the third message. Such techniques
may reduce latency in providing feedback to the base
station regarding the completion of the RACH procedure.
[0033] Additionally or alternatively, the feedback infor-
mation within the second message may also include an
uplink grant. As such, the UE may send uplink data to
the base station based on the uplink grant, and the uplink
transmission may serve as feedback for the two-step
RACH procedure (e.g., because the UE sent the uplink
data using the grant, the base station may determine that
the RACH procedure was completed). Accordingly, the
base station may receive the third message based on
the uplink grant and determine that the RACH procedure
was successfully completed. Such techniques may en-
able the UE to immediately transmit pending uplink data
upon receipt of the second message.
[0034] In other examples, the feedback information
within the second message may include a downlink grant.
In such cases, the base station may subsequently trans-
mit downlink data to the UE based on the downlink grant,
and after the downlink data is received, the UE may pro-
vide feedback (e.g., HARQ acknowledgment (ACK)/neg-
ative acknowledgment (NACK)) for the downlink data.
Such feedback may also serve as feedback for the sec-
ond message, and may signal to the base station that
the RACH procedure was successfully completed by the
UE. In some cases, the second message may include
various combinations of PUCCH information, uplink
grants, and downlink grants.
[0035] Aspects of the disclosure are initially described
in the context of a wireless communications system. Fur-
ther examples are then provided with regard to process
flows that illustrate various techniques for enabling effi-
cient feedback schemes for RACH procedures. Aspects
of the disclosure are further illustrated by and described
with reference to apparatus diagrams, system diagrams,
and flowcharts that relate to feedback for message B of
a two-step RACH procedure.
[0036] FIG. 1 illustrates an example of a wireless com-
munications system 100 that supports feedback for mes-
sage B of a two-step RACH procedure in accordance
with aspects of the present disclosure. The wireless com-
munications system 100 includes base stations 105, UEs
115, and a core network 130. In some examples, the
wireless communications system 100 may be a Long
Term Evolution (LTE) network, an LTE-Advanced (LTE-
A) network, an LTE-A Pro network, or a New Radio (NR)
network. In some cases, wireless communications sys-
tem 100 may support enhanced broadband communica-
tions, ultra-reliable (e.g., mission critical) communica-
tions, low latency communications, or communications
with low-cost and low-complexity devices. Wireless com-
munications system 100 may support the use of feedback
information signaled by a base station, a feedback mes-
sage may be sent from a UE 115 to the base station 105
to indicate that a two-step RACH procedure has been
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completed.
[0037] Base stations 105 may wirelessly communicate
with UEs 115 via one or more base station antennas.
Base stations 105 described herein may include or may
be referred to by those skilled in the art as a base trans-
ceiver station, a radio base station, an access point, a
radio transceiver, a NodeB, an eNodeB (eNB), a next-
generation NodeB or giga-NodeB (either of which may
be referred to as a gNB), a Home NodeB, a Home eNo-
deB, or some other suitable terminology. Wireless com-
munications system 100 may include base stations 105
of different types (e.g., macro or small cell base stations).
The UEs 115 described herein may be able to commu-
nicate with various types of base stations 105 and net-
work equipment including macro eNBs, small cell eNBs,
gNBs, relay base stations, and the like.
[0038] Each base station 105 may be associated with
a particular geographic coverage area 110 in which com-
munications with various UEs 115 is supported. Each
base station 105 may provide communication coverage
for a respective geographic coverage area 110 via com-
munication links 125, and communication links 125 be-
tween a base station 105 and a UE 115 may utilize one
or more carriers. Communication links 125 shown in wire-
less communications system 100 may include uplink
transmissions from a UE 115 to a base station 105, or
downlink transmissions from a base station 105 to a LTE
115. Downlink transmissions may also be called forward
link transmissions while uplink transmissions may also
be called reverse link transmissions.
[0039] The geographic coverage area 110 for a base
station 105 may be divided into sectors making up a por-
tion of the geographic coverage area 110, and each sec-
tor may be associated with a cell. For example, each
base station 105 may provide communication coverage
for a macro cell, a small cell, a hot spot, or other types
of cells, or various combinations thereof. In some exam-
ples, a base station 105 may be movable and therefore
provide communication coverage for a moving geo-
graphic coverage area 110. In some examples, different
geographic coverage areas 110 associated with different
technologies may overlap, and overlapping geographic
coverage areas 110 associated with different technolo-
gies may be supported by the same base station 105 or
by different base stations 105. The wireless communica-
tions system 100 may include, for example, a heteroge-
neous LTE/LTE-A/LTE-A Pro or NR network in which dif-
ferent types of base stations 105 provide coverage for
various geographic coverage areas 110.
[0040] The term "cell" refers to a logical communication
entity used for communication with a base station 105
(e.g., over a carrier), and may be associated with an iden-
tifier for distinguishing neighboring cells (e.g., a physical
cell identifier (PCID), a virtual cell identifier (VCID)) op-
erating via the same or a different carrier. In some ex-
amples, a carrier may support multiple cells, and different
cells may be configured according to different protocol
types (e.g., machine-type communication (MTC), nar-

rowband Internet-of-Things (NB-IoT), enhanced mobile
broadband (eMBB), or others) that may provide access
for different types of devices. In some cases, the term
"cell" may refer to a portion of a geographic coverage
area 110 (e.g., a sector) over which the logical entity op-
erates.
[0041] UEs 115 may be dispersed throughout the wire-
less communications system 100, and each UE 115 may
be stationary or mobile. A UE 115 may also be referred
to as a mobile device, a wireless device, a remote device,
a handheld device, or a subscriber device, or some other
suitable terminology, where the "device" may also be re-
ferred to as a unit, a station, a terminal, or a client. A UE
115 may also be a personal electronic device such as a
cellular phone, a personal digital assistant (PDA), a tablet
computer, a laptop computer, or a personal computer. In
some examples, a UE 115 may also refer to a wireless
local loop (WLL) station, an Internet of Things (IoT) de-
vice, an Internet of Everything (IoE) device, or an MTC
device, or the like, which may be implemented in various
articles such as appliances, vehicles, meters, or the like.
[0042] Some UEs 115, such as MTC or IoT devices,
may be low cost or low complexity devices, and may pro-
vide for automated communication between machines
(e.g., via Machine-to-Machine (M2M) communication).
M2M communication or MTC may refer to data commu-
nication technologies that allow devices to communicate
with one another or a base station 105 without human
intervention. In some examples, M2M communication or
MTC may include communications from devices that in-
tegrate sensors or meters to measure or capture infor-
mation and relay that information to a central server or
application program that can make use of the information
or present the information to humans interacting with the
program or application. Some UEs 115 may be designed
to collect information or enable automated behavior of
machines. Examples of applications for MTC devices in-
clude smart metering, inventory monitoring, water level
monitoring, equipment monitoring, healthcare monitor-
ing, wildlife monitoring, weather and geological event
monitoring, fleet management and tracking, remote se-
curity sensing, physical access control, and transaction-
based business charging.
[0043] Some UEs 115 may be configured to employ
operating modes that reduce power consumption, such
as half-duplex communications (e.g., a mode that sup-
ports one-way communication via transmission or recep-
tion, but not transmission and reception simultaneously).
In some examples half-duplex communications may be
performed at a reduced peak rate. Other power conser-
vation techniques for UEs 115 include entering a power
saving "deep sleep" mode when not engaging in active
communications, or operating over a limited bandwidth
(e.g., according to narrowband communications). In
some cases, UEs 115 may be designed to support critical
functions (e.g., mission critical functions), and a wireless
communications system 100 may be configured to pro-
vide ultra-reliable communications for these functions.
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[0044] In some cases, a UE 115 may also be able to
communicate directly with other UEs 115 (e.g., using a
peer-to-peer (P2P) or device-to-device (D2D) protocol).
One or more of a group of UEs 115 utilizing D2D com-
munications may be within the geographic coverage area
110 of a base station 105. Other UEs 115 in such a group
may be outside the geographic coverage area 110 of a
base station 105, or be otherwise unable to receive trans-
missions from a base station 105. In some cases, groups
of UEs 115 communicating via D2D communications
may utilize a one-to-many (1:M) system in which each
UE 115 transmits to every other UE 115 in the group. In
some cases, a base station 105 facilitates the scheduling
of resources for D2D communications. In other cases,
D2D communications are carried out between UEs 115
without the involvement of a base station 105.
[0045] Base stations 105 may communicate with the
core network 130 and with one another. For example,
base stations 105 may interface with the core network
130 through backhaul links 132 (e.g., via an S1, N2, N3,
or other interface). Base stations 105 may communicate
with one another over backhaul links 134 (e.g., via an
X2, Xn, or other interface) either directly (e.g., directly
between base stations 105) or indirectly (e.g., via core
network 130).
[0046] The core network 130 may provide user authen-
tication, access authorization, tracking, Internet Protocol
(IP) connectivity, and other access, routing, or mobility
functions. The core network 130 may be an evolved pack-
et core (EPC), which may include at least one mobility
management entity (MME), at least one serving gateway
(S-GW), and at least one Packet Data Network (PDN)
gateway (P-GW). The MME may manage non-access
stratum (e.g., control plane) functions such as mobility,
authentication, and bearer management for UEs 115
served by base stations 105 associated with the EPC.
User IP packets may be transferred through the S-GW,
which itself may be connected to the P-GW. The P-GW
may provide IP address allocation as well as other func-
tions. The P-GW may be connected to the network op-
erators IP services. The operators IP services may in-
clude access to the Internet, Intranet(s), an IP Multimedia
Subsystem (IMS), or a Packet-Switched (PS) Streaming
Service.
[0047] At least some of the network devices, such as
a base station 105, may include subcomponents such
as an access network entity, which may be an example
of an access node controller (ANC). Each access net-
work entity may communicate with UEs 115 through a
number of other access network transmission entities,
which may be referred to as a radio head, a smart radio
head, or a transmission/reception point (TRP). In some
configurations, various functions of each access network
entity or base station 105 may be distributed across var-
ious network devices (e.g., radio heads and access net-
work controllers) or consolidated into a single network
device (e.g., a base station 105).
[0048] Wireless communications system 100 may op-

erate using one or more frequency bands, typically in the
range of 300 megahertz (MHz) to 300 gigahertz (GHz).
Generally, the region from 300 MHz to 3 GHz is known
as the ultra-high frequency (UHF) region or decimeter
band, since the wavelengths range from approximately
one decimeter to one meter in length. UHF waves may
be blocked or redirected by buildings and environmental
features. However, the waves may penetrate structures
sufficiently for a macro cell to provide service to UEs 115
located indoors. Transmission of UHF waves may be as-
sociated with smaller antennas and shorter range (e.g.,
less than 100 km) compared to transmission using the
smaller frequencies and longer waves of the high fre-
quency (HF) or very high frequency (VHF) portion of the
spectrum below 300 MHz.
[0049] Wireless communications system 100 may also
operate in a super high frequency (SHF) region using
frequency bands from 3 GHz to 30 GHz, also known as
the centimeter band. The SHF region includes bands
such as the 5 GHz industrial, scientific, and medical (ISM)
bands, which may be used opportunistically by devices
that may be capable of tolerating interference from other
users.
[0050] Wireless communications system 100 may also
operate in an extremely high frequency (EHF) region of
the spectrum (e.g., from 30 GHz to 300 GHz), also known
as the millimeter band. In some examples, wireless com-
munications system 100 may support millimeter wave
(mmW) communications between UEs 115 and base sta-
tions 105, and EHF antennas of the respective devices
may be even smaller and more closely spaced than UHF
antennas. In some cases, this may facilitate use of an-
tenna arrays within a UE 115. However, the propagation
of EHF transmissions may be subject to even greater
atmospheric attenuation and shorter range than SHF or
UHF transmissions. Techniques disclosed herein may
be employed across transmissions that use one or more
different frequency regions, and designated use of bands
across these frequency regions may differ by country or
regulating body.
[0051] In some cases, wireless communications sys-
tem 100 may utilize both licensed and unlicensed radio
frequency spectrum bands. For example, wireless com-
munications system 100 may employ License Assisted
Access (LAA), LTE-Unlicensed (LTE-U) radio access
technology, or NR technology in an unlicensed band such
as the 5 GHz ISM band. When operating in unlicensed
radio frequency spectrum bands, wireless devices such
as base stations 105 and UEs 115 may employ listen-
before-talk (LBT) procedures to ensure a frequency
channel is clear before transmitting data. In some cases,
operations in unlicensed bands may be based on a carrier
aggregation configuration in conjunction with component
carriers operating in a licensed band (e.g., LAA). Oper-
ations in unlicensed spectrum may include downlink
transmissions, uplink transmissions, peer-to-peer trans-
missions, or a combination of these. Duplexing in unli-
censed spectrum may be based on frequency division
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duplexing (FDD), time division duplexing (TDD), or a
combination of both.
[0052] In some examples, base station 105 or UE 115
may be equipped with multiple antennas, which may be
used to employ techniques such as transmit diversity,
receive diversity, multiple-input multiple-output (MIMO)
communications, or beamforming. For example, wireless
communications system 100 may use a transmission
scheme between a transmitting device (e.g., a base sta-
tion 105) and a receiving device (e.g., a UE 115), where
the transmitting device is equipped with multiple anten-
nas and the receiving device is equipped with one or
more antennas. MIMO communications may employ
multipath signal propagation to increase the spectral ef-
ficiency by transmitting or receiving multiple signals via
different spatial layers, which may be referred to as spa-
tial multiplexing. The multiple signals may, for example,
be transmitted by the transmitting device via different an-
tennas or different combinations of antennas. Likewise,
the multiple signals may be received by the receiving
device via different antennas or different combinations
of antennas. Each of the multiple signals may be referred
to as a separate spatial stream, and may carry bits as-
sociated with the same data stream (e.g., the same code-
word) or different data streams. Different spatial layers
may be associated with different antenna ports used for
channel measurement and reporting. MIMO techniques
include single-user MIMO (SU-MIMO) where multiple
spatial layers are transmitted to the same receiving de-
vice, and multiple-user MIMO (MU-MIMO) where multi-
ple spatial layers are transmitted to multiple devices.
[0053] Beamforming, which may also be referred to as
spatial filtering, directional transmission, or directional re-
ception, is a signal processing technique that may be
used at a transmitting device or a receiving device (e.g.,
a base station 105 or a UE 115) to shape or steer an
antenna beam (e.g., a transmit beam or receive beam)
along a spatial path between the transmitting device and
the receiving device. Beamforming may be achieved by
combining the signals communicated via antenna ele-
ments of an antenna array such that signals propagating
at particular orientations with respect to an antenna array
experience constructive interference while others expe-
rience destructive interference. The adjustment of sig-
nals communicated via the antenna elements may in-
clude a transmitting device or a receiving device applying
certain amplitude and phase offsets to signals carried via
each of the antenna elements associated with the device.
The adjustments associated with each of the antenna
elements may be defined by a beamforming weight set
associated with a particular orientation (e.g., with respect
to the antenna array of the transmitting device or receiv-
ing device, or with respect to some other orientation).
[0054] In one example, a base station 105 may use
multiple antennas or antenna arrays to conduct beam-
forming operations for directional communications with
a UE 115. For instance, some signals (e.g., synchroni-
zation signals, reference signals, beam selection signals,

or other control signals) may be transmitted by a base
station 105 multiple times in different directions, which
may include a signal being transmitted according to dif-
ferent beamforming weight sets associated with different
directions of transmission. Transmissions in different
beam directions may be used to identify (e.g., by the base
station 105 or a receiving device, such as a UE 115) a
beam direction for subsequent transmission and/or re-
ception by the base station 105.
[0055] Some signals, such as data signals associated
with a particular receiving device, may be transmitted by
a base station 105 in a single beam direction (e.g., a
direction associated with the receiving device, such as a
UE 115). In some examples, the beam direction associ-
ated with transmissions along a single beam direction
may be determined based at least in in part on a signal
that was transmitted in different beam directions. For ex-
ample, a UE 115 may receive one or more of the signals
transmitted by the base station 105 in different directions,
and the UE 115 may report to the base station 105 an
indication of the signal received at the UE 115 with a
highest signal quality, or an otherwise acceptable signal
quality. Although these techniques are described with
reference to signals transmitted in one or more directions
by a base station 105, a UE 115 may employ similar
techniques for transmitting signals multiple times in dif-
ferent directions (e.g., for identifying a beam direction for
subsequent transmission or reception by the UE 115), or
transmitting a signal in a single direction (e.g., for trans-
mitting data to a receiving device).
[0056] A receiving device (e.g., a UE 115, which may
be an example of a mmW receiving device) may try mul-
tiple receive beams when receiving various signals from
the base station 105, such as synchronization signals,
reference signals, beam selection signals, or other con-
trol signals. For example, a receiving device may try mul-
tiple receive directions by receiving via different antenna
subarrays, by processing received signals according to
different antenna subarrays, by receiving according to
different receive beamforming weight sets applied to sig-
nals received at a plurality of antenna elements of an
antenna array, or by processing received signals accord-
ing to different receive beamforming weight sets applied
to signals received at a plurality of antenna elements of
an antenna array, any of which may be referred to as
"listening" according to different receive beams or re-
ceive directions. In some examples a receiving device
may use a single receive beam to receive along a single
beam direction (e.g., when receiving a data signal). The
single receive beam may be aligned in a beam direction
determined based at least in part on listening according
to different receive beam directions (e.g., a beam direc-
tion determined to have a highest signal strength, highest
signal-to-noise ratio, or otherwise acceptable signal qual-
ity based at least in part on listening according to multiple
beam directions).
[0057] In some cases, the antennas of a base station
105 or UE 115 may be located within one or more antenna
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arrays, which may support MIMO operations, or transmit
or receive beamforming. For example, one or more base
station antennas or antenna arrays may be co-located
at an antenna assembly, such as an antenna tower. In
some cases, antennas or antenna arrays associated with
a base station 105 may be located in diverse geographic
locations. A base station 105 may have an antenna array
with a number of rows and columns of antenna ports that
the base station 105 may use to support beamforming
of communications with a UE 115. Likewise, a UE 115
may have one or more antenna arrays that may support
various MIMO or beamforming operations.
[0058] In some cases, wireless communications sys-
tem 100 may be a packet-based network that operate
according to a layered protocol stack. In the user plane,
communications at the bearer or Packet Data Conver-
gence Protocol (PDCP) layer may be IP-based. A Radio
Link Control (RLC) layer may perform packet segmenta-
tion and reassembly to communicate over logical chan-
nels. A Medium Access Control (MAC) layer may perform
priority handling and multiplexing of logical channels into
transport channels. The MAC layer may also use hybrid
automatic repeat request (HARQ) to provide retransmis-
sion at the MAC layer to improve link efficiency. In the
control plane, the Radio Resource Control (RRC) proto-
col layer may provide establishment, configuration, and
maintenance of an RRC connection between a UE 115
and a base station 105 or core network 130 supporting
radio bearers for user plane data. At the Physical layer,
transport channels may be mapped to physical channels.
[0059] In some cases, UEs 115 and base stations 105
may support retransmissions of data to increase the like-
lihood that data is received successfully. HARQ feedback
is one technique of increasing the likelihood that data is
received correctly over a communication link 125. HARQ
may include a combination of error detection (e.g., using
a cyclic redundancy check (CRC)), forward error correc-
tion (FEC), and retransmission (e.g., automatic repeat
request (ARQ)). HARQ may improve throughput at the
MAC layer in poor radio conditions (e.g., signal-to-noise
conditions). In some cases, a wireless device may sup-
port same-slot HARQ feedback, where the device may
provide HARQ feedback in a specific slot for data re-
ceived in a previous symbol in the slot. In other cases,
the device may provide HARQ feedback in a subsequent
slot, or according to some other time interval.
[0060] Time intervals in LTE or NR may be expressed
in multiples of a basic time unit, which may, for example,
refer to a sampling period of Ts = 1/30,720,000 seconds.
Time intervals of a communications resource may be or-
ganized according to radio frames each having a duration
of 10 milliseconds (ms), where the frame period may be
expressed as Tf = 307,200 Ts. The radio frames may be
identified by a system frame number (SFN) ranging from
0 to 1023. Each frame may include 10 subframes num-
bered from 0 to 9, and each subframe may have a dura-
tion of 1 ms. A subframe may be further divided into 2
slots each having a duration of 0.5 ms, and each slot may

contain 6 or 7 modulation symbol periods (e.g., depend-
ing on the length of the cyclic prefix prepended to each
symbol period). Excluding the cyclic prefix, each symbol
period may contain 2048 sampling periods. In some cas-
es, a subframe may be the smallest scheduling unit of
the wireless communications system 100, and may be
referred to as a transmission time interval (TTI). In other
cases, a smallest scheduling unit of the wireless com-
munications system 100 may be shorter than a subframe
or may be dynamically selected (e.g., in bursts of short-
ened TTIs (sTTIs) or in selected component carriers us-
ing sTTIs).
[0061] In some wireless communications systems, a
slot may further be divided into multiple mini-slots con-
taining one or more symbols. In some instances, a sym-
bol of a mini-slot or a mini-slot may be the smallest unit
of scheduling. Each symbol may vary in duration depend-
ing on the subcarrier spacing or frequency band of op-
eration, for example. Further, some wireless communi-
cations systems may implement slot aggregation in
which multiple slots or mini-slots are aggregated together
and used for communication between a UE 115 and a
base station 105.
[0062] The term "carrier" refers to a set of radio fre-
quency spectrum resources having a defined physical
layer structure for supporting communications over a
communication link 125. For example, a carrier of a com-
munication link 125 may include a portion of a radio fre-
quency spectrum band that is operated according to
physical layer channels for a given radio access technol-
ogy. Each physical layer channel may carry user data,
control information, or other signaling. A carrier may be
associated with a pre-defined frequency channel (e.g.,
an evolved universal mobile telecommunication system
terrestrial radio access (E-UTRA) absolute radio fre-
quency channel number (EARFCN)), and may be posi-
tioned according to a channel raster for discovery by UEs
115. Carriers may be downlink or uplink (e.g., in an FDD
mode), or be configured to carry downlink and uplink
communications (e.g., in a TDD mode). In some exam-
ples, signal waveforms transmitted over a carrier may be
made up of multiple sub-carriers (e.g., using multi-carrier
modulation (MCM) techniques such as orthogonal fre-
quency division multiplexing (OFDM) or discrete Fourier
transform spread OFDM (DFT-S-OFDM)).
[0063] The organizational structure of the carriers may
be different for different radio access technologies (e.g.,
LTE, LTE-A, LTE-A Pro, NR). For example, communica-
tions over a carrier may be organized according to TTIs
or slots, each of which may include user data as well as
control information or signaling to support decoding the
user data. A carrier may also include dedicated acquisi-
tion signaling (e.g., synchronization signals or system
information, etc.) and control signaling that coordinates
operation for the carrier. In some examples (e.g., in a
carrier aggregation configuration), a carrier may also
have acquisition signaling or control signaling that coor-
dinates operations for other carriers.
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[0064] Physical channels may be multiplexed on a car-
rier according to various techniques. A physical control
channel and a physical data channel may be multiplexed
on a downlink carrier, for example, using time division
multiplexing (TDM) techniques, frequency division mul-
tiplexing (FDM) techniques, or hybrid TDM-FDM tech-
niques. In some examples, control information transmit-
ted in a physical control channel may be distributed be-
tween different control regions in a cascaded manner
(e.g., between a common control region or common
search space and one or more UE-specific control re-
gions or UE-specific search spaces).
[0065] A carrier may be associated with a particular
bandwidth of the radio frequency spectrum, and in some
examples the carrier bandwidth may be referred to as a
"system bandwidth" of the carrier or the wireless com-
munications system 100. For example, the carrier band-
width may be one of a number of predetermined band-
widths for carriers of a particular radio access technology
(e.g., 1.4, 3, 5, 10, 15, 20, 40, or 80 MHz). In some ex-
amples, each served UE 115 may be configured for op-
erating over portions or all of the carrier bandwidth. In
other examples, some UEs 115 may be configured for
operation using a narrowband protocol type that is asso-
ciated with a predefined portion or range (e.g., set of sub-
carriers or RBs) within a carrier (e.g., "in-band" deploy-
ment of a narrowband protocol type).
[0066] In a system employing MCM techniques, a re-
source element may consist of one symbol period (e.g.,
a duration of one modulation symbol) and one subcarrier,
where the symbol period and subcarrier spacing are in-
versely related. The number of bits carried by each re-
source element may depend on the modulation scheme
(e.g., the order of the modulation scheme). Thus, the
more resource elements that a UE 115 receives and the
higher the order of the modulation scheme, the higher
the data rate may be for the UE 115. In MIMO systems,
a wireless communications resource may refer to a com-
bination of a radio frequency spectrum resource, a time
resource, and a spatial resource (e.g., spatial layers),
and the use of multiple spatial layers may further increase
the data rate for communications with a UE 115.
[0067] Devices of the wireless communications sys-
tem 100 (e.g., base stations 105 or UEs 115) may have
a hardware configuration that supports communications
over a particular carrier bandwidth, or may be configura-
ble to support communications over one of a set of carrier
bandwidths. In some examples, the wireless communi-
cations system 100 may include base stations 105 and/or
UEs 115 that support simultaneous communications via
carriers associated with more than one different carrier
bandwidth.
[0068] Wireless communications system 100 may sup-
port communication with a UE 115 on multiple cells or
carriers, a feature which may be referred to as carrier
aggregation or multi-carrier operation. A UE 115 may be
configured with multiple downlink component carriers
and one or more uplink component carriers according to

a carrier aggregation configuration. Carrier aggregation
may be used with both FDD and TDD component carri-
ers.
[0069] In some cases, wireless communications sys-
tem 100 may utilize enhanced component carriers
(eCCs). An eCC may be characterized by one or more
features including wider carrier or frequency channel
bandwidth, shorter symbol duration, shorter TTI duration,
or modified control channel configuration. In some cases,
an eCC may be associated with a carrier aggregation
configuration or a dual connectivity configuration (e.g.,
when multiple serving cells have a suboptimal or non-
ideal backhaul link). An eCC may also be configured for
use in unlicensed spectrum or shared spectrum (e.g.,
where more than one operator is allowed to use the spec-
trum). An eCC characterized by wide carrier bandwidth
may include one or more segments that may be utilized
by UEs 115 that are not capable of monitoring the whole
carrier bandwidth or are otherwise configured to use a
limited carrier bandwidth (e.g., to conserve power).
[0070] In some cases, an eCC may utilize a different
symbol duration than other component carriers, which
may include use of a reduced symbol duration as com-
pared with symbol durations of the other component car-
riers. A shorter symbol duration may be associated with
increased spacing between adjacent subcarriers. A de-
vice, such as a UE 115 or base station 105, utilizing eCCs
may transmit wideband signals (e.g., according to fre-
quency channel or carrier bandwidths of 20, 40, 60, 80
MHz, etc.) at reduced symbol durations (e.g., 16.67 mi-
croseconds). A TTI in eCC may consist of one or multiple
symbol periods. In some cases, the TTI duration (that is,
the number of symbol periods in a TTI) may be variable.
[0071] Wireless communications system 100 may be
an NR system that may utilize any combination of li-
censed, shared, and unlicensed spectrum bands, among
others. The flexibility of eCC symbol duration and sub-
carrier spacing may allow for the use of eCC across mul-
tiple spectrums. In some examples, NR shared spectrum
may increase spectrum utilization and spectral efficiency,
specifically through dynamic vertical (e.g., across the fre-
quency domain) and horizontal (e.g., across the time do-
main) sharing of resources.
[0072] PUCCH may be mapped to a control channel
defined by a code and two consecutive resource blocks.
Uplink control signaling may depend on the presence of
timing synchronization for a cell. PUCCH resources for
scheduling request (SR) and channel quality indicator
(CQI) reporting may be assigned (and revoked) through
RRC signaling. In some cases, resources for SR may be
assigned after acquiring synchronization through a
RACH procedure. In other cases, an SR may not be as-
signed to a UE 115 through the RACH (i.e., synchronized
UEs may or may not have a dedicated SR channel).
PUCCH resources for SR and CQI may be lost when the
UE is no longer synchronized.
[0073] A physical downlink control channel (PDCCH)
carries downlink control information (DCI) in control
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channel elements (CCEs), which may consist of nine log-
ically contiguous resource element groups (REGs),
where each REG contains 4 resource elements (REs).
DCI includes information regarding downlink scheduling
assignments, uplink resource grants, transmission
scheme, uplink power control, HARQ information, a mod-
ulation and coding scheme (MCS). and other information.
The size and format of the DCI messages can differ de-
pending on the type and amount of information that is
carried by the DCI. For example, if spatial multiplexing
is supported, the size of the DCI message is large com-
pared to contiguous frequency allocations. Similarly, for
a system that employs MIMO, the DCI must include ad-
ditional signaling information. DCI size and format de-
pend on the amount of information as well as factors such
as bandwidth, the number of antenna ports, and duplex-
ing mode.
[0074] A PDCCH may carry DCI messages associated
with multiple users, and each UE 115 may decode the
DCI messages (e.g., DCI messages that are intended
for each UE 115, respectively). For example, each UE
115 may be assigned a C-RNTI and CRC bits attached
to each DCI may be scrambled based on the C-RNTI.
To reduce power consumption and overhead at the user
equipment, a limited set of CCE locations can be speci-
fied for DCI associated with a specific UE 115. CCEs
may be grouped (e.g., in groups of 1, 2, 4 and 8 CCEs),
and a set of CCE locations in which the user equipment
may find relevant DCI may be specified. These CCEs
may be known as a search space. The search space can
be partitioned into two regions: a common CCE region
or search space and a UE-specific (dedicated) CCE re-
gion or search space. The common CCE region is mon-
itored by all UEs served by a base station 105 and may
include information such as paging information, system
information, random access procedures and the like. The
UE-specific search space may include user-specific con-
trol information. CCEs may be indexed, and the common
search space may start from CCE 0. The starting index
for a UE specific search space depends on the C-RNTI,
the subframe index, the CCE aggregation level and a
random seed. A UE 115 may attempt to decode DCI by
performing a process known as a blind decode, during
which search spaces are randomly decoded until the DCI
is detected. During a blind decode, the UE 115 may at-
tempt descramble all potential DCI messages using a C-
RNTI of the UE 115, and perform a CRC check to deter-
mine whether the attempt was successful. In some cas-
es, HARQ feedback may be transmitted in response to
a received PDCCH.
[0075] A UE 115 attempting to access a wireless net-
work may perform an initial cell search by detecting a
primary synchronization signal (PSS) from a base station
105. The PSS may enable synchronization of slot timing
and may indicate a physical layer identity value. The UE
115 may then receive a secondary synchronization signal
(SSS). The SSS may enable radio frame synchroniza-
tion, and may provide a cell identity value, which may be

combined with the physical layer identity value to identify
the cell. The SSS may also enable detection of a duplex-
ing mode and a cyclic prefix length. Some systems, such
as TDD systems, may transmit an SSS but not a PSS.
Both the PSS and the SSS may be located in the central
62 and 72 subcarriers of a carrier, respectively. In some
cases, a base station 105 may transmit synchronization
signals (e.g., PSS SSS, and the like) using multiple
beams in a beam-sweeping manner through a cell cov-
erage area. In some cases, PSS, SSS, and/or broadcast
information (e.g., a physical broadcast channel (PBCH))
may be transmitted within different synchronization sig-
nal (SS) blocks on respective directional beams, where
one or more SS blocks may be included within an SS
burst.
[0076] After receiving the PSS and SSS, the UE 115
may receive a master information block (MIB), which may
be transmitted in the PBCH. The MIB may contain system
bandwidth information, an SFN, and a physical cell iden-
tification channel (PHICH) configuration. After decoding
the MIB, the UE 115 may receive one or more SIBs. For
example, SIB1 may contain cell access parameters and
scheduling information for other SIBs. Decoding SIB1
may enable the UE 115 to receive SIB2. SIB2 may con-
tain RRC configuration information related to RACH pro-
cedures, paging, PUCCH, PUSCH, power control, SRS,
and cell barring.
[0077] After completing initial cell synchronization, a
UE 115 may decode the MIB, SIB1 and SIB2 prior to
accessing the network. The MIB may be transmitted on
PBCH and may utilize the first 4 OFDMA symbols of the
second slot of the first subframe of each radio frame. The
MIB may use the middle 6 RBs (72 subcarriers) in the
frequency domain. The MIB carries a few important piec-
es of information for UE initial access, including, for ex-
ample, downlink channel bandwidth in term of RBs,
PHICH configuration (duration and resource assign-
ment), and SFN. A new MIB may be broadcast every
fourth radio frame (SFN mod 4 = 0) at and rebroadcast
every frame (10ms). Each repetition is scrambled with a
different scrambling code.
[0078] After reading a MIB (either a new version or a
copy), the UE 115 may can try different phases of a
scrambling code until the UE 115 gets a successful CRC
check. The phase of the scrambling code (0, 1, 2 or 3)
may enable the UE 115 to identify which of the four rep-
etitions has been received. Thus, the UE 115 may deter-
mine the current SFN by reading the SFN in the decoded
transmission and adding the scrambling code phase. Af-
ter receiving the MIB, a UE may receive one or more
SIBs. Different SIBs may be defined according to the type
of system information conveyed. A new SIB1 may be
transmitted in the fifth subframe of every eighth frame
(SFN mod 8 = 0) and rebroadcast every other frame
(20ms). SIB1 includes access information, including cell
identity information, and the SIB1 may indicate whether
a UE is allowed to camp on a cell. SIB1 also includes cell
selection information (or cell selection parameters). Ad-
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ditionally, SIB1 includes scheduling information for other
SIBs. SIB2 may be scheduled dynamically according to
information in SIB1, and includes access information and
parameters related to common and shared channels.
The periodicity of SIB2 can be set to 8, 16, 32, 64, 128,
256 or 512 radio frames.
[0079] After the UE 115 decodes SIB2, the UE 115
may transmit a RACH preamble to a base station 105.
For example, the RACH preamble may be randomly se-
lected from a set of 64 predetermined sequences. This
may enable the base station 105 to distinguish between
multiple UEs 115 trying to access the system simultane-
ously. The base station 105 may respond with a random
access response that provides an uplink resource grant,
a timing advance, and a temporary C-RNTI. The UE 115
may then transmit an RRC connection request along with
a temporary mobile subscriber identity (TMSI) (e.g., if the
UE 115 has previously been connected to the same wire-
less network) or a random identifier. The RRC connection
request may also indicate the reason the UE 115 is con-
necting to the network (e.g., emergency, signaling, data
exchange, etc.). The base station 105 may respond to
the connection request with a contention resolution mes-
sage addressed to the UE 115, which may provide a new
C-RNTI. If the UE 115 receives a contention resolution
message with the correct identification, the UE 115 may
proceed with RRC setup. If the UE 115 does not receive
a contention resolution message (e.g., if there is a conflict
with another UE 115) the UE 115 may repeat the RACH
process by transmitting a new RACH preamble. Such
exchange of messages between the UE 115 and base
station 105 for random access may be referred to as a
four-step RACH procedure.
[0080] In other examples, a two-step RACH procedure
may be performed for random access. For instance, wire-
less devices operating in licensed or unlicensed spec-
trum within wireless communications system 100 may
participate in a two-step RACH procedure to reduce de-
lay in establishing communication with a base station 105
(e.g., as compared to a four-step RACH procedure). In
some cases, the two-step RACH procedure may operate
regardless of whether a wireless device (e.g., a UE 115)
has a valid TA. For example, a UE 115 may use a valid
TA to coordinate the timing of transmissions from the UE
115 to a base station 105 (e.g., to account for propagation
delay) and may receive the valid TA as part of the two-
step RACH procedure. Additionally, the two-step RACH
procedure may be applicable to any cell size, may work
regardless of whether the RACH procedure is contention-
based or contention-free, and may combine multiple
RACH messages from a four-step RACH procedure.
[0081] For example, a first RACH message (e.g., mes-
sage A), sent from a LTE 115 to a base station 105, may
combine the contents of a RACH message 1 and mes-
sage 3 from four-step RACH. Additionally, message A
may consist of a RACH preamble and a physical uplink
shared channel (PUSCH) carrying a payload with the
contents of the message (e.g., equivalent to message

3), where the preamble and the payload may be trans-
mitted on separate waveforms. In some cases, the base
station 105 may transmit a downlink control channel (e.g.,
PDCCH) and a corresponding second RACH message
(e.g., message B) to the UE 115, where message B may
combine the equivalent contents of a RACH message 2
and message 4 from four-step RACH. In some examples
of two-step RACH, a base station 105 may transmit mes-
sage B using either broadcast methods (e.g., targeting
multiple UEs 115) or unicast methods (e.g., targeting a
specific UE 115).
[0082] In some cases, one or more advantages may
be realized by the base station 105 determining that UE
115 has successfully received message B and completed
the two-step RACH procedure, such as enhancements
to communications efficiency and improvements to sys-
tem latency. Therefore, base station 105 may include
feedback transmission information in message B. UE 115
may receive message B and use the feedback transmis-
sion information in message B to provide feedback. The
base station may determine from the provided feedback
that the RACH procedure was successful.
[0083] Wireless communications system 100 may sup-
port feedback for a two-step RACH procedure. As such,
a message of the two-step RACH procedure may include
information that a UE 115 may use to indicate, to a base
station 105, that a two-step RACH procedure has been
completed. For example, a UE 115 may perform a two-
step RACH procedure that includes the exchange of the
two messages between the UE 115 and the base station
105. In such cases, the UE 115 may transmit a first mes-
sage (e.g., message A, msgA, or some other like termi-
nology) that includes, for example, a random access pre-
amble and a payload (e.g., including a scheduling re-
quest). In response, the base station 105 may transmit
the second message (e.g., message B, msgB, or some
other like terminology) that includes at least feedback
information that the UE 115 may use to signal that the
two-step RACH procedure has been completed. In such
cases, because the base station 105 may have any prior
feedback as to whether the second message was re-
ceived and decoded by the UE 115, the UE 115 may use
the feedback information included in the second mes-
sage to transmit a third message to the base station 105.
The third message may accordingly serve as an indica-
tion that the second message was received and that the
two-step RACH procedure was successfully completed
by the UE 115.
[0084] In some examples, the feedback information
may include information for PUCCH, an uplink grant, a
downlink grant, or any combination thereof. As such, the
third message may be transmitted, for example, based
on the PUCCH information, or may include a transmis-
sion of uplink data based on the feedback information
including the uplink grant. In other examples, the third
message may include an ACK/NACK of downlink data
received from the base station 105 based on the downlink
grant included in the feedback information. Here, the
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ACK/NACK may also serve as confirmation that two-step
RACH procedure was completed. The base station 105
may determine whether the two-step RACH procedure
was successfully completed based on the receipt of the
third message from the UE 115.
[0085] FIG. 2 illustrates an example of a wireless com-
munications system 200 that supports feedback for mes-
sage B of a two-step RACH procedure in accordance
with aspects of the present disclosure. In some exam-
ples, wireless communications system 200 may imple-
ment aspects of wireless communications system 100.
[0086] As illustrated, wireless communications system
200 may include at least two UEs 115 and base station
105-a, which may be examples of a UE 115 and a base
station 105, respectively, as described above with refer-
ence to FIG. 1. For example, wireless communications
system 200 may include UE 115-a and UE 115-N (e.g.,
where UE 115-N may represent UE 115-b, UE 115-c,
and so on). Alternatively, wireless communications sys-
tem 200 may include a single UE (e.g., UE 115-a). Wire-
less communications system 200 may also include first
messages 205 (e.g., message A) from one or more UEs
115, as well as second messages 210 (e.g., message B)
from base station 105-a (e.g., as part of a two-step RACH
procedure). For instance, UE 115-a may use first mes-
sage 205-a to convey control and/or data information to
base station 105-a. Further, base station 105-a may use
second messages 210 (e.g., second message 210-a
and/or second message 210-N) to convey control and/or
data information to one or more UEs 115 (e.g., UE 115-
a and/or UE 115-N). In some cases, wireless communi-
cations system 200 may also include feedback messag-
es 215 (e.g., feedback message 215-a and feedback
message 215-N). For example, UE 115-a may use feed-
back message 215-a to send a third message providing
feedback (e.g., HARQ feedback) for second message
210-a to base station 105-a.
[0087] In some cases, each transmission in a two-step
RACH procedure may include multiple waveforms that
convey information between devices. For example, an
uplink transmission from UE 115-a (e.g., first message
205-a) may include a preamble (e.g., a RACH preamble).
The first message may also include a payload (e.g., a
PUSCH payload). Additionally, a downlink transmission
from base station 105-a (e.g., second message 210-a)
may include various information conveyed to the one or
more UE 115. For example, second message 210-a may
include a preamble response portion, a contention res-
olution portion, an RRC connection setup message, or a
combination thereof. The second message may also in-
clude other information provided by base station 105-a
to the UEs 115, such as TA information.
[0088] In some cases, a second message 210 may be
sent to a specific UE 115. That is, base station 105-a
may send a second message 210 in a unicast fashion.
For example, second message 210-a may be targeted
to only UE 115-a. UE 115-a may provide feedback mes-
sage 215-a (e.g., ACK/NACK to second message 210-

a) to base station 105-a. For example, UE 115-a may
send feedback message 215-a using PDCCH informa-
tion (e.g., PDCCH information from a downlink control
message over the PDCCH such as the second message
210-a or another message). Base station 105-a may re-
ceive feedback message 215-a and determine whether
UE 115-a has successfully completed the RACH proce-
dure.
[0089] Additionally or alternatively, second message
210 may be broadcast to one or more UEs. For example,
second message 210-a may be the same as second mes-
sage 210-N and may be transmitted to multiple UEs 115
(e.g., UE 115-a and UE 115-N) in wireless communica-
tions system 200. In some examples, PDCCH-based UE
feedback may not be feasible. For example, UE 115-a
may be unable to use PDCCH information included in
second message 210-a to provide feedback (e.g., when
multiple UEs 115 receive the same second message
210). Consequently, base station 105-a may be unable
to receive feedback from each UE 115 for the second
message 210. Thus, base station 105-a may be unable
to determine whether a two-step RACH procedure was
successful for UE 115-a.
[0090] As described herein, a UE 115 may provide
feedback to base station 105-a for the second message
(e.g., second message 210-a) of a two-step RACH pro-
cedure, where the feedback may be based on feedback
information signaled within the second message 210.
Specifically, second message 210-a may include feed-
back information that conveys, to UE 115-a, how a third
message (e.g., feedback message 215-a) may be trans-
mitted to signal completion of the RACH procedure. Upon
receiving feedback message 215-a, base station 105-a
may then determine whether UE 115-a has successfully
completed the RACH procedure. Further, feedback mes-
sage 215-a may comprise feedback that is not based on
information received within a PDCCH (e.g., when UE
115-a is unable to use PDCCH information to provide
feedback to base station 105-a, as described above).
Such feedback schemes may reduce latency (e.g., by
eliminating the time it may take for another RACH at-
tempt) and may reduce the network load (e.g., due to
fewer RACH attempts). The described techniques may
be applied to systems utilizing broadcast transmissions,
unicast transmissions, or both. Further, the described
techniques may be applicable to systems using licensed
spectrum, unlicensed spectrum, or a combination there-
of.
[0091] In some cases, second message 210-a may
provide, as part of the feedback information, PUCCH in-
formation to UE 115-a. The PUCCH information may in-
clude a transmit power control (TPC) command for a
PUCCH. The TPC command may indicate to UE 115-a
how much power to use for feedback transmission. As
an illustrative example, the TPC command may be indi-
cated via 2 bits of the PUCCH information. Additionally
or alternatively, the PUCCH information may include a
PUCCH resource indicator. The PUCCH resource indi-

23 24 



EP 3 909 381 B9

15

5

10

15

20

25

30

35

40

45

50

55

cator may indicate to UE 115-a which resource to utilize
for feedback transmission. In an example, the PUCCH
resource indicator may be an example of a PUCCH re-
source index and may be indicated via 4 bits of the
PUCCH information. Additionally or alternatively, the
PUCCH information may include a PDSCH-to-HARQ
feedback timing indicator. The PDSCH-to-HARQ feed-
back timing indicator may indicate to UE 115-a the timing
for feedback transmission. As an illustrative example, the
PDSCH-to-HARQ feedback timing indicator may be in-
dicated via 3 bits of the PUCCH information.
[0092] In some cases, LTE 115-a may communicate
using unlicensed operation and, in order to mitigate the
likelihood of collisions on such a wireless channel, UE
115-a may follow an LBT procedure. The LBT procedure
may involve UE 115-a determining whether a wireless
channel is clear before transmitting. For example, UE
115-a may measure an energy level of the channel before
starting a transmission. Based on the measured energy
level, UE 115-a may determine whether another device
(e.g., UE 115-N) is already transmitting on the wireless
channel. When the measured energy level indicates that
another device is already transmitting, UE 115-a may
refrain from transmitting. When the measured energy lev-
el indicates that the wireless channel is clear, UE 115-a
may transmit on the wireless channel.
[0093] Additionally, UE 115-a may be assigned a pri-
ority category for LBT procedures. For example, UE 115-
a may be assigned a category (e.g., category 1 (CAT1),
category 2 (CAT2), category 4 (CAT4), etc.), and may
monitor a medium (e.g., a wireless channel) according
to the assigned category. In some cases, UE 115-a may
be assigned CAT1 and may be allowed to transmit, for
example, without observing an LBT procedure. In other
cases, UE 115-a may be indicated a priority CAT2 and
perform an LBT procedure, for example, for a single slot
before transmitting. In yet other cases, UE 115-a may be
indicated a priority CAT4 and may perform an LBT pro-
cedure, for example, for multiple slots before transmit-
ting. UE 115-a may also be indicated an LBT priority as-
sociated with CAT4 to determine the behavior UE 115-
a follows in an LBT procedure. Second message 210-a
may accordingly indicate, within the feedback informa-
tion, LBT information to UE 115-a. For example, base
station 105-a may indicate, to UE 115-a, a priority for
LBT operation. Base station 105-a may also indicate a
category for performing LBT operation (e.g., CAT1,
CAT2, CAT4), as discussed above.
[0094] In some cases, second message 210-a may in-
clude other information. For instance, second message
210-a may include a sounding reference signal (SRS)
request. In such cases, base station 105-a may request
an SRS report from UE 115-a, and include the request
in the feedback information of the second message 210-
a. Additionally or alternatively, second message 210-a
may include a channel state information (CSI) request.
As such, second message 210-a may include a request
by base station 105-a for a CSI report from UE 115-a. In

some cases, base station 105-a may indicate to UE 115-
a (e.g., by second message 210-a) to send a CSI report
at the same time as a feedback transmission (e.g., feed-
back message 215-a). In other cases, base station 105-
a may indicate to LTE 115-a to send a CSI report at a
different time than a feedback transmission. In such cas-
es, base station 105-a may provide additional PUCCH
information to UE 115-a for sending the CSI report.
[0095] UE 115-a may decode information from second
message 210-a and transmit feedback message 215-a
based on the decoded payload (e.g., PUCCH information
and the TA command). In some examples, UE 115-a may
transmit an ACK on PUCCH resources according to the
decoded payload from second message 210-a (e.g., TPC
command, PUCCH resource indicator, PDSCH-to-
HARQ feedback timing indicator). In some cases, UE
115-a may experience contention with another UE 115
(e.g., UE 115-N) attempting a RACH procedure in the
same system. In such cases, UE 115-a may also perform
contention resolution based on the decoded payload
from second message 210-a.
[0096] In some cases, base station 105-a may not re-
ceive feedback message 215-a from a UE 115-a. In such
cases, base station 105-a may retransmit second mes-
sage 210-a. Alternatively, base station 105-a may deter-
mine to cease communications with UE 115-a until an-
other RACH procedure is initiated by UE 115-a.
[0097] In some aspects, the feedback information in-
dicated by second message 210-a may provide an uplink
grant to UE 115-a. UE 115-a may send a corresponding
uplink transmission of uplink data based on the uplink
grant, where the uplink transmission may serve as feed-
back message 215-a for second message 210-a. As
such, the receipt of the uplink data may signal to base
station 105-a that the two-step RACH procedure was
completed. In some cases, UE 115-a may operate using
unlicensed spectrum, and UE 115-a may follow an LBT
procedure for the transmission of the uplink data. Accord-
ingly, the received feedback information providing the
uplink grant may include LBT information (e.g., LBT pri-
ority for UE 115-a). UE 115-a may decode second mes-
sage 210-a and may obtain the uplink grant. As men-
tioned above, UE 115-a may experience contention with
another UE 115 (e.g., UE 115-N) attempting a RACH
procedure in the same system. In such cases, UE 115-
a may perform contention resolution based on the de-
coded second message 210-a.
[0098] In some cases, the uplink grant indicated in the
feedback information may enable the base station 105-
a to schedule UE 115-a for later uplink transmissions.
Such a transmission of uplink data may enable more ro-
bust communications in wireless communications sys-
tem 200. For example, UE 115-a may have buffered data
to transmit, and may send the uplink data upon receipt
of the second message 210-a. In some cases, although
feedback message 215-a sent based on the uplink grant
may be transmitted at a relatively later time (e.g., as com-
pared to when transmitting feedback using the PUCCH
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information described herein), UE 115-a may transmit
uplink data without waiting for a subsequent uplink grant
after transmitting feedback. As a result, overall system
efficiency may be enhanced.
[0099] In some cases, by transmitting the uplink grant
in the feedback information of the second message 210-
a, base station 105-a may avoid the possibility of failing
a subsequent LBT procedure when UE 115-a has data
to transmit (e.g., as compared to transmitting an uplink
grant at a later time, such as after the RACH procedure
is completed). As a result, base station 105-a may have
a higher chance of successfully scheduling an uplink
transmission for UE 115-a, such as when operating using
unlicensed spectrum.
[0100] In some examples, second message 210-a may
provide a downlink grant within the feedback information.
UE 115-a may decode second message 210-a and may
obtain the downlink grant. Here, UE 115-a may also re-
solve contention with other devices performing random
access procedures based on the decoded feedback in-
formation from second message 210-a. In any case, base
station 105-a may send a downlink transmission (e.g.,
PDSCH) corresponding to the downlink grant. UE 115-
a may receive the downlink transmission, and may send
feedback (e.g., HARQ ACK/NACK) for the downlink
transmission to base station 105-a. This feedback cor-
responding to the downlink transmission may also serve
as feedback (e.g., feedback message 215-a) for second
message 210-a. For example, base station 105-a may
receive feedback message 215-a and may determine
that the RACH procedure with UE 115-a was successful.
[0101] Additionally, the downlink grant and the corre-
sponding downlink transmission may be associated with
a parameter (e.g., k0). The parameter k0 may indicate
the size of a gap between the received downlink grant
and a PDSCH time allocation. In some cases, the pa-
rameter k0 may correspond to a time period before com-
pleting RRC configuration, and the parameter k0 may be
a value of 0 or a value of 1. In some cases, a gap size
may be larger than the gap size indicated by the param-
eter k0 (e.g., when k0 is 0 or when k0 is 1). As an example,
if the gap size is relatively small, UE 115-a may monitor
for a downlink unicast transmission from base station
105-a until UE 115-a decodes second message 210-a
for the downlink grant. In some cases, k0 may be a dif-
ferent value (e.g., a k0 value different than 0 or 1) when
the downlink grant is included in the feedback information
of second message 210-a, which may indicate a larger
gap size. In other cases, remaining minimum system in-
formation (RMSI) may configure an additional gap in ad-
dition to a timing gap provided by the k0 value (e.g., when
k0 is 0 or 1). The total gap between the received downlink
grant and the PDSCH time allocation may then be the
gap indicated by k0 in addition to the additional gap con-
figured by the RMSI.
[0102] In some cases, the downlink grant may include
additional information for LTE 115-a. For example, the
downlink grant may include a CSI request. In such an

example, the downlink grant may include a request from
base station 105-a for a CSI report to be sent by UE 115-
a. In some cases, base station 105-a may indicate to UE
115-a (e.g., by the downlink grant in the feedback infor-
mation) to send a CSI report at the same time as a feed-
back transmission (e.g., feedback message 215-a). In
other cases, base station 105-a may indicate to UE 115-
a to send a CSI report at a different time than a feedback
transmission. In such cases, base station 105-a may pro-
vide additional PUCCH information to UE 115-a for trans-
mitting the CSI report. Additionally or alternatively, the
downlink grant may include LBT information (e.g., an LBT
priority for UE 115-a). For example, UE 115-a may be
communicating in a system using unlicensed operation.
UE 115-a may use LBT priority information (e.g., CAT1,
CAT2, CAT4) for an LBT procedure.
[0103] In some examples, wireless communications
system 200 may use a combination of the signaling pro-
vided by the feedback information described herein. For
example, base station 105-a may include a downlink
grant, an uplink grant, or both, in the feedback information
indicated by a second message 210. For instance, base
station 105-a may determine to schedule additional data
transmissions to UE 115-a and include a downlink grant
in addition to an uplink grant in the feedback information
indicated by second message 210-a. The inclusion of
one or both of the uplink grant and downlink grant may
be based on data to be communicated to/from UE 115-
a and UE 115-N, and base station 105-a may semi-stat-
ically or dynamically determine the content of the feed-
back information that is provided by the second message
210.
[0104] In some examples, a system may use other
combinations of the techniques described herein. For ex-
ample, second message 210-a may provide PUCCH in-
formation and an uplink grant. In such examples, UE 115-
a may provide feedback for the RACH procedure quickly
(e.g., using PUCCH information) while maintaining an
uplink grant for additional transmissions of data (e.g., us-
ing the uplink grant). In cases where UE 115-a may com-
municate using unlicensed spectrum, UE 115-a may per-
form an LBT procedure for providing feedback (e.g., a
feedback transmission) using PUCCH information. UE
115-a may also perform an LBT procedure for an uplink
data transmission using the uplink grant. The success
probability of each LBT procedure may vary for each
transmission. For example, a feedback transmission us-
ing PUCCH information may be associated with a differ-
ent priority (e.g., a relatively high priority (e.g., CAT1))
compared to the uplink data transmission (e.g., the uplink
transmission using the uplink grant may have a relatively
lower priority (e.g., CAT4)). In some examples, the dif-
ferent priorities may be determined based on the CQI of
data to be transmitted in the uplink transmission. In such
cases, UE 115-a may successfully send the feedback for
a completed RACH procedure (e.g., due to feedback
transmission using PUCCH information) even if the LBT
procedure fails for the uplink transmission. Such a com-
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bination of methods may reduce the chance of restarting
the RACH procedure and may improve throughput in the
system.
[0105] Other combinations of the signaling provided
by the second message 210 are considered. For exam-
ple, second message 210-a may provide PUCCH infor-
mation and a downlink grant. In such examples, UE 115-
a may provide feedback earlier (e.g., using PUCCH in-
formation) while maintaining a downlink grant for addi-
tional transmissions from base station 105-a (e.g., using
the downlink grant). In some cases, base station 105-a
may not receive UE feedback (e.g., feedback message
215-a) from UE 115-a. In such cases, base station 105-
a may determine that UE 115-a failed to successfully
complete the RACH procedure. As such, base station
105-a may determine whether to transmit downlink data
associated with the downlink grant or to cease commu-
nication with UE 115-a based on the receipt (or not) of
the feedback message 215-a.
[0106] In other examples, UE 115-a and base station
105-a may communicate using unlicensed operation. In
such cases, UE 115-a may perform an LBT procedure
for providing feedback (e.g., a feedback transmission)
using PUCCH information. Base station 105-a may also
perform an LBT procedure for a downlink transmission
using the downlink grant. The success probability of each
LBT procedure may vary for each transmission. For ex-
ample, and as mentioned above, a feedback transmis-
sion using PUCCH information may have a relatively high
priority (e.g., CAT1). The downlink transmission using
the downlink grant may have a lower priority (e.g., CAT4).
The priority may be determined based on the quality of
service (QoS) class identifier (QCI) of data to be trans-
mitted in the uplink transmission. In such examples, UE
115-a may successfully complete the RACH procedure
(e.g., due to feedback transmission using PUCCH infor-
mation) even if the LBT procedure fails for the downlink
transmission. Such a combination of methods may re-
duce the chance of restarting the RACH procedure.
[0107] Additionally or alternatively, the feedback infor-
mation within second message 210-a may include
PUCCH information, a downlink grant, an uplink grant,
or any combination thereof. For instance, base station
105-a may determine to schedule additional data trans-
missions to UE 115-a or may determine to request data
transmission from UE 115-a. in such cases, base station
105-a may include PUCCH information and an uplink
grant, or a downlink grant, or both, in second message
210.
[0108] In some examples, second message 210-a may
include PDCCH information, an uplink grant, a downlink
grant, or any combination thereof. UE 115-a may provide
feedback for second message 210-a (and a confirmation
that the two-step RACH procedure was completed)
based on the PDCCH information, and UE 115-a may
also use the uplink grant and/or the downlink grant for
future transmissions to/from base station 105-a.
[0109] In some examples, the UE 115-a may refrain

from transmitting a feedback message 215-a. For exam-
ple, the UE 115-a may monitor for the second message
210-a. In some examples, the UE 115-a may fail to re-
ceive or detect the second message 210-a, which may
result in the UE 115-a refraining from transmitting the
feedback message 215-a. For example, the UE 115-a
may be unaware of PUCCH information for the transmis-
sion of the feedback message 215-a and the UE 115-a
may refrain from transmitting the feedback message 215-
a. In some other examples, the UE 115-a may receive
the second message 210-a but may be unable to suc-
cessfully decode the second message 210-a. In such
examples, the UE 115-a may refrain from transmitting
the feedback message 215-a.
[0110] FIG. 3 illustrates an example of a process flow
300 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. In some examples, process flow 300
may implement aspects of wireless communications sys-
tem 100. For example, process flow 300 includes UE
115-b and base station 105-b, which may be examples
of the corresponding devices described with reference
to FIG. 1. Process flow 300 may illustrate the use of
PUCCH information for the transmission of feedback that
confirms a RACH procedure has been completed.
[0111] At 305, UE 115-b may transmit, to base station
105-b, a first message (e.g., message A) of a two-step
RACH procedure. Message A may include a RACH pre-
amble and a PUSCH payload. Base station 105-b may
receive message A and process the contents of the data
payload to identify the random access request from UE
115-b and generate a response message.
[0112] At 310, base station 105-b may transmit, to UE
115-b, a second message (e.g., message B) including
feedback information (e.g., PUCCH information) for sig-
naling that the two-step RACH procedure has been com-
pleted. In some cases, message B may include a RACH
preamble response and the PUCCH information. The
PUCCH information may include a TPC command, or a
PUCCH resource indication, or a PDSCH-to-HARQ feed-
back timing indicator, or a combination thereof. In some
cases, the PUCCH information may include other infor-
mation. For example, the PUCCH information may in-
clude LBT information, an SRS request, a CSI request,
a timing advance, or any combination thereof. In other
examples (such as in unlicensed spectrum operation),
UE 115-b may receive an LBT priority via the PUCCH
information, and UE 115-b may follow an LBT procedure
accordingly. In some examples, message B may include
additional feedback information on top of the PUCCH
information, where the additional information may in-
clude an uplink grant, a downlink grant, or both.
[0113] At 315, UE 115-b may decode message B and
may obtain the PUCCH information. At 320, UE 115-b
may transmit, to base station 105-b, a third message
(e.g., a feedback message) including an indication of
whether the second message was received by UE 115-
b. In particular, UE 115-b may utilize the PUCCH infor-
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mation for the transmission of the third message on
PUCCH, where the third message serves as feedback
to base station 105-b that the second message was re-
ceived and that the two-step RACH procedure was com-
pleted. In such cases, the feedback message may in-
clude an ACK transmitted, which may be based on a
timing advance command indicated by the second mes-
sage (e.g., at 310).
[0114] At 325, base station 105-b may determine
whether the third message (e.g., sent based on the
PUCCH information) has been received from UE 115-b
in accordance with the feedback information. In such cas-
es, the third message may signal that the two-step ran-
dom access channel procedure has been completed. Ac-
cordingly, if base station 105-b receives the third mes-
sage, the base station 105-b may determine that UE 115-
b received the second message and that the RACH pro-
cedure has been completed. Alternatively, if the third
message is not received (e.g., after a period of time),
base station 105-b may determine that UE 115-b did not
receive (or was unable to successfully decode) the sec-
ond message with the feedback information. In such cas-
es, base station 105-b may either stop the RACH proce-
dure or may retransmit the second message (e.g., mes-
sage B) including the feedback information. The feed-
back information sent using the retransmission of mes-
sage B may either be the same (e.g., the PUCCH infor-
mation), or may be different from the feedback informa-
tion sent at 310.
[0115] FIG. 4 illustrates an example of a process flow
400 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. In some examples, process flow 400
may implement aspects of wireless communications sys-
tem 100. For example, process flow 400 includes UE
115-c and base station 105-c, which may be examples
of the corresponding devices described with reference
to FIG. 1. Process flow 400 may illustrate the use of an
uplink grant for the transmission of feedback that con-
firms a RACH procedure has been completed.
[0116] At 405, UE 115-c may transmit, to base station
105-c, a first message (e.g., message A) of a two-step
RACH procedure. Message A may include a RACH pre-
amble and a PUSCH carrying a data payload. Base sta-
tion 105-c may receive message A and process the con-
tents of the data payload to generate a response mes-
sage.
[0117] At 410, base station 105-c may transmit, to UE
115-c, a second message (e.g., message B) including
feedback information (e.g., an uplink grant) for signaling
that the two-step RACH procedure has been completed.
For example, message B may include a RACH preamble
response and an uplink grant. At 415, UE 115-c may
decode message B and may obtain the uplink grant. UE
115-c may utilize the uplink grant to send an uplink trans-
mission including uplink data. In some examples, the up-
link grant may include LBT priority information or a me-
dium sensing category (e.g., CAT1, CAT2, CAT4). UE

115-c may use the LBT information to transmit a subse-
quent uplink transmission. In some cases, the feedback
information may include both an uplink grant and a down-
link grant (e.g., based on information to be communicated
between base station 105-c and UE 115-c).
[0118] At 420, UE 115-c may transmit, to base station
105-c, a third message (e.g., including uplink data) based
on the uplink grant. The uplink transmission may also
serve as a feedback transmission for message B. For
example, the uplink data sent by UE 115-c may transmit
uplink data, and may serve as feedback (e.g., may indi-
cate an ACK) to message B.
[0119] At 425, base station 105-c may determine
whether the third message (e.g., sent based on the uplink
grant) has been received from UE 115-c in accordance
with the feedback information in message B. In such cas-
es, the third message including the uplink data may signal
that the two-step random access channel procedure has
been completed. Accordingly, if base station 105-c re-
ceives the third message, the base station 105-c may
determine that UE 115-c received the second message
and that the RACH procedure has been completed. Al-
ternatively, if the third message is not received (e.g., after
a period of time), base station 105-c may determine that
UE 115-c did not receive (or was unable to successfully
decode) the second message with the feedback informa-
tion. In such cases, base station 105-c may either stop
the RACH procedure or may retransmit the second mes-
sage (e.g., message B) including the feedback informa-
tion. The feedback information sent using the retrans-
mission of message B may either be the same feedback
information (e.g., the uplink grant), or may be different
from the feedback information sent at 410.
[0120] FIG. 5 illustrates an example of a process flow
500 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. In some examples, process flow 500
may implement aspects of wireless communications sys-
tem 100. For example, process flow 500 includes UE
115-d and base station 105-d, which may be examples
of the corresponding devices described with reference
to FIG. 1. Process flow 500 may illustrate the use of a
downlink grant and subsequent downlink transmission
for the transmission of feedback that confirms a RACH
procedure has been completed.
[0121] At 505, UE 115-d may transmit, to base station
105-d, a first message (e.g., message A) of a two-step
RACH procedure. Message A may include a RACH pre-
amble and a PUSCH carrying a data payload. Base sta-
tion 105-d may receive message A and process the con-
tents of the data payload to generate a response mes-
sage.
[0122] At 510, base station 105-d may transmit, to UE
115-d, a second message (e.g., message B) including
feedback information (e.g., a downlink grant) for signaling
that the two-step RACH procedure has been completed.
For example, message B may include a RACH preamble
response and a downlink grant that indicates a later PD-
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SCH transmission. Additionally or alternatively, the
downlink grant may include at LBT information or a CSI
request. In some cases, the feedback information may
include both an uplink grant and a downlink grant (e.g.,
based on information to be communicated between base
station 105-d and UE 115-d).
[0123] In some examples, based on the use of the
downlink grant in the feedback information, at 515, UE
115-d may monitor for one or more downlink (e.g., uni-
cast) transmissions from base station 105-d. In some
cases, the monitoring may be performed until message
B is decoded.
[0124] At 520, UE 115-d may decode message B and
may obtain the downlink grant signaled using the feed-
back information. UE 115-d may utilize the downlink grant
to monitor for a subsequent downlink transmission from
base station 105-d. In some examples, the downlink
grant included in the feedback information of message
B may be associated with a timing offset between the
downlink grant and the downlink data. For example, a
slot offset value (e.g., parameter k0) indicating a timing
offset between the downlink grant and the downlink data
may be identified by UE 115-d. Message B may also be
associated with a timing gap value indicating an addition-
al timing offset between the downlink grant.
[0125] At 525, base station 105-d may transmit, to UE
115-d a downlink transmission including the downlink da-
ta based on the downlink grant. For instance, the down-
link transmission may include a PDSCH payload. In some
cases, the downlink data may include an RRC configu-
ration.
[0126] At 530, UE 115-d may transmit, to base station
105-d, a third message (e.g., a feedback message)
based on the downlink transmission. The feedback mes-
sage may serve as a feedback transmission for both the
downlink transmission and message B. For example, the
feedback message may include feedback (e.g.,
ACK/NACK) to the downlink transmission.
[0127] At 535, base station 105-d may determine
whether the third message (e.g., sent based on the down-
link data) has been received from UE 115-d in accord-
ance with the feedback information in message B. In such
cases, the third message including the ACK/NACK may
signal that the two-step random access channel proce-
dure has been completed. Accordingly, if base station
105-d receives the third message, the base station 105-
d may determine that UE 115-d received the second mes-
sage and that the RACH procedure has been completed.
Alternatively, if the third message is not received (e.g.,
after a period of time), base station 105-d may determine
that UE 115-d did not receive (or was unable to success-
fully decode) the second message with the feedback in-
formation. In such cases, base station 105-d may either
stop the RACH procedure or may retransmit the second
message (e.g., message B) including the feedback infor-
mation. The feedback information sent using the retrans-
mission of message B may either be the same feedback
information (e.g., the downlink grant), or may be different

from the feedback information sent at 510.
[0128] FIG. 6 shows a block diagram 600 of a device
605 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. The device 605 may be an example
of aspects of a UE 115 as described herein. The device
605 may include a receiver 610, a UE communications
manager 615, and a transmitter 620. The device 605 may
also include a processor. Each of these components may
be in communication with one another (e.g., via one or
more buses).
[0129] The receiver 610 may receive information such
as packets, user data, or control information associated
with various information channels (e.g., control channels,
data channels, and information related to feedback for
message B of a two-step RACH procedure, etc.). Infor-
mation may be passed on to other components of the
device 605. The receiver 610 may be an example of as-
pects of the transceiver 920 described with reference to
FIG. 9. The receiver 610 may utilize a single antenna or
a set of antennas.
[0130] The UE communications manager 615 may
transmit, to a base station 105, a first message of a two-
step RACH procedure, the two-step RACH procedure
including the first message and a second message, re-
ceive, from the base station 105, the second message
including feedback information for signaling that the two-
step RACH procedure has been completed, and transmit,
to the base station 105, a third message including an
indication of whether the second message was received
by the UE 115, the third message transmitted in accord-
ance with the feedback information. The UE communi-
cations manager 615 may be an example of aspects of
the UE communications manager 910 described herein.
[0131] The UE communications manager 615, or its
sub-components, may be implemented in hardware,
code (e.g., software or firmware) executed by a proces-
sor, or any combination thereof. If implemented in code
executed by a processor, the functions of the UE com-
munications manager 615, or its sub-components may
be executed by a general-purpose processor, a digital
signal processor (DSP), an application-specific integrat-
ed circuit (ASIC), a field programmable gate array (FP-
GA) or other programmable logic device, discrete gate
or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
described in the present disclosure.
[0132] The UE communications manager 615, or its
sub-components, may be physically located at various
positions, including being distributed such that portions
of functions are implemented at different physical loca-
tions by one or more physical components. In some ex-
amples, the UE communications manager 615, or its sub-
components, may be a separate and distinct component
in accordance with various aspects of the present disclo-
sure. In some examples, the UE communications man-
ager 615, or its sub-components, may be combined with
one or more other hardware components, including but
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not limited to an input/output (I/O) component, a trans-
ceiver, a network server, another computing device, one
or more other components described in the present dis-
closure, or a combination thereof in accordance with var-
ious aspects of the present disclosure.
[0133] The transmitter 620 may transmit signals gen-
erated by other components of the device 605. In some
examples, the transmitter 620 may be collocated with a
receiver 610 in a transceiver module. For example, the
transmitter 620 may be an example of aspects of the
transceiver 920 described with reference to FIG. 9. The
transmitter 620 may utilize a single antenna or a set of
antennas.
[0134] FIG. 7 shows a block diagram 700 of a device
705 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. The device 705 may be an example
of aspects of a device 605, or a UE 115 as described
herein. The device 705 may include a receiver 710, a UE
communications manager 715, and a transmitter 730.
The device 705 may also include a processor. Each of
these components may be in communication with one
another (e.g., via one or more buses).
[0135] The receiver 710 may receive information such
as packets, user data, or control information associated
with various information channels (e.g., control channels,
data channels, and information related to feedback for
message B of a two-step RACH procedure, etc.). Infor-
mation may be passed on to other components of the
device 705. The receiver 710 may be an example of as-
pects of the transceiver 920 described with reference to
FIG. 9. The receiver 710 may utilize a single antenna or
a set of antennas.
[0136] The UE communications manager 715 may be
an example of aspects of the UE communications man-
ager 615 as described herein. The UE communications
manager 715 may include a UE RACH procedure man-
ager 720 and a feedback component 725. The UE com-
munications manager 715 may be an example of aspects
of the UE communications manager 910 described here-
in.
[0137] The UE RACH procedure manager 720 may
transmit, to a base station 105, a first message of a two-
step RACH procedure, the two-step RACH procedure
including the first message and a second message. In
some examples, the UE RACH procedure manager 720
may receive, from the base station 105, the second mes-
sage including feedback information for signaling that the
two-step RACH procedure has been completed.
[0138] The feedback component 725 may transmit, to
the base station 105, a third message including an indi-
cation of whether the second message was received by
the UE 115, the third message transmitted in accordance
with the feedback information.
[0139] The transmitter 730 may transmit signals gen-
erated by other components of the device 705. In some
examples, the transmitter 730 may be collocated with a
receiver 710 in a transceiver module. For example, the

transmitter 730 may be an example of aspects of the
transceiver 920 described with reference to FIG. 9. The
transmitter 730 may utilize a single antenna or a set of
antennas.
[0140] FIG. 8 shows a block diagram 800 of a UE com-
munications manager 805 that supports feedback for
message B of a two-step RACH procedure in accordance
with aspects of the present disclosure. The UE commu-
nications manager 805 may be an example of aspects
of a UE communications manager 615, a UE communi-
cations manager 715, or a UE communications manager
910 described herein. The UE communications manager
805 may include a UE RACH procedure manager 810,
a feedback component 815, an uplink data manager 820,
and a downlink data manager 825. Each of these mod-
ules may communicate, directly or indirectly, with one
another (e.g., via one or more buses).
[0141] The UE RACH procedure manager 810 may
transmit, to a base station 105, a first message of a two-
step RACH procedure, the two-step RACH procedure
including the first message and a second message. In
some examples, the UE RACH procedure manager 810
may receive, from the base station 105, the second mes-
sage including feedback information for signaling that the
two-step RACH procedure has been completed. In some
examples, the UE RACH procedure manager 810 may
receive, as part of the feedback information, information
for a PUCCH. Additionally or alternatively, the UE RACH
procedure manager 810 may receive, as part of the feed-
back information, an uplink grant for transmitting uplink
data to the base station 105. In other examples, the UE
RACH procedure manager 810 may receive, as part of
the feedback information, a downlink grant for receiving
downlink data from the base station 105.
[0142] In some examples, the UE RACH procedure
manager 810 may receive, as part of the feedback infor-
mation, and in addition to the PUCCH information, a
downlink grant for receiving downlink data from the base
station 105. In some examples, the UE RACH procedure
manager 810 may receive, as part of the feedback infor-
mation, and in addition to the PUCCH information, an
uplink grant for transmitting uplink data to the base station
105. In some examples, the UE RACH procedure man-
ager 810 may receive the second message via a broad-
cast transmission from the base station 105 or a unicast
transmission from the base station 105. In some exam-
ples, the UE RACH procedure manager 810 may receive,
from the base station, a downlink control message in-
cluding feedback information associated with a PDCCH
(e.g., a PDCCH corresponding to the second message).
In some cases, the feedback information (e.g., associat-
ed with the feedback for message B of the two-step
RACH procedure) may be different from the feedback
information associated with the corresponding PDCCH.
For instance, the feedback for the second message may
be non-PDCCH-based feedback.
[0143] In some cases, the information for the PUCCH
includes a TPC command. In some cases, the informa-
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tion may additionally or alternatively include at least one
of a PUCCH resource indicator, a PDSCH-to-HARQ tim-
ing indicator, LBT information, an SRS request, or a CSI
request. In some cases, the second message includes
a TA command, and the third message may be transmit-
ted based on the TA command.
[0144] In some cases, the feedback information in-
cludes at least one of an uplink grant or a downlink grant
(e.g., in addition to PUCCH information) based on data
to be communicated between the UE 115 and the base
station 105. In some cases, the downlink grant includes
at least one of LBT information or a CSI request. In some
cases, the uplink grant includes LBT information includ-
ing an indication of at least one of an LBT priority or a
medium sensing category.
[0145] In some examples, the UE RACH procedure
manager 810 may transmit, to a second base station, a
fourth message of a second two-step RACH procedure,
the second two-step RACH procedure including the
fourth message and a fifth message. In some examples,
the UE RACH procedure manager 810 may monitor for
the fifth message including feedback information for sig-
naling that the second two-step RACH procedure may
have been completed. In some examples, the UE RACH
procedure manager 810 may determine that the second
two-step RACH procedure may be unsuccessful based
on monitoring for the fifth message and refrain from trans-
mitting a sixth message including an indication of whether
the fifth message was received by the UE based on de-
termining that the second two-step RACH procedure may
be unsuccessful.
[0146] The feedback component 815 may transmit, to
the base station 105, a third message including an indi-
cation of whether the second message was received by
the UE 115, the third message transmitted in accordance
with the feedback information. In some cases, feedback
component 815 may transmit the third message on the
PUCCH based at least in part on the information for the
PUCCH. Additionally or alternatively, feedback compo-
nent 815 may transmit the third message in response to
the received downlink data, the third message including
an indication of whether the downlink data was received.
In some cases, feedback component 815 may transmit
the third message based at least in part on the uplink
grant.
[0147] In some examples, the feedback component
815 may transmit, within the third message, a CSI report
based on the CSI request. In some examples, the feed-
back component 815 may transmit an ACK or a NACK
for the downlink data, where the acknowledgment or the
negative acknowledgment include the signaling that the
two-step RACH procedure has been completed. The up-
link data manager 820 may transmit, to the base station
105, the uplink data based on the uplink grant.
[0148] The downlink data manager 825 may receive
the downlink data based on the downlink grant. In some
examples, the downlink data manager 825 may receive
the downlink data based on the downlink grant. In some

examples, the downlink data manager 825 may monitor
one or more downlink transmissions for the downlink data
until the second message is decoded. In some examples,
the downlink data manager 825 may determine a timing
offset between the downlink grant and the downlink data,
the timing offset including a timing gap value and a first
slot offset value. Additionally or alternatively, the timing
offset may include a second slot offset value that is great-
er than the first slot offset value. In some cases, the down-
link data includes at least a radio resource control con-
figuration.
[0149] FIG. 9 shows a diagram of a system 900 includ-
ing a device 905 that supports feedback for message B
of a two-step RACH procedure in accordance with as-
pects of the present disclosure. The device 905 may be
an example of or include the components of device 605,
device 705, or a UE 115 as described herein. The device
905 may include components for bi-directional voice and
data communications including components for transmit-
ting and receiving communications, including a UE com-
munications manager 910, an I/O controller 915, a trans-
ceiver 920, an antenna 925, memory 930, and a proces-
sor 940. These components may be in electronic com-
munication via one or more buses (e.g., bus 945).
[0150] The UE communications manager 910 may
transmit, to a base station 105, a first message of a two-
step RACH procedure, the two-step RACH procedure
including the first message and a second message, re-
ceive, from the base station 105, the second message
including feedback information for signaling that the two-
step RACH procedure has been completed, and transmit,
to the base station 105, a third message including an
indication of whether the second message was received
by the UE 115, the third message transmitted in accord-
ance with the feedback information.
[0151] The I/O controller 915 may manage input and
output signals for the device 905. The I/O controller 915
may also manage peripherals not integrated into the de-
vice 905. In some cases, the I/O controller 915 may rep-
resent a physical connection or port to an external pe-
ripheral. In some cases, the I/O controller 915 may utilize
an operating system such as iOS®, ANDROID®, MS-
DOS®, MS-WINDOWS®, OS/2®, UNIX®, LINUX®, or an-
other known operating system. In other cases, the I/O
controller 915 may represent or interact with a modem,
a keyboard, a mouse, a touchscreen, or a similar device.
In some cases, the I/O controller 915 may be implement-
ed as part of a processor. In some cases, a user may
interact with the device 905 via the I/O controller 915 or
via hardware components controlled by the I/O controller
915.
[0152] The transceiver 920 may communicate bi-direc-
tionally, via one or more antennas, wired, or wireless links
as described above. For example, the transceiver 920
may represent a wireless transceiver and may commu-
nicate bi-directionally with another wireless transceiver.
The transceiver 920 may also include a modem to mod-
ulate the packets and provide the modulated packets to
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the antennas for transmission, and to demodulate pack-
ets received from the antennas. In some cases, the wire-
less device may include a single antenna 925. However,
in some cases the device may have more than one an-
tenna 925, which may be capable of concurrently trans-
mitting or receiving multiple wireless transmissions.
[0153] The memory 930 may include random-access
memory (RAM) and read-only memory (ROM). The
memory 930 may store computer-readable, computer-
executable code 935 including instructions that, when
executed, cause the processor to perform various func-
tions described herein. In some cases, the memory 930
may contain, among other things, a basic input/output
system (BIOS) which may control basic hardware or soft-
ware operation such as the interaction with peripheral
components or devices.
[0154] The processor 940 may include an intelligent
hardware device, (e.g., a general-purpose processor, a
DSP, a CPU, a microcontroller, an ASIC, an FPGA, a
programmable logic device, a discrete gate or transistor
logic component, a discrete hardware component, or any
combination thereof). In some cases, the processor 940
may be configured to operate a memory array using a
memory controller. In other cases, a memory controller
may be integrated into the processor 940. The processor
940 may be configured to execute computer-readable
instructions stored in a memory (e.g., the memory 930)
to cause the device 905 to perform various functions
(e.g., functions or tasks supporting feedback for message
B of a two-step RACH procedure).
[0155] The code 935 may include instructions to im-
plement aspects of the present disclosure, including in-
structions to support wireless communications. The code
935 may be stored in a non-transitory computer-readable
medium such as system memory or other type of mem-
ory. In some cases, the code 935 may not be directly
executable by the processor 940 but may cause a com-
puter (e.g., when compiled and executed) to perform
functions described herein.
[0156] FIG. 10 shows a block diagram 1000 of a device
1005 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. The device 1005 may be an example
of aspects of a base station 105 as described herein. The
device 1005 may include a receiver 1010, a base station
communications manager 1015, and a transmitter 1020.
The device 1005 may also include a processor. Each of
these components may be in communication with one
another (e.g., via one or more buses).
[0157] The receiver 1010 may receive information
such as packets, user data, or control information asso-
ciated with various information channels (e.g., control
channels, data channels, and information related to feed-
back for message B of a two-step RACH procedure, etc.).
Information may be passed on to other components of
the device 1005. The receiver 1010 may be an example
of aspects of the transceiver 1320 described with refer-
ence to FIG. 13. The receiver 1010 may utilize a single

antenna or a set of antennas.
[0158] The base station communications manager
1015 may receive, from a UE 115, a first message of a
two-step RACH procedure, the two-step RACH proce-
dure including the first message and a second message,
transmit, to the UE 115, the second message including
feedback information, and determine whether a third
message has been received from the UE 115 in accord-
ance with the feedback information, where the third mes-
sage signals that the two-step RACH procedure has been
completed. The base station communications manager
1015 may be an example of aspects of the base station
communications manager 1310 described herein.
[0159] The base station communications manager
1015, or its sub-components, may be implemented in
hardware, code (e.g., software or firmware) executed by
a processor, or any combination thereof. If implemented
in code executed by a processor, the functions of the
base station communications manager 1015, or its sub-
components may be executed by a general-purpose
processor, a DSP, an application-specific integrated cir-
cuit (ASIC), a FPGA or other programmable logic device,
discrete gate or transistor logic, discrete hardware com-
ponents, or any combination thereof designed to perform
the functions described in the present disclosure.
[0160] The base station communications manager
1015, or its sub-components, may be physically located
at various positions, including being distributed such that
portions of functions are implemented at different phys-
ical locations by one or more physical components. In
some examples, the base station communications man-
ager 1015, or its sub-components, may be a separate
and distinct component in accordance with various as-
pects of the present disclosure. In some examples, the
base station communications manager 1015, or its sub-
components, may be combined with one or more other
hardware components, including but not limited to an in-
put/output (I/O) component, a transceiver, a network
server, another computing device, one or more other
components described in the present disclosure, or a
combination thereof in accordance with various aspects
of the present disclosure.
[0161] The transmitter 1020 may transmit signals gen-
erated by other components of the device 1005. In some
examples, the transmitter 1020 may be collocated with
a receiver 1010 in a transceiver module. For example,
the transmitter 1020 may be an example of aspects of
the transceiver 1320 described with reference to FIG. 13.
The transmitter 1020 may utilize a single antenna or a
set of antennas.
[0162] FIG. 11 shows a block diagram 1100 of a device
1105 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. The device 1105 may be an example
of aspects of a device 1005, or a base station 105 as
described herein. The device 1105 may include a receiv-
er 1110, a base station communications manager 1115,
and a transmitter 1130. The device 1105 may also include
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a processor. Each of these components may be in com-
munication with one another (e.g., via one or more bus-
es).
[0163] The receiver 1110 may receive information
such as packets, user data, or control information asso-
ciated with various information channels (e.g., control
channels, data channels, and information related to feed-
back for message B of a two-step RACH procedure, etc.).
Information may be passed on to other components of
the device 1105. The receiver 1110 may be an example
of aspects of the transceiver 1320 described with refer-
ence to FIG. 13. The receiver 1110 may utilize a single
antenna or a set of antennas.
[0164] The base station communications manager
1115 may be an example of aspects of the base station
communications manager 1015 as described herein. The
base station communications manager 1115 may include
a base station RACH procedure manager 1120 and a
RACH completion component 1125. The base station
communications manager 1115 may be an example of
aspects of the base station communications manager
1310 described herein.
[0165] The base station RACH procedure manager
1120 may receive, from a UE 115, a first message of a
two-step RACH procedure, the two-step RACH proce-
dure including the first message and a second message
and transmit, to the UE 115, the second message includ-
ing feedback information.
[0166] The RACH completion component 1125 may
determine whether a third message has been received
from the UE 115 in accordance with the feedback infor-
mation, where the third message may signal that the two-
step RACH procedure has been completed.
[0167] The transmitter 1130 may transmit signals gen-
erated by other components of the device 1105. In some
examples, the transmitter 1130 may be collocated with
a receiver 1110 in a transceiver module. For example,
the transmitter 1130 may be an example of aspects of
the transceiver 1320 described with reference to FIG. 13.
The transmitter 1130 may utilize a single antenna or a
set of antennas.
[0168] FIG. 12 shows a block diagram 1200 of a base
station communications manager 1205 that supports
feedback for message B of a two-step RACH procedure
in accordance with aspects of the present disclosure. The
base station communications manager 1205 may be an
example of aspects of a base station communications
manager 1015, a base station communications manager
1115, or a base station communications manager 1310
described herein. The base station communications
manager 1205 may include a base station RACH proce-
dure manager 1210, a RACH completion component
1215, a PUCCH manager 1220, an uplink grant compo-
nent 1225, and a downlink grant component 1230. Each
of these modules may communicate, directly or indirectly,
with one another (e.g., via one or more buses).
[0169] The base station RACH procedure manager
1210 may receive, from a UE 115, a first message of a

two-step RACH procedure, the two-step RACH proce-
dure including the first message and a second message.
In some examples, the base station RACH procedure
manager 1210 may transmit, to the UE 115, the second
message including feedback information. In some exam-
ples, the base station RACH procedure manager 1210
may transmit, within the feedback information, informa-
tion for a PUCCH. In some examples, the base station
RACH procedure manager 1210 may transmit, as part
of the feedback information, an uplink grant for uplink
data. In some examples, the base station RACH proce-
dure manager 1210 may transmit, as part of the feedback
information, a downlink grant for transmitting downlink
data.
[0170] In some examples, the base station RACH pro-
cedure manager 1210 may transmit, as part of the feed-
back information, an uplink grant for receiving uplink data
from the UE 115. In some examples, the base station
RACH procedure manager 1210 may transmit, as part
of the feedback information, a downlink grant for trans-
mitting downlink data to the UE 115. In some examples,
the base station RACH procedure manager 1210 may
retransmit the second message based on a determina-
tion that the third message has not been received from
the UE 115. In some examples, the base station RACH
procedure manager 1210 may transmit the second mes-
sage via a broadcast transmission (e.g., to multiple UEs
115) or a unicast transmission to the UE 115. In some
cases, the feedback information includes at least one of
an uplink grant or a downlink grant based on data to be
communicated between the UE 115 and the base station
105. In some examples, the feedback information may
be different from the feedback information associated
with the PDCCH.
[0171] The RACH completion component 1215 may
determine whether a third message has been received
from the UE 115 in accordance with the feedback infor-
mation, where the third message signals that the two-
step RACH procedure has been completed. In some ex-
amples, the RACH completion component 1215 may re-
ceive the third message on a PUCCH based on the in-
formation for the PUCCH. In some examples, the RACH
completion component 1215 may receive the third mes-
sage in response to the transmitted downlink data, the
third message including an indication of whether the
downlink data was received.
[0172] In some examples, the RACH completion com-
ponent 1215 may receive an ACK or a NACK for the
downlink data. In some examples, the RACH completion
component 1215 may determine that the two-step RACH
procedure has been completed based on the ACK or the
NACK. In some examples, the RACH completion com-
ponent 1215 may receive the third message based on
the uplink grant. In some examples, the RACH comple-
tion component 1215 may determine that the third mes-
sage has not been received from the UE 115.
[0173] The PUCCH manager 1220 may determine in-
formation for a PUCCH. In some cases, the information
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for the PUCCH includes a TPC command. In some cases,
the information for the PUCCH additionally or alterna-
tively includes at least one of a PUCCH resource indica-
tor, a PDSCH-to-HARQ timing indicator, LBT informa-
tion, an SRS request, or a CSI request.
[0174] The uplink grant component 1225 may identify
uplink data that the UE 115 is to communicate. In some
examples, the uplink grant component 1225 may receive,
from the UE 115, the uplink data based on the uplink
grant. In some cases, the uplink grant includes LBT in-
formation including an indication of at least one of an LBT
priority or a medium sensing category.
[0175] The downlink grant component 1230 may iden-
tify downlink data for the UE 115. In some examples, the
downlink grant component 1230 may transmit, to the UE
115, the downlink data based on the downlink grant. In
some examples, the downlink grant component 1230
may transmit the downlink data based on the downlink
grant. In some examples, the downlink grant component
1230 may transmit an indication of a timing offset be-
tween the downlink grant and the downlink data, the tim-
ing offset including a timing gap value and a first slot
offset value or including a second slot offset value that
is greater than the first slot offset value, where the indi-
cation of the timing offset is transmitted via remaining
minimum system information. In some cases, the down-
link grant includes at least one of LBT information or a
CSI request. In some cases, the downlink data includes
at least an RRC configuration.
[0176] FIG. 13 shows a diagram of a system 1300 in-
cluding a device 1305 that supports feedback for mes-
sage B of a two-step RACH procedure in accordance
with aspects of the present disclosure. The device 1305
may be an example of or include the components of de-
vice 1005, device 1105, or a base station 105 as de-
scribed herein. The device 1305 may include compo-
nents for bi-directional voice and data communications
including components for transmitting and receiving
communications, including a base station communica-
tions manager 1310, a network base station communi-
cations manager 1315, a transceiver 1320, an antenna
1325, memory 1330, a processor 1340, and an inter-
station base station communications manager 1345.
These components may be in electronic communication
via one or more buses (e.g., bus 1350).
[0177] The base station communications manager
1310 may receive, from a UE 115, a first message of a
two-step RACH procedure, the two-step RACH proce-
dure including the first message and a second message,
transmit, to the UE 115, the second message including
feedback information, and determine whether a third
message has been received from the UE 115 in accord-
ance with the feedback information, where the third mes-
sage signals that the two-step RACH procedure has been
completed.
[0178] The network base station communications
manager 1315 may manage communications with the
core network (e.g., via one or more wired backhaul links).

For example, the network base station communications
manager 1315 may manage the transfer of data commu-
nications for client devices, such as one or more UEs 115.
[0179] The transceiver 1320 may communicate bi-di-
rectionally, via one or more antennas, wired, or wireless
links as described above. For example, the transceiver
1320 may represent a wireless transceiver and may com-
municate bi-directionally with another wireless transceiv-
er. The transceiver 1320 may also include a modem to
modulate the packets and provide the modulated packets
to the antennas for transmission, and to demodulate
packets received from the antennas. In some cases, the
wireless device may include a single antenna 1325. How-
ever, in some cases the device may have more than one
antenna 1325, which may be capable of concurrently
transmitting or receiving multiple wireless transmissions.
[0180] The memory 1330 may include RAM, ROM, or
a combination thereof. The memory 1330 may store com-
puter-readable code 1335 including instructions that,
when executed by a processor (e.g., the processor 1340)
cause the device to perform various functions described
herein. In some cases, the memory 1330 may contain,
among other things, a BIOS which may control basic
hardware or software operation such as the interaction
with peripheral components or devices.
[0181] The processor 1340 may include an intelligent
hardware device, (e.g., a general-purpose processor, a
DSP, a CPU, a microcontroller, an ASIC, an FPGA, a
programmable logic device, a discrete gate or transistor
logic component, a discrete hardware component, or any
combination thereof). In some cases, the processor 1340
may be configured to operate a memory array using a
memory controller. In some cases, a memory controller
may be integrated into processor 1340. The processor
1340 may be configured to execute computer-readable
instructions stored in a memory (e.g., the memory 1330)
to cause the device 1305 to perform various functions
(e.g., functions or tasks supporting feedback for message
B of a two-step RACH procedure).
[0182] The inter-station base station communications
manager 1345 may manage communications with other
base station 105, and may include a controller or sched-
uler for controlling communications with UEs 115 in co-
operation with other base stations 105. For example, the
inter-station base station communications manager 1345
may coordinate scheduling for transmissions to UEs 115
for various interference mitigation techniques such as
beamforming or joint transmission. In some examples,
the inter-station base station communications manager
1345 may provide an X2 interface within an LTE/LTE-A
wireless communication network technology to provide
communication between base stations 105.
[0183] The code 1335 may include instructions to im-
plement aspects of the present disclosure, including in-
structions to support wireless communications. The code
1335 may be stored in a non-transitory computer-read-
able medium such as system memory or other type of
memory. In some cases, the code 1335 may not be di-
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rectly executable by the processor 1340 but may cause
a computer (e.g., when compiled and executed) to per-
form functions described herein.
[0184] FIG. 14 shows a flowchart illustrating a method
1400 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. The operations of method 1400 may
be implemented by a UE 115 or its components as de-
scribed herein. For example, the operations of method
1400 may be performed by a UE communications man-
ager as described with reference to FIGs. 6 through 9.
In some examples, a UE may execute a set of instructions
to control the functional elements of the UE to perform
the functions described below. Additionally or alterna-
tively, a UE may perform aspects of the functions de-
scribed below using special-purpose hardware.
[0185] At 1405, the UE 115 may transmit, to a base
station 105, a first message of a two-step RACH proce-
dure, the two-step RACH procedure including the first
message and a second message. The operations of 1405
may be performed according to the methods described
herein. In some examples, aspects of the operations of
1405 may be performed by a UE RACH procedure man-
ager as described with reference to FIGs. 6 through 9.
[0186] At 1410, the UE 115 may receive, from the base
station 105, the second message including feedback in-
formation for signaling that the two-step RACH procedure
has been completed. The operations of 1410 may be
performed according to the methods described herein.
In some examples, aspects of the operations of 1410
may be performed by a UE RACH procedure manager
as described with reference to FIGs. 6 through 9.
[0187] At 1415, the UE 115 may transmit, to the base
station 105, a third message including an indication of
whether the second message was received by the UE
115, the third message transmitted in accordance with
the feedback information. The operations of 1415 may
be performed according to the methods described herein.
In some examples, aspects of the operations of 1415
may be performed by a feedback component as de-
scribed with reference to FIGs. 6 through 9.
[0188] FIG. 15 shows a flowchart illustrating a method
1500 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. The operations of method 1500 may
be implemented by a UE 115 or its components as de-
scribed herein. For example, the operations of method
1500 may be performed by a UE communications man-
ager as described with reference to FIGs. 6 through 9.
In some examples, a UE 115 may execute a set of in-
structions to control the functional elements of the UE
115 to perform the functions described below. Addition-
ally or alternatively, a UE 115 may perform aspects of
the functions described below using special-purpose
hardware.
[0189] At 1505, the UE 115 may transmit, to a base
station 105, a first message of a two-step RACH proce-
dure, the two-step RACH procedure including the first

message and a second message. The operations of 1505
may be performed according to the methods described
herein. In some examples, aspects of the operations of
1505 may be performed by a UE RACH procedure man-
ager as described with reference to FIGs. 6 through 9.
[0190] At 1510, the UE 115 may receive, from the base
station 105, the second message including feedback in-
formation for signaling that the two-step RACH procedure
has been completed. The operations of 1510 may be
performed according to the methods described herein.
In some examples, aspects of the operations of 1510
may be performed by a UE RACH procedure manager
as described with reference to FIGs. 6 through 9.
[0191] At 1515, the UE 115 may receive, as part of the
feedback information, information for a PUCCH. The op-
erations of 1515 may be performed according to the
methods described herein. In some examples, aspects
of the operations of 1515 may be performed by a UE
RACH procedure manager as described with reference
to FIGs. 6 through 9.
[0192] At 1520, the UE 115 may transmit, to the base
station 105, a third message including an indication of
whether the second message was received by the UE
115, the third message transmitted in accordance with
the feedback information, where transmitting the third
message includes transmitting the third message on the
physical uplink control channel based at least in part on
the information for the physical uplink control channel.
The operations of 1520 may be performed according to
the methods described herein. In some examples, as-
pects of the operations of 1520 may be performed by a
feedback component as described with reference to
FIGs. 6 through 9.
[0193] FIG. 16 shows a flowchart illustrating a method
1600 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. The operations of method 1600 may
be implemented by a UE 115 or its components as de-
scribed herein. For example, the operations of method
1600 may be performed by a UE communications man-
ager as described with reference to FIGs. 6 through 9.
In some examples, a UE 115 may execute a set of in-
structions to control the functional elements of the UE
115 to perform the functions described below. Addition-
ally or alternatively, a UE 115 may perform aspects of
the functions described below using special-purpose
hardware.
[0194] At 1605, the UE 115 may transmit, to a base
station 105, a first message of a two-step RACH proce-
dure, the two-step RACH procedure including the first
message and a second message. The operations of 1605
may be performed according to the methods described
herein. In some examples, aspects of the operations of
1605 may be performed by a UE RACH procedure man-
ager as described with reference to FIGs. 6 through 9.
[0195] At 1610, the UE 115 may receive, from the base
station 105, the second message including feedback in-
formation for signaling that the two-step RACH procedure
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has been completed. The operations of 1610 may be
performed according to the methods described herein.
In some examples, aspects of the operations of 1610
may be performed by a UE RACH procedure manager
as described with reference to FIGs. 6 through 9.
[0196] At 1615, the UE 115 may receive, as part of the
feedback information, a downlink grant for receiving
downlink data from the base station 105. The operations
of 1615 may be performed according to the methods de-
scribed herein. In some examples, aspects of the oper-
ations of 1615 may be performed by a UE RACH proce-
dure manager as described with reference to FIGs. 6
through 9.
[0197] At 1620, the UE 115 may receive the downlink
data based on the downlink grant. The operations of 1620
may be performed according to the methods described
herein. In some examples, aspects of the operations of
1620 may be performed by a downlink data manager as
described with reference to FIGs. 6 through 9.
[0198] At 1625, the UE 115 may transmit, to the base
station 105, a third message including an indication of
whether the second message was received by the UE
115, the third message transmitted in accordance with
the feedback information, where transmitting the third
message includes transmitting the third message in re-
sponse to the received downlink data, the third message
including an indication of whether the downlink data was
received. The operations of 1625 may be performed ac-
cording to the methods described herein. In some exam-
ples, aspects of the operations of 1625 may be performed
by a feedback component as described with reference
to FIGs. 6 through 9.
[0199] FIG. 17 shows a flowchart illustrating a method
1700 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. The operations of method 1700 may
be implemented by a UE 115 or its components as de-
scribed herein. For example, the operations of method
1700 may be performed by a UE communications man-
ager as described with reference to FIGs. 6 through 9.
In some examples, a UE 115 may execute a set of in-
structions to control the functional elements of the UE
115 to perform the functions described below. Addition-
ally or alternatively, a UE 115 may perform aspects of
the functions described below using special-purpose
hardware.
[0200] At 1705, the UE 115 may transmit, to a base
station 105, a first message of a two-step RACH proce-
dure, the two-step RACH procedure including the first
message and a second message. The operations of 1705
may be performed according to the methods described
herein. In some examples, aspects of the operations of
1705 may be performed by a UE RACH procedure man-
ager as described with reference to FIGs. 6 through 9.
[0201] At 1710, the UE 115 may receive, from the base
station 105, the second message including feedback in-
formation for signaling that the two-step RACH procedure
has been completed. The operations of 1710 may be

performed according to the methods described herein.
In some examples, aspects of the operations of 1710
may be performed by a UE RACH procedure manager
as described with reference to FIGs. 6 through 9.
[0202] At 1715, the UE 115 may receive, as part of the
feedback information, an uplink grant for transmitting up-
link data to the base station 105. The operations of 1715
may be performed according to the methods described
herein. In some examples, aspects of the operations of
1715 may be performed by a UE RACH procedure man-
ager as described with reference to FIGs. 6 through 9.
[0203] At 1720, the UE 115 may transmit, to the base
station 105, a third message including an indication of
whether the second message was received by the UE
115, the third message transmitted in accordance with
the feedback information, where transmitting the third
message includes transmitting the third message based
at least in part on the uplink grant. The operations of 1720
may be performed according to the methods described
herein. In some examples, aspects of the operations of
1720 may be performed by a feedback component as
described with reference to FIGs. 6 through 9.
[0204] FIG. 18 shows a flowchart illustrating a method
1800 that supports feedback for message B of a two-step
RACH procedure in accordance with aspects of the
present disclosure. The operations of method 1800 may
be implemented by a base station 105 or its components
as described herein. For example, the operations of
method 1800 may be performed by a base station com-
munications manager as described with reference to
FIGs. 10 through 13. In some examples, a base station
may execute a set of instructions to control the functional
elements of the base station to perform the functions de-
scribed below. Additionally or alternatively, a base station
may perform aspects of the functions described below
using special-purpose hardware.
[0205] At 1805, the base station may receive, from a
UE 115, a first message of a two-step RACH procedure,
the two-step RACH procedure including the first mes-
sage and a second message. The operations of 1805
may be performed according to the methods described
herein. In some examples, aspects of the operations of
1805 may be performed by a base station RACH proce-
dure manager as described with reference to FIGs. 10
through 13.
[0206] At 1810, the base station may transmit, to the
UE 115, the second message including feedback infor-
mation. The operations of 1810 may be performed ac-
cording to the methods described herein. In some exam-
ples, aspects of the operations of 1810 may be performed
by a base station RACH procedure manager as de-
scribed with reference to FIGs. 10 through 13.
[0207] At 1815, the base station may determine wheth-
er a third message has been received from the UE 115
in accordance with the feedback information, where the
third message signals that the two-step RACH procedure
has been completed. The operations of 1815 may be
performed according to the methods described herein.
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In some examples, aspects of the operations of 1815
may be performed by a RACH completion component as
described with reference to FIGs. 10 through 13.
[0208] It should be noted that the methods described
herein describe possible implementations, and that the
operations and the steps may be rearranged or otherwise
modified and that other implementations are possible.
Further, aspects from two or more of the methods may
be combined.
[0209] Techniques described herein may be used for
various wireless communications systems such as code
division multiple access (CDMA), time division multiple
access (TDMA), frequency division multiple access (FD-
MA), orthogonal frequency division multiple access
(OFDMA), single carrier frequency division multiple ac-
cess (SC-FDMA), and other systems. A CDMA system
may implement a radio technology such as CDMA2000,
Universal Terrestrial Radio Access (UTRA), etc.
CDMA2000 covers IS-2000, IS-95, and IS-856 stand-
ards. IS-2000 Releases may be commonly referred to as
CDMA2000 1X, 1X, etc. IS-856 (TIA-856) is commonly
referred to as CDMA2000 1xEV-DO, High Rate Packet
Data (HRPD), etc. UTRA includes Wideband CDMA
(WCDMA) and other variants of CDMA. A TDMA system
may implement a radio technology such as Global Sys-
tem for Mobile Communications (GSM).
[0210] An OFDMA system may implement a radio
technology such as Ultra Mobile Broadband (UMB),
Evolved UTRA (E-UTRA), Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16
(WiMAX), IEEE 802.20, Flash-OFDM, etc. UTRA and E-
UTRA are part of Universal Mobile Telecommunications
System (UMTS). LTE, LTE-A, and LTE-A Pro are releas-
es of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS,
LTE, LTE-A, LTE-A Pro, NR, and GSM are described in
documents from the organization named "3rd Generation
Partnership Project" (3GPP). CDMA2000 and UMB are
described in documents from an organization named "3rd
Generation Partnership Project 2" (3GPP2). The tech-
niques described herein may be used for the systems
and radio technologies mentioned herein as well as other
systems and radio technologies. While aspects of an
LTE, LTE-A, LTE-A Pro, or NR system may be described
for purposes of example, and LTE, LTE-A, LTE-A Pro,
or NR terminology may be used in much of the descrip-
tion, the techniques described herein are applicable be-
yond LTE, LTE-A, LTE-A Pro, or NR applications.
[0211] A macro cell generally covers a relatively large
geographic area (e.g., several kilometers in radius) and
may allow unrestricted access by UEs with service sub-
scriptions with the network provider. A small cell may be
associated with a lower-powered base station, as com-
pared with a macro cell, and a small cell may operate in
the same or different (e.g., licensed, unlicensed, etc.)
frequency bands as macro cells. Small cells may include
pico cells, femto cells, and micro cells according to var-
ious examples. A pico cell, for example, may cover a
small geographic area and may allow unrestricted access

by UEs with service subscriptions with the network pro-
vider. A femto cell may also cover a small geographic
area (e.g., a home) and may provide restricted access
by UEs having an association with the femto cell (e.g.,
UEs in a closed subscriber group (CSG), UEs for users
in the home, and the like). An eNB for a macro cell may
be referred to as a macro eNB. An eNB for a small cell
may be referred to as a small cell eNB, a pico eNB, a
femto eNB, or a home eNB. An eNB may support one or
multiple (e.g., two, three, four, and the like) cells, and
may also support communications using one or multiple
component carriers.
[0212] The wireless communications systems de-
scribed herein may support synchronous or asynchro-
nous operation. For synchronous operation, the base sta-
tions may have similar frame timing, and transmissions
from different base stations may be approximately
aligned in time. For asynchronous operation, the base
stations may have different frame timing, and transmis-
sions from different base stations may not be aligned in
time. The techniques described herein may be used for
either synchronous or asynchronous operations.
[0213] Information and signals described herein may
be represented using any of a variety of different tech-
nologies and techniques. For example, data, instruc-
tions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the descrip-
tion may be represented by voltages, currents, electro-
magnetic waves, magnetic fields or particles, optical
fields or particles, or any combination thereof.
[0214] The various illustrative blocks and modules de-
scribed in connection with the disclosure herein may be
implemented or performed with a general-purpose proc-
essor, a DSP, an ASIC, an FPGA, or other programmable
logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thereof de-
signed to perform the functions described herein. A gen-
eral-purpose processor may be a microprocessor, but in
the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine.
A processor may also be implemented as a combination
of computing devices (e.g., a combination of a DSP and
a microprocessor, multiple microprocessors, one or more
microprocessors in conjunction with a DSP core, or any
other such configuration).
[0215] The functions described herein may be imple-
mented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be
stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Other exam-
ples and implementations are within the scope of the dis-
closure and appended claims. For example, due to the
nature of software, functions described herein can be
implemented using software executed by a processor,
hardware, firmware, hardwiring, or combinations of any
of these. Features implementing functions may also be
physically located at various positions, including being
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distributed such that portions of functions are implement-
ed at different physical locations.
[0216] Computer-readable media includes both non-
transitory computer storage media and communication
media including any medium that facilitates transfer of a
computer program from one place to another. A non-
transitory storage medium may be any available medium
that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation,
non-transitory computer-readable media may include
RAM, ROM, electrically erasable programmable ROM
(EEPROM), flash memory, compact disk (CD) ROM or
other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other non-transitory
medium that can be used to carry or store desired pro-
gram code means in the form of instructions or data struc-
tures and that can be accessed by a general-purpose or
special-purpose computer, or a general-purpose or spe-
cial-purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if
the software is transmitted from a website, server, or oth-
er remote source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL,
or wireless technologies such as infrared, radio, and mi-
crowave are included in the definition of medium. Disk
and disc, as used herein, include CD, laser disc, optical
disc, digital versatile disc (DVD), floppy disk and Blu-ray
disc where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combi-
nations of the above are also included within the scope
of computer-readable media.
[0217] As used herein, including in the claims, "or" as
used in a list of items (e.g., a list of items prefaced by a
phrase such as "at least one of″ or "one or more of″)
indicates an inclusive list such that, for example, a list of
at least one of A, B, or C means A or B or C or AB or AC
or BC or ABC (i.e., A and B and C). Also, as used herein,
the phrase "based on" shall not be construed as a refer-
ence to a closed set of conditions. For example, an ex-
emplary step that is described as "based on condition A"
may be based on both a condition A and a condition B
without departing from the scope of the present disclo-
sure. In other words, as used herein, the phrase "based
on" shall be construed in the same manner as the phrase
"based at least in part on."
[0218] In the appended figures, similar components or
features may have the same reference label. Further,
various components of the same type may be distin-
guished by following the reference label by a dash and
a second label that distinguishes among the similar com-
ponents. If just the first reference label is used in the
specification, the description is applicable to any one of
the similar components having the same first reference
label irrespective of the second reference label, or other
subsequent reference label.
[0219] The description set forth herein, in connection

with the appended drawings, describes example config-
urations and does not represent all the examples that
may be implemented or that are within the scope of the
claims. The term "exemplary" used herein means "serv-
ing as an example, instance, or illustration," and not "pre-
ferred" or "advantageous over other examples." The de-
tailed description includes specific details for the purpose
of providing an understanding of the described tech-
niques. These techniques, however, may be practiced
without these specific details. In some instances, well-
known structures and devices are shown in block dia-
gram form in order to avoid obscuring the concepts of
the described examples.
[0220] The description herein is provided to enable a
person skilled in the art to make or use the disclosure.
Various modifications to the disclosure will be readily ap-
parent to those skilled in the art, and the generic princi-
ples defined herein may be applied to other variations
without departing from the scope of the disclosure. Thus,
the disclosure is not limited to the examples and designs
described herein, but is to be accorded the broadest
scope consistent with the the appended claims.

Claims

1. A method for wireless communication at a user
equipment, UE (115) comprising:

transmitting (305, 405, 1405, 1505, 1605, 1705),
to a base station (105), a first message (205) of
a two-step random access channel procedure,
the two-step random access channel procedure
comprising the first message (205) and a second
message (210);
receiving (1410, 1510, 1610, 1710), from the
base station (105), the second message (210)
comprising feedback information (215) for con-
veying to the UE how to signal that the two-step
random access channel procedure has been
completed, wherein the feedback information
comprises a transmit power control command,
a physical uplink control channel resource indi-
cator and a physical downlink shared channel-
to-hybrid automatic repeat request timing indi-
cator; and
transmitting (325, 1415, 1520, 1625, 1720), us-
ing the feedback information included in the sec-
ond message to the base station (105), a third
message serving as an indication of whether the
second message was received by the UE and
the two-step random access channel procedure
has been completed the third message trans-
mitted in accordance with the received feedback
information.

2. The method of claim 1, further comprising:
transmitting, within the third message, a channel
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state information report based at least in part on the
channel state information request.

3. The method of claim 1, wherein the second message
comprises a timing advance command, and wherein
the third message is transmitted based at least in
part on the timing advance command.

4. The method of claim 1, further comprising:

receiving (410, 1515, 1715), as part of the feed-
back information, an uplink grant for transmitting
uplink data to the base station; and
transmitting, to the base station, the uplink data
based at least in part on the uplink grant.

5. The method of claim 1, further comprising:

receiving (510, 1615), as part of the feedback
information, a downlink grant for receiving
downlink data from the base station; and
receiving (1620) the downlink data based at
least in part on the downlink grant.

6. The method of claim 1, wherein the feedback infor-
mation comprises at least one of an uplink grant or
a downlink grant based at least in part on data to be
communicated between the UE and the base station.

7. The method of claim 1, further comprising:

transmitting, to a second base station, a fourth
message of a second two-step random access
channel procedure, the second two-step ran-
dom access channel procedure comprising the
fourth message and a fifth message;
monitoring for the fifth message comprising
feedback information for signaling that the sec-
ond two-step random access channel procedure
has been completed;
determining that the second two-step random
access channel procedure is unsuccessful
based at least in part on monitoring for the fifth
message; and
refraining from transmitting a sixth message
comprising an indication of whether the fifth
message was received by the UE based at least
in part on determining that the second two-step
random access channel procedure is unsuc-
cessful.

8. The method of claim 1, further comprising:
receiving, as part of the feedback information, an
uplink grant for transmitting uplink data to the base
station, wherein transmitting the third message com-
prises:
transmitting the third message based at least in part
on the uplink grant.

9. The method of claim 8, wherein the uplink grant com-
prises listen-before-talk information comprising an
indication of at least one of a listen-before-talk pri-
ority or a medium sensing category.

10. The method of claim 8, further comprising:
receiving, as part of the feedback information, a
downlink grant for receiving downlink data from the
base station.

11. The method of claim 1, wherein the feedback infor-
mation is different from feedback information asso-
ciated with a physical downlink control channel.

12. The method of claim 1, further comprising:

receiving, as part of the feedback information, a
downlink grant for receiving downlink data from
the base station;
receiving the downlink data based at least in part
on the downlink grant, wherein transmitting the
third message comprises:
transmitting the third message in response to
the received downlink data, the third message
comprising an indication of whether the down-
link data was received.

13. A method for wireless communication at a base sta-
tion, comprising:

receiving (1805), from a user equipment, UE, a
first message of a two-step random access
channel procedure, the two-step random access
channel procedure comprising the first message
and a second message;
transmitting (1810), to the UE, the second mes-
sage comprising feedback information for con-
veying to the UE how to signal that the two-step
random access channel procedure has been
completed, the feedback information compris-
ing information for a physical uplink control
channel, said information comprising a transmit
power control command, a physical uplink con-
trol channel resource indicator, and a physical
downlink shared channel-to-hybrid automatic
repeat request timing indicator; and
determining (1815) whether a third message
has been received from the UE in accordance
with the feedback information, wherein the third
message signals that the two-step random ac-
cess channel procedure has been completed.

14. An apparatus for wireless communication at a user
equipment, UE (115), comprising:

means for transmitting, to a base station (105),
a first message of a two-step random access
channel procedure, the two-step random access
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channel procedure comprising the first message
and a second message;
means for receiving, from the base station (105),
the second message comprising feedback infor-
mation for conveying to the UE how to signal
that the two-step random access channel pro-
cedure has been completed, wherein the feed-
back information comprises a transmit power
control command, a physical uplink control
channel resource indicator and a physical down-
link shared channel-to-hybrid automatic repeat
request timing indicator; and
means for transmitting, to the base station, a
third message comprising an indication of
whether the second message was received by
the UE and the two-step random access channel
procedure has been completed, the third mes-
sage transmitted in accordance with the re-
ceived feedback information.

15. An apparatus for wireless communication at a base
station, comprising:

means for receiving, from a user equipment, UE
(115), a first message of a two-step random ac-
cess channel procedure, the two-step random
access channel procedure comprising the first
message and a second message;
means for transmitting, to the UE (115), the sec-
ond message comprising feedback information
for conveying to the UE how to signal that the
two-step random access channel procedure has
been completed, the feedback information com-
prising information for a physical uplink control
channel, said information comprising a transmit
power control command, a physical uplink con-
trol channel resource indicator and a physical
downlink shared channel-to-hybrid automatic
repeat request timing indicator; and
means for determining whether a third message
has been received from the UE (115) in accord-
ance with the feedback information, wherein the
third message signals that the two-step random
access channel procedure has been completed.

Patentansprüche

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

Senden (305, 405, 1405, 1505, 1605, 1705), an
eine Basisstation (105), einer ersten Nachricht
(205) einer zweistufigen Direktzugriffkanalpro-
zedur, wobei die zweistufige Direktzugriffkanal-
prozedur die erste Nachricht (205) und eine
zweite Nachricht (210) aufweist,

Empfangen (1410, 1510, 1610, 1710), von der
Basisstation (105), der zweiten Nachricht (210),
die Rückmeldungsinformationen (215) für das
Übermitteln an das UE, wie zu signalisieren ist,
dass die zweistufige Direktzugriffkanalprozedur
abgeschlossen wurde, aufweist, wobei die
Rückmeldungsinformationen einen Sendeleis-
tung-Steuerbefehl, einen Physikalischer-Auf-
wärtsstrecke-Steuerkanal-Ressourcenindika-
tor und einen Gemeinsamer-physikalischer-Ab-
wärtsstreckekanal-zu-HARQ (Hybrid Automatic
Repeat Request)-Timingindikator aufweisen,
und
Senden (325, 1415, 1520, 1625, 1720), unter
Verwendung der in der zweiten Nachricht ent-
haltenen Rückmeldungsinformationen und an
die Basisstation (105), einer dritten Nachricht,
die als eine Angabe dazu dient, ob die zweite
Nachricht durch das UE empfangen wurde und
die zweistufige Direktzugriffkanalprozedur ab-
geschlossen wurde, wobei die dritte Nachricht
gemäß den empfangenen Rückmeldungsinfor-
mationen gesendet wird.

2. Verfahren nach Anspruch 1, das weiterhin aufweist:
Senden, in der dritten Nachricht, eines Kanalzu-
standsinformationen-Berichts basierend wenigs-
tens teilweise auf einer Kanalzustandsinformatio-
nen-Anfrage.

3. Verfahren nach Anspruch 1, wobei die zweite Nach-
richt einen Timing-Advance-Befehl aufweist und wo-
bei die dritte Nachricht basierend wenigstens teilwei-
se auf dem Timing-Advance-Befehl gesendet wird.

4. Verfahren nach Anspruch 1, das weiterhin aufweist:

Empfangen (410, 1515, 1715), als Teil der Rück-
meldungsinformationen, einer Aufwärtsstrecke-
gewährung für das Senden von Aufwärtsstre-
ckedaten an die Basisstation, und
Senden, an die Basisstation, der Aufwärtsstre-
ckedaten basierend wenigstens teilweise auf
der Aufwärtsstreckegewährung.

5. Verfahren nach Anspruch 1, das weiterhin aufweist:

Empfangen (510, 1615), als Teil der Rückmel-
dungsinformationen, einer Abwärtsstreckege-
währung für das Empfangen von Abwärtssstre-
ckedaten von der Basisstation, und
Empfangen (1620) der Abwärtsstreckedaten
basierend wenigstens teilweise auf der Ab-
wärtsstreckegewährung.

6. Verfahren nach Anspruch 1, wobei die Rückmel-
dungsinformationen eine Aufwärtsstreckegewäh-
rung und/oder eine Abwärtsstreckegewährung ba-
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sierend wenigstens teilweise auf zwischen dem UE
und der Basisstation zu kommunizierenden Daten
aufweisen.

7. Verfahren nach Anspruch 1, das weiterhin aufweist:

Senden, an eine zweite Basisstation, einer vier-
ten Nachricht einer zweiten zweistufigen Direkt-
zugriffkanalprozedur, wobei die zweite zweistu-
fige Direktzugriffkanalprozedur die vierte Nach-
richt und eine fünfte Nachricht aufweist,
Überwachen auf die fünfte Nachricht, die Rück-
meldungsinformationen für das Signalisieren,
dass die zweite zweistufige Direktzugriffkanal-
prozedur abgeschlossen wurde, aufweist,
Bestimmen, dass die zweite zweistufige Direkt-
zugriffkanalprozedur nicht erfolgreich ist, basie-
rend wenigstens teilweise auf dem Überwachen
auf die fünfte Nachricht, und
Unterlassen des Sendens einer sechsten Nach-
richt, die eine Angabe dazu aufweist, ob die fünf-
te Nachricht durch das UE empfangen wurde,
basierend wenigstens teilweise auf dem Bestim-
men, dass die zweite zweistufige Direktzugriff-
kanalprozedur nicht erfolgreich ist.

8. Verfahren nach Anspruch 1, das weiterhin aufweist:
Empfangen, als Teil der Rückmeldungsinformatio-
nen, einer Aufwärtsstreckegewährung für das Sen-
den von Aufwärtsstreckedaten an die Basisstation,
wobei das Senden der dritten Nachricht aufweist:
Senden der dritten Nachricht basierend wenigstens
teilweise auf der Aufwärtsstreckegewährung.

9. Verfahren nach Anspruch 8, wobei die Aufwärtsstre-
ckegewährung Listen-before-Talk-Informationen
aufweist, die eine Angabe einer Listen-before-Talk-
Priorität und/oder einer Mediumerfassungskatego-
rie aufweisen.

10. Verfahren nach Anspruch 8, das weiterhin aufweist:
Empfangen, als Teil der Rückmeldungsinformatio-
nen, einer Abwärtsstreckegewährung für das Emp-
fangen von Abwärtsstreckedaten von der Basissta-
tion.

11. Verfahren nach Anspruch 1, wobei die Rückmel-
dungsinformationen verschieden sind von mit einem
physikalischen Abwärtsstrecke-Steuerkanal assozi-
ierten Rückmeldungsinformationen.

12. Verfahren nach Anspruch 1, das weiterhin aufweist:

Empfangen, als Teil der Rückmeldungsinforma-
tionen, einer Abwärtsstreckegewährung für das
Empfangen von Abwärtsstreckedaten von der
Basisstation,
Empfangen der Abwärtsstreckedaten basie-

rend wenigstens teilweise auf der Abwärtsstre-
ckegewährung, wobei das Senden der dritten
Nachricht aufweist:
Senden der dritten Nachricht in Antwort auf die
empfangenen Abwärtsstreckedaten, wobei die
dritte Nachricht eine Angabe dazu, ob die Ab-
wärtsstreckedaten empfangen wurden, auf-
weist.

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

Empfangen (1805), von einem Benutzergerät
(User Equipment bzw. UE), einer ersten Nach-
richt einer zweistufigen Direktzugriffkanalproze-
dur, wobei die zweistufige Direktzugriffkanal-
prozedur die erste Nachricht und eine zweite
Nachricht aufweist,
Senden (1810), an das UE, der zweiten Nach-
richt, die Rückmeldungsinformationen für das
Übermitteln an das UE, wie zu signalisieren ist,
dass die zweistufige Direktzugriffkanalprozedur
abgeschlossen wurde, aufweist, wobei die
Rückmeldungsinformationen Informationen für
einen physikalischen Aufwärtsstrecke-Steuer-
kanal aufweisen, wobei die Informationen einen
Sendeleistung-Steuerbefehl, einen Physikali-
scher-Aufwärtsstrecke-Steuerkanal-Ressour-
cenindikator und einen Gemeinsamer-physika-
lischer-Abwärtsstreckekanal-zu-HARQ (Hybrid
Automatic Repeat Request)-Timingindikator
aufweisen, und
Bestimmen (1815), ob eine dritte Nachricht von
dem UE empfangen wurde, gemäß den Rück-
meldungsinformationen, wobei die dritte Nach-
richt signalisiert, das die zweistufige Direktzu-
griffkanalprozedur abgeschlossen wurde.

14. Eine Vorrichtung für eine drahtlose Kommunikation
an einem Benutzergerät (User Equipment bzw. 115),
aufweisend:

Mittel zum Senden, an eine Basisstation (105),
einer ersten Nachricht einer zweistufigen Direkt-
zugriffkanalprozedur, wobei die zweistufige Di-
rektzugriffkanalprozedur die erste Nachricht
und eine zweite Nachricht aufweist,
Mittel zum Empfangen, von der Basisstation
(105), der zweiten Nachricht, die Rückmel-
dungsinformationen für das Übermitteln an das
UE, wie zu signalisieren ist, dass die zweistufige
Direktzugriffkanalprozedur abgeschlossen wur-
de, aufweist, wobei die Rückmeldungsinforma-
tionen einen Sendeleistung-Steuerbefehl, einen
Physikalischer-Aufwärtsstrecke-Steuerkanal-
Ressourcenindikator und einen Gemeinsamer-
physikalischer-Abwärtsstreckekanal-zu-HARQ
(Hybrid Automatic Repeat Request)-Timingindi-
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kator aufweisen, und
Mittel zum Senden, an die Basisstation, einer
dritten Nachricht, die eine Angabe dazu auf-
weist, ob die zweite Nachricht durch das UE
empfangen wurde und die zweistufige Direktzu-
griffkanalprozedur abgeschlossen wurde, wo-
bei die dritte Nachricht gemäß den empfange-
nen Rückmeldungsinformationen gesendet
wird.

15. Eine Vorrichtung für eine drahtlose Kommunikation
an einer Basisstation, aufweisend:

Mittel zum Empfangen, von einem Benutzerge-
rät (User Equipment bzw. UE) (115), einer ers-
ten Nachricht einer zweistufigen Direktzugriffka-
nalprozedur, wobei die zweistufige Direktzu-
griffkanalprozedur die erste Nachricht und eine
zweite Nachricht aufweist,
Mittel zum Senden, an das UE (115), der zwei-
ten Nachricht, die Rückmeldungsinformationen
für das Übermitteln an das UE, wie zu signali-
sieren ist, dass die zweistufige Direktzugriffka-
nalprozedur abgeschlossen wurde, aufweist,
wobei die Rückmeldungsinformationen Infor-
mationen für einen physikalischen Aufwärts-
strecke-Steuerkanal aufweisen, wobei die Infor-
mationen einen Sendeleistung-Steuerbefehl,
einen Physikalischer-Aufwärtsstrecke-Steuer-
kanal-Ressourcenindikator und einen Gemein-
samer-physikalischer-Abwärtsstreckekanal-
zu-HARQ (Hybrid Automatic Repeat Re-
quest)-Timingindikator aufweisen, und
Mittel zum Bestimmen, ob eine dritte Nachricht
von dem UE (115) empfangen wurde, gemäß
den Rückmeldungsinformationen, wobei die
dritte Nachricht signalisiert, das die zweistufige
Direktzugriffkanalprozedur abgeschlossen wur-
de.

Revendications

1. Procédé de communication sans fil au niveau d’un
équipement utilisateur, UE (115) comprenant les
étapes consistant à :

transmettre (305, 405, 1405, 1505, 1605, 1705),
à une station de base (105), un premier messa-
ge (205) d’une procédure de canal d’accès aléa-
toire en deux étapes, la procédure de canal d’ac-
cès aléatoire en deux étapes comprenant le pre-
mier message (205) et un deuxième message
(210);
recevoir (1410, 1510, 1610, 1710), depuis la sta-
tion de base (105), le deuxième message (210)
comprenant des informations de retour (215)
pour transmettre à l’UE comment signaler que

la procédure de canal d’accès aléatoire en deux
étapes a été terminé, dans lequel les informa-
tions de retour comprennent une commande de
contrôle de puissance d’émission, un indicateur
de ressource de canal de commande de liaison
montante physique et un indicateur de tempori-
sation de canal partagé de liaison physique des-
cendante à demande de répétition automatique
hybride ; et
transmettre (325, 1415, 1520, 1625, 1720), en
utilisant les informations de retour incluses dans
le deuxième message à la station de base (105),
un troisième message servant d’indication de
savoir si le deuxième message a été reçu par
l’UE et le procédure de canal d’accès aléatoire
en deux étapes a été achevée, le troisième mes-
sage étant transmis conformément aux informa-
tions de retour reçues.

2. Procédé selon la revendication 1, comprenant en
outre l’étape consistant à :
transmettre, dans le troisième message, un rapport
d’informations sur l’état du canal basé au moins en
partie sur la demande d’informations sur l’état du
canal.

3. Procédé selon la revendication 1, dans lequel le
deuxième message comprend une commande
d’avance temporelle, et dans lequel le troisième
message est transmis sur la base au moins en partie
de la commande d’avance temporelle.

4. Procédé selon la revendication 1, comprenant en
outre les étapes consistant à :

recevoir (410, 1515, 1715), en tant que partie
des informations de retour, une attribution de
liaison montante pour transmettre des données
de liaison montante à la station de base ; et
transmettre, à la station de base, les données
de liaison montante sur la base au moins en
partie de l’attribution de liaison montante.

5. Procédé selon la revendication 1, comprenant en
outre les étapes consistant à :

recevoir (510, 1615), en tant que partie des in-
formations de retour, une attribution de liaison
descendante pour recevoir des données de
liaison descendante depuis la station de base ;
et
recevoir (1620) les données de liaison descen-
dante sur la base au moins en partie de l’attri-
bution de liaison descendante.

6. Procédé selon la revendication 1, dans lequel les
informations de retour comprennent au moins une
parmi une attribution de liaison montante ou une at-
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tribution de liaison descendante basée au moins en
partie sur des données à communiquer entre l’UE
et la station de base.

7. Procédé selon la revendication 1, comprenant en
outre les étapes consistant à :

transmettre, à une deuxième station de base,
un quatrième message d’une deuxième procé-
dure de canal d’accès aléatoire en deux étapes,
la deuxième procédure de canal d’accès aléa-
toire en deux étapes comprenant le quatrième
message et un cinquième message ;
surveiller pour la présence du cinquième mes-
sage comprenant des informations de retour
pour signaler que la deuxième procédure de ca-
nal d’accès aléatoire en deux étapes a été
achevée ;
déterminer que la deuxième procédure de canal
d’accès aléatoire en deux étapes a échoué sur
la base au moins en partie de la surveillance du
cinquième message ; et
s’abstenir de transmettre un sixième message
comprenant une indication indiquant si le cin-
quième message a été reçu par l’UE sur la base
au moins en partie de la détermination que la
deuxième procédure de canal d’accès aléatoire
en deux étapes a échoué.

8. Procédé selon la revendication 1, comprenant en
outre les étapes consistant à :
recevoir, en tant que partie des informations de re-
tour, une attribution de liaison montante pour trans-
mettre des données de liaison montante à la station
de base, dans lequel la transmission du troisième
message comprend l’étape consistant à :
transmettre le troisième message sur la base au
moins en partie de l’attribution de liaison montante.

9. Procédé selon la revendication 8, dans lequel l’attri-
bution de liaison montante comprend des informa-
tions d’écoute avant transmission comprenant une
indication d’au moins une parmi une priorité d’écoute
avant transmission ou une catégorie de détection de
support.

10. Procédé selon la revendication 8, comprenant en
outre l’étape consistant à :
recevoir, en tant que partie des informations de re-
tour, une attribution de liaison descendante pour re-
cevoir des données de liaison descendante depuis
la station de base.

11. Procédé selon la revendication 1, dans lequel les
informations de retour sont différentes des informa-
tions de retour associées à un canal physique de
contrôle de liaison descendante.

12. Procédé selon la revendication 1, comprenant en
outre les étapes consistant à :

recevoir, en tant que partie des informations de
retour, une attribution de liaison descendante
pour recevoir des données de liaison descen-
dante depuis la station de base ;
recevoir les données de liaison descendante sur
la base au moins en partie de l’attribution de
liaison descendante, dans lequel la transmis-
sion du troisième message comprend l’étape
consistant à :
transmettre le troisième message en réponse
aux données de liaison descendante reçues, le
troisième message comprenant une indication
indiquant si les données de liaison descendante
ont été reçues.

13. Procédé de communication sans fil au niveau d’une
station de base, comprenant les étapes consistant
à :

recevoir (1805), depuis un équipement utilisa-
teur, UE, un premier message d’une procédure
de canal d’accès aléatoire en deux étapes, la
procédure de canal d’accès aléatoire en deux
étapes comprenant le premier message et un
deuxième message ;
transmettre (1810), à l’UE, le deuxième messa-
ge comprenant des informations de retour pour
transmettre à l’UE comment signaler que la pro-
cédure de canal d’accès aléatoire en deux éta-
pes a été achevée, les informations de retour
comprenant des informations pour un canal de
commande de liaison montante physique, les-
dites informations comprenant une commande
de contrôle de puissance d’émission, un indica-
teur de ressource de canal de commande de
liaison montante physique et un indicateur de
temporisation de canal partagé de liaison phy-
sique descendante à demande de répétition
automatique hybride; et
déterminer (1815) si un troisième message a
été reçu de l’UE conformément aux informations
de retour, dans lequel le troisième message si-
gnale que la procédure de canal d’accès aléa-
toire en deux étapes a été achevée.

14. Appareil de communication sans fil au niveau d’un
équipement utilisateur, UE (115), comprenant :

des moyens pour transmettre, à une station de
base (105), un premier message d’une procé-
dure de canal d’accès aléatoire en deux étapes,
la procédure de canal d’accès aléatoire en deux
étapes comprenant le premier message et un
deuxième message ;
des moyens pour recevoir, depuis la station de
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base (105), le deuxième message comprenant
des informations de retour pour transmettre à
l’UE comment signaler que la procédure de ca-
nal d’accès aléatoire en deux étapes a été ache-
vée, dans lequel les informations de retour com-
prennent une commande de contrôle de puis-
sance d’émission, un indicateur de ressource
de canal de commande de liaison montante phy-
sique et un indicateur de temporisation de canal
partagé de liaison physique descendante à de-
mande de répétition automatique hybride; et
des moyens pour transmettre, à la station de
base, un troisième message comprenant une
indication indiquant si le deuxième message a
été reçu par l’UE et si la procédure de canal
d’accès aléatoire en deux étapes a été achevée,
le troisième message étant transmis conformé-
ment aux informations de retour reçues.

15. Appareil de communication sans fil au niveau d’une
station de base, comprenant :

des moyens pour recevoir, à partir d’un équipe-
ment utilisateur, UE (115), un premier message
d’une procédure de canal d’accès aléatoire en
deux étapes, la procédure de canal d’accès
aléatoire en deux étapes comprenant le premier
message et un deuxième message ;
des moyens pour transmettre, à l’UE (115), le
deuxième message comprenant des informa-
tions de retour pour transmettre à l’UE comment
signaler que la procédure de canal d’accès aléa-
toire en deux étapes a été achevée, les infor-
mations de retour comprenant des informations
pour un canal de commande de liaison montante
physique, lesdites informations comprenant une
commande de contrôle de puissance d’émis-
sion, un indicateur de ressource de canal de
commande de liaison montante physique et un
indicateur de temporisation de canal partagé de
liaison physique descendante à demande de ré-
pétition automatique hybride; et
des moyens pour déterminer si un troisième
message a été reçu de l’UE (115) conformément
aux informations de retour, dans lequel le troi-
sième message signale que la procédure de ca-
nal d’accès aléatoire en deux étapes a été ache-
vée.
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